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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or gray flies that resemble mosquitoes but fortunately do not bite. Probably the huge mosquitoes of legend are crane flies mixed with some real mosquitoes. Crane fly larvae develop in moist sit​uations and are seldom seen by foresters, except for species such as Ctenophora vittata Meigen which bores in wet rotten wood from California to British Columbia.

SUPERFAMILY CULICOIDEA

Nine families comprise this superfamily in North America (Stone et al. 1965) . The species of greatest concern in wooded areas are the ones that torment man and animals by feeding upon their blood.

FAMILY CERATOPOGONIDAE—BITING MIDGES

The biting midges (Wirth 1952), often called "no-see-urns" because of their tiny size, are troublesome in wooded areas, espe​cially in the morning and evening when they attack in clouds. They have a fiery bite out of proportion to their size. More than 100 species are recorded in California. Culicoides obsoletus (Meigen) occurs extensively in the West and often is troublesome to campers and fishermen.

FAMILY CHAOBORIDAE—PHANTOM MIDGES

The phantom midges (Cole 1969) closely resemble mosquitoes but do not feed on blood. The gilled, nearly transparent larvae live in water, often deep below the surface. Some species, such as the Clear Lake gnat, Chaoborus astictopus Dyar and Shannon, are a nuisance in lakeshore resort areas because of the fantastic abun​dance of the adults. Chemical control has proven difficult because of adverse effects upon other organisms.

FAMILY CULICIDAE—MOSQUITOES

The mosquitoes (Stage et al. 1952) can make life miserable in spring and summer for the woodsman or recreationist caught without a supply of repellent. The female does the biting. The larvae, known as "wigglers," develop in shallow quiet water such as the edges of log ponds and in pools of melted snow water. Species of Aedes and Culex are the principal nuisance mosquitoes. C. tarsalis Coquillett, a very common northwestern species, is a vector of encephalitis in man. Anopheles freeborni Aiken, a vector of malaria, occurs widely in the Northwest.

FAMILY SIMULIIDAE—BLACK FLIES

The black flies (Sommerman et al. 1955) vie with mosquitoes for the role of most pestiferous biting insects in the "North

414

Woods." The adults descend on man, animals, and birds in swarms in spring and early summer. In Alaska there are 38 species, but fortunately only a few feed on humans. Repellents afford relief. Southward they generally are less abundant, especially in dry areas. The adults are humpbacked, chunky insects, somewhat shorter than a small mosquito. The larvae develop in running water. One generation per year is typical but some species have two or more.

SUPERFAMILY MYCETOPHILOIDEA

The Cecidomyiidae (Stone et al. 1965) is the only one of the five families in this superfamily that is of consequence to for​esters.

FAMILY CECIDOMYIIDAE (ITONIDIDAE)—GALL MIDGES

The gall midges (Cole 1969) comprise a large family of flies of diverse habits. Most species feed on higher plants, including many forest trees, and often cause galls. Others feed on fungi. Some are predaceous on mites and other insects. The adults are small delicate flies that resemble mosquitoes. Their antennae are long and beaded, necklace fashion. The larvae usually are orange, pink, or yellow. When mature, larvae of many species have a dark spadelike structure, "breastbone," on the thorax. Classification is based upon microscopic examination of slide-mounted adults. Practical identification requires a knowledge of the host and type of gall produced (Felt 1940). Almost any part of a tree may be affected, but most galls are formed on the needles or leaves, in the cones or seeds, or in the bark of twigs. Some gall midges are eco​nomically damaging to forest trees but none is a major forest pest.

Alassomyia [Allomyia] juniperi (Felt) produces on Utah juni​per a prickly, burrlike bud gall with numerous short, straight leaves and none reflexed.

The species of Aphidoletes (Stone et al. 1965) prey upon aphids and related insects. A. thompsoni Man (Mitchell and Wright 1967) (fig. 241) from Europe has been established as a predator of Adelges piceae in Oregon, Washington, and British Columbia.

Camptomyia pseudotsugae Hedlin and Johnson (Hedlin and Johnson 1968) occurs in Douglas-fir cones infested with the gall midge, Contarinia washingtonensis. The relationship has not been determined.

The western species of Cecidomyia [Retinodiplosis] (Vocke​roth 1960) develop in pines and are known as pitch midges or resin midges. They form pits in the outer layers of new twigs or live in exuded resin masses.

The gouty pitch midge, Cecidomyia piniinopis Osten Sacken
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(Eaton and Yuill 1971), occurs from coast to coast. In the West on its principal host, ponderosa pine, it is known as the bird's-eye pine midge or ponderosa pine resin midge. Mistakenly, it has been reported to cause the "bird's-eye" figure in pine lumber. In Cali​fornia, Oregon, Washington, Idaho, and Montana, it commonly infests young, open-grown pines, especially in plantations. It attacks only the current year's shoots, often deforming and some​times killing them (fig. 242A). Attacks are heaviest on trees with sticky twigs and lightest on trees with dry, powdery twigs (Aus​tin et al. 1945). Severe attacks retard tree growth and repeated attacks sometimes kill trees. The damage is first noticeable very early in the summer when the new shoots fade, droop, and gradu​ally turn yellow and die. On some trees nearly every new shoot is affected. When the bark is removed, the infested tips will be found to be pitted with small resinous pockets in which are small bright red maggots (fig. 242B). If the pockets are not numerous enough to kill the terminal, the injury heals over, but for several years the annual rings are distorted into a peculiar whorl until the pocket is completely covered. C. piniinopis has one generation per year. The larvae overwinter in pits under the bark. Populations fluctuate widely from year to year due to natural control.

Cecidomyia reeksi Vockeroth (Reeks 1960) is the more common of two species of Cecidomyia on Pinus banksiana in Manitoba and Saskatchewan. The larvae develop and feed in pitch masses on the shoots. Sometimes the shoots die. Occasionally young trees are killed outright. There is one generation annually.

The Monterey pine resin midge, Cecidomyia resinicoloides Wil​liams, inhabits the resin exudations of Monterey pine but appar​ently is not injurious to the trees.
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F-523490

FIGURE 241.—A typical gall midge adult, Aphidoletes thompsoni.

F-523491, F-523492

FIGURE 242.—Gouty pitch midge (Cecidomyia piniinopis) : A, Stunting and twisting of growth of ponderosa pine, caused by repeated attacks; B, mag​gots, 4 to 5 mm long, embedded in woody tissue of new growth.

Contarinia (Gagne 1967, 1973) contains nearly 60 species in North America, several of which are significant forest pests. All are host specific.

Contarinia [Thecodiplosis] cockerelli (Felt) causes galls at the base of needles of Pinus edulis.

The pine budgall midge, Contarinia coloradensis Felt, forms apical budlike swellings on twigs of ponderosa pine in Colorado.

The Douglas fir cone midge, Contarinia oregonensis Foote (Hed​lin 1961), is one of several insects that destroy seeds of Douglas-fir. In some years and some places it is the most destructive spe​cies (Johnson and Heikkenen 1958) . It occurs in California, Oregon, Washington, and British Columbia. The larvae form sin​gle or aggregate galls in the seed coat thus destroying the seed outright or making it impractical to extract (fig. 243). Eggs are laid in female conelets during the brief period they are open for pollination. There is one generation annually, but diapause for 1 or more years is common. When the infested cones become wet in the fall, the mature larvae, orange in color, drop to the ground and overwinter in litter.

The cone scale midge, Contarinia washingtonensis Johnson (Hedlin and Johnson 1963) , damages seeds of Douglas-fir in Ore​gon, Washington, and British Columbia. It resembles C. oregonen​sis but feeds in the cone scales without causing galls and lays its eggs in half- to full-grown cones.

Three species of Contarinia develop in the new needles of Douglas-fir, causing characteristic galls (fig. 244). C. pseudotsugae Condrashoff (Condrashoff 1962a) is the most abundant of the three. It is a significant pest of Christmas trees, particularly in dry-belt, open-grown, interior forests (Condrashoff 1962b). It
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COURTESY WEYERHAEUSER CO.

FIGURE 243.—Section of cone damaged by Douglas fir cone midge (Contarinia
oregonensis) ; note numerous larvae and destruction of seed.

occurs in California, Oregon, Washington, British Columbia, Idaho, and Montana. There is one generation annually. Adults emerge from the soil early in May and lay their eggs on the needles. The usually yellowish larvae feed in the needles, often several per needle. In late fall and early winter they drop to the ground where they hibernate. Pupae form in the spring. Heavy infestations cause much of the foliage to drop and sometimes kill twigs. Populations fluctuate widely from year to year. The other two species, C. constricta Condrashoff and C. cuniculator Condra​shoff, are similar but much less abundant. Both occur in British Columbia and Montana, and the former is also in California.

Dasineura (Stone et al. 1965) has nearly 100 species, mostly eastern. Three of the western species feed in cones of conifers but cause little damage (Keen 1958).

Dasineura rachiphaga Tripp (Keen 1958) develops in the axis of the cones of Picea glauca across North America into Alaska. It probably is the most abundant insect in white spruce cones in British Columbia (Hedlin 1973). It also attacks cones of P.
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COURTESY CANADIAN CANADIAN FORESTRY SERVICE

FIGURE 244.—Needle galls on Douglas-fir caused by: A, Contarinia cunicu‑
lator; B, C. constricta; C, C. pseudotsugae.

engelmannii, P. mariana, and P. sitchensis. D. canadensis Felt

forms a small gall in the cone scales of the same four species of spruce and is common in British Columbia. D. abiesemia Foote forms galls on seeds and cone scales of various species of Abies in the Western States.

The pinon stunt needle midge, Janetiella sp. near coloradensis Felt (Brewer 1971), stunts the needles of Pinus edulis in Colo​rado. It attacks the developing needles at the base causing a small basal gall and premature shedding. This insect is a serious pest of ornamentals but causes little damage in the forest. Eggs are laid in May and June. The larvae are orange. Usually only two develop to maturity in each needle fascicle. The larvae overwinter in the needles. There is one generation a year.

Janetiella siskiyou Felt (Keen 1958) damages seeds of Chamaecyparis lawsoniana in Oregon.

Mayetiola (Stone et al. 1965) contains 34 species, many of which were described in Phytophaga and Oligotrophus. Most are gall formers, principally on trees and shrubs. Several are western.

The spruce gall midge, Mayetiola piceae (Felt) (Smith 1952), forms hemispherical galls in clusters on the current year's shoots of Picea glauca in Manitoba, Alberta, and Yukon. Heavily infested shoots become twisted and frequently die.

Mayetiola thujae (Hedlin) (Hedlin 1964) seriously damages
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seeds of Thuja plicata in Oregon, Washington, and British Colum​bia. The free-feeding, orange larvae spend their lives in the cones and pupate there in papery cocoons. There is one generation annu​ally.

The juniper tip midge, Oligotrophus betheli Felt (Tonks 1974), forms reddish, apical, conical galls on Juniperus in Colorado, Utah, and British Columbia.

Pinyonia contains one species, the pinon spindle gall midge, P. edulicola Gagne (Houseweart and Brewer 1972), principally a pest of ornamentals. It occurs in Colorado and presumably other Western States. The larvae mine in the current year's needles causing a spindle-shaped gall near the base (fig. 245) and pre​mature shedding. The galls average about 11 mm long and contain from 5 to 40 of the orange larvae. The larvae overwinter in the galls. There is one generation annually.

COURTESY HOUSEWEART AND BREWER (1972)

FIGURE 245.—Needle galls on pinyon, caused by pinon spindle gall midge
(Pinyonia edulicola).

Rhabdophaga (Stone et al. 1965), a sizable genus, contains one or two species of some interest to western foresters.

The spruce bud midge, Rhabdophaga swainei Felt (Clark 1952), occurs in Alberta, Yukon, Northwest Territories, and eastward.
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It mines the vegetative buds of Picea glauca and P. mariana caus​ing multiple branching. This species, or a similar one, attacks young Picea sitchensis in coastal British Columbia.

Rhopalomyia sabinae Patterson attacks juniper in Colorado and Utah and produces thick-walled, purplish, apical bud galls which split open in four sections when the midges emerge.

The Monterey pine midge, Thecodiplosis piniradiatae (Snow and Mills), works at the base of the newly formed needles of Monterey pine and other pines in central California and causes them to become swollen and shortened (fig. 246). Sometimes heavily infested twigs are killed and the ornamental value of the trees is impaired.

EPQ-8749A

FIGURE 246.—Basal needle galls on Monterey pine caused by Monterey pine midge (Thecodiplosis pini​radiatae).
































The species of Walshomyia (Gagne 1969) form galls on Juni​perus, Cupressus, and Libocedrus. They are closely related to Oligotrophus. W. insignis Felt causes oval, apical bud galls on Juniperus scopulorum. W. juniperina Felt occurs in the fruit of Juniperus osteosperma.
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SUBORDER BRACHYCERA

SUPERFAMILY TABANOIDEA

Seven families comprise this superfamily (Stone et al. 1965). Two of them, the Rhagionidae and Tabanidae, contain biting flies that often are troublesome to man and animals in the forest.

FAMILY RHAGIONIDAE—SNIPE FLIES

The snipe flies (Leonard 1930) are predaceous, moderate- to large-sized flies with a tapering abdomen and without bristles. The genus Symphoromyia (Aldrich 1916b) contains several species that are annoying and painful biters of man, domestic animals, and wildlife. Predominantly western, the flies of this genus gen​erally are blackish and from 5 to 9 mm long. These silent-winged, docile, hard-biting flies are most frequently encountered in moun​tainous areas and seem most troublesome in northern forests, although California is home for most species. The larval habits are little known.

FAMILY TABANIDAE—DEER AND HORSE FLIES

The deer flies and horse flies (Cole 1969) are a large family con​taining the largest of the blood-sucking flies. The adults are stout, bristleless, big-eyed flies. They are strong fliers, persistent in attack, and vicious biters. As with mosquitoes, the females do all the biting. They lurk in the edge of forest openings and are most active on clear days. The larvae of most species are aquatic or semi-aquatic. Good control measures apparently are lacking. The horse flies, Tabanus (Stone 1938) and allied genera, are generally brownish or black flies that are commonly 12 to 20 mm long or longer. They are most often encountered around horses. The deer flies, Chrysops and allies, rarely over 12 mm long, have mottled wings and have spurs on the hind tibiae whereas Tabanus does not. Deer flies often occur in wooded situations far from livestock.

SUPERFAMILY ASILOIDEA

The Asilidae and the Bombyliidae, two of the eight families in this superfamily (Stone et al. 1965), rank as mildly beneficial in the forest.

FAMILY ASILIDAE—ROBBER FLIES

The robber flies (Hull 1962) are one of the largest families of insects. About 4,760 species are known. The adults are hairy, gen​erally long-bodied, fast fliers that prey on many kinds of insects and are often seen in openings in and near the forest. Larvae of
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many asilids live in soil ; some live in rotting wood. In general, the asilids are minor elements in the natural control of forest insects.

The larvae of Laphria gilva (L.) are associated with cerambycid larvae in wood and have been stated to prey upon them. L. gilva adults were observed to destroy about 1 percent of emerging Dendroctonus ponderosae in the Black Hills of South Dakota (Schmid 1969) .

FAMILY BOMBYLIIDAE—BEE FLIES

The Bombyliidae (Cole 1969) share with some Syrphidae and Asilidae a similarity to bees. Adult bombyliids are fuzzy, compact, medium- to large-sized flies ranging from brown and black to silver and gold. The wings often are clouded and the mouth parts much elongated. In flight they hover hummingbird style. This large family is prevalent in dry areas, scarce in wet areas. The larvae of most species are parasitic or predaceous on Lepidoptera, Hymenop​tera, and Diptera. In the forest they apparently are of minor importance. One or more species have been reared from Neodiprion sawfly cocoons.

SUPERFAMILY EMPIDOIDEA

The two families in this superfamily are of little interest to foresters except for Medetera, a genus of predators in the Doll​chopodidae (Stone et al. 1965) .

FAMILY DOLICHOPODIDAE—LONGLEGGED FLIES

The Dolichopodidae (Cole 1969) is a large family of small, long-legged flies many of which are predaceous both as larvae and as adults. The larvae of Medetera feed on immature stages of bark-and wood-boring insects, principally scolytids. M. aldrichii Wheeler (Johnsey et al. 1965) , a widely distributed western species, is an important predator of Dendroctonus ponderosae, D. pseudotsugae and D. rufipennis. The adult is somber gray and about 4 mm long. The full-grown larva is white, cylindrical, pointed at the head end, and about 8.5 mm long (fig. 247) .

SUBORDER CYCLORRHAPHA

SUPERFAMILY SYRPHOIDEA

This superfamily contains three families in North America. Only the Syrphidae is significant to foresters.

FAMILY SYRPHIDAE—FLOWER FLIES

The flower flies (Stone et al. 1965) are a large family, many of which are beneficial as predators of other insects or as pollinators.
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The adults are medium- to large-sized flies, strong and quick in flight, and often strikingly marked with black and yellow in mimi- cry of bees and wasps (fig. 248A) . Larvae vary greatly in form and habits. Larvae of species that feed upon aphids have fleshy pseudopods, are usually pale brown to pale green in color, and move freely among their prey (fig. 248B).

F-523494, F-523495

FIGURE 248.—Examples of flower flies predaceous on balsam woolly aphid: A, Adult of Syrphus opinator Osten Sacken; B, larva of S. vitripennis. Both, about 10 mm long.

F-523493

FIGURE 247.—Nearly mature larva, about 8 mm long, of Medetera ald​richii in a spruce beetle gallery.
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Syrphus vitripennis Meigen is one of five native insects recorded as preying upon the balsam woolly aphid in Oregon and Wash​ington (Mitchell 1962) .

Cheilosia is a large genus, the larvae of which mine in plants (Cole 1969). Some species, known as bark maggots, mine in the cambium region of conifers. They cause defects consisting of dark brown or blackish resinous scars surrounded by curled, thickened wood (fig. 249B) . This type of defect is prevalent in western hem​lock growing in western Washington and Oregon at elevations below 550 m and is called the "black check" of hemlock. These defects do not impair the wood for structural purposes but degrade it for interior finishing and other special uses.

The hemlock bark maggot, Cheilosia burkei Shannon, was studied in detail by Burke (1905) who reported it as C. alaskensis Hunter, an Alaskan species. The small dark blue adults presumably lay their eggs on or in resin in wounds caused by Pseudohylesinus. The maggots enter the bark through the beetle-caused wounds, enlarge them, and feed on the sap and soft tissues causing a flow of resin at the surface (fig. 249A) . The larvae, when full grown,

F-523496, F-523497, F-523498

FIGURE 249.—Hemlock bark maggot (Cheilosia burkei) : A, Resin flow on bark of western hemlock caused by feeding of maggot; B, defect caused on face of sapwood; C, larva, about 10 mm long.
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are white maggots 15 to 20 mm long, with the forepart of the body thickened and with a long, telescopic, protractile tail that extends out through the resin for breathing (fig. 249C) . Feeding continues for several years, then in the spring puparia are formed in the resin at the entrance of the wound, and the adult flies emerge in April and May. This species occurs in California, Oregon, and Washington. Damage of the same type occurs on hemlock in Alaska.

The fir bark maggot, C. hoodiana (Bigot) , does similar work in white fir and grand fir. It occurs along the Pacific coast and east​ward to New Mexico. The adult is greenish black. Other species of Cheilosia of little-known habits feed in subalpine fir, Sitka spruce, and probably other western conifers.

SUPERFAMILY LAUXANIOIDEA

This superfamily contains three families, one of which, Cha​maemyiidae, contains predators of aphids, scales, and mealybugs.

FAMILY CHAMAEMYIIDAE

The Chamaemyiidae (Cole 1969) are small, chunky, dusty-gray flies. The larvae of some species prey upon aphids, scales, and mealybugs. Leucopis obscura Haliday and Cremifania nigrocellu​lata Czerny have been colonized in Oregon from Europe against Adelges piceae but are not exerting effective control (Mitchell and Wright 1967) .

SUPERFAMILY PALLOPTEROIDEA

This superfamily contains five families, of which only the Lon​chaeidae is of concern to foresters.

FAMILY LONCHAEIDAE

The Lonchaeidae (Cole 1969) are small, shiny, black flies (fig. 250A). The female ovipositor is elongate and sword-shaped. Two genera are frequently encountered by foresters : Earomyia, in cones, and Lonchaea, under bark of trees.

Earomyia (McAlpine 1956) (fig. 250) in North America con​tains eight species, most of which infest cones. In older literature, the cone-infesting species were listed as belonging to Lonchaea. The maggots are among the most abundant and important de​stroyers of fir seeds (Keen 1958) . E. barbara McAlpine is most cosmopolitan in its hosts, which include species of Abies, Picea, Pinus, Pseudotsuga, and Tsuga. It occurs from California to Brit​ish Columbia, Alberta, and Colorado. E. abietum McAlpine attacks cones of several species of A bies from California to British Colum​bia.
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FIGURE 250.—A cone maggot, Earomyia species, on white fir: A, Adult, 4.5
mm long; B, larvae, 8 mm long; C, puparia, 5 mm long.
The genus Lonchaea (McAlpine 1964) contains about 60 spe​cies, several of which are associated with western bark beetles and weevils. Although some species have been reported as sig​nificant predators, there is uncertainty regarding their actual role. The adults are quite similar, hence there is confusion in the litera​ture regarding their identification. The cone-infesting species have been transferred to Earomyia. L. furnissi McAlpine occurs in galleries of Dendroctonus pseudotsugae in Douglas-fir in Oregon, Washington, Idaho, and British Columbia. It is considered to be a scavenger rather than a predator (Johnsey et al. 1965). L. reidi McAlpine is associated with Dendroctonus ponderosae in pine from California to British Columbia and Idaho. A species of Lonchaea often is abundant in galleries of Pissodes strobi in spruce in the West and is reported to be an important predator of this weevil (Evans and Dyer 1952).

UNPLACED AS TO SUPERFAMILY

FAMILY AGROMYZIDAE—LEAFMINER FLIES

The leafminer flies (Frick 1959, Spencer 1969) are a large fam​ily of small to minute black or yellow flies. The larvae are soft, white, headless, and legless, and have paired, hooklike mouth parts. Most species mine leaves of plants, including broad-leaved trees and shrubs. Some are stem miners. Agromyzids usually mine one or only a few related species of plants. The nature of the mine together with the species of host plant often are sufficient evidence for identifying the species of leafminer.
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A few of the many species of Agromyza mine tree leaves. The adults are black, often with yellowish markings and white halteres. A. albitarsis Meigen forms a large blotch mine in leaves of Popu​lus trichocarpa in British Columbia. It also occurs in Europe and has been reported in Washington and California.

Phytobia contains species that mine in the cambium region of broad-leaved trees and shrubs. P. pruinosa (Coquillett) (Greene 1914) is an example. It attacks apparently healthy birch as far west as Colorado, causing a lumber defect known as pitch-ray fleck.

The holly leafminer, Phytomyza ilicis Curtis (Weigel and Baum​hofer 1948), is an import from Europe that has become a pest of ornamental holly from California to British Columbia. The mines, visible on the upper leaf surface, are at first narrow and winding, later blotchlike. There is one generation annually. The larvae overwinter in the mines and the flies emerge in May.

SUPERFAMILY MUSCOIDEA

In North America, this superfamily includes two large and closely related families, the Anthomyiidae and Muscidae, and four small families of ectoparasites (Stone et al. 1965).

FAMILY ANTHOMYIIDAE—ANTHOMYIID FLIES

The Anthomyiidae (Cole 1969) resemble the Muscidae and at times have been considered as part of that family. They are medium-sized, generally grayish or brownish flies. The larvae of most species feed in plant tissues, often the roots. Some are scavengers and a few are predators.

Hylemya (Stone et al. 1965) contains many species, several of which are very destructive to agricultural crops. A few are forest pests.

Hylemya abietis Huckett (Keen 1958), is a spiny, black fly, 8 to 9 mm long. The larvae are white and compressed and have two large hooks at the head end. They bore through the cones of Abies concolor and probably other true firs in California and Oregon, destroying up to 30 percent of the seed. H. anthracina (Czerny) (Hedlin 1973), a similar but smaller species, damages seeds of Picea. engelmannii, P. glauca, P. mariana, P. sitchensis, and Tsuga mertensiana.

The seedcorn maggot, Hylemya platura (Meigen) ( = cilicrura Rondani) (Breakey et al. 1945), a cosmopolitan pest that attacks young plants and planted seeds of numerous agricultural crops, also kills seedling conifers. In 1944 it killed about 20 percent of the Douglas-fir seedlings in one nursery in western Washington. More recently it has caused considerable damage to Douglas-fir

428

in a forest tree nursery in western Oregon. Sitka spruce also is killed. Maximum damage is done early in the spring on cold, wet sites where the soil has an abundance of organic matter. Nurseries near heavily infested agricultural crops apparently suffer most from this insect.

The seedcorn maggot passes the winter in the prepupal or pupal stage within a brown puparium, about the size of a grain of wheat, at a depth of 15 to 18 cm in the soil. In April the ash-gray flies (fig. 251A), about 5 mm long, emerge and lay their eggs in the soil just as the ground begins to crack above the germinating seed. At rest, the two wings are folded back so the outer edges are nearly parallel. The full-grown maggots are legless, about 6 mm long, yellowish white, tough-skinned, sharply pointed at the head end, and blunt and strongly tuberculate at the rear. The maggots feed below ground level, gouging the lowermost part of the stem and the upper part of the taproot. The effect (fig. 251B) resembles damping-off. Adults emerge late in July or early in August. There are two or more generations a year.

Insecticides applied just prior to adult flight have given satis​factory control. Exact timing is essential.

F-523499, F-523500

FIGURE 251.—Seedcorn maggot (Hylemya platura) : A, Adult, 5 mm long;
B, damaged Douglas-fir seedling.
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FAMILY MUSCIDAE—HOUSE FLIES, STABLE FLIES, AND ALLIES

The family Muscidae owes its name and much of its reputation to the house fly, Musca domestica L. a cosmopolitan pest and car​rier of diseases. It breeds in manure, garbage, and other filth. Sanitary measures in campgrounds and other forest recreation areas are necessary to keep this insect in check. The adults are 6 to 7 mm long, about medium size among the flies discussed in this manual.

SUPERFAMILY OESTROIDEA

This superfamily contains five families, of which the Calliphori​dae, Sarcophagidae, and Tachinidae are most likely to be encoun​tered by foresters. In large part, the species in western forests are beneficial. Some major insect enemies of man and animals are among the exceptions.

FAMILY CALLIPHORIDAE—BLOW FLIES

The blow flies (Hall 1948) are medium- to large-sized, usually metallic-colored flies that breed in garbage, carrion, manure, and in wounds of animals. The greenbottle flies, such as Phaenicia, and the bluebottle flies, such as Calliphora, are examples. It is a continuing struggle in forest camps to protect meat from them. The screwworm, Cochliomyia hominivorax (Coquerel) is widely known because of its destructiveness to stock and wildlife in Southern States and because of the sterile male technique devel​oped to eradicate it. Blow flies are beneficial in that they are part of the natural recycling of animal wastes and remains.

FAMILY SARCOPHAGIDAE—FLESH FLIES

The flesh flies (Cole 1969, Aldrich 1916a) are a large family. The larvae of most species are scavengers on animal wastes. Some are parasites of insects. Adults give birth to larvae rather than lay​ing eggs. Adults are characterized by the antennal arista being featherlike at the base. The abdomen is checkerboarded gray and black.

Agria housei Shewell (Pseudosarcophaga affinis (Fallen) ) (Shewell 1971) is a pupal parasite of various lepidopterous pests of forest and shade trees in the West. It is ranked as important in natural control of Choristoneura occidentalis (Carolin and Coulter 1959) and Orgyia pseudotsugata (Wickman et al. 1973b). It also attacks Acleris gloverana, Choristoneura conflictana, Mala​cosoma, Neophasia menapia, Nepytia, Leucoma salicis, and other western forest defoliators.

The genus Sarcophaga (Cole 1969) contains about 80 species
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in North America. The larvae of some are parasites of insects ; others feed on dead animals and animal wastes. S. aldrichi Parker parasitizes Malacosoma prepupal larvae and pupae and at times is important in the natural control of these insects in the West (Brown and Stevenson 1964). It also is a scavenger feeding on dead insects. The adults transmit a virus and thus may speed the development of epizootics that often decimate tent caterpillar populations (Stairs 1966) .

FAMILY TACHINIDAE—TACHINA FLIES

The Tachinidae (Cole 1969, Stone et al. 1965) are a very large family. The larvae are internal parasites of other insects, chiefly Lepidoptera, but also Coleoptera, Hemiptera, Orthoptera, Hy​menoptera, and others. The adults are small- to large-sized flies that resemble the house fly but are much more spiny (fig. 252) . Many species are important in natural control of insect pests of forest and shade trees. A few have been used in biological control efforts (Dowden 1962, McGugan and Coppel 1962) . Identification to species usually can be done only by experts working with reli​ably named specimens for reference. Generic names are in a state of flux. Only a few examples of the many species that parasitize forest insects are included in this manual. Some tachina flies have only one host species; others have many. Most drop to the ground to pupate. See Clausen (1940) for a detailed account of the role and biology of the Tachinidae.

Carcelia yalensis Sellers oviposits on larvae and subsequently kills pupae of the Douglas fir tussock moth. It sometimes hastens the decline of an outbreak.

Ceromasia auricaudata Townsend is an important parasite of Choristoneura occidentalis (Carolin and Coulter 1959). The adult, a medium-sized fly with a golden head and tail, deposits small black eggs on foliage in the vicinity of feeding host larvae. Eggs are ingested by the host larva and hatch shortly thereafter. The tiny maggots do not feed appreciably until the host pupates. The full-grown maggot exits from the host pupa and drops to the ground, enters the soil, and pupates. The adult emerges the same season and must find an alternate host to carry its progeny over the winter.

Chaetophlepsis nasellensis Reinhard (Carolin and Thompson 1967) is an important parasite of larvae of the western hemlock looper. It attacks nearly full-grown host larvae, from which the maggot issues, dropping to the litter to pupate. There is normally one generation a year.

Compsilura concinnata (Meigen) (Culver 1919) is a European species effectively introduced into eastern North America to com‑
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bat the gypsy and browntail moths. In the West it was introduced against the satin moth. It is the most cosmopolitan of the tachinids in number of hosts. Continent-wide, it has spread to more than 200 native Lepidoptera. Adults average 7.5 mm long, slightly larger than a house fly. The female deposits a tiny maggot into the host larva. The full-grown parasite maggot issues from the pupa or late-stage larva of the host to pupate. Winter is spent as a maggot in another host. About a month is required to complete one generation.

Most of the several species formerly included in Exorista (Cole 1969) are now in other genera. One that remains is E. mella (Walker), a transcontinental species that parasitizes larvae of Orgyia pseudotsugata, Leucoma salicis, Malacosoma, and prob​ably other forest insects in the West.

Madremyia . contains one species, M. saundersii (Williston) (Stone et al. 1965). It is transcontinental. In the West it com​monly parasitizes larvae of Choristoneura occidentalis, Acleris gloverana, Lambdina fiscellaria lugubrosa, Archips, Dioryctria, and other forest defoliators. The adult deposits a small whitish egg, which hatches quickly, in the skin of its host. The maggot develops rapidly and, when full-grown, issues from either the host larva or pupa, dropping to the ground to pupate. The adult
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FIGURE 252.—Ceromasia auri​caudata adult, an example of a tachina fly which at​tacks forest insects.

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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