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11.1 Introduction

There are more than 36,000 species of Cerambycidae (Coleoptera) recognized worldwide (see Chapter 1),
and they are found on all continents except Antarctica (Linsley 1959, 1961). Nearly all cerambycids are
phytophagous, feeding primarily on woody plants, although some species do feed on herbaceous plants
(see Chapter 3). Cerambycids develop in nearly all parts of woody plants, especially in roots, trunks, and
branches, but occasionally also in seeds, pods, cones, and leaves. In addition, cerambycid larvae develop
in nearly all major tissues in woody plants, including outer bark, inner bark, cambium, sapwood, heart-
wood, and pith (see Chapter 3).

Cerambycids utilize a wide diversity of woody plants as larval hosts, but certain plant families serve
as hosts to many cerambycid species, while others are rarely used. For example, the number of cer-
ambycid species that utilize various plant families as larval hosts is listed in Table 11.1 for four dis-
tinct world regions in the Northern Hemisphere where there is good knowledge of the larval hosts for
most cerambycids: Montana, Fennoscandia, Israel, and Korea. (Fennoscandia refers to the countries of
Norway, Sweden, Finland, and a small part of neighboring Russia.) The sources used to obtain the host
data are listed in the footnotes for Table 11.1. Overall, 44 plant families were identified as larval hosts
for the cerambycids of Montana, 23 for Fennoscandia and Denmark, 45 for Israel, and 44 for Korea
(Table 11.1). Among the top 10 plant families in each of these world regions were five plant families that
all regions had in common (Fagaceae, Pinaceae, Rosaceae, Salicaceae, and Ulmaceae), and an additional
three families that were common to at least three of the four world regions (Betulaceae, Fabaceae, and
Juglandaceae). Many of the species in these plant families are common trees that dominate the temperate
forests in the Northern Hemisphere (Daubenmire 1978).

Cerambycids infest trees in a wide variety of host conditions (Haack and Slansky 1987; Mattson and
Haack 1987; Hanks 1999). Some cerambycids infest living trees that vary in condition from healthy to
stressed, including many species of Anoplophora, Enaphalodes, Goes, Lamia, Megacyllene, Oberea,
Oncideres, Plectrodera, and Saperda. By contrast, many species of Arhopalus, Ergates, Parandra, and
Rhagium commonly infest dead trees (Craighead 1923; Linsley 1959; Bily and Mehl 1989; Solomon
1995). In addition, some dead-wood infesting species prefer moist wood (Mallodon and Rhagium),
while others prefer dry wood (Chlorophorus, Hylotrupes, and Stromatium) (Craighead 1923; Duffy
1953; Linsley 1959; Bense 1995). Because of their requirements for specific host conditions, there is
a succession of cerambycids and other wood borers that occur as a living tree first declines, then dies,
and later decays (Blackman and Stage 1924; Graham 1925; Savely 1939; Haack et al. 1983; Khan
1985; Harmon et al. 1986; Hanula 1996; Saint-Germain et al. 2007; Lee et al. 2014). With respect to
forestry, such host requirements reveal why some cerambycids are pests primarily of living trees, while
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Number of Cerambycid Species that Utilize Various Plant Families as Larval Hosts in Four World Regions,
Ranked from Highest Number of Cerambycid Species to Lowest and Arranged Alphabetically for Families
with the Same Number of Species”

Montana Finland Israel Korea
Family No. Family No. Family No. Family No.
Pinaceae 69  Fagaceae 63  Fagaceae 34 Ulmaceae 49
Salicaceae 28  Pinaceae 57  Fabaceae 26  Fagaceae 46
Fagaceae 25  Betulaceae 52 Rosaceae 18  Pinaceae 45
Rosaceae 23 Salicaceae 42 Asteraceae 14 Betulaceae 42
Juglandaceae 15  Rosaceae 25  Moraceae 14 Rosaceae 37
Aceraceae 14  Tiliaceae 22 Anacardiaceae 13 Salicaceae 36
Ulmaceae 14 Ulmaceae 20  Ulmaceae 11 Juglandaceae 26
Anacardiaceae 11 Aceraceae 10 Pinaceae 10 Moraceae 23
Fabaceae 11 Juglandaceae 10 Rhamnaceae 10 Leguminosae 22
Betulaceae 10 Oleaceae 10 Salicaceae 10 Vitaceae 14
Vitaceae 10 Celastraceae 5  Boraginaceae 5  Rutaceae 13
Asteraceae 9  Caprifoliaceae 4 Aceraceae 4 Aceraceae 11
Cornaceae 9  Apiaceae 2 Juglandaceae 4 Euphorbiaceae 9
Magnoliaceae 7  Asteraceae 2 Myrtaceae 4  Taxodiaceae 8
Moraceae 7  Araliaceae 2 Rutaceae 4 Cornaceae 7
Caprifoliaceae 6  Rhamnaceae 2 Apiaceae 3 Ebenaceae 7
Celastraceae 5 Aquifoliaceae 1 Oleaceae 3 Oleaceae 7
Grossulariaceae 5  Cornaceae 1 Poaceae 3 Tiliaceae 7
Oleaceae 5  Cupressaceae 1 Arecaceae 2 Araliaceae 6
Tiliaceae 5  Fabaceae 1 Betulaceae 2 Cupressaceae 6
Hamamelidaceae 4 Geraniaceae 1 Brassicaceae 2 Lauraceae 6
Rutaceae 4 Hippocastanaceae 1 Cupressaceae 2 Scrophulariaceae 5
Cupressaceae 3 Moraceae 1 Dipsacaceae 2 Compositae 3
Ericaceae 3 - —  Euphorbiaceae 2 Gramineae 3
Lauraceae 3 - —  Labiatae 2 Actinidiaceae 2
Poaceae 3 - —  Platanaceae 2 Anacardiaceae 2
Asclepiadaceae 2 - —  Apocynaceae 1 Caprifoliaceae 2
Ebenaceae 2 - —  Asphodeloideae 1 Elaeagnaceae 2
Hippocastanaceae 2 - —  Campanulaceae 1 Lythraceae 2
Myrtaceae 2 - —  Casuarinaceae 1 Meliaceae 2
Scrophulariaceae 2 - - Celastraceae 1 Platanaceae 2
Aquifoliaceae 1 - —  Cornaceae 1 Punicaceae 2
Cactaceae 1 - - Cucurbitaceae 1 Rhamnaceae 2
Caryophyllaceae 1 - —  FElaeagnaceae 1 Styracaceae 2
Elaeagnaceae 1 - —  Lamiaceae 1 Cannabaceae 1
Euphorbiaceae 1 - —  Lauraceae 1 Casuarinaceae 1
Malvaceae 1 - —  Malvaceae 1 Cucurbitaceae 1
Menispermaceae 1 - —  Meliaceae 1 Daphniphyllaceae 1
Platanaceae 1 - —  Ranunculaceae 1 Ginkgoaceae 1
Polygonaceae 1 - —  Sapindaceae 1 Malvaceae 1
Ranunculaceae 1 - —  Scrophulariaceae 1 Myrtaceae 1
Rhamnaceae 1 - —  Styracaceae 1 Simaroubaceae 1
Smilacaceae 1 - —  Tamaricaceae 1 Sterculiaceae 1
Solanaceae 1 - —  Valerianaceae 1 Urticaceae 1
Unknown 17 - —  Vitaceae 1 - -
Total cerambycid species 152 123 104 181

* The information for the cerambycids of Montana was based on Hart et al. (2013) and the accompanying online database
http://www.mtent.org/Cerambycidae.html (accessed December 30, 2015), and supplemented as needed with host data
from Linsley (1962a, 1962b, 1963, 1964) and Linsley and Chemsak (1972, 1976, 1984, 1995). Similarly, Bily and Mehl
(1989) was the source of the host data for Fennoscandia and Denmark, Sama et al. (2010) for Israel, and Lim et al. (2014)
for Korea. These references listed host plants for 89% of the cerambycid species from Montana, 100% for Fennoscandia,
91% for Israel, and 57% for Korea.
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others are mostly pests of stressed or recently felled trees or logs, and still others are pests of lumber
and wood products.

Although only a small percentage of the world’s cerambycids are considered economic pests, there
are nevertheless several species that are well-recognized as pests of forest and urban trees as well as
wood products. The cerambycids selected for discussion in this chapter represent just a few of the many
species reported as economic tree pests worldwide. Their selection was based primarily on a review of
forest entomology textbooks, regional cerambycid guides, and major reviews from several world regions.
For example, Duffy (1957), Roberts (1969), Wagner et al. (1991), Akanbi and Ashiru (2002), and Schabel
(2006) were reviewed for Africa; Zhuravlev and Osmolovskii (1964), Duffy (1968), Gressitt et al. (1970),
Rozhkov (1970), Cherepanov (1988a, 1988b, 1990), Xiao (1992), and Shin et al. (2008) for Asia; Froggatt
(1923), Duffy (1963), and Elliot et al. (1998) for Australasia; Duffy (1953), Novak (1976), Bily and Mehl
(1989), and Bense (1995) for Europe; Duffy (1960) and Rivas (1992) for Central and South America;
Craighead (1923, 1950), Linsley (1962a, 1962b, 1963, 1964), Linsley and Chemsak (1972, 1976, 1984,
1995), Furniss and Carolin (1977), Drooz (1985), Cibridn Tovar et al. (1995), and Solomon (1995) for
North America including Mexico; and Browne (1968), Gray (1972), Nair (2007), and Wylie and Speight
(2012) for the tropics in general.

For each of the species listed here, details are presented on the insect’s native and introduced geo-
graphic range, larval hosts, adult size and general appearance, life history, and economic impact. The
43 selected species illustrate the wide range of life-history strategies found among tree-infesting cer-
ambycids throughout the world. The species are listed alphabetically by subfamily, including 28 spe-
cies of Cerambycinae, 10 Lamiinae, 1 Parandrinae, 2 Prioninae, and 2 Spondylidinae. Geographically,
of the 43 treated species, 6 are native primarily to Africa, 11 to Asia, 7 to Australia and nearby areas,
5 to Eurasia, 1 to Europe, 11 to North America, and 2 to South and Central America. In addition,
there are several cerambycids that are forest pests but that will be discussed in Chapter 12 as pests
of agricultural and horticultural crops, including 2 Cerambycinae: Aromia bungii (Faldermann) and
Strongylurus thoracicus (Pascoe), and 11 Lamiinae: Analeptes trifasciata (Fabricius), Anoplophora
chinensis (Forster), Apriona germari (Hope), Bacchisa atritarsis (Pic), Batocera horsfieldi (Hope),
Batocera lineolata Chevrolat, Batocera rufomaculata (DeGeer), Celosterna scabrator (Fabricius),
Oncideres cingulata (Say), Plagiohammus spinipennis (Thomson), and Saperda candida Fabricius.
Relatively few details are provided on control options in this chapter given that they can vary widely
from country to country and over time. Readers with an interest in this topic are directed to the ref-
erences listed in this chapter as well as to Chapter 8 for a discussion of biological control options,
Chapter 9 for cultural control options, Chapter 10 for chemical control options, and Chapter 13 for
phytosanitary options.

11.2 Cerambycinae
11.2.1 Anelaphus parallelus (Newman)

Anelaphus parallelus is native to eastern North America, including both Canada and the United States.
This species often has been confused with Anelaphus villosus (Fabricius), another North American
twig pruner, and therefore caution must be used when reading the literature (Gosling 1981). Quercus
is the principal host genus, but occasionally Carya and Juglans serve as larval hosts (Gosling 1981;
Haack 2012). Adults are 10-15 mm long and generally brown in color with lighter-colored patches
(Linsley 1963; Figure 11.1).

The typical life cycle is completed in two years and is highly synchronous with adults emerging
primarily in odd-numbered years (Gosling 1978; Haack 2012; Figure 2.11 in this book). Eggs usually
are laid singly on small twigs. After eclosion, the larva enters the twig, feeds on the wood, and tun-
nels to the node of the adjoining larger branch during the first summer (Gosling 1981). In the second
summer, the larva extends the gallery in the direction of the trunk, feeding in the center of the branch.
Eventually, the larva consumes a disc of wood, leaving only the bark intact, and then plugs its gallery
with wood fibers. The “pruned” branch eventually breaks where the disc of wood was eaten and falls to
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FIGURE 11.1  Anelaphus parallelus adult from Missouri (United States). (Courtesy of Jack Foreman at bugguide.net.)

the ground with the larva inside. The larva pupates inside the fallen branch in late summer of the second
season, overwinters as a pupa, and emerges as an adult the following spring (Gosling 1978).

Larval damage becomes noticeable as the fallen branches accumulate under infested trees (Gosling
1978; Haack 2012). Although the pruned branches often are a concern to homeowners and park manag-
ers, this level of damage is seldom detrimental to trees (Solomon 1995). Control efforts usually are aimed
at gathering infested branches from the ground and destroying them by burning or chipping (Solomon
1995; see Chapter 9).

11.2.2 Callichroma velutinum (Fabricius)

Callichroma velutinum is native to northern South America (Bolivia, Brazil, French Guiana, Guyana,
Peru, and Suriname) and the West Indies (Trinidad) (Duffy 1960; Monné et al. 2012; Bezark 2015a,
2015b). The principal host trees include species of Achras, Manilkara, and Pouteria (Duffy 1960;
Tavakilian et al. 1997). Adults measure 24—42 mm in length and have elytra that are metallic bluish
green or violet in color, with two darker longitudinal bands (Duffy 1960; Figure 11.2). The antennae are
about twice the body length in males but about the same length as the body in females.

The time needed to complete one generation appears to be less than a year. According to Duffy (1960),
adults are active from mid-morning to mid-afternoon. Eggs are laid singly on the bark surface within
crevices. After eclosion, larvae tunnel through the bark and feed initially in the cambial region, with late
instars tunneling in the sapwood and eventually the heartwood.

In Trinidad, Duffy (1960) reported that stumps and recently cut logs of Manilkara are quickly colo-
nized by C. velutinum. At times, infestations can be so high that the wood becomes unsuitable for use
as lumber or railway ties (Duffy 1960; Gray 1972). Control efforts should be aimed at quickly utilizing
newly felled trees to minimize oviposition and early larval development (Duffy 1960).

11.2.3 Callidiellum rufipenne (Motschulsky)

Callidiellum rufipenne is native to Asia, occurring in China, Japan, Korea, the Russian Far East,
and Taiwan (Duffy 1968; Danilevsky 2015; EPPO 2015). In addition, by the end of 2015, estab-
lished populations of C. rufipenne had been reported in Europe (Belgium, Croatia, France, Italy,
and Spain; Campadelli and Sama 1989; Bahillo and Iturrondobeitia 1995; Cocquempot and Lindelow
2010; Lo$ and Plewa 2011; Van Meer and Cocquempot 2013; Drumont et al. 2014), North America
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FIGURE 11.2  Callichroma velutinum adult from French Guiana. (Courtesy of Daniel Prunier at insecterra.forumactif.com.)

FIGURE 11.3  Callidiellum rufipenne adult male from Caucasus, Russia. (Courtesy of Maxim Smirnov at www.zin.ru\
Animalia\Coleoptera.)

(United States; Maier and Lemmon 2000; Maier 2007), and South America (Argentina; Turienzo
2006). The principal host genera are conifers in the family Cupressaceae (which now contains genera
of the former family Taxodiaceae), including Chamaecyparis, Cryptomeria, Cupressus, Juniperus,
and Thuja. In Asia, the Pinaceae genera Abies and Pinus are also listed as occasional hosts (Duffy
1968); however, in North America, no Pinaceae have yet been documented as hosts (Maier 2007).
Adults measure 6—13 mm in length, with males usually being blackish-blue in color and females being
reddish-brown (Hoebeke 1999; Humphreys and Allen 2000; Maier and Lemmon 2000; Figure 11.3).
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Callidiellum rufipenne is univoltine. Adults emerge in spring, mate on the bark surface of host trees,
and soon begin to oviposit in bark cracks and crevices. Adults apparently do not feed, and typically
live for two to three weeks. Eggs hatch in about two weeks and larvae immediately tunnel through the
bark and feed in the cambial region, packing their galleries with frass. Mature larvae enter the wood
in late summer and construct a cell at the end of their galleries in which they pupate. Pupation occurs
in autumn, with adults overwintering within the hosts and emerging through oval-shaped exit holes the
following spring (Shibata 1994; Hoebeke 1999; Humphreys and Allen 2000; Maier and Lemmon 2000).

Callidiellum rufipenne generally is considered a secondary pest, primarily infesting weakened or
recently dead trees (Shibata 1994). However, in the eastern United States, C. rufipenne occasionally has
infested living Chamaecyparis, Juniperus, and Thuja trees and shrubs (Maier and Lemmon 2000; Maier
2007). Heavy infestations of live hosts can result in tree or branch death, but more typically economic
impact results from lowering the quality of the wood due to larval feeding. Given its life history traits,
C. rufipenne can easily move in barked logs, wood packaging material, cut branches, and live plants.
Therefore, depending on the product being considered, control options should include insecticidal treat-
ment, inspection, and certification programs for nursery stock, as well as rapid utilization, debarking,
and proper heat treatment or fumigation of logs and wood products.

11.2.4 Chlorophorus carinatus Aurivillius

Chlorophorus carinatus is native to East Africa, including Kenya, Tanzania, and Uganda (Browne 1968).
Both hardwoods (Acacia, Allophylus, Coffea, Dombeya, Eucalyptus, Fagaropsis, Hagenia, Laguniaria,
Premna, and Theobroma) and conifers (Cupressus, Juniperus, Pinus, and Podocarpus) have been reported
as larval hosts (Duffy 1957; Schabel 2006). Tavakilian and Chevillotte (2013) give the length of one adult
specimen as 15 mm. Adults are blackish in color with a pattern of gray transverse stripes.

Generation time can be as short as six months (Gardner 1957; Schabel 2006). Adults typically lay eggs
on stressed and dying trees as well as on recently cut logs and stumps. Eggs are laid in bark crevices and,
after eclosion, the larvae develop primarily in the cambial region. Frass is packed tightly in the larval
galleries. Mature larvae enter the sapwood to pupate.

Most damage caused by C. carinatus larvae is restricted to the sapwood surface; however, the pupal
cells are constructed deeper in the sapwood. In addition, C. carinatus will oviposit near bark wounds on
apparently healthy Cupressus trees, with the resulting larvae tunneling deeper in the sapwood (Browne
1968; Schabel 2006). Given that early larval development occurs primarily in the cambial region, control
efforts should focus on rapid utilization and debarking of recently felled trees.

11.2.5 Citriphaga mixta Lea

Citriphaga mixta is native to Australia, being first reported in New South Wales where it infests Citrus
(= Eremocitrus) glauca (Lindl.) Burkill (desert lime), which is a thorny shrub or small tree native to
semiarid areas of Australia (Froggatt 1923; Hawkeswood 1993). Adults are 2-3 cm long, dark brown in
color, with white spots on the elytra (Froggatt 1919, 1923).

The life cycle is completed in about a year, with larval development spanning about 10 months and the
pupal period taking about four to six weeks (Froggatt 1919, 1923). Eggs are laid on the bark of the trunk
near the ground. Larvae tunnel into the wood and upward near the center of the stem for 1-1.5 m. When
multiple larvae develop within the same stem, the wood will be riddled with galleries.

Larval tunneling can lead to breakage of branches and stems. In addition, infested trees respond to
the larval feeding by secreting gum-like compounds into the wood surrounding the galleries (Froggatt
1923). Given the beetle’s life history traits, individual trees, especially ornamentals, would likely require
protection of the lower trunk with insecticides or some device to exclude ovipositing adults.

11.2.6 Cordylomera spinicornis (Fabricius)

Cordylomera spinicornis is native to Africa, being reported from many countries such as Angola, Benin,
Cameroon, Central African Republic, Democratic Republic of Congo, Equatorial Guinea, Gabon,
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Gambia, Ghana, Guinea, Ivory Coast, Liberia, Malawi, Mozambique, Niger, Nigeria, Republic of Congo,
Senegal, Sierra Leone, Sudan, Tanzania, Togo, Uganda, and Zaire (Duffy 1957, 1980; GBIF 2014).
Although C. spinicornis apparently has not yet become established outside of Africa, adults have com-
monly been intercepted in foreign countries, especially on imported logs (O'Connor and Nash 1984;
Cocquempot and Mifsud 2013; Rassati et al. 2015). Throughout its native range, C. spinicornis primarily
infests species in the family Meliaceae such as Entandrophragma, Guarea, Khaya, Lovoa, Trichilia, and
Turraeanthus. In addition, trees in the genera Acacia, Baphia, Celtis, Funtumia, Guarea, Lasiodiscus,
Teclea, and Theobroma have been infested in Africa (Duffy 1957, 1980; Roberts 1969; Wagner et al.
1991). Adults measure 13-25 mm in length and have a metallic coloration that can be various shades of
green, blue, and bronze (Duffy 1957; Figure 11.4).

The generation time of C. spinicornis has not been reported. Adults typically emerge during the
dry season, November to February, and lay eggs on the bark of living host trees and recently cut logs
(Roberts 1969). Multiple eggs are laid together in bark crevices. Larvae tunnel primarily in the cambial
region, entering the sapwood usually no more than 5 cm to pupate (Duffy 1957).

Cordylomera spinicornis has been reported as a pest of street trees, forest trees, and recently cut logs
(Duffy 1957; Roberts 1969; Wagner et al. 1991). Populations can reach high levels in timber yards where
logs are sorted and stored (Duffy 1957; Roberts 1969). Although infestation levels can be high, most
damage is restricted to the outer 5 cm of the logs (Duffy 1957). Control efforts should focus on rapid
debarking and utilization of logs as well as on destruction of logging residue, which also can harbor
larvae (Duffy 1957).

11.2.7 Diotimana undulata (Pascoe)

Diotimana undulata is native to the Oceania area, including Australia and Papua New Guinea (Duffy
1963; Gray 1968). Note that in Duffy (1963), the species name was spelled as Diotimana undata,
and a few other authors have followed this spelling. The principal hosts are coniferous species in the
genus Araucaria (Froggatt 1925; Duffy 1963; Gray 1968); but occasionally species of Cryptomeria
and Pinus, both of which were introduced to Australia, have also been infested by D. undulata

FIGURE 11.4 Cordylomera spinicornis adult collected at the port of Ravenna, Italy. (Courtesy of Paolo Paolucci and
reported in Rassati et al. (2015).)
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(Hawkeswood 1993). Adults average about 20 mm long and have a brown—gray vertical pattern on the
elytra (Froggatt 1925, 1927).

There appears to be one generation per year. Eggs are laid on the bark surface in crevices. Early instar
larvae tunnel primarily in the cambial region, while late instars tunnel into the wood for several centi-
meters and construct individual pupal cells.

Adults typically oviposit on storm-damaged trees as well as on recently dead trees or cut trunks,
branches, and stumps (Froggatt 1925, 1927, Hawkeswood 1993). In Papua New Guinea, however,
D. undulata was reported to infest living Araucaria trees and occasionally cause tree mortality (Gray
1968), but a later report by Gray and Wylie (1974) noted that damage by this beetle to living trees had
never become widespread. Control options may require chemical treatment when live trees are at risk,
but most efforts should focus on rapid utilization of felled trees.

11.2.8 Eburia quadrigeminata (Say)

Eburia quadrigeminata is native to eastern North America and may also occur on some Caribbean
islands (Bezark 2015a, 2015b). A large number of hardwood trees serve as larval hosts, including species
of Acer, Carya, Castanea, Fagus, Fraxinus, Gleditsia, Prunus, Robinia, Quercus, and Ulmus (Linsley
1962b). There are a few reports of E. quadrigeminata infesting the conifer bald cypress [Taxodium
distichum (L.) Rich.]; however, this could have resulted from confusion with Eburia distincta Haldeman,
a species that regularly uses 7. distichum as a larval host in the southeastern United States (Thomas
1999). Adults are 14-24 mm long and light brown in color, and on each elytron, there are two pairs of
longitudinal, ivory-colored spots with one pair located at the base of each elytron and the other near the
center (Baker 1972; Figure 11.5).

The typical life cycle is considered to be two years (Baker 1972). Adults emerge during summer and
are mostly nocturnal. Eggs often are laid near wounds on trees where the wood is exposed (Craighead
1923). Larvae tunnel primarily in the heartwood, showing a preference for dry, solid wood. The galleries
are tightly packed with frass.

The larval galleries of E. quadrigeminata result in great economic loss because they are relatively
large and penetrate to the heartwood. In addition, this species has the ability to complete development
in finished wood products, often many years after manufacture. For example, E. quadrigeminata adults
were reported to have emerged from flooring at least 14 years after manufacture (Webster 1889) and

FIGURE 11.5  Eburia quadrigeminata adult from Illinois (United States). (Courtesy of Tony Gerard at www.inaturalist.org.)


http://www.inaturalist.org
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315313252-12&iName=master.img-004.jpg&w=239&h=212

360 Cerambycidae of the World

similarly at least 19 years after construction of a doorsill (McNeil 1886) and a wardrobe (Hickin 1951),
at least 20 years after construction of a bedstead (Troop 1915), and at least 40 years after construc-
tion of a bookcase (Jaques 1918). Given this ability for protracted development, it is not surprising that
E. quadrigeminata has emerged from furniture constructed in the United States and shipped to other
countries such as Argentina (Di lorio 2004b) and the United Kingdom (Hickin 1951). With respect to
control options, damage to the lower trunk of residual trees should be minimized to reduce future infes-
tations, while infested lumber can be fumigated or simply replaced, if possible (Craighead 1950).

11.2.9 Enaphalodes rufulus (Haldeman)

Enaphalodes rufulus is native to eastern North America. Oaks (Quercus) in both the white oak group
and red oak group are infested by E. rufulus (Donley and Acciavatti 1980). Adults measure 23-33 mm
in length and are brown in color with a mottled appearance (Solomon 1995; Figure 11.6).

The life cycle of E. rufulus is completed in two years and is highly synchronous with adults emerging
primarily in odd-numbered years (Donley and Acciavatti 1980). Adults are active during the summer
months and are mostly nocturnal. Females lay eggs in bark cracks as well as under lichen and vines that
are attached to the host trees. On average, females lay 119 eggs during their lifetime (Donley 1978a).
Larvae tunnel primarily in the cambial region during their first year of development; during the sec-
ond year, they eventually tunnel into the sapwood and heartwood and construct individual pupal cells.
Larvae pupate the following spring, with the adults emerging through oval-shaped exit holes (Donley
and Acciavatti 1980).

Given that E. rufulus oviposits primarily along the lower trunk, which is where the highest quality
wood occurs, considerable economic damage can result from the larval galleries (Donley and Rast 1984).
Fortunately, populations of E. rufulus tend to be low, but in recent decades a major outbreak of E. rufulus
occurred in the central United States (Stephen et al. 2001). For example, prior to the recent outbreak,
Hay (1974) considered even one exit hole per tree to be high. By contrast, during the recent outbreak in
the central United States, Riggins et al. (2009) estimated that populations peaked at 174 adults emerging

FIGURE 11.6 Enaphalodes rufulus adult from Illinois (United States). (Courtesy of Natasha Wright [Bugwood image
52050171,
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per tree for the cohort that emerged in 2001. In forest stands, there often are a few heavily infested trees
referred to as “brood” trees. Forest managers should remove brood trees and thereby lower the local
borer population (Solomon 1995).

11.2.10 Glycobius speciosus (Say)

Glycobius speciosus is native to eastern North America, being found throughout the range of its only
known host Acer saccharum Marshall (Solomon 1995). Adults measure 22—27 mm in length and are
black and yellow in color, having a wasp-like appearance. Some of the key characteristics used to iden-
tify the adults include a yellow head and yellow legs, a yellow-banding pattern in the design of a “W”
across the elytra near the pronotum, and a black dot near the tip of each elytron (MacAloney 1968;
Hoffard and Marshall 1978; Figure 11.7).

The typical life cycle of G. speciosus is completed in two years (MacAloney 1968; Hoffard and
Marshall 1978; Solomon 1995). Adults are active in summer, laying eggs in bark crevices, under bark
scales, and near wounds. Oviposition occurs primarily along the main trunk, usually below 10 m. During
the first summer, larvae tunnel primarily in the cambial region and then enter the sapwood a short dis-
tance to overwinter. During the second summer, the larvae continue to tunnel in the cambial region at
first and then enter the sapwood, tunneling upward for several centimeters. Larvae typically expel frass
from their galleries. The larva overwinters at the end of the gallery, which is enlarged into a pupal cell.
In spring, before pupating, the larva extends its gallery to near the bark surface to create a tunnel that it
will use to exit once an adult. Once the exit tunnel is complete, the larva moves back to the pupal cell,
pupates, and then emerges as an adult through an oval-shaped exit hole.

Tree mortality seldom occurs as a result of G. speciosus infestation, although individual branch death
and crown thinning can occur (Solomon 1995). Most economic losses result from the defects caused by
the larval tunnels in the wood of the lower trunk. Besides the actual galleries, the nearby wood often
has a twisted grain pattern and can show signs of decay and discoloration (MacAloney 1968; Shigo et al.
1973; Hesterberg et al. 1976; Hoffard and Marshall 1978). Bark ridges often form over the larval galleries
that were created in the cambial region, and at times the bark sloughs off, exposing the underlying sap-
wood and old larval galleries (Hoffard and Marshall 1978). Silvicultural methods are the main control
option used for G. speciosus in forest stands, including removal of large, low-vigor trees—especially
those currently infested (Hoffard and Marshall 1978; Solomon 1995). Insecticidal control is an option for
high-value Acer trees, such as ornamentals or veneer-quality trees (Solomon 1995).

FIGURE 11.7  Glycobius speciosus adult from Canada. (Courtesy of David Cheung at www.dkbdigitaldesigns.com.)
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11.2.11 Hesthesis cingulata (Kirby)

Hesthesis cingulata is native to Australia, including Tasmania, where it infests various species of
Eucalyptus (Moore 1966; Elliott and de Little 1984; Elliott et al. 1998). Adults average about 25 mm in
length, are wasp-like in appearance with reduced elytra and black coloration, and have one to three white
to yellow transverse bands on the abdomen (Elliott et al. 1998).

Hesthesis cingulata is univoltine. Adults are active during summer, with eggs deposited on the lower
stem of young eucalypts. Typically, one egg is laid per stem, usually within 5-20 cm of the soil, near
the junction of a shoot and the main stem (Moore 1966). Early larval instars tunnel downward in a spi-
ral fashion primarily within the cambial region. Older instars tunnel deeper into the sapwood near the
ground but leave a column of woody tissue in the center that supports the stem upright. In response to
this feeding, the lower stem becomes swollen and gall-like. The larva ejects frass from holes it makes in
the stem (Moore 1966). The larva continues to tunnel downward into the taproot where it later reverses
its position and overwinters. Pupation takes place the following spring with the new adults emerging
through the stem wall above ground level (Moore 1966).

Hesthesis cingulata usually infests young trees that are 0.5-2.0 m tall (Elliott et al. 1998). Infestation
levels vary from plantation to plantation. Infested trees often die as a result of the larval tunneling,
although some trees survive, developing new shoots from the base (Moore 1966). Considering that
females oviposit on the lower trunk of young trees, protection of the lower trunk by means of pesticides
or exclusion techniques may be warranted at times.

11.2.12 Hoplocerambyx spinicornis Newman

Hoplocerambyx spinicornis is a widespread Asian species, being found from Afghanistan, Pakistan,
India, and Nepal eastward to Borneo, Indonesia, New Guinea, and the Philippine Islands (Duffy
1968). It is a major pest of several tree genera in the family Dipterocarpaceae, including Anisoptera,
Dipterocarpus, Hopea, Parashorea, Pentacme, and Shorea, as well as genera in other families such
as Duabanga and Hevea (Duffy 1968). Adult H. spinicornis vary greatly in size from 20 to 65 mm in
length and vary in color from reddish brown to brownish black with some gray pubescence (Duffy 1968;
Figure 11.8).

FIGURE 11.8 Hoplocerambyx spinicornis adult from Vietnam. (Courtesy of Udo Schmidt at www.kaefer-der-welt.com.)
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Hoplocerambyx spinicornis is univoltine, with adult emergence occurring during the early monsoon
season in June and July (Beeson and Bhatia 1939). Adults are active during the day, feeding on sap and
inner bark of their host trees. Adults are strongly attracted to the odors associated with newly felled
Shorea trees and will fly distances of 1-2 km (Duffy 1968; Singh and Misra 1981). Adults live for about a
month, with oviposition beginning about a week after mating. Eggs are laid individually along the trunk
and major branches, usually in bark cracks and crevices or in holes or cuts along the bark. Females often
lay 100-300 eggs in their lifetime, with the maximum number recorded being 468 eggs (Duffy 1968;
Nair 2007). Larvae initially feed in the cambial region, while older instars tunnel in the sapwood and
heartwood. Frass is pushed out of the galleries and accumulates around the tree. Mortality of early larval
instars can be high, especially when tunneling in vigorous hosts that often exude large amounts of sap
in response to the larval feeding. By contrast, survival is relatively high in drought-stressed trees, appar-
ently because of reduced sap flow (Negi and Joshi 2009). In November, in India, the mature larva will
construct an exit hole that it will use as an adult the following year; then, it returns to the end of its gallery
in the heartwood and seals itself inside by secreting a calcareous solution to plug the gallery. Pupation
occurs the next year, usually in April and May, with the adult remaining quiescent until the onset of the
monsoon season (Duffy 1968; Nair 2007).

Typically, H. spinicornis infests trees that are stressed by drought, defoliation, or disease, or trees that
have recently died or were cut. Adults oviposit preferentially on large, mature trees, but during outbreaks
smaller trees down to 30 cm in diameter are infested. Both the trunk and major branches are infested.
Larval galleries can greatly reduce wood quality because they can be numerous and can extend deep
into the heartwood. Tree mortality can occur during outbreaks as a result of high larval densities (over
300 larvae per tree) and the extensive tunneling that effectively girdles the infested trees (Nair 2007).
Major outbreaks of H. spinicornis have been recorded in India and Pakistan for more than a century,
with Shorea robusta Roth being the principal host (Beeson and Bhatia 1939; Nair 2007). In India, some
H. spinicornis outbreaks during the 1900s covered thousands of hectares and resulted in millions of trees
killed (Nair 2007). In India and Pakistan, where major outbreaks regularly occur, several integrated con-
trol measures have been developed, including monitoring infestation levels in individual stands, selective
cutting and removal of infested trees, debarking of trees that cannot be removed promptly, protecting
logs in mill yards with cover sprays or tarps, and using trap logs to attract and kill adult beetles (Beeson
1941; Nair 2007).

11.2.13 Hylotrupes bajulus (L.)

Hylotrupes bajulus is native to Europe and North Africa but has been introduced to many other
countries around the world, including Argentina, Australia, Brazil, China, Madagascar, South Africa,
Uruguay, and the United States (Duffy 1968; Di lorio 2004b). In Australia, efforts were undertaken
to eradicate H. bajulus (French 1969; Eldridgea and Simpson 1987). Reports that H. bajulus occurs
in New Zealand are incorrect (Bain 2009). H. bajulus primarily infests seasoned coniferous wood,
especially Pinus, but also Abies, Picea, and Pseudotsuga (Duffy 1953, 1968; Bense 1995). In addition,
there have been occasional reports of H. bajulus infesting hardwoods in the genera Acacia, Alnus,
Corylus, Juglans, Populus, Quercus, and Tamarix (Duffy 1968). Adults measure 7-21 mm in length
and vary in color from reddish brown to brownish black; they have two conspicuous tubercles on the
pronotum and have one or two whitish bands or spots on each elytron (Duffy 1968; Baker 1972; Bense
1995; Figure 11.9).

The life cycle of H. bajulus can be completed in as short as two to three years, but in seasoned wood
that is low in moisture, the larval developmental period can be greatly protracted (Bense 1995). For
example, Baker (1972) suggested generation times of three to eight years for H. bajulus developing
inside structures in the United States, and in one case in the United Kingdom, Bayford (1938) reported
the occurrence of H. bajulus in Pinus furniture that had been manufactured (and apparently infested) at
least 17 years earlier.

Adults emerge primarily in the summer months under natural conditions (Bense 1995). Eggs are
laid in groups in cracks and crevices in the wood or between pieces of wood that are stacked (Baker
1972). Females typically lay 30-100 eggs in their lifetime, but some females have laid as many as
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FIGURE 11.9 Hylotrupes bajulus adult female from Spain. (Courtesy of Udo Schmidt at www.kaefer-der-welt.com.)

200-400 eggs (Duffy 1953, 1968). Larvae feed primarily in the sapwood, packing their galleries with
fine powdery frass. The larvae seldom break through the surface of the wood when tunneling; thus
the frass is concealed within the infested timbers. The sounds produced as the larvae feed usually are
audible to the homeowner. Mature larvae tunnel near to the surface of wood and then prepare to pupate
deeper in the wood. The pupal period can be as short as two to three weeks. New adults emerge through
an oval-shaped exit hole.

Although originally a forest insect, infesting dead branches tree stumps, H. bajulus is now primar-
ily a domestic pest of structural timbers (Duffy 1968; Baker 1972; Robinson and Cannon 1979). Heavy
infestations of homes and buildings can result in serious damage to roofing, framing, and flooring tim-
bers, as well as to furniture. To remedy such infestations, homeowners often incur high costs for repair
and, at times, fumigation. Because of their ability to infest dry wood and their long developmental time,
H. bajulus has been spread to many countries around the world in infested timber, wood products, and
solid wood packaging material.

11.2.14 Megacyllene robiniae (Forster)

Megacyllene robiniae is native to the eastern and central United States but has spread to Canada and the
southern and western United States with the widespread planting of its only host Robinia pseudoacacia
L. (Galford 1984). Adults measure 12-19 mm in length and are black in color with transverse yellow
bands across the pronotum and elytra (Solomon 1995; Figure 11.10).

Megacyllene robiniae is univoltine, with adults being most active during late summer, when they are
observed on host trees or when feeding on pollen of goldenrod (Solidago) flowers (Galford 1984). Eggs
are laid singly in bark cracks and crevices and around pruning wounds and callus tissue. Oviposition
occurs primarily along the trunk and the lower portion of major branches (Harman and Harman 1990).
In about a week, the eggs hatch and the new larvae enter the inner bark, construct a small cell, and pre-
pare to overwinter. In spring, the larvae first tunnel into the sapwood; then in summer, they move deeper
into the heartwood. The larvae push frass out of their galleries, which tends to be white in color when the
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FIGURE 11.10 Megacyllene robiniae adult from the United States. (Courtesy of Clemson University—USDA Cooperative
Extension Slide Series [Bugwood image 1235175].)

larvae are tunneling in sapwood and yellow when tunneling in heartwood. Prior to pupation, the larva
constructs a small tunnel that it will use to exit when an adult. Pupation occurs in late summer and lasts
about two weeks. Adults emerge through oval-shaped exit holes (Solomon 1995).

Heavy infestations can weaken trees and lead to trunk and branch breakage. Individual trees can be
infested for a number of years before stem breakage occurs; therefore, such trees can serve as hosts to
several generations of the borer. Swelling often occurs along the infested portions of the trunk. Adults
initially oviposit preferentially on stressed trees—but when populations are high, even dominant, appar-
ently healthy trees can be infested (Galford 1984). Trees weakened by drought, fire, and soil compac-
tion are especially prone to M. robiniae infestation (Galford 1984; Solomon 1995). Silvicultural control
options include removal of heavily infested trees or, when several infested trees are removed, stump
sprouting should be encouraged followed by selection of the most vigorous sprouts. Some Robinia selec-
tions have shown resistance to M. robiniae. Insecticidal sprays are at times warranted and are most effec-
tive when applied during the oviposition period in late summer (Galford 1984; Solomon 1995).

11.2.15 Neoclosterus boppei Quentin & Villiers

Neoclosterus boppei is native to countries in both East and West Africa, including Guinea, Nigeria, the
Republic of the Congo, Sierra Leone, and Tanzania (Roberts 1969; Duffy 1980; Schabel 2006). The
common host trees include species of Brachystegia, Ficus, and Isoberlinia (Schabel 2006). Adults vary
in length from 34 to 58 mm, are dark brown to reddish in color, have pectinate (comb-like) antennae, and
have stout lateral spines on the pronotum (Quentin and Villiers 1969; Duffy 1980; Figure 11.11).

Details on voltinism have not been reported. Eggs are laid singly on the bark of branches and trunks
of living host trees (Roberts 1969). At first, larvae tunnel vertically within the sapwood and eventually
enter the heartwood. The larvae expel frass from several sites along their galleries, which accumulates
on the forest floor. In addition to frass, large amounts of tree-produced sap also flow from the same holes
where the frass is ejected (Roberts 1969; Schabel 2006). Before pupating, larvae construct a tunnel from
which to exit once transformed to adults. Pupation occurs in the heartwood at the end of the gallery in a
cell lined with wood fibers (Roberts 1969).
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FIGURE 11.11  Neoclosterus boppei adult from the Democratic Republic of the Congo. (Courtesy of Thierry Bouyer.)

Infestation by N. boppei often leads to death of individual branches and stem sections. Recently cut
logs can also be infested (Roberts 1969). The larval galleries, which penetrate into the heartwood, lower
wood quality. Rapid utilization of logs should help minimize oviposition and larval tunneling.

11.2.16 Neoclytus acuminatus (Fabricius)

Neoclytus acuminatus is native to North America, including both Canada and the United States. In addi-
tion, N. acuminatus has been established in Europe since the early 1900s, being first reported in Italy
in 1908 and later spreading to several European countries including the Czech Republic, Croatia,
France, Germany, Hungary, Montenegro, Portugal, Serbia, Slovenia, and Switzerland (Cocquempot and
Lindelow 2010). In South America, N. acuminatus has been reported as likely established in Argentina
after two adults were collected in the field on branches of Prosopis in 1998 (Di lorio 2004b). N. acumina-
tus is highly polyphagous on hardwood trees, shrubs, and vines. In North America, species of Fraxinus
are preferred followed by Carya, Celtis, Diospyros, and Quercus (Solomon 1995). Other occasional
hosts in North America include species of Acer, Betula, Carpinus, Castanea, Cercis, Cercocarpus,
Cornus, Fagus, Gleditsia, llex, Juglans, Liquidambar, Liriodendron, Maclura, Malus, Prunus, Pyrus,
Robinia, Sassafras, Syringa, Ulmus, and Tilia (Solomon 1995). In Europe, species of Fraxinus, Juglans,
and Ulmus are common hosts (Cocquempot and Lindelow 2010), but other European dicot hosts include
Acer, Betula, Carpinus, Castanea, Cercis, Corylus, Euonymus, Fagus, Ficus, Hibiscus, Lonicera,
Morus, Ostrya, Populus, Prunus, Pyrus, Quercus, Robinia, Rosa, Salix, Tilia, Ulmus, and Vitis, as well
as occasionally conifers such as Abies (Bense 1995). Adults vary greatly in size from 4 to 18 mm in
length (Bense 1995; Solomon 1995). They have a wasp-like appearance, being reddish brown in color
with four transverse yellow bands across the elytra (Solomon 1995; Figure 11.12).

In the southern United States, N. acuminatus completes two to three generations per year, whereas in
the northern United States, this species is mostly univoltine (Solomon 1995). Adults begin emerging in
spring and, after mating, they lay eggs in bark cracks and crevices and under lichen and bark scales along
the trunk and branches of host plants (Solomon 1995). Adults are active during the day. After egg hatch,
larvae penetrate the bark and at first tunnel in the cambial region and then enter the sapwood where they
complete their larval development (Solomon 1995). Larval galleries usually do not extend deeper than
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FIGURE 11.12  Neoclytus acuminatus adult. (Courtesy of Gyorgy Csoka [Bugwood image 1231138].)

the outer heartwood. Most individuals overwinter as larvae. The larvae pack their galleries with granular
frass and later, when preparing to pupate, they construct a pupal cell near the outer sapwood surface.
New adults chew a circular exit hole through the bark when emerging.

Neoclytus acuminatus often infests stressed, dying, and recently dead trees, as well as recently cut
logs with bark. When infestations are high, the sapwood can be riddled with galleries, which greatly
reduces the quality of the wood, often making it unmarketable (Solomon 1995). This species has also
been reported to infest apparently healthy Robinia trees that were planted as windbreaks and in woodlots
and, at times, nursery stock and recently planted trees (Barr and Manis 1954; Solomon 1995). During
harvest operations, logs should be moved quickly to sawmills for processing to minimize infestation
(Solomon 1995).

11.2.17 Neoclytus rufus (Olivier)

Neoclytus rufus is known to occur in parts of the Caribbean (Grenada, Trinidad), Central America
(Panama), and South America (Argentina, Bolivia, Colombia, French Guiana, Guyana, Paraguay, and
Venezuela) (Duffy 1960; Giesbert 1989; Di lorio 1995; Bezark 2015a, 2015b). Duffy (1960) reporte
that N. rufus is a pest of Mora in Trinidad and Inga in Venezuela and has also been reported from
Peltophorum. In Argentina, Gonzalez and Di Iorio (1996) reported that N. rufus infests species of Celtis,
Paullinia, Schinus, and Ziziphus. Adults are 6—13 mm in length, reddish-brown in color, without trans-
verse bands on the pronotum, but with white transverse bands or spots across the elytra (Di lorio 1995;
Figure 11.13).

Neoclytus rufus likely completes one or more generations per year throughout its range given that
Duffy (1960) reports that a single generation can be completed in as little as three months. Adults are
active during the day, often being observed on the branches, trunks, and recently cut logs of host trees.
Eggs are laid in bark cracks and crevices on trees as well as on logs and lumber where some bark is
still present (Duffy 1960). Larvae tunnel primarily in the cambial region when bark is present but will
penetrate the outer sapwood when bark is lacking. The larvae pack frass within their galleries. After
pupation, the new adults emerge through circular exit holes.

Neoclytus rufus commonly infests freshly cut logs and recently sawn lumber, especially when some
bark is retained. Adults are commonly observed around sawmills in Trinidad. Larval galleries in the
sapwood can lower the quality of affected lumber (Duffy 1960). Logs should be utilized quickly and
debarking should be as complete as possible to minimize infestation (Duffy 1960).
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FIGURE 11.13  Neoclytus rufus adult from Paraguay. (Courtesy of Karina Diarte.)

11.2.18 Neoplocaederus viridipennis (Hope)

Neoplocaederus viridipennis is native to several countries in Africa, including Angola, Benin,
Cameroon, Central Africa, Guinea-Bissau, Ivory Coast, Nigeria, Sierra Leone, Togo, Uganda, and
Zaire (Duffy 1957; Roberts 1969; Vitali 2015). Larval hosts include species of Canarium, Daniellia,
Hevea, Khaya, Milicia (= Chlorophora), Mitragyna, Phyllanthus, Pseudospondias, Ricenodendron,
Spondianthus, Terminalia, and Trilepisium (= Bosqueia), and possibly Theobroma (Duffy 1957,
1980; Roberts 1969). Adults are 18-22 mm in length, having a black head and prothorax, and elytra
that are metallic blue or green (Duffy 1957; Figure 11.14).

Generation time of N. viridipennis has not been reported specifically but appears to be univoltine
based on data from Duffy (1957) and Roberts (1969). Eggs are laid in bark cracks and crevices along
the trunks of mature trees. Larvae feed primarily in the outer sapwood but near to the bark surface. As
they tunnel, the larvae construct a number of holes in the bark through which they eject frass. Mature
larvae tunnel deeper into the sapwood or heartwood and there construct a pupal chamber that they line
with a calcareous secretion. In addition, prior to pupation, larvae plug their galleries with wood fibers
(Duffy 1957).

The economic impact of N. viridipennis can be high given that living, mature trees are infested and
the sapwood is often heavily mined. However, because the heartwood is less frequently tunneled, losses
are kept to a minimum (Duffy 1957; Roberts 1969). Because both live trees and recently cut logs can be
infested, rapid utilization of logs should help minimize infestation and tunneling.

11.2.19 Oemida gahani (Distant)

Oemida gahani is native to East Africa, being reported from the countries of Kenya, Tanzania, Uganda,
Zimbabwe, and possibly South Africa (Duffy 1957; Schabel 2006). O. gahani is highly polyphagous,
developing in both hardwoods and conifers, including both native and exotic species. For example, more
than 173 species of woody plants in Africa, representing at least 56 plant families, have been reported
as larval hosts of O. gahani (Jones and Curry 1964; Schabel 2006; Duffy 1980). Some of the common
larval hosts include species of Acacia, Acrocarpus, Artocarpus, Celtis, Croton, Cupressus, Erythrina,
Eucalyptus, Grevillea, Juniperus, Olea, Podocarpus, and Trichocladus (Duffy 1957; Rathore 1995;
Schabel 2006). Adults are 8—23 mm in length, brownish in color, with two longitudinal ridges on each
elytron.
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FIGURE 11.14 Neoplocaederus viridipennis adult female from Cameroon. (Courtesy of Francesco Vitali at www.
cerambycoidea.com.)

The life cycle of O. gahani usually spans one to three years but can extend to 10 years in dry, struc-
tural timbers (Curry 1965; Schabel 2006). Adults emerge and are active at night—usually peaking in
April and November during the two rainy seasons in Kenya. Adults live for about two to four weeks and
apparently do not feed (Curry 1965). With regard to native plants, O. gahani typically infests stressed or
recently dead or cut trees and logs. By contrast, when infesting exotic trees, O. gahani commonly ovipos-
its on living trees (Schabel 2006). Females lay eggs in batches of 50—100, often preferring bark wounds
and pruning scars as oviposition sites, as well as old emergence holes in structural timbers (Curry 1965;
Schabel 2006). Larvae tunnel in both the sapwood and heartwood and pack their galleries with frass
(Curry 1965). The pupal chamber is constructed near the wood surface, and the new adult emerges
through an oval-shaped exit hole (Duffy 1957; Curry 1965).

Before the widespread planting of exotic tree plantations in East Africa, O. gahani was mostly a pest
of stressed and recently cut native trees as well as stumps used for coppicing (Schabel 2006). At times,
O. gahani would infest apparently healthy native trees, primarily Juniperus procera Hochstetter ex
Endlicher. As for the exotic plantation trees planted widely in East Africa, species of Cupressus were the
most heavily infested by O. gahani, and to a lesser degree plantations of various Acacia, Acrocarpus,
Eucalyptus, and Grevillea species (Curry 1965; Schabel 2006). Upon felling mature Cupressus trees in
Kenya during the mid-1900s, evidence of O. gahani infestation was found in as many as 34-80% of the
trees (Gardner and Evans 1957; Schabel 2006). More recently, the impact of this beetle has been greatly
lowered as a result of several changes, such as reduced frequency of pruning, treating pruning scars when
pruning does occur, rapid stand sanitation after logging operations, stand conversion to less susceptible
tree species such as pines, and kiln-drying wood to reduce possible active infestations in structural tim-
bers (Gardner and Evans 1957; Jones and Curry 1964; Schabel 2006).

11.2.20 Phoracantha recurva Newman

Phoracantha recurva is native to Australia and Papua New Guinea (Duffy 1963) and has been consid-
ered to be the most common Phoracantha species in Australia (Froggatt 1923). This species has been
introduced to several countries throughout the world, including parts of Africa (Libya, Malawi, Morocco,
South Africa, Tunisia, and Zambia), Asia (Israel and Turkey), Europe (Cyprus, France, Greece, Italy,
Malta, Portugal, and Spain), North America (United States), and South America (Argentina, Brazil,
Chile, and Uruguay) (Di Iorio 2004a; CABI 2015b). Although P. recurva has been reported to occur in
New Zealand in various publications (Wang 1995; CABI 2015b), this information is considered incorrect
based on misidentification (Bain 2012). Several species of Eucalyptus serve as the primary larval hosts
for P. recurva (Froggatt 1923; Duffy 1963), although a few other tree genera (Angophora, Cupressus,
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and Syncarpia) have been reported as occasional hosts in South Africa (Kliejunas et al. 2001). Adults
measure 15-30 mm in length, with yellowish-brown antennae and legs, reddish-brown head and prono-
tum, and yellowish-brown elytra with a dark blackish-brown spot on the basal portion and a transverse
band on the apical portion (CABI 2015b; Figure 11.15).

Phoracantha recurva generally completes one generation a year, but multiple generations can occur
in tropical and subtropical countries (Loyttyniemi 1983). In Australia, P. recurva generally oviposits on
stressed or recently cut trees. Similarly, throughout its introduced range, P. recurva oviposits on living
trees, including both stressed and apparently healthy trees (Ivory 1977; Paine and Millar 2002). Adults
are nocturnal. Eggs are laid in batches of up to 40 under bark scales along the trunk and main branches
(Duffy 1963; Ivory 1977). Larvae tunnel primarily in the cambial region and pack their galleries with
frass. Individual galleries can exceed 1 m in length (Froggatt 1923). Mature larvae tunnel into the sap-
wood and heartwood to form a pupal cell as well as construct a short tunnel toward the bark that is
opposite the entrance into the wood. Larvae then plug the gallery with frass and wood fibers and prepare
to pupate. New adults reach the wood surface by tunneling through the gallery they had constructed as
mature larvae and emerge through an oval-shaped exit hole. In areas where P. recurva coexists with
Phoracantha semipunctata (Fabricius), with time P. recurva tends to largely replace P. semipunctata
(Paine and Millar 2002; Paine et al. 2011)

Although considered primarily a secondary pest in Australia, P. recurva has caused significant mor-
tality of eucalypts in many other parts of the world where these trees have been introduced (Froggatt
1923; Drinkwater 1975; Ivory 1977; Paine et al. 2011; CABI 2015b). Trees infested by P. recurva initially
display wilted foliage and crown dieback, but extensive larval feeding eventually girdles the tree and
leads to tree death. Extensive mortality of eucalypts has occurred in both ornamental and plantation set-
tings (Paine et al. 2011). International movement of P. recurva has likely resulted from trade in eucalypt
logs, wood products and associated wood packaging materials, and possibly live plants (Haack 2006;
CABI 2015b). For example, P. recurva and P. semipunctata were likely introduced to South Africa in
the early 1900s on Eucalyptus timbers used as railroad crossties that were imported from Australia
(Drinkwater 1975; Cillie and Tribe 1991). Control options often focus on irrigation to reduce tree stress,
avoiding trunk injuries, planting Eucalyptus species that are more resistant to borer attack, rapid debark-
ing or utilization of logs, and release of biological control agents (FAO 2009; also see Chapter 8).

FIGURE 11.15  Phoracantha recurva adult from Gibraltar. (Courtesy of Charles Perez at The Gibraltar Ornithological &
Natural History Society [www.gonhs.org].)
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11.2.21 Phoracantha semipunctata (Fabricius)

Phoracantha semipunctata is native to Australia and Papua New Guinea (Duffy 1963) and has become
established in several countries throughout the world, including parts of Africa (Algeria, Egypt, Lesotho,
Libya, Malawi, Mauritius, Morocco, Mozambique, South Africa, Swaziland, Tunisia, Zambia, and
Zimbabwe), Asia (Israel, Lebanon, and Turkey), Europe (Cyprus, France, Italy, Malta, Portugal, and
Spain), North America (Mexico, United States), Oceania (New Zealand), and South America (Argentina,
Bolivia, Brazil, Chile, Peru, and Uruguay) (CABI 2015b). Several species of Eucalyptus have been
recorded as larval hosts for P. semipunctata (Duffy 1963; CABI 2015c¢), although a few other tree genera
in the family Myrtaceae have also been recorded as occasional hosts in Australia (Angophora, Corymbia,
and Syncarpia) (Duffy 1963; Kliejunas et al. 2003). Adults measure 16—35 mm in length, being primar-
ily dark reddish-brown in color with each elytron having a yellowish zigzag band near the center and a
yellowish apical spot (Duffy 1963; Solomon 1995; CABI 2015c; Figure 11.16).

Phoracantha semipunctata generally completes one to two generations per year, but three annual
generations can occur under tropical conditions (LOyttyniemi 1983; Bense 1995; Solomon 1995).
Adults are nocturnal. Oviposition typically occurs on stressed or recently cut trees, but in some coun-
tries where P. semipunctata has been introduced, both stressed and apparently healthy trees can be
infested (Drinkwater 1975; Ivory 1977). Eggs usually are laid in bark cracks and under bark scales in
batches of 3-30 eggs, and at times batches of 110 eggs have been observed (Duffy 1963; Scriven et al.
1986). Oviposition occurs mostly along the main trunk, but eggs are also laid on large branches (Schabel
2006). Larvae tunnel mostly in the cambial region often constructing galleries over a meter in length and
packed with frass (Solomon 1995; Elliott et al. 1998). Mature larvae tunnel 6—10 cm into the wood and
construct a pupal cell as well as a short tunnel into the outer bark that they use when exiting the tree as
adults (Duffy 1963).

In Australia, P. semipunctata typically is a minor pest, infesting stressed, dying, and recently dead
or cut trees, but it does not successfully infest dry eucalypt logs and lumber (Duffy 1963). In many
countries where P. semipunctata has been introduced, this beetle has become a serious pest, resulting
in widespread mortality of ornamental and plantation eucalypts (Drinkwater 1975; Loyttyniemi 1983;

FIGURE 11.16  Phoracantha semipunctata adult collected in Gibraltar from timber imported from Spain. (Courtesy of
Charles Perez at The Gibraltar Ornithological & Natural History Society [www.gonhs.org].)
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Scriven et al. 1986; Elliott et al. 1998; Schabel 2006). As mentioned earlier, in many areas where both
P. recurva and P. semipunctata have been introduced, P. recurva tends to displace P. semipunctata
(Paine and Millar 2002; Paine et al. 2011). Control efforts for P. semipunctata are similar to those listed
earlier for P. recurva.

11.2.22 Phymatodes testaceus (L.)

Phymatodes testaceus is native to Eurasia and North Africa and has been reported as introduced to North
America (Canada and United States) since the mid-1800s—and apparently to Japan as well (LeConte
1850; Cherepanov 1988a; Bense 1995; LaBonte et al. 2005; Swift and Ray 2010). Several hardwood
species serve as larval hosts, including Carpinus, Carya, Castanea, Corylus, Fagus, Fraxinus, Malus,
Prunus, Quercus, Salix, and Ulmus (Linsley 1964; Bense 1995). Quercus appears to be the preferred host
in Europe and North America (Craighead 1923; Duffy 1953; Cherepanov 1988a). In addition, Craighead
(1923) stated that others had recorded the conifers Picea and Tsuga as larval hosts of P. testaceus in
North America. Adults measure 7-17 mm in length and are variable in color including solid shades of
yellow, brown, red, blue, black, violet, and green, or are of two colors where the elytra and pronotum
differ (Linsley 1964; Novdk 1976; Cherepanov 1988a; Figure 11.17).

Generally, one to three years is required for P. testaceus to complete one generation (Duffy 1953;
Linsley 1964). Eggs are laid in bark cracks or crevices on recently dead trees or cut logs (Duffy 1953).
Larvae tunnel primarily within the bark or in the cambial region and retain frass within their galleries
(Craighead 1950). Mature larvae tunnel a few centimeters into the outer sapwood to construct pupal cells
when the outer bark is relatively thin, or if the bark is sufficiently thick, they will construct an oval cell
within the cambial region in which to pupate (Duffy 1953). Pupation and adult emergence usually occur
in spring to early summer (Duffy 1953).

This cerambycid has been a major pest in the tan bark industry in both Europe and North America
(Craighead 1923; Duffy 1953). Traditionally, tannins are extracted from tree bark and used to treat
animal skins in the process of making leather. Quercus bark is a common source of tannins in both
Europe and North America. High populations of P. testaceus are able to form in the tan bark industry
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FIGURE 11.17 Phymatodes testaceus adult from the United States. (Courtesy of Steven Valley [Bugwood image
5445446].)
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because bark is stored either on cut logs or separated from the logs, and P. testaceus larvae can complete
development in both situations (Craighead 1950). Given that most galleries do not penetrate deeply into
the sapwood, P. festaceus generally is not considered a major wood pest (Duffy 1953). In the tanbark
industry, long-term storage of bark should be avoided to reduce population buildups of P. testaceus
(Craighead 1950).

11.2.23 Semanotus bifasciatus (Motschulsky)

Semanotus bifasciatus is native to China, Japan, Korea, and the Russian Far East (Duffy 1968;
Cherepanov 1988a). The primary larval hosts are species of Juniperus, but species of Chamaecyparis,
Platycladus, Thuja, and Thujopsis are also infested (Duffy 1968; Cherepanov 1988a; Ma et al. 2010).
Adults vary in length from 8 to 14 mm (Cherepanov 1988a), and their head and elytra are shades of
brown to black with white transverse bands across the elytra (Cherepanov 1988a; Figure 11.18).

Semanotus bifasciatus generally completes its life cycle in one year in the southern part of its range,
although two years is common in its northern range (Kim and Park 1984; Cherepanov 1988a). Adults are
most active during spring and summer, emerging earlier in the southern portion of their range. Adults are
active at dusk when they mate and lay eggs on the trunks of recently dead and dying trees (Cherepanov
1988a; Iwata et al. 2007). Adults apparently do not feed (Cherepanov 1988a; Yan 2003). Eggs are laid
in bark crevices. Average fecundity has been reported by Cherepanov (1988a) as 48 eggs per female and
by Yan (2003) as 69 eggs. Kim and Park (1984) reported that in Korea, the egg stage lasted 16-20 days,
the larval stage 112—126 days, the pupal stage 15-21 days, and adult lifespan 19 days for females and
16 days for males. After hatching from the eggs, larvae penetrate the bark and feed primarily in the
cambial region and later enter the sapwood to pupate (Cherepanov 1988a; Yan 2003). Iwata et al. (2007)
reported that, in fallen logs, larvae develop best on the lower portion of the log that is in contact with the
soil where the wood moisture content is higher. Pupation occurs in the sapwood in frass-plugged cells
constructed at a depth of about 2 cm below the cambial region (Cherepanov 1988a). Pupation occurs in
late summer, with new adults remaining within their pupal cells to overwinter until the next year when
they chew an oval-shaped exit hole and emerge (Cherepanov 1988a; Yan 2003).
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FIGURE 11.18 Semanotus bifasciatus adult. (Courtesy of the Pest and Diseases Image Library [Bugwood image
5488621].)
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Semanotus bifasciatus typically is considered a secondary pest of stressed and recently dead trees
(Iwata et al. 2007). However, occasionally it has been reported as a major pest of living trees, especially
in urban and ornamental settings (Kim and Park 1984; Yan 2003; Gao et al. 2007). For example, Gao
et al. (2007) reported that S. bifasciatus was infesting ancient cypress trees in several areas of China.
To minimize losses, logs should be transported from the forest and utilized quickly. For ornamental
plantings, various biological control options have been investigated, including mites, nematodes, and
parasitoids (Qiu 1999; Sun 2000; Ma et al. 2010).

11.2.24 Stromatium barbatum F.

Stromatium barbatum is native to Asia, including Bangladesh, India, Myanmar, Nepal, Pakistan,
Sri Lanka, and Thailand as well as the Andaman and Nicobar Islands (Duffy 1968; Vitali 2015). In addi-
tion, S. barbatum has been introduced to the African countries of Somalia and Tanzania as well as to
various nearby islands in the Indian Ocean, including Madagascar, Mauritius, Réunion, Rodrigues, and
the Seychelles (Duffy 1968; Duffy 1980; Vitali 2015). Schabel (2006) stated that S. barbatum was likely
introduced to Africa in the 1950s. Given that S. barbatum is a drywood-infesting species, it is capable of
developing in a wide array of hosts, with more than 350 species recorded as hosts, including both conifer
and hardwood trees as well as bamboo and some woody vines such as grape (Beeson and Bhatia 1939;
Duffy 1968; Salini and Yadav 2011). Adults vary in length from 12 to 29 mm, and their general color
varies from reddish brown to brownish black (Duffy 1968; Figure 11.19).

Stromatium barbatum completes its life cycle in one to several years. For example, in India, Beeson
and Bhatia (1939) reported that adults of the same cohort emerged in one to seven years from the same
host material, Albizia stipulata (DC.) Boivin, with most (93%) requiring two to four years. The longest
development period reported was 10 years (Duffy 1968). Based largely on Beeson and Bhatia (1939) and
Duffy (1953), it is known that eggs of S. barbatum are laid on rough wood surfaces or in cracks and holes
in wood either with or without bark. Eggs are laid singly or in small groups. On average, each female
lays about 100 eggs, with a maximum of 246 eggs recorded. Larvae create powdery frass that is packed
tightly in their galleries, which occur in both sapwood and heartwood. At times, the galleries are so
numerous in individual pieces of wood that only the exterior wood surfaces are left intact. Larvae pupate
at the end of their galleries without constructing any discrete pupal cell.

I’

UGA2154055

FIGURE 11.19  Stromatium barbatum adult. (Courtesy of Christopher Pierce [Bugwood image 2154055].)
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The economic impact of S. barbatum can be significant given this insect’s wide host range and its
ability to infest dry, seasoned wood. This species can infest a wide array of wood products, includ-
ing packaging materials, lumber, furniture, bamboo stakes, and even museum specimens (Duffy 1953;
Schabel 2006), and therefore is frequently transported in international trade (Cocquempot et al. 2014).
Control efforts often focus on impregnation, fumigation, and the application of various insecticides and
protectants (Duffy 1968).

11.2.25 Strongylurus decoratus (McKeown)

Strongylurus decoratus is native to Australia (Duffy 1963). The principal host is Araucaria cunning-
hamii Aiton ex D.Don, with A. bidwillii Hook. listed as a minor host (Duffy 1963; Elliott et al. 1998).
Adults measure 18—28 mm in length and are brown in color, with five white markings on the thorax and
black forward-pointing chevron markings on each elytron (Elliott et al. 1998).

Strongylurus decoratus is univoltine. Females oviposit on branches and the terminal shoots of their
host plants, typically laying one egg per branch (Wylie 1982; Elliott et al. 1998; Wylie and Speight 2012).
The larvae first tunnel within the cambial region and later move into the wood and tunnel in the center of
the branch. Prior to pupation, the larva creates a spiral tunnel where the branch usually breaks, with the
larva remaining in the tree. The larva then prepares a pupal chamber but first creates a set of exit holes
close to where the spiral gallery was originally made as well as another set about 3—11 cm below the first
set. It plugs both ends of the gallery between these two sets of potential exit holes with wood fibers and
then pupates. The new adult departs the branch using one of the premade exit holes.

The oviposition behavior of S. decorates results in branch pruning. Damage usually is minor, especially
when older trees are infested, but on occasion severe damage can occur—especially in young Araucaria
plantations when the main leader is infested (Wylie 1982; Elliott et al. 1998; Wylie and Speight 2012).
This insect has been found infesting trees that varied in age from four to more than 30 years, with heights
ranging from 3 to 31 m (Wylie 1982; Wylie and Speight 2012). Wylie (1982) stated that proper site and
choice of tree provenance can reduce infestation levels.

11.2.26 Trichoferus campestris (Faldermann)

Trichoferus campestris is native to Asia, including Armenia, China, Japan, Kazakhstan, Korea,
Kyrgyzstan, Mongolia, Russia, Tajikistan, and Uzbekistan (Cherepanov 1988a; Smith 2009). In addi-
tion, T. campestris has become established in several countries in Europe (Dascalu et al. 2013) and in
both Canada (Grebennikov et al. 2010; Bullas-Appleton et al. 2014) and the United States (Burfitt et al.
2015). Much of the early literature for this species was published under the synonym Hesperophanes
campestris (Faldermann). Several genera of mostly hardwoods and a few conifers are reported as hosts
of T. campestris in Asia (Cherepanov 1988a; Iwata and Yamada 1990), but mostly hardwoods have been
recorded as hosts in Europe and North America (Dascalu et al. 2013; Bullas-Appleton et al. 2014; Burfitt
et al. 2015). Some of the common genera infested include Acer, Betula, Broussonetia, Gleditsia, Malus,
Morus, Prunus, Salix, and Sorbus. Larvae often are associated with stressed and dying hosts but are also
able to complete development in dry wood (Smith 2009). Adults measure 11-20 mm in length and are
various shades of brown (Smith 2009; Figure 11.20).

Most reports suggest that 7. campestris requires one to two years to complete a single generation
(Cherepanov 1988a; Svicha and Danilevsky 1988; Smith 2009). Adults are active during the summer
months and are mostly nocturnal (Cherepanov 1988a; Smith 2009). Eggs usually are laid singly under
bark flakes (Cherepanov 1988a). Early instar larvae tunnel primarily in the cambial region, with late
instars entering the outer sapwood to pupate. Frass is often extruded from the galleries and can collect at
the base of the tree (Bullas-Appleton et al. 2014). Bark appears to be necessary for oviposition and early
instar development (Iwata and Yamada 1990). Individuals overwinter as larvae and pupate in spring
(Cherepanov 1988a).

Although tree death has not been attributed to 7. campestris, heavy infestation can reduce tree vigor
(Smith 2009). In addition, given that larvae can develop in dry wood (Iwata and Yamada 1990), this
species has been found in association with wood rafters and lumber (Dascalu et al. 2013) as well as
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FIGURE 11.20 Trichoferus campestris adult. (Courtesy of Christopher Pierce [Bugwood image 2154045].)

wood packaging material used in international trade (Allen and Humble 2002; Cocquempot 2006; Haack
2006). Given that T. campestris can infest living, stressed, and recently cut trees, as well as complete
development in dry wood, control requires an integrated approach that includes inspection and possible
treatment of live trees, rapid utilization of cut trees, and proper heat treatment or fumigation of wood
packaging material.

11.2.27 Xylotrechus altaicus Gebler

Xylotrechus altaicus is native to Russia (primarily east of the Urals in Siberia) and northern Mongolia
(Rozhkov 1970; Cherepanov 1988b) and apparently has not become established elsewhere in the world
(as of 2015). The only reported larval host is larch (Larix). Adults are 11-24 mm in length, with reddish
legs and antennae, blackish head and thorax, and elytra that are brownish in color with two or three
lighter-colored transverse bands (Rozhkov 1970; Cherepanov 1988b; EPPO 2005; Figure 11.21).

Xylotrechus altaicus typically requires two years to complete a single generation in Siberia. Adults are
active during the summer months, living two to three weeks, and not feeding as adults (Rozhkov 1970;
Cherepanov 1988b). Females oviposit in bark crevices, usually laying 50—70 eggs in their lifetime, with a
maximum of 145 eggs recorded, and preferring to oviposit on the sunlit side of the tree trunk (Rozhkov
1970; Cherepanov 1988b). Oviposition occurs throughout the trunk. Larvae eclose from the eggs in one
to two weeks and at first tunnel back and forth between the cambial region and the outer bark, a behavior
that seems to allow the young larvae to escape from host resin (Cherepanov 1988b). During their first
winter, larvae reside within the cambial region or outer bark. During the second summer, the larvae first
create galleries in the cambial region that are perpendicular to the trunk, which collectively can girdle
the host tree. Later that summer, the larvae enter the sapwood and continue to tunnel perpendicular to
the trunk and therein spend the second winter. During the second spring, the larvae tunnel close to the
bark and construct a pupal cell at the end of their gallery in the outer bark or sapwood. Pupation occurs
in early summer and lasts two to three weeks (Cherepanov 1988b).

Xylotrechus altaicus usually is a secondary pest, infesting trees that have been weakened by fire,
defoliation, and other stressors. However, during outbreaks of this cerambycid, apparently healthy larch
trees can be infested and killed (USDA Forest Service 1991). Rozhkov (1970) reported that some out-
breaks can last for decades and extend over large areas. Given that this borer can cause widespread tree
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FIGURE 11.21 Xylotrechus altaicus adult from Mongolia. (Courtesy of Vladimir Petko [Bugwood image 5174039].)

mortality, it could easily be transported in cut logs and wood packaging (Rozhkov 1970; USDA Forest
Service 1991; EPPO 2005). For example, in one study in Russia, an average of 36 larval galleries was
recorded within the sapwood per meter-length of trunk (Cherepanov 1988b). Given that X. altaicus com-
monly infests stressed trees, sanitation efforts should be initiated promptly following major stress events
such as fire and defoliation (EPPO 2005). In addition, rapid transport and debarking of logs would help
reduce borer populations, especially during the first year of infestation.

11.2.28 Xystrocera festiva Thomson

Xystrocera festiva is native to Indonesia, Malaysia, and Myanmar (Duffy 1968; Nair 2007). Several
broadleaf woody plants serve as hosts, such as species of Acacia, Albizia, Coffea, Paraserianthes,
Pithecolobium, and Theobroma (Duffy 1968). Paraserianthes falcataria (L.) Nielsen, for example, is a
fast-growing leguminous tree native to Southeast Asia where it is commonly used in plantation forestry
and often infested by X. festiva (Endang and Haneda 2010). Adults are 30—35 mm in length and over-
all are brownish in color with blue—green lateral margins along the prothorax and elytra (Nair 2007,
Figure 11.22).

Xystrocera festiva is reported to complete a generation in about 190 days (Duffy 1968) and thus
potentially could complete two generations per year. However, in nature, all life stages are present
at any one time given that there are overlapping generations (Nair 2007). Adults are nocturnal and
live for about four to 10 days (Duffy 1968; Nair 2007). Females lay clusters of eggs in bark crevices
on live trees, usually 3-8 m above groundline (Nair 2007; Endang and Haneda 2010). The egg clus-
ters usually contain 20—40 eggs each (Johki and Hidaka 1987) but can contain more than 100 eggs
at times (Nair 2007). Individual females can lay as many as 170—400 eggs in their lifetime (Duffy
1968; Nair 2007). After hatching, the larvae enter the cambial region and feed gregariously, which is
unusual for cerambycids (Johki and Hidaka 1987). While feeding within the cambial region, larvae
tunnel mostly in a downward direction, but later, after the larvae enter the sapwood, they construct
individual galleries in an upward direction and therein pupate (Nair 2007). The pupal period aver-
ages 18 days (Duffy 1968).

Xystrocera festiva can infest P. falcataria trees when they are only two to three years old. As a result of
the gregarious feeding behavior by larvae in the cambial region, young trees are easily girdled and killed
(Nair 2007). Infestations can lead to growth reduction, stem breakage, and tree death (Nair 2007). Trees
of all ages can be infested (Endang and Haneda 2010). Pest populations can be lowered by removing
heavily infested trees during thinning operations (Nair 2007). In young plantations, annual inspections
should be conducted during the first six years with all infested trees removed. Adults can be collected
during the tree removal process, with any eggs produced being placed in the plantations to encourage
parasitism (Nair 2007).
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FIGURE 11.22 Xystrocera festiva adult from Sumatra. (Courtesy of Udo Schmidt at www.kaefer-der-welt.com.)

|
11.3 Lamiinae

11.3.1 Anoplophora glabripennis (Motschulsky)

Anoplophora glabripennis is native to Asia, primarily in China and Korea; however, during the past
20 years, A. glabripennis has become established in several countries in both North America and Europe
(Hérard et al. 2006; Haack et al. 2010a; see Chapter 13). A. glabripennis is highly polyphagous, infest-
ing broadleaf tree species in at least 15 plant families (Haack et al. 2010a). In Asia, the most com-
monly infested tree genera include Acer, Populus, Salix, and Ulmus; and similarly, in North America
and Europe, the most commonly infested host genera include Acer, Aesculus, Betula, Populus, Salix, and
Ulmus (Haack et al. 2006; Haack et al. 2010a; Sjoman et al. 2014; Straw et al. 2014; Faccoli et al. 2015;
Table 11.2). Adults measure 17-40 mm in length and are glossy black in color, with usually 10-20 dis-
tinct irregular-shaped patches on the elytra that range in color from white to shades of yellow and orange
(Haack et al. 2010a; Figure 11.23).

The life cycle of A. glabripennis usually is completed in one year, but two years may be needed in
colder parts of its range (Haack et al. 2010a). Adults are most active in the summer months. After emer-
gence, adults conduct maturation feeding for one to two weeks on twigs and foliage of host trees. Adults
usually mate on the trunks and branches of host trees and then females chew funnel-shaped oviposition
pits through the bark into which a single egg is inserted. Oviposition usually starts in the upper trunk and
branches and then occurs lower along the trunk in succeeding years (Haack et al. 2006). Eggs typically
hatch in one to two weeks, and the emerging larvae first tunnel in the cambial region and later move into
the sapwood and heartwood. Overwintering usually occurs in the larval stage, with pupation occurring
in late spring to early summer. Pupation occurs at the end of the larval gallery. The new adults emerge
through circular exit holes that are 10—-15 mm in diameter (Haack et al. 2010a).

Anoplophora glabripennis can cause widespread tree mortality because it successfully infests appar-
ently healthy trees and causes tree death after several years of successive attack. Extensive tree mortality
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TABLE 11.2

Summary Data (as of January 2016) for the Status of Infestations of Anoplophora glabripennis in Five U.S.
States.

Year of Status in No. Infested No. High Risk  Top Five Infested Tree Genera as

State Discovery December 2015  Trees Cut? Trees Cut® of April 2015

Illinois 1998 Eradicated 1,551 220 Acer, Ulmus, Fraxinus, Salix,
Aesculus

Massachusetts 2008 Ongoing 24,404 10,679 Acer, Betula, Ulmus, Populus,
Fraxinus

New Jersey 2002 Eradicated 730 21,251 Acer, Ulmus, Salix, Betula

New York 1996 Ongoing 7,062 16,658 Acer;, Ulmus, Salix, Aesculus, Betula

Ohio 2011 Ongoing 16,446 61,557 Acer, Aesculus, Ulmus, Salix,
Populus

@ Total number of trees cut during the eradication program that were considered infested with A. glabripennis by state.
b Total number of trees cut during the eradication program that were considered high risk, which meant that they were
potential host trees growing close to infested trees but not known to be infested themselves.
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FIGURE 11.23 Anoplophora glabripennis adult from United States. (Courtesy of Steven Valley [Bugwood image
5449526].)

has occurred in China, involving millions of trees, especially in northern China where large-scale tree
planting efforts occurred (Pan 2005; Zhao et al. 2007). Given this threat, active eradication programs
have been undertaken in all European and North American countries where A. glabripennis has been
introduced. For example, in the United States, established populations of A. glabripennis had been found
in five states as of January 2016 (Illinois, Massachusetts, New Jersey, New York, and Ohio), with the first
populations being found in New York in 1996 and the most recent in Ohio in 2011. Of these five states,
all A. glabripennis infestations have been eradicated in only Illinois and New Jersey, while efforts are
still ongoing in the other three states (Table 11.2).
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Details on the control efforts for A. glabripennis in China, Europe, and North America are provided
in Hérard et al. (2006) and Haack et al. (2010a). Eradication is the goal for all outbreak areas in Europe
and North America and generally include tree surveys of varying intensities in concentric zones around
known infested areas, removal of all infested trees, and at times removal of nearby host trees that are
not obviously infested but could be (i.e., so-called high-risk trees; see Table 11.2). In the United States,
observers at first only surveyed trees for signs of infestation from the ground using binoculars, but later,
tree climbers and bucket trucks were used to improve efficiency in finding A. glabripennis exit holes
and oviposition pits. After infested trees are cut, they are chipped and sometimes burned. In China,
A. glabripennis greatly expanded its natural range in the late 1900s as a result of large-scale tree plant-
ing efforts that used many species that were highly susceptible to A. glabripennis (Haack et al. 2010a).
As aresult, millions of infested trees were cut in China as well as an internal quarantine was established
to reduce the likelihood of human-assisted spread (Haack et al. 2010a).

11.3.2 Apriona swainsoni (Hope)

Apriona swainsoni is native to China, India, Korea, Laos, Myanmar, Thailand, and Vietnam (Duffy
1968; Liu et al. 2006). The principal hosts include woody tree and vine species of Butea, Caesalpinia,
Dalbergia, Ligustrum, Paulownia, Salix, Sophora, and Tectona (Duffy 1968; EPPO 2013). In China,
Liu and Tang (2002) reported that Sophora japonica L. was one of the most highly susceptible tree
species. Adults measure 25—40 mm in length and are brown in color with white specks (Beeson 1941;
Figure 11.24).

Apriona swainsoni tends to have a two-year life cycle (Duan 2001). Adults are active during the sum-
mer months, mating and ovipositing primarily at night (Duan 2001). Adults conduct maturation feeding
on host bark (Duan 2001; Wang 2011). Females lay 27-62 eggs each, placing them in bark crevices
along the trunk and main branches (Duan 2001; Wang 2011). Larval galleries are constructed initially
in the cambial region and later in the sapwood with larvae first tunneling toward the center of the stem
or branch and then upward and finally outward to nearly the wood surface (Duan 2001). Individuals
overwinter as larvae in both years of development. Pupation occurs in late spring to early summer.

FIGURE 11.24 Apriona swainsoni adult from Vietnam. (Courtesy of Ben Sale at commons.wikimedia.org.)
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Beeson (1941) and Duffy (1968) report that when Butea vines are present along tree trunks, females often
oviposit in the vines, with the resulting larvae first developing in the vine and then tunneling into the
supporting tree to complete development.

Apriona swainsoni can cause severe damage to trees growing in natural forests, plantations, and in
urban settings (Tang and Liu 2000; Liu et al. 2006; EPPO 2013). Infested trees usually are at least
7-8 cm in diameter (Duan 2001; Liu and Tang 2002); however, Beeson (1941) reported that some teak
trees of more than 1 m in diameter were infested. In China, urban plantings of S. japonica have been
heavily infested, with many trees exhibiting 60—70 exit holes each (Liu et al. 2006). In addition, given
that A. swainsoni is not found throughout all of China, an internal quarantine has been in place since
1996 (Liu et al. 2006). In teak plantations, it is recommended that vines be removed from the trunks to
reduce oviposition on the vines (Beeson 1941; Duffy 1968). Various biological control agents have been
tested for their ability to control A. swainsoni in China (Lu et al. 2011; Wang et al. 2014).

11.3.3 Aristobia horridula Hope

Aristobia horridula occurs in China, India, Myanmar, Nepal, Thailand, and Vietnam (Duffy 1968;
Dhakal et al. 2005; Nair 2007; Wylie and Speight 2012). The principal hosts include species of Dalbergia,
Pterocarpus, and Xylia (Beeson 1941; FAO 2007; Nair 2007, Wylie and Speight 2012). Adults measure
27-32 mm in length and are brown in color, with elytra studded with bristle-like long bluish hairs and
dense tufts of hairs on the distal portion of the first and second antennal segments (Nair 2007).

Aristobia horridula generally is univoltine, with adults most active during the summer months in
India but apparently year-round in Thailand (Hutacharern and Panya 1996; Nair 2007). Adults are active
during the day, feeding on bark of young branches and laying eggs singly in transverse cuts made in the
bark of living trees (Nair 2007). Adult movement usually occurs in short bursts of flight of just 10-20 m
(Hutacharern and Panya 1996). Most oviposition occurs along the lower trunk (Nair 2007). The larvae
construct galleries that measure 50—75 cm in total length and penetrate both sapwood and heartwood
(Hutacharern and Panya 1996; Nair 2007). As larvae feed, infested trees often become swollen and
exude resin near the oviposition site (Nair 2007). Pupation occurs at the end of the gallery in the heart-
wood. Adults produce circular exit holes.

Aristobia horridula has caused extensive damage in young plantations of Dalbergia cochinchinensis
Pierre ex Laness, D. sissoo Roxb., and Pterocarpus macrocarpus Kurz in India and Nepal, and simi-
larly to plantations of D. cochinchinensis, P. macrocarpus, and Pterocarpus indicus Willd. in Thailand
(Mishra et al. 1985; Hutacharern and Panya 1996; Dhakal et al. 2005; Nair 2007; Wylie and Speight
2012). When small-diameter trees are infested, they are prone to wind throw (Nair 2007). Infestation
levels in plantations often reach 30-90% and, in some stands, all trees can be infested (Mishra et al.
1985; Hutacharern and Panya 1996; Dhakal et al. 2005). To protect trees, the lower 2 m of trunk often are
treated with insecticides or other solutions (Hutacharern and Panya 1996; Nair 2007).

11.3.4 Goes tigrinus (DeGeer)

Goes tigrinus is found throughout the eastern United States where it infests species of Quercus, espe-
cially members of the white oak group (Solomon 1995). Adults measure 22—44 mm in length and have
an overall brownish-grayish mottled appearance that forms an irregular dark band across the lower half
of the elytra (Linsley and Chemsak 1984; Figure 11.25).

Goes tigrinus usually requires three to four years to complete a single generation (Solomon 1995).
Adults become active in spring to early summer in the southern United States but not until mid-summer
in the northern United States (Solomon 1995). Adults feed on twigs and leaf petioles for one to two weeks
after emergence before mating and initiating oviposition. Females are reported to lay only 9-15 eggs in
their lifetime (Solomon 1995). Oviposition involves first chewing an oval pit through the bark before
inserting a single egg through the base of the pit into the cambial region. Larvae tend to tunnel upward
for 11-23 cm, first in the sapwood and then in the heartwood (Solomon 1995). Larvae expel frass and
wood shavings from near the origin of their gallery that accumulate at the base of the tree (Solomon 1977,
1995). Individuals overwinter as larvae in all years of development. Pupation occurs at the end of the
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FIGURE 11.25 Goes tigrinus adult from Texas (United States). (Courtesy of Mike Quinn at bugguide.net.)
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gallery in spring or early summer, after which the new adult extends the gallery from the pupal chamber
to the bark, chewing a circular exit hole (Solomon 1995).

Goes tigrinus infests Quercus trees in both urban and natural forest settings. Although infestation by
G. tigrinus seldom causes tree death, the value of lumber from heavily infested trees is greatly reduced
given that larval galleries penetrate both sapwood and heartwood (Solomon 1995). In Ohio, Donley
(1978b) demonstrated that young oak trees, 10-25 cm in diameter at breast height (DBH), were most
often infested. Moreover, it was shown that within most forest stands, there usually are just a few “brood”
trees (often less than 5% of all host trees present) that produce most of the borers, and that by removing
these brood trees, the borer population could be greatly reduced (Donley 1978b; Solomon 1995).

11.3.5 Monochamus alternatus Hope

Monochamus alternatus is native to China, Japan, Korea, Laos, Taiwan, and Vietnam (Duffy 1968;
Akbulut and Stamps 2012). The larval hosts of M. alternatus are conifers in the genera Abies, Cedrus,
Larix, Picea, and Pinus (Akbulut and Stamps 2012). Adults measure 18—31 mm in length and have an
overall reddish-brown color along with two pinkish longitudinal stripes on the pronotum and several
small white and black patches on the elytra (Duffy 1968; Figure 11.26).

Monochamus alternatus typically is univoltine; however, in southern China, it may have two genera-
tions per year, and occasionally, two years are required to complete a single generation, especially when
eggs are laid late in the year (Song et al. 1991; Akbulut and Stamps 2012; Togashi 2013). Adults are
active during the summer months throughout much of their range and nearly year-round in their south-
ern range (Song et al. 1991). Adults live for several weeks, feeding at first on twigs of healthy host trees
to become sexually mature, and then ovipositing on trunks and branches of stressed, dying, or recently
cut host trees (Togashi and Magira 1981). Females chew an oviposition pit in the bark and then usually
lay a single egg within the cambial region (Togashi and Magira 1981). Depending on the time of year of
adult emergence, females lay (on average) 23—86 eggs in their lifetime (Togashi and Magira 1981). Eggs
hatch in about a week. The early larval instars feed and tunnel in the cambial region, with late instars
entering the sapwood for a few centimeters and then turning to follow the wood grain and constructing
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FIGURE 11.26 Monochamus alternatus adult. (Courtesy of Steven Valley [Bugwood image 5477456].)

a pupal chamber. Individuals overwinter in the larval stage. Adults create a circular exit hole when they
emerge (Kobayashi et al. 1984).

The galleries of M. alternatus often are numerous, and because they penetrate deep within the wood,
they lower the value of logs used for lumber (Duffy 1968). In addition, M. alternatus is the principal
vector in Asia of the pinewood nematode, Bursaphelenchus xylophilus (Steiner & Buhrer) Nickle, which
is the causal agent of pine wilt disease (Kobayashi et al. 1984; Togashi 2013). When adults emerge
from infected trees, they can carry thousands of nematodes in their tracheal system, which are later
released into healthy and dying pine trees when the adult beetles feed and oviposit (Kobayashi et al.
1984; Akbulut and Stamps 2012).

A thorough review of the control options available for M. alternatus has been prepared by the Centre
for Agriculture and Biosciences International (CABI 2015a). Infested logs can be chipped, burned, or
buried under at least 15 cm of soil. In outbreak areas of pine wilt disease, localized clear-cutting of
infested trees followed by log treatment has reduced disease spread. Several pesticides have been tested
and include insecticides applied to tree trunks and foliage as well as to target adults because they con-
duct maturation feeding and oviposit. Nematicides can also be used to inhibit development of pine wilt
disease. Various biological control strategies have been developed using entomophagous fungi, nema-
todes, and larval parasitoids. Trap trees can be used to attract ovipositing adults followed by removal
and destruction of the trees or logs. Traps baited with pheromones or with alpha-pinene and ethanol can
be used to capture local adults and to serve as a tool for monitoring and control. In addition, breeding
programs for resistance to pine wilt disease in Asian pines have been developed in China and Japan
(Nose and Shiraishi 2008).
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11.3.6 Monochamus sutor (L.)

Monochamus sutor is native to much of the Eurasian conifer belt from Spain through China and Russia
to Korea and Japan (Bily and Mehl 1989; Cherepanov 1990). The primary larval hosts of M. sutor in
Europe are Picea and Pinus (Duffy 1953; Bily and Mehl 1989; Bense 1995), with Larix being a major
host in Siberia (Rozhkov 1970; Zhang et al. 1993) and Abies also serving as an occasional host (Novak
1976). M. sutor adults measure 15-26 mm in length (Cherepanov 1990). They have a strong spine on
each side of the pronotum and overall are black in color with a yellow spot on the scutellum and several
yellowish to whitish colored spots on the elytra that form three transverse dark-colored bands (Novak
1976; Bense 1995; Figure 11.27). Antennae in males are one-and-a-half to two times the body length
(Rozhkov 1970).

Depending on local conditions, M. sutor requires one to three years to complete a single generation.
Adults generally are active from late spring through summer. Adults conduct maturation feeding on twig
bark for several days (Novdk 1976). Females construct oviposition pits in the bark and then insert their
ovipositor at the base and deposit one or a few eggs into the cambial region (Rozhkov 1970; Novék 1976).
On average, females lay about 50 eggs in their lifetime (Duffy 1953). Early larval instars tunnel in the
cambial region, scoring the sapwood deeply, and expel frass through the bark (Novdk 1976). Late instars
enter the sapwood and heartwood. Individuals overwinter as larvae. Some larval galleries extend from
one side of the tree to the other side, while others are U-shaped in which the gallery starts and ends on
the same side of the tree (Trigardh 1930). Pupation occurs at the end of the gallery in spring or summer
with the new adults emerging through a circular exit hole.

Monochamus sutor oviposits primarily on recently cut trees, especially along the lower trunk, and
therefore greatly reduces their value (Duffy 1953; Novdk 1976). At times, M. sutor has reached out-
break levels following large-scale defoliation events and fire (Rozhkov 1970; Zhang et al. 1993; Yuan
et al. 2008). In addition, M. sutor is a potential vector of pinewood nematodes (Akbulut and Stamps
2012). Given the nature of M. sutor to rapidly infest recently cut trees, harvesting operations need to
swiftly transport logs to sawmills and then process them, or if not possible, logs should be debarked
(Rozhkov 1970).

FIGURE 11.27 Monochamus sutor adult from Austria. (Courtesy of Siga at commons.wikimedia.org.)


http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315313252-12&iName=master.img-026.jpg&w=359&h=250

Cerambycid Pests in Forests and Urban Trees 385

11.3.7 Monochamus titillator (F.)

Monochamus titillator is native to the eastern United States, Canada (Ontario), and the Bahamas (Browne
et al. 1993; Evans 2014; Bezark 2015a) and was apparently introduced to Cuba (Peck 2005). The primary
larval hosts include species of Pinus (Webb 1909; Baker 1972; Drooz 1985), but some authors also list
Abies and Picea as potential hosts (Duffy 1953; Linsley and Chemsak 1984). Adults of M. titillator mea-
sure 16—31 mm in length and have a mottled appearance with a reddish-brown background color with
small brown and gray patches (Webb 1909; Linsley and Chemsak 1984; Figure 11.28). The antennae are
more than twice the body length in males and about the same length as the body in females (Linsley and
Chemsak 1984).

The life cycle of M. titillator generally is univoltine with a partial second generation occurring in the
southern United States (Webb 1909). Akbulut and Stamps (2012), however, state that M. titillator can
complete up to three generations per year. Generations are overlapping, with most adults being present
in the summer months, but likely year-round in the southern United States (Webb 1909; Baker 1972).
Newly emerged adults feed on the bark of pine twigs until sexually mature (Luzzi et al. 1984; Akbulut
and Stamps 2012). Typically, adults mate and oviposit on the trunks and major branches of severely
weakened host trees, such as wind-thrown trees, bark beetle-infested trees, or on freshly cut logs (Webb
1909; Coulson et al. 1976; Akbulut and Stamps 2012). Females usually chew a funnel-shaped pit through
the outer bark and then insert their ovipositor and lay one to nine eggs in a radial pattern (Webb 1909;
Dodds et al. 2002). The eggs hatch in about a week with the new larvae first feeding in the cambial region
and then entering the sapwood—usually constructing a deep U-shaped gallery—and then back to near
the wood surface (Webb 1909). Pupation occurs at the end of the gallery with the new adult chewing a
circular exit hole through the sapwood when it emerges (Webb 1909).

Most economic losses attributed to M. titillator result from the larval galleries that reduce wood
quality and value. For example, Webb (1909) reported that, after a major wind event in the southern
United States, nearly all storm-damaged trees were infested by M. titillator within a few months, and
their galleries affected about 25% of the lumber cut from each log. M. titillator is also a major vector

UGA5205031

FIGURE 11.28 Monochamus titillator adult from Louisiana (United States). (Courtesy of Natasha Wright [Bugwood
image 5205031].)
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of the pinewood nematode in North America (Luzzi et al. 1984) and therefore poses a risk to Asian and
European pines if introduced elsewhere in pine logs, lumber, or wood packaging (Evans et al. 1996;
Sathyapala 2004). Logs should be utilized quickly to minimize losses, especially from late-instar larvae
that enter the sapwood. When rapid utilization is not possible, logs can be stored under water sprinklers,
which limit oviposition (Syme and Saucier 1995).

11.3.8 Plectrodera scalator (Fabricius)

Plectrodera scalator is native to the eastern United States where it primarily utilizes species of Populus
as larval hosts but will also infest Salix (Linsley and Chemsak 1984; Solomon 1995; Bezark 2015a).
Adults of P. scalator measure 25—-40 mm in length and generally are black in color with large white
areas on the head and around the eyes, a series of white transverse bands on the thorax and elytra that
produce a checkered appearance, and strong lateral prothoracic black spines (Linsley and Chemsak
1984; Solomon 1995; Figure 11.29).

The life cycle of P. scalator usually is completed in one to two years (Solomon 1995). Adults are most
active in the summer months, first feeding on leaf petioles and twigs to become sexually mature, and
then mating and ovipositing at the base of host trees. Adult females chew pits in the bark just below the
soil line, insert their ovipositor, and usually lay a single egg (Solomon 1980, 1995). Eggs hatch in two
to three weeks, with the new larvae first tunneling downward within the cambial region of the taproot,
and eventually mine the sapwood (Solomon 1980). Most galleries are below ground, but some are found
above ground level, especially when multiple larvae are found in the same host (Solomon 1980). Pupation
occurs within the gallery in spring or early summer, lasting about three to four weeks (Solomon 1980).
New adults chew exit holes through the bark near the groundline (Solomon 1980).

Plectrodera scalator infests nursery stock as well as young trees in plantations and natural stands
(Solomon 1980). In nurseries, one- to two-year-old seedlings commonly are infested. A single larva
seldom kills the seedling outright but can weaken it and make it susceptible to breakage. However, when

FIGURE 11.29  Plectrodera scalator adult from Oklahoma (United States). (Courtesy of Ben Sale at commons.wikimedia.
org)
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multiple larvae occur in a single seedling or young tree, stem breakage is common (Solomon 1980).
In one survey, Solomon (1980) reported that, on average, 4.6 larvae per tree were found in three-year-old
Populus trees. In nursery beds, Populus trees can be protected with insecticides (Solomon 1980). When
selecting new nursery sites, managers should choose sites far from known active P. scalator infesta-
tions, and they should use uninfested cuttings to establish the nursery. Moreover, it is recommended to
rogue old rootstocks every three years and start with new cuttings to keep P. scalator populations low
(Solomon 1980).

11.3.9 Saperda calcarata Say

Saperda calcarata is native to both Canada and the United States, being found throughout most of
North America (Linsley and Chemsak 1984). The principal larval hosts of S. calcarata include species
of Populus, with species of Salix being reported as occasional hosts. S. calcarata adults are 18-31 mm
in length and have an overall grayish color with brown dots and a faint yellowish pattern on the head,
prothorax, and elytra (Linsley and Chemsak 1984; Solomon 1995; Figure 11.30). The antennae are about
the length of the body.

Saperda calcarata generally has a two-year life cycle in the southern United States but three to five
years in the northern United States and Canada (Drouin and Wong 1975; Solomon 1995). Adults are
active from late spring through summer, first feeding on foliage and twigs for about a week before mating
and ovipositing. Females chew niches in the bark along the trunk and major branches and usually lay one
egg per niche (Craighead 1923; Drouin and Wong 1975). Females usually oviposit on living trees that
are at least 8 cm in diameter, but trees as small as 4 cm in diameter have been infested (Solomon 1995).
Females oviposit preferentially on open-grown trees (Solomon 1995). Eggs hatch in about two weeks,
and the larvae first feed in the cambial region and then in the sapwood and heartwood (Craighead 1923;
Drouin and Wong 1975). Completed larval galleries are 15-25 cm in length (Solomon 1995). Individuals
overwinter as larvae in each year of development. Larvae expel frass and wood shavings from enlarged
holes constructed where they first entered the tree (Drouin and Wong 1975). Trees respond to the larval
feeding by exuding sap that flows from the entry holes (Solomon 1995). Multiple larvae often are found
feeding in the same region of a tree (Solomon 1995). Pupation occurs at the end of the gallery in spring
or early summer, with the new adults emerging from the original entry hole (Solomon 1995).

UGA1325084

FIGURE 11.30 Saperda calcarata adult in United States. (Courtesy of Whitney Cranshaw [Bugwood image 1325084].)
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Small trees can be girdled and killed by S. calcarata larvae, but infestations seldom kill larger trees
(Solomon 1995). However, larval feeding, especially when multiple larvae are present, weakens trees and
makes them prone to breakage from wind and snow (Drouin and Wong 1975; Solomon 1995). Solomon
(1995) provided data from several surveys conducted in Canada and the United States in which an aver-
age of 20—63% of the Populus trees inspected had evidence of current and past S. calcarata infestation.
In addition, larval galleries can serve as infection courts for various canker fungi (Anderson and Martin
1981). When infested trees are used for lumber, their value is reduced because of the larval galleries and
staining (Solomon 1995). Silvicultural control options include proper site selection, maintaining well-
stocked stands, and harvesting stands at maturity (Solomon 1995). Several systemic insecticides were
tested against larvae by Drouin and Wong (1975).

11.3.10 Saperda carcharias (L.)

Saperda carcharias is native to much of Palearctic Eurasia from Spain and the United Kingdom east-
ward to Siberia, China, and Korea (Novdk 1976; Bily and Mehl 1989; Bense 1995). The principal
larval hosts are species of Populus, with Salix species serving as occasional hosts (Duffy 1953; Bense
1995). S. carcharias adults are 18-30 mm long and have an overall dark body with yellowish-gray to
yellowish-brown pubescence and numerous black spots on the head, prothorax, and elytra (Ritchie
1920; Novak 1976; Bense 1995; Figure 11.31). In general, the antennae of males are slightly longer than
the body, whereas in females they are shorter than the body length (Novak 1976).

The life cycle of S. carcharias usually is completed in two to four years (Ritchie 1920; Bily and Mehl
1989). Adults are active during the summer months. After emergence, adults conduct maturation feed-
ing on foliage and twig bark of host trees (Ritchie 1920; Novdk 1976). Adults usually mate on twigs and
then the females oviposit on the trunks of both young and mature live trees, especially those growing
in open settings (Novdk 1976). Females use their mandibles to cut a vertical slit in the bark and then
turn and deposit a single egg under the bark (Ritchie 1920). On average, each female lays 40-50 eggs
(Novdk 1976). Larvae do not eclose from the eggs until the following spring at which time they first
feed in the cambial region and then enter the sapwood, tunneling downward at first and then reversing

FIGURE 11.31 Saperda carcharias adult on Populus in Latvia. (Courtesy of AfroBrazilian at commons.wikimedia.org.)
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direction and tunneling upward (Ritchie 1920; Novak 1976). Larvae eject frass from their galleries,
which can extend 25-50 cm overall (Novak 1976). Several larvae can be found in the same trees, often
tunneling near each other (Ritchie 1920). Trees often become swollen around the feeding sites (Novak
1976). Pupation occurs at the end of the larval gallery in spring and lasts for about one month (Novdk
1976). Adults emerge through an oval-shaped exit hole (Ritchie 1920).

Infestation by S. carcharias can cause severe economic losses given that otherwise healthy trees often
are infested and that the larval galleries extend to the heartwood. Small-diameter trees can be killed by
just a few larvae. Larger-diameter trees often suffer growth loss, and the galleries can serve as infec-
tion courts for fungi. Lumber from infested trees is greatly reduced in value because of the extensive
tunneling (Ritchie 1920; Duffy 1953; Novak 1976; de Tillesse et al. 2007). Insecticides have been used
to protect high-value trees, with products applied to the trunks to kill early larval instars, and systemic
insecticides have been used for late-instar larvae that are deeper in the wood (CABI 2010). Various bar-
riers have also been tested to restrict adult beetles from climbing on trunks (Allegro 1990).

11.4 Parandrinae
11.4.1 Neandra brunnea (Fabricius)

Neandra (= Parandra) brunnea is native to Canada and the United States, being most common in eastern
North America (Brooks 1915; Linsley 1962a). In addition, N. brunnea has been considered established
in the area of Dresden, Germany, since the early 1900s, likely having been moved in association with
World War I (Cocquempot and Lindelow 2010). Most hardwoods and some conifers serve as larval
hosts to N. brunnea. Solomon (1995) listed the following hardwood genera as common North American
hosts: Acer, Carya, Castanea, Fagus, Fraxinus, Juglans, Liquidambar, Liriodendron, Malus, Populus,
Prunus, Pyrus, Quercus, Robinia, Salix, Ulmus, and Tilia. In Germany, Populus and Tilia have been
reported as larval hosts (Cocquempot and Lindelow 2010). Adults measure 821 mm in length, are in
various shades of brown color, and are very similar in appearance to some stag beetles (Lucanidae)
(Linsley 1962a; Baker 1972; Solomon 1995; Figure 11.32).

The typical life cycle of N. brunnea is thought to span two to four years (Gahan 1911; Brooks 1915;
Craighead 1950; Baker 1972; Solomon 1995). Adults are active in summer, often laying eggs in exposed

5385937

FIGURE 11.32 Neandra brunnea adult from United States. (Courtesy of Joseph Berger [Bugwood image 5385937].)


http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315313252-12&iName=master.img-031.jpg&w=324&h=216

390 Cerambycidae of the World

wood near the ground, such as near bark wounds or on wood structures that are in contact with moist
soil (Craighead 1950). Apparently some adults do not emerge from the wood when mature but rather stay
within the wood, mate, and lay eggs (Craighead 1950). The larvae tunnel in both sapwood and heart-
wood, often gregariously, which tends to honeycomb the wood. The individual galleries are packed with
granular frass. The mature larva constructs an oval pupal cell at the end of the gallery and also plugs the
gallery with a wad of wood fibers. The pupal period usually spans about a month (Brooks 1915).
Neandra brunnea has been reported as a destructive pest in the United States since the late 1800s
(Brooks 1915). Most reports have referred to stem breakage of mature shade trees and fruit trees espe-
cially in the lower meter of trunk, where most larval tunneling occurs (Brooks 1915). During the late
1800s and early 1900s, N. brunnea was considered a major pest of wood poles used to support telegraph
and telephone lines in the eastern United States, especially those made from Castanea trees (Snyder 1911;
Gahan 1911). Given that oviposition usually occurs near exposed dead wood, wounding of trees should
be avoided, and when wounds do occur, they should be covered if possible (Brooks 1915; Solomon 1995).

11.5 Prioninae
11.5.1 Mallodon downesii Hope

Mallodon downesii is found throughout much of central and southern Africa, from Senegal to Kenya to
South Africa, and also in Madagascar (Delahaye and Tavakilian 2009). This species is highly polypha-
gous, infesting a wide variety of woody plants that include dozens of crop trees (e.g., cacao, ceara rub-
ber, coffee, and kapok) as well as timber and ornamental trees (e.g., species of Acacia, Albizia, Ceiba,
Cleistopholis, Cordia, Daniellia, Delonix, Ekebergia, Ficus, Khaya, Lophira, Parinari, Pterocarpus,
Tamarindus, Tectona, and many more) (Duffy 1957, 1980; Roberts 1969; Rathore 1995; Delahaye and
Tavakilian 2009). M. downesii is found in many environments from rain forest to savanna (Roberts
1969). M. downesii adults measure 27-70 mm in length and are reddish brown in color with very large
mandibles, antennae about half the length of the body, and elytra that are lustrous with reflexed margins
(Duffy 1957; Delahaye and Tavakilian 2009; Figure 11.33).

The life cycle of M. downesii generally is thought to be completed in a year or less (Duffy 1957).
Adults can be found nearly year-round in many locations but from March to October is most common
(Roberts 1969). Eggs are laid in bark cracks or under bark of recently cut trees, logs, stumps, and exposed

FIGURE 11.33 Mallodon downesii adult male from Cameroon. (Courtesy of Ben Sale at commons.wikimedia.org.)
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roots (Duffy 1957). Females will oviposit on both decayed and sound wood. The larvae first tunnel in
the sapwood and later in the heartwood, penetrating to depths of more than 20 cm (Duffy 1957). The
larval galleries are filled with coarse wood shavings. Pupation occurs within the wood often at a depth
of 10-15 cm (Duffy 1957).

In many situations, M. downesii is considered a minor pest given that oviposition often occurs in well-
decayed wood that has little commercial value (Duffy 1957). However, at times, M. downesii infests
dying trees and recently cut logs that have sound wood; in these situations, the commercial value of the
lumber is reduced (Duffy 1957; Roberts 1969). Given this beetle’s life history traits, infestations could
be lowered by utilizing logs soon after harvesting and by chemically treating or possibly chipping or
grinding logging debris and stumps (Mayné 1914).

11.5.2 Paroplites australis (Erichson)

Paroplites australis is native to Australia, being found primarily in the coastal areas of New South
Wales, Queensland, Tasmania, and Victoria (McKeown 1947; Duffy 1963). The principal host plants are
members of the genus Banksia, especially Banksia serrata L.f., but P. australis has also been reported
to infest native and introduced trees in the genera Angophora, Betula, Casuarina, Eucalyptus, Quercus,
and Salix (Froggatt 1923; McKeown 1947; Duffy 1963; Fearn 1989; Hawkeswood 1992; Hawkeswood
and Turner 2003). P. australis adults are 27-53 mm long, dark reddish brown, with slightly flattened
elytra, antennae shorter than its body length, and a flattened prothorax that is finely toothed along the
outer margin (Froggatt 1923; Elliott et al. 1998; Figure 11.34).

The duration of the life cycle has not been studied in detail but is likely annual based on observations
given in Fearn (1989) and Hawkeswood (1992). Adults are present during the summer months, mating
and laying eggs at night, while being mostly inactive on the bark of host trees during the day (Froggatt
1923; Hawkeswood 1992; Hawkeswood and Turner 2003). Adults lay eggs on both living and dead host
trees (Hawkeswood 1992). The larvae tunnel deep within the sapwood and heartwood of the main trunk
and major branches, creating wide galleries that are packed with frass and wood shavings (Froggatt
1923; Hawkeswood 1992). Several larvae can be present within the same tree. For example, Froggatt
(1923) mentioned that more than 30 adults were reared from the trunk section of a single B. serrata tree.
Pupation occurs at the end of the gallery in a large oval chamber, which is constructed close to the wood
surface (Froggatt 1923; Hawkeswood 1992).

Trees in both natural and urban settings are infested by P. australis (Froggatt 1923; Hawkeswood
1992). Heavily infested trees are easily broken during wind storms (Froggatt 1923). P. australis poten-
tially is a major pest given that it infests living trees in several plant families. Froggatt (1923) recommends
destruction of infested live trees as well as recently cut or dead host trees.

FIGURE 11.34  Paroplites australis adult from Australia. (Courtesy of CSIRO at scienceimage.csiro.au.)
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11.6 Spondylidinae
11.6.1 Tetropium castaneum (L.)

Tetropium castaneum is native to Palearctic Eurasia from Spain through Russia to China, and Mongolia,
Korea, and Japan (Novdk 1976; Bily and Mehl 1989; Bense 1995). T. castaneum is not known to be
established in North America, although it has been intercepted and trapped on occasion (LaBonte et al.
2005). Species of Picea and Pinus are the preferred larval hosts; however, T. castaneum will also infest
species of Abies and Larix (Rozhkov 1970; Novdk 1976). T. castaneum adults measure 9—18 mm in
length and usually have a black head and pronotum with brown or black elytra (Novdk 1976; Figure
11.35). The adult body is flattened dorsoventrally, their eyes are separated into two halves, and they have
a pronounced longitudinal groove between the antennae (Novak 1976).

Tetropium castaneum usually completes its life cycle in one year, but two years may be needed occa-
sionally. Adults are active throughout the summer months, especially during June—July, mating and
laying eggs on the bark of host trees. Eggs usually are laid singly or in small batches in bark crevices
or under bark flakes, hatching in 10-14 days (Novak 1976; Bily and Mehl 1989). Larvae feed initially
in the cambial region, constructing irregular galleries with granular frass, and then enter the sapwood,
tunneling perpendicular to the wood surface at first to a depth of 2—4 cm and then boring parallel to the
surface of the wood for another 3—4 cm (Tragardh 1930; Novéak 1976). Individuals overwinter in the
larval stage at the end of their galleries, pupating in spring or summer. Adults emerge through oval-
shaped exit holes.

Tetropium castaneum typically infests recently cut logs and stumps but can infest living trees, espe-
cially those stressed by drought, air pollution, disease, and defoliation. Larval galleries cause structural
damage and can reduce the value of lumber (Novak 1976). Living trees can be killed by T. castaneum
especially after multiple years of infestation. Logs should be utilized quickly to minimize infestation and
larval tunneling (Novéak 1976).

FIGURE 11.35 Tetropium castaneum adult from Russia. (Courtesy of Karill Makarov at cerambycidae.org.)
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11.6.2 Tetropium fuscum (F.)

Tetropium fuscum is native to Eurasia, occurring from central and northern Europe to Siberia and Japan
(Novdk 1976; Bily and Mehl 1989; Bense 1995). Outside its native range, 7. fuscum has become estab-
lished in Canada, being first reported in Nova Scotia in 2000 (Smith and Hurley 2000) and showing very
limited spread as of 2010 (Rhainds et al. 2011). In Europe, the most common larval hosts of 7. fuscum
include species of Picea and Pinus (Bily and Mehl 1989; Bense 1995), but Abies and Larix may also be
infested (Novdk 1976). In Canada, only species of Picea have been reported as larval hosts so far (Smith
and Humble 2000; Flaherty et al. 2011). T fuscum adults are 8—18 mm in length, appear dorsoventrally
flattened, and their head and pronotum are dark brown to black, while the elytra are various lighter
shades of brown (Novak 1976; Smith and Humble 2000; Figure 11.36). The eyes are divided (Smith and
Humble 2000).

The biology of T fuscum is very similar to that described earlier for 7. castaneum. The life cycle of
T. fuscum usually is univoltine in both Eurasia (Bily and Mehl, 1989) and Canada (Smith and Humble
2000). Adults are active from late spring through summer, with females ovipositing in bark cracks and
crevices (Smith and Humble 2000). Eggs usually are laid singly or in small clusters in bark cracks along
the trunk (Smith and Hurley 2000). Resin often exudes from infested trees at sites where the larvae are
feeding (Smith and Humble 2000). Larvae first tunnel in the cambial region and then form a hook-like
gallery in the sapwood by first boring perpendicular to the wood surface for 2—4 cm and then boring
parallel to the stem surface for about 3—4 cm (Novdk 1976). Overwintering takes place in the larval stage
at the end of the gallery, with pupation occurring the following spring (Bily and Mehl 1989). Adults
construct oval-shaped exit holes as they emerge (Novak 1976).

In Eurasia, T. fuscum generally infests weakened and recently dead host trees, but in Canada, appar-
ently healthy spruce trees have been infested and killed (Smith and Humble 2000). In Canada, an active
eradication effort was attempted from 2000 to 2006, but since then a containment program has been in
place in Nova Scotia to reduce the likelihood of human-assisted transport of infested host material (CFIA
2015). Extensive tunneling of the sapwood by larvae reduces wood quality and value (Novdk 1976).

FIGURE 11.36 Tetropium fuscum adult from Germany. (Courtesy of Udo Schmidt at www.kaefer-der-welt.com.)
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Logs should be utilized quickly to minimize infestation and wood quality as a result of larval tunneling
(Novak 1976). Heat treatment has been shown to be effective in sanitizing wood cut from infested trees
(Mushrow et al. 2004).

11.7 Summary and Future Outlook

The cerambycid species discussed in this chapter represent only a few of the thousands of tree-infesting
species found throughout the world. Many more species could have been included but were lacking
basic life history data. For example, for the large African Prioninae species Tithoes confinis (Castelnau)
(Figure 11.37), many references were found describing its geographic range, larval host range, size, and
color, but few papers provided information on its life cycle and economic impact. There is therefore a
great need for basic research on the biology and ecology of most of the world’s cerambycids. Not only
would such basic information be useful to people within the native range of each insect but also to others
throughout the world if these species become established elsewhere. This is especially important for spe-
cies that may cause little economic impact in their native range but that become major pests when intro-
duced elsewhere or when new host plants are grown within an insect’s native range. Such relationships
have been well documented throughout the world for many bark- and wood-infesting borers in addition
to cerambycids (Yan et al. 2005; Haack 2006; Poland and McCullough 2006; Cocquempot and Lindelow
2010; Haack et al. 2010a; Nielsen et al. 2011; Haack and Rabaglia 2013; Montecchio and Faccoli 2013;
Haack et al. 2015).

Most of the tree-infesting cerambycids that have become established in areas outside their native range
were likely moved inadvertently by humans in logs, lumber, firewood, wood packaging, and in live plants
(Haack 2006; Haack et al. 2010a, 2010b, 2014; Liebhold et al. 2012; Rassati et al. 2016, see Chapter 13).
As an example of the diversity of cerambycid species moved in international trade, data are presented
in Table 11.3 on the number of cerambycid interceptions that were made at U.S. ports of entry on wood
packaging and wood products during 1984-2008 and identified to at least the genus level. Overall, there
were 2,655 cerambycid interceptions identified to at least the genus level, representing 76% of all 3,483
wood-associated cerambycid interceptions made during this period. Overall, the 2,655 interceptions rep-
resent 84 genera in five subfamilies, including 46 genera of Cerambycinae, 28 Lamiinae, 2 Lepturinae,
4 Prioninae, and 4 Spondylidinae (Table 11.3). Given this evidence, there is a great likelihood that many
more cerambycid species will become established outside their native ranges in the future as a result
of world trade and travel (Brockerhoff et al. 2014), although international standards to regulate wood
packaging such as International Standards for Phytosanitary Measures (ISPM) No. 15 will help lower
the arrival rate of potential pests (Haack et al. 2014).

FIGURE 11.37  Tithoes confinis adult male from Tanzania. (Courtesy of Ben Sale at commons.wikimedia.org.)
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TABLE 11.3

Number of Cerambycid Interceptions on Wood Packaging and
Wood Products at U.S. Ports of Entry from 1984 to 2008 that
Were Identified to at Least the Genus Level (N = 2,655)

Number of Major World Region Where

Subfamily Genus Interceptions Infested Imports Originated
Cerambycinae 807 -

Acyphoderes 1 South America

Aeolesthes 2 Asia

Aromia Asia

Callidiellum 44 Asia

Callidium 64 Eurasia

Cerambyx 2 South America

Ceresium 140 Eurasia

Chlorida 2 South America

Chlorophorus 17 Eurasia

Chydarteres 1 South America

Clytus 5 Europe

Demonax 1 Asia

Dere 1 Asia

Diorthus 1 Asia

Eburia 2 Central America

Elaphidion 5 Asia, Central America

Epipedocera 1 Asia

Euryscelis 1 South America

Gnaphalodes 2 Mexico

Gracilia 1 Europe

Hesperophanes 78 Eurasia

Hylotrupes 21 Eurasia

Icosium 5 Europe

Knulliana 1 Asia

Lissonotus 1 South America

Megacyllene 4 Central America, South America

Molorchus 39 Europe

Nathrius 2 South America

Neoclytus 5 Central America, South America

Odontocera 2 South America

Pachydissus 2 Asia

Palaeocallidium 2 Asia

Perissus 1 Asia

Phoracantha 11 Africa, Oceania, South America

Phymatodes 70 Eurasia, Mexico

Placosternus 1 South America

Plagionotus 25 Eurasia

Pyrrhidium 30 Eurasia

Semanotus 3 Asia

Smodicum 1 South America

Stizocera 1 Central America

Stromatium 11 Eurasia

Trachyderes 19 South America

Trichoferus 6 Asia

(Continued)
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TABLE 11.3 (Continued)

Number of Cerambycid Interceptions on Wood Packaging and
Wood Products at U.S. Ports of Entry from 1984 to 2008 that
Were Identified to at Least the Genus Level (N = 2,655)

Number of Major World Region Where

Subfamily Genus Interceptions Infested Imports Originated
Xylotrechus 159 Eurasia
Xystrocera 13 Eurasia, Africa

Lamiinae 691 -

Acanthocinus 14 Europe

Agapanthia 2 Europe

Anelaphus 7 Central America

Anoplophora 41 Asia

Apriona 1 Asia

Ataxia 1 Mexico

Batocera 12 Asia

Coptops 5 Asia

Desmiphora 1 Mexico

Dihammus 1 Oceania

Glenea 1 Asia

Lagocheirus 2 Central America

Lamia 10 Europe

Leiopus 1 Europe

Leptostylus 4 Central America

Lepturges 1 Central America

Monochamus 540 Eurasia, Mexico

Nyssodrysina 2 Asia

Olenecamptus 4 Asia

Oncideres 2 Mexico

Petrognatha 1 Africa

Pogonocherus 8 Europe

Prosoplus 1 Asia

Pterolophia 2 Asia

Ropica 1 Asia

Saperda 22 Eurasia

Steirastoma 1 South America

Urgleptes 3 Central America, South America
Lepturinae 43 -

Leptura 17 Asia

Rhagium 26 Eurasia
Prioninae 9 -

Derobrachus 1 Mexico

Mallodon 2 Mexico

Prionus 3 Eurasia

Stenodontes 3 Central America South America

Spondylidinae 1,105 -

Arhopalus 637 Eurasia, Central America
Asemum 11 Eurasia

Oxypleurus 7 Europe

Tetropium 450 Eurasia, Canada

Source: USDA APHIS Pest ID database (see Haack et al. 2014).
Data are presented alphabetically by subfamily and genus. The principal
world regions that were the origin of the infested imports are listed.
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