emerges the same season and must find an alternate host in which to overwinter.

Omotoma contains one described species, 0. fumiferanae (Tothill) (Stone et al. 1965). It occurs from coast to coast on various Geometridae, Noctuidae, and Tortricidae. In the West it is an important parasite of Choristoneura occidentalis (Carolin and Coulter 1959). The adult fly deposits a large, flattened white egg on the skin of the host larva. The maggot develops within the egg and penetrates the host as it becomes a pupa. The full- grown maggot issues from the host pupa, drops to the ground, and pupates in the soil, where it overwinters. There is one gener- ation a year.

The genus Tachinomyia (Webber 1941) contains 10 species of moderately large flies that parasitize lepidopterous larvae. The abdomen of the adult male is decidedly elongate ; that of the female shorter and stouter. T. similis (Williston) is a western species that parasitizes Orgyia vetusta, Halisidota argentata, and Leucoma salicis.

Winthemia (Reinhard 1931) contains 24 species in North America, of which several commonly parasitize larvae of forest Lepidoptera. The adults have densely hairy eyes and frequently red markings on the abdomen, hence they sometimes are called "red-tailed tachinids."

ORDER HYMENOPTERA-ANTS, BEES,
SAWFLIES, WASPS, AND ALLIES

The Hymenoptera (Muesebeck et al. 1951-67), with about 15,000 species in North America, is outnumbered in this area only by the Coleoptera and Diptera. Some Hymenoptera are in the front ranks of forest pests. Others are among the most beneficial insects in the forest. There are two suborders, the Symphyta and the Apocrita.

SUBORDER SYMPHYTA-SAWFLIES
AND HO RNTAILS

The suborder Symphyta comprises the sawflies and horntails, among which are the principal forest pests in the Hymenoptera. In this suborder, the abdomen of the adult is broadly joined to the thorax and the ovipositor is sawlike for laying eggs in plant tissue.

There are three superfamilies in the Symphyta—Megalodontoi- dea, containing the sawfiy families Pamphiliidae and Xyelidae ; Tenthredinoidea, containing all other sawflies ; and Siricoidea, containing the horntails and their relatives.
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SUPERFAMILY MEGALODONTOIDEA

FAMILY PAMPHILIIDAE—WEBSPINNING SAWFLIES

This family contains four genera in North America. A can​tholyda [Itycorsia] and Cephalcia (Eidt 1969, Middlekauff 1958) feed upon conifers. Neurotoma and Pamphilius feed on broad-leaved plants. Most pamphilids are of little importance, but some of the conifer-infesting species are pests of ornamental trees, and some are considered potentially important in forest plantations.

The adults have long, slender, many-segmented antennae. The larvae (figs. 253B, 254A) resemble larvae of the free-feeding saw-flies, but differ in having a pair of three-segmented appendages on the last segment of the body and by not having any leglike appendages on the abdomen. The larvae feed gregariously or singly. The gregarious ones, sometimes called false webworms, spin and feed in silken nests which become filled with discarded food, cast skins, and frass (fig. 253A). The solitary ones build silk-tube shelters along the branchlets (fig. 254B). The nesting habit of the larvae and their wrinkled, rear-tapered appearance aid identification. Pupation is in an earthen cell in the ground. There is one generation per year, but diapause for 2 or more years is common.

Acantholyda contains about 20 species in the West (Middle​kauff 1958). Some are gregarious ; others are solitary. Acan​tholyda burkei Middlekauff and A. verticalis (Cresson) are con‑
F-523502, F-523503

FIGURE 253.—A false webworm, Acantholyda species, on ponderosa pine:
A, Nest, showing accumulated frass; B, mature larva, 22 mm long.
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F-523504, F-523505

FIGURE 254.—Solitary web-spinning sawfly, Acantholyda species, on grand fir:
A, Mature larva, 18 mm long; B, silk-tube shelter on branchlet.
sidered to be important pests of Monterey pine in California. Hosts and distribution of some of the more widely distributed species are :

A. albomarginata (Cresson) Pinus ponderosa 1 and
Alaska, British Columbia,

P. muricata1
Wash., Oreg., Calif., and Mont.

A. atrata (Cresson)
Tsuga heterophylla and
British Columbia, Wash.,

Abies concolor
Oreg., Calif., and Idaho

A. balanata (MacGillivray) Pseudotsuga menziesii,
Alaska, British Colum‑
Picea sitchensis, Abies,
bia, and Calif.

and Tsuga

A. brunnicans (Norton)
Pinus contorta,1 P.
British Columbia, Oreg., sabiniana,' P. ponderosa,' Calif., Mont., Wyo., and

and P. radiata 1
Nev.

A. bucephala (Cresson)
Pseudotsuga menziesii
British Columbia, Wash.,

and Abies concolor
Oreg., Calif., and Mont.,

A. burkei Middlekauff
Pinus radiata
Calif.

A. verticalis (Cresson)
Pinus radiata, P. con-
British Columbia, Alberta,

torta,' P. ponderosa,'
Wash., Oreg., Calif.,

and P. monticola'
Mont., Wyo., Colo., and Nebr.

1Recorded as a probable host.
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Species
Hosts
Distribution

Cephalcia contains 10 species in North America (Eidt 1969) . C. californica Middlekauff and C. hopkinsi (Rohwer) are west​ern; C. provancheri (Huard) and C. fascipennis (Cresson) are transcontinental. The eggs are laid on the needles with a small knoblike part inserted into the host tissue. C. provancheri larvae are solitary. C. californica and C. fascipennis are gregarious. These three eat the previous year's foliage and pupate in unlined cells in the soil. Little is known of C. hopkinsi. Hosts and distribu​tion of these four species are as follows :

Species
Hosts
Distribution

C. californica
Pinus ponderosa and
Calif., Mont., Wyo., and

P. contorta
British Columbia

C. fascipennis
Picea engelmannii, P.
British Columbia glauca, and P. pungens

C. hopkinsi
Pinus ponderosa
Ariz.

C. provancheri
Picea engelmannii, P.
Alaska, Yukon Territory,

glauca, P. mariana, and
Alberta, British Colum‑
P. sitchensis bia, Idaho, Oreg., Calif., Utah, Colo., Wyo., Man​itoba, and Saskatchewan

FAMILY XYELIDAE

The Xyelidae (Burdick 1961, Smith 1967a) are primitive saw-flies. Three of the five North American genera feed on western conifers. None is reported to be economically important. The adults are characterized by antennae having an elongate third segment topped by a many-segmented thread. The larvae are creamy-white, slightly curled, and with weakly developed thoracic legs and prolegs reduced to swellings.

Adult Xyela are in flight a short time. They feed on pollen of willow, alder, maple, oak, grasses, and other plants. Xyela larvae feed in staminate cones of pines. Pleroneura, and Xyelecia larvae bore in the buds and developing shoots of firs. Actual and pre​sumed hosts of western species (Burdick 1961, Smith 1964, Smith 1967b) are shown in table 16.

The larvae are often encountered but seldom identified to spe​cies because they are difficult to rear. The mature larvae of Xyela drop to the ground where they remain 2 years before pupating. During the period of larval drop, people camped under pines sometimes report an invasion of these worms.

SUPERFAMILY TENTHREDINOIDEA

The sawflies of this superfamily have diverse habits. Most of them feed openly on the foliage ; others feed in nests, mine in leaves, or form galls. In this superfamily the sawflies are dis​cussed alphabetically by family regardless of habit. For classifica‑

436

tion of adults see Ross (1937), for larvae see Yuasa (1922) ; and for distribution see Benson (1962a) .

Some of the free-feeding sawflies are among the most destruc​tive forest insects. They weaken and kill trees by defoliating them. In the Eastern States and Provinces, introduced sawflies have

Table 16.—Hosts, actual and presumed, and western distribution
of species of Xyelidae

Species
Hosts
Distribution

Pleroneura brunneicornis
Abies balsamea
Alberta Rohwer

balsam shootboring sawfly

P. californica (Ashmead)
Abies
Idaho, Oreg., Calif., and Utah

P. koebelei Rohwer
Unknown
Oreg.

P. lutea Rohwer
Unknown
Oreg.

Xyela alberta (Curran)
Pinus contorta
Alberta, Mont., and

Wyo.

X. alpigena (Strobl)
Unknown
Colo. (= brunneiceps Rohwer)

X. bakeri Konow
Pinus ponderosa and
Alberta, British

P. sabiniana Columbia, Wyo., Colo., Ariz., Nev., Calif., Oreg., and Idaho

X. californica Rohwer
Unknown
Calif., Oreg., Idaho, and Utah

X. cheloma Burdick
Pinus ponderosa
British Columbia, Idaho, Wash., Oreg., Calif., and Nev.

X. concava Burdick
Pinus monophylla
Calif. and Nev.

X. deserti Burdick
Pinus monophylla
Calif.

X. linsleyi Burdick
Pinus ponderosa
Calif., Wash., and Idaho

X. lunata Burdick
Pinus coulteri and
Calif. P. sabiniana

X. minor Norton
Pinus coulteri,
British Columbia,

P. muricata,
Wash., Idaho, Wyo.,

P. ponderosa, and
Utah, Colo., Ariz.,

P. sabiniana
Calif., and Oreg.

X. obscura (Strobl)
Pinus ponderosa
British Columbia,

(= pini Rohwer), Alberta, Northwest Territories, Wash., Idaho, Mont., Colo., and Calif.

X. priceae Burdick
Pinus coulteri
Calif.

X. radiatae Burdick
Pinus radiata
Calif.

X. serrata Burdick
Pinus muricata
Calif.

Xylecia nearctica Ross
Abies concolor and possibly Idaho, Wash., Oreg.,

Pinus contorta
and Calif.
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been particularly destructive to spruce, larch, and pine. In the West, where introduced sawflies are fewer, native species occa​sionally cause extensive heavy defoliation in natural forests, kill​ing some trees and reducing the growth and vigor of others, thus subjecting them to attack by other insects. In forest plantations, on Christmas tree areas, and on ornamentals, sawflies sometimes are a persistent problem.

Adults have a thick body with the head, thorax, and base of the abdomen nearly equal in width. The wings are membranous with a conspicuous network of veins. The front pair of wings is larger and more heavily veined than the hind pair. Body color is varied but tends to match the color of bark and foliage surfaces—incon​spicuous greens, browns, and black. The adults range in length from about 6 mm to over 25 mm, with most of them being less than 12 mm. The female has a sawlike attachment at the end of the abdomen that she uses to cut slits in plant tissues in which she lays eggs.

Larvae resemble hairless caterpillars except that most of them have seven or eight pairs of leglike appendages on the abdomen. True caterpillars have fewer. The larvae of many sawflies spin capsulelike, papery cocoons in which to pupate. Some species spin their cocoons in the soil and forest litter, others on the foliage. The cocoons may aid in identification (Wong 1951). Some sawflies pupate in earthen cells in the ground.

Sawflies typically have one generation a year ; however, some of the brood of many species go into diapause in the cocoon and require 2 to several years to complete development. Sometimes a large percentage of a sawfly population goes into extended dia​pause. Another characteristic of many sawflies is that outbreaks occur sporadically at long intervals. Outbreaks usually subside quickly. Between outbreaks, populations characteristically are very low.

Many sawflies have a large complement of insect parasites. Others are decimated by disease. Those that pupate on the ground often are heavily preyed upon by small mammals.

Parasites have been imported and colonized with considerable success for biological control of introduced sawflies. Application of viruses for, control has shown promise. Chemicals for control have been applied principally in plantations and on ornamentals.

FAMILY ARGIDAE—ARGID SAWFLIES

Adults of the family Argidae may be identified by their three-segmented antennae. The genus Arge contains about 12 species, mostly eastern, some of which feed on forest trees. The birch saw-fly, A. pectoralis (Leach) (Schwarz 1909), ranges westward from
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the Atlantic States and Eastern Provinces to British Columbia on birch. It also feeds on alder and willow. Eggs are laid in rows in the edges of a leaf. The full-grown larva is about 20 mm long; the head is reddish yellow with black eyespots; the abdomen is yellowish with several longitudinal rows of black spots. Occasion​ally this sawfly causes conspicuous defoliation locally but it is not a serious pest. A. clavicornis (F.) is a transcontinental species of similar habits. Color of the adults is widely varied. Willow, birch, and alder are hosts.

FAMILY CIMBICIDAE—CIMBICID SAWFLIES

The family Cimbicidae contains our largest sawflies. Larvae of the genus Cimbex are solitary feeders on broad-leaved trees. They are conspicuous because of their size, but are seldom abundant; hence they are of little economic importance. Two species occur in the West.

The elm sawfly, C. americana Leach, ranges west to Oregon and British Columbia. Hosts are willow, elm, poplar, alder, birch, and other broad-leaved trees. The adults are robust, about 20 mm long, and have short knobbed antennae and smoky wings. They vary in color, typical ones being steel blue to black. The typical female has three or four pairs of yellow spots on the dorsum of the abdo​men; the abdomen of the male is black. The larvae are hairless, transversely wrinkled, and yellowish to greenish white with a median black stripe down the back and black spots around the spiracles. When at rest, the larvae usually are coiled.

Adults of the elm sawfly may kill twigs by gnawing on the bark, especially in the tops of trees. Larvae feed on the leaves. Eggs are laid in the leaves. Cocoons are spun in the litter and topsoil. The winter is spent as prepupal larvae in cocoons. There is one gen​eration per year. Extended diapause is common.

Adults of the variety C. americana pacifica Cresson, which occurs on willow in the Pacific coast region, are brownish red. C. rubida Cresson, also reddish, occurs on willow in California and Nevada.

Trichiosoma adults are similar to those of Cimbex but are con​spicuously more hairy and the larvae lack the median black stripe. T. triangulum Kirby (Wong 1954), a transcontinental species, feeds on willow, poplar, alder, birch, and cherry.

FAMILY DIPRIONIDAE—CONIFER SAWFLIES

The conifer sawflies, Diprionidae, include many destructive species, all but one of which feed openly on the foliage of conifers. The western species all are natives. The European spruce sawfly, Diprion hercyniae (Hartig), the introduced pine sawfly, D. similis
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(Hartig) , and the European pine sawfly, Neodiprion sertif er (Geoffroy) , introduced into the Eastern States and Provinces from Europe, are potential invaders that western foresters should be alert to detect. The former now occurs in southeastern Manitoba (Wong 1972) .

The adults are 6 to 12 mm long, usually yellowish brown to black and with yellowish legs. The antennae have 13 to 26 seg​ments which are serrate in the female and plumelike in the male. The male is smaller and often darker. The full-grown larva is 18 to 25 mm long and usually is yellowish or greenish with longi​tudinal stripes. The body is cylindrical and tapers gradually to the rear. The abdomen has eight pairs of leglike appendages. Eggs are laid in pockets excavated singly or more often in rows in living needles. The young larvae feed gregariously, several to a needle, all headed outward from the twig. Older larvae wrap the rear end of the body around the needle on which they are feeding.

Augomonoctenus libocedrii Rohwer sometimes infests cones of incense-cedar in California and Oregon, causing damage resem​bling that of cone-feeding caterpillars. The adult sawflies are 6 to 10 mm long, shining blue black, with the first five segments of the abdomen brick red.

Of all the sawflies, the species of Neodiprion are of greatest concern to western foresters. Some attack young trees, particularly open-growing ones, hence are significant and increasingly im​portant pests in plantations. Others attack trees of all ages. Neodiprion sawflies may develop to outbreak numbers either locally or extensively. They feed on old foliage, generally weakening the affected trees and slowing down their growth rather than killing them outright. Teamed with insects that feed on new foliage, these sawflies are a special threat. Outbreaks typically are of short duration.

The species of Neodiprion are similar in habits and appearance. According to Ross (1955) there are about 16 species in the West, but some of them appear to be complexes of several closely related species, races, or physiological strains. Some species may be mas​querading under two or more names (Ross 1955) . Identification is correspondingly difficult and uncertain, even for taxonomists.

The females lay batches of eggs in nearby needles ; eggs are placed in niches cut into the edge of a needle, often several per needle (fig. 255A). Upon hatching, the larvae tend to feed in colonies (fig. 255B) until nearly mature, when they feed singly (fig. 255C) . Most cocoons are formed in the duff and upper layer of soil ; some are formed on foliage, bark, and other surfaces (fig. 255D) . Extended diapause is common. Male and female adults (fig. 255E and F) differ, as described for the family.
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F-523506, F-519389, F-528507, COURTESY CANADIAN FORESTRY SERVICE, F-523508, F-523509

FIGURE 255.—Life stages of conifer sawflies, Neodiprion spp.: A, Egg niches on pine needles; B, small larvae, 8 mm long, feeding as a colony; C, mature larva, 18 mm long; D, cocoon, 7 mm long; E, female adult, 8 mm long; F, male adult, 6 mm long.

Normally these sawflies occur in small numbers, escaping atten- tion year after year. Occasionally some species become widely epi- demic, causing spectacular defoliation for a year or two. Outbreaks subside abruptly due to natural causes. The need for control has not been fully evaluated, but it appears that plantations, Christmas tree areas, and perhaps recreation areas are most likely to require control.

One or more undetermined species of Neodiprion commonly feed on Douglas-fir. Occasionally, as in 1960 in southern Idaho, there are conspicuous local outbreaks that quickly subside without doing much damage.

The balsam fir sawfly, Neodiprion abietis (Harris) , is reported to attack balsam fir and spruce in the East and to range west at
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least to Alberta, where it is a pest of shelterbelts and ornamental plantings. There appear to be several forms or species closely related to N. abietis on Abies, Picea, Pseudotsuga, and Tsuga in the West. In California from 1951 to 1955, widely scattered out​breaks of one of these species drastically reduced growth of heavily defoliated trees and killed some suppressed trees (Struble 1957a). Epidemic populations developed in dense stands predominantly of white fir. Feeding was heaviest on understory trees and the lower parts of crowns of all infested trees. Many insect parasites and predators were associated with the sawfly in the California out​breaks, but their control effectiveness was not determined. Natural control was attributed to nucleopolyhedrosis virus. Aerial spraying was demonstrated to be effective in California but may seldom be necessary.

Adult males average 5 to 6 mm long and females 6 to 8 mm. The body color is yellowish brown to dark brown. The larvae change from dark olive green in the early instars to yellowish green at maturity. The mature larvae have two darker lateral stripes. The species in California has a 1-year life cycle and overwinters in the egg stage, except for a small percentage in diapause in the cocoon.

The lodgepole sawfly, Neodiprion burkei Middleton (Burke 1932), attacks lodgepole pine in Montana and Wyoming. During the years 1921 to 1925, this sawfly and the needletier moth were concurrently epidemic on 80,000 acres in the upper drainage of the Madison River in these two States. The sawfly prefers old foliage; the needletier prefers new foliage. In combination they killed practically all trees on 12,000 acres and severely damaged the forest on an additional 20,000 acres.

The adults are 6 to 8 mm long. The females are brownish, the males black. The mature larva is about 24 mm long, hairless and wrinkled, and greenish or grayish with lighter stripes on the sides and back. The head is dark brown. This sawfly has one generation per year, but part of each brood remains as prepupal larvae in the cocoons for 2 to 4 years. The winter is spent as prepupal larvae in the cocoons in the litter on the ground.

On the basis of the one recorded outbreak, the lodgepole sawfly is a potential economic pest. Aerial spraying should be effective, if natural controls fail.

The pinon sawfly, Neodiprion edulicolus Ross (McGregor and Sandin 1969), attacks Pinus monophylla and P. edulis. It is recorded from Colorado, New Mexico, Utah, and Nevada. In out​breaks in Nevada in 1959 and again in 1965, trees of all ages and sizes were attacked. Smaller trees were most seriously defoliated ; some were killed and many were made unfit for Christmas trees. Parasites and weather were considered to be effective in natural control. No practical method of direct control is known.

442

The adult female is 6 to 8 mm long, with a golden-brown body. The male is 5 to 7 mm long, with a greenish-black body. The mature feeding larva is pale green with a dark green stripe on each side and a greenish-white stripe down the back. There is one generation a year. Eggs overwinter in the needles. Feeding is complete by July. Cocoons are formed in the soil. The cocoon stage lasts from June or July to September or October. Eggs are laid in October and November in needles of the current year.

Pine-infesting sawflies resembling Neodiprion fulviceps (Cresson) are widely distributed in the West. Ponderosa, Jeffrey, sugar, western white, and Monterey pines are attacked. These sawflies may be several related species or one variable species. Their biology indicates several. The damage they cause has not been evaluated, but obviously it is considerable on trees that are completely defoliated. Natural enemies, including a variety of insect parasites and predators, seem to be generally effective.

Based on a form studied by Dahlsten (1966) in California, the female adults are 6 to 9 mm long and predominantly brownish ; males are 5 to 7 mm long and shiny black. The color and mark​ings of larvae vary by instar, the younger instars being generally dark green and the older ones having dark green and light green longitudinal stripes. The nonfeeding prepupal larva is brownish.

The sawfly studied by Dahlsten has one generation per year. Eggs are laid in October and November, averaging about 18 per needle, mostly in current foliage. The eggs overwinter. The larvae feed on foliage of the previous year or older. They mature in the spring. Cocoons are spun in the litter and soil from May to July. Pupation occurs in the fall. Duration of diapause is not recorded.

Neodiprion nanulus contortae Ross, the western form of N. nanulus, has been confused with N. burkei. Both feed on lodge-pole pine and are similar in appearance. N. nanulus contortae has been recorded in Oregon, Idaho, and Alberta. It was epidemic on lodgepole pine on pumice soils in Oregon during 1941-45 and 1952-53. Some trees were killed outright ; some were weakened and succumbed to other insects ; most recovered but were slowed in growth.

Female adults are 7 to 8 mm long and generally yellowish brown ; males are 5 to 6 mm long and predominantly black. The mature larvae are longitudinally striped, being generally olive green above and greenish white below.

In Oregon there is one generation a year. Eggs are laid in the fall and overwinter in the needles. The larvae feed on foliage of the previous year or earlier. Cocoons are spun in the litter and upper layers of soil. At times a large percentage of the larval population goes into extended diapause, spending 2 or more years in the cocoons.
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The hemlock sawfly, Neodiprion tsugae Middleton (Schmiege 1970), is an important defoliator of western hemlock in the coastal forests of Oregon, Washington, British Columbia, and Alaska. It also occurs in interior forests of British Columbia, Idaho, and Montana. More than one species may be involved. Tsuga mertensiana and Abies amabilis also are recorded hosts. Extensive outbreaks on western hemlock have been recorded in natural for​ests in Oregon, British Columbia, and Alaska. The larvae feed principally on the old needles, hence tend to reduce growth rather than kill trees outright.

The adults and larvae resemble those of other Neodiprion. Characteristically, there is one generation a year, but some larvae hold over in the cocoons, taking 2 or more years to complete a life cycle. Eggs are laid in the fall and overwinter. They are laid in needles of the current year's growth, usually one per needle. Larval feeding is in the late spring and early summer. Cocoons are spun mostly in the duff but also on the needles and other surfaces.

There are many insect parasites which presumably keep this sawfly under control most of the time. Direct control measures have not been developed.

Hosts and distribution of other western species are :

Species
Hosts
Distribution

N. deleoni Ross
Abies grandis
Wash.

N. demoides Ross
Pinus albicaulis
Calif.

N. gillettei (Rohwer)
Pinus ponderosa
Colo., N. Mex., and Ariz.

N. mundus Rohwer
Pinus ponderosa
Calif. and Oreg.

N. pratti banksianae Rohwer Pinus banksiana
Saskatchewan jack pine sawfly

N. scutellatus Rohwer
Pseudotsuga menziesii
Wash. and Idaho

N. ventralis Ross
Pinus ponderosa
Colo.

N. werneri Ross
Unrecorded
Ariz.

There are three species of Zadiprion, two of which feed on pines in Western United States (Smith 1971b). They resemble Neodiprion in appearance and habits. Z. rohweri (Middleton) (Brown and Eads 1967) occurs in California, Nevada, Utah, Colo​rado, and New Mexico. Hosts are Pinus monophylla and P. edulis. It is a minor pest. The larvae feed on old needles sometimes com​pletely defoliating small trees. Female adults are about 10 mm long and yellowish. Males are smaller and predominantly black. The young larvae are yellow. Mature larvae are yellowish with dark brown spots down each side. Reportedly there are two gen​erations a year except for individuals that go into diapause. Z. townsendi (Cockerell) ( = grandis (Rohwer) ) feeds on Pinus ponderosa in Nebraska, South Dakota, Utah, Colorado, Arizona,
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and New Mexico. The mature larvae are nearly black except for the whitish underside. This species is a potential pest of planta​tions.

FAMILY TENTHREDINIDAE—SAWFLIES

The Tenthredinidae is a large family of diverse appearance and habits (Ross 1937) . Most species feed openly. Some are leaf-miners and some are gallformers. Broad-leaved plants, including trees and shrubs, are the principal hosts. Conifers are fed upon by relatively few. One serious forest pest and several of occa​sional importance are members of this family.

The species of Anoplonyx are native sawflies that feed on larch foliage. A. canadensis Harrington and A. luteipes (Cresson) are predominantly eastern species but range westward into British Columbia and Yukon Territory. The western larch sawfly, A. occi​dens Ross and the twolined larch sawfly, A. laricivorus (Rohwer and Middleton) feed on western larch in British Columbia, Wash​ington, Idaho, and Montana. In 1921 an outbreak of the latter two species occurred extensively in larch stands of northern Idaho and western Montana. From countless numbers in 1921 the population had practically disappeared by 1922. This is the only recorded out​break of either of these sawflies. So far, they are of minor eco​nomic importance.

Adults of the western larch sawfly are black and a little less than 6 mm long. The folded wings have a blue-green metallic sheen. The larvae are about 10 mm long when full grown. The head is brown and the body is gray black with a narrow green stripe down the center of the back (Wong 1955). The larvae do their heaviest feeding from mid-July to late August. When ma​ture, the larvae leave the trees and spin cocoons in the duff. The winter is passed in the cocoon, and the new adults emerge the following spring about the time the larch foliage appears.

Adults of the twolined larch sawfly closely resemble those of the western larch sawfly, but the larvae are green with two olive stripes on each side and without a stripe down the back.

One of the four North American species of Croesus (Smith 1972) occurs in the West. The dusky birch sawfly, C. •atitarsus Norton, is common but causes little damage on Betula in Alaska, Utah, Saskatchewan, and Manitoba. The larvae are yellowish green with three dark brown spots on each body segment. They feed gregariously in S-curved posture on the edge of the leaf (Wong 1954) . Females average 9 mm long and have a black abdo​men; males average 7 mm and have a red-banded abdomen.

The alder woolly sawfly, Eriocampa ovata (L.) (Borden and Dean 1971) , is a European species now established in British Columbia on Alnus rubra. The larvae, except in the last instar,
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are covered with a white, woolly secretion. They skeletonize the lower leaves on young alders. They overwinter as prepupae in cocoons in the soil. There are two generations per year.

Euura is a genus of small sawflies related to Nematus (Smith 1968). They cause closed galls on the buds, leaf petioles, and stems of willow (fig. 256). The species causing stem galls are by far the most abundant. E. exiguae E. L. Smith is very common on Salix exigua in California and probably occurs throughout the Great Basin. It causes an elongate brownish stem gall containing one to four larvae. Pupation is in the gall. Emergence and egg laying is in March and April in California. E. mucronata (Har- tig) is a circumboreal species that causes bud galls on willow from Manitoba to Alaska.

Fenusa contains three species in North America, two of which are in the West (Smith 1971a) . All three are leafminers. The birch leafminer, F. pusilla (Lepeletier) ( = pumila (Klug) ), was introduced from Europe (Friend 1933) . In the West, it is re- corded from Oregon, Washington, and Alberta as a pest of orna- mental birch. Eggs are laid on the surface of the leaf and larvae feed in the leaves causing irregular blotches which wrinkle and turn brown. Heaviest feeding is in tender foliage near the tips of branches. Similar leaf damage (fig. 257) is caused by the amber- marked birch leafminer, Prof enusa thomsoni (Konow) . This pre- sumably introduced species has spread westward into the Prairie Provinces.

Full-grown larvae of F. pusilla are flattened, about 6 mm long, white to pale green, and marked with black spots on the lower side of the thorax and the first abdominal segment. Pupation is in

COURTESY E. L. SMITH (1970B)

FIGURE 256.—Damage to willow caused by Euura sawflies: A, Bud gall; B,
petiole and midrib gall; C, stem gall.
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the ground. Adults are black and about 3 mm long. Males are common. There are two or more generations a year. The winter is spent in a cocoon in the soil.

COURTESY CANADIAN FORESTRY SERVICE

FIGURE 257.—Paper birch leaf damaged by larval feeding of the amber-marked leaf‑

miner (Pro f enusa thorn​soni) .

The European alder leafminer, F. dohrnii (Tischbein) , is trans​continental and holarctic. The larvae mine in leaves of alder caus​ing blisterlike damage. Habits and appearance are similar to F. pus ilk!. The male is unknown.

The striped alder sawfly, Hemichroa crocea (Fourcroy) , is a transcontinental species that feeds upon various alders. It also occurs in Europe. Periodically it is abundant in British Columbia, Washington, and Oregon on Alnus rubra, virtually stripping the foliage from extensive stands. It also occurs in coastal Alaska. Presumably heavy defoliation slows growth of attacked trees, but no actual impact data are available.

In British Columbia there are two generations per year (Hop​ping 1937). The eggs are laid in the midrib of the leaf on the underside. The larvae are gregarious. Recently emerged larvae commence feeding by eating holes through the leaf from the underside, giving it a characteristic riddled appearance. Feeding continues on a leaf until only the coarser midrib remains. When feeding or disturbed, the larvae often assume a fishhook posture with the tail end curled under and upward (fig. 258). Prepupal
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FIGURE 258.—Striped alder sawfly (Hemichroa crocea) mature larvae, 20
mm long, feeding on alder leaf.

larvae overwinter in cocoons in the soil. The full-grown larva is about 20 mm long and has a shining black head and a yellow-amber body marked by dark brown lateral stripes one above and two below the spiracles.

Nematus is a large genus of small- to medium-sized sawflies, the larvae of which feed freely on the leaves of Salix, Populus, Alnus, Betula, and other hardwoods (Ross 1937, Yuasa 1922). Nematus larvae are about 10 mm long, cylindrical, hairless, and uniform in diameter except for the tapered rear end. Some species become abundant enough to warrant control on ornamentals, but none is a significant forest pest. N. oligospilus Foerster feeds on willow from coast to coast. N. currani Ross feeds on Populus trichocarpa in British Columbia.

Nineteen species of Periclista (Stannard 1949) occur in North America. Nine are western. P. linea Stannard feeds in the buds and on the foliage, at times causing damage to ornamental Quer​cus agrifolia severe enough to warrant control. Eggs are laid in the leaf buds a week or so before the buds open. The larvae repose on the lower surface of the leaves. Pupation is in cocoons 25 to 50 mm deep in the soil. The adults fly in late February and early
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March in central coastal California. Adults have been collected in April at Corvallis, Oregon. The fifth-instar larva has four rows of bifurcate spines down the back and three rows on each side. The skin of the sixth-instar is entirely smooth (Beer 1955).

The species of Phyllocolpa (Smith 1970b) are small sawflies that, during oviposition, inject a fluid that causes open galls on leaf margins of willow and poplar (fig. 259A). The larvae resemble those of Nematus and other free-living Nematinae in robustness and green coloration (fig. 259B). There is one generation a year. The poplar leaffolding sawfly, P. bozemani (Cooley), in British Columbia is representative for the genus. In general the identity of the species is in question.

In North America there are three species of Pikonema, all of which range across the continent in the northern spruce forests. The yellowheaded spruce sawfly, P. alaskensis (Rohwer) (Wilson 1971c), damages and sometimes kills open-growing spruce, espe​cially trees in ornamental and shelterbelt plantings. So far it has not been a serious pest under forest conditions in the West. Hosts include Picea, engelmannii, P. glauca, P. mariana, and P. pungens. It occurs in Wyoming, Idaho, British Columbia, and Alaska. The full-grown larvae are shiny and about 20 mm long. Their head is chestnut brown to reddish yellow and their body is olive green

COURTESY E. L. SMITH (1970b)

FIGURE 259.—Poplar leaffolding sawfly (Phyllocolpa bozemani) : A, Open gall on leaf margin of black cottonwood; B, mature larva, 10 mm long, in opened leaf roll.
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above and lighter green below. A light green stripe on the side separates darker green stripes above and below (fig. 260A). The adults are about 10 mm long and range in color from straw yellow to nearly black. There is one generation a year. Eggs are laid in the current season's needles or occasionally in the tender bark. The larvae feed first on the new needles and then on the old (fig. 260B). In July they drop to the ground and spin cocoons in the duff or topsoil. They overwinter as prepupae.

The greenheaded spruce sawfly, P. dimmockii (Cresson), com​monly occurs with the yellowheaded spruce sawfly but is consid​erably less damaging. P. ruralis (Cresson) is a little-known species.

Pontania, sometimes considered to be a subgenus of Nematus, causes a variety of closed galls on leaves of willow. P. pacifica Marlatt (Caltagirone 1964) attacks only Salix lasiolepis. The adults are about 4.5 mm long and black with yellowish or light brown markings. The full-grown larva is about 10 mm long. Its body is creamy yellow and its head light brown. Pupation is in the soil. There are several generations per year.

There are 24 species of Pristiphora in North America, two of which feed on larch and are the only ones of significance in for​estry. The larch sawfly, P. erichsonii (Hartig) (Drooz 1960, 1971) , is a holarctic species consisting of several strains, two of which were introduced from Europe, and two apparently are native (Turnock 1972, Wong 1974). In North America, the larch sawfly was first recorded in 1880 in Massachusetts. Subsequent firsts were: 1910—Saskatchewan, 1923—Alberta, 1930—British Colum​bia, 1935—Montana, 1964—Oregon, and 1965—Alaska. It is the most destructive insect enemy of Larix laricina. On L. occidentalis

COURTESY CANADIAN FORESTRY SERVICE, F-519844

FIGURE 260.—Yellowheaded spruce sawfly (Pikonema alaskensis): A, Mature
larva, 20 mm long; B, defoliation of spruce tips.
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it occurs in Montana, Idaho, Washington, Oregon, and British Columbia and on L. lyallii in Alberta. It also attacks exotic larch. It has been most destructive in the Lake States where it has killed large amounts of tamarack. On western larch it has slowed tree growth by repeated defoliation but has not killed trees extensively except in stands under stress from other factors.

The adults are 6 to 9 mm long and are characterized by having an orange band around the abdomen. The mature larva is about 16 mm long, has a jet black head, and is whitish beneath and gray green along the back (fig. 261A).

Reproduction is parthenogenetic. There is one generation a year. Eggs are laid in new shoots causing them to curl character​istically (fig. 261B) . The newly hatched larvae feed first along the edges of the needles of the new shoots but soon move back to feed on needle clusters on older twigs. They tend to feed in groups, stripping a branch before moving to another (fig. 261C). When mature they drop to the ground, crawl into the duff, and spin cocoons in which they overwinter as prepupal larvae. Nor​mally the life cycle is completed in 1 year but some individuals remain in cocoons for two or three winters.

F-523511 (A), COURTESY CANADIAN FORESTRY SERVICE (B,C)

FIGURE 261.—Larch sawfly (Pristiphora erichsonii): A, Mature larva, 16 mm long; B, comparison of curled shoot damaged by sawfly oviposition, and normal shoot; C, small larvae, 8 mm long, feeding on western larch foliage.
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Parasites, predators, disease organisms, weather, flooding, and competition are among the factors that regulate abundance of the larch sawfly. Insect parasites have been introduced and distributed extensively for biological control. The introduced ichneumonid, Mesoleius tenthredinis Morley, became widely established, but initial promise was partially frustrated because one introduced strain of the sawfly is resistant to the parasite. No practical silvi​cultural or chemical measures to counter the sawfly in the forest have been developed. Prospects for control through stand manage​ment are limited because the sawfly appears to attack all types and ages of larch.

Pristiphora leechi Wong and Ross feeds on the foliage of Larix occidentalis in Montana, Idaho, Washington, and British Columbia. Little is known of its habits or of its potential importance. In com​parison with P. erichsonii, the adult of P. leechi is much smaller and the abdomen is black above and yellow below rather than banded. The larva of P. leechi has a green head and legs in con​trast to the black head and legs of P. erichsonii. The body of the larva of P. leechi is light green with three darker green longi​tudinal stripes.

Strongylogaster (Smith 1969b) contains 11 species in North America, 3 of which are western. S. distans Norton and S. tibialis Cresson have pale green larvae that feed on bracken. Occasionally they bore into the outer bark at the base of nearby trees, spe​cifically ponderosa pine and Douglas-fir. Because of their abund​ance, they sometimes cause concern to woodsmen, but they cause no damage to trees.

There are seven species of Susana (Smith 1969a), all western. The cypress sawfly, S. cupressi Rohwer and Middleton (Brown and Eads 1967) , feeds on the foliage of Cupressus, and presumably on Juniperus and Thuja, in southern California, at times being a serious pest of ornamentals. The adults are 6 to 8 mm long with threadlike antennae. The male is black with a yellow band around the middle of the abdomen. The female is similar but has yellow marks on the thorax. The larva at maturity is 16 to 20 mm long, grayish green with longitudinal rows of white spots. The winter is spent as a prepupa in a cocoon in the soil. There is one genera​tion a year. S. annulata Smith feeds on Cupressus macrocarpa in California, S. fuscala Wong and Milliron on Juniperus scopulorum in British Columbia, and S. oregonensis Smith on Juniperus in Oregon.

Trichiocampus viminalis (Fallen) (Downes 1925) from Europe was first recorded in British Columbia in 1917 but has not become a significant pest. It feeds openly and gregariously throughout its development on leaves of poplar and willow. The mature larva is about 20 mm long, has a black head and a yellow body marked on
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each side with a row of black spots and is sparsely clothed with white hairs. There is one generation a year on Vancouver Island, B.C., where this sawfly is a pest of ornamental Lombardy poplar. SUPERFAMILY SIRICOIDEA

The superfamily Siricoidea (Muesebeck et al. 1951-67) contains the horntails and relatives. All except the Orussidae are wood borers.

FAMILY ORUSSIDAE

Members of the family Orussidae are unique among the siricids by being parasitic. Two species of Orussus are recorded in the West—O. occidentalis Cresson and 0. thoracicus Ashmead. Little is recorded regarding the habits of these species. 0. occidentalis (Burke 1917b), which occurs in Colorado, Nevada, California, Oregon, Washington, and British Columbia, parasitizes Buprestis and presumably other wood-boring beetles, but evidently it is not very abundant. The adults are 8 to 14 mm long, and black with the rearmost six abdominal segments shining ferruginous. The larvae are creamy white, legless, somewhat flattened, and with the body swollen behind the middle, tapered toward both ends, and upturned toward the rear.

FAMILY SIRICIDAE—HORNTAILS

In Western North America, the horntails, Siricidae (Middlekauff 1960), number 12 species in 4 genera—Xeris, Sirex, Urocerus, and Tremex. All except one of the western species attack conifers, and most attack a variety of hosts. Recorded hosts are as follows :

Species
Hosts

Sirex areolatus (Cresson) Abies concolor, Cupressus macrocarpa, Juniperus occidentalis, Libocedrus decurrens, Pinus contorta, P. jeffreyi, P. lambertiana, P. radiata, Pseudotsuga menziesii, and Sequoia sempervirens

S. behrensii (Cresson)
Cupressus macrocarpa, Pinus jeffreyi, P. lamber​tiana, P. ponderosa, and P. radiata

S. cyaneus F. Abies concolor, A. lasiocarpa, Picea engelmannii, P. glauca, Pinus ponderosa, and Pseudotsuga menziesii

S. juvencus (L.) Abies lasiocarpa, Cupressus macrocarpa, Larix occidentalis, Picea sitchensis, Pinus contorta, P. jeffreyi, P. ponderosa, P. radiata, and Pseudotsuga menziesii

S. longicauda Middlekauff
Abies concolor and A. magnifica

Tremex columba (L.)
Acer, Betula, Platanus, Quercus, Ulmus, and other deciduous trees

Urocerus albicornis (F.) Abies amabilis, A. lasiocarpa, Larix occidentalis, Picea, Pinus, Pseudotsuga menziesii, Thuja plicata, and Tsuga heterophylla
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Species
Hosts

U. californicus Norton Abies concolor, A. lasiocarpa, A. magnifica, Larix occidentalis, Libocedrus decurrens, Pinus contorta, P. monticola, P. ponderosa, Pseudotsuga menziesii, and Tsuga heterophylla

U. gigas flavicornis (F.)
Abies, Abies concolor, Larix occidentalis, Picea, P. glauca, Pinus, and Pseudotsuga menziesii

Xeris morrisoni (Cresson) Abies concolor, A. grandis, A. lasiocarpa, A. mag​nifica (?), Larix occidentalis, Libocedrus decurrens, Picea pungens, P. sitchensis, Pinus contorta (?), P. ponderosa (?), Pseudotsuga menziesii, and Tsuga heterophylla

X. spectrum (L.) Abies concolor, A. grandis, A. lasiocarpa, Larix occidentalis, Picea engelmannii, P. pungens, P. sitchensis, Pinus contorta, P. ponderosa, Pseudotsuga menziesii, and Tsuga heterophylla

X. tarsalis Cresson
Cupressus macrocarpa, Juniperus occidentalis, and Thuja plicata (?)

Horntails develop in trees that are damaged or killed by fire, wind, insects, diseases, smog, and mechanical operations. Their mines degrade lumber cut from infested trees, but normally these insects attract attention only when lumber from burns and wind-throws is marketed in large amounts. In the first year or so after construction of a house, adult horntails may emerge from pre​viously infested timbers, causing holes in walls, floors, and ceil​ings. Kiln-drying would prevent this type of damage but would seldom be warranted for this purpose alone. These insects do not attack dry, finished wood products. In New Zealand, young pine trees in plantations are killed by Sirex noctilio F. and its associ​ated fungus, Amylostereum areolatum (Fries) Boidin (Rawlings 1948). This type of damage by horntails is not recorded in West​ern North America.

The adults are large, thick-waisted cylindrical insects (fig. 262A, B). Both sexes have a short hornlike process (cornus) at the end of the body. Females have a long stingerlike ovipositor that extends straight back when not in use. The adults come in bold colors—dark blue, black, and reddish brown, often with metallic reflections and marked with ivory, yellows, and reds. Size and color vary widely, even within species. Identification of the males is especially difficult.

The biology of the North American species is known only in broad outline. The females insert their long flexible ovipositors deeply into the wood, often 25 mm or more, and lay their eggs. Sometimes they are unable to extract their ovipositors from the wood and die in this position. The larvae are cylindrical and yel​lowish white, with a small spine at the posterior end of the body. In profile their body resembles a shallow letter "S" (fig. 262C) .
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COURTESY BROWN AND RADS (1967), F-523512, F-523513

FIGURE 262.—Examples of horntail life stages: A, Adult female of Sirex behrensii, 22 mm long; B, adult male of a Sirex species, 18 mm long; C, mature larva of S. longicauda, 22 mm long.

They mine entirely within the wood, packing their circular holes with fine boring dust. It takes one, two, or more seasons for them to complete their development. Pupal cells are constructed near the surface of the wood, and when the adults mature, they bore round, clean-cut emergence holes to the surface through which they escape.

Symbiotic fungi, Amylostereum [Stereum], are associated with several species of Sirex and Urocerus. The larvae are reported to feed upon the fungi rather than the wood (Morgan 1968) . Food requirements and host relationships need further study.

Ibalia and Megarhyssa are characteristic parasites of horntails (Cameron 1965).

Sirex (Cameron 1967) contains five species in the West. The adults differ from those of Urocerus and Xeris by not having pale areas on the head above and behind the eyes. The ovipositor of
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Sirex is shorter than the forewing, except for S. areolatus and S. longicauda.

Sirex areolatus (Cresson), occurs from California to British Columbia and eastward to Colorado, New Mexico, and Arizona. The adult female is metallic blue black with uniformly smoky wings. The male is similar but smaller and the terminal segments of the abdomen are yellowish orange. Cedarlike trees are most commonly attacked.

Sirex behrensii (Cresson) is a small species, about 15 to 23 mm long, with head, thorax and base of abdomen blue black and apical segments of the abdomen reddish brown. It occurs in California, Nevada, and Washington, usually on pines.

The blue horntail, Sirex cyaneus F., is a circumboreal species, occurring on the west coast from California to British Columbia and in the Rocky Mountain States and Provinces. The body is bluish black and the legs are mostly reddish brown. This species resembles S. juvencus.

Sirex juvencus (L.) ( = varipes Walker) (Benson 1962b) is a holarctic species with several named varieties. S. juvencus cali​f ornicus (Ashmead) ( = obesus Bradley) occurs in the Pacific Coast States and is one of the insects attacking smog-killed pon​derosa pine in California (Cameron 1968). The female body and legs are metallic blue black, wings smoky, and ovipositor short. The male body is metallic greenish black except the terminal seg​ments of the abdomen which are reddish brown.

Sirex longicauda Middlekauff is a California species that closely resembles S. areolatus but the wings are smoky only along the veins. It breeds abundantly in fire-killed and damaged fir and causes degrade of lumber salvaged from such trees.

The pigeon tremex, Tremex columba (L.), is the only western horntail that does not develop in conifers. It attacks weakened or dead deciduous trees, including birch, elm, maple, oak, and syca​more and is not economically important. In contrast with the long, threadlike antennae of Sirex, Urocerus, and Xeris, the antennae of T. columba are short and slightly swollen in the middle. The forms of this insect in Colorado, New Mexico, Arizona, and Cali​fornia may have a yellow abdomen with black markings and golden-yellow wings or an entirely yellowish-brown abdomen and dark reddish-brown wings. The biology has not been studied in detail.

Urocerus (Middlekauff 1960) contains the largest of the horn-tails. There are three species in the West. Like Xeris, the species of Urocerus have a pale spot behind the eye, but the head lacks a lateral ridge and the hind tibiae have two apical spurs rather than one. The females are wasplike in appearance and actions but harmless to man.
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Urocerus albicornis (F.) is a transcontinental species widely distributed in the West but most abundant in the Canadian Life Zone. The female's wings are smoky brown and the male's nearly clear. The body and legs of the female are black, usually with white markings. The abdomen of the male is mostly black, but the third to sixth segments are yellow. This species has numerous hosts. In Washington it has been reared abundantly from Pacific silver fir killed by Pseudohylesinus bark beetles.

Urocerus californicus Norton is the largest of the western horn-tails. It occurs from California to British Columbia, Colorado, and New Mexico, tending to be more abundant southward than U. albicornis. The wings of both sexes are golden yellow. The female body and legs are black except for yellow markings on the legs. The male body and legs are reddish brown.

Urocerus gigas flavicornis (F.) has a range similar to U. albi​cornis but apparently is less common. It is somewhat smaller than U. californicus. The abdomen of the female is partially yel​low.

Xeris (Middlekauff 1960) contains three species in the West. They are slender and resemble Sirex but differ in having a white spot behind the eye and a generally longer ovipositor.

Xeris morrisoni (Cresson) and X. tarsalis Cresson ( = macgil​livrayi Bradley) are quite similar. Both have a reddish abdomen. X. morrisoni occurs in California, Oregon, Washington, Utah, and Colorado on numerous hosts, perhaps most abundantly on firs and lodgepole pine. X. tarsalis occurs from California to Washington and is positively recorded on Juniperus and Cupressus.

Xeris spectrum (L.) is a circumboreal species that occurs ex​tensively in the Western States and British Columbia, attacking numerous hosts. The abdomen is entirely black.

FAMILY SYNTEXIDAE

The family Syntexidae, containing one genus and one species, resembles the Xiphydriidae. The incensecedar wood wasp, Syntexis libocedrii Rohwer (Wickman 1967) , bores in the sapwood of fire-scorched incense-cedar in California, western juniper and prob​ably western redcedar in Oregon. It is more a curiosity than a pest. The life cycle is completed in 1 to 2 years. Adult females range from 8 to 16 mm long and males from 6 to 11 mm. The larva is white and cylindrical and has small spines at the rear (Middlekauff 1974) . Its head is recessed in the thorax.

FAMILY XIPHYDRIIDAE

Larvae of the Xiphydriidae (Muesebeck et al. 1951-67) bore in partially decayed wood of various broad-leaved trees, hence are not economically important. In North America there are six spe‑
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cies, all in the genus Xiphydria. Two occur in the West—X. mel​lipes Harris in birch and alder and X. maculata Say in maple. The adults are 12 to 20 mm long and resemble horntails. The full-grown larvae are 20 mm long, yellowish white, and with the thorax and terminal segments of the abdomen swollen. The abdo​men is without leglike appendages and ends in a hornlike projection.

SUBORDER APOCRITA

The suborder Apocrita contains all else than the sawflies and horntails in the Hymenoptera, notably the ants, bees, wasps, and parasites, grouped in several superfamilies, seven of which are included in this manual. A few of the species damage the forest. Many are beneficial, notably among the parasites. The base of the abdomen of the adult is strongly constricted and waistlike. The constricted portion is called the pedicel.

SUPERFAMILY ICHNEUMONOIDEA

The superfamily Ichneumonoidea consists principally of the Braconidae and Ichneumonidae, two of the largest and more im​portant families of parasites. Many of the species are parasitic on forest insects, often exerting strong natural control.

FAMILY BRACONIDAE—BRACONIDS

The Braconidae is a large family of parasites, mostly primary, many of which attack forest insects. Marsh (1971) keys the nearctic genera. Braconids are related to the ichneumonids and have similar habits but generally are much smaller.

Agathis contains numerous small species some of which para​sitize forest Lepidoptera such as Coleophora, Coleotechnites, and Epinotia. A. pumila (Ratzeburg) attacks only the larvae of the larch casebearer. In the late 1920's and 1930's it was colonized from Europe into the Eastern States and Provinces where it be​came widely dispersed and effective. In 1960 it was colonized against the casebearer in Idaho where it has become well estab​lished and exerts considerable control locally but has spread slowly (Denton 1972). It has also been released in Montana, Oregon, Washington, and British Columbia but not enough time has elapsed to evaluate its effectiveness in those areas.

There are nearly 200 species of Apanteles (Muesebeck 1920) in North America. Most are 2 to 4 mm long and predominantly black. All are parasitic on larvae of Lepidoptera, including many tree-infesting species of diverse size and habit. Some Apanteles are solitary; others develop gregariously in the host larva. All species form characteristic small white cocoons on the host re​mains (fig. 263) or nearby.
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FIGURE 263.—Cocoons of a gregarious species of Apan​teles on dead larva of the pandora moth.

Apanteles aristoteliae Viereck ranges from coast to coast at​tacking species of Aro g a, Argyrotaenia, Choristoneura, Dioryctria, and other genera.
Apanteles calif ornicus Muesebeck is an important parasite of Coleotechnites milleri on lodgepole pine in California (Telford 1961) . It ranges northward to British Columbia and Alberta, where it attacks C. starki, but is much less abundant on that host than A. starki Mason (Stark 1961).

Apanteles fumif eranae Viereck is an important parasite of the immature larvae of Choristoneura occidentalis and C. f umif erana. The biology on the latter host is reported by Brown (1946) .

Apanteles solitarius (Ratzeburg) (Jones et al. 1938, Lejeune and Silver 1961) was colonized from Europe into Washington in 1932 and into British Columbia in 1933 against the satin moth. The parasite quickly spread and exerted strong control.

Aphidius [Incubus] (Smith 1944) contains about 50 species that parasitize aphids including Cinara and Lachnus. These para‑
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sites are small, slender-bodied, long-legged insects. Upon maturity, the adult parasite emerges through a circular hole it cuts in the back of the mummified aphid.

Atanycolus (Shenefelt 1943) contains 36 species in North America; about half of them are western. They resemble Coeloides but are larger. The females range from 6 to 13 mm long, are shiny black to red, and have dusky wings. They parasitize larvae of wood-boring Cerambycidae and Buprestidae. Their cocoon re​sembles an elongate-oval, flattened, brownish pillbox. A. long i​f emoralis Shenefelt, occurring from California to British Colum​bia and eastward to Montana, attacks Melanophila drummondi, and M. gentilis. A. anocomidis Cushman occurs extensively in the West and attacks both buprestids and cerambycids.

There are about 90 species of Bracon [Microbracon] (Muese​beck 1925) in North America. These small parasites attack the large larvae of many Lepidoptera and Coleoptera and a few Hy​menoptera, including a wide variety of forest insects. Some species have widely different hosts but are of similar habit. B. politiventris (Cushman) attacks lepidopterous species in Archips, Argyro​taenia, Choristoneura, Dioryctria, and Rhyacionia. McKnight (1971) reports its biology on C. occidentalis.

Two species of Coeloides are important parasites of the larvae of western bark beetles. C. brunneri Viereck (Ryan and Rudinsky 1962) (fig. 264) occurs from British Columbia to California and eastward to Colorado. It parasitizes Dendroctonus pseudotsugae and Scolytus ventralis. In Oregon it has three generations annu‑
F-523514, F-521515

FIGURE 264.—The bark beetle parasite, Coeloides brunneri: A, Adult, 4.5 mm long, ovipositing in bark of Douglas-fir; B, cocoons formed in larval gal​leries of the Douglas fir beetle.
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ally. A portion of each generation enters diapause and over-winters in the fifth instar. The adults are shiny, somewhat antlike insects, 3 to 6 mm long, with globular heads, prominent eyes, and smoky, minutely hairy wings. C. dendroctoni Cushman (DeLeon 1935) is a similar species with a similar range. It parasitizes Dendroctonus ponderosae, D. rufipennis, Ips pini, I. perturbatus, I. montanus, I. emarginatus, and Orthotomicus caelatus.

Eubadizon contains 18 species in North America, about half of them in the West. Hosts include a wide range of Lepidoptera and Coleoptera. E. gracile Provancher, a transcontinental species, is one of the most important parasites of Acleris gloverana. It also attacks Choristoneura occidentalis, Coleotechnites milleri, C. starki, and other Lepidoptera. The adult is testaceous, 5 to 7 mm long, and the ovipositor is slender and about the length of the body. The cocoon is brown and torpedo-shaped.

There are about 40 species of Meteorus (Muesebeck 1923). Most are internal parasites of lepidopterous larvae; a few parasitize Coleoptera. The cocoon often hangs suspended by a thread.

Meteorus versicolor (Wesmael) (Jones et al. 1938) from Europe was colonized in 1932-34 in Washington against Leucoma salicis and soon exerted considerable control. M. hyphantriae Riley is transcontinental attacking Hyphantria cunea and species of Malacosoma, Halisidota, Hemileuca, Alsophila, Orgyia, Nepytia, and other Lepidoptera. M. hypophlaei Cushman (DeLeon 1933) parasitizes larvae of Corticeus, a genus of tenebrionids often abundant in galleries of bark beetles.

FAMILY ICHNEUMONIDAE—ICHNEUMONS

The Ichneumonidae (Muesebeck et al. 1951-67, Townes 1944-45) is a family of parasites estimated to contain 10,000 species in North America, of which some 2,500 have been described. They range in size from small to the largest of the parasitic wasps. The adults are slender-bodied and most species have a long ovipositor. The white legless larvae usually feed internally in their hosts, mostly insects and especially Lepidoptera. Many are parasites of forest insects and some are among the most effective agents in natural control of forest pests. Several ichneumons have been imported and released against foreign insect pests in North American forests (Dowden 1962). Of the imports, only Mesoleius tenthredinis Morley has given appreciable control in the West. Of the hundreds of native ichneumons in western forests, the following are a few representative examples.

Apechthis [Ephialtes] ontario (Cresson) , a transcontinental species, parasitizes the pupae of Choristoneura occidentalis and
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other lepidopterous defoliators, including species of Lambdina, Acleris, Dioryctria, and Nepytia (fig. 265) . The adults are 7 to 12 mm long and black except for white markings on the head of the male.

Glypta (Muesebeck et al. 1951-67) contains about 50 species. They parasitize caterpillars in twigs, rolled leaves, and similar situations.

Glypta fumiferanae (Viereck) (Dodge 1961) is a transconti​nental species and a common parasite of several budworms in the genus Choristoneura, including C. occidentalis. The brownish-black adults, 7.5 to 8.0 mm long, fly in midsummer. Using their ovipositors, they probe bark scales and lichens (fig. 266) and insert eggs into the small hibernating host larvae. The eggs hatch quickly and the parasite larvae overwinter within their hosts. Parasite larvae develop in spring, kill their host larvae as the latter mature, and form conspicuous transparent cocoons nearby. G. fumiferanae occasionally attacks those species of Dioryctria which overwinter as small larvae.

Itoplectis (Muesebeck et al. 1951-67) contains nine species in North America, most of which parasitize forest Lepidoptera. These parasites closely resemble Apechthis.
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FIGURE 265.—Adult of the parasite, Apechthis ontario, 10 mm long, ovipositing in a moth pupa.

 -

F-494226 FIGURE 266.—Adult of the parasite, Glypta fumiferanae, 8 mm long, ovi-positing in overwintering western spruce budworm larva concealed in twig scar.

Itoplectis quadricingulatus (Provancher) parasitizes numerous destructive defoliators in the West, including Choristoneura occi- dentalis, Lambdina fiscellaria lugubrosa, Orgyia pseudotsugata, Neodiprion tsugae, and many lesser ones. Experimentally this parasite has been released to control the European pine shoot moth (Ryan and Medley 1970).

The four North American species of Megarhyssa (Michener 1939) are parasites of Siricidae. They are large, colorful insects with very long ovipositors. Only one is western.

Megarhyssa nortoni (Cresson) is 25 to 38 mm long with an ovipositor about twice the body length (fig. 267) . The color is black marked with red and yellow. It parasitizes species of Sirex and Xeris extensively in the West.

Mesoleius (Muesebeck et al. 1951-67) contains upward of 50 spe- cies, many in the West. They parasitize sawfly larvae.

Mesoleius tenthredinis Morley (McGugan and Coppel 1962) , a primary larval parasite, was introduced into Canada from Eng- land beginning in 1910, to control Pristiphora erichsonii. In Mani- toba this parasite at first gave effective control but later it encoun- tered resistant strains. In British Columbia M. tenthredinis con- tinues effective.

Phytodietus (Muesebeck et al. 1951-67) is a small genus the spe- cies of which parasitize smaller Lepidoptera.
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FIGURE 267.—Adult of the parasite, Megarhyssa nor​toni, 32 mm long, oviposit​ing through bark and wood into the body of a concealed horntail larva.
Phytodietus fumiferanae Rohwer (Wilkes et al. 1948) is one of the more important of the 50 or so insect parasites of Choristo​neura occidentalis. It develops externally on late-stage larvae (fig. 268).
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FIGURE 268.—Mature larva, 8 mm long, of an external parasite, Phytodietus
fumiferanae, killing its host, a western spruce budworm larva.
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The species of Rhyssa (Townes and Townes 1960) resemble those of Megarhyssa but are smaller. Five of the six North Ame​rican species are western. They parasitize wood borers including Cerambycidae, Siricidae, and Melandryidae. R. lineolata (Kirby) and R. persuasoria (L.) have been introduced into New Zealand from North America in an attempt to control Sirex noctilio Fab​ricius.

Theronia atalantae (Poda) is the only western species in this genus. It is transcontinental and parasitizes the pupae of many forest Lepidoptera including species of Choristoneura, Malaco​soma, Orgyia, Leucoma, and Nymphalis. It is reported to have been effective in reducing outbreaks of Neophasia menapia in Idaho.

SUPERFAMILY CHALCIDOIDEA

This very large superfamily (Peck 1963) contains thousands of species. Six of the 21 North American families are included in this manual—Encyrtidae, Eulophidae, Eurytomidae, Pteromali​dae, Torymidae, and Trichogrammatidae. The adults are small to tiny and have elbowed antennae. The forewings are veined only near the front margin and do not have closed cells. Most species are parasitic on insects ; some feed upon plants. Forest chalcids generally are beneficial; a few are minor pests.

FAMILY ENCYRTIDAE

The Encyrtidae (Clausen 1940) is a sizable family of small parasites many of which attack scale insects and the eggs and larvae of Lepidoptera. Some that lay their eggs in the embryo of the host egg have polyembryonic development, and a single egg may produce hundreds, even thousands of adults. Copidosoma de​ceptor Miller, an example of polyembryonic development, para​sitizes many forest Lepidoptera, particularly Coleotechnites and other leafminers. Blastothrix sericea (Dalman), an example of single-embryonic development, was introduced from England in 1928, and is reported to have controlled Lecanium corni effec​tively in British Columbia (Turnbull and Chant 1961).

FAMILY EULOPHIDAE

The Eulophidae (Peck 1963) are tiny parasites that attack many forest insects. Tetrastichus is a large and representative genus. Perhaps the best known species is T. minutus (Howard) ,

465

usually designated as T. blepyri Ashmead, in the West. It para​sitizes aphids and scales principally but also coccinellids and other insects. T. malacosomae Girault parasitizes the eggs of various western Malacosoma. Aphelinus mali (Haldeman) is an import​ant parasite of Eriosoma lanigerum, and Chrysocharis laricinellae (Ratzeburg) has been introduced for control of the larch case-bearer. Species of Prospaltella attack scales and whiteflies. P. near aurantii (Howard) is the most important factor in natural control of the scale, Nuculaspis californica (Edmunds 1973).

FAMILY EURYTOMIDAE—EURYTOMIDS, JOINTWORMS, AND SEED CHALCIDS

Some members of the family Eurytomidae are phytophagous ; others are parasitic. As a group, they are of minor importance in forestry. Typically, the adults are shining black, heavily-punctured, humpbacked in profile, and sharply tapered to the rear. The larvae are legless, white, and tapered to both ends.

Eurytoma contains upward of 80 species in North America (Bugbee 1967). They are reported to attack many kinds of insects and plants. Some commonly occur in galls caused by cynipids on oak. E. pini Bugbee is reported to parasitize larvae of Rhyacionia buoliana previously paralyzed by primary parasites (Arthur 1961).

E. tumoris Bugbee causes a characteristic swelling and pitting of terminal and lateral branches of Scotch pine in Christmas tree plantings in California (Stark and Koehler 1964). E. calycis Bug-bee causes galls on the current shoots of jack pine reproduction in Saskatchewan (Drouin and Wong 1962). Unidentified Eury​toma have been recorded on Pinus coulteri, P. ponderosa, and P. jeffreyi in California and on P. ponderosa in Oregon (fig. 269). The one in Oregon attacks 2- and 3-year-old growth and presum​ably has a 1-year life cycle.

FAMILY PTEROMALIDAE

The Pteromalidae (Peck 1963) are numerous in western for​ests, attacking a wide variety of insects including other parasites. The adults are dark colored, usually black and shiny, often with metallic reflections. The abdomen tapers strongly to the rear. The life cycle is short, usually less than a month.

Dibrachys cavus (Walker) parasitizes many destructive forest Lepidoptera and sawflies and also many of their primary para​sites. Several to many individuals develop from a single host. Tritneptis klugii (Ratzeburg) is of similar appearance and habits. It parasitizes various Neodiprion in the cocoon and also is a hyper-parasite.
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FIGURE 269.—Eurytoma species: A, Swellings caused on branches of pond-
erosa pine; B, sectioned branch, showing larval galleries.

FAMILY TORYMIDAE—TORYMIDS

In the family Torymidae, formerly Callimomidae (Peck 1963), the many species of Torymus [Callimome] are largely parasites of cynipid and cecidomyiid gall formers. Species in other genera parasitize Lepidoptera and other insects. Some destroy tree seeds.

In North America there are 23 species of Megastigmus (Milli- ron 1949). All these species are phytophagous. About half of them, mostly western, feed in seeds of conifers (Keen 1958). The others are known or presumed to feed in seeds of rosaceous plants.

The adults are antlike, 2.5 to 6.5 mm long, and range from black to brown or yellowish. The females are larger and have a subglobose abdomen with a long, curved ovipositor with which they drill through the young green cones to lay their eggs in the immature seeds (fig. 270A) . The small, white, legless larvae feed on and destroy the tissue within the seeds (fig. 270B). The outer shell forms normally and the surface shows no evidence that the seed is infested. In the following spring the larvae mature and the adults form and emerge, leaving a smooth round emergence hole in the seed coat. Some hold over and emerge 2 or even 3 years later. At times these insects cause a high percentage of cull in commercially processed tree seed.

The Douglas fir seed chalcid, Megastigmus spermotrophus Wachtl (Keen 1958), the most thoroughly known species, occurs on Pseu- dotsuga menziesii and P. macrocarpa in Western United States and Canada and is an introduced pest in Europe. Generally rated as
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FIGURE 270.—The Douglas fir seed chalcid (Megastigmus spermotrophus) : A, Adult ovipositing in Douglas-fir cone; B, larvae, 2 mm long, inside seeds.
less destructive than Barbara and Contarinia, it is at times quite damaging. Preventive control is still experimental. If seeds are to be shipped to other countries, it is desirable to fumigate them before shipment.

Hosts and distribution of other species of Megastigmus that infest conifers in the West are :

Species
Hosts
Distribution

M. albifrons Walker
Pinus ponderosa
Calif., Ariz., and N. Mex. pine seed chalcid

M. lasiocarpae Crosby
Abies amabitis and A.
Colo., Wash., and British

lasiocarpa
Columbia

M. milleri Milliron
Abies grandis and A.
Calif. and British Colum‑
magnifica shastensis
bia

M. piceae Rohwer
Picea engelmannii, P.
Calif., Oreg., Alaska,

spruce seed chalcid
glauca, P. pungens, and
Mont., Colo., and N. Mex. P. sitchen sis

M. pinus Parfitt
Abies amabilis, A. con-
Calif., Oreg., Wash., Nev.,

fir seed chalcid
color, A. grandis, A.
Colo., Idaho, and British lasiocarpa, A. magnifica, Columbia

and A. magnifica shas‑
tensis

M. rafni Hoffmeyer
Abies concolor, A.
Calif., Oreg., Idaho, Colo.,

grandis, A. magnifica,
N. Mex., and British

and A. magnifica shas-
Columbia tensis

M. tsugae Crosby
Tsuga heterophylla and
Oreg. and Wash.
T. mertensiana
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Among the parasitic torymids, Roptrocerus eccoptogastri (Ratzeburg) commonly parasitizes the larvae of various Den​droctonus, Ips, and other scolytids.

FAMILY TRICHOGRAMMATIDAE—MINUTE EGG PARASITES

The minute egg parasites, Trichogrammatidae (Peck 1963), are internal parasites in the eggs of other insects.

Trichogramma minutum Riley is a light yellow, fragile species, about 0.3 mm long. It parasitizes the eggs of more than 150 species of insects in several orders, but mostly Lepidoptera. Parasitized eggs become brown to black, and are readily recognized (fig. 271) . Hosts include many forest pests in genera such as Choristoneura, Acleris, Rhyacionia, Lambdina, and Malacosoma. Under optimum conditions, the life cycle of T. minutum requires little more than a week. Countless millions have been reared to control agricultural pests. It apparently is not very effective against forest pests.

FIGURE 271.—Black unhatched eggs in egg mass of western spruce budworm
are parasitized by Trichogramma minutum.

SUPERFAMILY CYNIPOIDEA

The superfamily Cynipoidea (Muesebeck et al. 1951-67) contains four families in North America but is of interest to foresters chiefly because of the Cynipidae and to a lesser extent the Ibaliidae.

FAMILY CYNIPIDAE—CYNIPIDS OR GALL WASPS

Most Cynipidae (Felt 1940, Weld 1957) are gallformers ; some live in galls formed by others; a few are parasites. A great variety of galls are formed on trees, predominantly on oaks. Most of the galls are on the leaves and branches but some occur on flowers, acorns, and roots. The galls may be large, round and shiny, irreg​ular in shape, spiny, or tiny swellings (fig. 272). The larvae that inhabit these galls are white, legless, and without a distinct head. The adults are somber-colored yellow to brown or black, antlike in​sects, 1 to 6 mm long. Over 200 species are known to occur in the
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West. Several genera produce alternately a female-only generation and a bisexual generation. These generations differ markedly in appearance, both the adults and the galls (Evans 1972). Mostly, the cynipids are innocuous. A few are considered pests of orna​mentals and even fewer are mildly beneficial (Kinsey 1935).

Andricus (Muesebeck et al. 1951-67) contains about 100 species in North America; about half of them are western. All develop on Quercus. A. californicus Ashmead is one of the best known because of the large, persistent, applelike galls it causes on twigs of white oaks in California, Oregon, and Washington (fig. 272A) . Only the female is known.

Bassettia ligni Kinsey (Evans 1972) occurs from California to British Columbia. The female-only generation causes seedlike galls under the bark of branches of Quercus garryana and Q. douglasii
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FIGURE 272.—Examples of oak galls caused by Cynipidae: A, Andricus californicus- apple-size galls on branch stem; B, Bassetia ligni emergence holes from galls under bark of branch; C, Besbicus mirabilis spherical galls on underside of leaves; D, Neuroterus saltatorius small seed-size galls on underside of leaf.
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(fig. 272B). The bark over the galls ruptures, often girdling and killing the branches. The resulting clusters of dead leaves some​times are quite abundant and conspicuous on open-grown trees. The bisexual generation causes inconspicuous blisterlike swellings between veins on the leaves.

Besbicus mirabilis (Kinsey) (Evans 1967) occurs on Quercus garrywna in California, Oregon, Washington, and British Colum​bia. The female-only generation causes mottled, spherical galls on the underside of the leaves (fig. 272C). The bisexual generation causes small ovoid galls among the leaf buds. It is noneconomic.

Callirhytis (Muesebeck et al. 1951-67) contains about 100 species in North America, mostly eastern. All develop on Quercus. C. perdens (Kinsey) causes slender, elongate stem galls on black oaks in California and Oregon. Kinsey (1935) rates it as one of the few economically damaging oak gall wasps.

Neuroterus contains about 50 species in North America, some​what less than half of them western. All develop on Quercus. N. saltatorius (H. Edwards) (Brown and Eads 1965a) forms ovoid, mustardseedlike galls about 1 mm long on the lower surface of leaves of white oaks in California, Arizona, and Oregon (fig. 272D). Often abundant, these galls cause no appreciable damage. They arouse interest in the fall when they drop to the ground and jump about in the fashion of Mexican jumping beans. 

FAMILY IBALIIDAE

This family contains one genus, Ibalia (Weld 1952), the mem​bers of which are parasites of horntails. The females range in length from 8 to 18 mm. The abdomen is smooth, shining, and almost sessile; that of the female is compressed laterally and is very thin like a knife blade. The thorax is very much roughened. The adults are often seen around horntail-infested logs and trees.

Ibalia ensiger Norton has been associated with and presumed parasitic upon Sirex areolatus in fire-killed incense-cedar in Cali​fornia (Wickman 1964b). This species also has been sent to Aus​tralia in an attempt to control Sirex noctilio (Cameron 1965).

SUPERFAMILY EVANIOIDEA

The superfamily Evanioidea contains several families of small parasites, only a few of which are significant in forestry. The smaller ones resemble chalcids ; the larger ones, ichneumons. Some are wingless.

FAMILY GASTERUPTIIDAE

The Gaste•uptiidae are slender, ichneumonlike parasites with long ovipositors.
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The genus Pristaulacus (Townes 1950) contains about 20 spe​cies, most of which occur in the West. They parasitize wood borers, principally Cerambycidae and Buprestidae. The forewings of most species are spotted to overall brownish. P. rufitarsis (Cresson), a parasite of Melanophila and Saperda, is transcontinental. P. editus (Cresson) on Paratimia and Chrysophana, P. minor (Cres​son) on Melanophila and Semanotus, and P. montanus (Cresson) on Chrysobothris and Xylotrechus are common species on the Pacific slope.

FAMILY SCELIONIDAE

The species in the family Scelionidae parasitize the eggs of other insects, including several forest pests. Species of Telenomus (Muesebeck et al. 1951-67) are common parasites of Orgyia and Malacosoma.

SUPERFAMILY SCOLIOIDEA

The superfamily Scolioidea (Muesebeck et al. in 1951-67) con​tains seven families in North America but is significant in western forestry almost exclusively because of the ants, Formicidae.

FAMILY FORMICIDAE—ANTS

"An ant is an ant" characterizes the Formicidae (Creighton 1950, Wheeler 1926, Wheeler and Wheeler 1963) sufficiently for most people. Technically ants are a group of social insects with winged reproductives, unwinged workers, elbowed antennae, and with the abdominal pedicel consisting of one or two segments. Of the 600 or so species and subspecies recognized in North America, a few damage forest trees or wood products. Still fewer may be of use in biological control of harmful forest insects.

Ants belonging to the genus Camponotus are called carpenter ants because they tunnel in the wood of stumps, logs, dead stand​ing trees, the dead interior of living trees, and the wooden por​tions of buildings. These black or black and red ants are 7 to 15 mm long—our biggest ants. They excavate cavities for nests in which to rear their young. The wood is not eaten by the ants, but cast out to make room for the nests, causing piles of wood fibers to collect below the entrance holes. Their excavations in wood are frequently so extensive as to seriously impair its struc​tural value (fig. 273). Camponotus is at home in the forests of the West, except in very shady, wet places. They are general feeders, including in their fare both animal food and sweets, their preferred items of food appearing to be caterpillars of certain lycaenid butterflies and the honeydew excreted by aphids. They
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have even been known to shelter the aphid eggs in their nest during the winter and carry them out and place them on plants to develop in the spring.

Camponotus differs from some of the other ant species in that the queen carpenter ant works alone in founding a colony. An interesting feature is that, from the time the queen builds her cell and begins to lay eggs until a brood of workers mature, no food is taken into the cell. This covers a period of about 10 days from the laying of the egg to the larval stage and perhaps 30 days more until the workers are mature and begin to carry in food. It is generally supposed that the queen carries enough food within her body to feed the growing workers, apparently by regurgitation.

In the Pacific Northwest, carpenter ant damage to buildings is more prevalent than that done by termites. In this region C. herculeanus modoc W. M. Wheeler, C. laevigatus (F. Smith) , and C. vicinus Mayr are the species commonly found in houses. Carpenter ants cause some deterioration and breakage by mining in the base of fire-scarred and butt-rotted standing trees, espe​cially western redcedar, and including giant sequoia, Douglas-fir,
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FIGURE 273.—Damage caused by carpenter ants, Cam​ponotus spp., to structural wood.

pines, and true firs. They also damage young conifers by gnawing and girdling them in the root collar zone while tending Cinara aphids. The most serious damage is done on 4- to 8-year-old trees, although older trees also are attacked. This type of damage has caused the death of both planted and wild seedlings in various parts of the Pacific Northwest. C. noveboracensis (Fitch) has been found injuring and killing Douglas-fir and western hemlock reproduction at several places in western Washington (fig. 274). In southeastern Oregon, C. herculeanus modoc has been found doing similar damage to small white firs.

F-523523

FIGURE 274.—Damage by a carpenter ant, Camponotus noveboracensis, to the
root collar of a young Douglas-fir tree.
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Control of carpenter ants in houses requires skill and patience (Furniss and Every 1964). Sometimes they are in out-of-the-way places that are difficult to treat. Sometimes they move their entire colony when treatment is applied. Dead and down trees and waste wood are likely to harbor colonies, hence should be cleared away from buildings. Clean sound construction will mini​mize but not entirely prevent invasion by carpenter ants. The hazard is greatest near wooded areas.

Formica (Muesebeck et al. 1951-67) is a large genus of ants some of which nest in rotting wood and some in the soil. They feed principally on honeydew and other insects. Like Camponotus, some tend aphids on trees. An eastern species kills small trees in clearing its nesting site.

Foresters in the pine areas of the West know well the red pug​nacious Formica rufa Linnaeus. It builds large nesting mounds of pine needles, twigs, and other debris, bites viciously, but is not reported to damage trees. A related species of Formica has been colonized extensively in European forests to control harmful for​est insects, but the effectiveness has been questioned (Adlung 1966).

Lasius [Donisthorpea] (Wilson 1955) is a genus of small, non​descript, brownish ants that live in the soil or in rotten wood. L. sitkaensis Pergande is a transcontinental species occurring extensively in the West from Alaska to California and New Mex​ico. Normally it lives in wooded areas but often infests houses. Usually it nests in moist, very rotten wood ; hence its presence in a house strongly indicates a structural defect that should be cor​rected. Sound wood is not attacked. The workers are 3.0 to 4.5 mm long and the females about 8.5 mm. Both are reddish brown.

The harvester ants of the genus Pogonomyrmex (Cole 1968) comprise some 60 species, of which 22 occur in North America, mostly in arid parts of Western United States. They feed princi​pally upon seeds but also upon dead insects, pollen, and other dry, high-protein material. They nest in the ground, build conical mounds of pebbles, and clear the vegetation from the surrounding area. Their clearings reduce the capacity of the range to support stock and wildlife. The effects are greatest on already depleted ranges. The workers are red, conspicuously sculptured, medium-sized, pugnacious ants with a painful sting. Control by baiting is considered effective.

The western harvester ant, Pogonomyrmex occidentalis (Cres​son) (Sharp and Barr 1960), and the Owyhee harvester ant, P. owyheei Cole (Willard and Crowell 1965), occupy much of the
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western range from southern Arizona and New Mexico into Sas​katchewan, Alberta, and British Columbia. P. owyheei occurs to the northwest and P. occidentalis to the southeast of a line running from northeastern Montana to northeastern California. The red harvester ant, P. borbatus (F. Smith), and the California har​vester ant, P. calif ornicus (Buckley), are southwestern species of importance on cultivated land. All these ants are similar in appearance and habits.

FAMILY MUTILLIDAE—VELVET ANTS

The velvet ants (Mickel 1928) are a large family of medium- to large-sized, brightly colored, solitary parasites of wasps and bees. The females are wingless and have an effective stinger. The males are winged. Both sexes are prominently hairy, hence their common name. These insects are mentioned because of their striking appearance and abundance in southwestern woodlands.

SUPERFAMILY VESPOIDEA

The superfamily Vespoidea (Muesebeck et al. 1951-67) contains two families in North America. Neither is of much concern to foresters.

FAMILY POMPILIDAE (PSAMMOCHARIDAE)—SPIDER WASPS

The spider wasps are medium-sized to very large, black, metallic-blue, or reddish wasps that parasitize spiders. They are especially abundant in the Southwest.

FAMILY VESPIDAE—HORNETS, YELLOW JACKETS, AND POTTER WASPS

There are many species of Vespidae, well known and widely respected because of their stinging habits. Generally black marked with yellow or white, they usually build gray paperlike nests and defend them vigorously against all who come too near. They stock the nests with insects of many kinds, hence are mildly beneficial. They are of interest to foresters chiefly because of their nuisance value in recreation areas. Baits specific for yellow jackets have given protection to people in camps and picnic grounds (Davis et al. 1968).

SUPERFAMILY APOIDEA

The superfamily Apoidea (Muesebeck et al. 1951-67) contains six families and many hundreds of species in North America. Hairs on the head and thorax are branched or plumelike. Most species have a stinger. The honey bee, Apis mellif era L., is the best-known
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example. A few of the many species of Apidae and Megachilidae are of some significance to foresters.

FAMILY APIDAE—BUMBLE, CARPENTER, HONEY, AND STINGLESS BEES

The Apidae (Muesebeck et al. 1951-67), a large and diverse family of bees containing hundreds of species, is of little concern to most foresters. The honey bee is occasionally pastured in fire- weed on recent burns and thus produces a secondary crop from forest land. Bees as pollinators evidently are of little consequence in the forest. None damages the growing forest.

Carpenter bees of the genus Xylocopa (Hurd 1955), formerly in a separate family, are rated as pests of wood products. They are large robust bees that resemble bumblebees but they have a naked rather than a hairy abdomen (fig. 275A) . Also, they lack the yellow and red markings of bumblebees. The color usually is metallic blue black with green or purplish reflections. Five species occur in the West, principally in California and other South- western States. They excavate tunnels in bark and wood in which to rear their young. Their work differs from that of the carpenter ants in that the burrows are partitioned into larval cells by chips of wood cemented together to form circular or spiral discs (fig. 275B). X. tabaniformis Smith is the principal species nesting in structural timbers. It frequently mines in exposed wood in build- ings, bridges, tanks, poles, and posts. Damage is rarely extensive.

FAMILY MEGACHILIDAE—LEAFCUTTING BEES

The leafcutting bees are small- to medium-sized. They range in color from black, brown, and gray, to metallic blue or green.
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FIGURE 275.—Carpenter bee: A, Typical adult; B, nest- ing burrows and larval cells of Xylocopa tabani- f mis
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Their name relates to their habit of cutting discs from the leaves of various plants to line their cell-like nests. There are many species in the West (Muesebeck et al. 1951-67). Some are impor​tant pollinators of agricultural plants. Megachile, a large and representative genus, is reported as injuring shade trees in Mon​tana and as common on shelterbelt plantings in the northern Great Plains (Wilson 1962) .
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