ORDER COLEOPTERA-BEETLES

Beetles comprise the largest order of insects. In western forests their role ranges from innocuous to highly destructive. Some kill trees outright. Others damage or weaken living trees, reducing their value and slowing their growth. Some damage forest products. Some are beneficial as predators or scavengers. Many live in the forest, neither benefitting nor damaging it appreciably.

Beetles have four life stages—egg, larva, pupa, and adult. The adult has hardened forewings (elytra) which cover the mem​branous hindwings used in flying, though the latter may be lack-mg. The larva is grublike. The adult and larva both may cause damage, but the larva generally is more destructive. The pupa is a transformation stage that does not feed.

Species in North America are listed in Leng's catalog (Leng 1920) and its supplements (Leng and Mutschler 1927, 1933; Blackwelder 1939, Blackwelder and Blackwelder 1948).

Keys to the adults of beetle families and genera of the United States and extensive references are given by Arnett (1960). Hatch (1953, 1957, 1962, 1965, 1971) covers the beetles of the Pacific Northwest, providing keys to species. Boving and Craig​head (1931) key and illustrate representative larvae.

This manual follows Arnett (1960) in listing beetle families under four suborders and designating superfamilies only for the largest suborder, Polyphaga. Superfamilies are in natural sequence ; families are arranged alphabetically within a superfamily.

SUBORDER ARCHOSTEMATA
FAMILY CUPEDIDAE
The Cupedidae (Atkins 1963) is a small family of elongate, somewhat flattened, medium-sized tuberculate, scale-covered,
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cerambycidlike beetles of no economic importance. They inhabit forested areas. Little is known concerning their habits. The larvae of some feed in moist rotting wood.

Priacma serrata (LeConte) (Atkins 1957) occurs in California, Oregon, Washington, and British Columbia. Its biology is not recorded.

SUBORDER ADEPHAGA

FAMILY CARABIDAE—GROUND BEETLES

The ground beetles, Carabidae (Arnett 1960, Hatch 1953), are a large family of small to large, generally black and shiny, occa​sionally metallic, strong-jawed, ground-inhabiting, mostly noc​turnal beetles. In daytime the adults hide under stones and logs, in litter, and in other out-of-way places. When disturbed, many give off a strong odor. Most feed upon insects, especially cater​pillars, hence are largely beneficial. Some feed on plant materials, including tree seeds. The larvae move about freely. They are flattened, hairless, tough skinned, and tapered at both ends.

Calosoma (Burgess and Collins 1917, Gidaspow 1959) is a large genus of large, generally black beetles that feed upon caterpillars and other insects. Many species of Calosoma are native in the West but none of them is reported effective in control of forest pests. Calosoma f rigidum Kirby is recorded as a predator of the forest tent caterpillar. Efforts have been made without success to colonize C. sycophants (L.) in British Columbia, Washington, California, New Mexico, and Colorado against various insects, including the Douglas fir tussock moth, western hemlock looper, California oakworm, satin moth, and western tent caterpillar. This European ground beetle is an important predator of the gypsy moth. The adults and larvae both climb trees in search for prey. The adults have black bodies and brilliant green elytra.

Pterostichus (Arnett 1960) is a large genus of medium-sized, rather flattened, black beetles. They are predaceous, but some are among the species of ground beetles that also feed on plant mate​rials.

Soil-inhabiting insects, principally ground beetles, cause signifi​cant loss of Douglas-fir seeds. Studies in Washington and Cali​fornia implicated Pterostichus algidus LeConte (Johnson et al. 1966) (fig. 141) as the principal ground beetle that feeds upon Douglas-fir seeds.

Scaphinotus (Arnett 1960) contains numerous species in the West. They are large, long-legged, generally black, sometimes metallic beetles, strongly constricted between the thorax and
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elytra. They are fast-moving beetles, some of which live in forests where they feed upon snails, slugs, and caterpillars.

Scaphinotus angusticollis (Mannerheim) (fig. 142) occurs in coastal forests from northern California to Alaska. It has been
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FIGURE 142.—Adult of Sca​phinotus angusticollis, 22 mm long, predaceous in coastal forests.

FIGURE 141.—Adult ground beetle, Pterostichus algi​dus, carrying off a Douglas-fir seed.

reported to prey upon the larvae and pupae of the western hemlock looper. Adults are 20 to 24 mm long.

SUBORDER POLYPHAGA SUPERFAMILY STAPHYLINOIDEA

FAMILY STAPHYLINIDAE—ROVE BEETLES

The rove beetles, Staphylinidae (Arnett 1960, Hatch 1957), are a very large family of diverse habits. Mostly they are predators or scavengers. The adults are elongate and usually have short wing covers that leave three or more segments of the abdomen exposed. The ones of principal interest to foresters are small spe​ cies that live in galleries of bark beetles ; for example, Nudobius cephalicus (Say) ( = pugetanus Casey) (Struble 1930) . It is 8 to 9 mm long, shiny brownish black, and very active (fig. 143). It preys upon insects that inhabit galleries of Dendroctonus brevi​comis but does not feed upon the primary bark beetle.

F-5220I7

FIGURE 143.—Adult rove beetle, Nudobius cephalicus,
8 mm long, found in bark beetle galleries.

SUPERFAMILY HISTERIOIDEA

FAMILY HISTERIDAE—HISTER BEETLES

The hister beetles are hard-shelled, predaceous beetles with clubbed antennae and short elytra. Several of the small or flattened species live in the galleries of bark beetles and wood borers.
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Platysoma punctigerum LeConte (Struble 1930) is a squarish, flattened, shiny black beetle 4 to 5 mm long that occurs in the galleries of Dendroctonus brevicomis and of other Dendroctonus and of Ips. It preys in both the larval and the adult stage upon various insects encountered in the bark beetle galleries, including adults of D. brevicomis. The bark beetles are fed upon after they have laid most of their eggs, hence there is little effective control.

Plegaderus nitidus Horn (Struble 1930) is an oval, shiny black beetle about 2 mm long. The thorax is grooved along both sides and across the middle. This species enters the galleries of Dendroctonus brevicomis during the early stages of attack. Adults feed upon the bark beetle eggs and may be significant in natural control.

SUPERFAMILY SCARABAEOIDEA FAMILY LUCANIDAE—STAG BEETLES

Stag beetles (Ritcher 1966) breed in decaying stumps and logs, contributing to their natural decomposition. The larvae are whitish or bluish and C-shaped and resemble their relatives, the scarabs. The adults are elongate, broadly convex dorsally, and usually chestnut brown to black. The mandibles of the males are elongate and sometimes prominently toothed, giving the family its common name. There about 40 species, many of them in the West.

The blue-black stag beetle, Platycerus oregonensis Westwood, is one of three species in this genus in the West (Benesh 1946, Ritcher 1966) . It occurs in California and north into British Co​lumbia. The adults are black except for the bluish-black elytra and are 10 to 15 mm long. The larvae feed in rotting ash, alder, maple, madrone, and live oak. The life cycle is 1 year.

Ceruchus (Doane et al. 1936) resembles Platycerus except that the head and mandibles of the male are more massive and the elytra more conspicuously punctured. The adult C. striatus Le-Conte is jet black, has strongly striate elytra, and is 15 to 20 mm long. It occurs in California and north into British Columbia and feeds in rotting Douglas-fir and redwood. C. punctatus LeConte is smaller and less striate. It occurs from California north into British Columbia and in Colorado and feeds in rotting Douglas-fir.

The rugose stag beetle, Sinodendron rugosum Mannerheim, oc​curs from California into British Columbia and Idaho (Ritcher 1966). The adult is black, cylindrical, roughly punctured and 10 to 17 mm long. The male has a prominent rhinoceroslike horn on the head and the front half of the prothorax is scooplike. The larvae feed in moist rotten oak, alder, willow, cherry, poplar, birch, ash, and maple.
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FAMILY SCARABAEIDAE—SCARABS

Scarabs were held sacred in ancient Egypt. The scarabs of prin​cipal concern to foresters today are pests that feed as adults on foliage and as larvae on roots of trees (Ritcher 1958, 1966). There are many species ranging from small to large. They are robust, dull- to brightly-colored beetles with antennae ending in a club composed of three to seven blades. The legs are long and spiny. The front tibiae are toothed on the outer edge. The larvae, known as white grubs, are whitish, hairy, generally curled, enlarged at the rear, and have well-developed legs.

Dichelonyx contains 20 species, mostly western (Cornell 1972). There are two main groups—one with a longitudinal groove in the thorax (sulcate) ; the other without such a groove (nonsul​cate). Specific identification requires examination of the male genitalia. The adults are 6 to 13 mm long, with a light brown to black body, and usually with metallic-colored wing covers. In repose the outer edges of the wing covers are parallel. Adults feed in spring upon the leaves of trees, frequently conifers, some​times causing conspicuous defoliation. Larvae feed upon roots of grasses and other plants, presumably including trees. The life cycle is 2 to 3 years.

Dichelonyx backi Kirby (= crotchi (Horn) = testaceipennis (Fall) ), the most widely distributed species in the genus, is abun​dant in the Rocky Mountain and Pacific Coast States and Prov​inces. The thorax is not grooved. Color of the wing covers varies from metallic green to shiny brown. The body may be brown or black. The adults feed upon the needles of Pinus ponderosa, Pseu​dotsuga, menziesii, Abies, and Picea, often leaving only the midrib. In California it feeds upon immature cones of ponderosa pine and materially reduces seed production (fig. 144) (Koerber 1967). Some forms of this species seem to prefer deciduous trees and shrubs, as in Alberta and Saskatchewan.

Dichelonyx truncata (LeConte) belongs to the nonsulcate group. It feeds on pine and various shrubs in many Western States and in Saskatchewan. It is a small species of varied color, often bronze with outer edges of the elytra lighter.

Dichelonyx valida (LeConte) belongs to the sulcate group. It occurs extensively in the West and has four named varieties. The most widely distributed variety, D. v. vicina (Fall), usually has light green elytra. It occurs from California to British Columbia and eastward to Wyoming and Nevada. Recorded hosts are spe​cies of Abies, Pinus, Pseudotsuga, and Juniperus.

Diplotaxis is a large genus of hard-shelled, oval-shaped, brown to black beetles from 6 to 14 Aim long (Vaurie 1958, 1960). They resemble small Phyllophaga and have habits similar to Serica. The
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adults are chiefly nocturnal. In the Western United States they occur northward into Canada but most of them inhabit dry lands from California to Texas where they feed on such plants as mes​quite, catclaw, creosote bush, and juniper. Their biology is little known.

About 200 species of Phyllophaga occur in the United States and Canada, preponderantly in Eastern States and Provinces (Luginbill and Painter 1953). In the West, they are most numer​ous in Arizona (Butler and Werner 1961). The adults are brown to nearly black, shiny, stout beetles, mostly 10 to 20 mm long. Often called May beetles, the adults feed at night upon the foliage of many plants including broad-leaved trees and shrubs and some conifers. The larvae feed upon roots of plants, particularly grasses. In the West, Phyllophaga occasionally damages coniferous seed​lings in plantations and in nurseries on newly broken sandy land (Molnar et al. 1967). In the Black Hills, the larvae were reported to reduce the grazing capacity of range land. The life cycle is from 2 to 4 years.
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FIGURE 144.—Adult of a sca​rab, Dichelonyx backi, 10 mm long.


Phyllophaga anxia (LeConte) and P. fusca (Froelich) are among the few species that occur both commonly and extensively in the West (Luginbill and Painter 1953). The adults feed upon the leaves of numerous broad-leaved trees. Larvae of P. falsa (LeConte) are recorded as damaging seedlings of Pinus ponderosa in Arizona by feeding on the roots. Adults of Phyllophaga langeri Chapin feed on the foliage of Pinus ponderosa in Utah and Colo- rado. Adults of several species of Phyllophaga feed on foliage of Juniperus in Arizona.

There are 30 species of Pleocoma, known as rain beetles because the males fly and seek mates during fall rains (Linsley 1946, Ritcher 1966). They occur from Mexico through California and Oregon into southern Washington. Two species occur in Utah and one in Alaska. Males are about 20 to 30 mm long, winged, and are hairier and less inflated than females (fig. 145A, B). Females are from about 25 to 40 mm long and have small useless wings. Color is tan to nearly black, with the females generally lighter. Females seldom leave their burrows, hence distribution is spotty (Fellin and Ritcher 1967, Linsley 1957). The adults do not feed. The larvae (fig. 145C) feed on roots of forest and orchard trees and of grasses, often 0.3 to 1 m (1 to 3 ft) in the ground, and some- times to a depth of 2.6 m (8 ft). The life cycle is 8 to 12 years.

Pleocoma carinata Linsley, P. dubitalis Davis, and P. simi Davis are associated with Douglas-fir forests in Oregon (Fellin and

COURTESY D. G. FELLIN (C

FIGURE 145.—Rain beetles: A, Male adult of Pleocoma crinita, 30 mm long; B, female of P. crinita, 40 mm king; C, larva of P. dubitalis, 20 mm long, feeding on root of Douglas-fir.
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Ritcher 1967). Coniferous roots, including Douglas-fir, are a major part of the larval diet of the larvae of these species (Fellin 1966). On cutover land in Oregon, the roots of young ponderosa pine, sugar pine, Douglas-fir, and grand fir are fed upon by P. simi (Stein 1963) (fig. 146) . P. crinita Linsley, P. minor Linsley, and P. oregonensis Leach occur in woodland areas in Oregon and feed upon the roots of orchard trees (Ellertson and Ritcher 1959). P. linsleyi Hovore and others feed on oak roots in California (Hovore 1971).

There are 20-some species of whitelined June beetles, Polyphylla, in the United States, mostly in the West (Cazier 1940). The adults are large, robust, brown beetles with conspicuous longitudinal white stripes (fig. 147). During early rains in fall they sometimes are seen in considerable numbers in sandy areas. The larvae feed on the roots of trees, shrubs, and other plants.

The tenlined June beetle, Polyphylla decemlineata (Say) (= perversa Casey) , occurs extensively in the West. The adults are 25 to 35 mm long and the mature larvae range up to 50 mm. The life cycle requires 3 to 4 years. On sandy grassy land in western Washington the larvae killed 30 percent of the trees in a Christmas tree plantation. Douglas-fir, grand fir, and Scotch pine were killed (Buckhorn and Orr 1961). On Vancouver Island and elsewhere the larvae are reported as damaging in forest nurseries (fig. 148A). The adults feed on the foliage of conifers (fig. 148B) including Douglas-fir, hemlock, spruce, and pine (Downes and Andison 1941, Johnson 1954). P. crinita LeConte is a smaller species reported to feed both on the foliage and the roots of pine (Burke 1937).

The Japanese beetle, Popillia japonica Newman (Fleming 1962), long a garden, orchard, and ornamental pest in Eastern States, was found in Sacramento, California, in 1961 and sub-
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FIGURE 147.—Adult of a whitelined June beetle, Polyphylla decemlineata, about 30 mm long.

F-522021, F-522022

FIGURE 148.—Damage by the tenlined June beetle caused by: A, Grubs (lar​vae) feeding on roots of seedlings in a forest nursery; B, adult feeding on foliage of ponderosa pine.
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sequently eradicated there. In 1973 it appeared in San Diego, California. Efforts to eradicate it there are in progress. Extensive surveys indicate that it has not become established elsewhere in the West though it is a continuing threat to ornamentals. The adult is broadly oval, 10 to 12 mm long, and metallic green with reddish-bronze wing covers. There are two patches of white hairs just behind the wing covers and five patches along each side. Adults feed on foliage and flowers of many plants, including non-coniferous trees and shrubs; larvae feed on roots. The life cycle usually is completed in 1 year but may require 2 years in the North. In the extreme South there may be two generations a year.

Serica are brownish or blackish robust beetles that resemble Phyllophaga but are much smaller. There are about 75 species in the United States. The adults of most species feed at night on foliage. The larvae feed on roots of many kinds of plants (Ritcher 1966). S. anthracina LeConte ranges from British Columbia to California, occuring on manzanita, ceanothus, and oak and at times defoliating orchard trees. The adults are about 7.5 mm long.

SUPERFAMILY BYRRHOIDEA

FAMILY BYRRHIDAE—PILL BEETLES

The pill beetles, Byrrhidae (Arnett 1960), are oval, convex, dull-colored or lustrous beetles, 5 to 10 mm long. When disturbed, the adults retract their legs and antennae and remain motionless for a considerable time, hence the common name. Adults and larvae feed on plants. Species of Byrrhus and Cytilus (Lindquist and Ingram 1968) have damaged forest tree seedlings including Pinus in eastern North America. These and other genera of Byr​rhidae occur in the West but are not recorded as western forest pests.

SUPERFAMILY BUPRESTOIDEA

FAMILY BUPRESTIDAE—FLATHEADED OR METALLIC WOOD BORERS

The Buprestidae (Arnett 1960) is a large and important family of beetles that attack trees and woody plants. There are about 700 species in North America, many of them in the West. The larvae are keyed to the genus by Burke (1917a).

A few species attack and kill apparently healthy trees; most attack weakened, dead, and recently felled trees. Typically, the larvae bore first in the cambium region of the trunk, branches, and roots, then often penetrate the wood, sometimes mining it extensively. The flattened oval wormholes usually are tightly packed with boring dust arranged in ridges in patterns similar
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to the tip of a fingerprint (fig. 149). A few species bore in cones and seasoned wood; some are leafminers. In general, the family is among the more destructive ones in the forest. Their good side is that they aid in the natural process of returning deadwood to the soil.

	
	F-522023

FIGURE 149.—Example of flat-headed borer larval gal​leries, packed with boring dust.


The adults are flattened, compact, often brightly-colored beetles with a metallic luster (fig. 150). The antennae are 11-segmented and serrate. The beetles emerge in spring and summer through elliptical exit holes. Some species feed on tree foliage and twigs before laying eggs. Some visit flowers and feed on pollen. They lay their eggs in crevices of the bark or wood or on outer sur​faces. They move rapidly, are disturbed easily, and prefer sun​shine to shade.

The larvae are the stage usually found in trees. Most of them are long, legless, and shaped like a horseshoe nail (fig. 151). The head is small, and the first segment back of the head is much broader than the following body segments and has horny plates on the top and bottom. Growth of the larvae continues until fall, when activity ceases with the advent of cold weather. The winter usually is passed in the larval stage, although some larvae may pupate in the fall and pass the winter as adults. Development from egg to adult requires from 1 to many years.

For the control of flatheaded borers that mine in the inner bark, the same methods are used as for bark beetles. Infested trees usually are felled, peeled, and burned, and this work is frequently carried on in connection with the control of bark beetles. The prevention of fire scars and other injuries to standing trees and the prompt utilization of dead or felled trees will reduce potential
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Figure 150 – Adult of nine genera of Buprestidae:  
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damage to wood products. In wood that has become infested after being put into place, the grubs usually can be reached and killed by liberal application of penetrating chemicals.

There are more than 100 species of Acmaeodera, mostly in the Southwest. The larvae bore in dead and injured branches, stems, and roots of broad-leaved trees and shrubs; none in the West is a forest pest. The adults are subcylindrical, strongly tapered to the rear, and generally spotted and hairy. A. connexa LeConte is an abundant, widely distributed, western species that breeds in oaks. The adults, 7.5 to 12 mm long and yellow-spotted, frequent yellow flowers.

Agrilus (Fisher 1928) contains well over 100 species in North America. They develop in broad-leaved trees and shrubs. Of the western species, one is a forest tree killer; a few damage orna​mentals; most are of little consequence in the forest. Some com​mon western species are as follows:

Western

Species
Hosts
distribution

A. angelicus Horn
Quercus
Calif.

Pacific oak twig

girdler

A. anxius Gory
Betula
Alberta, British Columbia,

bronze birch borer
Wash., Oreg., Idaho, Utah, S. Dak., and Colo.

A. arbuti Fisher
Arbutus menziesii,
Calif. and Oreg. 

and Arctostaphylos
A. burkei Fisher                    Alnus 
British Columbia, Wash., Oreg., Calif., Nev., Idaho, and Wyo.

A. fulminans Fisher
Salix and Quercus
Calif. and Oreg.

A. granulatus (Say)
Populus
Alberta, Mont., and Colo.

A. liragus Barter and
Populus
Saskatchewan, Alberta,

Brown
British Columbia, N. Dak.,

bronze poplar borer
Colo., Utah, and Oreg.

A. politus (Say)
Salix and Acer
Presumably wherever wil​low grows.

A. populi Fisher                    Populus 
 British Columbia, Wash., Oreg., Calif., Idaho, and Mont.

A. quercicola Fisher
Quercus
Ariz., N. Mex., Colo., and Utah

Agrilus larvae bore long, winding, shallow galleries between the bark and wood of the bole, branches, and occasionally roots (fig. 152A). Often the larvae kill branches by spiraling their galleries around and around them. The larva (fig. 152B) has two spinelike projections at the rear and is only slightly widened at the head end. The adult is a slender, cylindrical, metallic beetle (fig. 1501).
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FIGURE 151.—Example of a flatheaded borer larva, Buprestis aurulenta, 30 mm long.
The Pacific oak twig girdler, Agrilus angelicus Horn (Brown and Eads 1965a) , is rated the number one pest of ornamental oaks, especially live oaks, in southern California. Trees weakened by drought are most affected. The small branches are girdled and killed by the larval mines. Adults are 5 to 7 mm long and a dark brownish-copper color. They feed on oak leaves but cause no sig​nificant damage. The life cycle requires 2 years.

The bronze birch borer, Agrilus anxius Gory (MacAloney 1968), attacks and kills weakened and injured birch extensively in forests of the Eastern States and Provinces. In the West it is principally a pest of ornamental birch but occurs on water birch. Attacks usu​ally begin in the smaller branches and progress downward over a period of years. A generation is completed in 1 or 2 years, depend​ing upon temperature.

In Alberta, Agrilus granulatus Say (Brown and Stevenson 1964, 1965) damages drought-weakened and winter-injured planted and native poplars.

Anthaxia (Barr 1971) contains about two dozen species in North America, many of them in the West. The larvae bore in branches of injured, dying, and dead Abies, Pinus, Pseudotsuga, Sequoia, and various broad-leaved trees and shrubs. The adults resemble Melanophila but are considerably smaller, ranging from 4 to 8 mm long. They are unspotted, dark brown to black, some‑
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F-522026, F-522027

FIGURE 152.—Examples of Agrilus: A, Long winding galleries of A. politus on willow; B, larva of A. anxius, 24 mm long.
times green, often metallic, and are clothed with short stiff hairs. They frequent flowers, especially yellow ones. A. aeneogaster Laporte and Gory attacks branches of conifers, especially Pinus, from California to British Columbia and Idaho. A. expansa LeConte (fig. 150G) is the most common species in the Northwest. It is presumed to feed in branches of conifers.

Buprestis (Barr 1971, Helfer 1941) contains 26 species in North America, 14 of which occur in the West (table 11). The larvae are wood borers in the trunk of injured, dying, and dead trees. Some species attack only conifers; others only deciduous trees. Several species cause a small amount of cull in trees cut for lum​ber. Two bore extensively in lumber in buildings. The adults range from about 10 to 23 mm long and most are brightly colored with metallic reflections.

The golden buprestid, Buprestis aurulenta L. (Every and Rudinsky 1962), is the most damaging western species in this genus. The larvae mine in and around fire scars and mechanical
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injuries causing additional defect, especially in ponderosa pine and Douglas-fir. They are of principal concern in buildings, especially in the Pacific Northwest. The damage consists of mined timbers and boards (fig. 153) and of exit holes through finished surfaces. The mining may require replacement of some boards and timbers but major structural damage occurs only in special situations, such as in wooden storage tanks. Infestations may originate in the forest, in lumberyards, and sometimes in exposed portions of wooden structures.

The eggs are laid in flat masses wedged in cracks in the wood. The newly hatched larvae have numerous long hairs and the body ends in two sharp projections similar to those of Agrilus. Older
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Table 11.—Western species of Buprestis
Species


Hosts



Distribution

B. adjecta (LeConte)
Pinus ponderosa, P. jeffreyi, P. 
Western States and 



contorta, Pseudotsuga menziesii, British Columbia 



Abies, and Picea
B. aurulenta L.

Pinus, Pseudotsuga, Picea, and 
Western States and




Abies



British Columbia

B. confluenta Say
Populus



Western States, Alberta and British Columbia

B. connexa Horn
Pinus ponderosa and P. jeffreyi 
Calif., Oreg., Wash., and Idaho

B. fremontiae Burke
Fremontia californica

Calif.

B. gibbsi (LeConte)
Quercus



Calif., Oreg., and Wash.

B. intricata Casey
Pinus contorta


Calif. to British Columbia, Wyo., and N. Mex.

B. laeviventris (LeConte)
Pinus ponderosa, P. contorta,
Calif. to British




P. lambertiana, other Pinus,
Columbia, Mont.,




and Pseudotsuga menziesii
and Ariz.

B. langi Mannerheim 
Pseudotsuga menziesii 

Western States incl. Alaska and British 








Columbia

B. lecontei Saunders
Pinus, Pseudotsuga, and Abies 
Western States and

(= rusticorum Kirby)




British Columbia

B. nuttalli Kirby

Pinus ponderosa and

Western States incl.




Pseudotsuga menziesii

Alaska and British Columbia

B. prospera Casey
Pinus



Ariz. and N. Mex.

B. subornata (LeConte)
Pinus ponderosa, P. contorta,
Western States and




Pseudotsuga menziesii

British Columbia

B. viridisuturalis

Populus and Alnus

Calif., Oreg., and

Nicolay and Weiss




Wash.

F-522028

FIGURE 153.—Damage by the golden buprestid (Buprestis aurulenta) to a
Douglas-fir timber.

larvae lack the hairs and spinelike projections (fig. 151) . The adult

s are iridescent green or blue green with the margins of the elytra bordered with copper and range from 12 to 20 mm long (fig. 150B). They feed on needles of Douglas-fir and perhaps other conifers before egg laying. In the forest, the life cycle requires several years. In buildings the egg to adult development may be prolonged to 30, 40, even 50 years (Smith 1962).

Buprestis langi Mannerheim resembles B. aurulenta in habits, including prolonged development in seasoned wood, but it is less abundant in buildings and is recorded only in Douglas-fir. The adult is green, sometimes with yellow markings. Compared with B. aurulenta, it is more flattened and the elytra are not copper- margined. The adults feed on leaves of Salix and Alnus.

B. lecontei Saunders ( = rusticorum Kirby) is a greenish-black to black species with orange spots on the sides of the abdomen. It lays its eggs under bark flakes, not in wood. Although abundant in the forest, it is not recorded as developing in seasoned wood.

The sculptured pine borer, C,halcophora angulicollis (LeConte), (fig. 150A) is the largest of the western species of flatheaded
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borers and the only western representative of this genus. The adults are 22 to 31 mm long and dark brown to black, with an iridescent bronze luster, especially on the underside. The upper surface is marked with irregularly sculptured areas. Many a woodsman has been startled on a warm summer day to have one of these large beetles suddenly take flight with the noise of a small airplane from its quiet resting place on a nearby tree trunk. The larvae feed in the wood of injured and dead pines, firs, and Douglas-fir extensively in the Western States and Provinces, caus​ing little damage.

Chrysobothris (Fisher 1942) contains well over 100 species in North America. Many of them are western. Most bore in the bark and outer wood of limbs, trunks, and roots of weakened, dying, and dead conifers and broad-leaved trees and shrubs. Generally they are of little importance in the forest. The Pacific flatheaded borer, C. mali Horn (Burke 1929), (fig. 150F), is a pest of fruit trees and many ornamental trees and shrubs. It resembles C. femorata (Olivier) in appearance and habits (Fenton 1942). The flatheaded cedar borer, C. nixa Horn, sometimes damages orna​mental junipers and arborvitae in nurseries. Adult Chrysobothris are medium-sized, generaly dull-colored, rather flattened beetles with sculptured wing covers that often are serrate along the outer edge at the rear. The following are some representative species that western foresters are likely to encounter:

Species
Hosts
Distribution

C. caurina Horn
Pinus ponderosa, P.
Western States and British

jeffreyi, P. lambertiana,
Columbia

and other conifers

C. dentipes (Germar)
Pinus, many species
North America

C. femorata (Olivier)
Acer, Alnus, Populus,
North America 
flatheaded appletree borer 
Quercus, Salix, and many


other broad-leaved trees

C. mali  Horn
Acer, Alnus, Betula,
Western States and Prov​
Pacific flatheaded borer 
Populus, Quercus, Salix,
 inces


and many other broad‑


leaved trees and shrubs

C. nixa  Horn
Libocedrus decurrens,
Calif., Oreg., and Nev.

flatheaded cedar borer
Cupressus macrocarpa,


and Juniperus

C. octocola LeConte
Acacia, Cercidium, and
Southwestern States and

Prosopis
Calif.

C. texana LeConte
Juniperus scopulorum,
Southwestern States,

J. osteosperma, and
Calif., Idaho, and Colo. 
Cupressus arizonicus

C. trinervia (Kirby)
Pinus ponderosa, P.
Western States, including

flexilis, P. edulis, and
Alaska, and Western

Pseudotsuga menziesii
Provinces
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Chrysophana (Barr 1971) contains two closely related species, both western.

Chrysophana placida (LeConte) (fig. 150H) occurs from Cali​fornia to British Columbia, Colorado, and New Mexico. It is a rather common but unimportant and seldom observed borer in the trunk and branches of dead and injured pines, true firs, Douglas-fir, and hemlock. The adult is 6 to 10 mm long, bright green, usually has a reddish-bronze stripe on each wing cover, and over​all is a smaller more slender version of some green species of Buprestis. The larval mines contain powdery borings. In dry wood the life cycle requires many years.

The flatheaded cone borer, Chrysophana conicola Van Dyke (Keen 1958), until recently was considered to be a variety of C. placida. The latter is shining green below and the former cop​per colored. C. conicola is native in California and Oregon. The larvae mine in the axis of cones of Pinus attenuata and P. coulteri (fig. 154) causing very little damage to the seeds.

The species of Dicerca (Barr 1971) (fig. 150E) are medium-sized, robust, sculptured, metallic, wood-boring beetles of a dull
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FIGURE 154.—Larvae and damage of the flatheaded cone borer (Chrysophana conicola) in knobcone pine cone.
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bronze color, with the tips of the wing covers prolonged into narrow points. The larvae work under the bark and into the wood of various species of trees that are sickly, dying, or dead. Some develop only in conifers; others only in broad-leaved trees and shrubs. About 10 species occur in the West; none is a forest pest. D. tend; rosa (Kirby), a transcontinental species that occurs ex​tensively in the Western States and Provinces, feeds in Pinus, Abies, Picea, and Pseudotsuga menziesii. D. tenebrica (Kirby) (= prolongata LeConte) has a similar distribution. Its hosts are Populus and Salix. D. horni Crotch occurs from California to British Columbia and Colorado. Alnus, Ceanothus, Cercocarpus, and Prunus are among its many hosts.

Mela,nophila, (Sloop 1937) (fig. 150D) contains 15 North Ameri​can species, 13 of which occur in the West. Practically all attack conifers. Two western species are significant pests that kill trees weakened by drought, smog, fire, or injury and often are asso​ciated with Dendroctonus and other bark beetles. Most species of Melanophila attack only dead and dying trees. The larvae bore in the inner bark barely scoring the wood. The adults are black or metallic, sometimes with light-colored spots. Some species are attracted to smoke and acrid fumes (Linsley 1943a). Known as "firebugs" in the pine region, these beetles flock to forest fires, often bite the firefighters, and lay their eggs on the scorched, sometimes still smoldering trees. M. acuminata (De Geer) and the charcoal beetle, M. consputa LeConte are examples of species that chase smoke in coniferous forests of the West. Both species com​monly attack ponderosa and lodgepole pines, and consputa, attacks knobcone pine as well.

The California flatheaded borer, Melanophila, californica Van Dyke (Lyon 1970, West 1947) (fig. 155), principally attacks Jeffrey and ponderosa pines but also attacks sugar, Coulter,

F-522029, F-483145

'IGURE 155.—California flat-headed borer (Melanophila calif ornica): A, Adult, 10 mm long; B, larva, 25 mm long.
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Monterey, digger, and knobcone pines. Most abundant and most destructive in California, it also occurs in Oregon, Washington, Idaho, and Nevada. It attacks pines growing on rocky slopes, in fringe-type stands, or in other situations where soil moisture is insufficient for normal tree growth, most frequently attacking old, decadent, or unhealthy trees, but thrifty, vigorous trees are not immune.

The adults of M. californica are 7 to 11 mm long, greenish bronze above, and brassy green below. Many of them have one to three small yellow spots on each wing cover ; the others have no spots. The adults feed on pine foliage. Females must feed before they can lay viable eggs. The eggs are laid in clusters in bark crevices of the host trees during the summer. On hatching, the larvae bore into the cambium, where they may feed from a few months to 4 years without apparent injury to the tree, ex​cept a scarring of the sapwood and a general weakening due to blocking of sap-conducting tissues. This is called the incipient stage. If they do not succeed in killing the tree, they finally die in this stage ; but if the tree is overcome, the larvae pass into a fast-growing stage, begin to kill the cambium, and rapidly develop. Prepupal larvae appear in the outer bark in July and August, but new adults do not appear until April and May of the following year. This species is of primary importance in weakening trees and causing them to become increasingly susceptible to pine beetle attack. Direct control is generally impractical because of the prevalence of the beetle in trees that survive attacks for many years. Some control may be achieved by harvesting "flathead" trees, trees that have dead or dying tops or have larval mines under the bark of the bole. Such trees are often classified as "high risk" trees and are promptly harvested in sanitation-salvage cuts. Maintaining trees in good vigor is the best way to prevent attack by M. californica.

The flatheaded fir borer, Melanophila drummondi (Kirby) , occurs extensively in the Western Provinces and Western States, includ​ing Alaska. It is the species of Melanophila most frequently found attacking Douglas-fir, true firs, spruce, western hemlock, and western larch. Mostly, it attacks injured, mistletoe-infected, dying, fire-killed, and recently felled trees, but sometimes it attacks and kills apparently healthy trees, especially on dry sites. The adults (fig. 150D) are bronzy black and usually have three small yellow spots on each wing cover. The wing covers each may have three ridges somewhat like Chrysobothris. The larvae bore in the inner bark forming galleries packed with frass in a characteristic pat​tern (fig. 156).
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FIGURE 156.—Flatheaded fir borer (Melanophila drum​mondi) larval galleries.


The flatheaded pine borer, Melanophila gentilis LeConte, occurs extensively in the Western States, working beneath the bark of Pinus ponderosa, P. jeffreyi, and P. lambertiana. It often is asso​ciated with M. californica and has sometimes been confused with it. M. gentilis is the species usually found infesting felled trees and logs, windfalls, and injured trees or occurring as a secondary species in the bole of standing trees. The adults are bright bluish green and have no yellow spots. The larvae are primarily bark-boring in habit and rarely enter the wood. On reaching maturity the larvae work out into the outer bark and pupate in oval cells close to the surface. There appears to be one generation annually.

Melanophila occidentalis Obenberger (Barr and Linsley 1947) occurs from California to British Columbia, Idaho, Utah, and Arizona. It attacks oaks and other broad-leaved trees and shrubs. The adult is black and 6 to 12 mm long.

The flatheaded pirion borer, Melanophila pini-edulis Burke, works in injured, dying, and dead pinyon in Colorado, Utah, Nevada, Arizona, and New Mexico. The yellow spots on the elytra of the adult are large, covering more than half the surface.

Poecilonota (Evans 1957) contains eight North American spe​cies, all of which occur in the West and five of them in California. The adults closely resemble- Dicerca. The larvae bore under the
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bark and in the wood of injured Populus and Salix. None is reported to be a pest.

Poecilonota cyanipes (Say), the most widely distributed species, occurs from Yukon Territory east of the Pacific coast mountains to Arizona and eastward to the Atlantic Coast. It bores in various native and ornamental species of Populus, usually in decayed wood, and is sometimes associated with Saperda.

Poecilonota montana Chamberlin occurs in Populus trichocarpa from British Columbia to California, Nevada, Idaho, and Montana.

Poecilonota salicis Chamberlin bores in Salix in southern Cali​fornia.

Polycesta (Barr 1949) contains 11 species in the United States, eight of them in the West. The adults are black or dark bronze and of the general size and shape of Buprestis. The elytra are coarsely punctured and strongly ridged. The larvae bore in the wood of injured and dead broad-leaved trees and shrubs. None is a pest. P. californica LeConte occurs in California and Oregon. Arbutus menziesii, Quercus, Populus, Alnus, Acer, Cercocarpus, and Salix are among the recorded hosts. P. arizonica Schaeffer is common on oaks in Arizona and New Mexico.

Trachykele contains six species in North America. Four of them, including one serious pest, are western. The larvae bore principally in the heartwood of living trees. The adults are green or bronze, roughly sculptured beetles about the size of Buprestis. They are seldom seen because they live in tree tops during their flight period.

The western cedar borer, Trachykele blondeli Marseul (Burke 1928, Hopping 1928), including two named varieties, occurs from British Columbia to California and New Mexico. Thuja plicata is the principal host. Other hosts are species of Juniperus and Cupressus and perhaps Libocedrus decurrens. The larval mines cause degrade and cull in trees cut for poles, shingles, boats, and other products requiring sound wood (fig. 157). For undeter​mined reasons, some forest areas are especially subject to dam​age by this insect ; others are not. The adult is 11 to 17 mm long, bright emerald green with a golden sheen, and has several darker spots on the wing covers (fig. 150C). On T. plicata the adults feed on the foliage and the eggs are laid under bark scales on branches of living trees. The larvae bore from the branches into the bole where they mine principally in the heartwood. The life cycle is presumed to take 2, 3, or more years. Adults form in the fall and emerge the following spring. No practical method of prevention or control has been developed.

Trachykele hartmani Burke is bronze colored. It develops only in Cupressus goveniana in central California.
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F-522030 FIGURE 157.—Trachykele blondeli larval galleries in western redcedar lumber.

Trachykele nimbosa Fall occurs from California to British Columbia and Idaho. The larvae bore in Tsuga mertensiana and species of Abies, causing little damage. The adult is bronze colored.

Trachykele opulenta Fall (De Leon 1952) is similar to T. blon- deli and has been confused with it in the literature. T. opulenta develops in Sequoia gigantea and Libocedrus decurrens in Cali- fornia. In Sequoia the larvae mine in the wood around fire scars and apparently can also develop wholly in the bark.

SUPERFAMILY ELATEROIDEA

FAMILY ELATERIDAE—CLICK BEETLES OR WIREWORMS

Elateridae (Arnett 1960) is a large family of trim, elongate, beetles that snap to their feet when placed on their back. The larvae are long, cylindrical, and tough-surfaced and often have horny hooks at the rear end. In the forest a few species are predaceous on other insects, including wood borers (Kirk 1922) and tip moth pupae in the soil ; some mine under the bark and in rotten wood of dead trees; and many live in the soil where their role is largely unknown. Some of the soil-inhabiting forms have been considered to be potential pests in forest nurseries and out- plantings, but no such damage is recorded.
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Adults of the eyed click beetles of the genus Alaus are up​ward of 25 mm long and have twin, oval, black, eyelike spots on the thorax (fig. 158) . The larvae are reported to prey on other wood borers and to feed on rotting wood. A. melanops LeConte in Pacific Coast States develops in dead trees, including ponderosa pine and Douglas-fir.

	
	F-522037

FIGURE 158.—Adult of an eyed click beetle, Alaus melanops, about 28 mm long.


Ampedus (formerly Elater) contains numerous western species. The wiry, tannish larvae feed under the bark and in the decaying wood of dead trees. The adults are 8 to 12 mm long and black or brown, often marked with red, orange, or yellow.

Lacon (formerly Adelocera) are somber black or reddish-brown, scale-covered beetles, 12 mm or more in length, and with a broadly grooved pronotum. There are several western species. The larvae feed under the bark and in the wood of dead trees, especially ponderosa pine and Douglas-fir.

FAMILY EUCNEMIDAE (MELASIDAE)

Adults of Eucnemidae closely resemble elaterids but generally are more cylindrical and they do not snap to their feet when placed on their back. Eucnemid larvae are soft, elongate, flattened, and buprestidlike in that the first and second thoracic segments are broader than the abdominal segments which are of uniform width. The mandibles are toothed externally. The larvae mine in dead wood, often that which is soft and rotten. The mines cut horizontally across the grain giving the mined wood a honey​combed appearance.

Anelastes druryi Kirby is a reddish-brown species, 10 to 12 mm long, that often is seen in flight in western coniferous forests. The larvae are presumed to feed in decomposing wood.

Two species of Melasis occur in the West (Hopping 1926). The thorax of the adult is widest in front and the antennae of the male are strongly pectinate. M. rufipennis Horn (Chamberlin 1920) is about 12 mm long and has dark reddish-brown elytra. It ranges from British Columbia to California and breeds in true firs and Douglas-fir. The adult bores into the wood to lay eggs. M. tsugae
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Hopping is smaller and pitch black. It occurs in British Columbia, Washington, and Oregon, and breeds in western hemlock and Douglas-fir.

Dromaeolus basalis LeConte resembles Melasis tsugae in color and size but is more shiny, does not have pectinate antennae, and the thorax is widest behind. It occurs in Oregon, Washington, and British Columbia. The larvae breed in conifers including incense-cedar.

SUPERFAMILY DERMESTOIDEA

FAMILY DERMESTIDAE—DERMESTID BEETLES

Dermestid beetles are a small family of inconspicuous but com​mon insects (Arnett 1960). Adults are small, usually roundish beetles covered with fine dense brownish hairs and sometimes marked with colorful scales. Larvae are small, cylindrical, and cov​ered with long brownish or blackish hairs, brushed to the rear.

Larvae of most species feed on dried animal and plant materials of high protein content, including cereal products and wool. They are well-known pests of insect collections. Some occur in the forest as predators or scavengers on associated insects. A few are recorded as damaging the surface of lumber stored in ships' holds, or in warehouses.

FAMILY DERODONTIDAE—TOOTHNECK FUNGUS BEETLES

This is a small family of small elongate, oval beetles most often encountered under bark of trees and in shelf-fungi. Laricobius erichsonii Rosenhauer from Europe has been colonized in Oregon, Washington, and British Columbia where it is established as one of the two most effective predators of the balsam woolly aphid (Mitchell 1965).

SUPERFAMILY BOSTRICHOIDEA

FAMILY ANOBIIDAE—DEATHWATCH AND DRUGSTORE BEETLES

There are 53 genera of Anobiidae in North America and about 280 species in the United States (White 1971). Many bore in wood. None is a major pest in the forest. Some are significant pests of wood products which may be reduced to powder by successive generations of the beetles. Similar damage is caused by many species of Bostrichidae and Lyctidae ; as a result all three families are often referred to as "powderpost beetles." The tunnels of
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anobiid larvae are 2 mm or less in diameter. They contain minute pellets, notably smaller than those of the drywood termites and less powdery than the leavings of lyctids and bostrichids (Simeone 1965). The adults are elongate-cylindrical, generally grayish or brownish beetles, usually less than 6 mm long, and with the thorax hoodlike over the retractile head. The eggs are laid in cracks and crevices. The larvae are curved and hairy (Boving 1927). Yeasts of the Endomycetales live symbiotically in the digestive tract of anobiids and are presumed to aid digestion (Graham 1967). Con​trol is as for Lyctus.

The furniture beetle, Anobium punctatum (De Geer), is an introduced species causing occasional damage to furniture and structural wood in houses in coastal British Columbia and Wash​ington (Hatch 1962). It attacks both coniferous and nonconiferous wood. The adults are cylindrical, brown beetles 2.7 to 4.5 mm long and have sparse short pubescence.

There are 29 species of Ernobius in the United States (White 1971), 16 of them in California (Ruckes 1957). The adults (fig. 159) are small, reddish-brown to black, elongate, parallel-sided beetles with prominent eyes and a sharply margined thorax. They are clothed with fine short hairs. The larvae live in dry twigs, in dead cones, under bark, and in fungus-caused galls of conifers generally causing little damage (Keen 1958). They resemble Conophthorus larvae but are distinguished by having legs.

Ernobius melanoventris Ruckes, recorded in California, Oregon, Washington, and Idaho, attacks and aborts cones of Pinus pon​derosa and P. jeffreyi at the beginning of the second year of cone development. In northern California there is one generation annu​ally and pupae overwinter (Ruckes 1958). E. pinicola Ruckes causes similar damage to the same hosts in California and Oregon.

Hosts and distribution of other representative species are :

Species
Hosts
Distribution

E. conicola Fisher
Cupressus macrocarpa cones
Calif. and Oreg.

E. montanus Fall
Pinus coulteri, P. jeffreyi,
S. Calif. P. monophylla, and P. ponde‑
rosa cones and twigs

E. nigrans Fall
Picea mariana cones
British Columbia

E. pallitarsis Fall
Pinus ponderosa and P. lam-
Calif., Oreg., Wash.,

bertiana cones and twigs
Idaho, Mont., and British Columbia

E. punctulatus
Pinus attenuate, P. ponderosa,
Calif., Oreg., and

(LeConte)
P. radiata, and Pseudotsuga Wash.
menziesii cones

The dry-rot beetle, Hadrobregmus [Coelostethus] quadrulus (LeConte) , commonly attacks dry-rotted Douglas-fir in buildings in Oregon, Washington, and British Columbia, also snags in the
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F-522032

FIGURE 159.—Adult of a species of Ernobius which
mines twigs on ponderosa pine.

forest. It does not seriously affect sound wood. The adults are dark brown and somewhat more robust than Hemicoelus gibbi​collis. The thorax of H. quadrulus is as wide as the base of the elytra, and viewed laterally, is evenly rounded at the summit.

The Pacific powderpost beetle, Hemicoelus gibbicollis (Le-Conte), formerly Hadrobregmus, is the most damaging of the native powderpost beetles in buildings along the Pacific coast from California to Alaska (Linsley 1943b). H. destructor (Fisher) is a synonym. The under portions of older buildings without basements are most frequently infested. Structural timbers, subflooring, and other wooden parts may be repeatedly attacked and ultimately pulverized (fig. 160A). Well-seasoned, unrotted sapwood is preferred. Structures and dead trees of Douglas-fir, true fir, western hemlock, spruce, redwood, maple, alder, cherry, willow, oak, and other woods are attacked. The adults (fig. 160B) range from 2.5 to 5.5 mm long, have striate elytra, and are covered with short, recumbent, yellowish hairs. The thorax is notably narrower than the elytra and, viewed laterally, is strongly humped at the summit. The biology is not recorded.

Hemicoelus [Cacotemnus] umbrosus (Fall) is similar to H. gibbicollis. The range is the same on the Pacific coast, but H. umbrosus extends eastward to New Brunswick. Abies and Betula are recorded hosts.

Microbregma emarginatum (Duftschmid), which closely re​sembles Hemicoelus gibbicollis, ranges from California to British Columbia and Idaho (Hatch 1962) . Spruce and hemlock are re​corded hosts.

Priobium [Trypopitys] punctatum (LeConte) occurs from California to New Mexico and Colorado and northward in Ore​gon, Washington, and Idaho (Hatch 1962). It attacks products
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F-522033, F-522034

FIGURE 160.—Pacific powderpost beetle (Hemicoelus gibbicollis) : A, Shot‑
holes and pulverizing of structural wood; B, adult, 4 mm long.

made of Douglas-fir, pine, Monterey cypress, oak, and maple. The adults resemble Hadrobregmus quadrulus in color and size.

Ptilinus basalis LeConte occurs from California to British Co​lumbia (Hatch 1962). It attacks dead and cured wood of Umbellu​laria calif ornica, Acer macrophyllum, Populus tremuloides, Prunus, and Salix. It causes considerable damage to myrtlewood used in turning and will multiply through successive generations in stored wood. It has also been collected from redwood siding (De Leon 1952). The adults are 3.0 to 5.5 mm long, chestnut brown, cylin​drical, and covered with very short yellowish hairs. The pronotum is very convex and is toothed in front somewhat like that of the Bostrichidae. The males are smaller than females and have comb-like rather than serrate antennae.
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The drugstore beetle, Stegobium paniceum (L.) is a cosmopoli​tan pest of stored food products. Occasionally it damages wood, usually in conjunction with food storage (Linsley 1942). The adults are elongate, robust, reddish-brown, pubescent beetles 2.2 to 3.7 mm long with abundant yellowish hairs that do not hide the surface.

Trichodesma cristata (Casey) occurs in California, Oregon, and British Columbia. It is reported to attack Douglas-fir (Hatch 1962). It is a stocky beetle, 5 to 7 mm long, and clothed with white, brown, and black hairs. Several tufts of black hairs on the wing covers are characteristic.

Tricorynus, formerly Catorama, are small, hairy, oval, reddish-brown to black beetles from 1.4 to 5.6 mm long. There are 82 species in North America, mostly in the Southwest (White 1965). They are recorded from seeds, stems, wood, galls, fungi, and under bark. None is a forest pest. T. conophilus (Fall) is a little known species that occurs in New Mexico and Texas and is recorded from cones of Pinus edulis.

There are three species of Utobium (White 1966), all in the West. They are 5 to 7.4 mm long and mottled with grayish and few to numerous orange hairs. U. marmoratum Fall occurs in Oregon, Washington, and Idaho and has been reared from dead dry lodgepole pine.

There are 12 species of Vrilletta in North America (White 1971) , predominantly along the Pacific Coast. None is an eco​nomic pest. They are cylindrical, brownish to black beetles, 3.5 to 8 mm long. V. decorata Van Dyke is black variegated with yellow​ish spots and stripes on the elytra. It occurs from California to British Columbia and has been reared from dead Quercus, Umbel​lularia, Alnus, Cornus, and Malus. V. convexa LeConte is black and the male has very strongly serrate antennae. This species has been reared from Quercus and Alnus.

There are four species of Xestobium, three native and one in​troduced (White 1971) . They are similar to Utobium in size and appearance. X. abietis Fisher has been reared from Abies grandis and Acer macrophyllum, in British Columbia. The deathwatch beetle, X. rufovillosum (De Geer), a native of Europe, occurs occasionally in the West (Linsley 1943b). It infests structural timbers and heavy furniture in old buildings. Oak is preferred. The ticking sound associated with this beetle is said to be a mating call of the adults.

There are 12 species of Xyletinus in North America, mostly in the West (White 1962) . They are elongate-oval, brownish to blackish, finely pubescent beetles 3 to 7 mm long. In Eastern States, X. peltatus (Harris) damages wood in houses and barns, but none of the western species is recorded to be of economic
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importance. X. fucatus LeConte occurs from California to British Columbia and Idaho. It is reported on Prunus and Pseudotsuga in British Columbia.

FAMILY BOSTRICHIDAE—FALSE POWDERPOST BEETLES

The bostrichids (Fisher 1950) are most abundant in the tropics where they seriously damage felled timber, buildings, and furni​ture. In temperate America they are often encountered as pests of stored vegetable products and imported furniture and novel​ties made of bamboo. About 70 species are native or have become established in America north of Mexico. They are especially abun​dant in broad-leaved trees and shrubs in the East and the South​west.

The adults are elongate and cylindrical. Many species differ from other powderpost beetles by having a tuberculate and rasp-like pronotum. The smaller bostrichids resemble scolytids, but have straight rather than elbowed antennae. Most are less than 10 mm long, but they average larger than the anobiids and range up to 50 mm for the giant Dinapate wrightii. The larvae are curved as with the anobiids. Eggs are laid in open tunnels made by the adults. The larval tunnels are frass-filled.

Melalgus [Polycaon] confertus (LeConte) is prevalent in Cali​fornia and is recorded northward into British Columbia. The larvae bore in various hardwoods including madrone, bigleaf maple, canyon live oak, tanoak, manzanita, and fruit trees. The adults prune twigs by boring at the fork of small branches. These beetles are cylindrical, black with reddish-brown elytra, and 7 to 13 mm long. The prothorax is not asperate and does not hide the head from above.

Polycaon stoutii (LeConte) (fig. 161) is a jet-black beetle, 11

F-522035

FIGURE 161.—Adult of a false powderpost
beetle, Polycaon stoutii, 16 mm long.
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to 22 mm long, with prominent mandibles. It occurs naturally in California, Arizona, and Oregon. The larvae bore in various hard​woods including oak, California-laurel, madrone, alder, maple, sycamore, and eucalyptus. The larvae cause damage by mining in inner layers of plywood and adults by emerging through veneer surfaces. They require 1 to several years to complete development and are not known to reinfest manufactured wood.

Numerous bostrichids feed in desert trees and shrubs of the Southwest reducing the dead branches and stems to powder (Fisher 1950). Some examples are :

Insect
Hosts
Distribution

Amphicerus cornutus
Prosopis
Calif. to Tex. north

(Pallas)
into Colo. and Utah

A. simplex (Horn)
Parkinsonia microphyllum,
Ariz., N. Mex., and

and Cercidium torrey-
Tex.

anum

A patides fortis
Prosopis and Cercidium
Calif. to Tex. and

(LeConte)
north into Utah

Dendrobiella aspera
Cercidium torreyanum,
Calif. and Ariz.

(LeConte)
Prosopis juliflora, and

Tamarix gallica

The giant palm borer, Dinapate wrightii Horn, develops in and riddles the dead trunks of California fan palm, Washingtonia filifera, on the edges of the Colorado desert in California (Michel​bacher and Ross 1939). On ornamental trees, the adults are re​ported to bore into the growing tip sometimes causing the tree to die (Wymore 1928). The adults range from 33 to 51 mm long and are dark brown, shiny above, and hairy below. They fly from mid-June until late August. The life cycle requires at least 2 years.

The bamboo powderpost beetle, Dinoderus minutus (F.), is a cosmopolitan pest of bamboo in tropical regions and is frequently carried into temperate zones (Fisher 1950). It pulverizes bamboo products. The adult is a reddish-brown to black, cylindrical beetle, 2.5 to 3.5 mm long and with the forepart of the thorax armed with concentric rows of rasplike teeth. D. minutus strongly re​sembles Xyleborus. Control is as for Lyctus.

The leadcable borer, Scobicia declivis (LeConte) (Burke et al. 1922) (fig. 162), is a shiny dark brown to black, cylindrical beetle averaging about 6 mm long and superficially resembling Xylebo​rus. The leadcable borer occurs in California and Oregon. It feeds in many kinds of seasoned hardwood including oak, maple, Cali​fornia-laurel, acacia, and eucalyptus. It has a 1-year life cycle and will reattack. The common name refers to its earlier-day habit of boring into lead-covered telephone cables. It also has damaged wine casks.
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FIGURE 162.—Adult of the leadcable borer (Scobicia declivis), 6 mm long: A, Top view; B, lateral view.
Stephanopachys substriatus (Paykull) (Fisher 1950) is a brownish-black beetle, 3.5 to 6.5 mm long, with granulate elytra, and with numerous teeth on the front half of the pronotum. It occurs extensively in northern Europe, Asia, and North America, including most Western States and Provinces. Ponderosa pine, Jeffrey pine, and other pines are common hosts. Douglas-fir and various true firs also are attacked. It bores in the bark and outer sapwood, sometimes in air-dried lumber with bark on it. S. sobrinus (Casey) is a similar species that ranges from British Columbia to South Dakota and Arizona. It infects Pinus edulis.

FAMILY LYCTIDAE—POWDERPOST BEETLES

The Lyctidae (Gerberg 1957) probably are the most destructive of the powderpost beetles attacking wood products. Their natural range is in tropical and warm temperate areas. Through com​merce, they have been widely distributed and established in lum​ber, furniture, flooring, decorative trim, tool handles, and other hardwood products. Bamboo also is a preferred host.

Adults are flattened, slender, dark brown to nearby black beetles generally 3 to 6 mm long (fig. 163). Mature larvae are yellowish white, somewhat curved, and about 5 mm long. Seasonal history is generally similar for all species. Eggs are laid only in pores of wood which open to the surface. The larvae bore in the sapwood often reducing it to a flourlike powder, except for a thin surface veneer. The damage is very similar to that by Hemicoelus gibbi​collis (fig. 160). When wood is first attacked, there is little exter​nal evidence. Near maturity, the larvae cut circular holes through the surface of the wood. These holes and the boring dust expelled through them are the usual first signs of attack.
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FIGURE 163.—Adult powderpost beetle, Lyctus species,
4.5 mm long.

Powderpost beetles breed in seasoned and seasoning wood con​taining starch and having a moisture content of about 6 to 20 percent. One generation annually is typical in northern areas where larvae overwinter, pupae form in the spring, and adults appear early in the summer. Under favorable food, moisture, and temperature conditions, the beetles develop continuously without regard to season.

Measures should be taken systematically to prevent buildup of infestations in storage facilities (Snyder 1936). Stock should be inspected at least annually and infested material should be treated or destroyed. Scrap material and old stock should not accumulate. If structural damage is not serious, infested material can be saved by heat treatment or application of penetrating sprays (USDA Forest Service 1954). Painting, varnishing, or coating with lin​seed oil or wax will prevent damage to uninfested wood products (Snyder 1944).

In wood products in the West, the old world lyctus beetle, Lyctus brunneus (Stephens) , the southern lyctus beetle, L. planicollis LeConte, and the western lyctus beetle, L. cavicollis LeConte ap​parently are most prevalent ; some common hosts are Fraxinus, Quercus, and Umbellularia. The European lyctus beetle, L. linearis (Goeze) , and Trogoxylon aequale (Wollaston) also occur. L. cavi​collis and T. aequale develop under natural conditions in Cali​fornia.

FAMILY PTINIDAE—SPIDER BEETLES

The Ptinidae are small, long-legged beetles with long threadlike antennae, small thorax, and generally globular body, giving them a spiderlike appearance. Some are pests in stored products. A few occur in the forest, but none is reported to be damaging.

The whitemarked spider beetle, Ptinus fur (L.), is a cosmo​politan, reddish-brown beetle, 2 to 4 mm long and with white markings on the elytra. It feeds on dried animal and plant mate​rial and has been reared from ponderosa pine and western red-cedar cones being processed for seed (Keen 1958). It also has
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been reported as boring in woodwork, but that habit likely is incidental.

SUPERFAMILY CLEROIDEA

FAMILY CLERIDAE—CHECKERED BEETLES

The Cleridae (Barr 1962) comprise some 300 species in 35 genera in North America. They are predominantly predaceous both as adults and larvae. Many feed upon insects that attack trees and shrubs. They are particularly abundant in the South​west. Well known to foresters as "clerids," the genera Enoclerus and Thanasimus contain some of the most important predators of western bark beetles and wood borers. The adults are medium-sized, strong-legged, bug-eyed, generally hairy, fast-moving beetles (fig. 164A) . The larvae (Boeing and Champlain 1920) generally are hairy and may be white, pink, bluish, or red depending on species and stage of development. All have a pair of hooks on the last abdominal segment (fig. 164B) .

The genus Enoclerus contains 40 species, many of which are western. Two species are very effective predators of destructive bark beetles.

The blackbellied clerid, Enoclerus lecontei (Wolcott) (Person 1940, Berryman 1966), is the most important insect predator of Dendroctonus brevicomis. It occurs widely in the West, preying upon various species of Dendroctonus, Ips, Scolytus, Pseudo​hylesinus, and Pityophthorus. In central California the life cycle of E. lecontei is closely synchronized with that of the western pine beetle, its preferred host. First generation broods are most heavily preyed upon. The clerid adults prey upon bark beetle adults and
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FIGURE 164.—A checkered beetle, Enoclerus sphegeus: A, Adult, 10 mm long; B, larva, 18 mm long.

clerid larvae feed upon bark beetle larvae and pupae. Many of the clerid larvae migrate to the base of the tree where they pupate in ovoid cells lined with a silvery secretion. They overwinter as larvae, pupae, and adults. On direct control operations it has been the practice to leave stumps untreated so as to protect the clerids and increase their abundance relative to the host. The effective​ness of this operation has not been evaluated quantitatively.

The adults are 6 to 8 mm long, black with gray markings on the elytra, the most prominent being a broad band at the rear. The larvae are pink, turning purplish near maturity, at which time they are 9 to 14 mm long.

The redbellied clerid, Enoclerus sphegeus (F.), (Kline and Rudinsky 1964, Reid 1957, Struble 1942a), is abundant in the coniferous forests of the West. It is rated as an important preda​tor of Dendroctonus pseudotsugae (Kline and Rudinsky 1964) and D. ponderosae (Struble 1942a), and it preys on other bark beetles including species of Scolytus and Ips.

The adult is hairy, blackish with a metallic luster except for the red abdomen, 8.5 to 12 mm long, and it has a distinctive wide gray band across the middle of the elytra. The larvae (fig. 164B) are white when small, then pink, and finally purplish. The prepupal larva overwinters. There is one generation annually in Oregon. The adult feeds upon adult bark beetles (fig. 164A) and the larvae feed upon the immature stages. Efforts to propagate this clerid in quantity in the laboratory for biological control have been unsuc​cessful (Struble 1942b).

Enoclerus barri Knull (Rice 1969) occurs extensively in the Western States and British Columbia. It is much less abundant than E. sphegeus which it resembles, and it is smaller and has an angulate gray band behind the middle. It feeds on Dendroctonus, Ips, and Scolytus in the laboratory and is presumed to be a general feeder on bark beetles, principally on ponderosa pine. E. moestus (Klug), practically a twin of E. barn in appearance and habits, is a southwestern species.

Enoclerus eximius (Mannerheim) is a redbellied species with black head and thorax and orange-red elytra with three purplish-black spots in front and a broad black band in back. The length is 6 to 8 mm. It occurs commonly from California to British Colum​bia and less abundantly in the Intermountain Region, preying upon various borers including Paratimia conicola and Chryso​phana piaci& in knobcone pine cones and Hemicoelus gibbicollis, Ptilinus basalis, and other powderpost beetles, principally in wil​low, alder, and California-laurel.

Enoclerus sclutefferi Barr is widely distributed in the West. The adult is black, except for red shoulders of the elytra, and is about 5 mm long. The larvae feed on insects infesting cones of Abies,
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Pseudotsuga, Pinus, Picea, and Cupressus (Keen 1958). The cone moths, Barbara colfaxiana and Laspeyresia spp., are recorded hosts.

Thanasimus contains four species, two of them western. They closely resemble Enoclerus and have similar habits, but the adults differ by having coarse deep punctures on the basal third of the elytra.

Thanasimus undatulus (Say), variously recorded as T. monticola Wolcott, T. rubriventris LeConte, and T. dubius (F.), is a trans​continental species that occurs in the West from New Mexico to Alaska. It preys upon bark beetles, including Dendroctonus, Sco​lytus, and Pseudohylesinus. The adults are about 7 to 10 mm long and rather slender. They are red-legged ; the shoulders of the elytra often are reddish ; and the thorax and abdomen range from partially to wholly black. The larvae and pupa are described by Kline and Rudinsky (1964).

Thanasimus repandus Horn is somewhat larger and stouter than T. undatulus and its thorax and abdomen are entirely red. T. repandus occurs in California, Oregon, and Washington. It report​edly preys upon the bark beetle, Phloeosinus sequoiae.

Chariessa elegans Horn preys upon Neoclytus conjunctus and other cerambycids in oaks and madrone (Doane et al. 1936). It occurs in Texas, Arizona, California, Oregon, and British Colum​bia. The adults are 11 mm long, orange red with blue elytra, and black feet.

The genus Cymatodera contains some 60 species primarily in the Southwestern United States. They are generally yellowish brown with indistinct markings and are widest toward the rear. C. ovi​pennis LeConte is a common but economically unimportant species, 7 to 11 mm long, and wingless that occurs in California, New Mexico, Oregon, British Columbia, and other western areas. It preys upon Paratimia and Laspeyresia (Keen 1958) in cones and apparently on a variety of other wood-inhabiting insects in a wide variety of host trees, both conifers and broad-leaved species (Mac-Swain 1945).

Monophylla californica Fall occurs in California, Arizona, Utah, and Oregon. In California it preys upon the beetles, Scobicia declivis and Lyctus, principally in oaks (Burke et al. 1922). The adults are 4 to 7 mm long and dark brown to black, with a medium transverse whitish stripe. The terminal segment of the antennae is longer than the other segments combined.

FAMILY TROGOSITIDAE (OSTOMIDAE)

In North America this family, also known as Ostomidae, con​tains 57 small- to medium-sized species. The more elongate sub-cylindrical ones generally prey upon insects that live under the
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bark and in the wood of trees and shrubs. The elliptical, much-flattened ones feed principally on fungi. Barron (1971) published keys to the genera and species.

Seven of the 10 North American species of Temnochila (Barron 1971) are western. T. chlorodia (Mannerheim) is best known to foresters. It is a subcylindrical, metallic blue-green beetle, 9 to 20 mm long and with powerful mandibles for holding and crushing prey (fig. 165). The larva resembles a clerid larva in appearance, including two forked hooks at the end of the abdomen. This species is prevalent from South Dakota and Texas to the Pacific and from the Northwest Territories into Mexico. It preys upon many kinds of bark- and wood-boring insects and is rated an important preda​tor of the western pine beetle (Stark and Dahlsten 1970), the mountain pine beetle (Struble 1942a), and of other bark beetles. When associated with the mountain pine beetle in California, T. chlorodia requires a full year to complete its life cycle. Efforts to develop a method to mass rear this predator for biological con​trol have been unsuccessful (Struble 1942b).

	
	F-522041

FIGURE 165.—A predaceous beetle, Temnochila chlorodia,
14 mm long.


Several species of Tenebroides (Barron 1971) occur in the West, frequently under the bark of conifers killed by bark beetles. The native species prey upon various insects which feed after bark beetles have completed their life cycles. The adults are shiny black and resemble Temnochila, but are flatter, broader, and generally shorter. Tenebroides corticalis (Melsheimer) is a transcontinental species occurring throughout the West, including Alaska and the Yukon. The cadelle, T. mauritanicus (L.), is an introduced pest of
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stored grain, the larva of which is reported to damage the wood of storage bins (Hatch 1962).

SUPERFAMILY TENEBRIONOIDEA FAMILY MELANDRYIDAE

Various melandryids live under the bark and in the wood of dead trees. Only one, the blazed-tree borer, Serropalpus substria​tus Haldeman, is recorded as of any economic importance in west​ern forests. In British Columbia it infests felled white spruce and Engelmann spruce on logging operations (Ross 1968). It lays its eggs in dying or dead trees or living trees from which the bark has been peeled. The long, slim, white larvae mine the sapwood, mak​ing oval tunnels filled with very fine dustlike frass. After two seasons in the larval stage, the slender reddish-brown beetles, 12 to 18 mm long (fig. 166), emerge in June and July through per​fectly round holes cut in the bark. Both the exit holes and the larval mines resemble those of siricids. This woodborer is widely distributed in North America, breeding in various coniferous trees. In the West it has been bred from red fir, incense-cedar, lodgepole pine, ponderosa pine, redwood, Port-Orford-cedar, Engelmann spruce, and Douglas-fir, and probably will be found in many other conifers.

FAMILY OEDEMERIDAE

Adults of the Oedemeridae (Arnett 1951) generally are slender, elongate, soft-bodied beetles of light brown to black color, and some closely resemble Cerambycidae. The larvae resemble melan​dryids. Many breed in moist, rotting wood. As a group, the oede​merids are of little economic importance.

Ca/opus angustus LeConte is an elongate brown beetle, 12 mm or more in length, that breeds in the wood of dead pine, fir, cedar,
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FIGURE 166.—Adult of the blazed tree borer (Serropalpus substriatus), 16 mm long.

willow, and cherry. It is a transcontinental species that occurs extensively in the West.

Ditylus quadricollis LeConte is a cerambycidlike, black or dark brown beetle upward of 25 mm long. It occurs in coastal forests from California to Alaska and is recorded as breeding in wet, rot- ten logs of Thuja plicata.

The wharf borer, Nacerdes melanura (L.) (Arnett 1951, Balch 1937), is an introduced species now present along the coast from California to British Columbia. It develops in moist, rotting wood such as wharfs, piling, posts, and the under portions of buildings, and is not considered economically important. The adult (fig. 167) is narrow, about 10 mm long, brownish to yellowish above with the tips of the elytra blackish. The full-grown larva is about 30 mm long and strongly constricted between segments. Properly creosoted timbers are immune to attack.

FAMILY TENEBRIONIDAE—DARKLING BEETLES

The Tenebrionidae (Arnett 1960) are a large family of brown to black beetles, many of which live in the forest. Principally, they feed as scavengers on plant materials. A few are pests of stored products. None is destructive in the forest.

There are several western species of Corticeus. They are cylindrical, shiny, brown to black beetles, 2 to 4 mm long, that live in the galleries of various bark beetles, often in large numbers. C. substriatus (LeConte), one of the larger species, is commonly associated with Dendroctonus brevicomis and D. ponderosae. Struble (1930) reported that the adults and larvae both feed upon fungi under the bark. Parker and Davis (1971) found that they also will feed on eggs, larvae, and pupae of D. ponderosae and associated insects.

1phthimus serratus (Mannerheim) is one of the more common and abundant western tenebrionids that feed in very rotten wood of conifers, such as Douglas-fir, aiding in its return to the soil.
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FIGURE 167.—Adult of the wharf borer
(Nacerdes melanura), 10 mm long.

The adults (fig. 168) are dull black, somewhat flattened, long-legged beetles, 20 to 25 mm long. The yellowish-brown larvae, resembling somewhat inflated wireworms, have a pair of horny hooks at the rear end.

	
	F-521982

FIGURE 168.—Adult of Iphthi​mus serratus, 25 mm long, a common scavenger in rotten wood.


Phellopsis porcata (LeConte) is one of the more conspicuous of the several tenebrionids that feed on the woody fruiting bodies of Fomes and other fungi. The adults are dark brown to black, rough-surfaced, flattened beetles about 15 mm long.

SUPERFAMILY CUCUJOIDEA

FAMILY COCCINELLIDAE—LADY BEETLES
The common reddish or orange colored variously spotted species of Coccinellidae (Hagen 1962) (fig. 169A) need no description. In addition to these well-known forms there are some tiny nonde​script gray to black or brown species that are among the more important ones in foresty (fig. 169B). Most lady beetles feed both as adults and larvae upon aphids, scales, mites, and other insects (fig. 169C). Some aggregate in large numbers to spend the winter. As a group they are important in natural and biolog​ical control of pest insects, particularly in agriculture.

There are three species of Anatis (Hatch 1962) in North America, all occurring in the West. They are notable chiefly be​cause of their size, being the largest of the North American coccinellids, ranging from about 7 to 10 mm long. A. rathvoni LeConte is common in true fir forests from California to British Columbia and eastward into Idaho. The larvae are black with
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yellow markings and prey upon aphids. The adults are yellowish to reddish brown above with black spots.

The twicestabbed lady beetle, Chilocorus stigma (Say) is a transcontinental species occurring commonly in Arizona, New Mexico, California, Nevada, Oregon, Washington, Idaho, British Columbia, and Alberta. It feeds on many kinds of scales including the pine needle and the oystershell scales. The adults are 4 to 5 mm long, nearly hemispherical, shining black, with two red spots, one on each elytron. The larvae are spiny, and black with a yellow band across the middle.

There are 18 species of Hippodamia (Chapin 1946) in North America and nearly all occur in the West. They are elongate-oval, moderately convex, black-bodied beetles with reddish or yellowish pronotum and elytra, usually marked with black (fig. 169A). Their length ranges from about 4 to 8 mm. They feed upon aphids of many kinds, but do not exert much control against forest in​sect pests. Several species of Hippodamia congregate in great numbers in the mountains to hibernate (Rockwood 1952). The convergent lady beetle, H. convergens Guerin-Meneville is one of the commonest of all lady beetles. It occurs throughout the West and is one of the species that aggregate in forested areas to hiber​nate. Efforts have been made to collect the assembled beetles and colonize them in agricultural areas but without much success because they soon disperse widely. The adults have orange-red elytra usually marked with 12 black spots. The larvae are velvety black with orange spots.

The pine ladybird beetle, Mulsantina [Cleis] pieta (Randall), occurs extensively in the West from Arizona to British Columbia.
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FIGURE 169.—Examples of lady beetles: A Adult of Hippodamia convergens, 6 min long; B, adult of Scymnus impexus, 2.5 min long; C, larva of a large lady beetle feeding on a small tent caterpillar larva.

It feeds on pine- and fir-infesting aphids, including Adelges (Mitchell 1962). The adults are 3.5 to 5 mm long, moderately convex, with yellowish elytra variegated with black in the female and immaculate in the male. The mature larvae are about 7 mm long and mostly black with white markings on the sides and down the middle.

Scymnus impexus Mulsant, also known as Pullus, was imported from Europe and colonized in Oregon, Washington, and British Columbia to control Adelges piceae (Mitchell and Wright 1967). It has become established but does not exert sufficient control to prevent tree-killing. The adult is a somewhat shiny brown beetle about the size of a pinhead (fig. 169B). In Oregon it has one generation per year. The adults and larvae both feed upon the aphid but the larvae do most of the feeding.

FAMILY COLYDIIDAE

The Colydiidae are small, generally elongate beetles many of which live in the galleries of bark beetles and other wood borers. Some are predaceous. The role of most has not been determined.

There are four North American species of Aulonium (King-solver and White 1967), one of which is western. A. longum LeConte is a flat, elongate beetle about 5.5 mm long. It is widely distributed in the West often occurring abundantly in the galleries of Dendroctonus brevicomis, D. ponderosae, and other bark beetles. It is suspected of being predaceous, but at best is of little importance.

Deretaphrus oregonensis Horn (Burke 1919), the largest of the colydiids, is uncommon. It occurs in Oregon, Washington, Idaho, and British Columbia. The adult is black, elongate, cylindrical, and about 10 mm long. The larvae prey upon larvae and pupae of Buprestis, Trachykele, and Asemum and are occasionally asso​ciated with Dendroctonus.

There are about 20 species of Lasconotus (Kraus 1912) in North America, predominantly in the West. They are elongate, flattened, strongly-sculptured, brownish beetles, about 3 mm long. They live in the galleries of bark beetles, often abundantly. They are considered to be predaceous. L. subcostu,latus Kraus occurs extensively in the West associated with various bark beetles in​cluding Dendroctonus brevicomis but is not considered to be a factor in their control.

FAMILY CUCUJIDAE—FLAT BARK BEETLES

Adults are small- to medium-size, usually greatly flattened beetles, some of which are yellowish or reddish, and others brown​ish or black. Larvae are 3 to 30 mm long, also flattened, and yellow to reddish brown (Arnett 1960); some have a pair of anal
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protuberances. Some species occur under the loosened bark of trees or logs infested by bark beetles and borers, as predators or scavengers. Others are pests of stored products such as cereals.

Cucujus flavipes F. is a common associate of wood borers and has a northerly distribution from coast to coast. The adult is a brillant scarlet, flattened beetle, 10 to 14 mm long.

FAMILY NITIDULIDAE—SAP BEETLES

The sap beetles (Parsons 1943, Hatch 1962) are generally small, flattened, shiny beetles, some of which resemble Staphylinidae in that the abdomen extends beyond the wing covers. Many species feed on decaying and fermenting fruit and on fungi. Some occur in the galleries of bark beetles and ambrosia beetles, most abund​antly in "sour sap" situations. Glischrochilus vittatus (Say) and Epurea linearis Maklin are recorded as possibly predaceous on Dendroctonus ponderosae (De Leon 1934). Potentially significant to western foresters, some species of Nitidulidae are vectors of oak wilt (Dorsey and Leach 1956, Jones and Phelps 1972).

FAMILY RHIZOPHAGIDAE

This small family contains several genera, of which only Rhizo​phagus (Hatch 1962) is likely to be encountered by western for​esters. Adults of this genus are elongate, somewhat flattened, shiny, reddish-brown beetles, 2 to 4 mm long. They often are abundant in galleries of Dendroctonus, Ips, Scolytus, and other bark beetles. Adults and larvae of R. procerus Casey have been observed to feed upon eggs and larvae of Dendroctonus ponderosae and other associated insects (De Leon 1934). Their role in natural control of bark beetles probably is minor.

SUPERFAMILY CHRYSOMELOIDEA

FAMILY CERAMBYCIDAE—LONGHORNED BEETLES OR ROUNDHEADED WOOD BORERS

The longhorned beetles or roundheaded wood borers, Ceramby​cidae, are grouped in seven subfamilies (Linsley 1961), all of which are included in this manual. The species are many and their roles diverse (Linsley 1958, 1959). Most of the western species are cambium-wood feeders, in that the larvae first mine in the cambium region of trees and shrubs and then extend their tun​nels into the sapwood and in some cases into the heartwood. Some that mine extensively under the bark are tree killers, but none of these is rated as a major pest. Others that bore deeply in the wood frequently damage logs and wood products. A few are bene​ficial in that they feed so voraciously that they destroy some
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associated bark beetle larvae either directly or by depriving them of food. As a group, the Cerambycidae are important in the process of cycling wood back to the soil, in part, presumably by their galleries providing avenues for invasion by wood-rotting fungi (Basham and Belyea 1960).

The adults are medium- to large-sized, oblong to cylindrical beetles, with antennae often longer than the entire body. These long antennae, or feelers, are their most characteristic feature and give them the name "longhorned beetles." Eggs are laid in bark crevices and in slits cut by the females. The larvae bore through the bark and wood, constructing long irregular mines. These increase in size with the growth of the larvae and are usually packed with coarse borings.

The larvae (Craighead 1915, 1923) are the destructive stage and the one most often seen by foresters. The larvae generally are fleshy, cylindrical, elongate grubs, having a thin body texture sparsely clothed with fine hairs. Often they are plump at the head end (thorax), hence are called "roundheaded borers ;" how​ever, some that mine the cambium region are very much flattened. A horny plate on the top surface of the first segment behind the head and no plate on the underside of this segment distinguish roundheaded borer larvae from flatheaded borer larvae. Most of the latter have a plate both above and below.

No measures have been developed to control tree-killing round-headed borers in the West and none seems warranted. Likewise, there seems little likelihood that practical measures will be devel​oped to prevent attacks on dead and down trees. As with other insects that attack unseasoned wood, about the only thing that can be done is to remove the logs from the woods as quickly as possible and place them in water or run them through the mill and kiln-drying process. A few of these insects are of economic importance even after the lumber is placed in storage or put into use.

Parandrinae—The subfamily Parandrinae (Linsley 1962a) is the oldest living group of Cerambycidae. In North America this subfamily contains one genus and three species.

The pole borer, Parandra brunnea (F.), is by far the most abundant species. It occurs extensively in the Eastern States and westward into Colorado (Linsley 1962a). West of the Great Plains it is recorded only from Boise, Idaho. The larvae bore gregariously in moist heartwood of many hardwoods and some conifers. P. brunnea is rated as a destructive borer in crossties, poles, and structural wood in contact with the ground (Baker 1972). The larval mines in the base of shade trees are an important cause of breakage. The adult is a shiny, brown, elongate, somewhat flat‑
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tened beetle with prominent mandibles and ranges from about 10 to 20 mm long. Attacks on wood products can be prevented by using chemically treated wood. Shade trees should be kept vigorous and exposed wood should be treated so as to prevent egg-laying. P. marginicollis punctillata Schaeffer (fig. 170) is a similar but little-known species that occurs in Arizona and south​ern California and bores in Platanus and Alnus.

	
	COURTESY E. G. LINSLEY (1961)

FIGURE 170.—Male adult of Parandra marginicollis punctillata, 18 mm long, on New Mexican alder.


Prioninae—The subfamily Prioninae (Linsley 1962a) contains some of the largest North American beetles. The adults generally are brownish, somewhat flattened, nocturnal beetles often with sharp projections on the side of the prothorax. The larvae bore principally in dead moist wood ; sometimes in the roots of living trees. They are large, leathery, and practically hairless. Their head is broader than long and their mandibles acute.

Derobrachus (Linsley 1962a) contains two species in the South​ern United States. One is western. D. geminatus LeConte, a little-known species, occurs from California to Texas. The larvae bore in roots of Populus, Quercus, Prosopis, and other broad-leaved trees. The adults are brown, hairless, about 40 to 70 mm long, and have four sharp projections on each side of the prothorax.

Ergates (Linsley 1962a) contains two species in North Amer​ica, both western. Only one is significant in forestry.

The ponderous borer, Ergates spiculatus (LeConte), occurs in the forested States of the West and in British Columbia. Pseudo​tsuga menziesii and Pinus ponderosa are principal hosts. Other
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pines, some true firs, and redwood also are recorded hosts. The larval mines in the heartwood of fire-killed Douglas-fir speed deterioration and limit the amount of salvage from large burns such as the Tillamook Burn of 1933 in Oregon (Kimmey and Furniss 1943). Ponderosa pine trees killed by the western pine beetle often are mined at the base by E. spiculatus and other borers. Borer-weakened snags fall more quickly than sound snags, hence the borers contribute somewhat to fire hazard reduction.

The adults (fig. 171A) are 42 to 65 mm long. The elytra of the subspecies along the Pacific coast and in the Northern Rocky Mountains are uniformly reddish brown ; those of the subspecies in the Central and Southern Rocky Mountains are reddish brown with irregular pale blotches. The sides of the thorax have many spines or are unarmed. The adults lay eggs in crevices of the bark of dead trees and stumps. The larvae, known to loggers as "timber worms," excavate very large, meandering galleries, first in the sapwood then deep into the heartwood. When full grown the larvae (fig. 171B) are thick-bodied, 60 to 70 mm long, creamy white with a reddish-brown head bearing four toothlike processes just above the mandibles. The life cycle is presumed to require several to many years. No practical control measures are known. The mandibles and boring action of this beetle gave a logger the idea for the modern saw chain.

Prionus (Linsley 1962a) is a large genus of root borers, but only one is significant in western forests.

The California prionus, Prionus calif ornicus Motschulsky (Lins​ley 1962a), also known as the giant root borer, is distributed from Alaska through California and eastward into the Rocky
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FIGURE 171.—The ponderous borer (Ergates spiculatus): A, Adult, 55 mm
long; B, larvae, 60 to 70 mm long.
Mountain Region and the Southwest. It is principally a root borer in living deciduous trees and is reported injurious to oak, madrone, cottonwood, and various fruit trees. It also bores in moist dead wood of pine, Douglas-fir, true fir, and especially wood in contact with the soil. The adult resembles Ergates spiculatus but is stouter and has three prominent teeth on each side of the thorax. The life cycle requires 3 to 5 years.

Tragosoma (Linsley 1962a) contains three species in North America. All occur in the West. None is a forest pest.

The hairy pine borer, Tragosoma depsarius (L.) (= harrisii LeConte), occurs extensively in the coniferous forests of the Western States and British Columbia. Recorded hosts in the West are Pinus ponderosa, P. contorta, and Pseudotsuga menziesii. The larvae resemble those of Ergates in appearance and habits but are smaller. They are most often found in the sapwood and outer heartwood of long-dead and down trees. The adults are brown, densely hairy on the thorax, 18 to 36 mm long, and have one spine on each side of the thorax.

Spondylinae—The subfamily Spondylinae (Linsley 1962a) con​tains two genera in North America. One is western.

Spondylis upiformis Mannerheim occurs from Alaska through California and eastward to South Dakota, Colorado, and New Mexico. It has been reported to bore in the roots of pines, specifi​cally lodgepole in Alberta. Little is known of its habits except that the adults fly abundantly in pine forests in late spring and early summer. The adults are black, robust, 8 to 20 mm long, and have prominent mandibles (fig. 172). Each elytron has two longitudinal ridges.

Aseminae—The subfamily Aseminae (Linsley 1962a) contains several genera of mostly somber-colored beetles, several species of

F-523435

FIGURE 172.—Adult of Spondylis upiformis, a
longhorned beetle, 14 mm long.
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the end of the last abdominal segment.

Arhopalus [Criocephalus] (Linsley 1962a) contains four species, all of which occur in the West. of conifers (fig. 173A). The pair of spines on the last abdominal segment are sharp and incurved (fig. 173B). The life cycle is presumed to be 2 or more years.

Arhopalus asperatus (LeConte) occurs in British Columbia and he forested States of the West. The larvae are reported to bore n the wood of dead Abies magnifica, A. concolor, Pseudotsuga ienziesii, Picea, and Pinus. The adults are robust, black beetles 7 to 31 mm long, largest of the genus. They are sometimes ,ttracted in numbers to scorched pines (Wickman 1964a), and per-raps pines are a principal host. A. foveicollis (Haldeman), a very imilar eastern species, ranges westward into the Northern Rocky Mountains.

The newhouse borer, Arhopalus productus (LeConte) (Eaton ,nd Lyon 1955), occurs in Alberta, British Columbia, and the ()rested States of the West. Hosts are Pseudotsuga menziesii, Pinus, and Abies. The adults are slender, black beetles 12 to 25 mm long (fig. 174A). The larvae mine under the bark and into he sapwood and heartwood of fire-killed Douglas-fir, causing iuch damage to the wood (fig. 174B and C) and sometimes limit-rag salvage (Kimmey and Furniss 1943). Lumber cut from sal-'aged trees sometimes contains living brood of A. productus which mature and emerge, causing damage to new houses, hence he common name.

Arhopalus ruticus (L.) occurs in Europe and North America. 'he subspecies A. r. montanus (LeConte) bores principally in the oots of dead pines. It occurs in Colorado, Utah, Arizona, and New Mexico.

Asemum (Linsley 1962a) contains four species in North America. Three occur in the West. The adults are uniformly black or rown. The larvae bore in conifers. One species causes economic amage.
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EPQ-8826, COURTESY AGRICULTURE CANADA
FIGURE 173.—Wood borers in genus Arhopalus: A, Views of typical larva, 30 mm long; B, closeup of anal spines of the larva.

F-523436, F-523437, F-523438

FIGURE 174.—Newhouse borer (Arhopalus productus) : A, Adult, 23 mm long;
B, larval tunnel with packed frass; C, cross section of tunnels in board.

The black spruce borer, Asemum striatum (L.) ( = atrum Esch​scholtz ), is a transcontinental species that occurs in British Co​lumbia and all Western States. Pseudotsuga menziesii, Abies, Larix, Picea, and Pinus are recorded hosts. A. striatum is the most abundant borer in Douglas-fir killed by fire and causes damage in the woods similar to that of Arhopalus productus (Kimmey and Furniss 1943). The adult is black or brownish and 10 to 17 mm long. The mature larvae first mine under the bark, then exten​sively in the sapwood. As deterioration progresses, they mine into the heartwood. Presumably standing dead trees are repeatedly attacked.

Asemum nitidum LeConte ( = mokelumne (Casey) ) and A. caseyi Linsley are similar species that occur in the Pacific States.

Atimia (Linsley 1962a) contains seven species six of which occur in the West and are borers in cedars, cypresses, and re​lated trees. None is a forest pest. The larvae bore beneath the bark and score the sapwood of branches and the thin-barked portions of the bole of seriously weakened and recently dead trees. The adults are 6 to 14 mm long, resemble Lepturinae and are clothed with matted hairs except for scattered bare spots. A 1-year life cycle is usual.

Atimia confusa (Say) is transcontinental. Two named sub​species, dorsalis LeConte and maritima Linsley, occur from Brit​ish Columbia to southern California. Libocedrus decurrens, Thuja plicata, Sequoia sempervirens, Cupressus, and Juniperus are re​x,rded hosts. Other species of Atimia are :
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species
Hosts
Distribution

A. gannoni Hovore and
Libocedrus decurrens
Calif. Giesbert

A. helenae Linsley
Cupressus goveniana
Calif.

A. hoppingi Linsley
Chamaecyparis nootkatensis
Oreg. and Wash.

A. huachucae Champlain Cupressus arizonica and
Ariz.

and Knull
Juniperus

A. vandykei Linsley
Juniperus
N. Mex.

Megasemum (Linsley 1962a) contains one species in North America.

Megasemum asperum (LeConte) occurs from British Colum​bia to California, Montana, Colorado, and New Mexico. The larvae bore in the heartwood of Pseudotsuga menziesii and Abies. The adult is reddish brown, cylindrical, 15 to 23 mm long, and resem​bles Arhopalus. It is not recorded as damaging.

Paratimia (Linsley 1962a) contains one species.

The roundheaded cone borer, Paratimia conicola Fisher (Keen 1958), occurs in California and southern Oregon. The larvae bore through the woody axis and scales of knobcone pine cones, much as does Chysophana conicola but cause more damage to the seeds. The larvae also work in the dry limbs of this pine and in the cones of lodgepole along the California coast. The adults are slender, cylindrical, rusty-brown beetles, 8 to 13 mm long. Emergence is in March and April. The life cycle sometimes takes several years.

Tetropium (Linsley 1962a) contains five species in North America, and all of them occur in conifers in the West. Four are economically significant. The larvae bore principally between the bark and wood, sometimes killing trees. They often bore into the wood to pupate, thus causing timber degrade. The spines on the last abdominal segment are small. The adults are 8 to 20 mm long, brown to black, often bi-colored, and have divided eyes.

The roundheaded fir borer, Tetropium abietis Fall (Struble

1957b), occurs from Washington to California. Abies concolor, A. magnifica, and other true firs are attacked. Often in combination with Scolytus ventralis, it will kill weakened trees but it is not reported as becoming epidemic. The adult is uniformly brown. The life cycle is 1 year.

Tetropium cinnamopterum Kirby (Raske 1973a) is a trans​continental species that occurs in the Western Provinces and Territories and probably in Alaska and Colorado. Picea glauca is the preferred host in the West. Pinus and Abies are reported eastern hosts. Reports of Larix as a host are now considered erroneous. The thorax of the adult is dark brown or black and the elytra reddish brown.
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The northern spruce borer, Tetropium parvulum Casey (Raske 1973a, 1973b) (fig. 175A), has been considered to be a subspecies of T. cinnamopterum which it closely resembles. These species can best be identified in the larval stage (fig. 175C). The caudal spines of T. parvulum, are peglike and distinctly separated (fig. 175B). Those of T. cinnamopterum are fused into a conelike structure notched at the tip. T. parvulum occurs in Alaska, the Western Provinces and Territories, and probably some Northern States in the West. Picea glauca and P. engelmannii are hosts. It has a 1-year cycle in Alberta. Apparently this is the species causing most of the damage to spruce logs and degrade of lumber (fig. 175D) in British Columbia (Ross and Vanderwal 1969).

The western larch borer, Tetropium velutinum LeConte (Ross 1967), occurs from British Columbia to central California, Mon​tana, and Utah. Larix occidentalis, Pseudotsuga menziesii, and Tsuga heterophylla are principal hosts. Abies, Picea, and Pinus also are recorded hosts. Drought-weakened, insect-defoliated, and fire-scorched trees are attacked and sometimes killed. During the drought of the 1930's this species caused extensive deterioration of larch stands in northern Washington. In British Columbia it normally has one annual generation.
FIGURE 175.—The northern spruce borer (Tetropium parvulum) : A, Adult, 12 mm long; B, caudal spines of larva, greatly enlarged; C, larvae, 12 mm long; D, typical L-shaped larval mine and pupal cell in wood of white spruce.
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Lepturinae—The subfamily Lepturinae (Hopping 1937, Lins​ley and Chemsak 1972, Swaine and Hopping 1928) contains num​erous species, most of which bore in dead rotting wood, hence are of little economic importance. The adults of many species are colorful and feed on pollen. Typically they are widest through the shoulders, taper to the rear, and have a bell-shaped thorax, often toothed or swollen at the sides. The larvae commonly have num​erous padlike structures (ampullae) on the upper surface of the abdominal segments and their legs are more developed than those of other roundheaded wood borers.

Acmaeops (Linsley and Chemsak 1972) contains two species, one western.

Acmaeops proteus (Kirby) (Gardiner 1970) is transcontinental. In the West it occurs from Mexico to Alaska. The larvae feed in recently dead Pinus, Picea, Tsuga, and Abies. The adults are 7 to 11 mm long and have shiny elytra that are yellowish to black or striped. Pupation is in the soil. The life cycle is 2 or 3 years.

Anoplodera is a large, diverse, predominantly western genus according to Swaine and Hopping (1928). Linsley and Chemsak (1972) break it into many genera. The larvae feed in deadwood—some in conifers, some in hardwoods, and some in both.

Anoplodera canadensis (Olivier) (Swaine and Hopping 1928) occurs from Mexico to Alaska and from coast to coast. The larvae feed in dead, rather solid wood, principally Pinus, Picea, and Tsuga but also Populus and other hardwoods. Adults are 10 to 20 mm long. The elytra are black, red, or red and black.

Anoplodera chrysocoma (Kirby) (Swaine and Hopping 1928) is a transcontinental species that occurs in most Western States and Provinces. The larvae feed in Pinus, Picea, and Populus. Adults are 10 to 18 mm long, rather chunky, and clothed with bright golden hairs. They are abundant on yellow flowers.

Centrodera (Linsley and Chemsak 1972, Leech 1963) contains 11 species, mostly western. They are elongate, parallel-sided, brownish beetles with coarsely granular eyes and generally with prominent tubercles on the sides of the thorax. The larvae feed on dead wood of conifers and hardwoods.

Centrodera spurca (LeConte) (Leech 1963) ranges from Brit​ish Columbia to California and Utah. Quercus, Arbutus, and woody shrubs are hosts. The adults are 20 to 30 mm long, shiny and yellowish, except for a black spot at the side near the middle of each elytron. The larvae move freely in the soil, feed upon dead roots and stumps, and require 2 or more years to mature.

Desmocerus (Burke 1921, Linsley and Chemsak 1972) contains three species, two of which are western. The larvae of all bore in the pith, stems, and roots of living elderberry, Sambucus.
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Montana. There are four named subspecies. The adults are 12 to 30 mm long and variously marked in yellow and metallic green. Males are smaller and more slender than the females. The larvae bore in the stems of various species of elderberry without killing them. The life cycle is 2 years.

Leptura (Swaine and Hopping 1928) contains a dozen species, half of them western. Most develop in the wood of dead conifers.

Leptura obliterata Haldeman is the most abundant of the west- ern species. It occurs from California to British Columbia and Montana and bores in the wood of dead Abies, Picea, Pinus, Pseudotsuga, and Tsuga. It is one of several roundheaded borers that are abundant in fire-killed Douglas-fir. The larvae frequently extend their galleries an inch or so into soundwood but mostly they mine wood that already is far deteriorated (Kimmey and Furniss 1943). Successive generations may develop in a tree for several decades after its death. The adults are 12 to 20 mm long, dark brown to black with yellowish markings (fig. 176).

Necydalis (Linsley and Chemsak 1972) is one of two genera in the Lepturinae with abbreviated elytra. It contains seven species, six of them western. Most, perhaps all, bore only in dead wood of broad-leaved trees and shrubs.

Necydalis cavipennis LeConte is the most abundant species. It occurs from British Columbia to California and Arizona. Oaks are the principal hosts. Lithocarpus, Alnus, and Eucalyptus also are attacked. The larvae bore in stumps and dead standing trees. Adults are reddish brown to black and 13 to 24 mm long. The life cycle is presumed to be 2 years.
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F-523439

FIGURE 176.—Adult of Leptura obli​terate, a common borer in fire-killed timber, 16 mm long.

Necydalis laevicollis LeConte is a smaller more slender species that occurs from British Columbia to central California. It has been recorded from Picea, Alnus, Salix, Arbutus, Quercus, and Lithocarpus. The coniferous host record needs to be verified.

Pachyta (Linsley and Chemsak 1972) contains two species in North America. The adults are chunky, broad through the should​ers, and strongly tapered to the rear. The larvae bore in dead conifers.

P. lamed (L.) occurs from Labrador to Alaska and extensively in mountains of the West. Abies, Picea, Pinus, and Pseudotsuga are hosts. The adults are black with reddish-brown elytra. P. armata LeConte occurs from California into British Columbia and Idaho. Its elytra are yellow, tipped with black. Tsuga and Pinus are hosts.

Rhagium (Linsley and Chemsak 1972) contains one species in North America.

The ribbed pine borer, Rhagium inquisitor (L.) ( = Stenocorus lineatum Olivier), is a noneconomic, transcontinental species pres​ent extensively in the Western States and Provinces. Pines are most frequently attacked. Other hosts are species of Abies, Larix, Picea, Pseudotsuga, and Tsuga. The larvae (fig. 177A) are much flattened and have broad brownish heads. They bore between the bark and wood of recently dead trees and form typical oval pupal cells ringed with coarse fibers. The adults (fig. 177B) are 10 to 18 mm long, and have black bodies and mottled, grayish, strongly-ribbed elytra.

Ulochaetes (Linsley and Chemsak 1972) contains one species. The lion beetle, Ulochaetes leoninus LeConte (Linsley and

FIGURE 177.—Ribbed pine borer (Rhagium inquisi​tor) : A, Larva, 22 mm long; B, adult, 14 mm long.

COURTESY AGRICULTURE CANADA, F--523440
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Chemsak 1972), ranges from California into British Columbia and Idaho. The larvae bore in the roots and lower bole of dead pines, Douglas-fir, true fir, hemlock, and spruce. The adults are 20 to 30 mm long, black-bodied, very hairy, and have short, yellow-tipped wings that leave the underwings exposed (fig. 178). In flight, the adults strongly resemble bumblebees.

	
	F-523441

FIGURE 178.—Female adult of Ulochaetes leo​ninus, 28 mm long; note abbreviated wing covers.


Cerambycinae—The Cerambycinae (Linsley 1962b, 1963, 1964) are a large subfamily containing a considerable number of species that damage forest trees and forest products. Many are somber colored and fly at night ; many others are bright colored and fly in daytime. The larvae are quite hairy. They have short mandibles with a rounded, gougelike cutting edge, and usually have legs.

Aneflomorpha (Linsley 1963) contains about 20 species, mostly natives of the Southwestern States. The adults are slender and elongate and have a spine on at least the third antennal segment. The larvae are twig-borers and twig-girdlers. A. lineare (Le-Conte) occurs in Arizona, California, and Oregon. The larvae girdle small branches of Quercus agrifolia and other oaks, and also of Purshia tridentata (Tyson 1970). The adults are slender, cylindrical, brownish-yellow beetles, 11 to 19 mm long and lightly clothed with whitish hairs.

Brothylus (Linsley 1962b) consists of two noneconomic species that bore in dry dead limbs and trunks of oaks. The adults are cylindrical, 12 to 22 mm long, and have granulate, pitted elytra. B. gemmulatus LeConte ranges from Washington to Colorado and southward. B. conspersus LeConte occurs in Oregon and Cali​fornia.

Callidium (Linsley 1964) contains 17 species in North America, 12 in the West. They attack the trunk and branches of dead or
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seriously weakened conifers. Their galleries are meandering, intertwined, and packed with dry granular frass except for the open pupal cell. The larvae first mine extensively in the inner bark and outer wood, often loosening the bark. Later they may riddle the entire sapwood, especially in branches and small stems. The adults of most species are broad and flattened, bluish, and have leathery rather than hardshelled wings.

The blackhorned pine borer, Callidium antennatum hesperum Casey (Miller 1943), is a common species in western forests, at​tacking boles and limbs of dead or dying Pinus ponderosa, P. jeffreyi, P. flexilis, P. aristata, Pseudotsuga menziesii, and Tsuga mertensiana. It ranges from California into British Columbia and the Rocky Mountains. It attracts attention occasionally by boring in air-dried lumber with bark on the edges, and also injures seasoned rustic work by mining out the cambium area, causing the bark to loosen. The adult is 9 to 13 mm long and has a black body and antennae and blue or violet elytra. The life cycle is 1 year.

Some other species of Callidium likely to be encountered in western forests are :

Species
Hosts
Distribution

C. cicatricosum Mannerheim
Pseudotsuga menziesii
Alaska to Oreg.

and Abies
and Northern

Rocky Mountains C. hoppingi Linsley
Juniperus
British Columbia

to Utah and Ariz.

C. juniperi Fisher
Juniperus
N. Mex. and Utah

C. pseudotsugae Fisher
Pseudotsuga menziesii
Oreg. and Calif. and Abies

C. sempervirens Linsley
Sequoia sempervirens
Calif.

C. sequoiarum Fisher
Sequoia gigantea
Calif.

C. texanum Schaeffer
Juniperus
N. Mex., Ariz., Utah, and Nev.

Crossidius (Linsley 1962b) contains 14 species and many named subspecies ; almost all are exclusively western. The larvae bore in the roots of shrubs such as Chrysothamnus, a genus of significance on dryland ranges and one which has attracted the attention of foresters and others as a potential source of natural rubber. Adult Crossidius are contrastingly marked beetles, generally about 10 to 20 mm long. They feed upon pollen of their host plants. Most species have a 2-year life cycle.

Crossidius hirtipes LeConte (Linsley 1962b), consisting of 16 named subspecies, occurs from Arizona and California to Wash​ington and Colorado. Species of Chrysothamnus are the principal hosts. The larvae mine the underground stem, weakening and sometimes killing attacked plants.

Dicentrus bluthneri LeConte (Linsley 1962b) ranges from Cal​ifornia into British Columbia. The larvae bore in small, dead
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branches of Pseudotsuga menziesii, Abies concolor, Tsuga mer​tensiana, and other conifers. The adults are 3 to 7 mm long, black with two pale spots on each elytron, and have two teeth on each side of the thorax.

Eucrossus contains one species. E. villicornis LeConte (Wick​man and Seminoff 1968) occurs from California to New Mexico. The larvae bore between the bark and wood of the bole and branches of recently dead pines. Late stage larvae penetrate the wood 12 to 76 mm to pupate. The adults are brownish, parallel-sided beetles, 16 to 26 mm long. The thorax usually bears a tooth on each side and the antennae are hairy and spiny. A 1-year life cycle is usual.

Haplidus (Linsley 1962b) contains two species, one of which is western. H. testaceus LeConte ranges from Washington to Cal​ifornia and New Mexico. Pinus ponderosa, P. contorta, P. mono​phylla, and P. jeffreyi are recorded hosts. The larvae bore in the cambium region and then in the wood of dry, dead limbs and some​times the main trunk. In northeastern Washington they have been recorded as damaging rustic building timbers. The adults are slender brown beetles, 8 to 16 mm long.

Holopleura (Linsley 1962b) contains one species. H. marginata LeConte ranges from British Columbia into California. The lar​vae bore in small dead branches of Pseudotsuga menziesii and Umbellularia californica. The adult is flattened, 5 to 11 mm long, and has red elytra with black markings.

Hylotrupes contains one species, the oldhouse borer, H. bajulus (L.) (Hickin 1963, McIntyre and St. George 1961). From Europe, it has become extensively established in the Eastern United States and is likely to spread to the West. It bores in the sapwood of Pinus, Picea, Abies, and Larix in buildings, sometimes causing serious damage. The adults are 10 to 20 mm long and brownish black with gray hairs (fig. 179). They have black, owl-like eye​spots on the thorax. Midway on each elytron there are two gray patches that tend to form a crossband. Larval development usu​ally is from 3 to 6 years. Extremes of 1 to 32 years have been reported.

Megacyllene (Linsley 1964) contains nine species north of Mex​ico, two of which are significant pests of shade and woodland trees in the West. Most species are moderately large, full-bodied beetles contrastingly banded. Early-stage larvae bore beneath the bark, deeply scoring the wood. Late-stage larvae mine the wood extensively. Much frass is exuded through holes in the bark.

The mesquite borer, Megacyllene antennata (White) (Craig​head and Hofer 1921) ranges from Texas into southern California and is the most destructive borer in mesquite. The adult is 12 to
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25 mm long and reddish brown with gray bands. Felling and dry​ing of mesquite in winter is recommended to prevent attacks.

The locust borer, Megacyllene robiniae (Forster) (Wollerman 1970), is an eastern insect that has been introduced extensively in Western States on its native host, Robinia pseudoacacia. The larvae mine principally in the wood (fig. 180A), often causing breakage of shade and woodland trees. The adults are 12 to 28 mm long and black with several bright yellow bands (fig. 180B). They fly in fall, feed on pollen of goldenrod, and lay their eggs in bark crevices and around wounds. In spring the larval mining is marked by sap flow. Later, frass is pushed out through holes in the bark. The life cycle is 1 year. Attacks on ornamentals can be minimized by spraying in late summer and early fall or at bud-opening time in spring to control small larvae. In forest plant​ings, the most practical approach is to maintain the trees in good vigor.

Meriellum (Linsley 1964) contains one species. M. proteus (Kirby) is a transcontinental species in northern forests. In the West it ranges from Alaska to British Columbia and Colorado. Hosts are Picea, Abies, and Pinus ponderosa. The adult is black or bluish and generally similar to Callidium. It attacks dead trees. The larvae bore beneath the bark and enter the wood to pupate. The life cycle is 1 year. M. proteus damages rustic woodwork and occasionally emerges through finished wood in buildings.

Neoclytus (Hopping 1932, Linsley 1964) contains 26 species and several named subspecies in North America. Mostly they are wood borers in eastern broad-leaved trees. A few damage un​treated, roundwood products. The adults have white or yellow bands on the elytra and resemble Xylotrechus but are distinguish​able by having transverse ridges on the pronotum.
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F-494430

FIGURE 179.—Female adult of the oldhouse borer (Hylotrupes bajulus), 20 mm long.

F-8363, F-523442 IGURE 180.—Locust borer (Megacyllene robiniae) : A,

damage by larvae to wood of black locust; B, adult, 20 mm long.

The redheaded ash borer, Neoclytus acuminates (F.) (Baker 1972), is principally an eastern species that attacks a wide variety of dead and dying hardwoods. It also occurs naturally in Colorado and New Mexico and has been introduced into southern Idaho where it is a pest of woodlot and windbreak plantings of black locust. The adult is reddish brown with four narrow yellow bands on the elytra.

The western ash borer, Neoclytus conjunctus (LeConte) (Lins​ ley 1964), ranges from British Columbia to southern California. Principal hosts are Fraxinus, Quercus, and Arbutus menziesii. The adult is 7 to 18 mm long, black, and has bold white or yellow "0"-like markings at the base of the elytra. The larvae riddle the sapwood of freshly cut, bark-covered, unseasoned wood. Fre​ quently the adults emerge in houses from stored fuelwood, some​ times in 2 or more successive years, indicating prolonged develop​ ment in dry wood.

The banded ash borer, Neoclytus caprea (Say) (Baker 1972), is an eastern species that ranges westward into Utah, Nevada, and Arizona. Fraxinus, Quercus, and Prosopis are common hosts. It closely resembles N. conjunctus in appearance and habits.

Neoclytus muricatulus Kirby (Linsley 1964) is one of two spe​ cies in this genus that attack conifers. It is transcontinental in
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northern forests and occurs extensively in the Western Provinces and States, including Alaska. Picea, Larix, Abies, Pinus, and Pseudotsuga menziesii are recorded hosts. The adult is 7 to 11 mm long, dark brown, and has four broken white lines on the elytra. The larvae bore in dead dry branches and larger material.

Oeme (Linsley 1962b) contains two species in the United States. The adults are slender, brown to black beetles. The larvae bore beneath the bark and into the wood of dead or dying branches. 0. costata LeConte occurs from Oregon and Idaho to California and Texas. Hosts are Pinus ponderosa, P. edulis, and P. contorta. 0. rigida (Say) is principally eastern, but extends into Colorado, Utah, and Arizona, attacking Juniperus and Cupressus.

Opsimus (Linsley 1962b) contains one species. The spruce limb borer, Opsimus quadrilineatus Mannerheim, occurs along the Pacific coast from central California into Alaska. Principal hosts are Picea sitchensis, Pseudotsuga menziesii, Pinus contorta, Tsuga heterophylla, and Abies. The larvae bore in the wood of suppressed branches and also have been reported as damaging the sea​soned wood of rustic homes in Oregon. The adults are grayish brown, about 10 mm long, and have a spine on each side of the thorax and four ridges on each wing cover.

Phymatodes (Linsley 1964) contains 24 species and several subspecies in North America. Most of them are western. They attack dead or dying branches and thin-barked portions of the bole. The adults are small, slender, and spotted or banded beetles. P. dimidiatus (Kirby) (fig. 181) has been recorded as damaging rustic wood in buildings; P. lecontei Linsley as frequently emerg​ing from fuelwood in houses, and P. nitidus LeConte as occurring in cones of redwood. Some species likely to be encountered by western foresters are :

Species
Hosts
Distribution

P. aeneus LeConte
Pseudotsuga, Tsuga,
British Columbia to Calif
Quercus, and Castanopsis

P. blandus (LeConte)
Salix and Populus
Wash. to Calif. and Nev.

P. decussatus (LeConte)
Quercus
British Columbia to Calif

P. dimidiatus (Kirby)
Pseudotsuga, Picea,
Alaska to Calif. and

Tsuga, and Larix
Rocky Mountain States

P. hirtellus (LeConte)
Pinus
British Columbia to Calif. Mont., and N. Mex.

P. lecontei Linsley
Quercus
British Columbia to Calif

P. maculicollis LeConte
Abies, Picea, and
British Columbia to Calif

Pseudotsuga
and Eastern States

P. nitidus LeConte
Cupressus, Libocedrus,
British Columbia to Calif Sequoia, and Thuja

P. vulneratus (LeConte)
Acer and Fraxinus
British Columbia to Calif
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FIGURE 181.—Adult of Phymatodes
dimidiatus, 9 mm long.

The banded alder borer, Rosalia funebris Motschulsky, is the only species of this genus in North America. It occurs from Alaska to southern California and in the Rocky Mountains from Idaho to New Mexico. The larvae bore in the trunks of dead Acer, Alnus, Fraxinus, Platanus, Quercus, Salix, and Umbellularia californica, but are not recorded as economically damaging. The adults (fig. 182) are elongate, flattened, parallel-sided beetles about 25 to 35 mm long. The body and long antennae are conspicuously black-and​white banded. The adults usually are encountered singly in sum​mer, but occasionally they are attracted in numbers to fresh paint (Chemsak and Linsley 1971).

Semanotus (Linsley 1964) contains four species in North Amer​ica. They attack the bole and large limbs of dead, dying, injured, and down conifers. The larvae mine principally in the inner bark and score the outer sapwood (fig. 183). At maturity they bore into the wood to pupate.

The amethyst cedar borer, Semanotus amethystinus (LeConte), attacks the bole and large branches of Libocedrus decurrens, Thuja plicata,. and Chamaecyparis lawsoniana. It ranges from British Columbia into California. The adult is 20 to 28 mm long and black except for the brilliant blue elytra.

Semanotus juniperi (Fisher) is similar to S. amethystinus except that the elytra are black. It attacks Juniperus in California, Nevada, Idaho, and Arizona.

The cedartree borer, Semanotus ligneus (F.), is a complex of five named subspecies which together range from coast to coast
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FIGURE 182.—Adult of the banded alder borer (Rosa​lia funebris), 30 mm long.

and from Alaska to southern California, attacking species of Chantaecyparis, Cupressus, Juniperus, Libocedrus, Thuja, and Sequoia. The adults are 9 to 16 mm long, moderately hairy, and black with red-, yellow-, or orange-marked elytra. The larvae sometimes damage rustic woodwork.

FIGURE 183.—Larval mine of Semanotus amethystinus engraving the sapwood of Port-Orford-cedar.

The firtree borer, Semanotus litigiosus (Casey) (Wickman 1968), is a transcontinental species that ranges from Alaska to California and New Mexico in the West. Species of Abies are most commonly attacked. Other hosts are Pseudotsuga, Picea, Tsuga, and Larix. The adult (fig. 184A) resembles S. ligneus but is more hairy, more generally black, and somewhat smaller. The larvae (fig. 184B) sometimes degrade lumber cut from windthrown and fire-scorched trees and also cause damage by emerging through finished surfaces in new buildings. The life cycle normally is 1 year. Logging and milling salvaged timber by mid-June will mini​mize damage by this beetle.

FIGURE 185.—Twig-killing on juniper caused by larvae of Styloxus bicolor.

Styloxus (Linsley 1962b) contains two species in North Amer​ica. The larvae girdle and bore in small branches of living trees. Though common, they cause little damage. The adults are slender, delicate beetles with narrow, tapered elytra that do not cover the entire abdomen.

The juniper twig pruner, Styloxus bicolor (Champlain and Knull), ranges from California to New Mexico. Hosts are Juni​perus and Cupressus. The adults are 7 to 11 mm long, brownish to black, and have orange-red heads. Larvae, by boring, cause con​spicuous twig-killing (fig. 185














)Figure 185. Twig-killing on juniper caused by larvae of Styloxus bicolor.  


























Styloxus fulleri (Horn) (Brown and Eads 1965a) consists of two subspecies, one of which occurs in California and Oregon. The larvae girdle 6 to 12 mm branches on Quercus agrifolia. The adults are somewhat larger than S. bicolor and the head is entirely or mostly brownish. The life cycle is presumed to be 2 years.
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Xylotrechus (Linsley 1964) contains 22 species and several sub​species in North America, a majority of them in the West. The larvae of most bore principally in the wood of the main stem of dead, injured, and down trees. They riddle the wood and pack their galleries with granular frass (fig. 186A). The adults are stout and cylindrical, with antennae only slightly longer than the head and thorax, and with wavy, zigzag, or crescent-shaped markings across the wing covers (fig. 186B).

F-523448, F-523449

FIGURE 186.—Xylotrechus nauticus: A, Larval galleries in oak ;
B, adult, 15 mm long.

The poplar butt borer, X. obliterates LeConte, is a serious pest of aspen and poplar in the Rocky Mountain Region. The larvae work under the bark and into the wood, especially at the base of trees, and attacks are repeated until the heartwood is completely honeycombed and the trees break off during wind or snowstorms. Extensive areas of aspen above 2,130 m (7,000 ft) in Colorado and Utah have been killed by this species. The adults are about 15 mm long, and are dark with three yellow bands across the wing covers. The oak cordwood borer, X. nauticus (Mannerheim) (fig. 186B), is a dark brown beetle with grayish markings. The larvae com​monly bore in dead oak and madrone, especially in firewood, from British Columbia to California. X. undulatus (Say) is a transcon​tinental species that bores in Picea and Pinus and occurs only in Alaska and northern Canada in the West. X. longitarsus Casey is a similar but larger species that bores in Pseudotsuga menziesii
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from British Columbia to California and Colorado. Other western species likely to be encountered are :

Species
Hosts
Distribution

X. albonotatus Casey
A bies
Calif.

(=abietis Van Dyke)

X. annosus (Say)
Salix and Populus
British Columbia to Calif., Colo., and Eastern States

X. insignis LeConte
Salix
Oreg., and Calif.

X. sagittatus (Germar)
Pinus
Ariz., N. Mex., and Eastern States

Lamiinae—The Lamiinae are the largest and most varied sub​family of the Cerambycidae. In the West it contains several destructive species, particularly ones that bore in logs and in weak​ened and recently dead trees. No comprehensive modern classifica​tion of this subfamily in North America exists. Craighead (1923) described the larvae of numerous species and gave information on their biology. The adults usually are somber colored and nocturnal. The larvae are legless and differ from all other cerambycids by having an elongate head with sides that are parallel or converge to the rear.

The genus Acanthocinus, consisting of several subgenera (Dillon 1956), contains about eight species in North America, six of them in the West. The larvae feed in the inner bark of injured and recently-killed conifers, predominantly pines. They commonly attack trees killed by bark beetles and have been recorded as rob​bing the beetle larvae of food. Effectiveness in natural control is limited because these bark borers do most of their feeding after the bark beetles leave a tree. Adult Acanthocinus are mottled in colors and patterns that resemble bark. They have very long antennae with tufts of hairs at the lower joints, especially in the males. Females have a long, hornlike ovipositor extending from the end of the abdomen.

The ponderosa pine bark borer, Acanthocinus princeps (Walker), is the large white larva (fig. 187A) frequently found in ponderosa pines killed by the western pine beetle. It also occurs in other pines and ranges from British Columbia into California. The larvae pupate in nestlike cells between the bark and the wood. The adults (fig. 187B) are 14 to 24 mm long. The life cycle is 1 year.

Acanthocinus spectabilis (LeConte) closely resembles A. prin​ceps and has been confused with it. A. spectabilis ranges from Montana and South Dakota to Arizona and New Mexico on Pinus ponderosa and other pines.

Acanthocinus obliques (LeConte) is smaller, more slender, and less boldly marked than A. princeps. The larvae feed under the bark of the bole and larger branches of pines and spruces. In pon‑
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FIGURE 187.—Ponderosa pine bark borer (Acanthocinus princeps) : A, Larva,
32 mm long, in its tunnel ; B, female adult, 23 mm long.

derosa pine it attacks principally in the top in contrast with A. princeps in the lower and mid bole. In lodgepole pine A. obliquus mingles with Dendroctonus ponderosae and may exert some con​trol on it. The range is from British Columbia to South Dakota, California, and New Mexico.

Acanthocinus pusillus (Kirby) is a somewhat smaller image of A. obliquus. It ranges from Alaska to the east coast, attacking injured and recently-dead pine, spruce, and fir.

Lophopogonius (Linsley 1935) contains one species. L. crinitus (LeConte) occurs from California to British Columbia. The larvae bore in dead branches of Quercus agrifolia and Q. garryana. The adults are 6 to 10 mm long, ashy gray, and have long hairs on the antennae, legs, and body. The elytra are spined at the rear end.

Moneilema (Raske 1966) contains 20 species, all of which bore in living pricklypear cactus in the Southwest. The adults are large, shiny black beetles without hindwings. M. annulata Say sometimes kills large areas of pricklypear, Opuntia, a pest on rangeland in Colorado (Turner and Costello 1942).

Monochamus (Dillon and Dillon 1941) contains about 10 species in North America. Biological research is needed to determine their exact number and status. The larvae, known as sawyers,
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are responsible for extensive damage to the wood of dying, re​cently dead, and felled conifers, especially Pinus, Picea, Abies, and Pseudotsuga. The larval mines also provide entrance for wood-rotting fungi. Adults feed upon needles and upon the bark of young twigs but cause negligible damage.

The eggs are laid in slitlike niches in the bark. The larvae are legless, and in the later instars their heads slant strongly down​ward. They feed for several weeks between the bark and wood, loosening the bark and filling the space between with long fibrous borings. Later the larvae enter the wood, forming oval holes that progressively become nearly round. The tunnels extend through the sapwood and often deep into the heartwood. The excelsiorlike borings are dropped from the galleries and often accumulate in conspicuous piles along infested logs. As the larvae near maturity they pack the gallery solid with frass, except for an open cell at the end where pupation occurs. The adults are large, brown or black beetles with a toothlike projection on each side of the thorax and with antennae longer than the body, especially those of the male. When mature, the adults emerge by gnawing a round hole through the thin layer of wood and bark separating the pupal cell from the surface. The life cycle normally is 1 year in southern areas and may be either 1 or 2 years in northern ones such as Alberta.

Prevention is the best approach to control of Monochamus in logging areas. Logs should not be exposed to attack during the July—September egg-laying period. If exposed, they should be promptly utilized.

The whitespotted sawyer, Monochamus scutellatus (Say) (Raske 1973c, Wilson 1975), is a transcontinental species that occurs extensively in Western Canada and the Western States, including Alaska. The larvae bore in and seriously degrade fire-scorched, injured, dying, and recently-felled spruce, pines, Doug​las-fir, and true firs (fig. 188A). The adults are 18 to 27 mm long, shiny black with a white spot between the elytra at the base (fig. 188B). Females usually and males occasionally have scattered patches of white hairs on the elytra. The subspecies M. s. ore​gonensis LeConte, known as the Oregon fir sawyer, is a generally larger form, sometimes considered to be a separate species, that occurs from California to Alaska, Alberta, and Montana.

The spotted pine sawyer, Monochamus maculosus Haldeman (= clamator LeConte), occurs extensively in the Western States and Provinces. It attacks dying and recently dead and down pines and Douglas-fir. The adult is 15 to 27 mm long and shiny black with scattered tufts of white hairs in irregular bands across the elytra.
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FIGURE 188.—Whitespotted sawyer (Monochamus scutellatus) : A,
Excelsiorlike borings by larvae in wood; B, female adult, 25 mm long.
Monochamus notatus morgani Hopping (Morgan 1948), a sub​species of the northeastern sawyer, bores in Pinus monticola in British Columbia, Washington, Idaho, and Montana. The adults are 16 to 35 mm long and dark brown with rows of alternating patches of gray and velvety-black hairs on the elytra. The life cycle is 2 years in British Columbia.

The obtuse sawyer, Monochamus obtusus Casey, is a reddish brown, somewhat smaller copy of M. maculosus. It ranges from California to British Columbia and Idaho, attacking pines, Douglas-fir, and true firs.

Oberea (Hicks 1962) contains about 20 species, mostly eastern, in North America. The larvae mine in the branches, stems, and roots—most commonly the branches—of living broad-leaved trees and other woody plants. The adults are very slender, cylindrical beetles, often with black spots on the thorax.

The poplar branch borer, Oberea schaumii LeConte ( = quadri​callosa LeConte, = ferraginea Casey) (Nord 1968) , occurs from coast to coast. In the West it is recorded from British Columbia to California, Montana, and Colorado. The larvae mine in and some​times kill branches of Populus and Salix (fig. 189), but are not of pest significance. The adults are 11 to 15 mm long. Their thorax is orange, usually with four black spots and the elytra are black. They feed on the leaves and tender bark of the hosts. In the East the life cycle is 3 years.

Oncideres (Linsley 1940) contains numerous species, mostly in South America. Three occur in Southwestern States. They girdle the branches of broad-leaved trees and shrubs and sometimes are pests in orchards and ornamental plantings. The adults are cylin​drical and their elytra are granulate on the base. They girdle
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FIGURE 189.—Larva of Oberea schaumii in its burrow in a poplar branch.

branches (fig. 190) causing them to break and fall. The larvae bore in the severed branches. The life cycle is 1 year.

The huisache girdler, Oncideres pustulata LeConte (High 1915), ranges from Arizona to Texas. Acacia, Prosopis, and related trees are hosts. The adults are 18 to 24 mm long and brownish gray. They girdle limbs up to about 40 mm in diameter.

The oak twig girdler, Oncideres quercus Skinner, is a small, slender, gray, brown-spotted Arizona species that girdles oak branches up to about 10 mm in diameter.

The mesquite girdler, Oncideres rhodosticta Bates, occurs from southern California to Texas. It girdles small branches of Prosopis. The adult is 12 to 16 mm long, brown and gray with tawny spots, and has three callouslike areas in a row across the thorax.

Plectrodera contains one species. The cottonwood borer, P. scalator (F.) (Baker 1972), is principally a southeastern species but extends westward into Montana and New Mexico. The larvae bore in the base of living poplar and willow trees, often subjecting them to breakage by wind. The adults are 25 to 35 mm long, checkered black and white, and resemble Monochamus in outline. The life cycle is 2 years.

Plectrura contains one species. P. spinicauda Mannerheim occurs in coastal forests from California to Alaska. The larvae mine under the bark and in the sapwood of dead Acer, Alnus, and Salix. The adults are flightless, warty, gray-brown beetles, 8 to 14 mm long and with spinelike projections at the end of the wing covers. They emerge in the fall, overwinter, and resume activity in spring.

Poliaenus (Linsley 1935) is a western genus with several spe​cies, most of which bore in dead and dying branches of conifers. At least two bore in hardwoods. The adults resemble Lophopogon‑
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FIGURE 190.—Acacia branches girdled by Oncider es pus​tulata.

ius but the elytra are rounded rather than spined in back. P. oregonus (LeConte) is the most common and widely distributed species, being recorded from California to British Columbia, Colo​rado, and Utah. The larvae bore in dead branches and the tops of Abies and Pseudotsuga. The adults are 6 to 9 mm long and have gray elytra with a wide black band behind the middle. The life cycle is 1 year.

Pseudastylopsis [Leptostylus] (Dillon 1956) contains two spe​cies that bore in the inner bark of western conifers. P. nebulosus (Horn) is the more abundant. It occurs from California and Nevada to Washington under bark in the tops of recently dead Abies, often in trees killed by Scolytus ventralis. The adult is 10 to 13 mm long and covered with ashy gray hairs. The life cycle is 1 year.

Saperda (Baker 1972) contains about a dozen species, predomi​nantly eastern. All attack broad-leaved trees. Most of them bore in the stems and branches of living trees, some causing galls. Others bore in dying and recently dead trees. The adults feed upon leaves and tender bark of the hosts. Some species are signifi​cant pests.

The poplar borer, Saperda calcarata Say (Baker 1972, Hofer 1920), attacks Populus throughout its natural range in North America and also attacks Salix. In the West it is most damaging in aspen stands of the Rocky Mountains. S. calcarata causes dam​age similar to that of Xylotrechus obliterates and Acossus populi.
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The bole and large branches of living trees are repeatedly attacked. The extensive mines increase wind breakage, provide access for wood rots, and cause log degrade. In Saskatchewan, the larvae bore in the root crown of small aspen on poor sites.

The adults are elongate, robust, grayish beetles, about 20 to 30 mm long, and have yellow stripes on the thorax and yellow spots on the elytra. They emerge late in July and in August. The female chews a slit in the bark, in which she deposits one or two eggs. The young larvae mine into the bark and remain there during winter. The following spring they enter the sapwood and heart​wood, where they feed for 2 years. During this time they maintain an opening through the bark where the eggs were laid, and through this, boring dust is expelled. When mature the larvae con​struct pupal cells near the lower end of the larval mines, and in these they remain inactive until the following spring. In July of the third year the adults emerge through the holes used by the larvae for expelling frass.

The poplar gall borer, Saperda inornata Say (= concolor LeConte) (Nord 1968), is an eastern species that extends into Colorado, New Mexico, and Arizona. It mines in branches of Populus causing galls. The adult is covered with dense gray hairs.

Saperda populnea L. is a European species that now occurs in the West from British Columbia to California, Arizona, and New Mexico, causing twig galls (fig. 191) on Populus. The adult is

	
	COURTESY E. GORTON LINSLEY

FIGURE 191.—Saperda popul​nea twig galls in which larvae feed.
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darker than S. calcarata and about half the length. The life cycle is 1 or 2 years.

Synaphaeta contains one species. S. guexi LeConte ranges from California to British Columbia. The larvae bore in the wood of dead and dying oak, poplar, maple, willow, and other hardwoods. Their burrows are large and loosely filled with fibrous frass. The adults are 12 to 20 mm long, broad, "square-shouldered," and have two zigzag black stripes across the mottled white and orange-brown elytra.

FAMILY CHRYSOMELIDAE—LEAF BEETLES

The Chrysomelidae (Arnett 1960) is a large family containing hundreds of species and numerous genera in North America. Many species seriously damage agricultural crops ; a few are eco​nomically important on forest trees. All feed on plants. The lar​vae and adults of most species feed upon leaves ; the larvae of some feed upon roots. The adults are small to medium-sized, com​pact, generally oval, often brightly colored, and variously marked beetles. Some of the smaller ones known as flea beetles are power​ful jumpers.

The numerous species of Altica (Blake 1936) are relatively large, shiny flea beetles, some of which skeletonize leaves of west​ern alders, willows, and poplars.

The alder flea beetle, Altica ambiens LeConte, is a transcon​tinental species occurring in the West from California and New Mexico northward into Alaska. Alder is the principal host. The larvae skeletonize the leaves (fig. 192A) and the adults chew holes in them.

The adults (fig. 192B) are dark shiny blue, and about 5 to 6 mm long. The mature larvae are a trifle longer but narrower, brown to black above and yellowish below, with shining black head and thorax, and with short legs. The adults hibernate during the winter in debris beneath the trees and in other sheltered places, appearing early in the spring to resume feeding. Clusters of yel​low eggs are deposited sometime after the spring appearance of the adults. The larvae, which appear a few days later, reach maturity in August, and pupate on the ground in the duff. New adults appear in a week to 10 days and feed voraciously on the foliage until the close of the season, when they hibernate for the winter, to appear the following spring, thus completing the cycle of one generation a year.

Altica bimarginata Say (Barstow and Gittins 1971), a metallic blue species that resembles A. ambiens but is less shiny, feeds
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abundantly on willows from New Mexico and California to Mani​toba and Alaska. In Idaho it has one complete and a partial second generation annually. A. prasina LeConte, a metallic green species, also is abundant on willow and ranges from California to British Columbia, Idaho, and Utah. A. populi Brown feeds on poplars in Alberta.

Sixteen species of Chrysolina (Brown 1962, Wilcox 1972) are recorded in North America, most of them in the West. This genus is of interest to foresters because two species were imported to control Klamath weed, Hypericum perforatum, a noxious weed that depletes western ranges. This was the first effort in North America to control a weed by introducing plant-feeding insects.

The Klamathweed beetle, Chrysolina quadrigemina (Suffrian), recorded also as C. gemellata Rossi, was colonized in 1946 in Cali​fornia from Australia to control Klamath weed. The beetle quickly became established and exerted effective control (Huffaker and Kennett 1959). C. quadrigemina now occurs from California to southern British Columbia to Montana and Colorado. It has a 1-year life cycle well synchronized for weakening and killing its host plant. The adults are strongly convex, 6 to 7 mm long, and usually blue above but sometimes greenish or bronzy.

Chrysolina hyperici (Forster) was colonized in 1945 in Cali​fornia to control Klamath weed. It became established more slowly and has been much less effective than C. quadrigemina (Holloway 1958), except in British Columbia where it is somewhat more effective (Harris 1962) . The adults strongly resemble C. quad​rigemina, except that they are 5 to 6 mm long and always green or bronzy.

Several species of Chrysomela (Brown 1956) feed on leaves of willows, poplars, and alders in the West, rarely causing economic damage. The adults are moderately to strongly convex, elongate‑
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F-523452, F-523453

FIGURE 192.—Alder flea beetle (Altica ambiens): A, Larvae on skeletonized leaf; B, adult, 5 mm long.

oval, 5 to 10 mm long, and usually with black markings. Struc​turally the species are very similar. Color and markings vary widely, even within species. Information on locality and host plants is essential for specific determination. Wilcox (1972) keys 17 species, of which 14 occur in the West.

C. aeneicollis (Schaeffer) is a small, heavily marked species that ranges from California to Colorado, Alberta, and Alaska. It is one of several that feed only on Salix. The aspen leaf beetle, C. crotchi Brown, is a transcontinental species that feeds on Populus, espe​cially P. tremuloides. In the West it occurs from New Mexico to Alaska. Adults are light brown to dull orange and without mark​ings. The cottonwood leaf beetle, C. scripta F., another transcon​tinental species, occurs widely in the West. It is representative of the species that feed both on Salix and Populus. It does not feed on P. tremuloides. The adults (fig. 193) appear early in the spring and feed on the tender shoots. The eggs are yellowish or reddish and are deposited in clusters on the under surface of the leaves, and it is here that the black grubs feed as soon as hatched. In hot weather the period of growth to the mature larval stage is about 15 days. Five generations a year are reported in the West. Varieties of C. mainensis Bechyne feed on Alnus from Oregon to Alaska. Their host sets them apart.

	
	F-523454

FIGURE 193.—Cottonwood leaf beetle (Chryso‑
mela scripta) adult, 6 mm long.


Several species of Colaspis occur in the West but none is reported to be a forest pest such as C. pini Barber (Barber 1936), a defoli​ator of pines in the Gulf States westward to Texas.

There are approximately 20 species of Glyptoscelis (Blake 1967) in the United States, predominantly in the West and many of them in California. They are stout beetles, 5 to 14 mm long, and range in color from reddish brown to shining black, some with coppery, bronzy, or greenish reflections, and all conspicuously pubescent with white, yellowish, or brown hairs. The adults of several species feed on the foliage of conifers but cause no appreciable damage.
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The larvae feed underground on roots. The biology of G. pub escens (F.), an eastern species, has been studied (Klein and Coppel 1969). Not much is known of the biology of the western species (Doane et al. 1936).

Several species feed on broad-leaved trees and shrubs. The spe​cies of Glyptoscelis recorded or suspected of feeding as adults on conifers in the West are :

Species
Hosts
Distribution

G. albida LeConte
Libocedrus decurrens
Calif.

G. aridis Van Dyke
Pinus monophylla
Calif.

G. illustris Crotch
Pinus ponderosa and Juni-
Calif. and Oreg.
perus occidentalis

G. juniperi Blake
Juniperus occidentalis
Calif.

G. juniperi zanthocoma Libocedrus decurrens
Calif. Blake

G. septentrionalis Blake "Fir," Pinus ponderosa,
Calif., Oreg., Wash.,


and P. contorta
Idaho, Mont., and British Columbia

G. sequoiae Blaisdell
Sequoia sempervirens
Calif.

G. vandykei Krauss
Juniperus
Oreg.

There are four species of Gonioctena, also known as Phytodecta (Brown 1942), in North America, all occurring in the West. They feed on willows and aspen in the Northern United States and Canada.

The American aspen beetle, Gonioctena americana (Schaeffer), is a transcontinental species that periodically defoliates Populus tremuloides in the Western Provinces and Yukon Territory in Canada, particularly in Alberta and Saskatchewan. The adults are 5 to 6 mm long and variable in color, ranging from red to brown or blackish. G. notmani (Schaeffer) is a similar but somewhat smaller species that feeds on willows in Alberta, British Columbia, and Northwest Territories. G. arctica Mannerheim is an arctic and alpine brownish species that feeds on willows from Colorado and Manitoba westward and northward to Alaska.

Melasomida closely resembles Chrysomela. The California willow beetle, Melasomida calif ornica Rogers, is 4 to 5 mm long and has a black body and bluish-green elytra. It feeds on willows in Cali​fornia.

Phratora is a small, northern, transcontinental genus of no recorded economic importance. Brown (1951) and Wilcox (1972) key the species. Lindquist and Davis (1971) illustrate the life stages. The adults are unspotted, metallic, bluish to greenish beetles 3.5 to 5 mm long. There is one generation annually. The adults overwinter under bark and in litter. The larvae and adults feed gregariously on the under surface of the leaf skeletonizing
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it. The principal western forms, and their hosts and distribution are :

Species
Hosts
Distribution

P. frosti remisa Brown
Salix and
Manitoba to Alaska,

Populus
Wyo., and Colo.

P. hudsonia Brown
Betula
Manitoba to Alaska

P. interstitialis Mannerheim
Salix
Northwest Territories to Alaska, and British Columbia

P. kenaiensis Brown
Populus
Alaska

P. purpurea purpurea Brown
Populus and Manitoba to Yukon

Salix
Territory and British
Columbia

Until recently, Pyrrhalta (Wilcox 1965) has generally been recorded as Galerucella. In the West, one species is a serious pest of ornamental elms and two subspecies frequently are epidemic on willows, poplars, and alders.

Pyrrhalta decora (Say) is a transcontinental species that feeds principally on willows but also upon poplars and alders. The Pacific willow leaf beetle, P. decora carbo (LeConte), is the black form generally encountered in Oregon, Washington, and British Colum​bia. The adults are dull black and 4.3 to 5.7 mm long. The gray willow leaf beetle, P. decora decora (Say), is the grayish to yellowish-brown form that is typical in Alberta and Saskatchewan where it periodically becomes epidemic on willows. Spraying of farm shelterbelts sometimes is necessary. Intermediate color forms occur in Montana.

Pyrrhalta punctipennis (Mannerheim) is larger and less abun​dant than P. decora. It feeds on willow, poplar, and alder and occurs in Oregon, Washington, Montana, British Columbia, and Northwest Territories.

The elm leaf beetle, Pyrrhalta luteola (Muller) (USDA 1960), is an introduced species now established practically everywhere in North America that elms grow. It is a serious pest of ornamentals but is of little significance in the forest. The adults are 5.5 to 6.8 mm long and yellowish to olive green with black stripes along the outer side of the elytra (fig. 194A). The full-grown larva is dull yellow with a pair of black stripes down the back. The yellowish-orange eggs are laid in clumps or irregular rows. The larvae skeletonize the leaves by feeding on the under surface caus​ing them to dry and turn brown (fig. 194B). The adults overwinter in sheltered places, often invading houses in great numbers. There are two or more generations annually but the spring generation usually is most abundant because the young larvae require tender leaves (Wene 1968).
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FIGURE 194.—Elm leaf bee​tle (Pyrrhalta luteola) : A, Adult, 6 mm long; B, lar​vae feeding on underside of leaf.

The species of Syneta (Edwards 1953) are straw-colored, brown or nearly black, cerambycidlike, beetles ranging from about 4 to 7 mm long. None is economically important in the forest. The adults of S. carinata (Mannerheim), which feed on the foliage of true firs and mountain hemlock, occur throughout the West, including Alaska. The elytra are yellowish brown with black sutural mar​gins. The head and prothorax are shiny black. The adults of S. albida LeConte feed on various hardwoods including alders and willows from California to British Columbia. The larvae are root feeders. S. simplex LeConte adults feed on leaves of oaks from California to British Columbia.

There are 25 species of Trirhabda (Blake 1931, Wilcox 1965), mostly on herbs and shrubs of the Compositae in the West. Two species are of potential use in biological control of range plants. Three spots, two lateral and one median, on the prothorax of the adult are characteristic.

Trirhabda nitidicollis LeConte feeds on Chrysothamnus, Arte​misia, and Gutierrezia. It ranges from New Mexico to California, Idaho, and Montana. Massey and Pierce (1960) have suggested its possible use in biological control of Chrysothamnus nauseosus. The adults are 7 to 9 mm long. The elytra are black, blue, green, or purple with- yellowish stripes and the pronotum is yellow with three blue-green spots. The larvae are metallic blue green.

Trirhabda pilosa Blake feeds on Artemisia tridentata in Cali​fornia, Nevada, Wyoming, Alberta, and British Columbia. In British Columbia it sometimes kills sagebrush and has been con​sidered for use in biological control of its host (Arnott 1957, Banham 1961). The adults are 4.5 to 6.5 mm long with green
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elytra and black abdomen. There is one generation a year. The eggs overwinter.

FAMILY BRUCHIDAE—SEED BEETLES

The seed beetles, Bruchidae (Bridwell 1946) , develop in plant seeds, especially those of the Leguminosae. The bean weevil, A can​thoscelides obtectus (Say), and the pea weevil, Bruchus pisorum (L.), are examples known to most gardeners. In the Southwest, seeds of Acacia, Prosopis, Parkinsonia, Cercidium, and Robinia often are infested and destroyed by the small, white, curled, leg​less larvae of various genera of seed beetles. The adults are small, compact, oval, densely hairy beetles with the head deflexed in a short broad snout.

SUPERFAMILY CURCULIONOIDEA

FAMILY CURCULIONIDAE—SNOUT BEETLES OR WEEVILS

This large family of beetles contains numerous species that are forest pests. The most destructive ones attack young trees, hence will be increasingly important as forestry becomes more intensive. Many feed on foliage of trees and shrubs; some feed in wood and under the bark ; still others feed in tree seeds. The adults can be recognized by the snoutlike, downward-curved extension of the head and the elbowed antennae attached to the snout. The larvae are curved and legless. Keys to the adults of the approximately 400 genera in North America north of Mexico are given by Kissinger (1964). Identification of larvae is for specialists only.

Agronus (Buchanan 1929) contains three species. Adults of A. cinerarius Horn defoliated Abies concolor locally in northern California in 1961 (Hall 1962). This dark brown weevil covered with gray scales is 4 mm long and its abdomen is much broader than its thorax. Larval habits are not recorded.

About half of the 30 species of Cossonus are western. They often occur abundantly under the bark and in the decaying sap​wood of bark beetle-killed trees, causing no economic damage. The adults are black, shiny, elongate, hairless, somewhat flattened weevils 4 to 7 mm long. Among the western species, C. crenatus Horn and C. ponderosae Van Dyke occur in various pines and C. quadricollis Van Dyke in poplar. Van Dyke (1915) keys the species.

The poplar-and-willow borer, Cryptorhynchus [Sternochetus] lapathi (L.) (Furniss 1972b), is a European insect now exten​sively established in southern British Columbia and Alberta south
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to California, Nevada, Utah, and Colorado. It is a pest of orna​mental trees and of trees in windbreaks. Salix is its preferred host. Populus is less commonly attacked and Alnus and Betula rarely. The larvae first mine beneath the bark, then into the wood, making irregular generally cylindrical tunnels (fig. 195A) that often riddle the wood and cause the stem to break. Fibrous wood borings expelled by larvae through holes in the stem commonly indicate attack, as do broken stems. The adult is a chunky, rough-surfaced weevil with a long, curved, shiny snout (fig. 195B) . It is about 8 mm long and predominantly black except for the hind third of the elytra which is gray or sometimes pinkish. In British Columbia development from egg to adult requires 1 year (Harris 1968, Harris and Coppel 1967). The adults are long-lived, hence the entire life cycle may last up to 3 years.

COURTESY CANADIAN FORESTRY SERVICE, F-523455

FIGURE 195.—Poplar-and-willow borer (Cryptorhynchus lapathi) : A, Larval
tunnels in willow ; B, adult, 8 mm long.

The genus Curculio contains 27 species in North America ; about half of them occur in the West. Gibson (1969) keys the species and provides information on biology, hosts, and distribu​tion. Most species attack oak acorns. Some attack the nuts of Corylus, Carya, Castanea, and Lithocarpus.

The filbert weevil, Curculio occidentis (Casey), formerly C. uniformis (LeConte) , breeds natively in the acorns of various Quercus and in the nuts of Lithocarpus densiflorus and Corylus californica var. cornuta. In the Pacific Northwest it has become a pest of filberts. It occurs from British Columbia to Mexico and in Arizona, New Mexico, and Utah. According to Keen (1958), the larvae may destroy 20 to 60 percent of the acorn crop. Fer‑
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mented sap dripping from infested acorns sometimes is a problem under ornamental oaks in dry areas (Brown and Eads 1965a).

The adults are 5.5 to 7.5 mm long. They have robust brownish bodies covered with tan to yellowish scales, long slender legs, and a slender beak that is about half the length of the body. Eggs are laid in late summer in small holes bored into the acorn or nut. The short, fat, curved larvae feed on the nutmeat destroying the seed (fig. 196). They develop to maturity about the time the nuts fall. Late in November they burrow several centimeters into the soil where they hibernate 2 or 3 years before pupating (Dohanian 1944).

	
	EPQ-1966

FIGURE 196.—Damage by the filbert weevil (Curculio oc​cidentis) to California black oak acorns.


Several species of Cylindrocopturus attack the twigs and bole of young conifers, including pine, true fir, Douglas-fir, larch, and hemlock in the West (Buchanan 1940, Sleeper 1963). One or more species feed in fungus-caused galls on pine. The adults are about 3 mm long and densely covered with nearly circular scales; bronze ones predominate above and white ones below. The adults are so similar in appearance that host, habits, and locality are the only practical means of field identification. The larvae are cream-colored, legless, curled grubs, about 4 mm long when mature. Gen​erally these weevils are unimportant, but sometimes they cause severe damage in plantations and on Christmas tree areas where the trees are growing under stress.

The pine reproduction weevil, Cylindrocopturus eatoni Buch​anan, is the most destructive species of this genus on conifers (Eaton 1942, Stevens 1965). Its recorded range is central and northern California. Presumably it extends into Oregon. Under natural forest conditions, it attacks ponderosa and Jeffrey pines principally, sugar and digger pines occasionally. It also attacks

323

various planted hybrid pines. Its presence in natural stands is seldom noted. Damage has been greatest in plantations suffering competition by brush and at times it has decimated such planta- tions. It attacks mostly trees from 0.5 to 1.0 m (1.5 to 3 ft) high but sometimes trees up to 3.2 m (10 ft) high.

Successful weevil attack is first indicated by fading of infested trees, usually in the fall. The foliage turns straw-colored and pro- gressively darkens to deep reddish brown. Feeding punctures on the twigs and needles are evident on close examination (fig. 197A). The larval galleries meander between the wood and outer bark and do not originate from a central gallery or chamber. The adult emergence holes in the bark resemble birdshot punctures.

,

FIGURE 197.—Pine reproduction weevil (Cylindrocopturus eatoni) : A,
Feeding punctures on pine needles; B, adult, 2.6 mm long.

Emergence occurs from late May until mid-July. The adults (fig. 197B) are very active. They feed for 2 or 3 weeks by making punctures with their beaks in the needles, twigs, and stems. The eggs are laid individually in punctures in the cortex below the current year's growth. The young larvae chew through the inner bark to the phloem-cambium region where they feed until mature. When mature, the larvae bore into the wood, and in small trees enter the pith, where they rest in their burrows from September until the following spring. Pupation occurs late in April and in May. There is one generation per year.

Cylindrocopturus eatoni can be controlled by chemical spraying or by burning infested trees. Brush clearing to reduce competition for soil moisture is a helpful preventative measure. Jeffrey pine- Coulter pine hybrids are resistant to the weevil, but site prep​ aration still is the prevention measure in practical use.

The Douglas fir twig weevil, Cylindrocopturus furnissi Bu​ chanan, attacks and kills small branches on open-grown, Douglas- fir reproduction in British Columbia, Washington, Oregon, and
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California (Furniss 1942). It or a closely related species also attacks white fir and Pacific silver fir in Oregon. C. furnissi causes little damage in natural stands, but on Christmas tree areas and in plantations it sometimes is important. Damage is greatest in drought years and on dry sites. Heavy attacks deform trees and retard their growth. Some trees less than 1.5 m (5 ft) high are killed outright. By the time Douglas-firs attain a height of 4.5 to 6 m (15 to 20 ft) they are no longer subject to appreciable damage.

On Douglas-fir, adults emerge from the middle of June to the first week in August. After feeding on the tender twigs for about 1 month, they deposit eggs in small punctures on stems and branches. The small larvae bore down to the surface of the wood, where they extend their feeding galleries. On approaching matur​ity, the larvae frequently bore through the wood into the pith. Larvae of all sizes overwinter, and pupation takes place the fol​lowing spring, chiefly during May and June. Some adults over-winter by clinging to the branches and resume egg laying in the spring. There is one main generation and possibly a partial second each year. Chemical control may be needed at times in seed orch​ards and Christmas tree plantings, especially when trees are growing under stress.

Cylindrocopturus deleoni Buchanan attacks the roots and root crown of small lodgepole pine and also has been reared from a fungus-caused gall on ponderosa pine and from Cronartium comandrae on lodgepole pine (Powell 1971) . Distribution includes Idaho, Montana, Wyoming, and Alberta. It is not recorded as an economic pest. C. dehiscens (Fall) attacks Monterey and Bishop's pines in California. Unidentified Cylindrocopturus are recorded on various other pines, true firs, western larch, and mountain hem​lock.

The genus Dorytomus (O'Brien 1970) contains 22 species in North America, most of which occur in the West. They develop in catkins of Populus and Salix and have been reared from gall midge and sawfly galls on Salix. None is a forest pest. The adults range from about 2.5 to 8 mm long and have grayish, hairlike scales, usually in spotted patterns on the wing covers. They occa​sionally attract attention by migrating into homes. The larvae are less curved than those of weevils generally.

Thirty-some species of Dyslobus are native to Western North America. Many occur in coniferous forests where the adults fre​quently are collected from the foliage during surveys by beating. Several species are agricultural pests, principally on strawberries. The role of the larvae in the forest has not been determined. The adults are scale-covered, gray, or tan, smooth-surfaced beetles ranging from 7 to 14 mm long. Adults overwinter in the soils. Some
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species are parthenogenetic. D. granicollis (LeConte) is a common species ranging from British Columbia to central California. Van Dyke (1933) keys most of the species.

Three of the seven North American Hylobivs [Hypomolyx] occur in the West (Warner 1966). The larvae feed in the root crown of various conifers. The adults are look-alike, black weevils with scattered patches of gray scales. They resemble the black vine weevil but are larger.

Warren's collar weevil, Hylobius warreni Wood, attacks pines and spruces throughout Canada. It also occurs in southeastern Alaska and presumably other Western States bordering Canada. It is the most prevalent and most damaging of the western species (Cerezke 1970). In addition to causing growth loss by girdling, it provides an important avenue of infection for root-rotting and staining fungi (fig. 198A). In Alberta, Pinus contorta is the pri​mary host. It also attacks Pinus monticola, other species of Pinus, Abies, Picea, and Larix. Trees from 6 to 8 years old to maturity are attacked. Trees growing on moist sites with heavy duff are preferred. The larval stage lasts about 2 years. The adults are flightless and feed upon the bark of small roots and twigs and on the needles of the host. They resemble Otiorhynchus sulcatus but are dull black and clothed with fine gray scales between the patches of white (fig. 198B) , rather than being shiny black and bare of scales except the white patches. They live and lay eggs up to 4 years. H. pinicola (Couper) and H. congener Dalla-Torre, Schenkling and Marshall, have similar distributions and habits but are much less common and tend to be more northern in the West.

COURTESY CANADIAN FORESTRY SERVICE, F-523456

FIGURE 198.—Warren's collar weevil (Hylobius warreni) : A, Damage
to root crown of lodgepole pine; B, adult, 4.5 mm long.
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Lechriops californica (LeConte) , formerly Gelus, bores under the bark of the bole and large branches of Jeffrey, ponderosa, and many other pines from British Columbia to California, Arizona, and Mexico. The adults often are abundant on pine twigs and foliage. L. californica resembles Cylindrocopturus eatoni and fur​nissi but is slightly larger and more robust and has toothed femora. It is noneconomic. Sleeper (1963) keys the species.

The larvae of several species of Magdalis (Fall 1913) bore and develop in twigs and branches of western conifers and broad-leaved trees, often in combination with other borers. Boring by Magdalis is of little economic consequence because the attacked branches usually are dying or dead from other causes. The adults of some species feed on foliage, sometimes causing conspicuous defoliation.

The larvae are white, legless, curled, and practically indistin​guishable from those of Pissodes, though generally smaller. Mag​dalis larvae work into the wood more than do Pissodes, the larval borings are fine-grained and powdery instead of shredded, and the pupal cells are without the lining of shredded wood fiber (fig. 199A). The adults are 3 to 8 mm long, bright metallic blue or green to dull black, with prominent curved beaks, and without scales; viewed from above, they are wedge-shaped, widest behind (fig. 199B).

M. gentilis Le Conte is a black species occurring from California to British Columbia to Montana. The larvae are recorded as min‑

Erg-6566, F-523457, F-523458

FIGURE 199.—Examples of Magdalis: A, Larval gallery of M. lecontei; B,
adult of M. gentilis; C, needle feeding of M. gentilis adult.
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ing branches of ponderosa pine and Jeffrey pine. The adults have caused conspicuous dying of lodgepole pine needles in thinned young stands in Montana by feeding upon the needles (fig. 199C) (Fellin 1973). M. lecontei Horn and its varieties are metallic green and blue to black and infest branches of ponderosa, Jeffrey, sugar, lodgepole, and other pines in the Western States and Prov​inces. On the foliage of ponderosa pine reproduction in southern Oregon it causes damage similar to that by M. gentilis on lodge-pole. The bronze appletree weevil, M. aenescens LeConte, attacks alder, hawthorn, and various fruit trees. It occurs from Alaska to California and eastward to Montana. Hosts and distribution of some other western species are :

Species
Hosts
Distribution

M. alutacea LeConte
Picea
Oreg., British Columbia, Mont., and Colo.

M. cuneiformis Horn
Pinus ponderosa and
Western States and British

P. jeffreyi
Columbia

M. gracilis LeConte
Alnus, Salix, and
Calif., Nev., and N. Mex.
other broad-leaved

trees

M. hispoides LeConte Pinus contorta and
Maine to British Columbia,

other Pinus
N. Mex., and Calif.

M. proxima Fall
Pinus radiata and
Calif. to Wash.
other Pinus

Nemocestes (Van Dyke 1936) contains 10 species, predomi​nantly in the Pacific States. The woods weevil, Nemocestes incomp​tus (Horn), is 6 to 9 mm long and is similar to the obscure root weevil but is more robust and generally darker and with rows of erect scalelike hairs. It occurs in and near wooded areas from California to British Columbia. It is a serious pest of strawberries but also attacks Monterey pine and rhododendrons (Eide 1966) and has been observed to feed on roots of Douglas-fir (Cram in correspondence).

Species of Otiorhynchus [Brachyrhinus] (Wilcox et al. 1934) are among the few insects that cause significant damage in west​ern forest nurseries. All consist of females only, and all are with​out hindwings. They occur extensively in North America, Europe, and Asia. Adults sometimes are a nuisance by crawling into houses in the fall and larvae are serious pests of strawberries, caneberries, and ornamental shrubs. Three species are recorded as feeding upon the roots of young conifers in the West, causing damage especially to spruce and Douglas-fir in forest nurseries in Oregon, Montana, British Columbia, and Alberta, and in a forest tree seed orchard in Oregon. Damage in forest nurseries is most likely to occur on land recently in sod. Infestations may be pre‑
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vented through clean cultivation and rotation of seed and trans- plant beds, allowing infested plots to remain fallow and be cleanly cultivated in alternate years. Chemical treatment of the soil some- times is necessary.

The strawberry root weevil, 0. ovatus L. is the smallest species. The adult is a jet black, hard-shelled, rough-surfaced, flightless snout beetle about 4 to 6 mm long. In western Oregon the curled white larvae overwinter half- to full-grown in the soil. They re- sume feeding in the spring and pupate and emerge in April and May. After about 2 weeks of feeding at night on the foliage of various broad-leaved plants, commonly including rhododendrons (Breakey 1967), they begin to lay eggs in surface layers of the soil. Egg laying continues until September. The eggs hatch in about 3 weeks and the small larvae work their way several centi- meters into the soil where they feed first on the fine roots and later in the larger roots.

The black vine weevil, 0. sulcatus (F.) is 8 to 11 mm long and has scattered patches of gray scales (fig. 200). The rough straw- berry root weevil, 0. rugosostriatus (Goeze), is intermediate in size and without scales. The habits and damage of these two are similar to those of 0. ovatus.

	
	F-523459

FIGURE 200.—Black vine weevil (Otiorhynchus
sulcatus) adult, 10 mm long.


The genus Panscopus contains 27 species many of which occur in the West (Buchanan 1936).

Panscopus gemmatus (LeConte) occurs generally on conifers in coastal forests from British Columbia to California ;'its role there is not known. Green scales on the thorax and elytra give P. gem‑
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mates a decidedly greenish cast. About the size and shape of Ste​remnius tuberosus, it is strongly tuberculate, and the elytra are prominently ribbed.

Panscopus torpidus (LeConte), a brownish weevil, 6.5 to 8 mm long, that resembles Nemocestes incomptus, occurs in Washington and Oregon. In Washington the adults have damaged small noble firs by girdling them (Mitchell in correspondence) .

Pissodes ranks high among forest insect pests because of the white pine weevil, P. strobi (Peck) , which attacks terminals of young pines and spruce from coast to coast, causing heavy loss of growth and quality. Most other Pissodes attack the bole and root collar of dying trees, hence are of little economic importance. Hopkins (1911) described, keyed, and illustrated 29 species. Based upon rearings and cytogenetic studies, Smith and Sugden (1969) reduced the number of valid species to 20 or less. Seven​teen species now are listed for the West (table 12) . Several of them are rarely encountered, and some likely are synonyms.

The adults are rough-surfaced, brown to black beetles, usually with spots and patches of white, yellow, or brown scales on the elytra (fig. 201A). The head is prolonged into a slender beak or snout, which is used to puncture buds or tender bark for feeding, and by the female to make a hole for the reception of eggs. The larvae (fig. 201B) mine principally in the inner bark. Each mine ends in a pupal cell constructed partly in the bark but mostly in the sapwood. This cell is oval in outline and is lined with excelsior-like shreds of wood fiber. These oval "chip cocoons" remain im​bedded in the wood long after the beetles emerge and are charac​teristic features of Pissodes' work (fig. 201C) .

F-523460, F-493005, F-493002

FIGURE 201.—White pine weevil (Pissodes strobi) : A, Adult, 4.5 mm
long; B, larva, 4.5 mm long; C, pupal cells ("chip cocoons").
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Table 12.—Species of Pissodes in Western North America

Species
Basic color and
Hosts
Distribution length (mm)

P. affinis Randall
Dark brown to Pinus contorta
Northern Rocky

( = curriei Hopkins)
black
and P. monticola
Mt. States,

5 . 5-8 .0
British Columbia, and Alberta

P. barberi Hopkins
Dark reddish
Pinus ?
Calif., Oreg., and

brown
Wash.

5 . 0-5 . 5

P. burkei Hopkins
Gray
Abies concolor and Wyo., Utah, Colo.,

6 .0-8 . 0
A. lasiocarpa
and British Colum​bia

P. californicus Hopkins Reddish brown Pinus ponderosa
Calif. 8.0

P. coloradensis Hopkins Dark brown
Picea and Pinus
Rocky Mountain

to black
monticola
States

7.5-9.5

P. costatus Mannerheim Dark brown
Picea sitchensis
Calif. to Alaska

to black
and Pinus

5.5-7.0

P. dubius Randall
Dark brown
Abies
Calif., Oreg.,

( = piperi Hopkins)
to black
Wash., Idaho, and

7 . 5-10 .0
British Columbia

P. fasciatus LeConte
Dark reddish
Pseudotsuga
Calif., Oreg.,

brown
menziesii
Wash., Idaho, and

5.0-8 .0
British Columbia

P. fiskei Hopkins
Dark brown
Picea
Saskatchewan,

4 .0-5 . 5
Alberta, Yukon, and British Colum​bia

P. murrayanae Hopkins Dark brown
Pinus contorta
Oreg.

4.0

P. radiatae Hopkins
Reddish brown Pinus attenuata,
Pacific Coast

Monterey pine weevil
5.0-7 .5
P. contorta, P.

muricata, and P.

radiata

P. rotundatus LeConte Dark brown
Picea engelmannii, Alaska, Yukon,

(= alascensis Hopkins)
6 .0-7 . 5
P. mariana,
and British Colum‑

Pinus contorta,
bia

P. monticola, and

Tsuga heterophylla

P. schwarzi Hopkins
Reddish brown Picea engelmannii, Calif., Oreg.,

(= Yosemite Hopkins)
to dark brown P. pungens, Larix Wash., Rocky

5.0-7 .0
occidentalis, Pinus Mountain States,

contorta, P.
Alberta, British

ponderosa, and
Columbia, and

other pines
Yukon

P. similis Hopkins
Light to dark
Abies lasiocarpa
Utah and British

(= utahensis Hopkins) brown
Columbia 4 . 0-5 .0

331

The white pine weevil, Pissodes strobi (Peck) (Smith and Sugden 1969) , is a transcontinental species now considered to include the forms known as the Engelmann spruce weevil, P. engelmanni Hopkins (Stevenson 1967) and the Sitka spruce weevil, P. sitchensis Hopkins (Silver 1968, Wright 1970). This is the most injurious insect attacking Sitka spruce reproduction in coastal British Columbia, Washington, and Oregon. It attacks and kills or seriously injures the terminal shoots of trees from about 8 to 30 years old and up to 15 m (50 ft) tall. Crooked or bushy, low-value trees result. Attacked trees often are overtopped and suppressed by other tree species. Weeviling is most severe on widely spaced trees growing in extensive even-aged stands. Dam​age to Sitka spruce has been so great that planting is much reduced. Close spacing and planting of this tree in small blocks offer the most practical means of minimizing damage in planta​tions. Chemical control has not been attempted as a practical measure in the West.

In April and May the adults make feeding punctures on terminal growth of the preceding year. In May and June they lay eggs in these terminals. The developing larvae girdle and kill the terminals but not until the new growth of the current year has elongated considerably. In late summer the new growth wilts and the needles on 2 years' growth turn reddish and fall (fig. 202). From August on into fall many new adults emerge, feed, and then over-winter in forest litter. Other portions of the brood overwinter as larvae and pupae in the infested terminals. There is one generation per year but with considerable overlapping of broods.

Pissodes dubious Randall ( = piperi Hopkins) is the largest spe​cies in the genus. In Oregon it has been observed to breed in storm-damaged 90-year-old noble fir and to attack nearby inter‑
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Table 12.
Species of Pissodes in Western North America—Continued

Species
Basic color and
Hosts
Distribution length (mm)

P. strobi (Peck)
Reddish brown Picea engelmannii, Western Provinces,

( = engelmanni
4 .0-5 .0
P. sitchensis, P.
Western States

Hopkins)
pungens, and
south to Calif.

(= sitchensis Hopkins)
Pinus contorta
and Colo. white pine weevil

P. terminalis Hopping
Reddish brown Pinus contorta
Saskatchewan,

lodgepole terminal
5 .5-6 .5
and P. banksiana Alberta, Oreg.,

weevil
Calif., Idaho, Wyo., and S. Dak.

P. webbi Hopkins
Brown
Pinus ponderosa
Ariz. and N. Mex.

5.0-7.0
and P. contorta
F-493003

FIGURE 202.—Sitka spruce terminal killed by the white pine weevil (Pissodes strobi).

F-523461

FIGURE 203.—Larval galleries of a weevil, Pissodes fas​ciatus, lightly engraving the sapwood, and its chip cocoons.
mediate and suppressed trees. Attacks are made in the root crown area, sometimes in conjunction with the fir root bark beetle, Pseudohylesinus granulatus.

Pissodes fasciatus LeConte constructs long meandering galleries (fig. 203) in the inner bark on the bole of Douglas fir saplings and poles suffering severely from drought, freezing, competition, or injury. The host identifies this species.

The Monterey pine weevil, P. radiatae Hopkins, sometimes attacks pine leaders but characteristically develops in the bole and root collar. P. schwarzi is a widely distributed species that attacks the bole of many conifers. It also has been reared from cankers of Cronartium comandrae. P. similis Hopkins is unique in having been reared from witches broom.
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The lodgepole terminal weevil, Pissodes terminalis Hopping (Stark and Wood 1964), presumably is a hybrid of P. strobi and P. schwarzi (Drouin et al. 1963). It prefers open-grown young pines. The developing terminals are attacked and killed down to the uppermost whorl of branches. In contrast, P. strobi kills 2 years' growth. Small larvae of P. terminalis mine in the cambium region. Mature larvae mine and pupate in the pith. Some of the brood overwinter as larvae and pupae in the terminals, some as adults, presumably in the soil. There is one generation per year.

Species of Rhyncolus resemble those of Cossonus in size and appearance, but are more cylindrical and usually are brownish rather than black. They generally mine deeper than Cossonus but seldom penetrate sound wood extensively enough to cause appre​ciable damage. The detailed biology is not recorded. Buchanan (1946) keys six of the 17 species. R. brunneus Mannerheim breeds in the wood of dead Abies, Picea, Pinus, Pseudotsuga, Thuja, and Tsuga and ranges from Alaska to California, Idaho, Arizona, and New Mexico. R. oregonensis Horn and R. macrops Buchanan are closely related species that breed in dead Pinus and Abies from British Columbia to Colorado.

Hexarthrum is related to and resembles Rhyncolus. There are two species (Brown 1966a). H. thujae Brown (fig. 204) is 2.4 to 2.8 mm long. It attacks overmature Thuja plicata in British Columbia, making the wood unsatisfactory for shingles (Silver and Ross 1961) . H. ulkei Horn, which is somewhat larger and predominantly eastern, infests coniferous wood in old buildings. It has been reported as damaging in Colorado and North Dakota.

	
	COURTESY CANADIAN FORESTRY SERVICE

FIGURE 204.—Adult of a weevil, Hexarthrum thujae, 2.5 mm long.
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The obscure root weevil, Sciopithes obscures Horn, is a grayish-tan, scale-covered weevil 5.0 to 6.5 mm long and with a wavy brown line across the back near the rear end. The elytra are con​spicuously wider than the thorax. Woodlands of the Pacific North​west are its natural habitat. It is a pest of berry crops and orna​mentals such as rhododendrons but is not recorded as attacking forest trees (Every 1968).

There are eight species of Scythropus, mostly western. The adults are broad-nosed, scale-covered, somewhat elongate weevils ranging from 4.5 to 7.5 mm long (fig. 205A). They feed on old foliage of pines and Douglas-fir in spring and early summer and are most often seen on young trees but also occur on older trees. They bite out chunks and leave a saw-toothed edge (fig. 205B), often causing the needles to die and drop prematurely. The larvae of at least one species feed on pine roots. Some are minor pests on ornamentals but none is reported economically damaging in the forest.

Scythropus californicus Horn is a bronze species about 5 mm long, somewhat speckled with gray (fig. 205A). It occurs from British Columbia to California and Arizona. The adults feed on ponderosa, Jeffrey, Monterey, digger, and other pines and on Douglas-fir. In California on Monterey pine, Jensen and Koehler (1969) reported egg laying from mid-February until May. The eggs are laid in rows in a tube consisting of three needles glued together. The larvae drop to the ground and feed on pine rootlets. Adults overwinter in the soil. The life cycle is believed to be 2 years.

F-523462, F-523463

FIGURE 205.—A weevil, Scythropus californicus: A, Adult, 5 mm long; B,
feeding on ponderosa pine needles.
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Scythropus albidus Fall is a small ashy-white weevil with a faint metallic lustre which occurs in California, Oregon, and Idaho. Hosts are ponderosa and Jeffrey pines.

Scythropus elegans (Couper) is a metallic blue-green, gold, brass, or bronze species sometimes with lighter stripes along the margins of the wing covers. It occurs in British Columbia, Mon​tana, and California. The adults feed on foliage of lodgepole, western white, and other pines, and Douglas-fir.

The rusty pine needle weevil, Scythropus f errugineus Casey, is a metallic, reddish-bronze or copper-colored species occurring from California to British Columbia. Hosts are ponderosa, Jeffrey, Monterey, and knobcone pines.

Two of the three species of Steremnius are western (Brown 1966b). The adults are flightless. They resemble Pissodes in out​line but are rougher and more drab. The immature forms are de​scribed and distinguished from related insects of similar habits by Condrashoff (1966a).

Steremnius carinatus (Mannerheim) (Condrashoff 1968) occurs in coastal forests from Alaska to Oregon. The adults feed on many kinds of plant material, mostly dead. The larvae develop in the phloem of slash and in the roots of dead conifers. On Vancouver Island and on the Queen Charlotte Islands, British Columbia, the adults have caused economic damage by girdling 1- and 2-year-old seedlings at the ground line (fig. 206A). Douglas-fir and Sitka spruce are preferred but hemlock and true fir also are attacked. The rough-surfaced, dirt-colored adults (fig. 206B) have scat​tered patches of rusty scales and are 7 to 10 mm long. Develop​ment to maturity requires 1 to 2 years. Adults can live 3 or more years and continue to lay eggs each spring.

Steremnius tuberosus Gyllenhal is a somewhat larger, rougher, weevil with similar distribution and habits.

Thricolepis inornata Horn, 3 Min long, is brown with gray scales (fig. 207) and resembles Agronus cinerarius. Normally it feeds on oak, but sometimes nearly defoliates fruit trees close to oaks by feeding on the new leaves of opening buds. Adult weevils have been found seriously injuring tender new foliage on tips of white fir, Douglas-fir, and blue spruce, temporarily ruining such trees for use as Christmas trees. Larval habits are not recorded. This weevil occurs in Oregon, California, Utah, Arizona, and New Mexico.

Thysanocnemis sp. (Keen 1958) is a small yellow weevil, 2.5 to 4 mm long, which lays its eggs in a puncture on the young developing seeds of ash. The tiny larvae penetrate the seed with​out leaving a visible sign, and the small, white, legless larvae develop within the seed coat, completely consuming the cotyledons.
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FIGURE 206.—A root-collar weevil, Steremnius cari- natus: A, Girdling of Doug- las-fir nursery stock by the adult; B, adult, 8 mm long.

F-523464

FIGURE 207.—Adult of a weevil, Thricolepis inornata, 3 mm long.
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The full-grown larvae leave the seed late in the fall or winter to pupate in the ground, from which they emerge as adults late in June and throughout July. Sometimes over 60 percent of the seed crop is thus destroyed. This weevil has been reared from Oregon ash in California, Oregon, and Washington.

FAMILY PLATYPODIDAE

The Platypodidae are elongate, cylindrical, broad-headed beetles, closely related to the Scolytidae. They are abundant in the tropics. Seven species occur in America north of Mexico ; all of them are in the genus Platypus and all are ambrosia beetles (Baker 1963) . Three of them infest western conifers. Their mines penetrate into the heartwood in contrast with most ambrosia beetles in the Scolytidae which mine only the sapwood. The larvae and adults of native Platypus feed upon ambrosia fungi which are stored and disseminated by the adult female.

Platypus wilsoni Swaine (Prebble and Graham 1957) ranges from British Columbia to California and eastward into Idaho. It attacks weakened, injured, recently dead, and felled true firs, western hemlock, Douglas-fir, and occasionally other conifers. The gallery winds through the sapwood and often penetrates deeply into the heartwood (fig. 208A) . At intervals along the main tun​nel secondary tunnels branch horizontally. This species is not very abundant, hence it is not of much economic importance. It is a reddish-brown, shiny beetle about 5.5 mm long and with long yellowish hairs on the body. The female is smooth and rounded behind and the male is forked and spiny (fig. 208B) .

In coastal British Columbia attacks are made from mid-July to mid-September. The male initiates the boring. The eggs are laid loosely in the tunnel in clusters of about 20 to 40. The larvae travel and feed freely in the mines. Larvae and adults overwinter in the logs. Larval development requires a year or more. When full grown, the larvae excavate cells at right angles to the main gallery and parallel to the grain of the wood in which to transform to pupae and adults. Within its range this beetle can be identified by its splinterlike borings (Johnson 1958) (fig. 209A). Raffaelea canadensis Batra (Batra 1967), the symbiotic fungus upon which this species feeds, is stored and disseminated by the female.

Platypus abietis Wood (Wood 1958b), a smaller species that re​sembles P. wilsoni, attacks Abies concolor in Utah, Arizona, and New Mexico.
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Platypus pini Hopkins (Wood 1958b) occurs in Arizona and New Mexico principally on Pinus ponderosa. It also is recorded on P. leiophylla.

FAMILY SCOLYTIDAE—BARK BEETLES

The Scolytidae (Bright and Stark 1973, Chamberlin 1939, Hop​kins 1915b, Rudinsky 1962, Swaine 1918, Wood 1961) are related to the Curculionidae and some of the genera are quite similar in appearance, for example, Hylastes of the Scolytidae and Rhyncolus of the Curculionidae. In this manual the Scolytidae are grouped in two subfamilies, Hylesininae and Scolytinae, as proposed by Wood (1973).

Bark beetles are the most destructive insects in western conifer​ous forests. These beetles kill billions of board feet of sawtimber annually in the Western United States (USDA Forest Service 1958). Four species of Dendroctonus—western pine beetle, moun​tain pine beetle, Douglas fir beetle, and spruce beetle—cause most of this destruction. West-wide, most of the time, the greater por​tion of the killing is the result of normal or endemic infestations that are continuously present in mature forests. This normal mor​tality is widely scattered and usually is greatest in undeveloped areas ; hence salvage of the dead timber is costly. Under condi​tions favorable for the beetles, epidemics occasionally develop and spread over large areas, killing vast amounts of timber (table 1)
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FIGURE 208. — Platypus wilsoni: A, Tunnels in true fir; B, male adult, 5.5 mm long.

and setting the stage for devastating fires. This is one of Nature's wholesale ways of renewing the forest, but it is highly disruptive to orderly management for man's use.

Bark beetles are so named because most of them live and mine between the bark and wood of trees and shrubs. The most destruc​tive 'ones attack the main stem of living trees. Many live in the branches and twigs. Some live in cones and some in roots. The ambrosia beetles and a few others mine in wood. One species breeds in mistletoe ; one species, in the roots of clover; and one genus, in wild gourds.

Species that attack and kill trees of normal vigor are said to be primary. Fortunately they are few. Even the primary killers usually prefer trees of reduced growth rate. Outbreaks develop when conditions are adverse for the host tree, as in drought peri​ods, or when an abundance of favorable breeding material is available to the beetles, as in large burns and extensive blow-downs. Secondary bark beetles are those that attack dead or dying trees and very often trees previously attacked by primary species. Bark beetles that breed in twigs and branches without appreciable harm to living trees are also termed secondaries.

If bark beetle attacks are to be successful, the attacking insects must be present in sufficient numbers to overcome the resistance of the tree. Some trees are more resistant than others, or perhaps it would be better to say that some trees are more susceptible and readily overcome than others. There is some difference of opinion as to how the beetles select a tree for attack. The consensus seems to be that pioneer beetles attack at random and, when successful, create an attraction for others that flock in and make the main attack. In some genera, such as Dendroctonus and Ips, the attrac​tion is created by potent chemicals, pheromones (Borden 1974) , given off by attacking beetles and enhanced by volatile emissions from the host tree. These pheromones also attract insects that prey upon the bark beetles. Once fully established, some bark beetles give off pheromones that repel further attack. Some bark beetles carry spores of fungi which help their brood overcome a tree and which begin the process of deterioration and ultimate reconversion to the soil (Graham 1967).

In starting an attack, the beetle bores a tunnel through the bark. In pines, this often starts a flow of pitch which may form into a tube around the entrance. As the gallery system is extended be​neath the bark, the beetle often pushes boring dust out through the entrance. When the tree is overcome, the pitch flow ceases but the borings usually continue for a while. Pitch tubes and boring dust are among the earliest signs of attack by bark beetles and serve to distinguish them from most other borers. The foliage
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of fatally attacked trees changes color and dies, but this may not occur before the brood has developed and flown.

Bark beetle adults are small, compact, cylindrical insects rang​ing in size from 1 mm long for Crypturgus to about 8 mm for the largest Dendroctonus. Their antennae are elbowed and the outer segments are enlarged and clublike. Most species are brown or black, and dull or shining. Some have variegated markings com​prised of grayish or brownish scales. The head, which is partially to completely hidden from above by the thorax, has strong gouge-like jaws (mandibles) for boring.

Adults of species that rear their brood in the cambium region bore through the bark and make a tunnel between the bark and the wood in which they lay their eggs. Some tunnels have an en​larged area (nuptial chamber) near the entrance. The larvae mine out from the egg tunnel. The egg tunnels and larval mines together often form a characteristic pattern that will identify the genus and sometimes the species, even after the beetles have flown (Swaine 1918).

The eggs are very small, smooth, oval, and whitish. They are deposited singly in niches or in groups along the egg tunnels.

The larvae are grublike, thick-bodied, legless, generally broadly C-shaped, and white or cream colored, and have a distinct head and prominent mandibles. At first the larvae and their mines are very small, but both increase in size as feeding progresses. The larval mines tend to radiate out from the egg gallery. They are always packed with frass.

Transformation to the pupal and adult stages takes place at the end of the larval mine in a specially constructed cell. The pupae are soft, white, and naked. The newly formed immature adults are soft and yellowish. Gradually they harden and darken to full maturity before taking flight.

The adults, after spending a variable time under the bark of the host tree, bore out through the bark, leaving the surface as though riddled by buckshot. Once emerged, the adults may drop to the ground and hibernate there, may feed for a time upon twigs and buds, or may fly directly to the new host tree and begin the life cycle again.

In the West, millions of dollars have been spent on measures to control the western pine beetle (Miller and Keen 1960) , mountain pine beetle, spruce beetle (Wygant 1958), and other bark beetles. Much of this effort was during severe outbreaks on extensive un​roaded areas at a time when little of the dead and threatened timber could be utilized. Mostly the objective was to protect ma​ture timber on the stump until it could be harvested. On many areas, the extent of outbreaks and the resilience of bark beetle
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populations made lasting control unattainable. With general open​ing of commercial forests, development of modern logging equip​ment, and greatly increased demand for timber, the emphasis has shifted to prevention through stand improvement measures and to salvage when outbreaks occur. Conversion of overmature for​ests to young vigorous forests has greatly reduced hazards on many areas. For more than two decades, precipitation has been generally adequate for healthy tree growth on areas where lengthy drought previously had been a powerful stimulant for killing by bark beetles. Research on new methods of control, such as the use of pheromones, continues.

Bark beetles still create serious problems. Recurrent drought and attendant bark beetle outbreaks are an ever-present threat. Even young forests, especially overstocked ones, may at times be heavily damaged. Extensive timber-producing forests still are uncut and highly susceptible to bark beetles. Large areas reserved from timber harvesting are subject to outbreaks and are a source for spread to commercial stands. Trees on intensive use areas, as in campgrounds and around homes, often become attractive to bark beetles, and because of their high value, require costly meas​ures for protection (USDA 1972).

Ambrosia beetles (Hubbard 1897) are important enemies of forest products because of their ability to riddle unseasoned wood with small round pinholes or shotholes. These holes often become surrounded with a dark brown or black stain, which causes addi​tional degrade. The beetles of this destructive group derive their name from the symbiotic fungi that they feed upon (Baker 1963). They belong to the Scolytidae and Platypodidae. In the Scolytidae of the West, they consist of Trypodendron, Gnathotrichus, Mo​narthrum, and Xyleborus.

Adult ambrosia beetles are small, reddish-brown to nearly black, cylindrical beetles that select for their attack weakened, recently dead, and freshly felled trees, sawlogs, green lumber, or other unseasoned or moist wood such as stave bolts and wine casks. Small round tunnels are bored directly into the sapwood and sometimes into the heartwood. Since the beetles do not feed on the wood, the borings are cast out of the tunnels and collect on the surface of the bark or wood as a fine, light-colored powder. The character of the tunnels varies with different species. Some construct an open cavity; others a long, winding, branched or unbranched cylindrical gallery in which the larvae move about freely ; while others construct what is called a compound tunnel, with small pockets or larval cradles gnawed along the main chan​nel. The borings and the character of the tunnels aid in identify‑
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ing the principal species in a local area or particular forest type (Johnson 1958) (fig. 209).

Ambrosia fungi are of several genera, including Ambrosiella and Raffaelea. The fungi are stored in specialized structures (my​cangia) , usually in the female, and are introduced into the gal​leries during the burrowing process. Each fungus is associated with one or relatively few species of beetle (Batra 1967). As the fungi grow, they are fed upon by the adult beetles and the devel​oping larvae. The requirements of these insects are very exacting. If moisture conditions are not suitable the fungi fail and the beetles starve; or, if the fungi grow too abundantly, the beetles are unable to cope with them and are smothered in their own food. For this reason only moist, unseasoned wood is suitable for attack, and dried seasoned lumber is immune.

Pinholes and staining caused by ambrosia beetles may seriously degrade high quality logs, thus causing heavy financial losses. Damage is greatest in coastal forests, having temperature and moisture conditions that are favorable for ambrosia beetle devel​opment. In British Columbia, species of Trypodendron and Gnatho​trichus cause essentially all the damage (Prebble and Graham 1957). Ambrosia beetles are common in coniferous forests

COURTESY WEYERHAEUSER CO.

FIGURE 209.—Borings of different genera of ambrosia beetles: A, Platypus;
B, Trypodendron; C, Gnathotrichus; D, Xyleborus (greatly enlarged).
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throughout the West, but in the drier areas they are not reported to cause significant damage.

The control of ambrosia beetles is largely a matter of preven​tion of damage through woods-practices and proper handling of milled wood (Fisher et al. 1954). There are three principal ways of preventing attacks on logs : (1) Mill or at least debark sus​ceptible logs prior to the attack period, (2) store logs in an area safe from attack, or (3) spray with a suitable chemical. Great care in the application of chemicals is necessary to prevent con​tamination of water. Logs in the woods generally are safe from attack from October until March (Mathers 1935). Freshly-sawed lumber will be safe from attack if it is dried quickly. Damage may occur in storage if the lumber is piled so as to remain or become moist. Logs or wood either heavily soaked with water or quite dry are not suitable for attack, but the exposed parts of logs left float​ing in ponds are likely to become infested. In general, the control of these beetles is very difficult, and prompt utilization or kiln drying of the lumber is about the only satisfactory solution. Parasitism has been noted in studies of these beetles in seasoned products, but it is not sufficient to reduce appreciably the number of beetles and the injury they cause.

Hylesininae—The body form of adults is typified by Dendroc​tonus and Pseudohylesinus. The front margin of the elytra is raised and notched; the pronotum usually is unarmed; and the head usually is visible from above.

The genus Alniphagus contains two species in western North America. Neither is a pest requiring control. They are the prin​cipal and largest scolytids that bore between the bark and wood of alder. The adults (fig. 210) are medium-sized bark beetles that somewhat resemble Phloeosinus. Their thorax and wing covers are strongly and sharply granulate.

The alder bark beetle, Alniphagus aspericollis (LeConte) (Bor​den 1969), attacks Abuts rubra and other alders from California to Idaho, British Columbia, and presumably Alaska. The adults and larvae mine in the inner bark. Egg galleries usually are a single channel, roughly parallel to the grain of the wood, and
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	FIGURE 210.—Alder bark beetle (Alniphagus asperi​collis), adult, 4.5 mm long.
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about 8 cm long; some are V-shaped. The larval mines meander without pattern. Injured, decadent, dying, and down trees are attacked. There are two generations per year.

Alniphagus hirsutus Schedl is a somewhat smaller species. It is recorded on Alnus tenuifolia and A. sinuata and is distributed from California to British Columbia.

Carphoborus (Wood 1954b) contains 19 species in North Amer​ica ; all except two are western. They breed in the inner bark of dead and dying branches of Pinus, Picea, and Pseudotsuga. None is a pest. All are polygamous. The egg galleries etch the sapwood and several radiate from each nuptial chamber, an enlarged open​ing off the entrance tunnel. The adults are brownish to black, 1.5 to 3 mm long, and abundantly clothed with small scales. The eyes are deeply emarginate in front. Alternate interspaces on the declivity of the elytra usually are elevated.

Carphoborus carri Swaine is one of seven species that attack Picea. It occurs in Yukon and Northwest Territories to Alberta, Wyoming, and South Dakota.

Carphoborus pinicolens Wood is the most widely distributed and abundant species. It occurs from Oregon and California to Wyom​ing, Colorado, and New Mexico. Recorded hosts are Pinus edulis, P. flexilis, P. lambertiana, P. leiophylla, P. monophylla, and P. ponderosa.

Carphoborus vandykei Bruck occurs on Pseudotsuga menziesii from central California to British Columbia.

Chaetophloeus [Renocis] (Blackman 1940) contains nine species in North America. They occur principally in arid and semi-arid regions of the Southwest, attacking the branches and stems of dead and injured shrubs and small trees. None is a forest pest. The adults are stout, scale-covered beetles about 2 mm long and have minute teeth (asperites) on the sides of the pronotum. The larvae bore beneath the bark, deeply scoring the sapwood. Two or more successive generations may develop in the same host material.

The mountain mahogany bark beetle, Chaetophloeus heterodoxus (Casey) , is the species most likely to be seen by foresters. It ranges from California to British Columbia and eastward to Mani​toba and west Texas. Most commonly it attacks injured, weakened, and recently dead branches and stems of Cercocarpus. Amelan​chier, Prunus, and various desert shrubs also are attacked, but less commonly. The larval mines strongly etch the sapwood (fig. 211).

Some other species that foresters may encounter are Chae​tophloeus fasciatus Blackman in Prosopis in Arizona, C. parkin​soniae Blackman in Cercidium in Arizona, and C. penicillatus in Rhus in California, Arizona, Utah, and Colorado.
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FIGURE 211.—Larval mines of the mountain mahogany bark beetle
(Chaetophloeus heterodoxus).

Chramesus (Blackman 1938) contains eight species in North America, four of them in Southwestern States. They breed between the bark and wood of dead and dying branches of decid​ uous trees, including species of Quercus, Robinia, Rhamnus, and Celtis. The adults are about 2 mm long and humpbacked. The antennal club is large, flat, and unsegmented. C. asperatus Schaeffer is representative of this little-known genus. It occurs in Arizona attacking Robinia neomexicana and also is recorded from southern California.

Members of the genus Dendroctonus (meaning tree killers) (Hopkins 1909, Wood 1963) are by far the most destructive group of bark beetles in North America. Twelve species occur in the West. Most of them are significant in forest management, hence practicing foresters should recognize and take into account the ones in their area and forest type. All species breed under the bark of the trunk of living or dying trees or in fresh stumps or logs of various conifers. Some species attack only felled, weak, or dying trees, whereas others attack and kill apparently healthy trees, especially during epidemics.

The adults are stout, cylindrical, dark, reddish-brown to black bark beetles ranging from about 3 to 8 mm in length. The eggs,
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larvae, and pupae are similar to those of other bark beetles (Thomas 1965). Dendroctonus adults work in pairs, boring through the bark and then extending an egg gallery between the bark and wood. Egg galleries differ by species of beetle. Some wind in a tortuous manner, crossing and recrossing the galleries made. by other pairs of beetles, while others are straight and parallel to the grain of the wood. Dendroctonus egg galleries are always packed with boring dust, except for the portion where the parent beetles are working. This will distinguish the work of the Dendroctonus beetles from that of most other groups of bark beetles.

Trees attacked by Dendroctonus beetles can at first be detected by reddish boring dust caught in bark flakes or crevices and around the base of the tree, or by pitch tubes that form on the bark at the mouth of the entrance tunnels, but in heavily attacked or decadent trees pitch tubes are often either missing or so small that they can be seen only from a short distance. Later, discolora​tion of the foliage furnishes a more noticeable evidence of attack. It is difficult, however, to correlate accurately the discoloration with the status of brood development, as this varies with different tree species, regions, and seasons. Sometimes trees don't discolor until after the brood have matured and flown away. The most con​clusive evidence of attack is the egg and larval galleries on the inner surface of the bark. These form a pattern so characteristic for the work of each species that, when considered with locality and host tree, the identification of the species responsible for the attack is relatively certain.

The roundheaded pine beetle, Dendroctonus adjunctus Bland-ford ( = convexif ions Hopkins) (Chansler 1967, Stevens and Flake 1974, Wood 1963), occurs in Colorado, Utah, Nevada, Ari​zona, New Mexico, and southward in Mexico. In the Southwest, especially in New Mexico, it is destructive in stands of over​stocked, pole-sized ponderosa pine. In southern Nevada, mature and overmature ponderosa pines have been extensively killed by this beetle on high-use areas. Limber pine, Chihuahua pine, and several Mexican pines also are recorded hosts. Outbreaks are sporadic and short-lived. Attacks are made in the basal portion of the bole, often in trees previously attacked by other species of Dendroctonus or by species of Ips. In dense young stands, trees usually are killed in groups of 3 to 15; sometimes up to 100. Recently felled trees also are attacked.

In southern New Mexico, there is one generation annually ; attacks are made principally in October and November ; eggs and parents overwinter. The foliage of attacked trees fades the follow‑
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ing May or June. From the entrance hole, the egg gallery extends horizontally in the cambium region, either left or right, for 25 to 50 mm and then winds longitudinally with the grain an average distance of 300 mm. Galleries of neighboring pairs often cross, but retain an overall longitudinal pattern. Eggs are laid individually in niches on alternate sides of the egg gallery. The larvae mine across the grain in the cambium region until the third instar, then they bore into the outer bark to complete development. The adult is dark brown, averages about 5 mm long, and is similar to D. ponderosae but is more slender.

Penetrating oil spray has been used for direct control on high-use areas. Thinning and control of dwarf mistletoe in dense young stands of commercial forest likely will minimize potential killing by this beetle.

The larger Mexican pine beetle, Dendroctonus approximatus Dietz ( = parallelocollis not Chapuis) (Wood 1963) , occurs in Colorado, Utah, Arizona, New Mexico, and southward in Mexico. Hosts are Pinus ponderosa, P. engelmannii, P. leiophylla, and sev​eral Mexican pines. It is a secondary species, attacking near the base of trees infested by D. ponderosae, D. adjunctus, D. brevi​comis, and species of Ips. It also attacks injured trees and the lower side of recently-down trees.

D. approximatus resembles D. adjunctus, but generally is larger and the gallery pattern is different. The adult Mexican pine beetle is dark brown to black and averages about 6 mm long. The indi​vidual egg gallery is elongate, winding, and much branched. Over​all, the galleries form a crisscross network. Unlike other species of Dendroctonus, the eggs of D. approximatus are laid in niches on the bark side of the gallery rather than in contact with the cambium. The larval mines and pupal cells are entirely in the bark. Flight occurs from June to October, causing the attacks to be correspondingly strung out rather than concentrated. Adults and larvae overwinter. There is one generation annually. Direct control is unnecessary.

The western pine beetle, Dendroctonus brevicomis LeConte (= barberi Hopkins) (Keen 1955, Wood 1963), is periodically destructive to ponderosa pine and Coulter pine. It occurs in Cali​fornia, Oregon, Washington, British Columbia, Idaho, Montana, Nevada, Utah, Colorado, Arizona, and New Mexico. Normally this beetle breeds in overmature trees, in windfalls, in root-rotted trees (Cobb et al. 1974), or in trees weakened by drought, stand stagnation, or fires. Under epidemic conditions it becomes aggres​sive and kills apparently vigorous trees of all ages having bark sufficiently thick to protect the insect in its development. Trees
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under 15 cm (6 in) in diameter are seldom attacked, nor does this beetle breed in limbs. During the severe drought of the 1920's and 1930's, losses up to 60 to 90 percent of the ponderosa pine forest on extensive areas were recorded. Many stands of prime timber were ruined for commercial harvest. The heaviest losses of mature ponderosa pine have resulted from outbreaks of this insect in California, Oregon, and Washington. It is less important in the northern and southwestern portions of its range.

The western pine beetle is similar to D. frontalis but differs in having uniformly short hairs on the elytral declivity and in part by its distribution. The adult D. brevicomis is dark brown and about 3.0 to 5.0 mm long; other life stages are typical of bark beetles in general (fig. 212).

Flight and attacks start late in spring or early in summer and continue until stopped by cold weather. Parent females produce from one to three broods, causing much overlapping of genera​tions. On the average there are three main periods of attack, hence survey and control crews recognize "spring," "summer," and "winter" broods. In the biological sense, there are one to two generations annually in the northern part of the range and from two and one-half to four generations in the southern portion, where activity continues almost without interruption throughout the year.

Initial attacks on a standing tree are made about mid-bole and subsequent attacks fill in above and below. Inconspicuous pitch tubes and red boring dust are indications of success in overcoming a tree. The galleries of individual pairs wind both laterally and longitudinally and are much branched. These galleries cross and recross each other in a mazelike pattern (fig. 213), much like D. frontalis. The larvae feed in the inner bark, working away from the egg gallery for about 12 mm and then turn into the outer bark, where they complete their development. Following success‑

FIGURE 212.—Life stages of western pine beetle (Dendroctonus brevicomis): A, Adult, 4 mm long; B, eggs, 0.9 mm long; C, larva, 5 mm long; D, pupa, 5 mm long.
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FIGURE 213.—Western pine beetle egg galleries on surface of sapwood of
infested ponderosa pine.

ful beetle attacks, blue-stain fungi invade the sapwood. Of these, Ceratocystis minor (Hedg.) Hunt may play a pathogenic role. For detailed information on the biology and control of the western
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pine beetle, one should consult the comprehensive summary by Miller and Keen (1960).

The western pine beetle frequently attacks a tree jointly with other insects, notably Ips pini, I. paraconfusus, and Melanophila californica in the top; Dendroctonus ponderosae and Ips emar​ginatus in the midbole; and Dendroctonus adjunctus and D. valens at the base. Sometimes the top-killing associates attack first, thus providing favorable breeding material for epidemic buildup of the western pine beetle.

Woodpeckers, Enoclerus lecontei, and Temnochila chlorodia are natural enemies of the western pine beetle. Many other insects and other small organisms are associated with this beetle in vari​ous ways (Stark et al. 1970). Abundance of the western pine beetle is most often determined by climatic influences and the resistance of the host tree. Winter temperatures of —29° C ( — 20° F) and lower have been found to cause heavy brood mor​tality. Rapid, vigorous tree growth increases host resistance and discourages epidemics.

During an extended drought in the 1920's and 1930's, this beetle was widely epidemic in the Pacific Coast States. Direct control, largely by felling infested trees and burning the bark, was applied to protect commercial stands for later harvest (Miller and Keen 1960). Control measures were repeatedly applied because the beetle bred prolifically in the drought-stricken trees. Epidemic conditions continued prevalent until the 1940's when rainfall in​creased and tree vigor improved. Since then, lesser outbreaks have occurred or threatened from time to time. Sanitation-salvage log​ging is the measure now generally applied to minimize losses caused by the western pine beetle. High-risk trees are removed from the stand and utilized, thus depriving the beetles of favor​able breeding material (Keen 1943). The use of pheromones in control is under intensive study but has not been developed to the stage of practical use. In parks and in other areas of intensive use, direct control still appears to be the measure of last resort in curbing this beetle.

The southern pine beetle, Dendroctonus frontalis Zimmerman (= arizonicus Hopkins) (Bennett and Ciesla 1971, Dixon and Osgood 1961) , is a very destructive enemy of pines in the South​eastern and Gulf States. In Arizona and New Mexico it attacks ponderosa pine, Chihuahua pine, and Apache pine, but is not re​corded as a serious pest in those States. The adults are dark brown, average about 3 mm long, and resemble D. brevicomis. They differ in that the hairs on the elytral declivity are sparse and much longer than the width of an interspace; whereas those of D. brevicomis are abundant and much shorter than the width of an interspace. The long winding egg galleries of D. frontalis cross
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and recross each other, giving a labyrinthlike effect very similar to the gallery pattern of D. brevicomis. A notable difference is that the pupal cells of D. frontalis frequently show on the inner bark surface; those of D. brevicomis do not.

The southern pine beetle has four to seven generations each year in the Southeastern and Gulf States. Outbreaks character​istically develop and subside rapidly. A blue-stain fungus, Cerato​cystis minor Hedgc.) Hunt, occurs symbiotically with D. fron​talis, each of these organisms apparently helping the other overcome a tree. In the Southwest, the biology of the southern pine beetle is presumed similar to that in the Southeast and South, but the generations likely are fewer.

The Jeffrey pine beetle, Dendroctonus jeffreyi Hopkins (Smith 1971) , is the most destructive bark beetle enemy of Jeffrey pine which is its only host. In the period 1930-1970, it killed about 55 million fbm annually in California. Normally it breeds in scattered individual mature and overmature trees that are re​tarded in growth rate. It also attacks lightning-struck trees and recently windthrown trees but does not breed in slash. During epidemics it kills groups of up to 20 to 30 trees regardless of age or vigor.

The adult Jeffrey pine beetle is very similar to that of D. pon​derosae, but generally is somewhat larger (Lanier and Wood 1968). The gallery pattern also is similar. There is a slight turn at the bottom of the egg gallery, which then proceeds up the tree in nearly a straight line following the grain of the wood. These galleries are usually 60 to 180 cm long and are packed with boring dust. The eggs are placed in individual niches in alternating groups along the sides of the galleries, and the larvae work out from the egg gallery across the grain of the wood. The pupal cells are formed in the inner bark and are exposed to view when the bark is removed.

As a rule, this beetle attacks the middle and lower bole of trees 30 cm (1 ft) or more in diameter but sometimes attacks trees considerably smaller. The entrance holes usually are in bark crevices. Initial attacks are marked by pitch tubes, later ones by reddish borings. A high percentage of trees killed by D. jeffreyi are previously attacked in the top by Melanophila californica and some by Ips pini. Attacks occur principally in June and July but continue into October. Larvae and adults overwinter. One genera​tion per year is normal in the northern part of its range ; two may occur in the southern part.

Logging of high-risk trees is a practical measure for minimiz​ing kill by the Jeffrey pine beetle and thus extending the life of old-growth stands. High-risk trees can be recognized by their poor
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vigor, declining growth rate, dying tops and branches, and short sparse foliage. Lightning-struck, recently windthrown, and cur​rently infested trees should be promptly salvaged and converted to lumber before the attacking beetles emerge. When an outbreak exceeds salvage capacity, it sometimes is necessary to destroy the brood by felling and burning the infested trees, peeling the bark, or spraying with chemicals. Such direct control measures are applied during the fall, winter, and early spring.

The lodgepole pine beetle, Dendroctonus murrayanae Hopkins (Wood 1963), breeds in Pinus contorta and P. banksiana. The western distribution includes Alberta, British Columbia, Idaho, Montana, Wyoming, Colorado, and Utah. It mines in the lower bole and root crown of overmature, injured, and weakened trees and in fresh stumps and windfalls. Characteristically nonagres​sive, it occasionally kills overmature lodgepole pines left standing after timber harvesting. Normally only a few pairs attack a tree and two or more generations may be required to girdle and kill it. Some trees survive attacks.

The lodgepole pine beetle is very similar to D. punctatus and D. rufipennis, both of which attack spruces. The adult of D. mur​rayanae is black with reddish-brown elytra and averages about 6 mm long. On living trees, the attacks are marked by large pitch tubes. Upon reaching the cambium, the attacking female con​structs an irregularly vertical gallery averaging about 12 cm long. Eggs are laid in groups of 20 to 50 along both sides of the gallery. The larvae feed away from the egg gallery, keeping together in a common excavation or brood chamber between the bark and the wood. Transformation to pupae and adults takes place in the uneaten part of the inner bark or in cocoonlike structures com​posed of frass in the brood chamber. In Utah one complete gen​eration and a partial second annually appear to be the rule. Far​ther north, the life cycle presumably takes longer. No direct control of this beetle is recorded and none seems needed.

The mountain pine beetle, Dendroctonus ponderosae Hopkins (= monticolae Hopkins) (Blackman 1931c, Evenden et al. 1943, McCambridge and Trostle 1972, Wood 1963), ranks first in de​structiveness among the bark beetles of the West. It ranges throughout the .pine forest of British Columbia, Alberta, and the Western States into northern Mexico. Pinus contorta, P. lamber​tiana, P. monticola, P. ponderosa, and P. albicaulis are its prin​cipal hosts. P. aristata, P. balfouriana, P. coulteri, P. edulis, P. flexilis, P. monophylla, and several other pines are recorded hosts. In lodgepole pine, the mountain pine beetle infests mature forests, often decimating them over extensive areas. In ponderosa, west​ern white, and sugar pines, group killing (fig. 214), often on a
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large scale, occurs both in mature forests and in young over​stocked stands. Mostly, this beetle is a primary killer, but at times it occurs as a secondary, for example in association with D. brevi​comis.

An outbreak of the mountain pine beetle from 1894 to 1908 in ponderosa pine in the Black Hills of South Dakota first called public attention to the extensive killing by bark beetles in the West. Between 1 and 2 billion fbm of pine were killed in that early outbreak. Since then many other outbreaks of the mountain pine beetle have occurred. Among the most noteworthy were the Kaibab, Ariz., outbreak of 1917 to 1926 that killed 300 million fbm of ponderosa pine and the series of outbreaks from 1925 to 1935 in Idaho and Montana that killed more than 7 billion fbm of lodge-pole pine and vast numbers of whitebark pine. Western white pine in Idaho and sugar pine in California have repeatedly suffered heavy losses caused by this beetle. Somewhere in the West it is epidemic almost continually in one or more of its principal hosts.

Trees from 10 to 12.5 cm (4 to 5 in) in diameter up to those of the largest size may be attacked by the mountain pine beetle.
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FIGURE 214.—Group killing of ponderosa pine by mountain pine beetle (Dendroctonus ponderosae) in the Black Hills National Forest, S. Dak.

Attacks are usually heaviest along the main trunk of a tree from within a meter or so of the ground up to the middle branches but may extend from the root collar very nearly to the top and into the larger limbs. During endemic infestations there is a tendency for the beetles to select the weaker, less vigorous trees for attack, but no such selection is evident during epidemic conditions. In​fested trees are recognized first by pitch tubes on their trunk and red boring dust in bark crevices and on the ground at the roots; later, by discoloration of the foliage, as it changes from normal green to light greenish yellow, and then to reddish brown. The wood of successfully attacked trees soon becomes heavily blue-stained by Ceratocystis montia (Rumb.) Hunt.

The adults of Dendroctonus ponderosae are rather stout, black, cylindrical beetles 4 to 7.5 mm long and practically identical to those of D. jeffreyi. They excavate very long, perpendicular egg galleries (fig. 215) through the inner living bark, engraving both bark and wood. The galleries may be nearly straight or slightly sinuous, and, sometimes, particularly in sugar pine, decidedly winding, and at the bottom of these galleries there is a short crook, or bend, 25 or 50 mm (1 or 2 in) in length. The perpendicu​lar portion of the gallery ranges in length from 30 to 90 cm (12 to 36 in) and nearly always follows the grain of the wood.

Eggs are deposited singly in niches in groups on alternate sides during the construction of the egg gallery. These hatch in a few days, and the small white larvae excavate short feeding tunnels at right angles to the egg gallery. These feeding tunnels vary in length and are exposed on the inner bark surface. When fully grown, the larvae construct small pupal cells at the ends of the larval mines and in these transform to pupae and then to new adults. These pupal cells are usually exposed when the bark is removed, but in thick-bark trees they may be concealed in the inner bark. The new adults may bore away the intervening bark between pupal cells and congregate beneath the bark, prior to emergence from a common exit, or individual emergence holes may be constructed directly from the pupal cells. Emerging beetles also take advantage of cracks in the bark or holes made by wood​peckers.

The life cycle of the mountain pine beetle varies considerably over its wide and diverse range. One generation per year is the general rule. In portions of California, two and a partial third generation may develop, and in the coldest portions of its range, one generation may require 2 years. Larvae and adults are the overwintering stages.

Several natural factors affect the abundance of the mountain pine beetle, including sub-zero winter temperatures ; nematodes ;
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FIGURE 215.—Long vertical egg galleries of mountain pine beetle
(Dendroctonus ponderosae).

woodpeckers ; predaceous insects such as Enoclerus sphegeus, Temnochila chlorodia, and Medetera aldrichii; and the insect parasite Coeloides dendroctoni. As stand susceptibility to the beetle increases, the effectiveness of natural control decreases and outbreaks develop. This points to the desirability of harvesting susceptible stands prior to outbreaks or relieving stand stress as
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in the thinning of dense young ponderosa pine. Control of out​breaks by logging infested timber is good in theory but has proven of limited usefulness because of the large areas to be intensively covered in a brief time and because of the high cost. Direct con​trol measures, such as felling and burning or peeling, and treating with oil or chemical sprays, were used for decades in many parts of the West. These measures now are considered generally un​economical. This has led to a search for new methods. One such method being tested operationally is to concentrate the beetles during flight by the use of pheromone-baited traps (Pitman 1971) .

The Douglas fir beetle, Dendroctonus pseudotsugae Hopkins (Furniss and Orr 1970, Walters 1956, Wood 1963), is the most important bark beetle enemy of Douglas-fir throughout the range of this tree in western North America. It also attacks western larch but produces brood only in down trees. Normally it breeds in felled, injured, or diseased trees. The resulting endemic mor​tality is large in amount but widely scattered. At times, D. pseudotsugae becomes epidemic and kills apparently healthy trees on extensive areas. In the coastal Douglas fir region from British Columbia to northern California, outbreaks are sporadic and of short duration but are likely to kill large amounts of timber. Usu​ally they develop following extensive windthrow or large fires. In Rocky Mountain forests, outbreaks usually are of longer duration and commonly develop in trees felled by wind, broken by snow, or affected by drought.

Reddish or yellowish boring dust caught in bark crevices or around the base of trees is the usual evidence of attack by the Douglas fir beetle. No pitch tube is formed but resin may exude from the upper attacks. The foliage of attacked trees turns yellow, then sorrel, and finally reddish brown in late summer, in fall, or in early spring, depending upon the region, time of attack, and weather. Viewed from the air these "redtops" provide a means for assessing an outbreak (Greeley et al. 1953).

Adult Douglas fir beetles are dark brown to black with reddish elytra, rather hairy, 4.4 to 7.0 mm long, and similar to the smaller D. simplex and the more robust D. rufipennis, but distinguished from both by host. Douglas fir beetles work in pairs and construct egg galleries which are mostly in the inner bark, though they also slightly etch the sapwood. Typical galleries are perpendicular, usually straight or slightly sinuous, and average about 30 cm long, though they range about 12 cm to more than 90 cm. The first 2.5 to 5.0 cm of gallery angles to the side as with D. ponderosae. The eggs are pearl-white, about 1.2 mm long, and without surface markings. They are laid in masses of 10 to 36 in grooves at inter‑
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vals along alternate sides of the gallery (fig. 216A). The larval mines diverge from the egg groups and are extended through the inner bark close to the wood. They expand as the larvae grow, so the completed work from each group of eggs is somewhat fan- shaped (fig. 216B) . The pupal cells, which are constructed at the ends of the larval mines, may be exposed when the bark is removed from the tree, or they may be concealed in it, depending on the thickness of the bark. In these cells the transformation from larvae to pupae and then to new adults takes place. The new adults bore away the intervening bark between pupal cells and congre- gate, sometimes for rather long periods, beneath the bark. Finally they bore through the bark to the surface, emerge, and fly to make their attack on other trees.

The Douglas fir beetle has one generation annually. Adults and large larvae overwinter, with the adults predominating. Depending upon area and weather, the overwintering adults emerge and attack from April to June. Some of these adults reemerge and attack additional trees, establishing a second brood. Adults from overwintering larvae emerge and attack in July and August.

In the coastal Douglas-fir region, resistance of the host tree evidently keeps the Douglas fir beetle under control most of the time. Even when outbreaks occur, following stand disturbance

F-520206, F-520206

FIGURE 216.—Douglas fir beetle (Dendroctonus pseudotsugae): A, Adult females preparing egg galleries; B, larval mines fanning outward from egg galleries.
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caused by fire or wind, they abruptly subside because the beetles do not thrive in normal green timber. In interior forests tree resistance is a key factor in control, but trees are subject to greater stress and the effectiveness of natural control varies more than in coastal forests. Among the insects rated as important in natural control of the Douglas fir beetle are Enoclerus sphegeus, Thanasimus undatulus, Temnochila chlorodia, Coeloides brunneri, and Medetera aldrichii.

Direct control of the Douglas fir beetle is of dubious merit and has seldom been attempted. In the coastal Douglas-fir region, where outbreaks are brief but intense, prompt salvage of beetle-killed, wind-thrown, and fire-killed trees before the beetles emerge is the only practical course of action. In this coastal region, slash on clearcut areas does not create a beetle problem, but sometimes does on selectively cut areas. In inland forests, preventive control is obtained by thinning and harvesting. Slash has not caused tree-killing outbreaks of the Douglas fir beetle, but large amounts of cull stems probably should not be left after logging, especially if shaded. Stumps are reported to be significant sources of beetles in British Columbia but have not been involved with tree killing in the Rocky Mountain States. Aggregating pheromones are being developed for use in concentrating attacks in trees to be logged. An antiaggregative pheromone has been shown to prevent infes​tation of down trees (Furniss et al. 1974).

The Allegheny spruce beetle, Dendroctonus punctatus LeConte (= johanseni Swaine) (Wood 1963), is a transcontinental, little-known species found principally in the Far North. In the West, it attacks Picea glauca and P. sitchensis and is recorded in Alberta, Northwest and Yukon Territories, and Alaska. It attacks the lower bole and kills scattered trees principally in noncommercial stands. The adult is uniformly brown and averages about 6 mm long. It resembles D. murrayanae and D. rufipennis, but differs in that the front of the head of the adult D. punctatus is not granulate. The female cuts a "C-shaped" gallery and lays clusters of eggs along the outer edge. The larvae feed out en masse, forming a cavity that becomes filled with resinous frass. The life cycle is presumed to be 2 or more years.

The spruce beetle, Dendroctonus rufipennis (Kirby) ( = borealis Hopkins, = engelmanni Hopkins, = obesus (Mannerheim) (Massey and Wygant 1954, Schmid and Beckwith 1975, Wood 1963), occurs throughout the range of Picea in North America. In the West, P. engelmannii, P. glauca, and P. sitchensis are prin​cipal hosts. Normally this beetle is present in small numbers in weakened or windthrown trees, large pieces of slash, and fresh stumps. Sporadic outbreaks have killed extensive stands of spruce
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in Alaska, western Canada, Colorado, Montana, and Utah (fig. 217) . For example, the spruce beetle killed an estimated 3.8 billion fbm of spruce in Colorado from 1942 to 1948 (Wygant and Nelson 1949). Such outbreaks commonly develop in windthrown timber. During epidemics, trees of all ages and diameters, except repro​duction, are attacked, preference being shown for trees of larger diameter. Like fire and wind, the spruce beetle is a natural though destructive means for liquidating overmature forests and making way for the new.

The spruce beetle adult is dark brown to black with reddish wing covers, rather hairy, approximately 4 to 7 mm long, and closely resembles D. murrayanae and to some extent D. pseudo​tsugae. The egg gallery is vertical, 6 to 22 mm long, slightly wider than the beetle, and the basal portion usually is filled with pitchy frass. Eggs are laid in elongate grooves on alternate sides of the gallery. At first the larvae bore out en masse transversely. Later they mine individually and their mines frequently cross each other. The pupal cells are usually constructed in the inner bark, being exposed when the bark is removed, but are sometimes deeper in the bark and quite concealed in thick-bark trees.

The life cycle and habits of the spruce beetle differ widely in various portions of its vast range. Two years are required to complete a generation, from attack to attack, in the main body
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FIGURE 217.—Extensive tree killing by the spruce beetle (Dendroctonus
rufipennis) on White River National Forest, Colo.
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of Engelmann spruce stands. At high elevations 3 years may be required, and in coastal forests a 1-year life cycle is normal. In Sitka spruce in Alaska this beetle sometimes attacks and raises broods in a tree 2 or more years before killing it. In the Rocky Mountains, the principal flight, attack, and egg laying takes place when hibernated adults emerge after the snow disappears late in June and in July. Some of the parent beetles reemerge and establish another brood. Eggs hatch and larvae develop during the summer. The progeny pass the winter as half- to nearly full-grown larvae and complete development to adults by the follow​ing August. The new adults emerge and migrate to the basal trunk and root collar of the host tree from August to October ; there they bore beneath the bark and hibernate until the ensuing June and July. Overwintering stages consist primarily of hiber​nating adults of the previous seasonal attacks and half- to three​fourths-grown larvae of the current seasonal attacks.

Spruce beetle populations are kept at low levels most of the time by a combination of natural control factors. During out​breaks the beetle outruns its natural controls, often for years, until much of the mature forest is killed. Woodpeckers are impor​tant predators in the Rocky Mountains. Among the insects, Coeloides dendroctoni, a parasite, and Medetera aldrichii, a pi ed ator, are most important. The nematodes, Sphaerularia dendroc​toni Massey and Contortylenchus reversus Thorne significantly reduce the egg laying capacity of the infested female spruce beetles.

The harvesting of stands of overmature spruce by clearcutting is effective as a preventive measure when comprehensively done. Salvage of windthrown trees and infested standing trees before the beetles emerge from them is important both in prevention and control. Green trees systematically felled as "traps" absorb large numbers of beetles which then can be destroyed by treating or salvaging the infested logs. Infested trees and logs can be sprayed with chemicals or burned to kill the contained brood. While effective on individual trees, direct control measures are costly and the benefits are short-lived during extensive epidemics, hence management practices should be focused upon prevention. The start of an outbreak is difficult to detect, because the foliage does not fade until a year after attack, and it turns pale green only before dropping. There are no pitch tubes. First-year attacks can be detected only by the presence of brown boring dust around the base of trees. Woodpecker work also helps to identify the trees after about October 1, when the larvae are large.

The eastern larch beetle, Dendroctonus simplex LeConte (Hop​kins 1909, Furniss 1976), infests Larix laricina throughout the range of that tree which includes Alaska and the Western Prov‑
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inces and Territories. As a rule, D. simplex attacks injured and recently down trees, and those weakened by fire, flooding, and the larch sawfly. However, an extensive infestation of normal-appearing trees in the Kantishna River drainage, Alaska, devel​oped in 1973 and is continuing (1975). Successfully infested trees fade during late summer. The bark of the lower bole often is removed during the winter, presumably by birds feeding on the beetle broods.

The dark reddish-brown adult resembles D. pseudotsugae but is smaller (4.3 mm long) and differs in gallery characteristics, tree host, and geographic distribution. The broods overwinter as callow adults which mature in the spring. They fly and attack in May and June. Egg galleries are rather winding, commonly 30 cm long, and they lightly etch the wood surface. Turn-around niches are constructed at intervals along the gallery, thus distin​guishing D. simplex from D. pseudotsugae. Eggs are deposited in niches in small groups (usually one to four per group) alter​nately on opposite sides of the egg tunnel. Larvae mine laterally in the phloem. By the time they mature, the inner bark usually is completely mined and the original gallery pattern practically obliterated. There is no record of direct control of this beetle in the West.

The red turpentine beetle, Dendroctonus valens LeConte (Eaton and Lara 1967, Smith 1961) , occurs in practically all pine forests of the United States and Canada except in the Southeastern and Gulf States. It attacks all species of pine within its range and occasionally spruce and larch. In the West, Pinus ponderosa, P. contorta, P. jeffreyi, P. lambertiana, P. monticola, and P. radiata are preferred hosts.

D. valens normally attacks injured, weakened, or dying trees, and freshly cut logs and stumps. It often attacks leave trees fol​lowing logging. Fire-scorched trees and trees in campgrounds and around homes in woodlands also are frequently attacked. Ordi​narily this beetle is not aggressive and does not become epidemic. Through repeated attacks, it sometimes kills trees but more often weakens them, thus subjecting them to fatal attack by other bark beetles.

The adult red turpentine beetle, averaging about 8 mm long, is the largest in the genus. Its color is distinctly reddish brown. Woodsmen know it as the "barber beetle" because of its ability to clip hairs with its powerful mandibles. Attacks on a tree are char​acterized by large reddish pitch tubes at the point of entry (fig. 218). On burrowing beneath the bark, the beetles excavate short, irregular, longitudinal to cavelike galleries between the bark and the wood of the lowermost portion of the bole and of the root
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FIGURE 218.—Pitch tubes of the red turpentine beetle (Dendroctonus valens)
at the base of a pine.

crown. The eggs are laid in elongate groups packed in frass along the sides of the gallery. The larvae feed through the inner bark in mass formation, producing a cavity ranging from about 1 to 9 dm2 (0.1 to 1 sq ft) or more in area. Transformation to pupae and adults takes place in cells of frass in the brood chamber or in short mines along its margin. Attacks occur throughout warm weather but peak by midsummer. Winter is passed as adults and larvae. The number of generations varies from one in 2 years in the coldest portions of its range to two or three per year in the warmest.

In commercial forests, care should be taken to minimize injury to standing trees during logging, improvement operations, and road construction. High-value trees on intensive-use areas also should be protected from injury and soil compaction. Chemical sprays can be used to prevent attacks and to kill beetles that have attacked. Screening the lower bole during the flight period may be practical in protecting especially valuable trees.

All species of Hylastes (Blackman 1941) breed in conifers. Sev​eral are western. The adults are reddish brown to black, elongate,
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streamlined beetles, 3 to 6 mm long. They closely resemble Hylur​gops but their third tarsal segment is narrow and emarginate rather than broad and bilobed. During afternoon and evening in spring and early summer the adults fly in great numbers and often are encountered around lumberyards and on tents and even moun​tain snowfields where they are carried by updrafts (Furniss and Furniss 1972). Hylastes are not considered to be primary tree killers, but occasionally the adults feed on the tender bark of young trees and sometimes kill them by girdling at or below the root collar. Suppressed, injured, and drought-weakened saplings are susceptible to this type of attack. The broods develop under the bark of the root crown and the roots of dying and dead trees, and in stumps and the underside of logs and slash in contact with the ground. Direct control is unnecessary.

Hylastes nigrinus (Mannerheim) (Zethner-Moller and Rudinsky 1967) is the species most often encountered in forests of the Pacific slope. It ranges from California to Alaska and Montana. Hosts include Abies, Picea, Pinus, Pseudotsuga, and Tsuga. The adult (fig. 219) is black and medium-sized for the genus. In western Oregon, where Douglas-fir is the principal host, peak flight occurs in May. Adults feed on small roots of large dead trees and on the roots of small weakened trees. Eggs are laid pre​dominantly in the roots. A 1-year life cycle is usual.
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	FIGURE 219.—Adult of Hylastes nigrinus,
5 mm long.


Hylastes gracilis LeConte and H. longicollis Swaine are dark reddish-brown species, about 4 mm long, that breed principally in pine and occur from California to British Columbia and east​ward to South Dakota and New Mexico. H. macer LeConte, 5 to 6 mm long and pitch black, is the largest species. It occurs from California to British Columbia, South Dakota, and New Mexico. Hosts are ponderosa, sugar, Jeffrey, and lodgepole pines and Engelmann spruce. H. ruber Swaine is a reddish-brown species about 4.5 to 5.5 mm long. It breeds in Douglas-fir from Oregon to British Columbia, Montana, and Arizona.

Hylurgopinus contains one species in North America. The native elm bark beetle, H. rufipes (Eichhoff) (Baker 1972), is primarily
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an eastern species but occurs westward to Saskatchewan, North Dakota, and Nebraska. Elms are its principal hosts. It is a vector of Ceratocystis ulmi (Buisman) C. Moreau, the fungus that causes Dutch elm disease (Schreiber and Peacock 1974). The egg gallery is horizontal in contrast with the vertical egg gallery of Scolytus multistriatus, the primary vector of Dutch elm disease. Adults of H. rufipes are 2 to 3.5 mm long, clothed with short, stiff, yellowish bristles, and resemble Hylurgops in body outline.

Species of the genus Hylurgops are commonly found in the inner bark at the base of trunks or in the main roots of dying or dead trees, or in freshly cut stumps. The adults are about 4 to 5 mm long. They resemble Hylastes but are more robust, and the third tarsal segment is broad and bilobed rather than narrow and emarginate. The species of Hylurgops breed in the root crown and lower bole of conifers. Several species occur in the West; none is a pest.

Hylurgops incomptus (Blandford) occurs in Arizona, New Mexico, and southward in Mexico on pines.

Hylurgops porosus (LeConte) is a black species with evenly rounded elytra that are not wider behind the middle. It ranges widely in the West, attacking various pines and white fir.

Hylurgops reticulates Wood (Wood 1971a, 1971b) occurs abund​antly from British Columbia and Montana to California and New Mexico in pines and Douglas-fir.

Hylurgops rugipennis (Mannerheim) is a reddish-brown species with evenly rounded elytra that are somewhat wider behind the middle. It works in pines, spruce, Douglas-fir, and western hemlock and occurs extensively in the West, including Alaska. In Alberta a life cycle requires from 11/2 to 21/2 years (Reid 1955).

Hylurgops subcostulatus (Mannerheim) is a russet-brown, scaly beetle, frequently encrusted with resin and frass. It differs from most other Hylurgops by having strongly ridged elytra. It attacks ponderosa, Jeffrey, sugar, lodgepole, and western white pines and occurs throughout the West. In the days of extensive direct con​trol of the western pine beetle, H. subcostulatus was known to treating crews as the "sour sap beetle" because of its habit of breeding in the wet fermenting inner bark at the base of dead ponderosa pines. The egg gallery is short, slightly curved, and longitudinal. Two generations per year are usual in the warmer portions of its range.

Four species of ash bark beetles, Leperisinus, occur in the West. They breed in felled, injured, or weakened ash trees, causing essentially no economic damage. Often they are abundant in cord​wood. They construct uniform, transverse egg galleries (fig. 220A) that score both the wood and inner bark of the bole and branches.
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FIGURE 220.—Oregon ash bark beetle (Leperisinus oregonus): A, Transverse egg galleries on Oregon ash, with radiating larval galleries; B, adult, 3 mm long.

The striking gallery pattern sometimes is featured in rustic furni​ture. The adults (fig. 220B) are robust beetles, 2 to 4 mm long, evenly rounded behind, and covered with scales that often give them a mottled appearance as in some Pseudohylesinus.

The western ash bark beetle, Leperisinus californicus Swaine, occurs from Washington south to California and east to North Dakota, Colorado, and Oklahoma. In California it is known as the olive bark beetle because it attacks weakened olive trees and pruned branches. It has one generation annually (Chamberlin 1958). The Oregon ash bark beetle, L. oregonus Blackman, is a similar but generally darker species that attacks Oregon ash from Washington to California. The eastern ash bark beetle, L. aculeatus (Say), ranges westward into North Dakota and Colorado. L. criddlei Swaine, a small eastern species, occurs westward into Manitoba, Wyoming, and Colorado.

Liparthrum contains two species, one of them western. L. ari​zonicum Wood (Wood 1959) is an obscure noneconomic species that breeds in -branches and twigs of Arbutus arizonicus in Ari​zona and Mexico. The adult is about 1 mm long and the body is brown with rows of lighter colored scales on the elytra.

Phloeosinus (Blackman 1942) contains 25 species north of Mex​ico. Most of them are western. All except one (in Pinus and Picea) develop in trees of the genera Chamaecyparis, Cryptomeria, Cupressus, Juniperus, Libocedrus, Taxodium, Thuja, and Sequoia
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(table 13). They are known as cedar bark beetles although none
attacks true cedar, Cedrus. Their hosts are infested by almost no
other bark beetles ; consequently any species found working in the
inner bark of cedarlike trees is almost certain to be a species of
Phloeosinus. As a general rule these beetles are not aggressive in
their attack and are found working under the bark of trunks, tops,
and limbs of weakened, dying, or felled trees, or of broken
branches. Occasionally, however, they become sufficiently numer‑
ous and aggressive to attack and kill apparently healthy trees.
During the 1920's and 1930's Juniperus occidentalis in central
Oregon was extensively killed by a combination of severe drought
and attacks by Phloeosinus. With increased rainfall since then,

Table 13.—Hosts and distribution of western species
of Phloeosinus

Species
Hosts
Distribution

P. antennatus Swaine
Libocedrus decurrens
Calif. and Oreg.

P. arizonicus Blackman
Cupressus arizonicus
Ariz.

P. baumanni Hopkins
Cupressus arizonicus
Ariz.

P. cristatus (LeConte)
Cupressus macrocarpa
Calif., Ariz., and N. Mex. and Cupressus spp.

P. cupressi Hopkins
Cupressus macrocarpa,
Calif. to Alaska

(= nitidus Swaine)
Cupressus spp., and

Chamaecyparis nootka‑
tensis

P. frontalis Bruck
Cupressus
Southern Calif. (= granulatus Bruck)

P. fulgens Swaine
Libocedrus decurrens
Calif. and Oreg.

P. furnissi Blackman
Juniperus monosperma,
British Columbia, Wyo.,

J. pachyphloea, and J.
N. Dak., Colo., Utah,

osteosperma
Ariz., and N. Mex.

P. hoferi Blackman
Juniperus scopulorum,
Wyo., Colo., Utah, Ariz.,

J. pachyphloea, and J.
and N. Mex.

osteosperma

P. hoppingi Swaine
Libocedrus decurrens,
Calif. and Oreg. Juniperus occidentalis,

and Cupressus macro‑
car pa

P. keeni Blackman
Chamaecyparis foot-
Wash., Idaho, British

katensis
Columbia, and Alaska •

P. pini Swaine
Picea glauca and Pinus
Alaska, Northwest Terri‑
( = alaskanus Blackman)
banksiana
tories, and Manitoba

P. punctatus LeConte
Thuja plicata, Libocedrus Calif. to British Colum‑
western cedar bark
decurrens, Juniperus
bia and Idaho

beetle
occidentalis, and Sequoia

(= buckhorni Blackman,
gigantea

= kaniksu Blackman,

= rubicundulus Swaine,

= rusti Blackman)
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Table 13.—Hosts and distribution of western species
of Phloeosinus—Continued

Species
Hosts
Distribution

P. scopulorum Swaine
Juniperus scopulorum,
British Columbia, Wash.,

and Juniperus spp.
Utah, Colo., Ariz., and N. Mex.

P. sequoiae Hopkins
Sequoia sempervirens,
Calif., Oreg., Wash.,

redwood bark beetle
Thuja plicata, Chamae-
British Columbia, and

(= squamosus Blackman,
cyparis lawsoniana, and
Alaska

= blackmani Schedl)
C. nootkatensis

P. serratus (LeConte)
Juniperus occidentalis,
Calif., Oreg., Wash.,

(= aciculatus Bruck,
J. pachyphloea, and
Idaho, Utah, Ariz., and

= chamberlini Blackman, J. osteosperma
N. Mex.

juniperi Swaine,

= rugosus Swaine,

= utahensis Swaine)

P. setosus Bruck
Cupressus goveniana and Calif.

Libocedrus decurrens

P. spinosus Blackman
Cupressus arizonica
Ariz. and N. Mex.

P. swainei Bruck
Cupressus goveniana
Calif.

P. vandykei Swaine
Libocedrus decurrens and Calif. and Oreg.
Thuja plicata

P. variolatus Bruck
Cupressus goveniana
Calif.

the outbreak has ended and for many years Phloeosinus attacks in that area have been confined to injured and felled trees.

The adults are reddish brown to black, often shiny beetles, rang​ing from about 2 to 4 mm long. Rows of teeth on the declivity of the elytra are useful in identification (fig. 221A). Prior to con​structing egg galleries, the newly emerged adults feed on twigs of healthy trees of the host species, often hollowing them out and killing them. This twig-killing sometimes is conspicuous on orna​mentals. In constructing their blood burrows the beetles work in pairs. While there is some variation in the work pattern, the typi​cal egg gallery consist of one short, longitudinal gallery arising from an enlarged entrance chamber, with the eggs uniformly spaced along the sides and the larval mines extending laterally in a regular pattern. As the feeding progresses, the pattern becomes confused, especially in heavy attacks (fig. 221B). Trees are attacked in the spring and summer, and there may be one or one and one-half generations a year. Keeping trees healthy will mini​mize attacks for egg laying. Direct control in the forest is imprac​tical.

Phloeosinus cristatus (LeConte) and P. cupressi Hopkins are known as cypress bark beetles because their principal hosts are species of Cupressus. They attack the bole and larger branches,
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F-523475, F-523476

FIGURE 221.—Examples of cedar bark beetles, Phloeosinus: A, Elytral decliv‑
ity of P. cupressi; B, egg and larval galleries of P. punctatus.

sometimes killing injured and weakened trees. They also hasten the death of trees infected by Coryneum cardinale and may be a vector of this tree-killing fungus (Wagener 1939). The newly emerged adults also mine and kill twigs, presumably a feeding habit, sometimes making ornamental trees unsightly to the point of requiring control measures.

The western cedar bark beetle, Phloeosinus punctatus LeConte, is a common and variable species as indicated by the number of synonyms. Generally it is of little importance, but sometimes is reported to kill trees, for example, western redcedar on Vancouver Island in 1959. It is common in fallen branches of giant sequoia. The egg gallery consists of one longitudinal tunnel about 25 mm long or two shorter ones in the form of a "V" (fig. 221B). The adults are black and shiny with reddish-brown elytra; length is 2 to 3 mm.

The redwood bark beetle, Phloeosinus sequoiae Hopkins, ranges from 3.2 to 4.2 mm long, a shade larger than any other North American species. It attacks weakened, felled, or fire-scorched redwood in California and Oregon. It also attacks Chamaecyparis lawsoniana, C. nootkatensis, and Thuja plicata. Under the name, P. squamosus Blackman, now considered to be a synonym, it ranges northward in coastal Oregon, Washington, and British Columbia into southeastern Alaska. In Alaska it frequently at​tacks and kills western redcedar and Alaska-cedar on poor sites, thus being somewhat more aggressive than most other species of

Phloeosinus.

Phloeotribus [Phthorophloeus] contains eight species in North America, four of which occur in the West.

Phloeotribus lecontei Schedl ( = puberulus LeConte) occurs in British Columbia and Alberta and southward into Arizona and
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New Mexico. It breeds in branches of Pseudotsuga menziesii, Picea engelmannii, and Abies, causing no economic damage. The adults are 2 to 2.5 mm long, dark brown to black, and densely clothed with gray hairs. Viewed under a microscope, the segments of the antennal club are loosely joined and are extended off-center on the inside.

Phloeotribus piceae Swaine is an eastern species that ranges westward into Alaska in branches of Picea glauca. Phloeotribus pruni Wood occurs in Prunus from Colorado into Mexico, and Phloeotribus dentifrons (Blackman) occurs in Celtis in New Mexico.

Polygraphus contains three species in North America, all west​ern. They resemble Hylurgops in body outline, but are smaller and differ from this and other genera of Hylesininae by having com​pletely divided eyes. They breed principally in spruce.

Polygraphus convexifrons Wood (Wood 1971) closely resem​bles P. rufipennis in appearance and presumably in habits but differs in that the front of the head of the female is strongly con​vex rather than flat. P. convexifrons occurs in spruce in Alaska, Yukon Territory, Utah, Colorado, and New Mexico.

Polygraphus hoppingi Swaine is a little-known species recorded from Picea engelmannii in Arizona. It is somewhat larger and more elongate than P. rufipennis.

The foureyed spruce beetle, Polygraphus rufipennis (Kirby) is a transcontinental species that occurs extensively in the Western Provinces and States, including Alaska. It is a common secondary species that breeds under the bark of the smaller and drier por​tions of the bole of dead and dying spruce. It also breeds in lodge-pole pine, limber pine, and larch. The adults are 2 to 3 mm long, stout, black, and moderately clothed with scalelike hairs. They construct a nuptial chamber in the inner bark from which radiate one to five short, curved egg galleries. There appears to be only one generation annually, but females may reattack and establish two or more broods.

Pseudohylesinus (Bright 1969) contains nine species in North America. As a group, they range from Alaska into Mexico and are most abundant in the fir forests of Oregon, Washington, and British Columbia. Usually they attack dying, dead, and down trees, but at least two species are recorded as destructive tree killers. Two or more species often occur in one tree. Some species hibernate in special niches cut in the bark of the basal portion of a tree or in twigs. Their egg galleries resemble those of Scolytus but score the wood less and the nuptial chamber generally is less evident. The adults of these two genera are markedly different in that the wing covers of Pseudohylesinus are densely covered with
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scales, and therefore are dull in appearance instead of bare and shiny as is Scolytus. Moreover, Pseudohylesinus adults are nearly oval in outline and do not have the "sawed-off" rear end that is such a distinctive feature of Scolytus.

Pseudohylesinus dispar Blackman consists of two named sub​species. The typical and more abundant one ranges from central California to Washington, Idaho, and Montana. It attacks Abies concolor, A. grandis, and A. magnifica. The adult is 2.9 to 4.7 mm long and clothed with light brown and ash-gray scales in varie​gated pattern. The less common form attacks Abies procera and ranges from central Oregon to central Washington. The adult is clothed with dark brown to black scales interspersed with patches of white. Both subspecies attack the bole and larger branches of decadent trees, ranging from saplings to mature trees. Both con​struct transverse egg galleries ranging from about 4 to 12 cm long.

The fir root bark beetle, Pseudohylesinus granulatus (LeConte) (Thomas and Wright 1961) (fig. 222), occurs from British Co​lumbia to California. Various species of Abies are its principal host. Douglas-fir and western hemlock also are recorded hosts. Normally it is a secondary species but in combination with P. sericeus can be highly destructive. The adult is 4.1 to 5.5 mm long. Attacks are made in the basal portion of a tree and often extend below ground as with Hylastes and Hylurgops. Egg galleries are short and irregularly transverse. The life cycle is 2 years in northern Washington.

F-454373

FIGURE 222.—Adult of fir root bark beetle (Pseudohylesinus granulatus),
5 mm long.
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Pseudohylesinus maculosus Blackman occurs in Utah, Arizona, and New Mexico. Hosts are Abies concolor and A. lasiocarpa. The adult is 3.0 to 5.4 mm long and heavily clothed with dark brown, black, and white scales arranged in irregular spots.

The Douglas fir pole beetle, Pseudohylesinus nebulosus (Le-Conte) (Walters and McMullen 1956), is the most widespread species of the genus, apparently occurring throughout the range of its principal host, Douglas-fir. The adult is 2.4 to 3.1 mm long. It commonly attacks thin-barked portions of logging slash, wind-thrown trees, and the tops and branches of trees killed by Den​droctonus pseudotsugae. It also attacks saplings and poles infected with root rots. Newly emerged adults bore into twigs of live trees to feed before attacking to lay eggs. In interior British Columbia there is one generation per year. There, attacks begin early in May and emergence is complete by late September. The adults over-winter in niches cut in the bark. Usually a short, longitudinal egg gallery is constructed in the cambium layer, often with two branches, originating from a central entrance tunnel, one up and one down the trunk, parallel with the grain of the wood (fig. 223). The work is similar to, and easily confused with, that of Scolytus unispinosus, but is distinctive in that no well-defined nuptial cham​ber is visible on the inner surface of the bark. The larval mines diverge from the egg gallery and end in pupal cells in the inner bark.

The subspecies, P. nebulosus serratus Bruck, is somewhat larger and attacks only Pseudotsuga macrocarpa in California.

The noble fir bark beetle, Pseudohylesinus nobilis Swaine, occurs in Washington and Oregon in Abies amabilis, A. grandis, A. pro​cera, and Tsuga heterophylla. It attacks the bole and larger limbs of dying trees. The adult is 2.5 to 3.5 mm long and closely resem​bles P. sericeus and P. tsugae. The egg gallery is irregularly transverse.

Pseudohylesinus pini Wood is the species long known as P. seri​ceus. It occurs along the coast from Alaska to California and attacks the branches and upper bole of weakened and dying Pinus contorta and P. radiata. The adult closely resembles that of Pseudohylesinus sitchensis but is slightly smaller. The egg gal​leries of these two species also are similar.

The silver fir beetle, Pseudohylesinus sericeus (Mannerheim) (= P. grandis Swaine) (McGhehey and Nagel 1969, Thomas and Wright 1961), together with P. granulates, killed some 528 million fbm of commercial grade Pacific silver fir from 1947 to 1955, prin​cipally in Washington. Usually both these species attack wind-thrown, felled, injured, and severely suppressed trees. P. sericeus ranges from Alaska to California and eastward to Montana. Vari‑
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ous Abies, Tsuga heterophylla and Pseudotsuga menziesii are principal hosts. The adult is 2.7 to 3.9 mm long and mottled with brown and white scales (fig. 224). In Oregon the duration of a life cycle is reported to be 1 year and in northern Washington 2 years. The egg gallery is transverse and resembles that of Scolytus ventralis, but is narrower, less uniformly straight, and etches the wood less deeply. In large trees, attacks are made in the upper bole and in the limbs. Brown-stain fungi and root-rotting fungi such as Armillaria mellea, Fomes annosus, and Phellinus weirii commonly are associated with this beetle and aid it in killing a tree.

Pseudohylesinus sitchensis Swaine occurs on Sitka spruce from central California to Afognak Island, Alaska. It attacks the upper bole and limbs of dying and down trees. The adult is 2.5 to 3.5 mm long and densely covered with brown and ashy-gray scales. It makes a short, slightly curved, longitudinal gallery. The larvae work laterally and pupation occurs in the bark or slightly sub​merged in the sapwood.
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EN-6881

FIGURE 223.—Egg and larval galleries of the Douglas fir pole beetle (Pseudohylesi​nus nebulosus).

F-494374

FIGURE 224.—Silver fir beetle (Pseudohylesinus sericeus) adult, 3.5 mm long.

Pseudohylesinus tsugae Swaine (McGhehey and Nagel 1969) ranges from Alaska to California. Tsuga heterophylla is the prin​cipal host. T. mertensiana, Abies amabilis, and A. lasiocarpa also are attacked. It breeds in the lower bole of dying trees and in recent slash and down trees. The adult is 3.2 to 4.5 mm long. In western Oregon, P. tsugae has one generation per year. Some adults reemerge and establish a second brood. Attacks occur from May into August. Winter is spent principally as mature larvae. From June to November adults emerge and construct feeding niches in the bark of living trees. Some adults overwinter in the niches.

Scierus contains two species in North America. The adults are 3 to 4.5 mm long. They resemble Hylurgops but are reddish brown and dull rather than dark brown or black and shining. Their elytra are rough and have rows of short yellow setae.

Scierus annectens LeConte (Stewart 1965) is a transcontinental species. In the West it is recorded in Alaska, the Western Prov​inces, and southward to California, Arizona, and New Mexico. Picea engelmannii, P. glauca, and other spruces are the principal hosts. Pinus contorta also is attacked. In Colorado S. annectens is associated with Dendroctonus rufipennis in Engelmann spruce and commonly gains access to a tree through entrance holes of that beetle. The egg galleries average about 35 mm long and run lon​gitudinally. In Colorado, the life cycle is recorded to be 1 to 2 years.

Scierus pubescens Swaine occurs from Alaska and Alberta to Colorado. It infests Abies lasiocarpa and Picea. The adult resem​bles S. annectens but is hairier and somewhat shiny.
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Xylechinus contains two North American species, one of which is western.

Xylechinus montanus Blackman (Chamberlin 1958) occurs from California to Alaska, Montana, and Colorado. Hosts are Picea engelmannii, P. glauca, and Larix occidentalis. The boles of small weakened, dying, or recently dead trees are attacked. The adult is about 2.5 mm long, shiny brown, and clothed with gray scales and hairs. Two to four egg tunnels radiate from a central chamber.

Scolytinae—Recently (Wood 1973), the Scolytinae and Ipinae were combined as one subfamily. The adults of the western genera in this subfamily are of two types. In most genera, the front margin of the elytra usually is smooth ; the pronotum usu​ally is armed by granules or small teeth ; and the head usually is concealed. Scolytus differs from the Hylesininae and other genera in the Scolytinae in that the abdomen is vertical or nearly so behind, the elytra and pronotum are unarmed, and the outer mar​gin of the front tibia bears no teeth, except for a curved process at the outer end.

Cactopinus (Bright 1967) contains 14 species, five of which occur in the Southwestern United States. They attack pines, desert trees and shrubs, and cactus. None is economically important. They are 1.3 to 2.5 mm long. A V-shaped area on the pronotum is elevated and strongly toothed. The males have a prominent horn extending forward from the head.

Cactopinus koebelei Blackman is recorded from Pinus lamber​tiana and P. monophylla, and C. pini Blackman from Pinus jef​freyi in southern California. C. koebelei also occurs in southern Utah. C. desertus Bright attacks the limbs and bole of the ele​phant tree, Bursera microphylla, in southern California. The gal​leries are constructed both in and under the bark. C. hubbardi Schwarz is recorded from saguaro, Cereus giganteus, in Arizona.

Sixteen species of cone beetles, Conophthorus (Hopkins 1915a), are recorded from North America, 11 of them from the West. As now defined, the species can be identified most readily by host tree. Several are nearly identical in appearance and habits, hence it is likely that some are distinct in name only. All develop in pine cones. Cones that wither and die before they are half grown, and either drop to the ground or remain attached to the tree, usually have been killed by Conophthorus (fig. 225A). The riddled powdery interior of the mined cones (fig. 225B) and the small round exit holes through the cone scales are further evidence of attack by these beetles, even after the brood has emerged.

Periodically, cone crops of sugar, ponderosa, western white, pinyon, and other pines are severely damaged by Conophthorus.
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In some years from 25 to 75 percent of the sugar pine cones have been killed by C. lambertianae over large areas, thus increasing the difficulty and cost of collecting seeds for reforestation. In the Southwest a 3-year survey showed that C. ponderosae was the most damaging insect attacking ponderosa pine cones. Because of the economic importance of Conophthorus, the biology of four western species is known in detail—C. lambertianae Hopkins (Bedard 1968, Miller 1915), C. monticolae Hopkins (Williamson et al. 1966), C. ponderosae Hopkins (Kinzer et al. 1970, Miller 1915), and C. radiatae Hopkins (Schaefer 1962).

The adults (fig. 225C) are reddish-brown to black, shiny beetles, 2 to 4 mm long, and resemble over-sized Pityophthorus. Typically, they bore into the base or supporting stem of the imma​ture pine cones in the spring soon after the beginning of the second year's growth. A small tunnel is projected along the axis of the cone and in this the female beetle deposits her eggs. From these hatch small, white, curled, legless grubs which feed on the scales, seeds, and tissues of the withering cone. Development to the adult stage is completed during the summer within the dead cone, where the beetles usually remain over the winter. In the case of C. lambertianae, some adults emerge in the fall and mine and kill the tips of twigs on living trees and overwinter there.

There is an increasing need to protect seed orchards and seed collecting areas from damage by Conophthorus, but practical measures have not yet been developed. 

FIGURE 225.—Sugar pine cone beetle (Conophthorus lambertian,ae): A, Dam age and dwarfing of sugar pine cones ; B, overwintering adults in riddle( interior of cone; C, adult, 3 mm long.
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The hosts and distribution of the western species of Conoph​thorus are :

Species
Hosts
Distribution

C. apachecae Hopkins
Pinus engelmannii
Ariz. Apache pine cone beetle

C. cembroides Wood
Pinus cembroides
Ariz.

C. contortae Hopkins
Pinus contorta
Wash., Oreg., and Calif. lodgepole cone beetle

C. edulis Hopkins
Pinus edulis
Colo., Ariz., and N. Mex. pinon cone beetle

C. flexilis Hopkins
Pinus flexilis
Colo., Mont., Calif., and

limber pine cone beetle
Southern Rocky Moun‑
tains

C. lambertianae Hopkins
Pinus lambertiana and
Oreg. and Calif.

sugar pine cone beetle
P. monticola

C. monophyllae Hopkins
Pinus monophylla
Calif., Nev., Ariz., Utah,

singleleaf piiion cone
and Idaho

beetle

C. monticolae Hopkins
Pinus monticola
British Columbia to

mountain pine cone
Idaho and Calif.

beetle

C. ponderosae Hopkins
Pinus ponderosa and
Wash. to Calif., Ariz.,

ponderosa pine cone
P. jeffreyi
and N. Mex.

beetle

C. radiatae Hopkins
Pinus radiata
Calif.

Monterey pine cone

beetle

C. scopulorum Hopkins
Pinus ponderosa
Ariz., N. Mex., and Colo.

Cryphalus [Taenioglyptes], Procryphalus, and Trypophloeus are closely related, small bark beetles of similar appearance and habits (Wood 1954a). None of the western species is of eco​nomic importance. Trypophloeus and Procryphalus mine in the outer bark of the bole and larger branches of living broad-leaved trees. The species of Cryphalus attack only conifers. They mine in the bole of weakened young trees and in small branches of older trees. The adults of all three genera are brown to black beetles about 1.5 to 2.0 mm long and have scaly elytra, especially toward the rear. Hosts and distribution of some common western species in these genera are :

Species
Hosts
Distribution

Cryphalus pubescens
Abies grandis, Pseudo-
British Columbia to Calif.

Hopkins
tsuga menziesii, and

Picea sitchensis

C. ruficollis (Hopkins)
Abies amabilis, A.
British Columbia to

grandis, A. lasiocarpa,
Calif., Utah, Idaho,

Pseudotsuga menziesii,
Colo., and Ariz.

and Picea engelmannii

Procryphalus mucronatus
Populus tremuloides
Nev., Idaho, Utah, Colo.,

(LeConte)
and N. Mex.
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Species
Hosts
Distribtuion

P. utahensis Hopkins
Salix, and Acer macro-
Western U.S. and Canada

(= aceris Hopkins)
phyllum

Trypophloeus striatulus
Alnus and Salix
Alaska, Idaho, and Utah

(Mannerheim)
to East Coast nitidulus Swaine)

T. populi (Hopkins)
Populus tremuloides and Ariz., Nev., Utah, Colo.,

other Populus

and Saskatchewan to East Coast

T. salicis (Hopkins)
Alnus and Salix
Calif. and Wash.

T. thatcheri Wood
Populus tremuloides
Calif. and British Columbia

Crypturgus contains one species in the West. C. borealis Swaine ranges from coast to coast and is abundant in dying spruce in the Rocky Mountain Region and along the Pacific slope. It is the smallest bark beetle, about 1 mm long, commonly encountered and is of no economic importance. The adult is brown, cylindrical, and has a two-segmented antennal club. Attacks are made through the entrance holes of Dendroctonus, Ips, and probably other bark beetles.

Dolurgus contains one species, D. pumilus (Mannerheim). Not a pest, it ranges from Alaska to California. Picea sitchensis is the principal host. P. engelmannii, Pinus monticola, P. radiates, P. muricata, and species of Abies also are recorded hosts. The adult resembles Crypturgus borealis but is somewhat larger and has a three-segmented rather than two-segmented antennal club. Attacks are made on dying trees through the entrance holes of larger bark beetles. The galleries are wholly within the bark.

Dryocoetes (Bright 1963) contains seven species in North Amer​ica, six of them in the West. All but one attack conifers. Usually they breed in dying, dead, and down trees, but one species is recorded as a significant tree-killer. The adults are shiny, brown to black, cylindrical beetles ranging from 2 to 5 mm long. The thorax is evenly convex above and the elytra are abruptly rounded and unarmed behind. Several egg galleries radiate from a central nuptial chamber (fig. 226).

Dryocoetes affaber (Mannerheim) occurs in spruce forests from Alaska to New Mexico and the east coast. It attacks the bole of dying and down Sitka, Engelmann, and other spruces and also has been recorded from Abies, Larix, Pinus, and Pseudotsuga menziesii. The adult is 2.5 to 3.3 mm long, reddish brown to black, and abundantly clothed with long yellow hairs.

Dryocoetes autographus (Ratzeburg) ( = pseudotsugae Swaine) (Bright 1963) occurs in coniferous forests of Europe, Asia, and North America. In the West it ranges from Alaska to California and New Mexico. Species of Picea are the principal hosts. Pseu​dotsuga menziesii, Tsuga, Larix, and Abies also are attacked.
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F-523479

FIGURE 226.—Dryocoetes egg galleries radiating from a central nuptial
chamber, with larval galleries visible.

The adult is 3.4 to 5.0 mm long and similar in appearance to D. confusus. Attacks are made in the base and root crown of dying and recently dead standing trees and along the bole of down trees.
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In Douglas-fir, the adults construct short, irregular egg galleries in the cambium region, seldom scoring the wood. The young adults gather in considerably larger galleries in the bark to pass the winter. Adults emerge early in the spring. Trees attacked in the spring produce mature beetles by August. There is one genera​tion and probably a partial second each year. The biology in spruce is not recorded.

The birch bark beetle, Dryocoetes betulae Hopkins, is a sec​ondary enemy of birch from coast to coast and the only species in the genus breeding in hardwoods. In the West, D. betulae is recorded from Montana, Washington, and British Columbia.

Dryocoetes caryi Hopkins and D. sechelti Swaine are little-known species of similar appearance and habits. They breed in the bole of small, suppressed trees. Both are reddish brown and somewhat less than 3 mm long. D. caryi attacks spruces from coast to coast. In the West it is recorded from Alberta, British Columbia, and Wyoming. D. sechelti attacks Abies lasiocarpa from British Columbia to Oregon and eastward to Colorado.

The western balsam bark beetle, Dryocoetes confusus Swaine (Bright 1963), is the most destructive species in the genus. In combination with Ceratocystis dryocoetidis Kend. and Moln. and other woodstaining, pathogenic fungi, D. confusus kills Abies lasiocarpa extensively in British Columbia and in Western States southward to Arizona and New Mexico (Molnar 1965). Other Abies, Picea engelmannii, and Pinus contorta are occasional hosts. The adults are 3.4 to 4.3 mm long. They resemble D. autographus except that the declivity is flattened rather than evenly rounded, and the front of the head of the female is densely rather than sparsely hairy. The egg galleries commonly but lightly etch the surface of the wood. Little is published regarding the biology of this species. A 1- to 2-year life cycle is indicated.

Six of the seven North American species of Gnathotrichus (Blackman 1931a) are western. The adults are small, cylindrical, dark brown or black beetles of the size and shape of a short piece of pencil lead (fig. 227A). They attack nearly all species of coni​fers in the West ; one species works in alder and poplar and one in oak. Their primary tunnel penetrates the sapwood, and at inter​vals along this tunnel, secondary tunnels branch horizontally, the branches more or less following the annual rings (fig. 227B). The tunnels are of the compound type, in that larval cradles are constructed at regular intervals, both above and below the primary and secondary galleries (fig. 227C).

In the coastal forests of British Columbia, where damage by am​brosia beetles has been most serious, G. retusus (LeConte)
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FIGURE 227.—Gnathotrichus sulcatus: A, Adult, 3.5 mm long; B, primary and
secondary tunnels; C, adults and larvae in larval cradles.

and G. sulcatus (LeConte) ( = aciculatus Blackman) together are a distant second in importance to Trypodendron lineatum. Their galleries are smaller in diameter, less stained, and usually fewer than those of T. lineatum. G. sulcatus attacks from April through November, principally in the spring and late summer (Prebble and Graham 1957). All stages overwinter in the wood. G. retusus has similar habits. The borings of Gnathotrichus are comma-shaped and uniform in size (fig. 209C). The symbiotic fungi Ambrosiella sulcati Funk and Raff aelea sulcati Funk are stored
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and disseminated by the male of G. sulcatus. Hosts and distribu​tion of western Gnathotrichus are as follows:

Species
Hosts
Distribution

G. alni Blackman
Alnus and Populus
Western Oreg. and Wash.

G. denticulatus
Pinus and Abies
S. Dakota, and Utah to

Blackman
Mexico

G. imitans Wood
Pinus
Ariz. and Mexico

G. nimifrons Wood
Quercus
Ariz. and Mexico

G. perniciosus Wood
Pinus
Ariz. and Mexico

G. retusus (LeConte)
Pseudotsuga menziesii, Pacific Coast and

Tsuga, and Pinus;
Northern Rocky Mountains rarely Abies and Picea

G. sulcatus (LeConte) Picea, Tsuga, Pseudo- Western States tsuga menziesii, Abies,

and sometimes Pinus,

Sequoia, Thuja, and

other conifers

Hylocurus, Micracis, Micracisella, Thysanoes, and Pseudothy​sanoes belong to a group of small bark beetles formerly recognized as a subfamily but now considered to be a subdivision of the Scolytinae (Arnett 1960). Predominantly they breed in the branches and small stems of broad-leaved trees and shrubs. The larvae of some mine in the wood somewhat as do powderpost beetles. One species occasionally is a pest.

Hylocurus (Blackman 1928a) contains about three dozen species, mostly eastern and Mexican.

The shrub bark beetle, H. [Micracis] hirtellus (LeConte) (Struble and Hall 1954), occurs in California, Oregon, and Wash​ington. It mines in the dead, dry wood of the limbs and stems of many broad-leaved trees and shrubs, including species of Salix, Alnus, Arbutus, and Umbellularia. The larval galleries contain powdery frass. This species has damaged lead-covered and plastic-covered telephone cables in California, but causes no economic damage to its natural hosts. The adults are 2.4 to 3.0 mm long. The elytra are parallel on the sides and pointed behind.

H. parkinsoniae Blackman is a somewhat smaller species that occurs in California and Arizona, attacking Cercidium.

The species of Micracis (Blackman 1928a) occur principally in Eastern States and Mexico. M. carinulatus Wood is a little-known species that breeds in the wood of Salix in Arizona. The adults are 2.0 to 2.4 mm long. They resemble Hylocurus in appearance and habits. M. lignator Blackman bores in Quercus in Arizona and Mexico.

Micracisella contains five species in the United States. They closely resemble Micracis. Two of them, M. knulli (Blackman) and
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M. subnitida Blackman, bore in the pith of oak twigs in Arizona and Mexico.

Pseudothysanoes (Bruck 1936) contains 13 species in North America, several of them in the West. The adults resemble those of Thysanoes. P. hopkinsi Blackman breeds in Fremontia californica and Salix in California. P. sedulus Blackman ( = gambetti Black- man) breeds in branches of Quercus in Arizona and New Mexico. P. phoradendri Blackman breeds in oak mistletoe, Phoradendron, in Arizona and California.

Thysanoes contains seven species in North America. They are brown to black, about 2 mm long, and resemble Hylocurus, except that their elytra are rounded rather than pointed in back. T. xylophagus Blackman is recorded on oak in Arizona and New Mexico. Its name suggests that it mines in wood.

Among the western bark beetles, Ips is second in destructive- ness only to Dendroctonus. Twenty-five species are currently recognized in the West. Predominantly, they attack pines and spruces (table 14). In this manual they are discussed in 11 groups basically as proposed by Hopping (1963b), and subsequently mod- ified by Lanier (1970a, 1970b, 1972, and in correspondence) . The adults are reddish-brown to black, often shiny, cylindrical bark beetles ranging from about 3.0 to 6.5 mm long. A distinguishing feature of the genus is the pronounced concavity at the rear end (declivity) of the elytra of the adult, which is margined on each side with three to six toothlike spines (fig. 228). The number and character of these spines are major means for identifying the species. For that purpose, the spines are numbered from top to bottom (fig. 228A). The kind of host, geographic location, and gallery pattern are other practical aids in identification. 

Figure 228: Spination on the elytral declivity of Ips species: I. calligraphus; B, I. concinnus; C, I. emarginatus; D, I. pini.
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Table 14.
Hosts and distribution of western species of Ips

Group and species
Hosts
Distribution

Group 0

I. latidens (LeConte)
Pinus ponderosa, P. contorta,
Pine region of

P. lambertiana, P. jeffreyi, P.
Western Canada;

monticola, and P. coulteri
south to Calif. and N. Mex.

I. spinifer (Eichhoff)
Pinus sabiniana; also P.
Calif. and Mexico ponderosa, P. jeffreyi, and P.

attenuata

Group I

I. concinnus (Mannerheim) Picea sitchensis
Alaska to north​ern Calif.

I. mexicanus (Hopkins)
Pinus contorta, P. radiata, P.
Alaska to Mex‑

albicaulis, P. attenuata, P.
ico; eastward to

flexilis, P. muricata, and
Alberta, Wyo.,

other pines
and Colo. Group II

I. emarginatus (LeConte)
Pinus ponderosa; also P.
British Columbia,

contorta, P. jeffreyi, P.
Idaho, Mont.,

lambertiana, and P. monticola
Wash., Oreg., and Calif.

I. knausi Swaine
Pinus ponderosa, P. contorta,
Ariz., N. Mex.,

and other pines
and Colo. Group III

I. integer (Eichhoff)
Pinus ponderosa; also P.
British Columbia

contorta, other pines, and
to Calif., Mont.,

Picea
Colo., Utah, Ariz., N. Mex., and Mexico

I. plastographus (LeConte) Pinus contorta, P. muricata,
British Columbia,

and P. radiata Oreg., Calif., Idaho, Mont., and Wyo.

Group IV

I. bonanseai (Hopkins)
Pinus ponderosa and P. flexilis Ariz. and Mexico

I. pini (Say)
Pinus ponderosa, P. contorta,
Transcontinental,

P. flexilis, P. jeffreyi, and
Western Prov‑

other pines; also Picea inces, and West​ern States includ​ing Alaska

Group V

I. perroti Swaine
Pinus banksiana and P.
Manitoba, Sas‑

contorta
katchewan, and Alberta

Group VI

I. hunteri Swaine
Picea engelmannii and P.
Ariz. and Colo. pungens

I. perturbatus (Eichhoff)
Picea glauca, P. engelmannii,
Western Provin‑

and P. sitchensis ces and Terri​tories, Alaska, and Mont.
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Table 14.
Hosts and distribution of western species of Ips—Continued

Group and species
Hosts
Distribution

I. woodi Thatcher
Pinus flexilis
Alberta, Mont., Wyo., Colo., Idaho, Utah, Nev., Ariz., Calif., and N. Mex.

Group VII

I. borealis Swaine
Picea glauca and P.
Transcontinental,

engelmannii
Western Provin​ces and Terri​tories, Alaska, and S. Dak.

Group VIII

I. pilifrons Swaine
Picea engelmannii and P.
Idaho, Wyo.,

pungens Utah, Colo., Calif., Nev., Ariz., and N. Mex.

I. tridens (Mannerheim)
Picea engelmannii, P. glauca,
Alaska, North‑

and P. sitchensis
west Territories, British Columbia, Alberta, Idaho, Mont., Wyo., Oreg., and Calif.

Group IX

I. confusus (LeConte)
Pinus edulis, P. monophylla,
Ariz., N. Mex.,

and occasionally other pines
Colo., Utah, Nev., and Calif.

I. cribricollis (Eichhoff)
Pinus ponderosa and other
N. Mex. and

pines
Mexico

I. hoppingi Lanier
Pinus cembroides
Ariz. and Mexico

I. lecontei Swaine
Pinus ponderosa and some
Ariz., N. Mex.,

Mexican pines
and Mexico

I. montanus (Eichhoff)
Pinus monticola and P.
British Columbia,

contorta
Wash., Oreg., Idaho, and Mont.

I. paraconfusus Lanier
Pinus ponderosa, P. attenuata, Oreg. and Calif. P. contorta, P. coulteri, P.

lambertiana, P. monticola,

P. muricata, P. radiata, and

P. sabiniana

Group X

I. calligraphus (Germar)
Pinus ponderosa, P. attenuata, Transcontinental,

P. flexilis, and other pines
Mont., Wyo., S. Dak., Nebr., Colo., Ariz., N. Mex., and Calif.

I. interstitialis (Eichhoff)
Pinus ponderosa and other
N. Mex. and

pines
Mexico
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The first evidence of attack by Ips beetles is yellow or reddish boring dust in bark crevices or little piles of such dust around the entrance holes or on the ground beneath. Pitch tubes are seldom formed, and the boring dust is usually dry and free from pitch. Rapidly in summer and more slowly in fall and winter, the color of the foliage changes progressively from green to yellow, sorrel, and reddish brown. Upon removal of the infested bark, the tun​nels of the beetles will be found grooving the inner bark surface and, where the phloem is thin, lightly to deeply grooving the sap​wood. The egg galleries differ from those of the Dendroctonus beetles in that instead of being tightly packed with boring dust they are open runways in which the adult beetles are free to travel the entire length. A second difference is their polygamous social habit of constructing a central nuptial chamber from which fork or radiate several egg galleries.

Attacks are made by these bark beetles with the coming of warm weather in the spring. An adult male bores through the bark and constructs a small cell or nuptial chamber in the inner bark. Several females then join in the work and each constructs an egg gallery in which eggs are laid in niches along the sides. The larvae, upon hatching, feed in the inner bark and work away from the egg galleries, leaving gradually widening, excrement-packed tunnels behind them. When their feeding is completed, oval pupal cells are formed in which the transformations from larvae to pupae and then to adults take place. The period from the time of attack to the emergence of the new brood is ordinarily about 11/2 to 2 months. From two to five generations of these beetles may develop during the summer, depending on the altitude, latitude, and species, there being considerable overlapping of generations. The winter is usually spent in the adult stage, although occasion​ally eggs, larvae, and pupae are found. Some species congregate in large groups under the bark of standing trees and feed on the inner bark. Others emerge and hibernate under the bark of old stumps, among the bark scales, or in crevices and litter at the base of old brood trees.

Ips beetles have a number of predaceous and parasitic enemies, but apparently these do not affect the numbers of the beetles so much as does the lack of suitable host material. Given a quantity of freshly cut slash or windfalls, a large beetle population is almost certain to be produced, but it will not long survive after the supply of this material is exhausted.

Since outbreaks in standing, healthy trees are sporadic and of short duration, the application of direct control measures seldom contributes much to reducing the damage. Efforts should be directed toward preventing outbreaks of destructive species by
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eliminating situations favorable to the development of excessive progeny. Thus, slash should be piled and burned before the Ips beetles emerge, or should be scattered in the open where the sun will dry it out and make it unsuitable as a breeding medium. These precautions are most needed with slash created during the spring and early summer, particularly in times of below normal precipitation. Prompt salvage of windthrown and storm-damaged trees will help lessen the likelihood of Ips outbreaks. At times direct control by felling and burning infested trees or by treating with chemicals may be needed on intensive use areas, as around homes and on recreation areas.

Species in Group 0 (Hopping 1963a, Wood 1966) are intermedi​ate between Ips and Orthotomicus and have been recorded in both genera. The adults, about 3.0 to 3.5 mm long, are the smallest western Ips. The elytral declivity is nearly vertical and is armed with three slender spines on each side. Pines are the only hosts.

Ips latidens (LeConte) ( = guildi Blackman) attacks weakened or dying pines (table 14), usually in the tops and limbs of mature trees and in the bole of pole-sized trees. Under favorable condi​tions it has demonstrated its ability to kill trees, particularly those weakened by dwarf mistletoe or drought, and in some in​stances, apparently healthy trees of small diameter. During the severe drought of the 1930's, I. latidens was one of several bark beetles that bred in the top of "high risk" ponderosa pines in Oregon. During epidemics of mountain pine beetle in lodgepole pine, it sometimes develops in such numbers as to attack and kill many small trees. Its typical work consists of from two to five rather short, sometimes curved, egg galleries radiating from the central nuptial chamber.

Ips spinif er (Eichhoff) ( = sabinianae (Hopping) ) (table 14) closely resembles I. latidens but is appreciably more aggressive. It attacks the bole and larger branches of its principal host, Pinus sabiniana, frequently killing large trees, especially those damaged by fire or weakened by drought.

Species in Group I (Hopping 1963c) are about 3.5 to 4 mm long. The elytral declivity is nearly vertical and is armed with three spines (fig. 228B) as in Group 0. The egg galleries often form on overall "S" or "E" pattern and are unique among Ips in that two to five, usually four, eggs are laid in each egg niche. Spruces and pines are hosts.

The Sitka spruce ips, Ips concinnus (Mannerheim) , commonly attacks the bole of injured, dying, and down Sitka spruce through​out its range (table 14), causing no appreciable economic damage. It closely resembles I. mexicanus, but differs in host.

The Monterey pine ips, Ips mexicanus (Hopkins) ( = radiatae
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Hopkins) (Struble 1961), attacks the bole of living, injured, dying, and recently down pines (table 14). Usually it is a secondary species and is associated with other bark beetles in its attack. In California it sometimes is a significant pest of Monterey pine, especially in plantations. Outbreaks are most likely where weak​ened trees are growing near accumulations of fresh slash which are favorite breeding grounds for the beetle. Inland, I. mexicanus commonly attacks lodgepole pine but does not become a pest. Up to three generations per year occur in coastal California. One generation may be the rule in the upper portions of its range. In areas where I. mexicanus is a problem, prompt disposal of slash larger than 80 mm in diameter is recommended.

Group II (Hopping 1963d) contains two species. Ranging from about 4.5 to 6.5 mm long, they are the largest western Ips. They usually have four spines on each side of the declivity, although the fourth one is quite small or sometimes missing. These species are unique in having the third spine emarginate at the apex (fig. 228C). Only pines are attacked.

The emarginate ips (I. emarginatus (LeConte) ) (table 14) is most frequently found associated with the mountain pine beetle in its attacks on the bole of ponderosa, lodgepole, and western white pines, and with the Jeffrey pine beetle in Jeffrey pine, but occasionally kills trees by itself. The adults are dark brown, shiny, cylindrical bark beetles. Their work is characterized by the long, straight, nearly parallel egg galleries from 0.6 to 1.2 m (2 to 4 ft) long, which run up and down the tree and connect at different points (fig. 229). Owing to the similarity in length and width of the egg galleries, their work is often confused with that of the mountain pine beetle, with which they are so often associated. However, the presence of a nuptial chamber and the absence of packed boring dust distinguish the Ips galleries. In the northern part of its range this species has two complete generations a year, but in the southern part there are a number of summer genera​tions with considerable overlapping of broods. This species has been included in control projects directed against Dendroctonus, but on its own has never required control.

Ips knausi Swaine (table 14) usually is a secondary species associated with tree-killing Dendroctonus. In its habits, the char​acter of work, and appearance it closely resembles its near rela​tive, I. emarginatus, and may be considered the southern Rocky Mountain form of this beetle.

The two species in Group III (Hopping 1963d, Lanier 1970a) are the only four-spined Ips with the sutures of the antennal club strongly and acutely angled at the middle. They are structurally very similar, hence difficult to distinguish. Pines are the principal but not exclusive hosts.
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EPQ-3292A

FIGURE 229.—Galleries and pupal cells of the emarginate ips (Ips
emarginatus) on the inner bark surface of ponderosa pine.

Ips integer (Eichhoff) (Lanier 1970a) occurs widely in the West, but is most common in the Rocky Mountain Region (table 14). It breeds in the large portion of the bole of weakened and
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felled trees, principally ponderosa pine. It often attacks in com​bination with other bark beetles, such as Ips pini, and seldom if ever is primary. The adults are 4.5 to 6.2 mm long and have a prominent vertical ridge on the front of the head. This species constructs three or four straight longitudinal egg galleries that fork from the common entrance or nuptial chamber. The egg niches are so thickly and evenly spaced along the sides of the egg galleries as to give these a sawtoothed appearance—a distinctive feature of this species' work.

Ips plastographus (LeConte) (Lanier 1970a) (table 14) con​sists of two named subspecies. On the average, this species is slightly smaller than I. integer and the frontal ridge is lacking or inconspicuous. The galleries are constructed under the bark of the main bole and the pattern is very similar to that of I. paracon​fusus. The typical pattern consists of three egg galleries from 10 to 35 cm long issuing from the nuptial chamber. I. plastographus maritimus Lanier occurs along the California coast in Monterey pine, Bishop's pine and the shore form of lodgepole pine (Trimble 1924). It is not often primary in its attacks, usually being associ​ated with I. mexicanus and Dendroctronus valens in the killing of trees weakened by fire or other causes. This subspecies may have up to five generations annually. The typical species, I. plasto​graphus plastographus (LeConte), occurs in the Sierra, Cascade, and northern Rocky Mountains, principally in lodgepole pine (Bright and Stark 1973). It is a secondary and often is associated with I. pini and Pityogenes. Some new adults emerge in the fall and construct irregular feeding galleries in fresh material. No eggs are laid in these galleries which may penetrate the sapwood 6 to 12 mm.

Group IV (Hopping 1964) contains two species in the West. They are four-spined Ips (fig. 228E) . The spines of the female are about equal in size ; the second and third are connected at the base by a curved ridge. Pines are the principal but not exclusive hosts.

Ips bonanseai (Hopkins) is a Mexican species that occurs north​ward into southern Arizona and New Mexico (table 14). In ap​pearance and habits it closely resembles I. pini.

The pine engraver, Ips pini (Say) (Sartwell et al. 1971), is a transcontinental species, one of the commonest bark beetles in North America, and at times a serious pest. Long known as I. oregonis (Eichhoff) in the West, it is distributed extensively in the interior forests of the Western States and Provinces where it breeds in almost any species of pine (table 14). It is most commonly found attacking and killing ponderosa, Jeffrey, and lodgepole pines. Large numbers develop in such host material as
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windfalls, freshly cut logs, pieces of slash over 5 cm (2 in) in diameter, and in the tops and limbs of trees killed by Dendroc​tonus beetles. When suitable host material is plentiful, they fre​quently develop in such numbers as to become aggressive in their attacks on healthy living trees. Damage often follows droughty spring weather. Outbreaks are usually of short duration and sel​dom last more than one season. The most frequent damage is in the killing of young replacement trees from 5.0 to 20 cm (2 to 8 in) in diameter and the top-killing of older trees. During outbreaks, group-killing becomes widespread (fig. 230). In ponderosa pine the groups resemble those killed by Dendroctonus ponderosae. The gallery pattern beneath the bark identifies the culprit.

The adults are reddish brown to nearly black and from 3.5 to 4.2 mm long (fig. 231A) . A typical sample of their work shows three or four egg galleries forking from a central nuptial chamber and running more or less longitudinally with the grain of the wood for a distance of 13 to 25 cm (5 to 10 in) (fig. 231B) . There may be anywhere from one to seven females to each male, with as many egg galleries radiating from one nuptial chamber. There are

F-520749

FIGURE 230.—Ponderosa pines killed or top-killed by the pine engraver
Ups pini).

391

F-520750, F-523481 FIGURE 231.—Pine engraver (Ips pini): A, Adult, 3.7

mm long; B, egg galleries engraving the sapwood of ponderosa pine.

from one to five generations of this species a year, depending on the locality and the length of season. The parent adults often emerge and make a second and even a third attack, a habit that results in a confusing overlapping of broods. During late summer large numbers of beetles may attack and mine extensively under the bark without producing brood. The resulting galleries are mazelike. The winter is spent almost exclusively in the adult stage, either under the bark or in forest litter. Preventing these beetles from becoming too numerous through timely slash disposal and thinning of dense immature stands will do more to prevent damage than the application of control measures after damage has oc​curred.

Group V (Hopping 1964) contains one species. It is four-spined and unique in that the sutures of the antennal club are straight and transverse. Pines are the only hosts.

Ips perroti Swaine (Reid 1955) extends westward to northern Alberta on pines (table 14). It is not recorded in the Western United States. in lodgepole pine slash in Alberta, this species has one generation with two broods annually. The larvae have the unusual habit of developing in heavily blue-stained pockets adja​cent to the egg galleries.

Group VI (Hopping 1965a) are four-spined Ips with the third declivital spine being enlarged and conical at the outer end in both sexes. The species are 3.5 to 5.2 mm long and are stouter than
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most Ips. The front of the head is not swollen as in Group VIII. Two species attack spruce ; one, pine.

Ips hunteri Swaine is recorded from spruce in the Southwestern United States (table 14). The adult is 3.5 to 3.9 mm long and resembles the male of I. pilifrons. The gallery system usually con​sists of two egg tunnels extending in opposite directions from the entrance and is oriented at random. The biology is not re​ported.

Ips perturbatus (Eichhoff) ( = hudsonicus (LeConte), = inter​punctus (Eichhoff) ) (Gobeil 1936) is abundant in northern conifer​ous forests. White spruce is its principal host (table 14) . I. pertur​batus breeds abundantly in logging and right-of-way slash and in tops of Dendroctonus-killed trees. In Alberta and British Colum​bia it sometimes kills trees in seed strips adjacent to logging operations. In Eastern Canada there is one generation annually. The females construct two sets of egg galleries the first year and sometimes a third set the following year. Winter is spent exclu​sively as adults in forest litter.

Ips woodi Thatcher apparently occurs throughout the range of limber pine, its only host (table 14). The biology is not recorded.

The species of Group VII (Hopping 1965b) are four-spined Ips that differ from all others in that the front of the head of the female is smooth, polished, and practically without punctures.

Ips borealis Swaine ( = swainei R. Hopping) is commonly asso​ciated with I. perturbatus in white spruce, its principal host (table 14). The egg galleries are narrower than most other Ips within its range. Apparently this is a secondary species.

Group VIII (Hopping 1965c) until recently was ranked as the most confusing group of Ips. Discovery that females of the "spe​cies" in this group are of several types (Lanier and Oliver 1966) dispelled the confusion and reduced the named western species from 10 to 2 (Lanier in correspondence) . They are spruce-infesting, four-spined Ips (table 14). The lower portion of the front of the head of the female usually is swollen and often bears a brush of hairs.

Ips pilifrons Swaine ( = sulcifrons Wood, = utahensis Wood) (table 14) is reported to be the most abundant species of Ips in Engelmann spruce in Colorado. There it attacks recently down trees, and has been credited with depriving Dendroctonus rufi​pennis of favorable breeding places in windthrown timber, thereby reducing the threat of a spruce beetle outbreak. In Arizona it has caused scattered top-killing of mature spruce.

Ips tridens (Mannerheim) ( = amiskwiensis G. Hopping, = engelmanni Swaine, = dubius Swaine, = interruptus (Man​nerheim), = semirostris G. Hopping, = yohoensis Swaine)
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(Bright and Stark 1973) (table 14) is notable principally for its many aliases. They came about because the females are of several forms. I. tridens attacks only weakened and down trees, hence is not economically important.

Group IX (Hopping 1965d, Lanier 1970b) contains seven species, six of which are western. All attack only pines. Three of the western species are serious pests. The members of the group are unique in being five-spined (fig. 228D) . Usually the third and largest spine is notched on the lower side. The adults range in size from about 3.0 to 5.5. mm long.

The pinon ips, Ips confusus (Leconte) is appropriately named. Because of taxonomic confusion, most of the published informa​tion regarding "I. confusus" in California and Oregon actually concerns I. paraconfusus. The real I. confusus breeds primarily in pinyon pines (table 14) and at times kills them extensively in Southwestern States. Such outbreaks commonly and quickly develop in trees that are injured or uprooted as in land clearing for range improvement. Damage is most significant in National Parks and Monuments, around homes, and on other areas of intensive use. Three and sometimes four generations are produced annually. From November through March the adults hibernate en masse under the bark of standing trees, mostly in the basal por​tion of the bole (fig. 232) (Chansler 1964). Prompt disposal of slash to prevent population buildups is highly desirable where pinyon occurs extensively.

Ips cribricollis (Eichhoff) ( = cloudcrofti Swaine) is a secondary enemy of ponderosa pine in New Mexico. Southward it attacks various other pines in Mexico. Ranging in length from 3.1 to 3.9 mm, it is a smaller replica of I. confusus.

Ips hoppingi Lanier (Lanier 1970b) occurs on Mexican pinyon in southern Arizona and southward in Mexico. Its habits are not recorded.

The Arizona fivespined ips, Ips lecontei Swaine (fig. 233A) (Massey 1971), closely resembles I. confusus but differs in that the first and second teeth on the declivity are more widely sepa​rated. Ponderosa pine is the principal host of I. lecontei (table 14). It is ranked as the most destructive pine bark beetle in cen​tral and southern Arizona where it frequently kills sapling and pole-sized ponderosa pine extensively in groups up to 100 or more. This species has the reputation of being strongly attracted to freshly cut pine, even pine lumber, and attacking trees nearby.

Males are polygamous ; there is an average of three galleries per nuptial chamber (fig. 233B). The upper bole is attacked first ; then the lower bole is filled in either by this or other species of Ips or by Dendioctonus. There are three generations annually. The
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FIGURE 232.—Winter feeding sites of the pinon ips (Ips confusus), resulting
in etching of the xylem.

395

F-520770, F-520770

FIGURE 233.—Arizona fivespined ips (Ips lecontei): A, Adult, about 4 mm
long; B, egg and larval galleries in the inner bark of ponderosa pine.

adults overwinter in colonies forming irregular galleries under the bark of the bole and usually occurring in greatest numbers between 1.5 and 3.0 m (5 and 10 ft) above ground level. Out​breaks are of short duration, hence it is more practical to pre​vent them than to try to control them. Prompt disposal or treat​ment of slash over 7.6 cm (3 in) in diameter produced in spring or early sumer is necessary to prevent outbreaks of this beetle.

Ips montanus (Eichhoff) ( = vancouveri Swaine) resembles I. confusus, but it is slightly larger and considerably less aggres​sive. I. montanus usually attacks decadent, weakened, and down western white pine, its principal host (table 14), and commonly occurs in association with Dendroctonus ponderosas. The gallery pattern is a radiating, longitudinal type with three to five short egg galleries extending up and down the tree from the nuptial chamber. Two generations per year apparently are the rule.

The California fivespined ips, Ips paraconfusus Lanier (Bright and Stark 1973, Lanier 1970b, Struble 1966, Struble and Hall 1955), closely resembles I. confusus. They differ in hosts and range. Most of the published information concerning I. paracon​fusus will be found under the name of its look-alike kin. The Cal​ifornia fivespined ips occurs from southern Oregon to southern California west of the summit of the Cascade and Sierra Nevada Mountains. All species of pines within this range may be attacked (table 14) . In the central Sierras, ponderosa pine is especially susceptible. This bark beetle kills saplings, poles, young trees up to about 65 cm (26 in) in diameter and the tops of even larger
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trees. During spring it breeds in fresh slash and recently down trees. During summer the broods that develop in such material often emerge and kill nearby living trees. Outbreaks character​istically build up and subside in 1 year. At times young ponderosa pine is killed extensively in groups up to 500 or more trees. Top-killing by I. paraconfusus sometimes stimulates attacks by Den​droctonus brevicomis and thus contributes to outbreaks of this destructive beetle.

The egg galleries comprise from three to five nearly straight tunnels radiating from a central entrance chamber. The typical pattern consists of three galleries in the form of a tuning fork or an inverted "Y." Males attack first. When an attack is successful, a potent attractant is produced which leads to mass attack and characteristic group-killing. Attacks are started early in the spring and from two to five generations of beetles may develop during the summer.

In the northern part of the range, at an elevation of about 1000 m, there are usually two summer generations which develop in fallen logs and a third, or overwintering generation, which develops in standing trees. At lower altitudes and in the southern part of the range there are from three to five summer generations. Most of the beetles overwinter in the adult stage under the bark of recently killed trees. In midsummer and fall, saplings and poles may be attacked and the phloem extensively fed upon by adults that produce no brood.

Some attempts have been made to control outbreaks of this beetle by salvage logging, burning, or chemically treating infested trees during the winter and early spring. Usually such methods are not warranted, as outbreaks are brief and sporadic and can be avoided if roadway, powerline, or other slash created in late winter to early summer is burned or lopped and scattered where it will be fully exposed to the sun. Such precautions are especially important in years showing a marked deficiency in spring pre​cipitation.

Group X (Hopping 1965e) stands apart as the only six-spined Ips (fig. 228A) . It contains two species, both of which occur in the West on pines. Neither is economically important in the West. The adults range from about 4.0 to 6.5 mm long.

The sixspined ips, Ips calligraphus (Germar) (Ciesla 1973, Lanier 1972) , is a transcontinental species, consisting of two sub​species. The typical form, I. calligraphus calligraphus (Germar) (Wood and Stark 1968), occurs principally in the East but also in California where it presumably was introduced. In California it is a secondary enemy of ponderosa pine, attacking trees that are down or those dying from attacks of more destructive insects such
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as Dendroctonus brevicomis, Melanophila californica, and Ips paraconfusus. The thick-barked portions of the bole are preferred. The gallery pattern consists of two to six egg galleries extending 25 to 38 mm up and down the tree from the nuptial chamber. Though the pattern is similar to that of I. pini, the galleries are wider and etch the wood deeper. In California there are four generations annually. The subspecies, I. calligraphus ponderosae Swaine, occurs extensively in the West, principally on ponderosa pine (table 14) . It is somewhat larger than the typical form of the species. The biology is not recorded.

Ips interstitialis (Eichhoff) is a southwestern species that closely resembles I. calligraphus in appearance and presumably in habits (table 14) .

The species of Monarthrum are small, elongate, cylindrical, dark-brown ambrosia beetles that resemble Gnathotrichus. They work in the wood of dead and seriously weakened oak and various other hardwoods. After the beetles have entered the wood, they excavate a central nuptial chamber from which secondary tun​nels branch in three or four directions. The larval cradles are excavated at right angles from the secondary branches and parallel to the grain of the wood.

The oak ambrosia beetle, M. scutellare (LeConte) (Doane and Gilliland 1929) , 3.5 to 4 mm long, bores in various oaks from British Columbia to southern California. Ambrosiella brunnea (Verrall) Batra (Batra 1967), the fungus upon which the beetle feeds, is stored and disseminated by the female (Farris 1965). M. huachucae Wood is a similar species that attacks oaks in Arizona. M. dentiger (LeConte) is a smaller species in oaks in California and Arizona.

Myeloborus (Blackman 1928b) contains eight species in North America ; six of them are western. All breed in the needle-bearing portion of twigs of pine. The egg tunnels are constructed princi​pally in the pith. The larvae mine out the infested twigs, thus kill​ing them. As twig pruners, the species are mildly beneficial. In appearance, the adults are intermediate between Pityophthorus and Conophthorus. Representative species are M. amplus Blackman in Pinus ponderosa in Arizona and New Mexico and M. boycei (Swaine) in P. ponderosa and P. contorta in California, Oregon, Wyoming, and Colorado.

Orthotomicus resembles Pityokteines and some small species of Ips (Hopping 1963a) . Orthotomicus contains one species in North America.

Orthotomicus caelatus (Eichhoff) ( = vicinus LeConte) (Reid 1955) is transcontinental, occurring extensively in the Western Provinces and States, including Alaska. Southward it ranges into
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Colorado and northern California. Some of its principal hosts are

Pinus contorta, P. monticola, Picea engelmannii, P. glauca, P. sitchensis, and Larix occidentalis. It is a secondary species. Attacks are made in fresh stumps and the lower bole of large standing trees, often in combination with other bark beetles. The gallery pattern is radiate, similar to that of Ips, but smaller. In Alberta one generation and two broods annually are the rule.

Pityoborus (Wood 1958a) contains seven species, mostly Mexi​can. One occurs in the West.

Pityoborus secundus Blackman breeds in small, shaded-out branches on living Pinus ponderosa in the La Sal Mountains of Utah, and in Arizona and Mexico. The adult is dark reddish brown and is about 2.5 mm long. The female has a velvetlike, yellowish patch on each side toward the front of the pronotum. The gallery system etches the wood and consists of a nuptial chamber, two transverse egg galleries, and up to five feeding tunnels. The short larval mines resemble larval cradles of ambrosia beetles.

Pityogenes (Chamberlin 1939) contains six species in North America. Three of them occur extensively and abundantly in the West. Pines are their principal hosts. They usually are of second​ary importance and attack the tops and limbs of weakened, dying, and newly felled trees; but under favorable conditions they may develop in sufficiently large numbers to attack and kill small trees growing near their breeding place. The biology of P. hopkinsi Swaine, an eastern species, was reported in detail by Blackman (1915). The biology of the western species is less thoroughly documented.

The adults are slender, dark brown beetles, 2 to 3.5 mm long. Varying by species, they have two or three spinelike teeth on the sloping rear end (declivity) of each wing cover. The teeth are much larger in the males, with the upper pair often developed into prominent curved spines. The females have a hole in the front of the head. Several egg galleries, each containing a female, radiate from the nuptial chamber containing one male. The galleries score the sapwood and generally resemble those of Pityophthorus.

Records indicate that significant damage by Pityogenes rarely occurs. Prompt slash disposal on areas of potential hazard should forestall any possible outbreaks.

Pityogenes carinulatus (LeConte) (Bright and Stark 1973) breeds principally in ponderosa pine, much less frequently in Jeffrey, whitebark, lodgepole, and other pines. It occurs in most Western States and British Columbia, occasionally causing eco​nomic damage. For example, in 1967 in New Mexico thousands of young ponderosa pines were killed by an epidemic of this beetle that developed in thinning and logging slash. The females have
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three spines on the elytral declivity, the males two. The hole in the head of the female is large and undivided. Two generations per year are reported as probable in California.

Pityogenes fossifrons (LeConte) breeds principally in western white pine. It also attacks whitebark, limber, foxtail, bristlecone, Jeffrey, and lodgepole pines, and Engelmann spruce. It ranges from British Columbia and Idaho to California and Utah. Its attacks are seldom primary, although it sometimes attacks west​ern white pine reproduction. The adults have three very small spines along each margin of the elytral declivity, somewhat larger in the males. The hole in the head of the female is large and undivided.

Pityogenes knechteli Swaine (Reid 1955) occurs principally in lodgepole pine. Other recorded hosts are pinyon, ponderosa, and western white pines. It occurs in Alberta, British Columbia, and California, and presumably throughout the range of lodgepole pine. Small-diameter slash and thin-bark portions of the bole of trees killed by Dendroctonus and Ips are normal breeding places for P. knechteli. Sometimes it multiplies greatly and spills over into green trees, thus killing small patches of lodgepole pine reproduction. In slash in Alberta it has one generation with two broods annually. The hole in the head of the female is vertically divided into two parts.

Pityokteines [Orthotomicus, Orthotomides] (Bright and Stark 1973) contains six species in North America. The five western species are secondaries. The adults resemble Orthotomicus. They are 1.5 to 2.5 mm long and the front of the head of females usually bears long yellow hairs. P. ornatus (Swaine) breeds in Pinus ponderosa, P. jeffreyi, and P. contorta. Attacks are made near the base under thick bark, often in association with Den​droctonus and other bark beetles. The egg galleries radiate from the central chamber in a pattern similar to those of Pityogenes. Hosts and distribution of other western species of Pityokteines are :

Species
Hosts
Distribution

P. elegans Swaine
Abies and
British Columbia and

Pseudotsuga menziesii
Idaho to Calif.

P. lasiocarpa (Swaine)
Abies lasiocarpa
British Columbia to Utah

P. minutus (Swaine)
Abies lasiocarpa
Alberta and British Columbia to Calif. and N. Mex.

P. mystacinus Wood
Abies grandis
Wash.

Pityotrichus [Pityophilus] (Bright 1971) contains two species, both of them in Arizona and New Mexico. P. barbatus (Black‑
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man) occurs on Pinus edulis and P. ponderosa, and P. hesperius Bright on P. flexilis and P. strobiformis. Habits are not recorded. The adults are slightly less than 2 mm long and resemble Pity​ophthorus except that the under portion (gula) of the head of the females of Pityotrichus is bearded with long yellow hairs.

Pityophthorus (Blackman 1928b), with upwards of 120 species, is the largest genus of bark beetles in North America. Many spe​cies are western. None is economically important. As a group, they are mildly beneficial in the process of natural pruning. With few exceptions, they breed in conifers, principally pines. More than 20 species occur on Pinus ponderosa, and numerous species occur on each of several other trees. Relatively few attack more than one genus of tree. Injured, dying, dead, and down trees are attacked. Generally they breed in twigs and small branches, hence are among the several genera of Scolytidae known as twig beetles. Some attack larger branches and the thin-barked portions of the bole, often in association with other bark beetles.

Identification is for experts and for students of taxonomy. The most comprehensive key is by Blackman (1928b), but it does not include numerous recently described species. Adult Pityophthorus range from about 1.5 to 3.0 mm long. The typical work consists of a central nuptial chamber under the bark, from which radiate several egg galleries each occupied by a female beetle (fig. 234) .

F-523483

FIGURE 234.—Typical gal​leries of a twig beetle Pityophthorus pseudo​tsugae.
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• a.

Eggs are placed in large niches along the side of these egg gal​leries, and the larvae, on hatching, work through the cambium of the twig and, on reaching full growth, pupate at the end of the larval mines, often in the wood or pith of small twigs. There are usually two or more generations of the beetles each year, the num​ber varying with the locality.

Pityophthorus confertus Swaine and P. confinis LeConte have been recorded as killing the tips of apparently healthy ponderosa pine in California (Salman 1938) but it is likely that the trees actually were suffering from prolonged drought. Both of these species are widespread on pines in the West. Like others in the genus, they must be rated as secondaries.

P. pseudotsugae Swaine (fig. 234) occurs extensively in the West on Douglas-fir and various true firs. Hemlock also is a recorded host. P. nitidulus (Mannerheim) which attacks pines and spruces from Alaska to California is another of the relatively few Pityophthorus that attack more than one genus of trees.

P. orarius Bright (Hedlin and Ruth 1970) in British Columbia kills Douglas-fir twigs by mining in the pith much as do the species of Myeloborus. This type of twig-killing also reduces the cone crop. P. juglandis Blackman in Arizona and California on Juglans is one of the few western species attacking a nonconifer.

Pseudopityophthorus (Blackman 1931b) contains 11 species in North America, 6 of them in the West. The western species occur principally in oaks, hence are known as oak bark beetles. Lithocarpus densiflorus and Umbellularia californica also are recorded hosts. These beetles sometimes finish off seriously weakened trees. Typically they infest the bole and branches of injured, felled, or recently dead trees, or the dead branches of otherwise healthy trees. They often are a nuisance in houses by emerging in great numbers from cordwood. In the East, species of Pseudopityophthorus are among the suspected insect vectors of oak wilt, Ceratocystis fagacearum (Bretz) Hunt (Jones and Phelps 1972).

The adults of western species are cylindrical, brownish beetles about 2 mm long. The elytra are clothed with short, sometimes scalelike hairs. The egg galleries (fig. 235) are mostly in the inner bark and are free of frass. They consist of two transverse arms, one on each side of the entrance tunnel. The larval mines run longitudinally with the trunk or limb. In California two or more generations per year are reported.

The western oak bark beetle, P. pubipennis (LeConte), is the most common species from British Columbia to southern Cali​fornia. P. agrifoliae Blackman occurs in central and southern Cali‑
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FIGURE 235.—Egg galleries of the western oak bark beetle
(Pseudopityophthorus pubipennis).

fornia and in Arizona. P. yavapii Blackman apparently is the most prevalent of the four species in Southwestern States.

Scolytus (Blackman 1934, Edson 1967) contains an array of 18 species in the West (table 15). Many are quite similar in appear​ance and consequently are difficult to identify. One species


Table 15.
Hosts and distribution of western species of Scolytus

Species
Hosts
Distribution

S. abietis Blackman
Abies grandis, A. con-
Wash. and Idaho to

color; occasionally other
Calif.

Abies and Tsuga

S. dentatus Bright
Abies bracteata
Calif.

S. fiskei Blackman
Pseudotsuqa menziesii
British Columbia and

and Abies grandis
Wash. through Rocky Mountains to Ariz. and N. Mex.

S. laricis Blackman
Larix occidentalis and L. British Columbia, Wash.,


larch engraver
lyallii
Oreg., Idaho, and Mont.

S. multistriatus (Marsham) Ulmus
Introduced from Europe,

smaller European elm
now recorded in most

bark beetle
Western States and Provinces.
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Table 15.—Hosts and distribution of western species of Scolytus
Cont.
Species
Hosts
Distribution

S. obelus Wood
Abies concolor and A.
Nev., Utah, Colo., Ariz.,

lasiocarpa
and N. Mex.

S. opacus Blackman
Abies lasiocarpa, occa-
Idaho, Mont., Wyo.,

sionally other Abies,
Utah, and Colo. Pseudotsuga menziesii,

and Picea

S. oregoni Blackman
Pseudotsuga menziesii,
Wash. to Calif. P. macrocarpa, and

Abies concolor

S. piceae (Swaine)
Most species of Picea;
Transcontinental, Alaska

spruce engraver
occasionally Abies and
to Calif., Wyo., Colo.,

Larix
and Utah

S. praeceps LeConte
Abies concolor, A. mag-
Wash. to Calif. nifica; occasionally other

Abies, Pseudotsuga

menziesii, and Tsuga

S. reflexus Blackman
Pseudotsuga menziesii
Ariz.

S. robustus Blackman
Abies concolor, A.
Nev., Utah, Colo., Ariz.,

grandis, A. lasiocarpa;
and N. Mex.

and Pseudotsuga

menziesii

S. rugulosus (Ratzeburg)
Apple, cherry, plum,
Introduced from Europe;

shothole borer
pear, and other fruit
now occurs in most

trees; also mountain-
orchard areas of West. mahogany

S. subscaber LeConte
Abies concolor, A. mag-
British Columbia and

nifica, and A. grandis
Idaho to Calif.

S. tsugae (Swaine)
Tsuga heterophylla,
British Columbia to

hemlock engraver
T. mertensiana, and
Calif., Idaho, Mont.,

Pseudotsuga menziesii;
and Wyo.

occasionally Pinus

monticola, Abies, and

Larix

S. unispinosus LeConte
Pseudotsuga menziesii,
British Columbia to

Douglas fir engraver

occasionally Abies and
Calif., Idaho, and Mont. Tsuga

S. ventralis LeConte
Abies concolor, A.
British Columbia to

fir engraver grandis, and A. mag- Calif., Wyo., Colo., nifica; occasionally other Ariz., and N. Mex. Abies, Pseudotsuga

menziesii, Tsuga, and

Picea

S. wickhami Blackman
Pseudotsuga menziesii;
Idaho, Colo., Utah, Nev.,

occasionally Abies and
Ariz., and N. Mex. Pinus

(ventralis) is a wideranging tree killer of major pest significance in the management of western forests. Another (multistriatus) is important as a carrier of Dutch elm disease. The others are
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secondaries, some of which flare up occasionally and kill trees locally. Most western species breed in conifers, especially true firs and Douglas-fir. Two introduced species are exceptions in that they attack hardwoods.

Members of the genus Scolytus are shiny, dark brown to black bark beetles, 2 to 5 mm long. They are easily recognized by the "sawed-off," sometimes concave, rear end of the abdomen (fig. 236). The structure of the abdomen and the presence or absence of spines and tubercles on it aid in determination of species. The female makes the initial attack and later is joined by one male. Attacks are made on the bole and larger limbs. The typical egg gallery system consists of a small nuptial chamber from which two galleries extend in opposite directions, either longitudinal with or transverse to the grain, depending upon the species. The longitudinal type of egg galleries usually are somewhat offset at the nuptial chamber, resulting in an alignment similar to that of a bayonet attached to a gun barrel. Scolytus galleries resemble those of Pseudohylesinus but tend to be more regular in pattern and to etch the wood more deeply.

F-523485

FIGURE 236.—Adult of Scolytus multistriatus,
2.7 mm long; note "sawed-off" abdomen.
Scolytus abietis Blackman and S. opacus Blackman are closely related species varying from about 2 to 3 mm long. They differ in range and principal host (table 15). Both attack the limbs and upper bole of living trees and also fresh slash. Their gallery pattern is transverse, often forming a very wide "V."

Scolytus dentatus Bright (Bright 1964) attacks the bole and larger limbs of bristlecone fir in the Santa Lucia Mountains of California. It is slightly smaller than S. subscaber. The egg gal​lery extends vertically above and below the entrance hole, and each of the two arms ends in a pronounced hook.

The larch engraver, Scolytus laricis Blackman (Blackman 1934), resembles S. unispinosus, but differs from this and most other species of Scolytus in that it breeds only in larch (table 15). S. laricis attacks distressed trees of pole size, suppressed limbs on larger trees, and also slash.

The smaller European elm bark beetle, Scolytus multistriatus (Marsham) (Baker 1972), is the principal vector of the Dutch elm disease fungus, Ceratocystis ulmi (Buisman) C. Moreau, in
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North America. It is an introduced species now widespread in the West (table 15). The Dutch elm disease has accompanied its car​rier into Colorado, Wyoming, Idaho, and Oregon and further spread of this destructive disease of shade trees seems inevitable.

The adult (fig. 236) is 2.2 to 3.0 mm long. Presence of a promi​nent spine on the second abdominal segment of S. multistriatus readily separates this species from S. rugulosus which is unarmed and is the only other hardwood-infesting western Scolytus. Newly emerged adults bore into the crotches of twigs on living trees to feed and thereby inoculate the wood with fungus spores carried on their bodies. After feeding, they attack the limbs and bole of injured or weakened standing or recently down trees. The egg gallery is longitudinal with the grain and the larval galleries fan out on both sides, often in a strikingly regular pattern. In south​ern California there are two complete generations and a partial third annually (Brown and Eads 1966). There the brood over-winters as larvae, pupae, and adults.

Losses caused by Dutch elm disease can be minimized by elimi​nating favorable breeding material, by spraying to prevent beetles from feeding on healthy elms, and by planting trees resistant to or nonsusceptible to the disease (Schreiber and Peacock 1974).

The spruce engraver, Scolytus piceae (Swaine) (Edson 1967) , occurs in northern forests from coast to coast, principally in spruce (table 15). The second abdominal segment is armed with a spine in both sexes. It differs from all other spined Scolytus, except multistriatus, in that the spine is separated at the base from the margin of the segment on which it stands. The gallery pattern usually is the bayonet type. Reportedly this species breeds in broken limbs and tops.

Scolytus praeceps LeConte (Struble 1957b) (table 15) commonly fills in the top and branches of fir trees attacked by S. ventralis, and sometimes independently kills severely distressed saplings. S. praeceps also attacks fresh slash. It varies from 2.2 to 3.0 mm long. The second abdominal segment sometimes bears a low, vertical ridge on its underside. The egg galleries are transverse and gener​ally resemble those of S. ventralis, but are shorter, narrower, and less regular. One generation is produced each year. S. obelus Wood, S. oregoni Blackman, and S. robustus Blackman are similar but little-known species (table 15).

The shothole borer, Scolytus rugulosus (Ratzeburg) (Bright and Stark 1973, Smith 1932) , was introduced from Europe and now occurs in most fruit-growing areas of the United States and Canada. It breeds principally in distressed fruit trees and broad-leaved ornamental trees (table 15) . S. rugulosus varies from about 2.0 to 3.0 mm long. It differs from S. multistriatus in that
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the abdomen slopes up gradually and is unarmed rather than being steep and armed with a spine. Adults of the shothole borer kill small twigs by feeding at the base of buds. Brood galleries are constructed in the limbs and bole, often killing them through repeated attacks. The mature larvae commonly bore into the wood to pupate.

Scolytus subscaber LeConte (table 15) attacks suppressed branches of true firs, hence may be mildly beneficial. The adults, up to 4.9 mm long, are the largest western species. The egg gal​lery, unique for the genus, resembles a rounded capital "E," less than 25 mm across (fig. 237) . These galleries are deeply etched in the wood and remain imprinted and identifiable for years on fallen branches.

The hemlock engraver, Scolytus tsugae (Swaine) ( = monticolae Swaine) (McMullen and Atkins 1959) , is of minor economic im​portance. Normally it attacks tops, limbs, and logging slash of Douglas-fir, hemlock, and several other conifers (table 15). Occa​sionally it kills sapling and pole-size trees. An example of such killing of Douglas-fir, presumably weakened by drought, occurred in 1956 in Wyoming near Yellowstone National Park.

The adults are about 3.0 to 3.5 mm long, and the abdominal segments are unarmed in both sexes. On Douglas-fir in interior
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F-523486

FIGURE 237.—Egg galleries of Scolytus subscaber; note E-shaped form.

British Columbia the egg galleries are the longitudinal, bayonet type (McMullen and Atkins 1959). The galleries of S. tsugae (fig. 238) resemble those of S. unispinosus and Pseudohylesinus nebu​losus, but differ from the former in being wider and from the latter in conspicuously etching the wood. In British Columbia the life cycle is 1 year.

S. reflexus Blackman and S. wickhami Blackman closely resem​ble S. tsugae in body size and structure. They attack principally Douglas-fir (table 15).

The Douglas fir engraver, Scolytus unispinosus LeConte (Mc​Mullen and Atkins 1962), commonly attacks weakened, injured, dying, and recently dead young Douglas-fir (table 15) , often in association with S. tsugae. It also attacks slash and the tops and limbs of trees killed by Dendroctonus pseudotsugae. During pe​riods of drought, large populations sometimes breed in slash and then kill nearby young Douglas-fir. Such outbreaks are sporadic and of short duration. Examples occurred in northwestern Cali​fornia in 1958 and 1959, in Oregon in 1959, and in Washington in 1961.

The adults are variable in size, but average somewhat less than 3 mm long. The male has a prominent spine projecting from the middle of the nearly vertical second segment of the abdomen. The female has only a tubercle in that location. The gallery is longi‑
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F-523487

FIGURE 238.—Egg and larval galleries of Scolytus tsugae.

tudinal and quite similar to that of Pseudohylesinus nebulosus, but differs in having a well-defined nuptial chamber that etches the wood. The larvae work out at right angles to the egg gallery and then turn either up or down. In interior British Columbia, attacks occur in May, June, and July, depending upon the weather; larvae overwinter ; and there is one generation per year. In California there are two generations per year.

S. fiskei Blackman is a very similar species that somewhat over​laps the range of S. unispinosus but occurs principally in the Rocky Mountain Region.

The fir engraver, Scolytus ventralis LeConte (Stevens 1956, Struble 1957b), is a major pest of true firs in western forests (table 3) . It attacks trees from pole-size to full maturity, causing a yearly kill estimated to be 450 million fbm in California alone. Periodic epidemics cause even greater mortality. Such outbreaks often occur during and following periods of drought. Trees in​fected with Fomes annosus, a root-rot fungus, are especially sub​ject to attack (Cobb et al. 1974) . Trees defoliated by the Douglas fir tussock moth also are likely to be attacked by S. ventralis. It also breeds in slash and windthrown trees.

Attacks are made on the bole from the base to the top where S. praeceps, S. robustus, S. obelus, and other bark beetles take over. On the lower bole, Tetropium abietis is a frequent associate. Trees may be killed outright, may be top-killed, or may survive repeated attacks for many years. Broods often develop and emerge without destroying enough of the cambium to kill the tree. The patch of dead cambium heals over and leaves a brown pitch pocket in the wood to mark the place of injury. Some wood sections have shown as many as seven attacks during the life of a tree. The usual external evidence of such attacks is roughened patches of bark or scattered dead branches girdled at the base by the egg galleries. The beetles transmit a brown-staining fungus, Trichosporium symbioticum Wright, that apparently is essential for successful brood development.

The adults average about 4.0 mm long and are among the largest species of Scolytus. The second abdominal segment of the male has a sharp, median tubercle on its underside; that of the female has only a faint tubercle, or none at all. The egg galleries (fig. 239A) are excavated in the inner bark and cut transversely across the grain of the wood, which they score rather deeply for a dis​tance of 5 to 15 cm (2 to 6 in) on both sides of a central entrance chamber.

Deep scoring of the wood differentiates their attacks from those of Pseudohylesinus and Dryocoetes. Eggs are laid in niches along both sides of these galleries and the larvae, on hatching, work up
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F-523488, F-480681

FIGURE 239.—Fir engraver (Scolytus ventralis): A, Old egg galleries en​graved on the sapwood of grand fir; B, larval galleries radiating from an egg gallery.

and down the bole (fig. 239B) , extending their individual larval mines for a distance of 13 to 18 cm (5 to 7 in) . Pupation occurs in the inner bark at the end of the larval mines, and the new adults bore directly to the surface of the bark when ready to emerge. These beetles have one generation annually in much of their range, but in the colder portions may require 2 years to complete the life cycle. Because of the sporadic character of outbreaks and the prev​alence of healthy broods in living trees, direct control measures are generally impractical. On intensive use areas, prompt removal or treatment of infested trees may help protect remaining trees for a time, but the principal effort should be on measures to minimize soil compaction, excess exposure, and other adversities to tree vigor. In the forest, stand sanitation and improvement measures to keep the trees in healthy, vigorous condition are the most practical means for minimizing losses caused by the fir engraver.

The genus Trypodendron (Wood 1957) contains five species in North America, four of which occur in the West. Entomologists know them as ambrosia beetles because the larvae feed upon a special kind of fungus. Log scalers and lumber graders know them as pinhole borers because the defect caused by their galleries usually consists of small holes surrounded by dark brown or black stain (fig. 240A) . The adults are stubby, generally shiny, dark‑

410

colored beetles, often with lighter colored longitudinal stripes (fig. 240B) . They range from about 3 to 4.5 mm long. The head and thorax of the female are rounded in front. The head of the male is dished out and the thorax is straight across its front. Males aver​age smaller than females. These beetles bore in the wood of many conifers and some broad-leaved trees. Their galleries are of the compound type with larval cradles arranged in series both above and below the main tunnels, which branch in a horizontal plane and cut across the grain of the wood (fig. 240C). The brood live in these cradles and feed on the ambrosia fungus. The fungus, Ambrosiella ferruginea (Math-Kaarik) Batra, is disseminated by the female which stores it in cells (mycangia) in the thorax (Batra 1967).

The striped ambrosia beetle, Trypodendron lineatum (Olivier) (Wood 1957) , recorded variously in the literature as T. bivittatum Provancher, T. borealis Swaine, and T. cavifrons Mannerheim, is holarctic. In the West it ranges from New Mexico and southern California to the northern limits of tree growth. Commercially, it is most significant on Abies, Picea, Pseudotsuga, and Tsuga. In some areas it also normally attacks species of Larix and Pinus. It

F-523489, COURTESY WEYERHAEUSER CO., COURTESY WEYERHAEUSER CO.

FIGURE 240.—Striped ambrosia beetle (Trypodendron lineatum): A, Pinhole
defect, with staining; B, adult, 4.0 mm long; C, galleries.
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is the most damaging ambrosia beetle in the West, reaching peak destructiveness in coastal British Columbia (Dyer and Wright 1967) .

The adults are dark brown to black with two lighter longitudinal stripes on each elytron. There is one generation annually in coastal forests, although a small percentage of adults reemerge and estab​lish a second brood. In coastal Oregon, attacks begin in March, reach a peak in May and continue into August (Rudinsky and Daterman 1964) . Entrances to the galleries are marked by piles of fine, granular, white boring dust in the bark crevices (fig. 209B) . Development from egg to adult requires about 6 to 8 weeks. The new adults emerge in July, August, and September and go into hibernation in duff and litter on the forest floor.

Populations build up in windthrown and fire-killed trees, bases of bark-beetle-killed trees, in logging slash, and in logs stored for long periods. Logs cut in autumn and early winter are most sus​ceptible to attack. Attacks can be prevented by spraying with chemicals, but this sometimes has created environmental prob​lems. Prompt harvesting of logs prior to and during the flight period will minimize attacks. Logs should be promptly utilized or stored in areas remote from beetle concentrations.

Trypodendron retusum (LeConte) (Wood 1957) is somewhat larger than T. lineatum and the female is uniformly black when mature. It attacks aspen and poplar. In the West it evidently occurs throughout the range of its host trees.

Trypodendron betulae Swaine (Wood 1957) is an eastern spe​cies that breeds principally in species of Betula, occasionally in Alnus. It ranges westward into the Black Hills of South Dakota. Each wing cover of both sexes is marked with one broad yellow​ish stripe.

Trypodendron rufitarsis (Kirby) ( = ponderosae Swaine) (Wood 1957) is similar to T. lineatum, but there is only one yel​lowish marking on each wing cover and the surface of the elytra is dull and finely reticulate rather than smooth and shining. T. rufitarsis occurs in the coniferous forests of Canada and the Western States, including Alaska. Species of Picea and Pinus contorta are the principal hosts in the West.

Xyleborus [Xyleborinus] (Bright 1968) is a large and destruc​tive genus in the tropics, but it is of minor economic importance in North America where there are 17 species, 3 of which are west​ern. All are ambrosia beetles and bore in the wood. Females far outnumber the males, which are smaller and do not fly. The mature brood overwinters in the galleries.

The European shothole borer, Xyleborus dispar (F.) ( = Ani​sandrus pyri Peck) (Mathers 1940) , was introduced from Europe.

412

It occurs extensively in the Western States and Canada, where it attacks devitalized fruit trees and many other deciduous trees. The adult female is black and about 3.0 to 3.5 mm long.

Xyleborus saxeseni (Ratzeburg) (Bright 1968) is a transcon​tinental species and has been recorded under various names in​cluding X. arbuti Hopkins, X. libocedri Swaine, and X. tsugae Swaine. In the West, it occurs in British Columbia, Washington, Oregon, California, Arizona, and Utah. It attacks many kinds of hardwoods, such as Acer and Arbutus, also Pseudotsuga, Tsuga, Abies, Pinus, and Libocedrus, but is not economically damaging. The tiny-gauge tunnels, ending in enlarged brood chambers, readily distinguish the work of this species from the larger tun​nels of other ambrosia beetles in western conifers. The brood moves freely in the galleries, feeding upon the ambrosia fungus, Ambrosiella saxeseni (Batra 1967) . The adult female is shiny dark brown, about 2 mm long, and thinly hairy.

Xyleborus intrusus Blandford ( = scopulorum Hopkins) (Bright 1968) is similar to X. saxeseni but somewhat larger. In the West, X. intrusus attacks various conifers, including Pinus and Pseudotsuga.

ORDER DIPTERA-FLIES

The Diptera (Stone et al. 1965) are flies, typified by the house fly, but including such things as midges, gnats, and mosquitoes. The great majority have one pair of functional wings and a rudi​mentary hind pair that resemble two stalked knobs. Some are wingless or have only rudimentary wings. The larvae are legless and commonly known as maggots. There are more than 16,000 species of Diptera in North America of which more than 8,000 western species are discussed by Cole (1969). In western forests, many flies are beneficial by parasitizing pest insects, some are food for fish and aquatic birds (Usinger et al. 1963), some dam​age trees, and some are a nuisance or are outright harmful to man and animals. As a group, the Diptera contain few species that are seriously destructive to forest trees.

Species discussed in this manual are grouped under three sub​orders—Nematocera, Brachycera, and Cyclorrhapha. For keys to these higher categories see Cole (1969).

SUBORDER NEMATOCERA SUPERFAMILY TIPULOIDEA

The Tipulidae predominate this superfamily (Stone et al. 1965).

FAMILY TIPULIDAE—CRANE FLIES

The crane flies (Cole 1969) comprise the largest family of Dip​tera. The adults are small to large, slender, long-legged, brown
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