both larvae and adults are predaceous, in others, only the larvae. Aphids and other small soft-bodied insects are the prey.

FAMILY HEMEROBIIDAE—BROWN LACEWINGS

Adult brown lacewings (Carpenter 1940) (fig. 66) are similar to green lacewings but are smaller and brownish. The larvae prey upon aphids, mealybugs, and other small insects. Hemerobius neadelphus Gurney commonly feeds upon the balsam woolly aphid (Mitchell 1962).

ORDER LEPIDOPTERA-BUTTERFLIES, MOTHS,
AND SKIPPERS

The Lepidoptera (Dominick et al. 1971, McDunnough 1938, 1939) are a large group of insects, consisting of more than 10,000 species in North America. Butterflies and skippers fly during the day; most moths fly at night. The larvae, usually called cater​pillars, feed mostly on plants, especially on the foliage. Many species feed on trees (McGugan 1958; Prentice 1962, 1963, 1965) and some are among the most destructive forest pests. The num​ber and importance of these pests is increasing as forestry be​comes more intensive.

Four suborders are now recognized (Common 1971). The Zeug​loptera, Dachnonypha, and Monotrysia consist of a few small families of moths, the adults of which have generalized kinds of mouth parts, female sex systems, and wing venation. Only the Monotrysia is represented in this manual. The fourth suborder, Ditrysia, contains the butterflies and skippers and most of the moths, and is characterized by separate mating and oviposition openings in the female, and wings of dissimilar venation. The Lepidoptera discussed in this manual fall into 14 superfamilies

130

	
	F-521938

	
	FIGURE 66.—Adult of a brown lacewing, Hemerobius nea​delphus, 8 mm long.


which are presented in a sequence progressing from more primi​tive to more specialized superfamilies.

SUBORDER MONOTRYSIA

SUPERFAMILY HEPIALOIDEA

This is a small superfamily of primitive moths (Forbes 1923). Adults are large to very large and have rudimentary mouth parts. Larvae bore in roots and stems. The family Hepialidae contains most of the species.

FAMILY HEPIALIDAE

The ghost moth, Sthenopis quadriguttatus Grote, occurs in British Columbia and Alberta. The larvae bore in roots of aspen, cottonwood, and willow, causing no commercial damage to forest trees. The large-bodied, swift-flying adults fly in the evening.

SUPERFAMILY INCURVARIOIDEA

This superfamily consists of a few families of very small moths. One family, the Heliozelidae, is represented in this manual.

FAMILY HELIOZELIDAE—SHIELD BEARERS

The Heliozelidae are tiny narrow-winged moths, the larvae of which form pupal cells cut from leaves in which they mine.

The madrone shield bearer, Coptodisca arbutiella Busck, mines the leaves of madrone from California to British Columbia. With​in the small mines, the mature larvae form elliptical cases out of the upper and lower leaf surfaces, in which to pupate. The cases drop out, leaving holes as though cut by a paper punch (fig. 67). An undescribed species of Coptodisca of similar habits is a pest of ornamental Populus fremontii in southern California (Brown and Eads 1969).

COURTESY ESSIG MUSEUM OF ENTOMOLOGY, UNIVERSITY OF CALIFORNIA

FIGURE 67.—Elliptical holes cut in a madrone leaf by the madrone shield bearer (Coptodisca arbutiella).
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SUBORDER DITRYSIA

SUPERFAMILY COSSOIDEA

This superfamily consists of one family.

FAMILY COSSIDAE—CARPENTERWORM MOTHS

Larvae of the carpenterworm moths (Barnes and McDunnough 1911) make burrows in the trunks or large limbs of living trees similar to those of wood-boring beetles. Adults have long spindle-shaped bodies and lightly banded or spotted translucent wings. They fly at night and deposit their eggs on the bark of trees or in old carpenterworm exit holes. Less than 50 species occur in North America; most infest deciduous trees.

Acossus consists of probably four species, all of which range into the West. At least three of them are found on Populus.

The aspen carpenterworm, Acossus populi (Walker), infests cottonwoods and poplars in the Western States, Southern Canada, and the Northern States. It is common but its life cycle and damage have been little studied. The larvae are cream colored, shiny, and hairless (fig. 68), and 35 to 40 mm long. Their tun​neling in the bole of trembling aspen sometimes causes infested trees to snap off.

The genus Givira has several species, most of which occur in the Southwest.

The pine carpenterworm, Givira lotta Barnes and McDunnough (Essig 1926), is recorded only from Arizona and Colorado, but probably occurs throughout the Southwest. Its whitish larva, about 30 mm in length, mines the rough outer bark at the base of trunks of ponderosa pine. The adult is gray, marked with brown, and has a wingspread of about 30 mm.

Prionoxystus is represented in North America by two species, both of which are common pests in the East. One of them ranges to the west coast.

The carpenterworm, Prionoxystus robiniae (Peck) (Hay and Morris 1970, Solomon and Hay 1974), is distributed throughout the United States and southeastern Canada. Its preferred hosts vary with the forest region. In California, Quercus, particularly agrifolia, and Ulmus are preferred hosts, and in the Rocky Mountains, species of Populus are preferred. Other common hosts are Fraxinus, Acer, Robinia, Salix, and fruit trees. The carpenter-worm will attack both small and large trees, and limbs as well as trunks. It particularly infests open-growing trees, whether in the forest, in windbreaks, or planted for shade. Lumber cut from infested trees is degraded by the large feeding tunnels and by stain and wood decay radiating from the tunnels.
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FIGURE 68.—Larva of the as​pen carpenterworm (Acos​sus populi), 30 mm long, in its tunnel.

The adult is a large grayish moth (fig. 69A) which appears in early summer. Females are half again as large as males and have a wingspread of 75 mm. The wings are uniformly mottled with gray and brown scales, and the male has a yellowish to orange spot on its hindwing. Females deposit ovoid, olive-brown eggs, each about 2.4 mm long, in groups of two to six in bark crevices, under lichens, and near wounds and scars. The small larvae first make shallow, irregular tunnels in the inner and outer bark. Larvae then penetrate the sapwood, each making an upward-slanting tunnel, and later extend the tunnel vertically into the heartwood (fig. 69B). Completion of feeding takes usually 3 years, and results in a tunnel 150 to 225 mm long and about 15 mm wide. The mature larva has a shiny brown head and a greenish-white body, and reaches a length of 65 to 75 mm. It pupates in the tunnel and the. pupa wriggles to the mouth of the tunnel just prior to moth emergence.
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FIGURE 69.—The carpenterworm (Prionoxystus rob iniae) : A, Female adult,
32 mm long; B, tunnels in heartwood.

The most important natural control factors appear to be birds, particularly woodpeckers. No satisfactory control has been devel​oped for the carpenterworm under forest conditions.

SUPERFAMILY TINEOIDEA

The Tineoidea includes a number of families of mostly small or very small moths. The clothes moths are well-known examples. Larval feeding habits in this group vary considerably. Four fam​ilies have species of minor importance in western forestry.

FAMILY GRACILLARIIDAE—LEAFBLOTCH MINERS

The leafblotch miners, Gracillariidae (Needham et al. 1928), are the most abundant of the leaf-mining Lepidoptera. Many feed on broad-leaved trees and shrubs. Some damage ornamentals. None is a serious forest pest. The small larvae are very flat. Most species mine leaves ; a few mine bark. The larger larvae are more cylindrical and many feed as leafrollers. The adults are tiny nar​row-winged moths often clothed with glistening scales.

The boxelder leafroller, Caloptilia [Gracillaria] negundella Chambers, is a European species now widely established on box-elder in North America. In the West it occurs in Colorado, Mani​toba, Saskatchewan, and Alberta. There are two generations annually.

The lilac leafminer, Caloptilia [Gracillaria] syringella (F.) (Schuh and Mote 1948), is a'European species now a pest of lilac

134

in Oregon, Washington, and British Columbia. The mining causes the leaves to turn brown and unsightly. Privet and ash also are attacked. There are two generations per year.

Cameraria [Lithocolletis] agrifoliella (Braun) mines the upper surface of leaves on Quercus (Brown and Eads 1965a) .

Lithocolletis [Phyllonorycter] (Braun 1908) is the largest genus of leafminers. Many species mine leaves of broad-leaved forest and shade trees. The larvae of some are cylindrical ; others are flattened (fig. 70) . Practically all pupate in the larval mine. The adults are tiny moths. Their forewings are elongate and yellow​ish with white cross bars and diagonal markings. Wingspread is 5 to 10 mm.

The aspen blotchminer, Lithocolletis tremuloidiella Braun, is a representative species. The larvae construct irregularly shaped mines between the lower layers of the leaf. Adults appear in August. During heavy infestations nearly all the leaves on the lower parts of the trees are attacked, but infestation seldom extends above 15 m (50 ft). This damage results in premature shedding of the foliage. This species has been reported from Cal​ifornia, Idaho, Utah, British Columbia, and Alberta and probably has a more extended range.

Some other species of Lithocolletis commonly encountered in western trees are :

	
	
	Leaf sur‑

	Species
	Host
	face mined

	L. alnicolella Walsingham
	Alnus
	upper

	L. apicinigrella Braun
	Salix
	lower

	L. arbutusella Braun
	Arbutus
	

	L. f elinelle (Heinrich)
	Platanus
	lower

	L. incanella Walsingham
	Alnus
	both

	L. salicifoliella Chambers
	Salix and
	lower

	
	Populus
	

	L. umbellulariae Walsingham
	Umbellularia
	—
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FIGURE 70.—Lithocolletis lar​va, 4.8 mm long, in blotch mine on underside of pop​lar leaf.


Several species of Marmara mine the inner bark of young twigs of conifers and broad-leaved trees. Two species mine leaves. The mines of all are long, narrow, and very shallow. M. arbutiella, Busck mines the leaves and twigs of madrone throughout its range. Unidentified species mine the bark of Pseudotsuga menzi​esii, Tsuga heterophylla, and Pinus monticola in the West (Fitz​gerald and Simeone 1971) .

The aspen leafminer, Phyllocnistis populiella Chambers (Con​drashoff 1964), is a transcontinental species that apparently is universal on trembling aspen in the West. Periodically it becomes epidemic, especially in Wyoming, Idaho, Alberta, and British Columbia. Heavy repeated attacks reduce tree growth and are reported to kill trees. There is one generation annually. Adults overwinter. The labyrinthine galleries are formed just under the cuticle on both leaf surfaces (fig. 71) . Other species of Phylloc​nistis attack other species of Populus.

	
	EPQ-6778

FIGURE 71.—Winding gallery

of the aspen leafminer

(Phyllocnistis populiella)

in aspen leaf.


FAMILY LYONETIIDAE

The Lyonetiidae (Needham et al. 1928) contain numerous spe​cies of small narrow-winged moths. The larvae are leafminers when young. Most species become leaf skeletonizers when older. Pupae are formed in elongate ribbed cocoons on the foliage and branches. Bucculatrix is the largest genus.

The oak ribbedcase maker, Bucculatrix albertiella Busck (Brown and Eads 1965a, Opler 1974) is a pest of coast live oak and other oaks in California. The larvae are cylindrical through​out life. Only the first-instar larva mines the leaves. The cocoon is white, longitudinally ribbed, and about 6 mm long. The adults           136

have a wingspread of 8 mm and the wings are widely fringed. Presumably there are one or two broods annually.

The birch skeletonizer, Bucculatrix canadensisella Chambers, (Baker 1972) is a transcontinental species. In the West it occurs principally in Canada but also in the Northern States. It feeds on various birches, periodically becoming extensively epidemic. The moth has a wingspread of 10 mm. It is bright brown and the fore-wings are crossed with three diagonal silvery bars. The head is white. The larva is 6 mm long, green, and slender ; it feeds on the lower surface of the leaf.

The larvae of Lyonetia are leafminers throughout life. An undesignated species in this genus occurs extensively on willows in British Columbia and Alberta. L. candida Braun mines the leaves of native rhododendrons in California, Oregon, and Wash​ington.

Leucoptera is similar to Lyonetia in larval habits. An undesig​nated species is a blotchminer of cottonwood leaves in interior British Columbia.

FAMILY PSYCHIDAE—BAGWORM MOTHS

The bagworm moths (Davis 1964) in the West are principally encountered on trees and shrubs of the Southwestern States. None is a forest pest. The larvae spend their entire lives in portable silken bags (fig. 72) covered with pieces of twigs or leaves or particles of soil. The females are flightless. Oiketicus and Thyri​dopteryx are representative genera. The bagworm, T. ephemerae-f ormis (Haworth) (Wollerman 1971a) , is a pest of ornamental shrubs in Eastern States. It ranges westward through Texas into southeastern New Mexico. Thuja and Juniperus are preferred hosts. Other conifers and many broad-leaved trees are attacked.

	
	F-521058

FIGURE 72.—Larval cases, 20 to 25 mm long, of a bag-worm moth, Thyridopteryx ephemeraeformis, on juni​per.


FAMILY TINEIDAE—CLOTHES MOTHS

The clothes moths are small, generally drab moths. The larvae of three species are household pests by feeding on wool and other animal products. In the forest many species feed upon wood‑
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rotting fungi (Powell 1967). Elatobia fuliginosella (Zeller) (=martinella (Walker) ) has been implicated in damage by pitch moths to a ponderosa pine plantation in California (USDA Forest Service 1967) .

SUPERFAMILY YPONOMEUTOIDEA

Larvae of the Yponomeutoidea have a wide range of feeding habits. A few feed openly, some web leaves, others mine leaves, buds, or twigs, and in one family they bore into stems. Four families are represented in this manual.

FAMILY GLYPHIPTERIGIDAE

The Glyphipterigidae is a small family closely related to the Tortricidae.

Hilarographa regalis (Walsingham) is one of several moths reported as damaging pine plantations in California. Its biology is unreported.

The mimosa webworm, Homadaula anisocentra Meyrick (= albizzae Clark) (Wester and St. George 1947) is an intro​duced pest of ornamental Albizzia and Gleditsia. Active in East​ern States since 1940, it appeared in central California about 1962 and is now established there despite efforts to eradicate it. The young larvae web the leaves together and feed on them gre​gariously. Larger larvae feed separately. Leaves are eaten on one side. The remaining tissue soon dies, giving the tree a scorched appearance. There are two or more generations annually. Larvae overwinter in the soil or in other protected places. The mature larva is pale gray to dark brown with five longitudinal white stripes and is about 12 mm long. The forewings are mouse gray with black spots. Wingspread is 12 mm.

FAMILY PLUTELLIDAE

The Plutellidae is a small family of small moths several species of which feed on the leaves of trees. None is a forest pest. Abebaea cervella Walsingham ( = subsylvella Walsingham) is a leafroller of oaks, particularly live oak in California and Garry oak in British Columbia.

FAMILY SESIIDAE (AEGERIIDAE)—CLEARWING MOTHS

The clearwing moths (Engelhardt 1946, MacKay 1968) are a well-defined family of moderate size. Species in several genera bore in the roots, trunks, and branches of trees and shrubs. A few are pests on trees, especially ornamentals. The adults often resemble bees or wasps. They have narrow interlocking wings that usually are transparent'and unsealed in part, especially the
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hind pair. The larvae are naked and ivory white, except for brown​ish markings on the thorax.

The cottonwood crown borer, Aegeria, tibialis Pacifica (Hy. Edwards) (Engelhardt 1946) , occurs in the Rocky Mountain and Pacific Coast States, British Columbia, and Alberta. The larvae bore in the root crown area of poplars and willows, sometimes causing considerable damage to ornamentals.

Paranthrene (MacKay 1968) contains several species that feed principally on poplar, willow, and oak.

The locust clearwing, Paranthrene robiniae (Hy. Edwards), (Engelhardt 1946), bores in the trunks and large branches of poplars and willows in the Western States and Provinces. It is a pest of ornamentals.

The ash borer, Podosesia syringae fraxini (Lugger), is injuri​ous to young ash trees in ornamental and protective plantings in Colorado, Montana, North and South Dakota, Manitoba, and Sas​katchewan. The adult resembles a Polistes wasp.

Synanthedon [Ramosia, Thamnosphecia] (MacKay 1968) con​tains 20 or more species that feed on a variety of trees, shrubs, and herbs.

Synanthedon americana (Beutenmuller) bores shallow winding channels in the wood under the bark of the trunk of alder from California to British Columbia, Montana, and Utah.

The western sycamore borer, Synanthedon resplendens (Hy. Edwards) (Brown and Eads 1965a, 1965b) , is a pest of orna​mental sycamore and oak in California. It occurs eastward to New Mexico. The larvae bore in and under the bark of the main bole up to about 9 m (30 ft) . The adults are blue black with yellow markings and a prominent brush of long hairs at the end of the abdomen. The mature larva is 18 mm long. There is one generation annually.

Vespamima (Engelhardt 1946) contains three species all of which feed in conifers. Two are western. These species are now being transferred to Synanthedon.

The sequoia pitch moth, Vespamima sequoiae (Hy. Edwards), occurs from California to British Columbia, Idaho, and Montana. Pinus ponderosa, P. contorta, P. radiata, P. lambertiana, and vari​ous other species of pines are attacked, also Douglas-fir. Despite its name, it evidently does not feed on Sequoia. It is a significant pest of ornamentals and, among the clearwing moths, it comes the closest to being an economic pest in the forest (Weidman and Robbins 1947) . The larvae bore in the cambium region causing masses of pitch to form (fig. 73A, B) and often seriously damag​ing young trees. The pitch masses contribute to the fire hazard (Powers and Sundahl 1973) . Attacks are most commonly made
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FIGURE 73.—Sequoia pitch moth (Vespamima sequoiae) : A, Pitch masses on
bole of ponderosa pine; B, larva boring in cambium region.

around injuries and at junctions of limbs and bole. Repeated attacks over a period of years are common and result in greatest damage. Adults are black with yellow markings much like a wasp. Mature larvae are 25 to 30 mm long. The life cycle requires 2 years.

The Douglas fir pitch moth, Vespamima novaroensis (Hy. Edwards), is similar to V. sequoiae in appearance, distribution, and habits. It differs from the latter in having an orange-banded rather than yellow-banded abdomen in the adult stage. Hosts are Pseudotsuga menziesii, Picea sitchensis, P. engelmannii, Pinus ponderosa, and P. contorta.

FAMILY YPONOMEUTIDAE—ERMINE MOTHS

The members of this family are usually small, often strikingly-marked moths. Three genera contain species of some importance, all of which mine conifer needles, fascicle sheaths, twigs, or buds.

Argyresthia (Freeman 1972) with upward of 50 species, feeds in the leaves, buds, and twigs of conifers and broad-leaved trees. Several are pests of orneniental conifers. The adults generally have narrow, yellowish, strongly fringed wings ranging from 6 to 14 mm from tip to tip. At rest, the adults appear to be standing on their heads. The cypress tipminer, A. cupressella Walsingham, is discussed as a pest of ornamentals by Brown and Eads (1967). The white paperlike cocoons (fig. 74) among the leaflets of cypresses, junipers, and arborvitae aid in identifying this species. A biology of the Monterey pine needleminer, A. pilatella Braun,
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is given in detail and its stages are described by Jessen (1964). The principal species of Argyresthia in western conifers are:

Species
Host and Part Attacked
Distribution

A. arceuthobiella Busck
Libocedrus decurrens
Oreg. Twigs and leaflets

A. columbia Freeman
Larix occidentalis
British Columbia Twigs

A. cupressella Walsingham  Cupressus, Juniperus, Thuja,  Calif., Oreg., and and Sequoia
Wash. Twigs

A. flexilis Freeman              Pinus flexilis
Mont.
Needles

A. franciscella Busck           Cupressus
Calif.
Twigs

A. laricella Kearfott
Larix laricina
British Columbia and

Twigs
transcontinental

A. libocedrella Busck
Libocedrus decurrens, and
Oreg. Chamaecyparis lawsoniana

Twigs and leaflets

COURTESY BROWN AND EADS (1967)

FIGURE 74.—White paperlike cocoon, 3.5 mm long, of the cypress tipminer (Argyres- thia cupressella), on Thuja.
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A. picea Freeman
Picea glauca
Yukon Territory Buds

A. pilatella Braun
Pinus radiata
Calif.
Needles

A. pseudotsuga Freeman
Pseudotsuga menziesii
British Columbia Twigs

A. trifasciae Braun
Cupressus
Calif.
Twigs

A. tsuga Freeman
Tsuga heterophylla
British Columbia Twigs

0 cnerostoma piniariellum Zeller (Harris 1958) is a European species that occurs in British Columbia and Montana. It mines needles of Pinus monticola and P. contorta. The immature larva is golden brown; the mature is pale green. Adults are white with an 11 to 13 mm wingspread.

The pine needle sheathminer, Zelleria haimbachi Busck (Stevens 1959), is a transcontinental species recorded in the West in Cali​fornia, Oregon, Washington, British Columbia, Nebraska, Colo​rado, and Arizona. It attacks many species and hybrids of two-and three-needle pines. Pinus ponderosa and P. j eff reyi are favorites. Abundant at times, the sheathminer has caused appreci​able damage at the Institute of Forest Genetics, Placerville, California, and in plantations elsewhere in California and Oregon. The adults are silvery white with a wingspread of 12 mm (fig. 75A). The forewings are light yellow with a white band length‑

F-521542, F-458390, F-521943

FIGURE 75.—Pine needle sheathminer (Zelleria haimbachi) : A, Adult, 8 mm
long; B, needle-mining larva, 1.5 mm long; C, needle damage on new shoots.
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wise through the center. First-instar larvae are elongate and bright orange (fig. 75B). Later ones are tan with two dull orange lines along the back.

Eggs are laid on current needles from early summer until mid​summer. The first-instar larva is a needleminer and spends the the winter in that stage. In the spring, the larvae emerge from the needles and migrate to the base of the needle cluster where they feed within the sheath, severing the needles, causing them to droop, die, and shed prematurely (fig. 75C). Each larva kills 6 to 10 clusters of needles in this fashion. There is one generation annually.

SUPERFAMILY TORTRICOIDEA

These are small, often drab moths. Most species are placed in two large closely-related families. Larvae are naked and usually inconspicuous. They either bore into plant parts or feed from silken shelters in rolled leaves. Pupae have movable segments on the abdomen and wriggle actively when disturbed. Many species cause economic damage in the forest. Some are very destructive.

FAMILY OLETHREUTIDAE—OLETHREUTID MOTHS

The Olethreutidae (Heinrich 1923, 1926; MacKay 1959) is a large family of small- to medium-sized moths, closely related to the Tortricidae, and sometimes considered as part of that family. Among foresters, the olethreutids are generally known as twig-and tipminers because of prevalent feeding habits of the larvae. Others feed on or in foliage, in cones and seeds, or in stems. Some species are among the most damaging insect pests of young coniferous trees.

The Douglas fir cone moth, Barbara colfaxiana (Kearfott) ranges from California to British Columbia, Montana, and Colo​rado, seriously damaging the cones of Douglas-fir and true firs. Heinrich (1923) treated three varieties, one of which, siskiyouana, is now known to be a member of the genus Eucosma, and the other two are not yet verified biologically. The yellowish-white cater​pillars mine through scales and seeds, making a tortuous resinous tunnel and an. opening at the surface through which resin and larval castings exude (fig. 76A). The pupae overwinter near the axis of the cone in a papery, resin-coated cocoon among the resin-matted scales. Some pupae remain in diapause 1 to 3 years. The adults, which are gray moths with a wingspread of about 15 to 20 mm and with speckled forewings (fig. 76B), emerge in the spring and lay their eggs on the young tender budding cones. Hedlin (1960) and Keen (1958) report the biology in detail.
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The genus Epinotia (Heinrich 1923) contains some 60 species, many of which feed on broad-leaved trees and shrubs ; several, including at least one serious forest pest, feed on conifers.

Epinotia albangulana (Walsingham) is a little-known solitary leafroller on Alnus rubra from California to British Columbia and Idaho. The larvae also feed in the catkins.

COURTESY WEYERHAEUSER COMPANY, COURTESY CANADIAN FORESTRY SERVICE

FIGURE 76.—The Douglas fir cone moth (Barbara col​faxiana): A, Larvae feed​ing in Douglas-fir cone; B, adult, 20 mm wingspread.
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Epinotia criddleana (Kearfott) (Kusch 1967) is a solitary leafroller principally on trembling aspen but also on willow and oak. It occurs in Alberta, Saskatchewan, and eastward. There is one generation annually. The eggs, laid in short rows on the twigs, overwinter. The mature larva is yellowish, about 12 mm long, and resembles that of Pseudexentera oregonana.

Epinotia hopkinsana (Kearfott) ranges from California to Brit​ish Columbia. It attacks the terminal shoots, foliage buds, and cones of Sitka spruce, true fir, and Bishop's pine, and the cones of Monterey pine. The wingspread is 16 to 19 mm. The forewings are mottled with brown and green scales, some of them in raised tufts. Mature larvae are dirty white to purplish and are 8 to 10 mm long. The variety cupressi Heinrich is darker in the adult stage and larger in the larval stage. It feeds on foliage, in the cones, and under the bark of limbs of Monterey cypress in California.

The white fir needleminer, Epinotia meritana Heinrich (Wash​burn and McGregor 1974), mines the needles of true fir, prin​cipally Abies concolor and A. magnifica. It occurs from New Mexico and Colorado to California and British Columbia. Out​breaks of several years each occurred in the 1940's, 1950's, and 1960's on white fir in Bryce Canyon National Park (McGregor and Washburn 1968) . Other outbreaks have occurred on white fir in Arizona. In 1965 and 1966 an outbreak occurred on red fir in the central Sierra Nevada of California (Struble 1968). Repeated defoliation by this insect causes extensive branch killing, deteri​oration of tree crowns, and increased susceptibility to Scolytus. The forewings of the adult (fig. 77A) are dusty gray, alternately banded with black scales and are fringed behind with long gray scales. Wingspread is 10 to 11 mm. The mature larva is about 8 mm long, yellowish green to cream colored, and has a brownish-black head and prothoracic shield (fig. 77B) . The pupa is dark brown and about 5.5 mm long. It protrudes from the hole in the mined needle prior to much emergence (fig. 77C). In California on red fir Struble (1968) reported a 2-year cycle and overlapping generations in contrast with one generation per year in Utah. He also found that each larva mined fewer needles and did not web the needles together in contrast with findings in Utah.

The cypress leaftier, Epinotia subviridis Heinrich (Brown and Eads 1967) is a significant pest of ornamental Cupressus and to a less degree Thuja and Juniperus. It is distributed from southern California north through Oregon and Washington into British Columbia, often occuring with Argyresthia cupressella. The larvae form cocoonlike feeding shelters in which are incorporated gnawed leaves and twigs. Heavy infestations cause attacked trees to turn brown early in the spring. The mature larvae are blackish pink

145

F-522304, F-521717, F-521944

FIGURE 77.—White fir needleminer (Epinotia meritana) : A, Adult, wing​spread 10 mm; B, larva, 6.5 mm long; C, pupal case, 5.5 mm long, protrud​ing from mined needle.

and about 10 mm long. Wingspread is about 20 mm. The fore-wings are checkerboarded.

The hemlock needleminer, Epinotia tsugana Freeman (Collis 1970) , apparently prefers western hemlock and mountain hem​lock but also attacks Sitka spruce and Pacific silver fir. It is recorded only in British Columbia. An outbreak occurred in 1965-66 on some 46,000 acres on Vancouver Island. The larvae are brown with a black head and attain a length of 7 mm. The adults are steel gray with a wingspread of 8 to 10 mm. The larvae mine in needles of all ages. Most of the damage occurs in March and April. Adults emerge in June and July.

Several of the many species of Eucosma (Heinrich 1923) feed on conifers in the West. The larvae of one of these conifer-infesting species bore through the pith of growing shoots; the others live in cones (Powell 1968).

Eucosma bobana Kearfott occurs from central and southern California to Colorado, New Mexico, and western Texas. It attacks the cones of Pinus monophylla and P. edulis and probably P. flexilis and P. aristato. Forewings are tan with squarish dark-reddish to blackish-brown markings.

Eucosma ponderosa Powell occurs in California, Oregon, and western Nevada. It develops in cones of Pinus ponderosa and P. jeffreyi. Wing markings are similar to E. bobana with which it was long confused.

The lodgepole cone moth, Eucosma rescissoriana Heinrich. ranges from southern Alberta through Idaho, Washington, and Oregon to central California. It is highly destructive to cones and
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seeds of Pinus monticola (011ieu and Schenk 1966) and also attacks P. contorta and possibly other pines. Wing markings are similar to E. bobana. There is one generation per year. In Idaho, eggs are laid in. June on second-year cones. Pupae overwinter, presumably in the duff.

Eucosma siskiyouana Kearfott, formerly considered a variety of Barbara colfaxiana, feeds in cones of A bies.

The western pineshoot borer, Eucosma sonomana Kearfott (Stoszek 1973), is recorded from Arizona, California, Oregon, British Columbia, Colorado, and Montana, evidently following the range of its principal host, ponderosa pine. It also feeds on lodge-pole pine and Engelmann spruce. On young open-grown ponderosa pine, it is a significant pest that until recently has been overlooked and underrated. The larvae bore down through the center of the terminal shoots, stunting and sometimes killing them (fig. 78A) . Tree height is significantly retarded and excessive branching may result (fig. 78B). The adult, which has coppery-red forewings marked with two bright gray transverse bands and a wingspread of 16 to 22 mm, lays eggs on the elongating shoots in spring. The larvae bore into the shoots and leave scant evidence of attack before they vacate the shoots in late spring, dropping to the ground to pupate.

The spruce tip moth, Griselda radicana (Heinrich) (Blais 1961, Powell 1964a), is a transcontinental species occurring in the West from California to British Columbia to Manitoba. It is common on spruce, Douglas-fir, and true firs, and occasionally feeds on other

F-521945, F-521946

FIGURE 78.—Damage to ponderosa. pine terminals by the western pineshoot borer (Eucosma sonomana): A, Larval burrow in pith; B, stunted terminal.
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conifers. It feeds in the opening buds much as does the spruce budworm with which it often occurs. No economically important outbreak of G. radicana is recorded. The forewings are ashy gray with rusty markings. Wingspread is 13 to 15 mm. The first- and second-instar larvae resemble Zeiraphera. The eggs are laid singly at the base of the needles where they overwinter.

Hedulia (Heinrich 1923) contains one species, H. injectiva Heinrich (Keen 1958). It is destructive to the seeds of Jeffrey pine and also infests ponderosa pine. It is similar in appearance and habits to Laspeyresia piperana which is more abundant in cones of ponderosa pine. These insects are presumed to hybridize.

Several species of Laspeyresia (Heinrich 1926) feed on forest trees, some attack cones (Keen 1958), and others feed in the bark of the trunk and branches. One species does both. The following are among the economic species in the West :

Species
Hosts
Distribution

CONE FEEDERS

L. bracteatana (Fernald),
Principally Abies, also
Calif. to British

fir seed moth
Pseudotsuga menziesii and
Columbia, and Colo. Picea sitchensis

L. cupressana (Kearfott),
Cupressus macrocarpa and
Calif.

cypress bark moth
other Cupressus

L. miscitata Heinrich
Pinus ponderosa and
Calif. to British

P. jeffreyi
Columbia, and Colo.

L. piperana (Kearfott),
Pinus ponderosa and
Calif. to British

ponderosa pine seed moth P. jeffreyi
Columbia, and Colo.

L. youngana (Kearfott),
Picea engelmannii, P.
Alaska, Western

spruce seed moth
sitchensis, P. glauca and
provinces, Oreg.,

other Picea
Mont., and Colo.

CAMBIUM FEEDERS

L. cupressana (Kearfott),
Cupressus, Chamaecyparis,
Calif.

cypress bark moth
Libocedrus, Thuja,

Juniperus, and Sequoia

L. inopiosa Heinrich
Pinus contorta
Idaho

L. laricana Busck
Larix occidentalis and
Mont. Pseudotsuga menziesii

L. leucobasis Busck
Larix occidentalis and
Mont. Picea engelmannii

L. populana Busck
Populus trichocarpa and
Mont. and Alberta P. tremuloides

L. pseudotsugae Evans
Pseudotsuga menziesii
British Columbia

The cypress bark moth, Laspeyresia cupressana (Kearfott) (Frankie and Koehler 1971), is a small dark brown moth with transverse silver and gray bands on the forewings. Wing expanse is 12 to 15 mm. The caterpillars are a grayish white. Cupressus macrocarpa is the principal host. On Cupressus, the larvae bore in cones, branch nodes, and injured areas on branches and trunk,
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often leaving accumulations of granular reddish frass. Only the branches and trunks of other hosts are attacked. In cones it feeds principally on the scales. As a pest, it is secondary to the tree-killing bark disease Coryneum cardinale Wagener with which it frequently occurs; it is suspected of transmitting this disease (Wagener 1939) . It has two generations annually.

The ponderosa pine seed moth, Laspeyresia piperana (Kearfott) (Hedlin 1967), is presumed to occur throughout the range of its hosts, ponderosa pine and Jeffrey pine. It sometimes heavily reduces crops of ponderosa pine seeds, thus increasing costs of collections. The dirty-white caterpillars are 9 to 14 mm long when full grown. They burrow through the central axis of the cones and enter the seeds through the point of attachment (fig. 79) . Pupation takes place in the pith. The moths have a wingspread of 16 to 20 mm, and range in color from gray to black. There is one generation annually but some larvae remain in diapause 1 or more years.

Another pine seed moth, L. miscitata Heinrich (Koerber 1967) , occurs in California and Oregon in cones of ponderosa pine and Jeffrey pine. It is similar to L. piperana in appearance and habits, and within its range is similarly destructive to seed crops.

The spruce seed moth, L. youngana (Kearfott), commonly infests cones of spruces throughout the West. Its larvae burrow

	
	F-521947

FIGURE 79.—Larvae of the ponderosa pine seed moth (Laspeyresia piperana)bor​ing through axis of cones and feeding on seeds.
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through cone scales near the cone axis (fig. 80), destroying both scales and seeds.

	
	F-521948

FIGURE 80.—Larva of seed moth, probably Laspeyre​sia youngana, feeding in Engelmann spruce cone.


The larvae of Laspeyresia pseudotsugae Evans (Evans 1969) construct meandering galleries in the phloem of the bole of young open-grown Douglas-fir (fig. 81A) in British Columbia and Mon​tana. Effect on tree growth is nil. Third-instar larvae overwinter and adults (fig. 81B), appear the following May or June. There is one generation annually.

The filbertworm, Melissopus latiferreanus (Walsingham), is a transcontinental species. It occurs extensively in the Western States and British Columbia in oak acorns and galls (Keen 1958). It also attacks the fruit of Castanopsis, Lithocarpus, Prunus, and many other hosts and has become an important pest of cultivated filberts (Dohanian 1940). Color of the adult is variable but gener​ally brownish, with shining coppery transverse bands. The larvae are whitish with red heads and measure up to 15 mm. In the Pacific Northwest there is one, and a partial second, generation a year. The larvae hibernate in cocoons beneath or on the surface of the ground, or in the damaged host (fig. 82) . Emergence of adults seems to be synchronized with the formation of nuts or acorns.

Larvae of the pitch nodule moths, genus Petrova (Heinrich 1923), bore into both the new and old growth of pine stems,
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twigs, and branches. Their work is characterized by a nodule or round dirty lump of pitch and frass, which is formed at the point of attack (fig. 83). They do not attack the buds but usually work

FIGURE 81.—Laspeyresia pseudotsugae: A, Larval mine in bark of Douglas-fir;
B, adult, wingspread 14 mm.
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EPQ-7697

FIGURE 82.—Larvae of the fil​bertworm (Melissopus lati​ferreanus) in a California black oak acorn.

COURTESY CANADIAN FORESTRY SERVICE

FIGURE 83.—Pitch nodule and frass on limb of lodgepole pine, indicating attack by a pitch nodule moth, Petrova species.

at nodes or whorls of branches and pupate within the pitch nodule. Trees are seldom, if ever, girdled by the larval channels but they may be so badly weakened that the tops are broken by wind or snow. As a group, the pitch nodule moths are minor pests of young trees. The moths are speckled with brown, yellow, or gray mark​ings and have a wing expanse ranging from about 15 to 25 mm. The following are western species :

Species
Hosts
Distribution

P. albicapitana (Busck),
Pinus contorta and
Western Provinces,

northern pitch twig moth
P. banksiana
Idaho, Mont., Wash., and east to Atlantic coast

P. albicapitana arizonensis
Pinus edulis
Ariz., Utah, and

(Heinrich),
Colo. pilion pitch nodule moth

P. burkeana (Kearfott),
Picea sitchensis and
Wash. and Mont.

spruce pitch nodule moth
P. engelmannii

P. edemoidana (Dyar)
Pinus ponderosa
Ariz., Calif., and New Mex.

P. luculentana (Heinrich)
Pinus ponderosa
Colo.

P. metallica (Busck) ,
Pinus contorta and
British Columbia,

metallic pitch nodule moth
P. ponderosa
Alberta, Mont., and Calif.

P. monophylliana (Kearfott)
Pinus monophylla
Calif.

P. picicolana (Dyar)
Abies lasiocarpa and
Wash., Idaho,

A. grandis
British Columbia, and Calif.

P. sabiniana (Kearfott)
Pinus sabiniana
Calif.

The northern pitch twig moth, Petrova albicapitana (Busck) (Turnock 1953) , feeds on lodgepole pine and has a 2-year life cycle in Manitoba and Saskatchewan. Most larval feeding occurs in the sapwood of the main stem and is indicated by a pitch mass at the base of a branch (fig. 84). The pirion pitch nodule moth, P. albicapitana arizonensis (Heinrich) was extensively epidemic in 1964 and 1965 on pinyon in Utah, reducing the nut crop and rendering attacked trees unfit for Christmas trees.

Proteoteras (Heinrich 1923) is a small genus the species of which resemble Epinotia.

Proteoteras, aesculana Riley (Keen 1958) is a transcontinental species that occurs widely in the West. Larvae bore into seeds, seed stalks, and terminal twigs of Acer macrophyllum and other maples. Forewings of the adults are olive green. Larvae over-winter in cocoons in the soil.

The boxelder twig borer, Proteoteras willingana (Kearfott) (Peterson 1958) , is a pest of boxelder grown in shelterbelts and as shade trees in the Great Plains, especially in Saskatchewan,
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FIGURE 84.—Pitch nodule of the northern pitch twig moth (Petrova albicapi​tana) on stem of lodgepole pine.


Alberta, and North Dakota. The larvae destroy dormant buds in the fall and early spring and then burrow in the developing shoots, causing spindle-shaped galls. Repeated attacks cause excessive branching. Forewings of the adult are grayish brown with darker streaks. Larvae are yellowish white with brown to almost black heads. Larvae, mostly fourth-instar, spend the winter in cocoons in hollowed-out, dormant leaf buds. There is one generation annually.

Pseudexentera oregonana (Walsingham) (Wong and Melvin 1967) is a solitary leafroller on trembling aspen in Oregon, British Columbia, Alberta, and Saskatchewan. It is a common but less important defoliator than Choristoneura conflictana and Malaco​soma. There is one generation annually. Pupae overwinter in the soil. Eggs are laid early in the spring. Larvae feed on new foliage and complete development by late May.

Pseudexentera habrosana (Heinrich) (Powell 1961) feeds on the new foliage of Quercus agrifolia in California.

Species of Rhyacionia (Heinrich 1923) are the best known of the pine tip moths. They cause damage by mining in the buds and shoots of young pines, especially in plantations, even-aged natural stands, and ornamental plantings. Attacked trees are deformed
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and their growth is retarded but they are seldom killed. Trees from seedling size up to a height of about 7.5 m (25 ft) are most susceptible to injury. Several species are native in the West and one has been introduced from Europe. The wings are strongly fringed, especially the hind pair which also is notably duller and less varied in color. The mature larvae are naked and vary from yellowish to brown.

The European pine shoot moth, Rhyacionia buoliana (Schiffer​muller) (Miller 1967b, Miller et al. 1970), is a much studied insect of European origin. Strenuous efforts have been made to control it and prevent its spread since its discovery in 1914 in New York State. In eastern North America it has been a pest of pine planta​tions. It deforms trees (fig. 85), and reduces their rate of growth, thus lowering productivity. Through the movement of nursery stock, it is now established in British Columbia, Washington, and Oregon, chiefly on ornamentals in the Douglas-fir region.

	
	F-52I949

FIGURE 85.—Deformity of Scotch pine leader caused by feeding of European pine shoot moth (Rhyacio​nia buoliana).


R. buoliana attacks many kinds of pines. In the West, orna​mental Mugho, Scotch, Japanese red, and lodgepole pines are heavily attacked, and naturally-growing lodgepole and ponderosa pines have been shown susceptible to damage. In much of the
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pine region, low winter temperatures and light snow cover will restrict establishment and survival of this shoot moth. However, pine stands in southern Oregon and northern California are ex​pected to be highly susceptible to damage (Daterman and Carolin 1973).

There is one generation annually. The yellowish, disk-shaped eggs (fig. 86A) are laid in midsummer on the twigs, buds, and needles. The small larva spins a small web coated with resin between the needle sheath and twig and then mines the base of the needles. Later it bores into a bud, causing formation of a crust of dried pitch (fig. 86B). The partially-grown, dark brown larva overwinters either in the mined bud or under the pitch. The spring-feeding larva (fig. 86C) mines another bud and then the bases of elongating shoots. The pupa (fig. 86D) is formed in a mined shoot and protrudes from the shoot just prior to moth emergence. The adult flies at dusk. It has orange forewings marked with irregular silvery lines and gray hindwings (fig. 86E). Wingspread is 15 to 20 mm.

The western pine tip moth, Rhyacionia bushnelli (Busck) , closely resembles the Nantucket pine tip moth, R. frustrana (Com​stock) (Miller 1967a) , which has been recently introduced into California where it damages ornamental Monterey pine. R. bush​nelli occurs naturally on young ponderosa pines in Montana, the Dakotas, and Nebraska. It also occurs in New Mexico and Arizona, presumably by introduction. Introduced between 1902 and 1909 into the plantations of the Nebraska National Forest, it has seri​ously stunted and deformed the ponderosa pine there. It has also spread extensively in shelterbelt plantings of ponderosa pine in the Central Plains States where it is a serious deterrent to plant​ing of this tree. Various other pines, native and introduced, also are attacked.

The adult moths have a wingspread of 10 to 15 mm. The head, body, and appendages are covered with gray scales, except the forewings which are mottled yellowish gray and reddish brown. The larvae are yellowish with black heads and when fully grown are 9 to 12 mm long. A single generation occurs in the Black Hills, the moths flying late in May and early in June to lay their eggs on the pine needles, buds, and shoots, and the larvae feeding dur​ing June and July. In Nebraska two generations develop annually, the moths flying in April and May and again late in June and early in July. The winter is passed in the pupal stage in cocoons spun by the larvae in the litter or soil. Experimentally, a systemic insecticide applied to the soil in the spring has protected young ponderosa pines from damage by the western pine tip moth for two growing seasons (Van Haverbeke et al. 1971).
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F-521150, F-521151, F-521952, F-521953, F-521954

FIGURE 86.—Life stages of European pine shoot moth (Rhyacionia buoliana): A, Eggs on pine twig, each 1.0 mm long; B, mined bud with larva under

pitch; C, overwintering larva, 6 mm long; D, pupa, 9 mm long, in mine in new shoot ; E, adult, 9 mm long.

Rhyacionia montana (Busck), recorded from Pinus contorta in Montana (Heinrich 1923) is doubtfully distinct from R. zozana.

The southwestern pine tip moth, Rhyacionia neomexicana (Dyar) (Jennings 1975), distorts and kills terminals of young ponderosa pine in Arizona, New Mexico, Colorado, the Dakotas, and Nebraska. From 1966 to 1971 some 100,000 acres in Arizona were infested by this insect. Naturally grown and planted trees both were attacked. Recently planted seedlings on poor sites were
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most seriously damaged. Growth loss is not considered serious enough to justify the cost of present direct control measures. The moths measure about 20 to 25 mm in wingspread. The base of the front wings is dark gray and the outer third is reddish orange usually with two horizontal black lines. The reddish larvae, when full grown, are 12 to 15 mm long. There is one generation an​nually. The moth flight ranges from March in Arizona to the latter part of May and early in June in the Black Hills of South Dakota. The full-grown larvae leave the tips during July and early August and spin cocoons, usually in the bark crevices on the base of the tree below the litter. Here they transform to pupae and pass the remainder of the season and the winter. In​fested tips can be identified, after the larvae leave, by the dead, partially developed needles toward the apex of the shoot and by the fact that this part of the shoot, and usually the buds, have been riddled by the larval burrows and crumble readily when dry.

The Monterey pine tip moth, Rhyacionia pasadenana (Kearfott) (Koehler and Tauber 1964b), attacks Pinus radiata, P. muricata, and P. contorta along the coast of California. Principally it is a pest of ornamentals. There is one generation annually. The yellowish-orange larvae feed first on needles within the needle sheath and then mine in the buds and new shoots, causing a pitch exudation and ultimately killing them. Pupation is within the mined shoots. Pupae overwinter.

Rhyacionia subcervinana (Walsingham) is a little-known spe​cies reported from California, Oregon, and British Columbia. In California, the larvae mine the needles of Pinus jeffreyi, then tie them together in a tube which is cut off well above the needle sheath. Pupation is within the stub of the tube.

The ponderosa pine tip moth, Rhyacionia zozana (Kearfott) (Stevens 1966, 1971), is a pest of young ponderosa pine in Cali​fornia, Oregon, and Washington (fig. 87) . It also attacks Jeffrey, lodgepole, sugar, digger, and other pines. Generally not seriously destructive, it is most damaging to open-grown seedlings and sap​lings less than 2 m (6 ft) tall. Repeated heavy attacks retard growth and predispose trees to attacks by other insects, such as Cylindrocoptu•its. In 1962 and 1963 it seriously damaged grafted pines in a seed orchard in Placerville, Calif.

The adults have a wing expanse of 20 mm. The forewings are irregularly banded gray and white on the inner two-thirds and are brick red on the outer third. The hindwings are grayish brown. The larvae are orange and attain a length of 12 to 15 mm. The pupae are formed in tough, brownish cocoons usually fastened near the base of the tree. There is one generation annually. The pupae overwinter.
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F-51426I

FIGURE 87.—Ponderosa pine tip moth (Rhyacionia zozana) : A, adult, 20 mm wingspread; B, eggs, each 1.0 mm long, on new shoot; C, mature larva, 12 mm long, on infested shoot; D, pupal cases protruding from masses of cocoons.

In North America, Sciaphila contains one species, the aspen leaftier, S. duplex (Walsingham). A transcontinental species, it occurs in the Western Provinces, Wyoming, Utah, Idaho, Nevada, and California. Populus tremuloides is the preferred host. From 1961 to 1966 an outbreak occurred in Utah, Wyoming, and Idaho, reaching a peak of 250,000 acres (McGregor 1967). The small larvae first skeletonize a portion of a new leaf, then roll and tie it (fig. 88). As the larvae grow, they tie more and more leaves together into a nest in which they feed. There is one generation per year. The larvae overwinter in silken hibernacula in bark crevices.

The eyespotted bud moth, Spilonota ocellana (Denis and Schiffermfiller), an import from Europe, is primarily an orchard
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FIGURE 88.—Skeletonizing and rolling of trembling aspen leaf by the aspen leaftier (Sciaphila duplex).

pest but also occurs on oak and other woodland, broad-leaved trees. At maturity, the larvae are 12 mm long and reddish brown. They feed first in buds ; later they tie the leaves together. In the West this species occurs in Montana, Idaho, Oregon, Washington, and British Columbia.

T aniva (Heinrich 1923) contains one species, the spruce needle-miner, T. albolineana (Kearfott) (Cumming 1954) . It is a trans​continental species that occurs extensively in the Western States and Provinces on various kinds of spruce, including Engelmann, white, blue, and Sitka. It is a pest of ornamentals but is seldom seen in the forest.

The forewings are dark brown with three grayish bands. Wing​spread is 11 to 15 mm. The eggs are pale yellow, round, ridged, and flattened. They are laid in May and June in single rows of 2 to 12 overlapping eggs on the underside of needles of the pre​ceding year. The young larvae cut a hole near the base of a needle and mine the interior, usually one larva per needle. The hollowed needles are held to the twig in a funnel-shaped web. Frass collects in the web and from 4 to 20 larvae may feed together in one web mass (fig. 89) . Feeding is suspended by October. The larvae over-winter in hibernacula in the frass and resume feeding in spring.
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	F-521955

FIGURE 89.—Spruce needle-miner (Taniva albolineana) larval nest and mined nee​dles.


The full-grown larva is light green with a brown head and is about 8 mm long. One generation per year is typical, perhaps universal.

Seven species of Zeiraphera feed upon western conifers, accord​ing to Mutuura and Freeman (1966) who described and keyed the adults. These closely related, similar appearing native species are now considered distinct from Z. ratzeburgiana (Saxeson) and Z. griseana (Hubner), the latter also known as Z. diniana (Guenee), two European species erroneously recorded as intro​duced from Europe. The taxonomic confusion of the past led to many confusing survey records. Confusion persists regarding the species on spruce and true fir. The biology of the western Zeiraphera is not recorded in detail. The adults are inconspicuous, mottled, grayish to brownish moths, with a wingspread of about 10 to 20 mm (fig. 90A) . Larvae are dirty white to pale yellow and up to 14 mm long, and have dark brown heads (fig. 90B).
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The following species are known to occur in the West :

Species
Hosts
Distribution

Z. canadensis Mutuura and
Picea glauca and
Transcontinental

Freeman
P. sitchensis
in Canada and Northern U.S.

Z. destitutana (Walker)
Picea glauca, P. mariana, Nova Scotia to

P. engelmannii, Abies
British Columbia lasiocarpa, and A.

amabilis

Z. fortunana (Kearfott)
Picea glauca and P.
Nova Scotia to

engelmannii
British Columbia

Z. hesperiana Mutuura and
Pseudotsuga menziesii
British Columbia

Freeman
and Oregon

Z. improbana (Walker)
Larix laricina, L.
Transcontinental

occidentalis, and Abies
in Southern

concolor
Canada and Northern U.S.

Z. pacifica Freeman
Picea sitchensis
British Columbia and Wash.

Z. vancouverana McDunnough Picea sitchensis and P.
Vancouver

engelmannii
Island, B.C.

Periodically the larch bud moth, Z. improbana (Walker), becomes epidemic on Larix occidentalis in British Columbia, Washington, Idaho, and Montana. In 1966 in Montana, 518,000 acres were infested (Tunnock 1967) . Such outbreaks are conspic​uous but their effect upon the trees has not been considered serious and has not been measured.

Along the Pacific coast, the spruce bud moth, Z. canadensis Mutuura and Freeman and two other species of Zeiraphera feed on Sitka spruce. Condrashoff (1966b) reported Z. pacifica Freeman as stunting and deforming young spruce trees on the Queen Char​lotte Islands, B.C. The habits of the three species on Sitka spruce are believed very similar. Each young caterpillar enters an open​ing bud and feeds on the tender new needles, webbing them together to form a shelter under the bud cap (fig. 91). As the twigs elongate, the partially eaten needles die and cause the trees to appear reddish brown early in the season. The dead needles drop off by midseason leaving little evidence of the feeding. There is one generation annually.

FAMILY PHALONIIDAE

This is a small family of little importance in forestry. The pale juniper webworm, Aethes [Phalonia] rutilana (Hubner) (Freeman 1967a) is an introduced species that occurs in British Columbia and Alberta. It mines and webs the needles of Juniperus.
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F-52I958

FIGURE 91.—Webbed bud caps on Sitka spruce, indicating presence of Zeiraphera lar​vae.
An unidentified species of Phalonia (Brown and Eads 1969) mines the buds and tender twigs of Populus fremontii in southern Cali​fornia.

Commophila [Henricus] fuscodorsana Kearfott (Keen 1958) occurs from California to British Columbia. The larvae are reddish green and mine in cones of Picea, Pseudotsuga, Sequoia, Abies, and Larix. C. macrocarpana Walsingham mines cones of Cupressus macrocarpa in California. The larvae are greenish, greenish red, purplish, or reddish brown. Their presence is marked by webbing and frass outside the infested cones.

FAMILY TORTRICIDAE—LEAFROLLER MOTHS

The Tortricidae (Freeman 1958, MacKay 1962, Powell 1964b) is a large family of small- to medium-sized, often drab moths, sometimes considered to include the Olethreutidae. Many species feed upon the foliage of forest trees; some are highly destructive pests of western forests. The larvae usually feed individually, often in webbed shelters consisting of rolled leaves or of needles tied together. When disturbed, the larvae of many species wriggle and often drop suspended by a thread.

Acleris (Powell 1964b) contains about 50 species in North America, about 30 of which occur in the West predominantly as
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incidental feeders on broad-leaved forest trees (Prentice 1965). One species is a major pest of western conifers.

The western blackheaded budworm, Acleris gloverana (Walsing- ham) (Powell 1962a, Schmiege and Crosby 1970) , now considered distinct from the eastern A. variana (Fernald) , is an important defoliator in western North America. It ranges from northern California to western Montana and northward into the Yukon and Northwest Territories in Canada and into southeastern Alaska. Hosts include Tsuga heterophylla, T. mertensiana, Picea sitchensis, P. engelmannii, P. glauca, various Abies, and Pseudotsuga menziesii. In coastal forests this budworm often causes extensive defoliation of western hemlock Sitka spruce and true firs, and trees of all ages may be killed, top-killed, or severely weakened. Extensive outbreaks occurred during the 1940's and 1950's in southwest British Columbia, notably on Vancouver Island and the Queen Charlotte Islands, and during 1948-55 in southeastern Alaska. These outbreaks involved millions of acres and resulted in considerable tree mortality. Flareups have occurred in interior forests, sometimes over wide areas, but have subsided without causing appreciable damage.

The adult is a small gray moth having a wingspread of about 18 mm and a variable wing pattern (fig. 92). The variation in wing coloration is an excellent example of polymorphism ; the many color forms look different but actually are one species. The forewing is usually dappled with brown, black, orange, and white with a faint to strong band across the wing ; but some have a longitudinal yellow, orange, or white stripe down the wing. Hind- wings are a uniform gray or brownish gray. The egg is yellow, oval, and flattened and about 0.8 mm long (fig. 93A). The young larva is pale yellow or pale yellow green and has a black head.

F-52I959

FIGURE 92.—Western blackheaded budworm (Acleris gloverana) adults,
showing some common variations in color pattern.
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The mature larva (fig. 93B) is green with a brown head and 12 to 16 mm long. The pupa is brown with a greenish tinge and about 9-10 mm long (fig. 93C).

F-521960, F-521961, F-521062

FIGURE 93.—Western blackheaded budworm (Acleris gloverana): A, Egg, 0.8 mm long, on underside of hemlock needle; B, larva, 12 mm long; C, pupa, 9 mm long.

The moths fly in late summer and deposit eggs singly on the underside of needles, mostly on the upper branches. Eggs over-winter and hatch the following spring. The young larvae bore into the opening buds, each often destroying two or three buds. When half-grown, larvae leave the expanding buds and construct a loose shelter by clipping needles and silking them together. From this shelter the larvae feed on new foliage, or on old foliage if the new foliage has been consumed. Larvae complete their develop​ment between mid-July and mid-August, and pupate in their feed​ing shelters or amongst debris on the branches. Larvae of the blackheaded budworm are wasteful feeders, rarely consuming whole needles. The dead partially consumed needles turn reddish brown, causing heavily defoliated trees to have a scorched appear​ance.

The blackheaded budworm does a little feeding every year, but the damage is scarcely noticeable. It can build up rapidly. In British Columbia its populations increase greatly after 1 or 2 years of below average precipitation during July and August (Silver 1960). In outbreak areas, budworm populations usually
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build up for 2 or 3 years, remain at a high level for 2 or 3 years, and then decrease, often abruptly. Factors contributing to the end of outbreaks include starvation, insect parasites, insect dis​eases (Graham 1954) , high temperatures during the early feeding period, inclement weather during late larval feeding and during the adult flight period, and effects of sliding snow and ice on eggs. Direct control is sometimes needed to prevent serious economic damage.

Adoxophyes negundana McDunnough is an uncommon, solitary leafroller on boxelder in Manitoba, Saskatchewan, and Alberta.

Archippus (Freeman 1958) contains six North American spe​cies that closely resemble Archips. Mostly they feed on northern conifers but are of little significance.

Archippus alberta (McDunnough) is a transcontinental species that feeds principally on back spruce. It is common in Saskatche​wan. A. packardianus (Fernald) also is a transcontinental species in Canada. It webs the needles of spruce and other conifers. A. tsuganus Powell (Powell 1962b) is a little-known species on hem​lock in coastal British Columbia.

Archips (Freeman 1958) is closely related to Archippus and Choristoneura. About 10 species of Archips feed on the foliage of forest trees in the West, but none is a significant forest pest.

The fruittree leafroller, Archips argyrospilus (Walker) (Powell 1964b) , is a transcontinental species that occurs extensively in the West. It is a damaging pest on orchard trees and at times is troublesome on ornamental trees, especially oaks (Brown and Eads 1965a). Birch, aspen, willow, and many other broad-leaved trees are fed upon. The adult is brownish with dark brown or gray hindwings. Eggs are laid in flat masses on tree limbs and trunks where they overwinter. There is one generation per year.

The uglynest caterpillar, Archips cerasivoranus (Fitch) (Pow​ell 1964b) , occurs from coast to coast. In the West it is most prevalent in Canada and adjoining States to the south. Wild cherry is the preferred host. In some areas the dense, frass-filled nests in hedgerows and along roads and streams are a common phenomenon of mid-summer (fig. 94). These nests contrast with the more gauzelike nests of the fall webworm that often occur in similar situations. The adults are bright orange with yellow hindwings and have a wingspread of 19 to 24 mm. Mature larvae are yellowish green with black heads. They feed and pupate in the nests. Eggs overwinter.

Archips negundanus (Dyar) (Parker and Moyer 1972) skele​tonizes and rolls the leaves of boxelders, sometimes completely de​foliating attacked trees. This pest of ornamentals occurs in Ne​braska, Utah, Idaho, Washington, Manitoba, Saskatchewan, and
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F-521963

FIGURE 94.—Larvae of ugly-nest caterpillar (Archips cerasivoranus), 18 mm long, feeding in frass-filled nest on cherry.

British Columbia. Eggs overwinter in bark crevices. There is one generation annually.

Archips rosanus (L.) is an introduced species. In the West it occurs uncommonly in Oregon, Washington, and British Columbia. Alder, willow, and oak are among its principal hosts.

Argyrotaenia (Powell 1964b) contains more than 40 species in North America. Several feed on foliage of western conifers and at least one is a significant forest pest. The adults resemble Choristoneura but are smaller.

The orange tortrix, Argyrotaenia citrana (Fernald) (Lange 1936, Powell 1964b), feeds on a large number and variety of plants including several agricultural crops in California, Oregon, and Washington. In California it is a minor pest on ornamental Pinus radiata, first mining within the needle sheath, later feeding more extensively on the current needles which are webbed together. On Monterey pine there are two or more generations annually. The adults vary in color. Usually the forewing is orange brown with a dark median cross band. The mature larvae are green with colorless tubercles bearing setae.

Argyrotaenia dorsalana (Dyar) (Powell 1964b) occurs in small numbers on Pseudotsuga menziesii, Picea engelmannii, Abies con-color, and Larix occidentalis. It ranges from California to British Columbia, Colorado, and New Mexico. The forewing is straw yellow. The full-grown larva is grass green with pale brown head and prothoracic shield and is 15 to 17 mm long.

Argyrotaenia occultana Freeman (Prentice 1965) is transcon​tinental in Canada. The larva feeds singly on foliage of white spruce, lodgepole pine, and other conifers, not causing appreciable damage. The forewing of the adult is grayish with traces of reddish-brown banding.

Argyrotaenia provana (Kearfott) occurs extensively in the Western States and British Columbia. The larva closely resembles that of A. dorsalana and sometimes is associated with it on Pseudotsuga menziesii and Abies concolor.
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The lodgepole needletier, Argyrotaenia tabulana Freeman (Burke 1932), is principally a western species occurring in Mon​tana, Wyoming, Idaho, Washington, British Columbia, Alberta, and Saskatchewan. Pinus monticola, P. contorta, P. banksiana, P. albicaulis, P. ponderosa, Pseudotsuga menziesii, and Tsuga hetero​phylla are recorded western hosts. In the literature this insect has often been recorded as A. pinatubana (Kearfott), an eastern species. Usually A. tabulana is not particularly destructive, but from 1921 to 1925, feeding along with the lodgepole sawfly (Neodiprion burkei Middleton), it killed trees over a large area of immature lodgepole pine near West Yellowstone, in Montana. From 1961 to 1965 this moth, or a similar one, and associated defoliators were epidemic on young lodgepole in southern Idaho and western Wyoming, and caused stunting and deformity but no mortality.

The forewing of the adult is mottled brownish gray (fig. 95A) with a wing expanse of 13 to 17 mm. In Montana, flat, oval, green​ish eggs are laid during the latter part of June and early in July in groups of 2 to 30 on the concave side of lodgepole pine needles. These eggs hatch in 7 to 10 days. The young larva mines a needle of the current growth, lining the inside with a papery, white, closely-woven web to form a tube. Later, it binds several other needles to the original one so as to form a new and larger tube (fig. 95B) also lined with a papery, white web and having an opening at each end. Feeding takes place within the tube, and as

F-521964, COURTESY CANADIAN FORESTRY SERVICE

FIGURE 95.—Lodgepole needletier (Argyrotaenia tabulana): A, Adults, 8 mm
long, on pine needles; B, larval feeding tubes on whitebark pine.
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the caterpillar becomes larger the tube is extended farther down the needles, often to the base. During the latter part of August the mature caterpillar, which is dark green and about 12 mm long, drops to the ground litter on a silken thread and spins a loosely-woven cocoon. Here it pupates and passes the winter. The adult emerges the following May or June, to complete one annual gener​ation. The work of the pine needletier is recognized by the silk-lined tubes, which may consist of as many as 16 needles webbed together, and which, as a result of the feeding, turn brown and die.

The genus Choristoneura [Archips] (Powell 1964b) contains about a dozen described species in North America of interest in forestry. They feed on the foliage of trees, mostly conifers, and two of them are among the most destructive forest insect pests (table 8). The species on fir and spruce can now be identified (Freeman 1967b) but questions remain concerning the forms on pine.

The western spruce budworm, Choristoneura occidentalis Free​man (Carotin and Honing 1972b), is the most destructive forest defoliator in Western North America. Until recently, this species and several near relatives were considered to be strains of C. fumif erana (Freeman 1967b), hence much information concern​ing them was published under that name (McKnight 1968). C. occidentalis occurs principally on Douglas-fir and true firs in the Pacific Coast States, British Columbia, and the Rocky Mountain States.

The first recorded outbreak of the western spruce budworm was in 1909 on southern Vancouver Island, B.C. Two outbreaks in Idaho in 1922 established this budworm as a serious enemy of forests in the Western United States. Since then numerous out​breaks have developed and large-scale efforts have been made to control them by aerial spraying. Some outbreaks flare up and subside naturally in a few years. Others persist a long time; for example, an epidemic in the northern Rocky Mountains has been in progress more than 20 years.

The budworm larvae feed principally in buds and on foliage of the current year. Sustained heavy attack causes nearly complete defoliation in 4 to 5 years. Epidemics cause decreased growth, tree deformity; top killing, and ultimate death of trees on exten​sive areas. In the northern Rocky Mountains budworm larvae also damage the cones and seeds of western larch and Douglas-fir.

The adults predominantly are mottled orange brown and have a wingspread of 22 to 28 mm (fig. 96A). The eggs are light green and are laid in masses shinglelike on the underside of needles (fig. 96B). Newly-hatched -larvae are light green with brown heads. Full-grown larvae are 25 to 32 mm long, with brownish
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Table 8.—Principal hosts and distribution of Choristoneura species
that occur in western forests

Species
Principal hosts
Distribution

C. biennis Freeman
Abies lasiocarpa, Picea
Alberta, British Columbia,

2-year budworm
engelmannii, and P. glauca and Yukon Territory

C. conflictana (Walker)
Populus tremulcides
Transcontinental and N.

large aspen tortrix
Mex. to Alaska

C. fumiferana (Clemens)
Abies and Picea
Eastern States and Prov‑

spruce budworm
inces to British Columbia

and Yukon Territory

C. houstonana (Grote)
Juniperus californicus,
Western Kans. and Tex.,

J. occidentalis, and other Colo., N. Mex., Ariz., and

Juniperus species
Calif.

C. lambertiana (Busck)
Pinus contorta, P. flexilis, Calif., Oreg., Idaho, Al‑

complex
P. lambertiana, and
berta, Mont., Wyo., and

sugar pine tortrix
P. ponderosa
Colo.

C. occidentalis Freeman
Pseudotsuga menziesii,
British Columbia, Wash.,

western spruce budworm Abies concolor, A.
Oreg., N. Calif., Idaho,

grandis, A. lasiocarpa,
Mont., Wyo., Colo., Ariz., Larix occidentalis, Picea and N. Mex.

engelmannii, P. glauca,

and P. pungens

C. orae Freeman
Abies amabilis and Picea Northern coast of British

sitchensis
Columbia

C. pinus Freeman
Pinus banksiana
Eastern States and Prov‑

jack pine budworm
inces to Manitoba and Saskatchewan

C. rosaceana (Harris)
Betula, Populus, Salix,
Transcontinental; south‑

obliquebanded leafroller and other broad-leaved
western States to British

trees
Columbia and Alberta

C. subretiniana Obraztsov
Pinus contorta and P.
Calif. and Oreg. ponderosa

C. viridis Freeman
Abies concolor
Northeastern Calif. to

Modoc budworm
southcentral Oreg.

head and body and prominent ivory-colored spots (fig. 96C). Pupae are 12 to 16 mm long, broad at the head end but tapering rapidly toward the tail (fig. 96D).

Eggs are laid in July and August. They hatch in about 10 days. The larvae do not feed but spin silken shelters among lichens and under bark scales in which they hibernate. The next spring they mine old needles until the buds swell. Then they bore into the buds and feed upon the expanding needles. Later they loosely web the growing tips and feed upon the new needles (fig. 97).

Parasites, predators, adverse weather, and starvation tend to hold the budworm in check and to control outbreaks naturally. Some 40 species of insect parasites feed upon the budworm and 10 or so of these exert significant control (Carolin and Coulter 1959). When outbreaks develop despite natural checks and wide‑

.
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spread destruction is threatened, aerial spraying may become necessary. Because of the large and diverse areas involved, the right chemical must be selected and properly applied to control the budworm yet prevent damage to other resources (USDA 1972).

The 2-year budworm, Choristoneura biennis Freeman (Harris 1963), is a subalpine species in British Columbia, Alberta, and Yukon Territory and presumably occurs in adjoining States. In

F-494229, F-494225, F-494231, F-494233

FIGURE 96.—Life stages of the western spruce budworm (Choristoneura occi​dentalis): A, Adult, 11 mm long; B, egg masses; C, mature larva, 28 mm long; D, pupa, 14 mm long.

	
	F-521965

FIGURE 97.—Feeding shelter

of western spruce budworm

(Choristoneura occidenta‑
lis) on Douglas-fir.
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British Columbia eggs are laid in even-numbered years and the larvae overwinter in the second instar. In odd-numbered years they develop to the fourth instar and again overwinter. The fol​lowing year they feed on both new and old needles and complete their 2-year life cycle. The adults are darker and slightly larger than those of C. occidentalis.

The large aspen tortrix, Choristoneura conflictana (Walker) (Prentice 1955, Beckwith 1973) , occurs from the Atlantic to the Pacific and from Alaska to California, Arizona, and New Mexico along with its principal host, Populus tremuloides. When epidemic, it also feeds on other associated broad-leaved trees. Epidemics have occurred sporadically in extensive stands of trembling aspen in the Western Provinces. During 1966-68, a large outbreak occurred in interior Alaska. Outbreaks characteristically last 2 or 3 years. Trees may be completely defoliated for a year or two but normally recover with only growth loss.

The moths have a wingspread of 25 to 35 mm. The forewing is grayish with basal, middle, and outer brownish patches (fig. 98A) . The large larvae are gray green to nearly black. The pale green eggs are laid in large flat masses usually on the upper sur​face of aspen leaves in June and July (fig. 98B) . Second-instar larvae overwinter in white silken hibernacula in bark crevices and other out-of-the-way places. In the spring the larvae mine the buds, sometimes causing complete defoliation before the buds open. Later stage larvae (fig. 98C) roll the leaves into shelters within which they feed and then pupate (fig. 98D) . The aspen tortrix is host to numerous insect parasites among which a tachinid fly, Omotoma fumiferanae, and an ichneumon, a species of Glypta, are common. Starvation of larvae is considered a likely cause of decline of outbreaks.

The spruce budworm, Choristoneura fumiferana (Clemens) (Bean and Mott 1972, Morris 1963) , is highly destructive in north​ern spruce-fir forests of the Eastern United States and Canada. It extends westward into Yukon Territory and perhaps Alaska. The adults are predominantly gray and slightly smaller than those of occidentalis. Mature larvae have a black head. Feeding habits and most features of the life cycle are similar to those of occidentalis.

Choristoneura houstonana (Grote) (Heinrichs and Thompson 1968, Powell 1964b) occurs extensively on western junipers in the States of the Southwest and Great Basin, but causes little damage. The larvae feed inconspicuously in silken tubes among the foliage. The mottled yellowish-tan moths fly in June and July.

The sugar pine tortrix, Choristoneura lambertiana (Busck) (Powell 1964b), is an enigma comparable to that of the fumiferana complex before the species in it were sorted (Freeman 1967b).
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F-521966, F-523525, F-523526, F-521967

FIGURE 98.—Large aspen tortrix (Choristoneura conflictana): A, Adult, 14 mm long; B, egg mass—black eggs are parasitized by Trichogramma minutum; C, large larva, 30 mm long; D, rolled aspen leaves.

Several forms of Choristoneura that feed on western pines have been described as species but more commonly they are considered to be forms of C. lambertiana. One of these top-killed lodgepole pine extensively in Idaho, 1965-66, and in Montana, 1967-68 (McGregor 1970). The first-instar larvae of this form overwinter in silken hibernacula in crevices in the bole and branches. In spring, when new shoot development is nearly complete, the larvae mine the needle sheaths and staminate cones. Numbering one to five per shoot, the larvae web the needles into feeding shelters (fig. 99). Pupae are formed among the webbed needles. Adults fly in July and August. At times C. lambertiana is destructive to the new buds and pollen bodies of sugar pine.

The jack pine budworm, Choristoneura pinks Freeman (Batzer and Millers 1970), is an eastern species that extends westward on its principal host, jack pine, into Manitoba and Saskatchewan, where it was extensively epidemic in 1965. It occurs on lodgepole pine in Saskatchewan, but in the United States, records of it on that tree probably refer to C. lambertiana. The adults are rust colored, never gray, and are smaller than the spruce budworm.

The obliquebanded leafroller, Choristoneura rosaceana (Harris) (Powell 1964b), is a transcontinental species that is prevalent in
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EPQ-7690

FIGURE 99.—Feeding habit and damage of the sugar pine tortrix (Choristoneura lambertiana).

the West at low elevations except the arid Southwest. It feeds on a wide variety of broad-leaved trees and is a pest in orchards and on ornamentals, but causes no significant damage in the forest. Two generations per year are usual ; in colder areas there is only one. The adults are brownish red with a darker, oblique band across the center of the forewing. The mature larvae are dark green with a brown or black head. They are solitary leaf-rollers.

Choristoneura subretiniana Obraztsov, sometimes considered to be a subspecies of C. lambertiana, feeds on cones and staminate flowers of lodgepole pine in California (Stark and Borden 1965). In the second instar in spring it is a needle sheathminer. Report​edly this insect was responsible for extensive defoliation of the new needles on open-grown ponderosa pine in central Oregon.

The Modoc budworm, Choristoneura viridis Freeman (Freeman 1967b), reaches peak abundance in the Warner Mountains of Cali​fornia and Oregon. Outbreaks occur sporadically but so far have caused no great damage. Long confused with the western spruce budworm, it differs in that the adults are smaller and lighter col​ored, and the mature larvae and pupae are green rather than brown. Feeding habits are similar to those of occidentalis; details of the life history are unreported. A change in the specific name is pending.

The omnivorous leaftier, Cnephasia longana (Haworth) (Ed​wards and Mote 1936) , is a European insect long established as a pest of agricultural crops from California to British Columbia. It attacks a wide range of broad-leaved herbs, shrubs, and trees and also damages the new growth of conifers. In 1969 it damaged a plantation of Douglas-fir Christmas trees in Oregon.
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Pandemis is a small genus, the larvae of which are solitary leafrollers on hardwoods. P. canadana Kearfott (Prentice 1965) is a transcontinental species that is prevalent in Alberta, Sas​katchewan, and Manitoba. It feeds on many trees, especially aspen, willow, birch, and poplar.

Pandemis cerasana (Hubner) (Evans 1970) is a Eurasian species that feeds on a wide variety of broad-leaved trees and shrubs. It is now established in British Columbia where its princi​pal host is Quercus garryana. The larvae feed mostly on the small leaves, at times causing considerable defoliation. The mature larvae are shiny, pale pea green, and are about 15 mm long. The adults have a wingspread of 14 to 23 mm. The forewings are squarish and yellowish with a dark band diagonally across the middle.

Parapandemis borealis Freeman, a conifer-feeding species known previously only from Eastern Canada, has been found in small numbers on Abies concolor in northeastern California.

SUPERFAMILY GELECHIOIDEA

This is a large superfamily of generally small moths. The larvae have a wide range of feeding habits. Those on forest and shade trees mostly mine leaves, buds, or fruit. A few feed externally, webbing leaves together.

FAMILY BLASTOBASIDAE

The Blastobasidae is a little-known family of small moths with long antennae. The larvae of several species feed in the cones and nuts of trees. The pink to reddish-brown larva of Holocera augusti Heinrich (Keen 1958) mines in the cones of Pseudotsuga menziesii from California to British Columbia. Its role is not established. Other species of Holocera feed in the fruiting structures of Pinus, Cupressus, and Acer in the West. Most are probably secondary feeders in previous infestation sites of other insects.

FAMILY COLEOPHORIDAE—CASEBEARER MOTHS

Larvae of the casebearer moths start life as leafminers. Later they live and feed in caselike or tubelike shelters. Coleophora, containing nearly 100 species, is the lone genus. Only one species is significant in western forests.

The larch casebearer, Coleophora laricella (Hubner) (Denton and Tunnock 1972) , is a European insect that became established in New England prior to 1886. In the West it was discovered in 1957 in northern Idaho on western larch. It now occurs on that tree
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in Montana, Idaho, Oregon, Washington, and British Columbia.

The principal damage is caused by the fourth-instar larvae feeding on new foliage in early spring. Heavily infested trees become reddened as though scorched. Later in the season they regain their normal appearance as the dead needles are replaced by a second crop. Repeated deterioration for several years ma​terially reduces diameter growth and weakens trees so that they deteriorate and may die from other causes (Tunnock et al. 1969) .

The adults are tiny, silvery-brown moths with narrow fringed wings that fold along the body when at rest (fig. 100A). The eggs are laid singly on needles from late May until early July (fig. 100B). The larvae feed first as needleminers. Then they line with silk and cut off a portion of hollowed-out needle. From then on they live, feed, and pupate in this case (fig. 100C). They over-winter as third-instar larvae in their cases attached to winter buds on twigs (fig. 100D). There is one generation annually.

Control of the larch casebearer by aerial spraying is still ex​perimental. The braconid, Agathis pumila, a larval parasite, has been extensively colonized in the West in an attempt at biological control (page 458) . Other parasite species also are being intro​duced.

FAMILY ETHMIIDAE

The Ethmiidae is a small family of small moths, mostly in the genus Ethmia. E. discostrigella (Chambers) (Furniss and Barr 1975) is a defoliator of species of Cercocarpus, mountain-mahog​any. Outbreaks of this insect occasionally deplete winter ranges for big game in Oregon and probably other areas. Its range is from Oregon to California, western Texas, and Colorado. The mottled grayish or blackish larvae attain a length of nearly 20 mm. The pupae overwinter.

FAMILY GELECHIIDAE—GELECHIID MOTHS

The Gelechiidae is a large family of small moths with narrow forewings and broadly-fringed hindwings. Most feed on or in foli​age, many on forest trees. A few are destructive forest pests.

Anacampsis [Compsolechia] niveopulvella (Chambers) (Pren​tice 1965) is a transcontinental species that rolls and ties the leaves of Populus, principally P. tremuloides. In Alberta and Yukon Territory it is common but apparently causes little dam​age. The adults are gray with black dots and have a wingspread of 12 mm.

The sagebrush defoliator, Aroga websteri Clarke (Hall 1965), periodically defoliates and kills sagebrush over extensive areas
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F-509460,
509462, F-520754, F-509463

FIGURE 100.—Larch casebearer (Coleophora laricella) : A, Adult, 4.5 mm long; B, egg, 0.3 mm long, on needle;. C, mature larva in case, 5 to 6 mm long; D, overwintering cases, 2.5 to 3.5 mm long, attached to western larch twigs.
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of western rangeland. One such outbreak occurred in parts of California, Oregon, and Nevada in 1962-64.

Most species of Chionodes are leafminers in broad-leaved trees and shrubs. Three species develop in conifers. The adults resemble Coleotechnites but are more broad-winged and usually more color​ful. C. retiniella (Barnes and Busck) occurs in British Columbia, Washington, California, and Nevada and mines needles of Pinus ponderosa (Freeman 1960). C. sabinianae Powell mines staminate cones of Pinus sabiniar a in California (Burdick and Powell 1960). C. periculella (Busck) occurs in California, Oregon, and Colorado and mines in the seed cones of Pinus ponderosa, P. edulis and Pseudotsuga menziesii (Keen 1958). Some other species feed on

oaks.

Coleotechnites [Eucordylea, Evagora, Pulicalvaria, Recurvaria]

(Freeman 1960, 1967a; Hodges 1965) contains about 30 species of small, narrow-winged, mottled, generally grayish moths of very similar appearance. The larvae are leafminers. Those that mine the foliage of conifers (fig. 101) are most numerous and are of principal concern to foresters. Two named species and at least two unnamed ones are economic forest pests. The following species occur in the West:

Species
Hosts
Distribution

C. ardes (Freeman)
Pinus contorta
Mont.

C. biopes (Freeman)
Pinus contorta
Saskatchewan

C. canusella (Freeman)
Pinus contorta
British Columbia and Wash.

C. condignella (Busck)
Pinus ponderosa
Ariz.

C. florae (Freeman)
Pinus contorta
Mont., Alberta, and Sas​katchewan

C. granti (Freeman)
Abies
British Columbia

C. juniperella (Kearfott)
Juniperus occidentalis

C. lewisi (Freeman)
Pinus flexilis
Alberta

C. milleri (Busck)
Pinus contorta
Calif.

C. moreonella (Heinrich)
Pinus ponderosa
Colo., Utah, and Oreg.

C. occidentis (Freeman)
Juniperus
British Columbia

C. piceaella (Kearfott)
Picea
Colo. and Alberta

C. pinella (Busck)
Pinus ponderosa
Colo.

C. stanfordia (Keifer)
Cupressus macrocarpa
Calif.

C. starki (Freeman) Pinus contorta Mont., British Columbia, Alberta, and Saskatche​wan

The lodgepole needleminer, Coleotechnites milleri (Busck) (Struble 1972, Koerber and Struble 1971), is a notorious forest pest because of its long-sustained and destructive outbreaks in Yosemite National Park, from 1903 to 1921, 1933 to 1941, and 1947 to 1963. Such outbreaks may kill trees extensively through
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the cumulative effects of defoliation (fig. 102). Outbreaks are most severe in extensive stands of mature lodgepole pine, the Principal host. During epidemics other pines, red fir, and moun​tain hemlock may also be attacked. The insect occurs west of the crest in the central and southern Sierra Nevada.

The adults are mottled light gray moths that have a wingspread of 8 to 13 mm and strongly fringed hindwings (fig. 103A). The larvae are naked and black-headed (fig. 103B). Their bodies are uniformly colored but vary individually from lemon yellow to orange, pink, and red. This species has a 2-year life cycle, the moths flying from mid-July to mid-August in odd-numbered years.
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F-521083

FIGURE 102.—Sparse, short foliage and dying twigs on a lodgepole pine branch re​sulting from feeding by five generations of the lodgepole needleminer (Co​leotechnites milleri).

F-521968
FIGURE 101.—Larval mines of a Coleotechnites species in ponderosa pine needles.

F-521969, F-521085, F-521088,
EFQ-2280 FIGURE 103.—Lodgepole needleminer (Coleotechnites milleri) : A, Adult, wing-

spread 10 mm; B, mature larva, 8 mm long; C, needlemining by first-instar

larva; D, needlemining by mature larva.
The first-instar larvae mine individually into the needles near the tip and remain there over winter (fig. 103C). The next growing season they develop to the fourth instar, often feeding in several needles, and sometimes webbing the trees in search of food. The fifth and final instar is formed the following spring (fig. 103D). Following a period of heavy feeding, the mature larvae pupate in mined needles. The adults emerge a month later.

An undescribed species (Mason and Tigner 1972) that closely resembles C. milleri, but having a 1-year life cycle, periodically defoliates lodgepole pine in central Oregon. Outbreaks have oc- curred during the years 1925-28, 1945-47, and 1964-70. Damage is greatest in extensive basins of pure lodgepole and consists prin- cipally of loss in growth.

Another undescribed species that resembles C. milleri, even to having a 2-year life cycle, feeds on lodgepole in California but is not notably destructive.

Coleotechnites moreonella (Heinrich) was described from Colo- rado. This species or a near twin periodically causes considerable defoliation of ponderosa pine on local areas in Utah and Oregon. Old needles are mined.

Coleotechnites piceaella (Kearfott) (Freeman 1967a, McLeod 1962) mines the needles of various spruces from Eastern Canada and New England to Alberta and Colorado. Several adjacent needles of the previous year's growth are mined and loosely webbed together by each larva. The larvae overwinter in mined needles. As a needleminer, it sometimes is a pest on ornamentals. It also is a scavenger in cones and galls.

The cypress leafminer, Coleotechnites stanfordia (Keifer), in the caterpillar stage mines the twiglets of Monterey cypress in Cali- fornia.
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The northern lodgepole needleminer, Coleotechnites starki (Free​man) (Stark 1954, 1959), looks and acts like C. milleri and was long considered to be that species. In the 1940's and early 1950's a sustained outbreak occurred in the Canadian Rocky Mountain Parks, principally in Alberta. At its peak, prior to 1950, the out​break covered 450 square miles. Reduction of growth was the principal effect. Increment began to slow when defoliation ap​proximated 40 to 50 percent.

The juniper webworm, Dichomeris marginella (Denis and Schiffermfiller) (Andison 1937, Bauman and Sugden 1968), is a European species established in 1934 or earlier as a pest of orna​mental juniper in British Columbia. The larvae are light yellowish red with dark reddish-brown lines on the back. They feed together in nests of webbed needles and frass. Half-grown larvae over-winter in the webs. There is one generation annually.

Exoteleia contains four species in North America. One of the two western species is a pest of ornamental pines.

The Monterey pine shoot moth, Exoteleia burkei Keifer (Brown and Eads 1967, Burdick and Powell 1960, Stevens 1969), occurs in California on Pinus attenuata, P. coulteri, P. radiata and P. sabiniana. It is a pest on ornamental Monterey pine in central and southern California. In the early instars the larvae mine the nee​dles. Later stage larvae mine in the buds, developing shoots, and staminate cones. The mature larva is 5 to 6 mm long and is brown​ish yellow with a black head. The adults have a wingspread of 8 to 10 mm. The forewings are grayish brown with three white crossbands edged with black.

FAMILY WALSHIIDAE

The Walshiidae (Hodges 1962b) is a small family similar to the Gelechiidae.

Periploca (Hodges 1962a) contains 12 species of small, dark, shiny moths. Several feed upon juniper in the West.

Periploca atrata Hodges (Powell 1963) develops in juniper ber​ries in California and Arizona.

The juniper twig girdler, Periploca nigra Hodges (Koehler and Tauber 1964a), is an important pest of ornamental Juniperus in California. The larvae tunnel beneath the bark, scoring the wood and girdling the twig (fig. 104). Several to many larvae per branch are usual. The mature larvae are yellowish to pinkish white with a shiny brown head and are 6 to 7 mm long. The adults are shiny brownish black. There is one generation per year.

SUPERFAMILY PYRALOIDEA

This superfamily (Munroe .1972), one of the largest in the Lep​idoptera, consists of four families.
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COURTESY KOEHLER AND TAUBER (1969a)

FIGURE 104.—Larva of juni​per twig girdler (Periploca nigra) in feeding tunnel.

FAMILY PYRALIDAE (PHYCITIDAE)—PYRALID MOTHS

The Pyralidae (Heinrich 1956, Munroe 1972) is the largest and most diverse family in this superfamily and is the only one con​taining species of significance in forestry. The forest inhabitants are moderate-sized, drab-colored moths with mouth parts that are somewhat snout-like.

In the caterpillar stage, the species of Dioryctria (Heinrich 1956, Munroe 1959, Mutuura et al. 1969a, 1969b) bore into the cambium of the trunk, branches, and shoots, or into the fresh green cones of Pinus and to a lesser extent Pseudotsuga, Abies, and Picea (table 9). Overlapping habits within species is preva​lent. Several species also mine in branch and stem galls caused on Pinus by species of fungi in Cronartium and Endocronartium.

The trunk-infesting species girdle and deform young trees and are particularly damaging to ornamentals and forest plantations. The species that attack cones are among the most damaging insect pests of forest tree seeds (Keen 1958). The shoot-mining species on pines cause little damage but are easily confused with Rhyacionia which are generally more destructive. An unidentified shoot-mining species on young Douglas-fir occasionally causes serious damage to leaders and tips (fig. 105).

Dioryctria zimmermani (Grote), long recorded as a western species, now is considered to be eastern only (Munroe 1959).

The fir coneworm, Dioryctria abietivorella (Grote), often re​corded as D. abietella (Denis and Schiffermiiller), is a transcon​tinental species that attacks cones of many conifers and is par​ticularly destructive in fir and Douglas-fir cones (Hedlin 1974, Keen 1958). It also mines in buds, shoots, and trunk. In California it has damaged grafts of Douglas-fir and ponderosa pine. In cones, it leaves a round clear hole. In contrast to the work of Barbara, its webbed castings on the surface of an infested cone are free of pitch (fig. 106A). In fir cones it has one and a partial second generation annually, and in pine it has only one (Keen 1958). The forewings of the adults fig. 106B) are bluish gray with zig‑
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Table 9.
Hosts and distribution of Dioryctria species
that occur in western forests

Species

Host tree

Tree part
Distribution affected

D. abietivorella (Grote)
Pinus, Pseudotsuga,
Cones,'
Transcon‑

fir coneworm
Abies, and Picea
shoots, foli-
tinental,

age, trunk,
British

and
Columbia,

Cronartium
and Western

galls
States

D. albovittella (Hu1st)
Pinus monophylla
Cones
Nev., Ariz., N. Mex., and Colo.

D. auranticella (Grote)
Pinus ponderosa,,
Cones 2 and
Western

pine coneworm
P. attenuate, and
twigs
States and

(= xanthoenobares Dyar)
P. spp.
British Columbia

D. banksiella Mutuura,
Pinus banksiana
Endo-
Saska tche‑


Munroe and Ross
cronartium
wan, Alberta, harknessii and and North‑

Cronartium
west Terri‑

galls
tories

D. baumhoferi Heinrich
Pinus ponderosa
Twigs
Ariz.

D. cambiicola (Dyar)
Pinus ponderosa, P.
Twigs, cones, British

contorta, and P.
and
Columbia,

coulteri
Cronartium
Wash., Oreg.,

galls
Calif., Ariz., N. Mex., Colo., and Mont.

D. contortella Mutuura,
Pinus contorta
Cronartium
British


Munroe and Ross
galls
Columbia, Alberta, and Wash.

D. monticolella Mutuura, Pinus monticola
Trunk
British


Munroe and Ross
Columbia

D. okanaganella Mutuura, Pinus ponderosa
Cronartium
British


Munroe and Ross
galls
Columbia

D. pentictonella Mutuura, Pinus ponderosa and
Buds
British


Munroe and Ross
P. contorta
Columbia

D. ponderosae Dyar
Pinus ponderosa
Trunk
Calif.,


ponderosa twig moth
Mont., Colo., and Nebr.

D. pseudotsugella Munroe Pseudotsuga menziesii,' Shoots, foli-
British

Abies, Picea, and
age, and
Columbia,

Tsuga
cones
Wash., Oreg., Idaho, Mont., Utah, Colo., and N. Mex.
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Table 9.—Hosts and distribution of Dioryctria species
that occur in western forests
Continued

Species
Host tree
Tree part
Distribution affected

D. reniculelloides
Picea, Abies,
Cones, foli-
Transcon‑

Mutuura and Munroe Pseudotsuga menziesii, age, and
tinental,

spruce coneworm
Pinus contorta, and
flowers
British

Tsuga
Columbia, Idaho, Mont., and Calif.

D. rossi Munroe
Pinus ponderosa
Cones
British Columbia, Oreg., Wash., Calif., Colo., Ariz., and N. Mex.

D. tumicolella Mutuura,
Pinus ponderosa
Cronartium
British

Munroe and Ross
galls
Columbia, Wash., Mont., and Colo.

1 Principal host.

2 Principal part affected.

	
	F-521970

FIGURE 105. — Larva of a Dioryctria species in a Douglas-fir shoot.
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zag darker cross markings. The hindwings are uniformly dusky white with darker borders. The mature larvae are 17 to 20 mm long, naked, and greenish red to amber brown above and flesh colored below. -

The ponderosa twig moth, Dioryctria ponderosae Dyar, has caused considerable injury in the plantations of the Nebraska National Forest, where it attacks ponderosa, Scotch, Austrian, jack, and Norway or red pines. Most of the trees attacked are under 20 cm (8 in) in diameter, and the bole and tops are fre​quently girdled by the larval tunnels. Damage to Scotch and Austrian pines is particularly serious.
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COURTESY CANADIAN FORESTRY SERVICE

FIGURE 106.—Fir coneworm (Dioryctria abietivorella): A, Damage by larvae to cones of Douglas-fir; B, adult, 25 mm wingspread.

The adults are blackish-gray moths with a wing expanse of 27 to 30 mm. There are two narrow W-shaped bands extending across each forewing ; the hindwings are dusky white. The moths appear from late in July to early in September and deposit eggs singly on the under side of bark scales, on trunk, or on branches.

The small larvae hatch in 1 to 4 weeks, depending on the tem​perature, and spin small hibernacula under bark scales, in which they overwinter. The first evidence of attack appears the follow​ing spring in the form of a small quantity of larval castings on the bark surface, followed by an exudation of pitch from the entrance hole. The larvae feed in the cambium region and con​struct irregularly shaped galleries beneath the bark somewhat as does Vespamima, but without heavy pitch exudation. Some of these are rounded cavities with short side galleries, while others extend several centimeters around the tree. The mature larvae are about 25 mm long, usually light brown, occasionally with a green​ish tinge, and the bodies are marked with about six rows of small, dark-brown dots, or tubercles. These larvae spin white, papery cocoons in the burrows, or sometimes in the dried-pitch mass near the surface, in which pupation takes place in July. The new adults leave the pupal skins in the cocoons and force their way through exit holes previously prepared by the larvae but concealed by flakes of bark or small webs.

Dioryctria pseudotsugella Munroe (Mutuura and Munroe 1973) feeds commonly on the foliage or cones of Douglas-fir and rarely on A bies grandis, Picea, and Tsuga.

The overwintering first-instar larva of the spruce coneworm, Dioryctria reniculelloides Mutuura and Munroe ( = reniculella (Grotó)), mines in one or two needles in the spring before enter​ing a developing bud, cone, or staminate flower (Freeman 1967a). It has one generation annually.

Herculia contains several species, two or more of which feed on the foliage of trees.

The cypress webber, Herculia phoezalis Dyar (Brown and Eads 1967), is a significant pest of ornamental Cupressus, Chamaecy​paris, and Thuja in southern California. It also feeds on broad-leaved trees and shrubs. Its damage somewhat resembles that of Epinotia subviridis but the larvae of H. phoezalis live gregariously in loosely-webbed tunnels rather than singly in cocoon-like shel​ters. The mature larva is about 18 mm long and shiny black. The adult has a wingspread of 17 to 25 mm and is dark brown with two narrow, indefinite, wavy cross bands. The larvae overwinter and pupate in the spring. There is one generation per year.

Herculia thymetusalis Walker (Wong 1960) occurs from the Atlantic coast to Alberta, principally on spruce. In Manitoba and Saskatchewan it is one of a complex of insects that defoliate the
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tops of black spruce. There it is presumed to have a 2-year life cycle.

Nomophila nearctica Munroe (noctuella (Denis and Schiffer-mailer) ) (Johnson and Duffield 1961, Munroe 1973) is a transcon​tinental species that feeds on various crops and wild plants. In the West it has been reported to feed on Douglas-fir seedlings in a forest nursery in Washington. The larvae cut off the tree seedlings near the groundline and drag them into burrows to feed upon the foliage. The mature larva is 15 to 20 mm long, gray green, and spotted. The forewing of the adult is gray with black and bronze markings. There are two to four generations per year.

Promylea lunigerella Ragonot (Prentice 1965) is a little-known solitary defoliator of grand fir, Douglas-fir, western hemlock, and other conifers. It is recorded from coastal British Columbia and Washington and from California and Colorado. The forewings are gray or brownish gray and have an expanse of 20 to 24 mm.

SUPERFAMILY BOMBYCOIDEA

This superfamily is represented in North America by four families. Two of the families, Lasiocampidae and Saturniidae, con​tain species which damage forest trees or browse plants. The adult moths are hairy and of moderate to very large size.

FAMILY LASIOCAMPIDAE—TENT CATERPILLAR MOTHS AND ALLIES

The Lasiocampidae (Franclemont 1973) are a small family of leaffeeders. Some of the most common and destructive ones feed as colonies in silken nests, hence the common name, tent cater​pillars. In western North America, species in several genera feed on trees, but only species of Malacosoma are rated forest pests. The caterpillars are cylindrical or flattened and very hairy. The adults are medium- to large-sized, hairy moths, generally of sub​dued brown, buff, or gray colors.

Gloveria (Franclemont 1973) contains five species in the South​western States. The larvae are large and hairy and irritate the skin when handled. They feed on foliage of trees and shrubs, but none is recorded to be a pest. The adults generally are dark-brown moths with a wingspread of 60 to 80 mm. Males fly during the day; females at night. G. arizonensis Packard occurs from Cali​fornia to western Texas and north into Colorado. Recorded hosts are Juniperus, Pinus torreyana, P. radiata and "cypress" (Cupres​sus?) .

Tent caterpillars, Malacosoma spp. (Stehr and Cook 1968) , are a familiar part of the American scene. In spring, their white silken tents often are conspicuous on forest, fruit, and shade trees,
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and clusters of hairy larvae are found nearby or in the tents. During periods of abundance, larvae may strip the foliage from trees and shrubs over wide areas and then wander in droves across open ground. Their feeding can result in reduced tree growth, damage to browse plants, and impairment of esthetic values.

Six species of Malacosoma are native to North America ; the five of these that occur in the West are as follows :

Species
Principal hosts
Distribution

M. californicum (Packard)
Quercus, Salix, Prunus,
Western States,

western tent caterpillar
Purshia, Ceanothus,
Northern States,

Populus, Betula, and
and Canada Alnus

M. constrictum (Henry
Quercus
Baja Calif.,

Edwards)
Calif., Oreg., and

Pacific tent caterpillar
Wash.

M. disstria Hubner
Populus, Salix, Alnus,
Southern Canada,

forest tent caterpillar
Betula, Prunus, and
and continental

Quercus
United States, except Alaska

M. incurvum (Henry Edwards) Populus, Salix, and
Colo., Utah, Nev.,

Southwestern tent cater-
Prunus
Ariz., and central

pillar
Mexico

M. tigris (Dyar)
Quercus
Southern Great

Sonoran tent caterpillar
Plains, southern Rocky Mountains, most of Mexico

All Malacosoma have similar life cycles. Adults are stout, yel- lowish- to reddish-brown moths, having a wingspan of 25 to 35 mm. They appear in midsummer, flying at night, and deposit eggs in clusters of 150 to 250 either in bands encircling twigs or as flattish masses on limbs and boles. Eggs are usually covered with a yellow to dark brown frothy substance produced by the female. Within 2 to 3 weeks, the young caterpillars are fully formed within the eggs where they overwinter. In spring they chew out of the eggs about the time the new leaves appear. The young larvae are gregarious. Larvae of some species form substantial tents where they rest between feeding periods. Other species, which spin no tent or only rudimentary tents, will cluster on twigs, branches, or boles when not feeding. Mature larvae have blue, black, and orange markings, and are about 50 mm long. They tend to wander and feed on a great variety of woody plants. Their dusty, silken cocoons, about 25 mm long, are spun in folded leaves, under loose bark, or in litter. Pupation occurs and moths emerge in about 2 weeks. There is one generation a year.

Outbreaks of tent caterpillars are eventually controlled by a variety of biotic factors. Eggs, larvae, and pupae are killed by
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various insect parasites ; larvae are consumed by predaceous beetles or bugs ; and eggs, larvae, and moths are eaten by birds. Larvae are often decimated by a nucleopolyhedrosis virus.

The western tent caterpillar, Malacosoma calif ornicum (Pack‑
ard) (Stehr and Cook 1968; Stelzer 1968, 1971) is the most vari​able tent caterpillar in North America. It consists of a widespread typical form and six subspecies which occupy rather well-defined geographic areas. For instance, the subspecies pluviale (Dyar) occurs in areas of moderate rainfall from the Pacific Northwest eastward through Canada and the Northern States to Quebec; lutescens (Neumoegen and Dyar) inhabits the Great Plains ; and fragile (Stretch) is restricted to the Southwestern States and eastern California. Three other subspecies have localized distribu​tions in California. Usual hosts include Quercus, Salix, Prunus,

Rosa, Amelanchier, Purshia, Ceanothus, Cercocarpus, Ribes, Popu​lus, Betula and Alnus. Preferred hosts vary with different forms and availability of food plants within their ranges. Economic dam​age is generally minor. Exceptions are outbreaks of fragile caus​ing tree mortality and severe loss of annual increment on trem​bling aspen in the southern Rocky Mountains and partial killing of bitterbrush, an important browse plant in the Southwest.

The moths (fig. 107A and B) are similar in size to M. disstria but range in color from dark reddish brown to yellow and gray, with many intermediate shades. The forewings are marked with two lines which may be either lighter or darker than the ground color. Eggs are laid as a flat clasping mass (fig. 107C) on twigs, limbs, and small trunks and vary from pale gray to dark brown. Mature larvae vary widely in color. Their heads are blue to black and body color patterns are mixtures of black, orange, and blue. A broken bluish or bluish-white stripe usually occurs on the dorsum (fig. 107D) . Cocoons are loosely to com​pactly spun, and dusted with a yellowish or whitish powder (fig. 107E).

Larvae of this species form large tents (fig. 107F). Their habits are similar to those of other western Malacosoma.

The Pacific tent caterpillar, Malacosoma constrictum (Henry

Edwards) (Stehr and Cook 1968), is restricted to areas in the Pacific Coast States where oaks grow. It oviposits only on species of Quercus, but late instar larvae will feed on other hosts. It has caused serious defoliation of oaks, particularly Quercus douglasii, only in the dry areas west of the Sierra Nevada. A subspecies replaces the principal form in southern California.

The adult male is usually straw yellow and the female reddish brown. Lines on the forewings are darker than the ground color. The egg mass is laid as a spiral ring, encircling small twigs, as in
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F-521971, F-521972, F-521973, F-52I974, F-521975, F-52I976

FIGURE 107.—Western tent caterpillar (Malacosoma calif ornicum pluviale): A, Male adult, body 12 mm long; B, female adult, body 15 mm long; C, egg mass, 20 mm wide; D, mature larva, 50 mm long; E, cocoon, 20 mm long; F, larval tent.
M. disstria. However, the frothy substance covering the eggs is bright yellow and contains large bubbles. The mature larva has a bluish-black head and hourglass-shaped orange blotches, outlined by black, on the dorsum. Its lateral areas are bluish gray. The cocoons are rather tightly constructed and dusted with a white powder.

The tent consists of a few thin layers of silk which follow the shape of the twigs and leaves, and rarely exceeds 75 to 100 mm in width. It is used as a retreat when larvae molt, rather than a resting place between feeding periods.

The forest tent caterpillar, Malacosoma disstria Hubner (Brown 1966, Hildahl and Reeks 1960, Stehr and Cook 1968) , is the most widely distributed and destructive tent caterpillar in North America. Its preferred host is trembling aspen but it also feeds on other Populus, Salix, Alnus, Betula, Prunus, and other deciduous trees. Large larvae will wander to, and feed on, various unnatural hosts, such as conifers. In the Western States outbreaks normally last only 2 or 3 years and cover up to 200 square miles. In Western
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Canada, some outbreaks have persisted for 6 years and have been extremely widespread. In 1962, at the peak of one such epidemic, moderate to severe defoliation was recorded on 75,000 square miles in Alberta, and 64,000 square miles in Manitoba and Saskatchewan. In such outbreaks, some tree mortality may occur. However, re- duced growth and some branch killing are the usual extent of damage.

Adults (fig. 108A) are light yellow to yellow brown, with a wingspread of 25 to 37 mm. The forewings are crossed with two straight lines of slightly darker color, and the space between the lines is often darker so as to form a band. The egg masses (fig. 108B) are deposited as dark-brown, spiral rings completely encircling small twigs. The mature larva (fig. 108C) is dark brown with a bluish head and blue to blue-black sides. Its dorsum is characteristically marked with whitish or yellowish, keyhole- shaped spots and patches of very fine orange- or reddish-brown lines. The silken cocoon is dusted with a lemon-yellow color.
COURTESY CANADIAN FORESTRY SERVICE (A,R), F-521977 (C) FIGURE 108.—Forest tent caterpillar (Malacosoma disstria) : A, Male and female adults, wingspread 25 and 37 mm ; B, egg masses, 12 to 15 mm wide; C, mature larva, 40 mm long.
Adults frequently are seen flying about lights at night during midsummer. After mating, females deposit egg masses which are noticeable once the leaves fall from the trees. In spring larvae issue from the egg masses and feed without building a tent. When not feeding, small larvae cluster on leaves and twigs, and large larvae on branches and trunks. During periods of abundance, large larvae wander in such numbers as to impede traffic. They usually spin cocoons on trees in one or more webbed-together leaves.
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Infestations may be spread when adults are transported long distances by weather fronts. Declines in outbreaks are often asso​ciated with cold weather at the time larvae are hatching. A para​sitic fly, Sarcophaga aldrichii Parker, a predaceous ground beetle, Calosoma frigidum Kirby, and nucleopolyhedrosis virus also may cause further reductions in tent caterpillar populations.

The southwestern tent caterpillar, Malacosoma incurvum (Henry Edwards) (Stehr and Cook 1968), ranges from the southern Rocky Mountains into Mexico, feeding mainly on cot​tonwoods and willows. Its damage is mostly to shade trees and trees along water courses. Three subspecies are recognized.

Moths are darker in color than other Malacosoma. Eggs are laid as a flat clasping mass, as in M. californicum, but the frothy covering ranges from nearly white to dark brown. Larval tents and mature larvae resemble those of M. californicum.

The Sonoran tent caterpillar, Malacosoma tigris (Dyar) (Stehr and Cook 1968) , is the most southerly distributed species, ranging from Colorado through New Mexico and west Texas to Southern Mexico. Its chief hosts are scrubby oaks of little eco​nomic value.

In coloration, moths resemble those of M. disstria and M. con​strictum. Eggs are laid in a spiral band around very slender twigs and lack the frothy covering found in egg masses of other Mala​cosoma. Mature larvae are marked above with longitudinal, black and orange stripes, crossed on each body segment by a blue line. Cocoons are dusted with a white powder.

Tents are small, resembling those of M. constrictum, and are used for molting rather than resting.

The lappet moth, Phyllodesma [Epicnaptera] americana (Har​ris) (Franclemont 1973), is a transcontinental, nondestructive species that occurs in most Western States and Provinces. It is a solitary feeder on the leaves of many trees and shrubs, includ​ing Quercus, Populus, and Salix. The larvae are bluish gray with two orange-red bands on the thorax and are flattened with flap-like folds along the sides. The adults are reddish brown, about the size and shape of Malacosoma, but differ in having scalloped outer edges of the wings. There are one or two generations per year depending upon length of the growing season. Winter is spent as pupae in tough;flattened cocoons.

FAMILY SATURNIIDAE—GIANT SILKWORM MOTHS

The giant silkworm moths (Michener 1952, Ferguson 1972) are a family of very large, broad-winged moths, often with "eyespots" in the wings. The males have plumelike antennae. The caterpillars are armed with conspicuous -spined tubercles. Most species spin dense silken cocoons in which to pupate, hence their common
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name. Except for a few, they feed principally on broad-leaved trees and shrubs. The pandora moth feeds on pines and is by far the most important forest pest in this group.

The polyphemus moth, Antheraea [Telea] polyphemus (Cramer) (Ferguson 1972), ranges throughout the United States and South​ern Canada. It feeds on alder, madrone, maple, oak, poplar, willow, and other trees and shrubs, causing no appreciable damage. The adult is a beautiful buff-colored to reddish-brown moth with a wingspread of 100 to 125 mm and a translucent eyespot in each wing. The eyespots of the hindwings are conspicuously encircled with yellow, blue, and black. The mature larva is apple green, large and sluggish, and has six rows of similar-sized, orange, or golden tubercles arising from red spots. The pupae overwinter in broadly oval cocoons that either drop to the ground or remain suspended from a branch.

The genus Coloradia consists of three species in the United States. Two are significant forest pests. So far as known, the lar​vae feed only on pines.

The Black Hills pandora moth, Coloradia doris Barnes, occurs in Colorado, Wyoming, Montana, and South Dakota. It became epidemic in 1938 and 1939 on ponderosa pine near Osage, Wyo., and on the Harney National Forest, S.D. Little is recorded of its habits. The large caterpillars (fig. 109) have much longer and

	
	F-521978

FIGURE 109.—Large larva of Black Hills pandora moth (Coloradia doris), 50 mm long.
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more conspicuously branched spines than those of the pandora moth. The adults resemble the pandora moth except that the hind-wings are more translucent and the eyespots on the forewings are not so prominent and are oblong instead of round.

Coloradia luski Barnes and Benjamin (Ferguson 1972), the smallest species of Coloradia in the United States, closely resem​bles C. doris. It occurs in Arizona and New Mexico. Its host is not recorded.

The pandora moth, Coloradia pandora Blake (Carolin and Knopf 1968) , is an important defoliator of pines in western for​ests. It has three recognized subspecies (Ferguson 1972), but in this manual they are treated as one species. Pinus ponderosa, P. contorta, and P. jeffreyi are the principal hosts. P. coulteri and P. lambertiana are sometimes attacked. The moth is recorded in the United States from the Rocky Mountains west, except Idaho and Washington. Outbreaks have occurred only on areas with soils loose enough for the larvae to bury themselves prior to pupation—chiefly pumice soils in Pacific Coast States and decomposed granite soils in Rocky Mountain States.

A destructive outbreak occurred on the Klamath Indian Reser​vation of southern Oregon in 1918-25 (Patterson 1929). Thou​sands of acres of ponderosa pine forest were heavily defoliated, with an accompanying serious loss of timber. Lodgepole pine in mixture with ponderosa pine was also attacked. Heavily defoli​ated trees died after 2 to 3 years. Others were greatly reduced in growth and recovered only after several years. The loss in growth throughout the defoliated area mounted to several million board feet. Even more serious was the bark beetle damage that followed the defoliation and increased to alarming proportions in the weakened trees. On the Arapaho National Forest in north-central Colorado, an epidemic during the period 1937-40 defoliated lodgepole stands on an area of approximately 100,000 acres. This defoliation killed more than 4,000 trees and weakened many others (Wygant 1941) . During the period 1959-66, outbreaks occurred in Oregon, California, Utah, Wyoming, and Colorado.

In parts of the West, epidemics occur at intervals of about 20 to 30 years and continue 6 to 8 years. During periods of abun​dance, feeding may be fairly heavy without serious consequences. This is because the terminal buds are not eaten, and, since the insect has a 2-year life cycle and most of the feeding occurs in alternate years, the trees have an opportunity to recover. The more vigorous trees survive the attacks, and only during major outbreaks are losses likely to be heavy. In nonepidemic years, the pandora moth is scarce and seldom seen.
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The adults are large, heavy-bodied, grayish-brown moths, with a wing expanse of 70 to 110 mm and a small dark spot near the center of each wing (fig. 110A and B). The base and interior mar​gins of the hindwings are clothed with pinkish hairs, which in the male shade to wine color. The males have large, feathery antennae, while the females have slender antennae. During epi​demics thousands of these large moths will be seen fluttering over the tree trunks and flying through the woods. The eggs are glob​ular, about 3 mm long, and are deposited in clusters of 2 to 50, usually on the needles or bark of pine (fig. 110C). The newly hatched caterpillars are about 5 mm long, with shiny black heads and black or brownish bodies covered with short, dark hairs. When mature, the caterpillars are from brown to yellowish green and 60 to 80 mm long, with each segment supporting a few stout branched spines (fig. 110D). The pupae are dark purplish brown, from 25 to 35 mm long, and are not enclosed in a cocoon (fig. 110E).

The pandora moth requires 2 years to complete its life cycle. Adults appear the latter part of June and in July, and the eggs hatch in August. The young larvae crawl up the trees and during
F-517863, F-517864, F-517857, F-521979, F-517861

FIGURE 110.—Pandora moth (Coloradia pandora): A, Male adult, 75 mm wing​spread; B, female adult, 80 mm wingspread; C, egg cluster, 15 mm long; D, mature larva, 65 mm long; E, pupa, 30 mm long.
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the early molts feed in groups on the new foliage (fig. 111). At the end of the season they are about 25 mm long. These immature larvae spend the first winter hibernating in clusters at the base of the needles. They resume feeding the following spring, and the caterpillars reach full growth by the last of June. When mature, they crawl down the trees and enter the soil to a depth of 25 to 125 mm where they form elliptical cells in which they transform into pupae. Typically the pupal stage lasts 1 year ; however some pupae remain in diapause for as many as 5 years before trans​forming into adults (Carolin 1971).

F-517859

FIGURE 111.—Pandora moth (Coloradia pandora) larvae feeding as colony in the fall.

The pandora moth is one of many insects that has been used as human food (Bodenheimer 1951, Patterson 1929) .
 Sporadic abun​dance limits its use as a staple. The Mono Indians of California dug trenches around the infested trees and built smudge fires which caused the caterpillars to drop to the ground in great num​bers. They were caught in the trenches, killed, dried, and eaten cooked with vegetables to make a stew. The Klamath Indians in Oregon preferred the pupae, which were dug from the ground and roasted.

Epidemics of the pandora moth are controlled by a number of natural factors. Perhaps the most important is a wilt disease (probably caused by a polyhedrosis virus) that affects the mature larvae. Once this disease becomes established it runs rampant and few of the insects survive. Ground squirrels and chipmunks dig
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up and destroy large numbers of pupae. Birds, insect parasites, and high soil temperatures also exert some control. Direct con​trol measures have not been devised specifically for this insect.

Hemileuca [Pseudohazis] (Ferguson 1972) is closely related to Coloradia. Antennae of male adult Hemileuca are bipectinate; those of Coloradia are quadripectinate. Hemileuca larvae are dis​tinctive in having two dorsal rows of short quill-like spines arranged in rosettes (fig. 112). The lateral spines are branched and barbed and cause a rash on humans. Eight of the 20 or so North American species are common in the West, especially the Southwest (table 10). None is a significant forest pest. The adults of some species fly in daytime; others at night. The larvae feed

Table 10.


Principal species of Hemileuca in Western North America

Species
Color of wings
Hosts
Distribution

H. eglanterina (Boisduval) Both wings deep Salix, Populus,
N. Mex. to

brown day moth
yellow with
Betula, Acer,
Calif., Oreg.,

black markings; Arctostaphylos,
British Colum‑

some pink
Ceanothus,
bia, and Wyo.

shading
Purshia, and

other shrubs

H. hera Harris
Both wings
Artemisia
Calif. to Brit‑

mostly white;
ish Columbia,

inner edge of
Wyo., and

outer black
Colo.

band strongly

serrate

H. Juno Packard
Both wings
Prosopis
N. Mex., Calif.,

black except
and Idaho for white med‑

ian band on

forewing

H. nevadensis Stretch
Both wings
Salix and Populus N. Mex. to

Nevada buck moth
mostly white;
Calif., Oreg.,

inner edge of
Manitoba, and

outer black
S. Dak. band evenly

curved

H. nuttalli Strecker
Similar to
Purshia and
N. Mex. to

eglanterina but
Symphoricarpos
Calif., British

•
without pink
Columbia, and Wyo.

H. oliviae Cockerell
Forewings very Grasses
Ariz., N. Mex.,

range caterpillar
light brown
and Tex. with faint

whitish bands

H. tricolor Packard
Forewings gray Cercidium
Ariz. and

with three
N. Mex. white bands

principally on shrubs and deciduous trees. In some species, eggs overwinter on twigs of the host ; in others, the pupa overwinters in the soil. One generation per year is usual.

The brown day moth, Hemileuca eglanterina (Boisduval), is a showy yellow to orange-brown moth with black markings and pinkish overtones and has a wing expanse of 75 mm (fig. 113). The caterpillars are shiny brown to black and have reddish spots on the back and a narrow red line on each side. The form in British Columbia has a 2-year life cycle (Evans 1958).

The Nevada buck moth, Hemileuca nevadensis Stretch, has a wingspread of about 75 mm (fig. 114). The spiny, black cater​pillars feed gregariously during their early stages, then disperse. Throughout the 1960's H. nevadensis occurred abundantly on cottonwood in White Sands National Monument, N.Mex., necessi​tating repeated chemical control.    196

	
	F-521980

FIGURE 112.—Mature Hemi​leuca larva, 55 mm long, with characteristic rosettes of spines.


F-521081

FIGURE 113.—Adult of brown day moth (Hemileuca eglanterina), wingspread 75 mm, hanging from bitterbrush twig.
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FIGURE 114.—Adult of Nevada buck moth (Hemileuca nevadensis), wingspread 75 mm.
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Hyalophora [Platysamia] (Ferguson 1972) consists of four closely related species, three of which occur in Western United States and Canada. Western species feed predominantly upon broad-leaved trees and shrubs, but one feeds at least occasionally on Douglas-fir in California and Oregon. The body of the adult is hairy and red with white crossbands. Wing spots are crescent-shaped and opaque, not translucent and eye-like as in Antheraea. The mature larva (fig. 115) is pale green, large, and sluggish. The dorsal tubercles are of strongly contrasting colors and those of the thorax and first abdominal segment are conspicuously larger than the others. The cocoon is rounded at one end, pointed at the other, and overwinters firmly attached to a branch.

F-521985

FIGURE 115.—Hyalophora lar​va, 55 mm long, feeding on Douglas-fir.
The cecropia moth, Hyalophora cecropia (L.), is an eastern species which ranges west into Montana and Alberta. The larva feeds individually on a large number of forest trees, including ash, birch, maple, and willow.

The ceanothus silk moth, Hyalophora euryalus (Boisduval), occurs in the Pacific Coast States, British Columbia, and east to Wyoming. It feeds principally on ceanothus, alder, willow, birch, manzanita, and bitterbrush. At maturity, the caterpillars are 80 to 90 mm long. The adult has a wingspread of 100 to 125 mm.

Hyalophora gloveri (Strecker) feeds on maple, willow, and many other trees and shrubs. It ranges from Alberta through the Rocky Mountains and the Southwest. The caterpillars are 75 mm long when full grown.

SUPERFAMILY SPHINGOIDEA

This superfamily consists of the Sphingidae only. FAMILY SPHINGIDAE—SPHINX MOTHS

The sphinx moths (Hodges 1971), also known as hawk moths, are medium to large, narrow-winged, conical-bodied, fast-flying, often colorful moths that frequent flowers much as do humming​birds. The larvae usually have a conspicuous, curved, anal horn.
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Pupae usually are naked in the soil. Some of the 115 North Ameri​can species are important pests of agricultural crops ; some feed on broad-leaved trees and shrubs, but none is rated as a significant forest pest in the West.

The big poplar sphinx, Pachysphinx modesta (Harris) (Hodges 1971), is a transcontinental species that occurs in the West from Colorado and Alberta to British Columbia and Washington. It feeds on Populus and Salix. The wings have a spread of about 100 to 120 mm and are fawn colored with purplish-red markings. The mature larva is whitish green with seven oblique white lines on each side. P. occidentalis (Henry Edwards) is a similar but larger species that feeds on the same genera of trees in South​western States.

Smerinthus cerisyi Kirby (Hodges 1971) is a considerably smaller, highly variable, transcontinental species that occurs in the Western States and British Columbia on Salix and Populus. The forewings are brown and gray above, rosy below, and are strongly indented along the outer margin. The hindwings have a rosy cast and a large black and blue eyespot. The larva is pale green with a pair of pale yellow lines along the back and six oblique, white lines on each side.

Sphinx sequoiae Boisduval (Hodges 1971) feeds on Juniperus in California, Arizona, Nevada, and Oregon. The adults are bluish gray and the larvae juniper green with reddish-brown markings.

SUPERFAMILY GEOMETROIDEA

This superfamily consists of one large family, the Geometridae. FAMILY GEOMETRIDAE—GEOMETRID MOTHS

Caterpillars of the geometrid moths (McGuffin 1967, 1972 ; Prentice 1963), feed on the leaves of many kinds of trees and other plants. Some species in this large family are among the most destructive defoliators of forest trees. The caterpillars are nearly hairless. At rest, many closely resemble the twigs or foliage of their hosts (fig. 116). Most are elongate and have two pairs of prolegs, one pair on the sixth segment and one on the last. The caterpillars travel in a characteristic way. They move along by grasping with the hind pairs of prolegs while they extend the body forward, then holding with the front legs while they hump their backs to bring up their rear. This produces a looping motion, from which arises the common names of loopers, spanworms, inchworms, or measuring worms. Adults are medium-sized, slight-bodied, fragile-winged, generally light-colored moths.

Alsophila contains one species, the fall cankerworm, A. pome​taria (Harris) (Jones and Schaffner 1953). It occurs extensively
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F-521984

FIGURE 116.—Larva of moun​tain mahogany looper (An​acamptodes clivinaria pro​fanata) resting in twiglike pose.
in the East and in the Prairie States and Provinces westward to Alberta, Montana, and Colorado. It also occurs in Utah, New Mexico, and California. It attacks many deciduous trees and shrubs including maple, elm, oak, birch, aspen, and willow. It is principally a pest of shade trees and of shelterbelt plantings.

The males have a wingspread of about 25 mm. The females are wingless. Both are brownish gray. The males have pale bands across the forewings. The larvae range from pale green to nearly black and have several thin longitudinal stripes on their sides. A rudimentary pair of prolegs on the fifth abdominal segment of the fall cankerworm distinguishes it from the spring canker​worm which has no prolegs on that segment.

The eggs, resembling tiny brownish-gray flowerpots, are laid late in the fall in compact clusters of about 100 on the bark of twigs and branches (fig. 117). The larvae hatch about the time the leaves begin to show in the spring. They first eat holes in the young leaves ; later they consume the leaves, except for the larger veins. They mature in 6 to 7 weeks and drop to the ground where they spin a cocoon in the soil and remain until late fall.

Anacamptodes (Rindge 1966) contains 24 species, nine of which are western. The larvae feed on various trees and herbaceous plants.

The mountain mahogany looper, Anacamptodes clivinaria pro​fanata (Barnes and McDunnough) (Furniss and Barr 1967), occurs in California, Oregon, Washington, British Columbia,
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	F-5I9582

FIGURE 117.—Egg cluster of the fall cankerworm (Also​phila pometaria).


Idaho, Utah, and Colorado. It feeds upon mountain-mahogany and bitterbrush and is destructive to both. In 1962-64 it killed 50 per​cent of a 6,000-acre stand of mountain-mahogany in southern Idaho, and in 1957 it killed bitterbrush extensively in eastern Oregon.

The larvae strongly resemble the grayish-brown twigs of their hosts (fig. 116). The adults have a wingspan of 27 to 36 mm and are grayish with subdued black and brown markings (fig. 118).

Eggs are laid in June in bark crevices. In Idaho, the larvae feed during July and August. They pupate in the soil where they spend the winter.

	
	F-521985

FIGURE 118.—Adult of moun​tain mahogany looper (An​acamptodes clivinaria pro​f anata) in resting position.
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The pepper-and-salt moth, Biston cognataria (Guenee) (Sugden 1968), is transcontinental in Northern United States and Canada. More than 50 trees and shrubs are recorded as hosts. Willow, birch, alder, larch, aspen, and maple are most commonly attacked. It is a solitary feeder. Not an economic forest pest, it is notable principally for its large size and common occurrence. The mature larva is about 75 mm long, has a deeply bilobed head, and is variously colored gray, brown, orange, or green.

Caripeta larvae feed on the foliage of conifers but cause no significant damage.

Caripeta aequaliaria Grote (Prentice 1963) occurs in Oregon, British Columbia, and Alberta. It feeds upon Douglas-fir, pine, and hemlock. It resembles C. divisata in the larval stage but in British Columbia is much less common.

The gray pine looper, Caripeta angustiorata Walker (Prentice 1963), also is transcontinental but is less numerous than C. divi​sata. In Alberta it occasionally causes noticeable damage to lodge-pole pine, its preferred host (Hopping 1962). It also feeds upon other pines, spruce, fir, and larch. Habits and appearance are similar to C. divisata.

The gray forest looper, Caripeta divisata Walker (Ross and Evans 1959), is transcontinental in Northern United States and Canada. It is a solitary feeder upon western hemlock, Douglas-fir, true firs, spruce, larch, western redcedar, and pine. The mature larva is about 37 mm long. The head is pale brown with dark, herringbone markings ; the body is yellowish and gray or brown with off-white or yellowish stripes. In British Columbia there is one generation annually. The eggs are laid in June. Larvae are present until mid-October. The pupae overwinter.

Ectropis contains one species, E. crepuscularia (Denis and Schiffermiiller) (Morris 1970, Silver 1961), the saddleback looper. It is transcontinental. On the Pacific coast it ranges from Oregon into Alaska and commonly occurs with the hemlock looper and blackheaded budworm. It feeds on many kinds of trees and asso​ciated vegetation. In the West, western hemlock is preferred. Douglas-fir, western redcedar, true firs, spruce, alder, willow, and poplar are other principal hosts.

Until recent years the saddleback looper has been considered economically inconsequential. Outbreaks from 1951 to 1953 and 1960 to 1961 in British Columbia and in Alaska in 1969 put it in the ranks of significant pests for which foresters should be alert.

In British Columbia, the moths emerge in May and lay eggs. The larvae feed first on the groundcover and understory, later moving upward on the trees. In August the larvae drop to the ground where they pupate and spend the winter.
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The full-grown larva is about 35 mm long (fig. 119A). The head is brownish, often mottled. The body is mottled dark gray to brown, sometimes reddish. A pair of blunt tubercles tops the eighth abdominal segment. The young larvae have a V-shaped marking on the dorsal side of the second abdominal segment. This marking becomes indistinct or lacking in the last instar. The mottled, light gray nondescript moth has a wingspan of 30 mm (fig. 119B).

There are four species of Enypia (Evans 1960) , all of which are confined to the West. The larvae feed singly on coniferous foliage of the current year but cause no significant damage.

E. venata (Grote) is the most widely distributed species, occur​ring from southern Alaska to southern Arizona and New Mexico and east to Alberta and Colorado. Principal hosts are western hemlock, Douglas-fir, true firs, pine, and spruce. The mature larva is 26 to 31 mm long and pale golden brown with a longitudinal pattern of several broken blackish lines. Wingspan of adults is 37 to 39 mm ; wing color pale gray brown with fine darker bands and indistinct markings. The redheaded looper, E. packardata Taylor, is a coastal form occurring from southern Alaska to southern California. The mature larva is green with two con​spicuous, near-white stripes dorsally. Adults are similar to E. venata and the hosts are essentially the same.

Epirrita [Oporinia] (Prentice 1963) contains two species.

The green velvet looper, Epirrita autumnata omissa Harrison (Sugden 1966) , is a common, potentially damaging defoliator of conifers in British Columbia and Alberta. Two minor outbreaks

F--521986, F-521987

FIGURE 119.—Saddleback looper (Ectropis crepuscularia) : A, Mature larva,
35 mm long; B, adult, wingspread 30 mm.
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are recorded. Western hemlock, true firs, and spruce are the prin​cipal hosts. The larva is velvety green with olive-green, yellowish-green, and whitish stripes.

The whitelined looper, Epirrita pulchraria (Taylor) (Sugden 1966), is common in coastal British Columbia, rare in the interior. Western hemlock, Sitka spruce, and true firs are the principal hosts. The larvae are apple green with two wide white lines along the back.

Erannis (Prentice 1963) contains two species that defoliate broad-leaved trees in the West. The females are wingless.

The linden looper, Erannis tiliaria (Harris), is an eastern species that extends westward in Canada to central Alberta. It feeds on leaves of many kinds of hardwoods. At times it heavily defoliates maple in shelterbelts in Alberta. The mature larvae are yellow with wavy black lines along the back.

Erannis vancouverensis Hulst occasionally severely defoliates birch, willow, maple, oak, alder, aspen, and other hardwoods in British Columbia and Oregon. It also occurs on western hemlock and western white pine.

Eupithecia (McGuffin 1958, Ross and Evans 1956) is a large genus of predominantly small moths. In the West, three species feed in cones. Of the others, about half feed on foliage of conifers and half on hardwoods. Some are common, but the only recog​nized pest is one of the cone feeders. The larvae are small, slender loopers with pebblelike skin. Some resemble the foliage on which they feed.

Eupithecia annulata (Hu1st) is a transcontinental species that occurs principally in the West from California to British Colum​bia. It is common and feeds principally on the foliage of Pseudo​tsuga menziesii, but also on Abies, Picea, and Tsuga. E. luteata Packard likewise is transcontinental and common. In addition to the above hosts, it also feeds commonly on Larix.

The fir cone looper, Eupithecia spermaphaga (Dyar) (Keen 1958), occurs from California to British Columbia and eastward to Colorado and Arizona. It feeds in cones of Abies, Pseudotsuga, Pinus, and Tsuga, sometimes causing considerable damage to seeds, principally those of fir. The adult has a reddish-brown body, gray forewings with reddish-brown and black markings, and a wing expanse of 20 to 25 mm. The full-grown larvae are about 20 mm long and vary from pale green to gray or brown. E. albi​capitata Packard is a transcontinental species that develops in spruce cones in Alberta, British Columbia, and Yukon Territory. E. columbrata McDunnough feeds in cones of spruce and fir in Oregon, Washington, and British Columbia.
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Galenara (Rindge 1964) , which resembles Melanolophia, con​tains nine species, principally in Arizona and New Mexico. One is a significant, possibly a major, forest pest.

The New Mexico fir looper, Galenara consimilis (Heinrich) , is surprisingly little known. It is reputed to be a destructive defolia​tor of Douglas-fir and white fir. Outbreaks occurred in 1924, 1928, 1951, and 1958 in New Mexico, the only State in which this insect is known to occur. The forewings of the adults are light gray overlain with grayish-brown and brownish-black scales. The immature stages have not been described and the biology is unre​corded.

Iridopsis emasculata (Dyar) (Sugden 1964) resembles Ana​camptodes in which genus it was described. In British Columbia it occurs as a solitary defoliator principally on alder, willow, and maple, but is not an economic pest. The mature larva is 28 mm long and its body color is yellowish green, yellow, or orange. The dorsum is blotched with orange or reddish brown and marked on abdominal segments two to five with a diamond pattern.

Itame (McGuffin 1972) contains many species, several of which feed on deciduous trees in the West. I. loricaria (Eversmann) is common on trembling aspen and willow in Alberta, causing light to moderate defoliation locally (Kusch 1963). The mature larva is about 25 mm long and varies from yellowish green to medium brown. The yellowish-green phase has a green head and its body is unmarked except for a solid yellow lateral line. The brown phase has a reddish-brown head and usually has dark slanted marks on the third, fourth, and fifth abdominal segments. The yellow lateral line is broken. In Alberta the larvae feed from about mid-May to the end of June.

The genus Lambdina (Capps 1943) contains several species and subspecies of very similar appearance. Several are western and one of them is a major forest pest.

Lambdina athasaria (Walker) (Capps 1943) is an eastern spe​cies, varieties of which occur in Colorado and New Mexico, pre​sumably on oak.

Lambdina fiscellaria (Guenee) ranges from coast to coast. It has several subspecies, three of which occur in the West. The basic species, the hemlock looper, L. fiscellaria fiscellaria (Guenee), is principally eastern but extends westward into Alberta. Its pre​ferred hosts are species of Abies, Picea, and Tsuga, but during epidemics it feeds on many other forest trees including broad-leaved species.

The western hemlock looper, Lambdina fiscellaria lugubrosa (Hulst) (Jardine 1969), is periodically destructive in coastal for‑

205

ests of Oregon, Washington, and British Columbia. It occurs less destructively in Alaska and in interior forests of Oregon, Wash​ington, British Columbia, Idaho, and Montana. In coastal areas outbreaks develop in forests in which the preferred host, western hemlock, predominates. Associated Sitka spruce, Pacific silver fir, and Douglas-fir also are readily fed upon and even huckleberry, vine maple, salal, and other understory shrubs may be defoliated. Heaviest losses of timber have occurred in extensive old-growth hemlock stands ; however, outbreaks also occur in vigorous 80- to 100-year-old stands.

In the earliest outbreak recorded, about 1889 to 1891, a vast amount of timber in Tillamook and Clatsop Counties, Oreg., and Grays Harbor County, Wash., was destroyed. From 1911 to 1914 the hemlock looper killed much hemlock in Stanley Park, Van​couver, B.C. Another major outbreak occurred again in Tillamook County in 1918-21, when several townships were affected and 500 million fbm of hemlock and Douglas-fir were reported to have been killed. A severe outbreak occurred in Pacific and Grays Harbor Counties, Wash., from 1929 to 1932, when over 50,000 acres were involved and about 200 million board feet of hemlock timber was destroyed. Losses in Pacific County were reduced in 1931 through the first airplane dusting experiment attempted against a forest defoliator in the western part of the United States. Again, between 1943 and 1945 there was another outbreak in Clatsop County, Oreg., covering some 17,000 acres, with a loss of timber estimated at 40 million fbm. In the years 1944 to 1946 approximately 500 million fbm were killed on Vancouver Island. From 1961 to 1963 outbreaks occurred in northwestern Oregon and southwestern Washington, but losses were minimized by prompt spraying and intensive salvage. In 1937 an extensive out​break occurred in true fir in northern Idaho and northwestern Montana. In 1947 another large outbreak occurred in northwestern Montana.

The moths of the hemlock looper are light buff, with a wing expanse of about 35 mm. The forewings are marked with two wavy lines and the hindwings with one wavy line (fig. 120A). They fly, mate, and lay eggs late in September and during October. The eggs are about the size of a pinhead, blue to gray green or brown with a characteristic impression. They are attached to moss and lichens on tree boles and limbs and on moss on understory shrubs and down logs (fig. 120B). The winter is passed in the egg stage, and the eggs hatch the following spring. The first-instar larvae are conspicuously banded light gray and black (fig. 120C). For a time before crawling up the tree trunks, many of them are on
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understory vegetation. The first feeding on the needles takes place in May, June, and the early part of July and is not particu​larly noticeable. The first and most of the second instar is spent feeding in buds. From the middle of July to October the feeding of the caterpillars causes a heavily infested forest to turn yellowish red and then brown, as though scorched by fire. Late in summer the caterpillars feed on the foliage, clip off small twigs, crawl over tree trunks, cling to shrubs, and drop by silken webs from the trees to the ground. These silken webs may become so abun​dant that the whole forest looks and feels like one big cobweb.

F-521988, F-518127, F-521990, F-521991, F-521992

FIGURE 120.—Western hemlock looper (Lambdina fiscellaria lugubrosa) : A, Adult, wingspread 35 mm; B, egg, 0.7 mm long, on moss; C, first-instar larva, 7 mm long, on huckleberry; D, mature larva, 25 mm long; E, pupa, 12 mm long.
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When full grown, the caterpillars are 25 to 30 mm long, pale yellowish brown to gray brown, and have a complex pattern of markings (fig. 120D). Viewed from above, each abdominal seg​ment is marked by four prominent dark dots. The caterpillars drop to the ground or lower branches in August and September and secret themselves in protected places, such as in moss or crevices of the bark or under debris on the ground and there transform to pupae. The mottled, greenish-brown pupae, about 12 mm long, are unprotected by a cocoon (fig. 120E). The moths appear within 10 to 14 days and during an epidemic are so abundant as to give the impression of a snowstorm in the woods. Creeks, springs, and rivers are covered with the dead bodies, and tree trunks are plas​tered with them until heavy rains wash them to the ground or carry them away. There is one generation annually.

Outbreaks of the hemlock looper usually last about 3 years, after which they are generally brought under control by the action of parasites, predators, and disease. A nucleopolyhedrosis virus disease is particularly effective in decimating the caterpillars. Heavy rains during the flight period reduce egg-laying, checking an epidemic and hastening its decline.

Although Nature will ultimately bring outbreaks under control, a vast amount of timber may be saved if artificial control meas​ures are applied to protect the trees from heavy defoliation. It has been found that trees can recover from a 50-percent defolia​tion, and in some cases a 75-percent defoliation is not fatal. At present, aerial spraying offers the only practical means of con​trolling this defoliator on large forest areas at a reasonable cost. Treatment should be made after all the eggs have hatched, and while the larvae still are in the early instars.

The western oak looper, Lambdina fiscellaria somniaria (Hu1st) , is practically identical with the western hemlock looper except for its preferred host, Oregon white oak, on which it feeds in Oregon and northward into British Columbia. Other trees may be at​tacked, but usually only when intermingled with the preferred host tree. In some seasons the oaks over large areas in the Willa​mette Valley, Oregon, are completely defoliated by this insect. No permanent damage is done, however, since the oaks are able to leaf out again the following year. Outbreaks are of short duration.

Lambdina punctata (Hu1st) (Minnoch and Parker 1971) feeds on oak in Arizona, New Mexico, Colorado, and Utah. In 1968 and 1969 it defoliated Gambel oak extensively in the Wasatch Moun​tains of Utah, but the trees soon recovered except for some dead twigs. Bigtooth maple was fed on incidentally during the outbreak on oak.

208

The first-instar larva is light gray with dark gray bands. The mature larva is light yellow with wavy black longitudinal lines and is about 38 mm long. Adults are similar in size, color, and markings to those of the hemlock looper.

Eggs are laid from August until October in leaf litter, on bark scales on the bole of oak, and on associated plants. The eggs hatch in May and June. The larvae migrate up the tree and feed on the developing buds and leaves, gradually consuming all except the main veins of the leaves. Larvae are present from May until early September ; pupae from mid-July until late September ; and adults from early August until mid-October. Pupation is in the litter under infested trees.

Lycia ursaria (Walker) is a generally rare, solitary defoliator of hardwoods such as birch, willow, alder, and poplar in the Western Provinces. In 1952 it defoliated willow extensively in northeastern Alberta. The larvae are brownish with a speckled head.

The greenstriped forest looper, Melanolophia imitata (Walker) (Dawson 1970, Evans 1962), is distributed along the Pacific coast from Alaska to southern California and eastward to Alberta, showing a preference for the more humid areas. The larvae are solitary feeders, mainly on conifers. The principal hosts are Douglas-fir, western hemlock, western redcedar, true firs, and spruce. Common associated geometrids are Lambdina fiscellaria lugubrosa, Nepytia phantasmaria, and Nyctobia limitaria.

The greenstriped forest looper normally is quite abundant, but it was not considered to be destructive until 1960 and 1961 when an epidemic killed some 2,400,000 cubic feet of western hemlock on the west coast of Vancouver Island. Extensive outbreaks oc​curred in 1963-64 on the Queen Charlotte Islands and again in 1968-69 on Vancouver Island. All three outbreaks subsided abruptly from natural causes.

The adults (fig. 121A) are mottled gray brown with a wing​spread of 25 to 39 mm. They fly from mid-March to mid-June and deposit their eggs (fig. 121B) on tree branches and trunks. The larvae feed on foliage of all ages but 1-year-old foliage is preferred. Feeding is heaviest in the upper crown. The mature larva is apple green with whitish and yellowish stripes and is 30 to 37 mm long (fig. 121C). In late summer the larvae drop to the ground and pupate in the duff where they overwinter. There is one generation per year.

The filament bearer, Nernatocampa filamentaria Guenee (Bitz and Ross 1958), is a transcontinental species. It is common on Douglas-fir and western hemlock in interior British Columbia, sometimes causing noticeable defoliation, but it is not reported
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as a significant pest. It also feeds on other conifers and many hardwoods. The larvae are solitary defoliators. When mature they are generally greenish brown, about 20 mm long, and have two long, slender, flexible projections on the dorsum of both the second and third abdominal segments, and paired knobs on the first and eighth segments (fig. 122).

Neoalcis contains one species, the brownlined looper, N. cali​forniaria (Packard) (Prentice 1963). It is a common nondestruc​tive solitary feeder on foliage of conifers in Oregon and British Columbia, principally Douglas-fir, western hemlock, western red-cedar, and true firs.

Nepytia includes four species that feed on conifers in the West.
Two are potentially important, particularly in city forest parks.
The false hemlock looper, Nepytia canosaria (Walker), which
attacks various conifers in the Eastern States and Provinces,
extends into Manitoba and Saskatchewan on spruce. Previous

COURTESY CANADIAN FORESTRY SERVICE

FIGURE 121.—Greenstriped forest looper (Melanolophia imitata) : A, Adult, 30 mm wingspread; B, eggs, each 1.0 mm long; C, mature larva, 32 mm long.

	
	F-521993

FIGURE 122.—Mature larva of filament bearer (Nema​tocampa filamentaria), 20 mm long.


210

records of this species from the Rocky Mountains westward gen​erally relate to N. freemani.

The mature larva is about 25 mm long. Its head is whitish or reddish brown with five or six large black dots ; its body is whitish with a yellowish or reddish tinge and marked with black dots and a yellowish lateral stripe, below which are four dark, wavy, hair lines.

Nepytia freemani Munroe (Klein and Minnoch 1971) (fig. 123) occurs in British Columbia, Idaho, and Utah. In British Columbia Douglas-fir is the preferred host; in Utah white fir is preferred. Western larch, western hemlock, and Engelmann spruce also are fed upon. New foliage is eaten first, then the old. Local outbreaks occur in pole- and sapling-sized stands, but so far have not caused damage warranting control.

The adults of N. freemani resemble those of N. phantasmaria except that the ground color of the wings is gray instead of white pupa, 15 mm long; D, adult, wingspread 25 mm.
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and the vertex of the head is gray without yellow tints (Munroe 1963) . The mature larva is 24 to 32 mm long. Its head is square, tan on the vertex and sides, and pale yellow in front. Its body is slim, alternately striped with tan and yellow outlined in black above and pinkish below. The eggs are laid in late summer and early fall in small clusters on the needles. They hatch in spring. There is one generation annually.

The phantom hemlock looper, Nepytia phantasmaria (Strecker) (Wickman and Hunt 1969, Sugden 1968), occurs in British Colum​bia, Oregon, and California. Douglas-fir and western hemlock are its preferred hosts. Western redcedar, Sitka spruce, true firs, and pines also are recorded hosts.

The phantom hemlock looper is common but is not often seen by foresters because outbreaks are local and sporadic. It has been reported abundant in outbreaks of the hemlock looper and black-headed budworm. In British Columbia local outbreaks of the phantom hemlock looper have killed mature Douglas-fir and western hemlock in city parks. In northern California Douglas-fir and understory white fir of pole size and smaller have been killed.

The adults are generally white to very light gray with strong black markings and the vertex of the head is yellowish (fig. 124A). The mature larva is 28 mm long ; head green with black dots ; body smooth, lime green with dark-edged, yellowish subdorsal and spiracular lines (fig. 124B).

In northern California there is one generation annually. Eggs are laid from late September to late October and overwinter. They

F-521995, F-521996

FIGURE 124.—Phantom hemlock looper (Nepytia phantasmaria) : A, Adult,
wingspread 25 mm; B, mature larva, 28 mm long.
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hatch in late May and early June. The larvae feed first on the new foliage, then on the old. At rest they strongly resemble Douglas-fir needles. Pupation starts in late August. A virus evidently is an effective natural control agent in California.

Nepytia umbrosaria nigrovenaria (Packard) (Sugden 1968) occurs as scattered individuals on Douglas-fir, western hemlock, fir, pine, spruce, and western redcedar in British Columbia. In Cali​fornia the larvae tie the needles of young Monterey pine together at the tips of branches and feed upon them. The mature larva is 35 mm long. Its head is pale brown ; its body is cream colored above with broken orange dorsal and subdorsal lines, dark brown red laterally, with black-edged light lines, and pale brownish green below.

The yellowlined forest looper, Nyctobia limitaria (Walker) (Prentice 1963), is a transcontinental species that is common to abundant in British Columbia. It is a solitary feeder on foliage of many conifers, especially true firs, spruce, hemlock, Douglas-fir, and larch. It is rated a potential forest pest though no destructive outbreaks are recorded. The larva is green with yellowish and whitish stripes.

Operophtera resembles Alsophila and Paleacrita in that the females are wingless.

The Bruce spanworm, Operophtera bruceata (Hulst) (Brown 1962, Sugden 1966), occurs from Newfoundland to the interior of British Columbia and presumably extends into the Northwestern States. Preferred hosts in Western Canada are trembling aspen and willow. Birch, maple, alder, apple, and various shrubs also are fed upon. Extensive outbreaks on aspen have occurred in Alberta in 1903, 1913, and 1957-59, the last covering about 50,000 square miles.

The adult males (fig. 125A) have a slender, light brown body and thin semi-transparent wings banded with brown or gray and marked with numerous light brown scalloped lines slightly accented on the veins. Wing expanse is 25 to 30 mm. The adult female (fig. 125B) is wingless and covered with large scales. The color is dull ochreous brown interspersed with irregular patches of white. The mature larva is stout, about 18 mm long, and light green with three yellowish lines on each side (fig. 125C). The newly laid eggs are pale green later turning to bright orange.

The eggs are laid singly in bark crevices (fig. 125D) in the fall and remain dormant until spring. The larvae hatch when the aspen buds begin to burst. Many of the first-instar larvae spin down on silk threads and are dispersed by the wind. Larval devel​opment is completed by late June in Alberta. Pupae are formed in cocoons in the soil and remain there until late fall.
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COURTESY CANADIAN FORESTRY SERVICE

FIGURE 125.—Bruce spanworm (Operophtera bruceata): A, Male adult, wing​spread 28 mm; B, wingless female adult, 12 mm long; C, mature larva, 18 mm long; D, eggs in bark crevice, each 1 mm long.

Operophtera oceidentalis (Hu1st) (Sugden 1966) feeds on pop​lar, willow, maple, oak, and alder in coastal Oregon and British Columbia. The larvae resemble those of 0. bruceata.

The spring cankerworm, Paleacrita vernata (Peck) (Jones and Schaffner 1953), is distributed over much the same area as the fall cankerworm but is not reported from Alberta. These two insects also are similar in appearance and habits. The spring cankerworm differs from the fall cankerworm in that the larvae do not have prolegs on the fifth abdominal segment ; the pupae are not enclosed in cocoons ; the eggs are pearly and oval rather than brownish gray and shaped like a flowerpot; and the moth emerges in the spring rather than in the fall. The spring canker​worm is a pest of orchards and shelterbelts and especially likes Siberian elm.

Phaeoura mexicanaria (Grote) (Dewey 1975) occurs in British Columbia, Montana, Wyoming, South Dakota, New Mexico, Ari​zona, California, and other. Western States. It feeds on Pinus
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ponderosa. The only reported outbreak was in 1969 and 1970 when it moderately to heavily defoliated 63,000 acres of pine in south​eastern Montana. Collapse of the outbreak was attributed to dis​ease organisms, principally a bacterium. Ips killed a high per​centage of the trees completely defoliated by the looper.

The adults are mottled brownish gray with zigzag markings on the wings, characteristic of many loopers. The wingspan is about 45 to 60 mm. The larvae markedly resemble a rough twig of the host tree. Mature larvae are 45 mm long, tan to dark brown, and covered with granules and tubercles. The head is strongly notched.

Eggs are laid on the needles in clusters averaging 160 per clus​ter. The larvae feed indiscriminately on new and old foliage. Pupation is in the litter under infested trees. Pupae overwinter. There is one generation per year. Specific control measures have not been developed.

Rheumaptera [Eulype] (McGuffin 1973) contains two species in North America. Both are predominantly day flyers, and occur in northern forests from Newfoundland to Alaska and in most Western States except those of the Great Basin. The adults are black and white moths of widely varied patterns (fig. 126). They occur together and can be distinguished only by differences in genitalia. The larvae of both feed on leaves of northern hard​woods, principally birch, alder, and willow.

The spearmarked black moth, Rheumaptera hastata (L.) (Hard 1967, Sugden 1966), apparently prefers birch. Outbreaks on birch have occurred in South Dakota, British Columbia, and Alaska. The most extensive covered nearly 6 million acres in 1957 in cen​tral Alaska. A rapid decline of that outbreak was attributed to a granulosis virus and parasites. Effects of such outbreaks are not recorded. The larvae, sometimes called the black looper, are dark brown to black. Spiracles on front abdominal segments are sur​rounded by one large or several small light patches. The larvae tie the leaves into tentlike shelters and skeletonize them. They overwinter as pupae in the soil. Adults (fig. 126) fly in spring.

	
	F-521997

FIGURE 126.—Adult of spear-marked black moth (Rheu​maptera hastata), wing​spread 30 mm.
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Rheum,aptera subhastata (Nolcken) (McGuffin 1973) closely resembles R. hastata and has essentially the same distribution, but usually occurs on alder. The body of the mature larva is light brown with darker lines on the back. Spiracles on front abdomi​nal segments are in a light stripe.

Semiothisa (McGuffin 1972, Ferguson 1974) contains about 100 species in North America, many of which occur in the West. Most of them feed on conifers, some on broad-leaved trees and shrubs. Two or more species sometimes are very numerous without caus​ing economic damage (Ross and Evans 1958). The larch looper, S. sexmaculata sexmaculata (Packard), is transcontinental on Larix laricina; a western subspecies, S. sexnutculata incolorata (Dyar), occurs in British Columbia, Idaho, Oregon, and Washing​ton on Larix occidentalis and Pseudotsuga menziesii. At maturity larvae are greenish or brownish, marked with off-white, and about 15 mm long. S. signaria dispuncta (Walker), to which the name S. granitata has been erroneously applied, occurs from California to Montana and Washington, and northward through the Western Provinces to the Northwest Territories and southeast Alaska. Larvae feed on Picea, Abies, Tsuga, Larix, and Pseudotsuga. At maturity larvae are bluish green, shaded with white, and 20 to 28 mm long.

SUPERFAMILY NOCTUOIDEA

This superfamily contains a very large number of species. Al​though the adults of the various families display similarities, larvae in some families are extremely hairy while in others they are smooth skinned.

FAMILY ARCTIIDAE—TIGER MOTHS

The tiger moths are a rather small family of stout-bodied moths with broad and attractively colored wings. They are so named because many of the moths are spotted or striped. The caterpillars are robust and very hairy. The ones with uniformly dense hair are called woolly bears. Some others having the hair in brushes and tufts are called tussock moths, although this name is more commonly applied to some species of the Lymantriidae.

Halisidota consists of about 15 species, most of which feed on deciduous trees and shrubs. Two species feeding on conifers are occasional forest pests. Larvae of some Halisidota are gregarious and construct unsightly webs, others are solitary feeders.

The silverspotted tiger moth, Halisidota argentata Packard (Silver 1958), ranges from California to southwest British Co​lumbia, feeding principally. on Douglas-fir but also on western hemlock, lodgepole pine, grand fir, Sitka spruce, western redcedar,
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and several other conifers. In 1954-55 it occurred in outbreak form on southern Vancouver Island. It is a recurrent pest of conifers, especially in coastal areas. Damage is usually spotty and the insect is controlled by its natural enemies.

The adult is a strikingly colored, yellowish-brown moth having a wingspread of 39 to 53 mm (fig. 127A). The forewings are red​dish brown with numerous distinct silvery-white spots, and hind-wings are whitish with a few brown marks near the outer margin. Adults fly in July and August and deposit green, hemispherical eggs in loose clusters on twigs and needles of host trees. The eggs hatch in about 3 weeks, and the small brown, hairy caterpillars feed in colonies on needles of lateral branches, forming loose webs containing dead needles and other debris (fig. 127B). Feeding continues into fall and the larvae overwinter in the webs. In spring, larvae continue their gregarious feeding until they are about two-thirds grown, then disperse and feed individually. The mature larva (fig. 127C) is about 37 mm long, generally reddish brown but with forward-projecting tufts of yellow and brown hair and dorsal tufts of black hair flanked with yellow hairs. These tufts contain poisonous hairs that cause a rash on some people. In June, larvae spin brownish cocoons composed of silk and larval body hairs, which are attached to parts of the defoliated trees or to debris on the forest floor.

F-52I998, F-5I8946, F-521999

FIGURE 127.—Silverspotted tiger moth (Halisidota argentata) : A, Adult, wingspread 45 mm; B, larval colony on spruce; C, mature larva, 35 mm long.
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Halisidota argentata sobrina Stretch is a form which feeds on Monterey pine in the coastal area of California. In comparison with argentata, the wings of the adult have smaller white spots and a more uniform brown ground color. The larva is usually darker in color with less yellow hair on its body.

Halisidota argentata subalpina French is a form which feeds on juniper and occasionally pinyon in the Rocky Mountain region. In 1964, it caused considerable defoliation of juniper in Utah over an area of 5,000 acres. The moth closely resembles that of argentata.

Halisidota ingens Hy. Edwards occurs in Colorado, Utah, New Mexico, and Arizona on young ponderosa pine and pinyon. Its larvae feed gregariously in large webs and damage is usually limited to the upper foliage (fig. 128). The adult has dark brown forewings with large, white splotches and white hindwings ; its body is covered with buff-colored hairs.

The spotted tussock moth, Halisidota maculata (Harris), ranges from coast to coast in the Northern States and Southern Canada, and through the Western States. It feeds on willow, oak, maple, birch, alder, poplar, and many other trees and shrubs. It is a solitary defoliator, periodically causing light damage in Alberta and Saskatchewan. The adult has tan forewings with wavy brown splotches and has a spread of about 44 mm. The hindwings and body are buff colored. The caterpillar is about 30 mm long and is

-516029

FIGURE 128. — Large tent formed by larvae of Halisi​dota ingens.

218

densely covered with black hairs with a few white and yellow hairs intermixed and a wide belt of shorter, tufted black hair in the middle.

The pale tussock moth, Halisidota tesselaris (J. B. Smith), is an eastern North American species that is recorded in the West only from New Mexico. Here it feeds on alder and boxelder and is a nuisance in recreational areas. The adult is pale yellow and has a wingspread of about 50 mm. The forewings are translucent and crossed by five broad, darkish bands. The mature larva is darkish but densely clothed with compact tufts of light yellow or whitish hairs, and bears two pairs of black pencil tufts, one in front and one in the rear.

Hyphantria consists of one very common species, H. cunea (Drury). H. textor Harris, referred to in the older literature as a separate species or form, is now considered synonymous with H. cunea.

The fall webworm, Hyphantria cunea (Drury) (Warren and Tadic 1970), is a common defoliator of many hardwood trees, and occurs coast to coast from southern Canada through the 48 States to northern Mexico. In the West it is found mostly on alder, ash, chokeberry, cottonwood, madrone, maple, willow, and various fruit trees. Its damage is of minor importance in forestry. However, infestations in ornamental plantings sometimes affect esthetic values enough to warrant control.

Adults have a nearly white body, white wings with occasionally a few black spots, orange markings on body and legs, and a wing expanse of about 30 mm. Eggs are light green or yellow, globular, and are laid in masses consisting of several hundred eggs. In the larval stage, two races are recognizable—a blackheaded race pre​dominant in the northern part of the range, and a redheaded race in the southerly areas. At maturity, larvae are 30 to 35 mm long. Mature larvae of the northern strain have a black head, a pale yellowish or greenish body with a dark stripe on the back, and long whitish hairs on the sides arising from black and orange tubercles. Mature larvae of the southern strain have a deep orange or reddish head, a yellowish-tan body, with orange to reddish tubercles and brownish hair. Pupae are 8 to 14 mm long, stout, and a reddish-brown color.

In the northerly part of the range and also in mountainous areas, the fall webworm has one brood a year. Adults appear from late June to early July, fly at night, and lay eggs in flat masses on the underside of leaves. Larvae feed gregariously, forming large webs on the branches of trees. In the northern form, which appears to predominate in the .West, the webs are thin and flimsy. Small larvae feed on the epidermis of both leaf surfaces, leaving
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the veins untouched (fig. 129A), while large larvae (fig. 129B) consume the whole leaf except for the petiole. Larvae feed until about mid-September, then form thin transparent cocoons in the soil, among litter, on sides of buildings, or on tree trunks. Here they pupate and overwinter.
F-522000, F-522001

FIGURE
webworm (Hyphantria cunea) : A, Small larvae
skeletonizing elm leaves; B, mature larva, 30 mm long.

The cinnabar moth, Tyria [Hypocrita] jacobaeae (L.) (Hawkes 1968), was introduced from Europe to control tansy ragwort, a weed toxic to cattle and horses. It has been colonized locally in the Pacific Coast States and British Columbia. Under favorable con- ditions, it can drastically reduce density and flowering of tansy ragwort in about 5 years.

The adult is a brightly-colored, black and red moth which flies in May and June. The yellow- and black-banded hairy larvae feed at first on the undersides and edges of leaves, then consume flowers and stems as well as leaves. Pupae are formed in late sum- mer and overwinter. There is one generation a year.

Cinnabar moth populations build up gradually and disperse slowly; hence to effect control by this moth, it usually has to be introduced into new areas of ragwort infestation.

FAMILY DIOPTIDAE

This family consists of a single genus containing a single species in North America.

The California oakworm, Phryganidia californica Packard (Brown and Eads 1965a, Wickman 1971), feeds on oaks from
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northern to southern California, mostly in coastal, areas. It is an important pest of ornamental California live oak and to a lesser degree California white oak and other oaks. In Oregon its occurs on golden chinkapin. Chestnut, tanoak, eucalyptus, and azalea are recorded as incidental hosts. Most years it causes little concern, but at irregular intervals it becomes epidemic and defoliates oaks over extensive areas. It slows growth of the attacked trees and makes them unsightly but seldom if ever kills them directly. The young larvae skeletonize the leaves in patches. The older larvae eat all except the main veins.

The adults are weak fliers. They have translucent, thinly-scaled, gray-brown wings, with darker veins (fig. 130A). Wingspread is 25 to 35 mm. The mature larvae (fig. 130B) are 25 mm long and olive green, with conspicuous black and yellow longitudinal stripes on the back and sides, and the head as wide or wider than the body. The pupae (fig. 130C) are 12 mm long, shining, smooth, and whitish or yellowish with black markings. 'The eggs (fig. 130D) are about 1 mm long, spherical, white turning to gray, and laid in

F-501522, EPQ-8511, F-516041, F-501520

FIGURE 130.—California oakworm (Phryganidia californica): A, Adult, body 9 mm long; B, mature larvae, 25 mm long; C, pupae, 12 mm long; D, eggs, each 1 mm in diameter.
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masses on leaves and elsewhere. Eggs laid on live oak leaves are the principal survivors in the overwintering generation.

There are two generations a year in northern California and three in southern California. In the latter area there is much over​lapping of broods. In northern California eggs laid in October and November mostly hatch by December but some not until March. The larvae mature in May and June. The adults from this generation lay eggs in June and July. By September the feeding of the summer generation is largely completed.

Outbreaks are of short duration, presumably being controlled by starvation, parasites, predators, and a virus disease. Spraying may be necessary for esthetic reasons during epidemics. It is directed against the small larvae in March and April or in July and early August.

FAMILY LYMANTRIIDAE (LIPARIDAE)— TUSSOCK MOTHS

The tussock moths, a small family of very destructive defoli​ators, feed on coniferous as well as broad-leaved trees. In western forests the family is represented by several native species in two genera and two introduced species, both in different genera.

Adults of the Lymantriidae are either dark brown or white, hairy moths, chiefly nocturnal in habit. The males are active fliers but the females are generally sedentary. In some species, females are flightless because their wings are reduced to small pads. In others, females are restricted in movement by the size of their egg-laden abdomens. Full-grown larvae are strikingly marked with colored glands or tubercles and have prominent tufts of hairs on their bodies. The larval hairs are easily detached and in some species are somewhat poisonous to humans, causing a skin rash or other form of allergy.

Females lay small white eggs, usually in large masses cemented with a frothy secretion and covered by a mat of hairs. The eggs hatch into tiny, very hairy caterpillars which are often picked up and carried by air currents for long distances. The dispersion of airborne larvae is an important means of initiating new infesta​tions. Larger larvae, when disturbed or in search of food, lower themselves to the ground by silken threads and disperse to other food plants. Pupation usually takes place in dense, silken cocoons, often containing larval hairs, attached to parts of trees, under​brush, or man-made objects. Transport of cocoons or egg masses on recreational vehicles is now recognized as an important means of long distance dispersal, particularly for introduced species.

Oigyia [Hemerocampa] is represented in the West by at least five species. One of these feeds almost exclusively on conifers ; the
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others prefer hardwoods but occasionally feed on conifers. Female moths have rudimentary wings and deposit egg masses on their cocoons; eggs overwinter. The genus poses taxonomic problems not yet fully resolved.

The rusty tussock moth, Orgyia [Notolophus] antique, (L.), (Hardy 1945, Prebble and Graham 1945), occurs throughout Southern Canada and Northern United States, and also in Europe. In the West it is distributed from California to Alaska and east​ward to Montana. Its hosts are many. In the West, common hard​wood hosts include alder, blueberry, willow, birch, maple, and apple, and common coniferous hosts are western hemlock, spruces, western larch, Douglas-fir, and true firs. Conspicuous defoliation of western hemlock sometimes occurs in coastal forests of British Columbia. Both new and old foliage of hemlock is fed upon.

The adult male is an erratic-flying rusty-brown moth having a conspicuous white dot and a light brown band on each forewing. The female is a sedentary, humped creature, about 12 mm long, with rudimentary wings (fig. 131A). The body is black and densely covered with light tan hairs, and appears grayish above and light tan on the sides. In contrast with most other species of Orgyia, its egg mass (fig. 131B) is free of froth and scales. The dark hairy caterpillar (fig. 131C) is about 28 mm long at maturity. It has two black hair-pencils projecting forward and one projecting to the rear, four golden brushes of hairs on its back, and eight warty protuberances on each segment from which arise yellowish and blackish hairs. There are either one or two generations a year depending on the location. Overwintering is in the egg stage.

The whitemarked tussock moth, Orgyia leucostigma J. E. Smith (Baker 1972), occurs mainly in Eastern Canada and Eastern

F-522002, F-522003, F-522004

FIGURE 131.—Rusty tussock moth (Orgyia antiqua): A, Adult female, 12 mm
long; B, egg mass, 14 mm long; C, mature larva, 28 mm long.
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United States and feeds on a wide variety of deciduous and conif​erous trees. It is a pest of shade trees, but also occurs in forested areas where it causes only minor damage. In the West it is recorded from Alberta, the Prairie Provinces, Colorado, and Texas. In Texas it has damaged shade trees, particularly oaks. The mature larva may be recognized by its coral-red head and yellow coloration on the sides.

The Douglas fir tussock moth, Orgyia pseudotsugata (McDunn​ough), also recorded as oslari Barnes (Johnson and Ross 1967, Wickman et al. 1973b), is a defoliator of major importance in the interior Douglas-fir and true fir forests of western North America. It ranges from southern British Columbia through the eastern half of the Pacific coast States and through the Rocky Mountain States south to Arizona and New Mexico. In the central part of its distribution, this tussock moth shows equal preference for Douglas-fir, grand fir, white fir, and subalpine fir. In British Columbia it feeds mainly on Douglas-fir and in California mainly on white fir. It will feed on other conifer species such as ponderosa pine when they are intermixed with firs, and on adjacent shrubs such as bitterbrush.

Outbreaks develop explosively and after about 3 years subside abruptly. Between outbreaks this insect is seldom seen. Since the first reported outbreaks at Chase, British Columbia, in 1916, and at Jarbridge, Nevada, in 1927, numerous infestations have caused economic losses. Among the most severe were those in north​eastern Washington in 1927 to 1930, which killed over 300 million board feet of Douglas-fir and grand fir; in eastern Oregon from 1937 to 1939; in northern Idaho and eastern Oregon and Wash​ington from 1946 to 1948 ; in the Sierra Nevada of central Cali​fornia from 1954 to 1956; and again in northern Idaho from 1961 to 1965. The last three outbreaks were controlled by aerial spray​ing before much timber was killed. Severe but generally less extensive infestations occurred in British Columbia during the periods 1919-21, 1928-31, 1945-49, and 1961-64. An outbreak in Oregon, Washington, and northern Idaho that began in 1971 cov​ered almost 800,000 acres in 1973. Accumulated timber and growth losses reached 1 billion fbm of timber, thus creating major prob​lems in salvage, forest regeneration, and fire prevention.

When young, the caterpillar of the Douglas fir tussock moth is blackish with very long body hairs. As it grows, it becomes a striking looking creature, with brightly colored tufts of hair. The mature larva (fig. 132A) is 25 to 30 mm long, with a gray or brown body and shiny black head. Two long pencils of black hairs project forward from behind the head and a similar pencil occurs at the rear of the body. Dense light brown or cream colored
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FIGURE 132.—Douglas fir tussock moth (Orgyia pseudotsugata): A, Mature larva, 28 mm long; B, adult female, 18 mm long; C, adult male, 28 mm wingspread; D, egg mass, 12 mm in diameter, covered with body hairs.

brushes of hairs and red spots occur on the first four and last abdominal segments. On each side of the body is an orange stripe, while the lower part of the body is nearly naked. The body hairs are irritating to some humans and may cause a severe rash. The larva spins a brownish-gray, spindle-shaped cocoon covered with larval hairs and transforms to a stout yellow-brown pupa.

The adult is a dull brownish-gray moth with a furry body, 12 to 20 mm long. The female (fig. 132B) has tiny rudimentary wings and a fat abdomen, and is camouflaged as it rests on its cocoon. The male (fig. 132C) has full-sized, brownish-gray forewings spreading about 30 mm, and marked with a whitish dot near the wing margin and irregular light and darkish lines. The hindwings are a uniform brown color. The egg mass (fig. 132D) , which is formed on the female's cocoon, consists of about 300 white spheri​ cal eggs in one to three layers, covered with a frothy gelatinous substance containing intermixed body hairs.

There is one generation a year. Adults appear from late July to early September, depending upon locality and season. Females
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remain on their cocoons where, after mating, they lay eggs. The egg masses overwinter. Larvae hatch from eggs in late May or early June after the new foliage has appeared. Because of their light bodies and long hairs, they are readily dispersed by winds. At first the larvae feed on the unfolding new needles causing them to die and give the forest a strong reddish cast for a short time. During this period the tips of trees often wear conspicuous white caps of silk laid on by the migrating larvae. As the larvae mature, they feed on both new and old foliage. A heavily infested forest becomes brownish, even purplish, as the bare twigs are exposed. The larvae mature late in summer. In light infestations cocoons are formed mostly on the foliage; whereas in heavy infestations cocoons are mostly on tree trunks and objects on the ground. The pupal stage is completed in 10 to 14 days. The cocoons and egg masses are among the most conspicuous evidence of tussock moth abundance.

The Douglas fir tussock moth has many natural enemies includ​ing disease organisms, insect parasites and predators, and birds. A nucleopolyhedrosis virus is capable of wiping out populations, but it usually appears after trees have been seriously defoliated. Infected larvae hang limply from the twigs. A scelionid wasp egg parasite, Telonomus species, and two parasites which attack lar​vae: an ichneumon, Phobocampe pallipes (Provancher), and a tachinid fly, Carcelia yalensis Sellers, sometimes hasten the decline of an outbreak.

Direct control is often needed to subdue tussock moth infesta​tions before severe economic damage occurs. Formulations of the nucleopolyhedrosis virus show promise for operational use. Chem​ical insecticides presently registered for tussock moth control are only partially effective.

The typical form of the western tussock moth, Orgyia vetusta Boisduval, occurs in the Pacific Coast States and especially in California, where it feeds on oak, poplar, willow, deciduous and citrus fruit trees, and walnut. It is of minor importance in the forest.

A subspecies, 0. vetusta gulosa Hy. Edwards (Furniss and Knopf 1971), is an important defoliator of big game browse plants in Idaho and western Nevada. It feeds on snowbrush, bitterbrush, and to a lesser extent willow, serviceberry, wild rose, desert peach, and bittercherry. Damage is in the form of branch-killing. The mature larva differs from related Orgyia species by having yellowish stripes on its upperbody. The brownish female is almost completely covered with wavy, whitish-gray hair, and its egg mass, laid on the cocoon, is covered with the whitish-gray body hairs.
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An Orgyia (Flake and Lyon 1967) of uncertain specific name occurs in New Mexico, Arizona, and Utah. It is a nuisance pest of boxelder, sometimes requiring control, as in 1966 on the Gila Na​tional Forest, N. Mex. It also feeds on black walnut, sycamore, willow, and cherry. The caterpillars are light colored, as with 0. leucostigma.

Parorgyia [Dasychira, Olene] consists of about 20 species in North America, most of which occur in the East. In this group of tussock moths, the females have normal wings but are limited in movement by their heavy bodies. Mature larvae are very hairy and have two long hair pencils in the front, as in Orgyia, but in contrast have three hair pencils in the rear. Two essentially east​ern species range through Southern Canada to the West. P. plagi​ata Walker, which feeds mostly on conifers, ranges as far as Alberta. P. vagans Barnes and McDunnough, mostly a hardwood feeder, ranges to central British Columbia.

A pine tussock moth, Parorgyia grisefacta (Dyar) (Ross and Evans 1954, Tunnock 1966), occurs in interior British Columbia, southern Alberta, and eastern Montana. In British Columbia com​mon hosts are Douglas-fir, western hemlock, and white spruce, but several other conifers are fed upon. In eastern Montana, ponderosa pine is the principal host. In 1965 a major epidemic was discovered in the Custer National Forest of Montana. Defoliation of young ponderosa pines on 42,000 acres was visible from the air, and the tussock moth was found on another 250,000 acres. The infestation gradually declined during the following 3 years, largely due to a nucleopolyhedrosis virus.

The adult is a grayish-brown moth with light and dark bands across the forewings, and it has a wingspread of 30 to 40 mm. Eggs are spherical and whitish and occur in loose clusters. The mature larva has a dark-brown head, a mostly rusty-brown body with the sides blackish, and is about 44 mm long. It has four dirty-white brushes of hairs above, and numerous tufts of white plumed hair scattered over the body. Its fore and aft black hair pencils are typical of the genus. The pupa is enclosed in a whitish silken cocoon.

Adults appear from late July to mid-August, and the females deposit their eggs in small clusters on the pine needles. After a limited amount of feeding, small larvae hibernate under the bark scales on pine trees. In spring they resume feeding and in mid​summer pupate in cocoons fastened to twigs.

This tussock moth may become a pest of increasing importance as extensive pine areas are converted to young stands. Little is known of its population dynamics, except that a nucleopolyhedro​sis virus appears to be of some importance in natural control.
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The gypsy moth, Porthetria dispar (L.) (Godwin 1972) , was introduced from Europe into Massachusetts in 1869. Over the past 100 years, it has gradually spread through the hardwood forest of the Eastern States from Maine to North Carolina and Alabama, with infestations also found in Quebec and the Lake States. In 1970 it was found at one location in California ; in 1973 spot infes​tations were found in Santa Clara, Ventura, Butte, and San Mateo Counties. In the East, the gypsy moth feeds on most hardwoods and some intermixed conifers ; hosts acceptable to all larval stages include oaks, willows, poplars, most birches, larch, linden, and apple.

Damaging outbreaks have occurred often in the Northeast, re​sulting in tree mortality, growth reduction, and impairment of esthetic values. In 1953 severe defoliation occurred on an esti​mated 1,500,000 acres. Dry sites and open stands are most sus​ceptible to gypsy moth build-up and damage. Thus some parts of the West probably will provide conditions conducive to damage by this insect.

The male moth is light to dark brown and has a wingspread of 37 to 50 mm (fig. 133A). The forewings have a band of dark brown or black along the edge and irregular bands or lines of the same color across the center of the wings. The female has a light brown, or buff-colored body, which is very large for the size of the wings (fig. 133B). The forewings are white, with a pattern of light brown zigzag bands and a row of dark dots along the outer edge. The roundish, cream-colored eggs are laid in masses of 100 to 1,000, covered with buff-colored hairs from the female's abdomen (fig. 133C). The small larva is grayish, with both long and short hairs. The full-grown larva (fig. 133D) varies in size according to its sex, with the males about 37 mm and the females about 50 mm long. It has a mottled yellow head and a grayish body, and each body segment has six or eight wartlike lumps bearing tufts of black or brown hairs. Its dorsum is marked with five pairs of blue spots, followed by six pairs of red spots. The pupa (fig. 133E) is reddish brown and sparsely covered with reddish hairs.

Adults appear in late July and August. The females crawl a short distance from their pupal cases and are mated by the strong-flying, searching males. Females lay their egg masses on tree parts, stumps, stones, buildings, or other objects, and the eggs overwinter. In spring, eggs hatch about the time the oak leaves unfold and the tiny larvae crawl about in search of foliage, often spinning down on silk threads. At this time they may be blown considerable distances. Newly hatched larvae feed first on leaf bases, and then on leaf surfaces. Older larvae feed usually

228

 F-489191, F-489192, F-489195, F-489193, F-489194
FIGURE 133.—Gypsy moth (Porthetria dispar): A, Adult male, wingspread 42 mm; B, adult female, wingspread 52 mm; C, egg mass, 14 mm long; D, mature larva, 48 mm long; E, pupa, 22 mm long.
from the edges of leaves, and mostly at night. When trees are stripped, larvae migrate considerable distances in search of food. Mature larvae seek sheltered places for pupation, and pupae are attached by silken threads to tree limbs and trunks, or other ob​jects. The pupal stage lasts 10 to 14 days.

In the Northeast a program of introducing parasites, predators, and pathogens was initiated in 1905 and carried on for 25 years. Two egg parasites, seven larval parasites, and two beetle predators were established. The effectiveness of these insect agents has been limited. A nucleopolyhedrosis virus, apparently introduced by accident, has been effective in wiping out gypsy moth populations after populations have become epidemic. Low winter temperatures may kill gypsy moth eggs and late spring frosts often kill newly-hatched larvae. Despite natural control and intensive chemical control and eradication programs, the gypsy moth continues to be a serious problem in Eastern States and now directly threatens western forests.

The satin moth, Leucoma [Stillynotia] salicis (L.) (Lejeune and Silver 1961), a native of Europe, was found in North America in
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1920, both in New England and southwestern British Columbia. In the West it has spread southward to northern California, and into the interior of Oregon, Washington, and southern British Colum​bia. It now is an occasional pest of poplars planted as shade trees or in windbreaks and will feed on native poplars and willows.

The adult is a white moth with a satiny luster, a wingspread of 37 to 50 mm, black eyes and legs, and a body clothed with long white satiny hairs. The full-grown caterpillar is about 50 mm long, blackish with a row of nearly square white marks along the back and white markings on the sides. On the upper part of its body are prominent reddish-brown tubercles bearing clumps of brown​ish hair.

There is one generation a year. Moths fly in July and deposit eggs in oval masses, covered with a white satiny secretion, on trees or various objects. The young larvae feed for a short time, then spin hibernacula in bark crevices where they pass the winter. They resume feeding in the spring and larvae reach maturity in June. They pupate in loosely woven cocoons attached to leaves, twigs, or other objects.

Following its introduction into British Columbia, the satin moth was considered a pest of economic importance. However, the intro​duction of European parasites of the moth during 1929 to 1934 resulted in successful biological control (Turnbull and Chant 1961). Three parasites have become generally distributed, and of these the braconid, Apanteles solitaries (Ratzeburg), is particu​larly effective. A combination of introduced and native parasites now generally restricts the amount of damage, except in new, out​lying infestations.

FAMILY NOCTUIDAE (PHALAENIDAE)—OWLET MOTHS AND UNDERWINGS

The Noctuidae (Crumb 1956) is the largest family of the Lepidoptera. The larvae (fig. 134A) are generally drab, hairless, sluggish, and nocturnal. Some are known as cutworms because they often cut off the stems of young succulent plants. Many are destructive to agricultural crops. Many feed on trees and shrubs but few are forest pests. The adults are dull-colored, heavy-bodied, night-flying moths (fig. 134B) that hold their wings folded tent-fashion at rest. The pupae generally are naked and overwinter in the soil (fig. 134C).

Achytonix, in contrast with most genera of the Noctuidae, con​tains only one species in North America.

Achytonix epipaschia (Grote) ( = praeacuta Smith) (Crumb 1956) occurs in British Columbia, the Pacific Coast States, Idaho, Colorado, and Arizona, feeding principally on Douglas-fir and
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FIGURE 134.—Examples of Noctuidae: A, Mature larva, 40 mm long; B, adult,
40 mm wingspread; C, pupa, 16 mm long.

occasionally on associated conifers. It rarely causes damage by itself but in conjunction with other Noctuidae has caused notice- able defoliation on Douglas-fir.

The small larva feeds in spring on opening buds and then on the expanding new foliage. At first it is brownish with a black head, but soon becomes green with three longitudinal white stripes above and a pale head. The mature larva is 20 to 28 mm long, tapering from front to rear. It pupates in a silken cocoon amongst the fir needles, and the grayish adult emerges in midsummer. There is one generation a year.

Acronicta has over 100 species, many of which feed on the foliage of forest and shade trees. At least 25 species occur in the West. They are solitary feeders and mostly rare. Some are known as dagger moths because of a daggerlike mark near the anal angle of the forewing.

The American dagger moth, Acronicta americana (Harris) (Crumb 1956), is an eastern species ranging westward to Alberta, Idaho, Utah, Colorado, Nevada, and Arizona. It feeds on the leaves of several deciduous trees and shrubs and particularly on maples and birches. In the West it is an occasional pest of shade trees, such as boxelder and silver maple, but is of little importance in the forest.

The mature larva is about 50 mm long and has a black head and greenish-white body, marked with single dark stripes above and on the sides. The body is clothed with fine yellowish hairs and bears two divergent black hair pencils forward and one similar hair pencil at the rear. Larvae feed through most of the summer and in early fall spin dense silken cocoons in which they pupate.

The cottonwood dagger moth, Acronicta lepusculina Guenee (Crumb 1956), occurs from coast to coast in Southern Canada and the Northern States, and in the West ranges southward to Cali- fornia and Arizona. It feeds on leaves of Alnus, Betula, Populus, and Salix, with trembling aspen its favorite host.
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The mature larva is about 40 mm long and differs from the American dagger moth in having a yellowish body and black hair pencils on the middle of most abdominal segments. Larvae feed through most of the summer, then pupate in dense silken cocoons. Pupae are the overwintering stage.

The black army cutworm, Actebia fennica (Tauscher) (Wood and Neilson 1956), occurs from Maine to British Columbia and north to Alaska. It is a climbing species that feeds on the foliage of many herbs and shrubs. Occasionally it damages coniferous plantings on new burns devoid of vegetation. Lodgepole pine and white spruce seedlings were damaged in this manner in 1973 at several places in British Columbia. The mature larvae are velvety black above, grayish below, and have two narrow white stripes on each side. They feed in the spring. First-instar larvae hibernate. There is one generation per year.

Euxoa has about 200 species in North America, many of which are of economic importance in agriculture. The larvae are typical cutworms. One species known usually as a pest of vegetable gardens occurs in fields and forests as a pest of conifer seedlings.

Euxoa excellens Grote (Fowells 1940, Gibson 1917) occurs in British Columbia, Oregon, California, Colorado, and probably else​where in the West. Although usually an agricultural pest, in the late 1930's it killed large numbers of natural and nursery-grown tree seedlings in the California pine region. In nurseries the seed​ling kill was about 50 percent for incense-cedar and progressively less for white fir, ponderosa pine, and sugar pine. In artificially seeded spots, the highest kill of ponderosa and Jeffrey pine seed​lings was in cutover areas.

Larvae feed in spring on the young seedlings, damaging the cotyledons and cutting off the stems. Full-grown larvae are about 40 mm long and have a pale brown head and grayish-white body dotted with brown tubercles. They pupate in the soil after forming earthen cells. Moths emerge in August and are in flight into September. They lay eggs which presumably overwinter.

Homoncocnemis (Crumb 1956) contains two closely related species. H. fortis (Grote) occurs in Oregon, California, Arizona, Utah, and Colorado. The larvae feed on Fraxinus. They are black with four white lines along the back. The moths fly in late summer.

Orthosia and at least one closely related genus contain some species known as green fruitworms. Although these species occur in the forest they are best known as feeders on the green fruit of apple, pear, and cherry.

Orthosia hibisci (Guenee) (Prentice 1962) is a transcontinental species that feeds on the foliage of many deciduous trees and
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shrubs and on some conifers. It is common in the Pacific North​west, Manitoba, Saskatchewan, and Alberta, particularly on trem​bling aspen, and in Alaska has been recorded as defoliating birch, willow, and alder. Mature larvae are about 40 mm long, green with yellow flecks, and have a middorsal white line and two narrower lines on each side. Pupae overwinter in the soil and adults fly in spring.

Peridroma consists of one cosmopolitan species, P. saucia (Hubner) ( = margaritosa Haworth) (Crumb 1956), known as the variegated cutworm. P. saucia is widely distributed in the Amer​icas from Alaska to Patagonia and is common on the Pacific Slope. It is an important pest of field and garden crops and an occasional pest of seedling conifers. It has damaged ponderosa, Jeffrey, and sugar pine seedlings in seed spots in California, and Douglas-fir seedlings in nursery beds in southwest British Columbia.

The adults are difficult to distinguish from those of many other cutworm moths. The large larvae usually hide in the soil during the day and feed at night; small larvae often stay on the plants. The mature larva (fig. 135) is smooth skinned, pale gray to dark brown, and about 40 mm long. The body is marked above with a single line of four or more yellow to orange dots and two row,. of linear black marks bordered with a broken yellow or orange line.

Three or more generations may occur in a single year depending on the locality. The spring-feeding generation causes the most damage. Overwintering takes place in the pupal stage.

Scoliopteryx libatrix (L.) occurs in Northern United States and Southern Canada and throughout the West from Alaska to the Southwestern States and California. It is common in Alberta, British Columbia, Washington, and Oregon, and has caused con​spicuous defoliation of willow, its principal host, in southwest British Columbia.

FIGURE 135.—Mature larva of the variegated cutworm (Peridroma saucia), 40 mm long.

COURTESY WASHINGTON STATE UNIVERSITY
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Adults appear in spring and larvae feed on leaves from late May to mid-September. The mature larva has a grayish-green head and a green body marked with a yellowish line on each side. It is about 40 mm long and the body tapers toward the rear. Pupation occurs from late June to late September. Adults emerge the same summer and overwinter in sheltered places, such as caves.

Xylomyges consists of slightly over a dozen species, mostly restricted to the West. Some feed on conifers, others on hard​woods, and some on both. A few species are sufficiently common in some areas to warrant attention.

Xylomyges simplex (Walker) (Hardy 1962, Godfrey 1972) is recorded from British Columbia, the Pacific Coast States, Colo​rado, Arizona, and New Mexico. Its hosts include Pseudotsuga menziesii, Alnus rubra, Populus, Prunus, Ribes, Salix, and Quercus arizonensis. In 1964 this species defoliated Douglas-fir and asso​ciated conifers on an area of 8,000 acres in western Oregon.

The adult is a light ash-gray moth having a 40 mm wingspread and forewings marked with black bars, lines, and dots. It flies in spring and deposits eggs in groups on foliage. On Douglas-fir the larva feeds in the opening buds and then on the new foliage. In the intermediate instars it has a shiny black head and an olive-green body marked above with longitudinal white lines and black tubercles (fig. 136) . At maturity the larva is 30 mm long, with a large reddish-brown head and a translucent green body tinged with yellow or lavender. The lines and tubercles are now incon​spicuous. In mid- or late July, the larvae drop to the ground and pupate in the soil. The pupa overwinters.

	
	F-522009

FIGURE 136.—Partly grown larva of Xylomyges sim​ple; 18 mm long.


FAMILY NOTODONTIDAE—NOTODONTID MOTHS

More than 100 species of notodontid moths occur in the United States and Canada, and their larvae feed on the foliage of decidu​ous trees and shrubs. The moths of some species have a promi‑
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nence or backward-projecting lobe on the front wings, which sug​gested the early common name of "prominents" for this group. Many of the larvae have striking protuberances while others are humpbacked. Some are gregarious feeders, others are solitary. Although many species occur in the forest, the ones feeding on fruit trees and shade trees are best known.

Datana consists of some 15 species, known collectively as the handmaid moths. The larvae feed in colonies and are common on various forest, fruit, and shade trees. When a colony is disturbed, larvae exhibit a defensive behavior in which each larva elevates both ends of its body. All species have a single generation a year. Moths appear in midsummer, eggs are laid in a cluster on a leaf, larvae are conspicuous in late summer, and pupae overwinter in the soil.

The yellownecked caterpillar, Datana ministra (Drury), occurs from coast to coast in Southern Canada and over most of the United States. In the West it is recorded from the Prairie Prov​inces, Alberta, interior British Columbia, the Pacific Coast States, Idaho, and the northern Great Plains. Hosts include species of Betula, Crataegus, Amelanchier, Prunus, Salix, Quercus, and other trees and shrubs. Conspicuous defoliation of birch and ser​viceberry sometimes occurs in the interior of British Columbia. In California damage is chiefly to orchard trees.

The adult is a medium-sized moth having a dark prothorax and cinnamon-brown forewings marked with a network of black lines. Wingspread is about 50 mm. The mature larva is 44 mm long, and has a black head, a yellowish-brown thoracic shield, and a black body marked with several yellow lines and bearing a few long gray hairs.

Small larvae skeletonize the lower surface of leaves, but the larger larvae consume entire leaves except for the petioles. Clus​ters of striped larvae feeding on the foliage or resting on tree trunks are the best evidence of infestation.

The walnut caterpillar, Datana integerrima Grote and Robin​son, occurs principally in the East where it is frequently a serious pest of black walnut, butternut, and hickories. It has been re​corded in outbreak numbers in southeastern New Mexico, feeding on Texas black walnut. Larvae resemble those of D. ministra but are hairier and lack a yellowish thoracic shield. They feed in colonies (fig. 137A) until almost full grown, and often congre​gate on the trunk and lower limbs at molting time. Eggs are laid in flat masses on the upper surface of leaflets (fig. 137B).

The variable oakleaf caterpillar, Heterocampa manteo (Double​day) (Wilson 1971b), is the most important of several eastern
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FIGURE 137.—Walnut caterpillar (Datana integerrima): A, Larval colony on
walnut ; B, egg masses on tree leaflets.

species of Heterocampa that impinge on the western region. In the East it often causes widespread defoliation of oaks, particularly white oaks, and many other hardwoods. In the West it has been recorded as damaging oaks in Texas ; basswood, paper birch, elm, and oak in North Dakota ; and plum in South Dakota.

The ash-gray adults, having a wingspread of 37 to 42 mm, appear in midsummer and, deposit eggs singly on the leaves. Young larvae skeletonize the lower leaf surfaces and larger larvae eat the entire leaves, except for the veins. Mature larvae are yel​lowish green, usually with a dark band down the back, and about 37 mm long. In northerly areas they complete feeding around mid-September, spin cocoons in the ground litter or soil, and over-winter as prepupae.

The mirrorback caterpillar, Pheosia rimosa Packard (Prentice 1962), occurs from coast to coast in Southern Canada and North​ern United States. It is a solitary defoliator on Populus, Salix, and Betula, and occasionally common in Alberta and British Columbia. The larva is about 50 mm long and glossy green or yellowish brown, with a horn on the eighth abdominal segment. Like many other notodontids, the larvae feed late in summer and the pupae overwinter.

Schizura is represented by about 10 species in North America, all of which feed on deciduous trees and shrubs. Some of these range westward, but only one is an economic pest in the West.

The redhumped caterpillar, Schizura concinna (J. E. Smith) (Ross and Evans 1961), occurs westward in Canada to south​eastern British Columbia, and throughout the United States as an occasional pest of forest, fruit, and shade trees. In Western Canada it feeds on Populus, Salix, Betula, Prunus, Alnus, Acer,
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and other hardwoods, and farther south is commonly found on fruit and shade trees. It has severely defoliated trembling aspen locally in British Columbia and Saskatchewan and periodically damages various shade and forest trees in California.

The grayish-brown adults, having a wingspread of about 35 mm, appear in midsummer. Females deposit small roundish white eggs in groups of 50 to 100 on the underside of leaves. Upon hatching, the caterpillars feed on the lower surface of the leaves, but later eat the entire leaves except for the veins. They feed in groups most of the time. The mature larva is about 35 mm long and bears a double row of spines which are particularly prominent at the head end. Its head and a hump on the first abdominal seg​ment are red, and its body is dull yellow and streaked with black or reddish brown. In late summer, the caterpillars spin loose silken cocoons in the ground litter and pupate. The pupa overwinters.

SUPERFAMILY HESPERIOIDEA

This superfamily is known as the skippers (Lindsey et al. 1931), because of the erratic flight of the adults. The skippers resemble butterflies in wing patterns and in holding the wings vertically when at rest. However, their bodies are stout like those of many moths and the tips of their antennae are usually re-curved. The larvae feed in concealment, either webbing leaves or boring into succulent stems. They have large heads and a con​stricted neck.

The Hesperiidae, with over 200 species in North America, is much the larger of the two common families. Most of the species feed on herbaceous vegetation. Three species have been recorded occasionally on forest trees in British Columbia. The larva of one of them, Erynnis icelus Scudder and Burgess, is a leafroller on Salix and Populus.

SUPERFAMILY PAPILIONOIDEA

All the North American butterflies are in this superfamily. Adults have frail bodies, large and showy wings, and slender antennae enlarged at the tips. They have a typical, gay flight and at rest hold their wings directly overhead. The larvae often have striking markings or protuberances, but some are plain. They are mostly plant-feeders, but some species in the Lycaenidae are carnivorous on aphids.

Five families, consisting of more than 500 species, occur in North America. Two of these contain species of importance in Western forests.
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FAMILY NYMPHALIDAE—BRUSHFOOTED BUTTERFLIES

The brushfooted butterflies are the largest butterfly family in North America. Adults are generally medium or large in size, with striking wing patterns involving contrasting colors. Males of most species show a territorial behavior, patrolling well-defined parts of fields or forest openings on a regular basis. Some attract attention by their fall migrations. Many species feed on herba​ceous plants. Some feed on hardwood trees or shrubs. None is a serious forest pest.

Nymphalis has two species of occasional significance in forestry. The adults of both are large with a wingspread of 50 to 70 mm. Mature larvae are blackish, conspicuously spiny, and about 30 mm long. The bare pupae, 25 to 30 mm long, are attached to twigs by a few strands of silk ; they hang head downward.

The mourningcloak butterfly, Nymphalis antiopa (L.) , occurs in Southern Canada and throughout the United States. It feeds on willow, elm, poplars, and other hardwoods, occasionally de​foliating individual trees (Sugden 1970). Larvae are occasionally abundant in shelterbelt plantings ; and an infestation in a shelter-belt nursery in 1958 required chemical control (Wilson 1962). The blackish larvae, marked above with a row of red dots, feed in groups from the margin of the leaves inward, silking as they move from one leaf to another (fig. 138). In northerly areas, pupae are formed in midsummer and the brownish-black butter​flies with wing tips marked by a yellow stripe and a row of blue dots, appear late in summer. The butterflies eventually hibernate and in spring deposit masses of orange-brown eggs on limbs and twigs. Two broods may occur in southerly areas.

The California tortoiseshell, Nymphalis californica (Boisduval) (Essig 1926, Furniss and Barr 1975), occurs throughout Western

F-522012

FIGURE 138.—Larval colony of the mourningcloak but​terfly (Nymphalis antiopa) on willow.
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United States and on Vancouver Island, British Columbia. Its principal hosts are snowbrush (Ceanothus velutinus) and moun​tain whitethorn (C. cordulatus), but it also feeds on serviceberry, willow, manzanita, wild lilac, and other plants. Many outbreaks have occurred on Ceanothus in northern California, notably in 1911, 1932, 1951, and 1971. The caterpillars severely defoliated snowbrush in the Cascade Mountains of Oregon in 1959 and in southwestern Idaho in 1959 and 1961. Outbreaks last only a year or two.

The black larva is marked above with a row of bright yellow spines mounted on blue tubercles between which are numerous yellow dots (fig. 139A) . The pupa is shiny brown with stout points above and on the sides. The forewing of the butterfly is brown and deep orange, with black spots and a black border, and the hindwing has a large black dot and purple spots (fig. 139B). Larvae are present from late June until mid-July, at which time they pupate. Adults appear in late July, swarm in large numbers, and migrate to other areas, often attracting considerable atten​tion. They overwinter and lay eggs in spring, presumably on twigs of host plants. There is normally one generation a year.

F-522013, F-522014

FIGURE 139.—California tortoiseshell (Nymphalis calif ornica) : A, Mature
larva, 30 mm long; B, adult, 60 mm wingspread.

FAMILY PAPILIONIDAE—SWALLOWTAIL BUTTERFLIES

Swallowtails are a group of large black and yellow butterflies having tail-like prolongations on the hindwings. Their larvae feed on leaves, some on forest trees, others on herbaceous plants.
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Papilio (Sugden and Ross 1963) has at least four species in the West which feed on forest trees. None is a forest pest. Mature larvae are velvet green, 37 to 50 mm long, and widest on the metathorax. The metathorax bears two "eyespots" and the first abdominal segment has a transverse yellow band bordered by a black band.

Papilio rutulus Lucas is a common western species feeding on Populus, Salix, Betula, and Alnus.

FAMILY PIERIDAE—WHITES AND SULFUR BUTTERFLIES

The pine butterfly, Neophasia menapia (Felder and Felder) (Cole 1971), is one of the most destructive insect enemies of ponderosa pine in the Northwestern States. One of the earliest recorded outbreaks occurred in 1882 near Spokane, Washington. Since then several outbreaks have developed in Oregon, Wash​ington, Idaho, and British Columbia. The worst was in 1893 to 1895 on the Yakima Indian Reservation, Washington. On some 150,000 acres the pine butterfly, augmented by bark beetles, killed nearly a billion board feet of ponderosa pine. The affected area is still evident from the extensive even-aged forest that de​veloped after the outbreak (Weaver 1961). In 1922 and 1923 the butterfly killed up to 25 percent of the ponderosa pine on- some areas in the New Meadows-McCall region of Idaho. In 1953 some 169,000 acres of ponderosa pine on the Boise National Forest, Idaho, were heavily infested. Aerial spraying the following year prevented serious losses. The old needles are eaten first, but new needles also are eaten by older larvae. Old trees are more suscepti​ble to injury than younger thriftier trees. During outbreaks in ponderosa pine, intermixed western white pine, lodgepole pine, Douglas-fir, and larch also are fed upon.

The adult is a white butterfly with black markings and a wing expanse of about 30 mm. It resembles the common cabbage butter​fly (fig. 140A). The wings of the male are white except for some black markings on the tips. The forewings of the female have similar black markings, but have a distinct yellowish cast ; the hindwings have the same yellowish cast but have a much heavier black marking than in the male. Many, but not all, females have bright orange spots along the apical margin of the hindwings. These butterflies may be seen nearly every year flying about in pine and fir forests and hovering about the tops of trees.

A smaller variety of the pine butterfly occurs in the South​western States, but it is not reported to be damaging. Sometimes clouds of the butterflies are seen hovering around the tops of Douglas-firs along the coast of Oregon, Washington, and British
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FIGURE 140.—Pine butterfly (Neophasia menapia): A, Female adult, wing​spread 30 mm; B, eggs on pine needles; C, colony of small larvae, each 7 mm long; D, mature larva, 25 mm long, and pupae, 12-14 mm long.
Columbia, but effects of larval feeding are seldom evident. An exception occurred in 1961 when it became necessary to spray 1,500 acres on Vancouver Island to protect mature Douglas-fir (Silver and Ross 1962).

Adults fly in August, September, and October, and lay emerald-green eggs, about 1 mm wide and 1.25 mm long, attached to needles near the tops of trees. Eggs are laid in rows at an angle of 45° with 5 to 20 eggs in each row, firmly cemented together (fig. 140B). They overwinter and hatch the following June, or about the time the new needles begin to appear on ponderosa pine. Hatching larvae are very small, pale green caterpillars with shiny black heads. They feed in clusters, encircling the needle with their heads pointed toward the tip, forming a little ring of tiny black heads somewhat like sawfly larvae (fig. 140C). Later they feed singly and mature by late July. At maturity they are about 25 mm long, dark green except for a pale green head, and covered with fine, closely set hairs. Each has two white lateral stripes on its side (fig. 140D), and the anal shield has two blunt, well-separated
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projections. Larvae attach themselves to needles, twigs, bark, or other objects before changing into pupae, which are marked with white lines as in the larvae (fig. 140D). After 15 to 20 days the adults emerge and fly. There is one generation a year. Rate of development varies widely by individuals.

Recorded outbreaks have lasted only a few years. Decline of the 1922-23 outbreak was attributed to natural enemies, princi​pally a native ichneumon parasite, Theronia atalantae. Aerial spraying has proven effective when necessary to protect exten​sively threatened mature forests. Population trends sometimes are forecast from aerial counts of butterflies fluttering about tree tops.
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