predaceous Hemiptera, occurs extensively in the West (Clausen 1940). It has two generations annually. The first stage nymph feeds on plant juices. Later stages prey upon cankerworms, Cali​fornia oakworm, cutworms, and other insects. P. serieventris Uhler, occurring in Colorado, Montana, British Columbia, and Alberta, is a smaller species with similar habits. In eastern Canada it preys upon larvae and pupae of Acleris variana (Prebble 1933) .

ORDER HOMOPTERA-APHIDS, LEAFHOPPERS, PLANTHOPPERS, SCALE INSECTS, AND ALLIES

The Homoptera (Metcalf et al. 1927-71) are a large and diverse order of insects allied to the Hemiptera. Metamorphosis is grad​ual, that is, after each molt the immature stages increasingly resemble the adult. Except for the cicadas, most species are small. All feed on the sap of plants. Many, particularly among the scales and aphids, are pests of forest and ornamental trees. None is beneficial. At least one, Adelges piceae, is a major forest pest in the West.

The suborder Auchenorhynchi, free beaks, contains the cicadas, spittlebugs, treehoppers, and leafhoppers. Sometimes these groups are considered to be superfamilies-Cicadoidea, Cercopoidea, Membracoidea, and Cicadelloidea respectively. The Sternorhynchi, fused beaks, contains the psyllids, aphids, scales, whiteflies, and mealybugs. This suborder is much the more important in forestry.

SUBORDER AUCHENORHYNCHI, FREE BEAKS

SUPERFAMILY CICADOIDEA

In this manual, this superfamily is considered to contain one family, Cicadidae (Simons 1954). Some authorities divide it into the Cicadidae and Timbicinidae (Metcalf et al. 1927-71).

FAMILY CICADIDAE-CICADAS

There are upward of 150 species of cicadas in the United States, somewhat fewer than half of them in the West (Simons 1954). They are medium to large insects. The adult has a chunky body, broad head with bulging compound eyes, large proboscis tucked underneath, and transparent, many-veined wings that are held tentlike in repose (fig. 38). The spiny, humped nymph has conspicuously enlarged clawlike front legs for burrowing (fig. 39A).

The adults lay eggs in slits in twigs of various trees and shrubs. Upon hatching, the young drop to the ground, burrow in, and
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	COURTESY E. S. ROSS FIGURE 38.-Adult of cicada, Platypedia areolata (Uh​ler), 30 mm long.


feed upon the roots of plants. When mature they crawl to the surface where they transform into adults. The life cycle of the western species is presumed to range from 2 to 5 years. In Nevada in 1962, cicadas (Okanagana sp.) were reported to have caused extensive damage to pinyon being grown for Christmas trees. Generally cicadas are not significant forest pests. No practical control measures are recorded.

The Apache cicada, Diceroprocta apache (Davis) (Brown and Eads 1966), lays its eggs in twigs and small branches of elm in southern California (fig. 39B). The branches may die. Associated slime flux aggravates the damage, especially in arid areas.

	A
	
	COURTESY BROWN AND EADS (1966) FIGURE 39.-Apache cicada (Diceroprocta apache) : Nymph, 15 mm long; egg-laying punctures, each about 2.5 mm long, in date stem.
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Okanagana, comprising some 36 species, is predominantly west​ern. 0. utahensis Davis and 0. vanduzeei Distant are widely dis​tributed in the Great Basin. 0. rimosa (Say) is transcontinental.

Platypedia with about 20 species is entirely western. P. minor Uhler is abundant in California where it oviposits in twigs of oak, willow, madrone, and other trees. It also occurs in Nevada and Colorado. P. balli Davis is reported to oviposit in oak in Arizona and P. bernardinoensis Davis in ponderosa pine in New Mexico.

SUPERFAMILY CERCOPOIDEA

This manual follows the common practice of lumping the super-family Cercopoidea into one family, the Cercopidae (Doering 1930). Some authorities divide them into four families (Brues et al. 1954).

FAMILY CERCOPIDAE-SPITTLEBUGS

The spittlebugs (Doering 1930) are readily recognized by the spittlelike froth that surrounds the nymphs as they feed. The adults are inconspicuous, often brownish insects that jump and fly readily when disturbed. Most of them feed on succulent vegeta​tion. Some feed on forest trees and two of them are serious pests of pine in the Eastern United States.

About a dozen species of Aphrophora (Metcalf et al. 1927-71, Severin 1950, Walley 1928) occur in western North America, sev​eral of them on conifers. In some species the nymphs leave the trees and feed on understory shrubs, but the adults return to feed and oviposit. Some are vectors of virus-caused diseases of agricul​tural crops but apparently they do not transmit such diseases to trees. None causes significant damage in western forests.

Aphrophora canadensis Walley (Kelson 1964) is similar to but somewhat smaller than A. permutata with which it occurs in mix​ture in California. A. canadensis also is reported in British Colum​bia. The abdominal segments of fifth-instar nymphs of A. permutata are predominantly brown while those of A. canadensis are white above except for the last three segments which are black. A. canadensis completes its entire life cycle on pine. The nymphs settle on the needles, at the bases of the needles, and on green cones. Needle cast and twig killing that has been attributed to A. permutata presumably is caused by A. canadensis.

The western pine spittlebug, Aphrophora permutata Uhler (Kelson 1964), occurs extensively in the Western States and in Alberta and British Columbia. The adults occur on pine, Douglas-fir, hemlock, spruce, and fir. In California on Monterey pine, the adults feed on the underside of twigs, preferably second-year growth, and cause no significant damage. The adults (fig. 40A) are robust, mottled brown, heavily punctured, and about 10 mm
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FIGURE 40.-Examples of spittlebug: A, Aphrophora  adult, 8 mm long, from lodgepole pine; B, A. per​mutata eggs on pine needles.

long. The eggs (fig. 40B) are partially inserted in rows in pine needles in June and July. They hatch in February and March. The first-instar nymphs drop from the pine and feed on many kinds of herbs and shrubs. There are five nymphal instars. The adults appear in May and remain through September. There is one gen​eration annually in central coastal California. A. permutata is one of many vectors of Pierce's virus disease of grapevines.

The Saratoga spittlebug, Aphrophora saratogensis (Fitch) (MacAloney and Wilson 1971), a serious pest in red pine and jack pine plantations in the East, has been recorded in British Colum​bia and California.

Clastoptera species are smaller and more globose than Aphrophora species (Doering 1928) . More than 20 species of Clastoptera occur in western North America. Among the preva​lent western species, the dogwood spittlebug, C. proteus Fitch, and C. testacea Fitch feed on pines, C. juniperina Ball feeds on juniper, and the alder spittlebug, C. obtusa (Say) feeds on alder and other broad-leaved plants. From 1963 to 1965 an unidentified Clastoptera caused conspicuous yellowing and twig killing of juni​per in Utah and Nevada.

SUPERFAMILY MEMBRACOIDEA

The Membracidae predominate in this superfamily (Metcalf et al. 1927-71) .

FAMILY MEMBRACIDAE-TREEHOPPERS

Numerous species of treehoppers (Metcalf et al. 1927-71) occur in the West. They are sap suckers. Many live on trees but none is a forest pest. The adults somewhat resemble adult spittlebugs, except that the thorax extends back over the abdomen and often projects forward also (fig. 41). They hop and fly quickly when disturbed.
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COURTESY BROWN AND EADS (1965a)

FIGURE 41.- Unidentified species of oak treehop​per on holly oak: A, Adult, 6 mm long; B, nymphs, 3.5 mm long.

The oak treehopper, Platycotis vittata (F.) (Essig 1926, Brown and Eads 1965a), is transcontinental. It feeds on the twigs of many kinds of oaks and is a minor pest on ornamentals. The eggs are laid in slits in the twigs, causing damage similar to but less conspicuous than that of cicadas. Adults are olive green to bronze with red dots, 10 mm long, densely punctured, and with or with​out an anterior pronotal horn. The nymphs are black with yellow and red markings. They feed gregariously.

SUPERFAMILY CICADELLOIDEA

This superfamily is considered to be one family, the Cicadellidae, by Oman (1949) . Metcalf et al. (1927-71) divide them into 17 families.

FAMILY CICADELLIDAE-LEAFHOPPERS

There are more than two thousand species of leafhoppers (Beirne 1956, Essig 1926, Oman 1949) in the United States and Canada. Many occur on western trees and shrubs but cause no recorded economic damage. Some are serious pests in agriculture, principally as carriers of diseases. One transmits a tree disease. All are plant feeders that suck out the juices. The nymphs of a species usually feed on few species of plants; the adults on many. Leafhoppers are typically slender, delicate, boat-shaped insects,
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mostly 3 to 10 mm long. They are usually various shades of brown, green, or yellow, frequently with contrasting markings. Their hind tibiae have numerous spines in longitudinal rows. They jump and fly readily when disturbed.

Colladonus (Nielson 1957) contains nearly 70 species, most of which are western. Generally they are yellowish brown and about 5 mm long. Several are vectors of plant viruses. Some occur on forest trees but fortunately none of them is implicated as a vector of a tree disease. C. tahotus Ball (fig. 42), the adult of which feeds on the needles of Pinus ponderosa, is recorded from Colorado, Arizona, California, Oregon, Washington, Idaho, and British Columbia. C. ponderosus Ball and C. beameri (Ball) feed on pine in Arizona, and C. cachellus Ball feeds on Juniperus calif ornica in California.

e-521915

FIGURE 42.-Adult of a leafhopper,
Colladonus tahotus, 5 mm long.
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The rose leafhopper, Edwardsiana [Typhlocyba] rosae (L.), occurs extensively in western North America and in many other parts of the world (Metcalf et al. 1927-71) . Rose and apple are preferred hosts, but cottonwood, elm, maple, oak, and many other plants are fed upon. The adults are 3.5 mm long. Adults and nymphs are slender and yellowish white. They feed on the under​side of leaves causing them to become mottled and to drop prema​turely. There are two generations annually. This pest of orna​mentals is readily controlled by spraying.

The genus Koebelia (Oman 1971) contains four species, all of which live on Pinus in western North America. None is recorded as a forest pest. K. californica Baker is the most generally dis​tributed, occurring from southern California to southern British Columbia and eastward to Idaho. Pinus contorta and P. radiata are hosts. The adults are 5.5 to 7.0 mm long, mottled brown and gray, and have numerous tubercles on the forewings.

The whitebanded elm leafhopper, Scaphoideus luteolus Van Duzee (Nielson 1968) , is the only known vector of phloem necrosis of American and winged elm in the south central United States. The adults are about 5 mm long, golden brown with a few irregu​lar ivory spots on the elytra. This insect apparently does not occur west of Kansas and Nebraska, a fact that may limit the westward spread of the disease.

SUBORDER-STERNORHYNCHI, FUSED BEAKS

SUPERFAMILY PSYLLOIDEA

This superfamily contains one family, the Psyllidae.

FAMILY PSYLLIDAE-JUMPING PLANTLICE OR PSYLLIDS

There are about 150 North American species of jumping plant-lice or psyllids (Essig 1926, Kitching 1971, Tuthill 1943), many of which occur on western trees and shrubs. Adult psyllids resemble cicadas, but are about the size of aphids. Contrasted with aphids, they have stouter legs adapted for jumping, and tougher bodies. The nymphs are flat with conspicuously large wing pads. Like the aphids, they are plant feeders. Some cause leaf galls. Two cause systemic diseases that are serious in agriculture. None is rated as a forest pest.

Several species of Pachypsylla cause blisterlike and nipple-shaped galls on the leaves of Celtis.

In the West there are numerous species of Psylla. P. americana Crawford is one of several species that feed on willow. The adults overwinter and in the spring feed on the woody twigs and lay eggs in the catkins and expanding leaves on which the nymphs feed.
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Upon completing development in late spring they leave the willows and often are collected on pine where at least some overwinter. Apparently there is one generation annually. P. alni (L.) occurs on alder from Arizona north into British Columbia and Alberta.

SUPERFAMILY APHIDOIDEA

This superfamily consists principally of the Aphididae and the Phylloxeridae.

FAMILY APHIDIDAE-APHIDS OR PLANTLICE

Aphids or plantlice are small, soft-bodied, generally gregarious insects. They range from almost colorless to green, yellow, or black. A pair of tubelike, truncate, or porelike structures (corni​cles) on the upper side of the fifth or sixth abdominal segments of most aphids is an identifying character. Adults may be wing​less, or may have four clear or cloudy wings with few veins. The front pair is considerably larger. Specimens must be mounted on slides and examined by microscope for specific identification. The mounting procedure is described by Essig (1948). Aphids of Colorado and adjacent areas are described, illustrated, and keyed by Palmer (1952). The aphids and their hosts in British Columbia are listed by Forbes et al. (1973) .

Typically, aphids have several generations annually, mostly parthenogenetic. The last seasonal generation usually is sexual. Most species overwinter in the egg stage. Some species require two kinds of plant hosts.

Aphids have piercing mouth parts through which they feed on the sap of plants, attacking foliage, buds, flowers, fruit, twigs, and roots. They secrete honeydew which attracts ants and other insects, and is a fertile growth medium for sooty mold. Many aphids are serious pests of agricultural crops, some by transmit​ting virus diseases. Numerous species of aphids attack forest trees but few are known to be economically important. Some are significant pests of ornamental trees. Aphid populations fluctuate widely and quickly. The effects of parasites, predators, and patho​gens are reviewed by Hagen and van den Bosch (1968).

The common birch aphid, Calaphis betulaecolens (Fitch) (Essig 1926) is a large green species that feeds on the leaves of various birches countrywide. It resembles Euceraphis punctipennis and, like it, is a pest on ornamentals.

Chaitophorus (Richards 1972) contains 32 species in North America, about half of them in the West. They resemble Pe​riphyllus but feed only on Populus and Salix. Sometimes they severely infest ornamentals, but they are not recorded as forest pests.
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The poplar leaf aphid, Chaitophorus populicola Thomas, is a cloudy-winged species that occurs in all the Western Provinces, Colorado, and Utah. It feeds on the apical twigs and developing leaves of native poplars, sometimes causing noticeable leaf drop in aspen stands.

The giant conifer aphids, Cinara, are long-legged, dark-colored aphids that are naked or are lightly covered with powdery wax. They range in length from about 2 to 5 mm. There are about 175 species in the world, mostly in North America, many in the West. Feeding sites, location of eggs, and species of host tree are useful aids in identification. Bradley (1961) developed a key to the spe​cies in Canada and listed the species of the world and their hosts.

All Cinara feed on conifers, mostly on twigs and branches but also on the trunk and roots. Most species are restricted to a single genus of tree ; many attack only one species. None has an alter​nate host. Most Cinara feed gregariously, often in large groups (fig. 43). A few are solitary. Heavy infestations cause yellowing of the foliage and reduce tree growth, especially on young trees. The copious flow of honeydew often causes sooty unsightly mold to develop on the foliage. Cinara commonly are tended by Formica, Camponotus, and other ants which sometimes contribute to the damage by chewing on the trees.

	
	F-5219I6 FIGURE 43.-Colony of giant conifer aphids (Cinara sp.) and an attending carpenter ant (Camponotus sp.) on Douglas-fir; aphids, up to 3.0 mm long.
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There are several generations annually. Winter is spent in the egg stage on needles and bark. In the summer generations, except the last one, females give birth to living young.

Cinara are seldom recorded in survey reports, hence informa​tion on their distribution, abundance, and effects is scant. C. pseudotaxifoliae Palmer, attended by Formica and Camponotus, has caused reduced growth of young Douglas-firs in western Washington by feeding on the stem and root crown (Johnson 1965). Cinara tujafilina (Del Guercio) is a European species that has become a pest of ornamental Thuja, Cupressus, and Cha​maecyparis in southern California (Brown and Eads 1967). It feeds both on the stems and roots. The bow-legged fir aphid, Cinara curvipes (Patch) occurs in California, Oregon, Colorado, and Utah and is reported to attack several species of fir, Engel​mann spruce, and deodar cedar. On the latter it is an important pest of ornamentals in California. Some other representative spe​cies of Cinara and their varied hosts are :

Species
Hosts

C. coloradensis (Gillette)
Picea engelmannii, P. pungens, and P. sitchensis

C. fornacula Hottes
Picea pungens, P. engelmannii,

green spruce aphid
P. glauca, and P. mariana

C. laricifoliae (Wilson)
Larix occidentalis

C. occidentalis (Davidson)
Abies lasiocarpa, A. concolor, and A. grandis

C. oregonensis (Wilson)
Pinus contorta and P. ponderosa (cones)

C. pergandei (Wilson)
Pinus contorta and P. banksiana

C. ponderosae (Williams)
Pinus ponderosa

C. sabinae (Gillette and Palmer)
Juniperus scopulorum

C. tsugae Bradley
Tsuga heterophylla

The painted maple aphid, Drepanaphis acerifoliae (Thomas) feeds on the leaves of various maples extensively in the West. The wing veins are dusky margined. Terminal abdominal seg​ments of the unwinged adult are elongate.

The spruce aphid, Elatobium abietinum (Walker), previously placed in Neomyzaphis, feeds almost exclusively on spruce, but has been recorded on pine and Douglas-fir. It is presumed to be native to Europe (Bejer-Petersen 1962). In North America it occurs from Alaska to California on Sitka spruce (Holms and Ruth 1968). Extensive killing of spruce along the Pacific coast has been attributed to sporadic outbreaks of this aphid, but more
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recent indications are that it is only one of the causes contributing to the killing. The aphid is a serious pest of ornamental spruce. Its biology and natural control have been studied in detail in Europe (Scheller 1963), but not in North America.

In western North America only the parthenogenetic form is known. Adults (fig. 44A,B) are 1 to 1.5 mm long, olive green, and predominantly wingless. The nymphs (fig. 44C) are lighter green. There are several generations annually. Populations reach a peak during late winter and early spring and practically disappear in summer.

The spruce aphid feeds gregariously, sucking sap from the old needles. It is seldom seen because of its small size, needlelike color, and early feeding habit. The lower and more shaded por- tions of the crown are most subject to injury. On heavily infested trees practically all the old foliage fades slightly, then drops before the new needles begin to expand. The new needles are not fed upon appreciably by the aphid until the next year. Epidemics in the forest are sporadic and short-term. Damage to ornamentals seems to occur more frequently. Starvation and predation are rated as effective natural controls in Europe (Hussey 1952). Chemical control to be effective must be applied in March and April.

r 521917, F-521918, F-521919

FIGURE 44.-Spruce aphid (Elatobium abietinum): A, Winged adult, 1.5 mm long; B, wingless adult, 1.25 mm long; C, nymphs, 1 mm long, feeding on Sitka spruce needle.

Several woolly aphids of the genus Eriosoma feed on elm and alternately on other hosts, sucking sap from leaves (fig. 45), twigs, trunks, or roots. They are pests on ornamental elms, secret​ ing honeydew and weakening heavily attacked trees. The eulophid parasite, Aphelinus mali (Haldeman), effectively controls E. lani​ gerum in British Columbia. The western Eriosoma (Baker and Davidson 1916, 1917; Essig 1926; Palmer 1952) are listed in table 5.
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F-500798

FIGURE 45.-Woolly elm aphid (Eriosoma americanum) damage indicated by leaf curl on American elm. Note lady beetle feeding on aphids.

Table 5.
Hosts, habits, and distribution of
western species of Eriosoma

Species
Habit and
Habit and
Distribution

winter host
summer host

E. americanum (Riley)
Curls leaves of
Infests roots,
Extensively

woolly elm aphid
Ulmus americana lower trunk, and
in the West leaves of

Amelanchier

E. crataegi (Oestlund)
Infests leaves and Infests stems of
Colo.

twigs of Ulmus
Crataegus

E. lanigerum (Hausmann) Causes leaf-cluster Forms galls on
Extensively

woolly apple aphid
galls on Ulmus
branches, trunk,
in the West and roots of

Malus and other

Rosaceae

E. pyricola Baker and
Causes spiral gall Infests small roots Wash. to

Davidson
on leaves of
of Pyrus
Calif.

woolly pear aphid
Ulmus americana

E. rileyi (Thomas)
Infests trunk and None
Colo. to

woolly elm bark
roots of Ulmus
N. Mex.

aphid
americana

E. ulmi (L.)
Curls leaves of
Ribes
British

European elm leafcurl
Ulmus
Columbia,

aphid
Oreg., Colo.
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Essigella, with 20 species, is predominantly western (Hottes 1957). All feed on needles of conifers, principally pine. The Mon​terey pine aphid, E. calif ornica (Essig), attacks Pinus ponderosa, P. radiata, and P. coulteri in California (Brown and Eads 1967). It is light green, slender, about 1.5 mm long, and has relatively long legs. It moves rapidly and often feeds alone rather than in colonies. E. gillettei Hottes, one of several species confused in the literature with E. californica, occurs in California, Oregon, and Colorado, and attacks Pinus ponderosa, P. contorta, P. radiata, and P. albicaulis. E. pergandei Hottes occurs on Abies concolor and E. wilsoni Hottes on Pseudotsuga menziesii.

The European birch aphid, Euceraphis punctipennis (Zetter​stedt) ( = betulae (Koch) ) (Essig 1926), is a large green and black species with a powdery wax covering which distinguishes it, from Calaphis betulaecolens. In the West E. punctipennis ranges from British Columbia to California to Colorado. It feeds on the underside of the leaves and produces honeydew in quantity, thus being a pest on ornamentals.

The giant willow aphid, Lachnus salignus (Gmelin), is a grayish-black species that resembles Cinara but attacks only willow. It occurs on the bark in large colonies in Colorado, Utah, and New Mexico.

The balsam twig aphid, Mindarus abietinus Koch, is a trans​continental species that occurs extensively and abundantly in the Pacific coast and Rocky Mountain regions of the United States and Canada. In the West it is reported on Abies concolor, A. amabilis, A. grandis, A. lasiocarpa, and Picea pungens. It is greenish yellow, powdery, winged or wingless, and 1.0 to 2.0 mm long. It feeds on the developing new needles and twigs causing them to twist (fig. 46). Needle drop, stunting, and twig distortion makes trees valueless as Christmas trees for 2 to 3 years follow​ing attack (Dawson 1971, Saunders 1969). It has several genera​tions annually. In western Washington it becomes most abundant in June and July and then apparently disappears from fir.

The species of Pemphigus live in true galls on the leaves and twigs of Populus as winter host. Presumably all have alternate herbaceous hosts. The poplar petiolegall aphid, P. populitrans​versus Riley, forms a spherical, green gall with a transverse slit on the petiole of poplar leaves and also is a root-infesting pest of cruciferous crops. The sugarbeet root aphid, P. populivenae Fitch, forms an elongate gall on the midvein on the upper side of poplar leaves and attacks the roots of sugar beets. Harper (1959)
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FIGURE 46.-Balsam twig aphid (Mindarus abietinus) on grand fir: A, Needles of current year's growth deformed by feeding aphids; B, waxy wool, nymphs and adults on the foliage.

keys the species in Alberta and Palmer (1952) the ones in Colo​rado.

Aphids of the genus Periphyllus (Richards 1972) feed on the leaves of Acer and are pests of ornamentals. They are green to brown, 2 to 3 mm long, and most forms have abundant spinelike hairs. The life cycle is complex, involving up to 17 different forms, as in P. californiensis (Shinji), an oriental species despite its name. Essig and Abernathy (1952) discuss the biology and tax​onomy of the species, including the following which occur in the West :


Species
Hosts
Distribution


P. americanus (Baker),
Acer spp. includ-
Idaho and Utah


American maple aphid
ing glabrum


P. brevispinosus Gillette
Acer glabrum
Colo., Utah, Idaho,


and Palmer,
British Columbia, and


Colorado maple aphid
Alberta

P. californiensis (Shinji) ,
Acer spp.
Calif., north to British


California maple aphid
Columbia


P. lyropictus (Kessler),
Acer platanoides
British Columbia to


Norway maple aphid
and Acer spp.
Calif., Colo., and Utah
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Species
Hosts
Distribution


P. negundinis (Thomas),
Acer negundo  
Saskatchewan, Alberta,

boxelder aphid
 British Columbia, Wash., Calif., Colo., and other    Western States


P. testudinacea (Fernie) ,
Acer spp. includ-  
Alaska and British

European maple     aphid
ing macrophyllum                         Columbia to Calif.


Species of Prociphilus feed on corky roots of conifers and usu​ally are attended by ants (Smith 1969). On their primary hosts, broad-leaved trees and shrubs, they form false galls, mostly on leaves, in which all forms live together. All are covered with white cottony wax. P. americanus (Walker) is a large species that feeds on roots of noble fir reproduction in Oregon (Zak 1965) and also is reported on Douglas-fir. Ash is its primary host.

Pterocallis alni (De Geer) is a greenish-yellow aphid that occurs widely in Europe and North America on alder (Richards 1965), feeding on the tender, terminal shoots. In British Columbia it attacks Alnus rubra.

Rhizomaria [Pemphigus] piceae (Hartig) feeds on mycorrhizae of second-growth Douglas-fir in western Oregon (Zak 1965) and has been collected on spruce in Colorado and Utah. The aphids, mostly wingless, feed in small colonies and are covered with cottony wax (fig. 47) . The same, or a closely related species, feeds

	
	F-521921 FIGURE 47.-Wingless aphids, probably Rhizomaria pi​ceae, feeding on mycorrhi​zae; aphids, 1.75 mm long.
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on mycorrhizae of western hemlock and Sitka spruce in Oregon.

There are five species of Schizolachnus in the West (Hottes 1956). All feed on needles of pine. None is a significant forest pest. The best known is the woolly pine needle aphid, S. pini​radiatae (Davidson), which occurs from coast to coast and from British Columbia to New Mexico (Grobler 1962). Pinus ponderosa, P. radiata, and P. contorta are attacked. The shiny black eggs are in clusters of four, end to end on the needles. The aphids are dark green, long-legged, and covered with cottony wax. They line up on the needles single file, all headed in one direction. There are several generations annually. S. pineti (F.) is an introduced species reported on ornamental pines in California and Oregon.

Several species of Tuberculatus attack oaks in the West, feeding on the underside of leaves. T. columbiae Richards on Quercus garryana in British Columbia is an example (Richards 1965).

FAMILY PHYLLOXERIDAE (CHERMIDAE)-GALL APHIDS AND BARK APHIDS

The gall aphids and bark aphids (Annand 1928, Carter 1971), at times known as Chermidae and Adelgidae, contains Adelges [Chermes] and Pineus. They attack conifers only. Adelges has five pairs of abdominal spiracles; Pineus has four pairs. The genera and species are very similar in appearance and sometimes occur in mixture. They can be positively identified only by micro​scopic examination. On spruce, Adelges causes cone-shaped galls on the twigs. On other hosts, Adelges and Pineus occur as white, cottony tufts on the bark of the trunk, branches, twigs, needles, and cones, the location varying with the insect species. Hosts, part of the tree affected, and distribution as they apply to the West, are listed in table 6. Adelges piceae (Ratzeburg) is a major forest pest. Several other species are economically damaging, especially on ornamentals and on young forest trees.

The life cycle is complex (fig. 48). For some species there are up to six kinds of egg-laying adults. The sexual form, if present, always develops on spruce which is considered to be the primary host. The asexual forms feed upon Abies, Larix, Pinus, Pseudo​tsuga, and Tsuga which are secondary hosts. Some species alter​nate between host trees ; others live only on the primary or upon the secondary host.

In general, control by spraying is best accomplished when directed against the immature stages, particularly in spring.
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FIGURE 48.-Diagram of a generalized life history of Adelges cooleyi.

The eastern spruce gall aphid, Adelges abietis (L.), was intro​ duced from Europe into eastern North America. It now occurs on both native and ornamental spruce in Saskatchewan and Brit​ ish Columbia.

The Cooley spruce gall aphid, Adelges cooleyi (Gillette) (Chrys​ tal 1916, Cumming 1959) , is the most prevalent of the phylloxerids that cause cone-shaped galls on spruce twigs in the West. This insect also has become widely established in eastern North Amer​ ica and in Europe. The galls are of little importance under normal forest conditions. On seedlings and saplings in nurseries and plantations and on ornamental trees, they are of consequence because they kill the tips of branches and tend to stunt and deform the trees. The galls are from 12 to 75 mm long, light green to dark purple, and are formed by the growing together of the basal portion of the needles so as to form chambers between the base of the needles and the stem (fig. 49A). These chambers, which are separate, usually contain from 3 to 30 small wingless aphids covered with a white waxy coating and also a very few winged ones. The galls turn brown, dry, and hard after the insects have escaped, and they may persist for many years.

On Douglas-fir, the alternate host, A. cooleyi settles on the new needles, new shoots, and developing cones where white cottony tufts mark its presence (fig. 49B) . The infested needles become twisted and yellowish. Severe infestations on poor sites cause
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Table 6.-Adelges and Pineus species: Hosts, parts attacked,
and distribution in Western North America

Insect
Primary host 1
Secondary host 2 and
Distri-

parts attacked
bution

Adelges
Picea engelmannii
British

abietis P. glauca Columbia and Sas​katchewan

A.
Picea engelmannii Pseudotsuga menziesii Needles
Alberta,

cooleyi
P. sitchensis
and
British

P. pungens
cones
Columbia,

P. glauca
Wash.,

P. breweriana
Oreg., Calif., Idaho, Mont., Wyo., Colo., Utah, and Alaska

A.
Picea glauca
Larix laricina
Buds
Alberta

lariciatus
P. mariana
and
and Sas-

P. pungens
L. lyalli
cones
katchewan

A.
Picea (in Europe) Abies nordmanniana
Bole,
British

nusslini
A. procera
branches, Columbia

twigs,
and Calif. and

needles

A.
Larix occidentalis
Twigs
British

oregonensis
and
Columbia,

needles
Wash., Oreg., and Mont.

A.
Abies amabilis
Bole,
British

piceae
A. grandis
branches, Columbia,

A. lasiocarpa
twigs,
Wash.,

and others
and buds and Oreg.

A.
Picea mariana
Larix (in Europe)
Needles
Alberta

strobilobius
and

twigs

A.
Tsuga heterophylla
Bole,
British

tsugae
branches, Columbia,

and
Wash.,

twigs
Oreg., and Calif.
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Table 6.-Adelges and Pineus species: Hosts, parts attacked,
and distribution in Western North America-Continued

Insect
Primary host'
Secondary host 2 and
Distri-

parts attacked
bution

Pineus
Abies amabilis
Bole
British

abietinus
A. grandis
and
Columbia

A. lasiocarpa
branches and Wash.

P.
Pinus radiata
Bole,
Calif.

borneri
branches, and

twigs

P.
Picea engelmannii
Mont. and

boycei
Oreg.

P.
Pinus contorta
Needles
Wash.,

coloradensis
P. edulis
and
Oreg.,

P. lambertiana
twigs
Calif., and

P. monophylla
Colo. P. monticola

P. ponderosa

P. jeffreyi

P.
Picea engelmannii Pinus monticola
Twigs
British

pinifoliae
P. sitchensis
and
Columbia,

P. pungens
needles
Wash., Oreg., Calif., Idaho, Mont., and Colo.

P.
Picea engelmannii
British

similis
P. pungens
Columbia,

P. mariana
Oreg.,

P. glauca
Colo., Alberta, Utah, and Saskatch​ewan

P.
Pinus
Bole,
Calif., on

strobi
branches, orna-

and
mentals twigs

Hosts (Picea species) on which sexual forms of these insects occur, forming cone-shaped galls on twigs; western hosts except as indicated.

Hosts on which asexual forms occur; cottony tufts are the usual evidence of attack.
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heavy shedding of foliage. Some clones of Douglas-fir apparently are more resistant than others. The discoloration and shedding can be very damaging on Christmas tree areas, necessitating control.

The entire life cycle requires 2 years. There are six stages in addition to the eggs and crawlers when both host trees are present. In Alberta and Saskatchewan an abbreviated parthenogenetic cycle is completed in 1 year entirely on the needles of spruce (Cumming 1962b). A parthenogenetic cycle of two generations annually is common on the needles of Douglas-fir where spruce is scarce or absent. Cone galls on spruce are formed only where Douglas-fir is present.

Control of A. cooleyi, either on spruce or Douglas-fir, may be obtained by spraying early in the spring.

Adelges lariciatus (Patch) (Cumming 1968) is an eastern spe​cies that extends westward into Alberta. On spruce it forms a globular gall that usually only partly surrounds the twig which sometimes continues to grow beyond the gall. On larch it attacks the buds and cones.

Adelges nusslini (BOrner), known also as A. nordmannianae (Eckstein) (Carter 1971), is a European species very similar to A. piceae but differing in that it develops both on fir and spruce.
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A. niisslini has been recorded on ornamentals in British Columbia and California.

The western larch woolly aphid, Adelges oregonensis Annand, feeds on the twigs and base of the needles of western larch. No primary host is recorded. Young, open-grown trees seem to be pre​ferred and at times are heavily attacked. The white woolly masses on the twigs resemble those of A. tsugae.

The balsam woolly aphid, Adelges piceae (Ratzeburg) (Mitchell et al. 1970), is a European species that has become widely estab​lished in North America where it is highly destructive to several species of true fir. In the West it is a major forest pest, having killed and damaged Pacific silver fir, subalpine fir, and grand fir extensively in Oregon and Washington, both in commercial for​ests and on recreation areas. During the late 1950's an outbreak in southwestern Washington killed an estimated 1.5 billion fbm of timber, much of which could not be salvaged (Johnson et al. 1963). This insect also poses a threat in British Columbia where it occurs both in the forest and in ornamental plantings.

A. piceae (fig. 50) feeds on the stem, branches, and twigs. Dur​ing feeding it injects a salivary substance into the tree which causes calluses and gall-like formations on the twigs and branches. On the bole, dense red rings similar to compression wood are formed. Bole infestations may be very heavy and are easily de​tected by the white wool (fig. 50D) . Such infestations usually kill the tree in a few years. Branch and twig infestations often cause gouting which progressively weakens a tree over a long period of years.

There are two to four generations per year in the West, all on true fir. Distribution apparently is mostly by wind during the crawler stage. All individuals are females, hence it only takes one to form a new colony.

A large-scale effort has been made to control this insect by importing and colonizing its insect predators. Five species have become established but have not given economic control (Mitchell 1965) . A beetle, Laricobius erichsonii, and a midge, Aphidoletes thompsoni, appear to be the most effective. Chemical control by spraying is possible on ornamentals but impractical in the forest.

The larch woolly aphid, Adelges strobilobius (Kaltenbach), known also as A. laricis Vallot (Carter 1971), is a European species now established westward into Alberta in North America. On spruce it causes small globular terminal galls. On larch it feeds on the twigs and needles.

The hemlock woolly aphid, Adelges tsugae Annand, known also as A. funitecta (Dreyfus) (Carter 1971) (fig. 51), appears as
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F-521924, F-521925, F-521926, F-521927

FIGURE 50.-Balsam woolly aphid (Adelges pieeae): A, Heavy infestation of crawlers on terminal shoot of grand fir; B, gouting of twigs on grand fir; C, cottony masses surrounding aphids, greatly magnified; D, bole infestation on subalpine fir.

white, cottony tufts on the bark and on the twigs among the needles of western hemlock. It is of little consequence in the for- est but seriously weakens and sometimes kills ornamental trees.

Pineus abietinus Underwood and Balch (Johnson 1959) attacks the bole and branches of Abies amabilis, A. grandis, and A. lasio- carpa in British Columbia and Washington without causing appre- ciable damage. It closely resembles the balsam woolly aphid but does not cause gouting. The wax secretions of the first-instar larva of P. abietinus are threadlike and those of Adelges piceae are ribbonlike.

Pineus boycei Annand causes galls on Engelmann spruce similar to those of P. pinifoliae. The needles with enlarged bases are
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F-521928

FIGURE 51.-Hemlock woolly aphid (Adelges tsugae) in cottony masses on western hemlock twig.

pressed closely against the twigs and form intercommunicating chambers in which about 15 nymphs are found. The alternate host is not known.

Pineus coloradensis (Gillette) feeds on the needles and twigs of many western pines. The white, waxy secretions, similar to those of Adelges tsugae, often are conspicuous on young ponderosa and lodgepole pines. The foliage of heavily attacked trees becomes yellowish and presumably growth is retarded. Quantitative studies of the effects are not recorded.

The pine leaf chermid, Pineus pinifoliae (Fitch) (Balch and Underwood 1950, Dimond and Bishop 1968), is transcontinental. On spruce it forms loose, terminal, cone-shaped galls somewhat similar to those of Adelges cooleyi, except that the poorly-formed chambers are intercommunicating and contain only one or two young in each chamber, and when the insects emerge the galls flare open and the scales drop from the twigs. These galls are unimportant except on ornamentals where they may be consid​ered unsightly. P. pinifoliae may weaken and even kill western white pine seedlings to the extent that control measures are needed. On western white pine it is easily recognized by the whit-
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ish-gray, waxy secretion that develops on the bark and needles. The attacked foliage is apt to be sparse and stunted ; the needles fall prematurely, and the fascicles or bundle sheaths are left pro​truding from the limbs as short spurs. The adults appear as little, hemispherical, brown scales 1.5 mm in diameter with a fringe of white hairs. Hazard to pine stands can be decreased by reducing the amount of spruce.

The biology of the widely distributed but infrequently observed Pineus similis (Gillette) is recorded by Cumming (1962a).

The pine bark aphid, Pineus strobi (Hartig), and P. bOrneri Annand also occur in the West.

SUPERFAMILY ALEYRODOIDEA

This superfamily contains one family, the Aleyrodidae. FAMILY ALEYRODIDAE-WHITEFLIES

Whiteflies (Essig 1926) are related to aphids and scale insects. Generally they are about 1 mm long. The adults are winged and covered with a snowy white powder. The nymphs resemble scale insects but do not have a separate shell-like covering. They are naked or covered with waxy material and secrete honeydew which becomes blackened by mold. They feed on leaves and are prin​cipally greenhouse and garden pests. A few attack trees and shrubs. None is a forest pest.

The crown whitefly, Aleuroplatus coronatus (Quaintance) (Brown and Eads 1965a), feeds on oaks and tanoak in California (fig. 52). It prefers coast live oak. The immature forms are about 1 mm long, black, and crowned with broad, white, waxy plates. They feed on the lower surface of leaves, sometimes causing them to fall prematurely. On warm days from February to April the white, flying adults may be so abundant as to resemble a snow flurry. There is one brood annually. The crown whitefly is a pest of ornamentals and sometimes is a nuisance in flight. Spraying shortly before emergence or just after egg-laying is recommended for control.

The rhododendron whitefly, Dialeurodes chittendeni Laing (Latta 1937), is an introduced pest of ornamental rhododendrons in western Washington and British Columbia. It feeds on the under surface of the leaves, causing them to become mottled. An associated sooty mold contributes to the damage. There is one generation annually. Second- and third-instar larvae overwinter. Spraying in the fall before frost is recommended. The underside of the leaves must be thoroughly wet by the spray.

The greenhouse whitefly, Trialeurodes vaporariorum (West​wood) (Russell 1948), is a troublesome pest in greenhouses and                110
gardens, attacking a wide range of plants including madrone, ash, manzanita, and ceanothus. It is not a forest pest.

SUPERFAMILY COCCOIDEA

This superfamily (Ferris 1937-61) consists of the scale insects, including the mealybugs. The scales are one of the most abundant and variable groups of sap-sucking enemies of plants. They cause great damage to agricultural plants. Seven families of scales con- tain species of significance in western forestry. A few are import- ant pests. The young are small, inconspicuous, and mobile, but after they become attached to a plant they often lose the power of locomotion. Most of them develop a waxy or shell-like covering and remain fixed in one position until they die. The female causes practically all the injury to plants. The adult males usually have wings, eyes, antennae, and legs, but no functional mouth parts and so cannot feed. Males live only a short time and are rarely seen.

As a rule, scales are most abundant on trees growing under adverse conditions or in situations unfavorable to their natural enemies. Chemical sprays give effective control on ornamentals but rarely are they needed in the forest.
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FIGURE 52.-Crown whitefly (Aleuroplatus coronatus) on lower leaf surface
of coast live oak: Eggs and adult, latter 1.1 mm long.

FAMILY ASTEROLECANIIDAE-PIT SCALES

The body covering of the pit scales is membranous. Adult females have no legs. Some species feed in pits formed by swelling of plant tissue around them, hence their common name.

Asterolecanium contains about 150 species in the world (Russell 1941). Three species attacking oak have been introduced into California from Europe. The most abundant and damaging of these is A. minus Lindinger which attacks Quercus lobata, Q. douglasii, Q. agrifolia, and Q. kelloggi (Pritchard and Beer 1950). It can seriously weaken a tree by killing twigs and branches. Such killing shows up in late summer.

There is one generation a year. Emergence of the crawlers begins in late April and continues until late September. Pits are formed where they settle and feed. Males are unknown. Chemical control is effective from late April until early June (Koehler 1964).

FAMILY COCCIDAE-SOFT SCALES

The Coccidae are soft, convex, generally spherical scales that settle on twigs and branches and sometimes the leaves. Frequently troublesome on ornamental trees and shrubs, they are minor pests in the forest.

The European fruit lecanium, Lecanium [Eulecanium] corni Bouche, occurs throughout the United States and in southern Canada. It is an economic pest of fruit trees and also attacks many broad-leaved forest and ornamental trees such as alder, elm, maple, poplar, and willow. It has many shapes, sizes, and colors. Typically the mature female is hemispherical, smooth, shiny brown, 3 to 5 mm long, and often is clustered in large numbers on small branches. There is one generation a year. The chalcid parasite, Blastothrix sericea (Dalman), introduced in 1928 from England, is reported to have controlled L. corni effectively in British Columbia (Turnbull and Chant 1961) .

The Monterey pine scale, Physokermes insignicola (Craw) (Brown and Eads 1967, Burke 1937), attacks Monterey pine and other pines in California. Young trees are most seriously affected. P. insignicola resembles Toumeyella pinicola in appearance and habits. The adult females are semiglobular, brown to black, smooth, and 4 to 6 mm in diameter. The young settle first on the needles. Later the females attach themselves to the twigs between the bases of the needles and complete development there. Heavy deposits of honeydew and sooty fungus often obscure them.

The spruce bud scale, Physokermes piceae (Schrank) , (Fenton 1917) is a European species first reported in the Eastern United States in 1906. It now attacks spruce westward to Alberta and the Northwest Territories and has been recorded in California.
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Pine also is a recorded host. Lower branches may be killed by it. The adult female is semiglobular, brown, 1.5 to 3 mm long, and closely resembles a bud. The young settle on the needles. In the spring the females migrate to the twigs and complete development there. They produce abundant honeydew. There is one generation a year.

The cottony maple scale, Pulvinaria innumerabilis (Rathvon) (Essig 1926, Weigel and Baumhofer 1948), occurs throughout the United States and Southern Canada on broad-leaved trees and shrubs, including maple, alder, elm, poplar, willow, and many others. It is a pest of ornamentals. Honeydew and sooty fungus accompany heavy infestations. The winter is spent as partly grown, oval, flat, generally brown scales on twigs and branches. In the spring an elongate white cottony egg sac two or three times the length of the scale is produced. Length overall, including the egg sac, is 5 to 6 mm. Most of the young settle on the leaves until fall when they migrate back to the twigs. There is one generation a year.

The cottony camellia scale, Pulvinaria floccif era (Westwood), of similar appearance and habits, is a pest of holly and camellia.

Two species of Toumeyella sometimes are troublesome pests of ornamental pines in the West, but they generally are of less con​cern in the forest.

The pine tortoise scale, Toumeyella numismaticum (Pettit and McDaniel) (Wilson 1971a), is primarily eastern, but it ranges into Nebraska, the Dakotas, and Manitoba. It attacks jack pine, Scotch pine, and red pine but apparently not ponderosa pine. Heaviest damage occurs on seedlings and young saplings, although pole stands are sometimes severely attacked. Heavy attack kills branches or entire trees. Trees may die in one or two seasons of heavy attack.

The immature females are wrinkled and dark brown to black. When mature, they are reddish brown, oval and convex, and about 6 mm long. Males are winged. A sooty mold is associated with heavy infestations. The crawler stage is dispersed largely by wind. The crawlers of both sexes settle upon the twigs and develop there, often in conspicuous clusters. There are one or two genera​tions per year depending upon temperatures.

The irregular pine scale, Toumeyella pinicola Ferris, (Kattoulas and Koehler 1965) , is the most damaging scale on ornamental pines in coastal California. It attacks Pinus radiata, P. muricata, P. attenuate, and some exotic species. Severely infested trees make little growth and young trees may be killed by repeated heavy infestation.
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The irregular pine scale has one generation a year. The insect overwinters as partially grown female nymphs. The females each produce upward of 1,000 young. The orange-yellow crawlers hatch from February to May. Female-producing crawlers settle upon the twigs at the base of the needle fascicles. Most of the male-producing crawlers settle upon the needles. The adult female is hemispherical, wrinkled, and gray to brown (fig. 53A). The male is elongate oval, rather flattened with a raised central ridge, shin​ing, and semitransparent (fig. 53B). Large concentrations of the scale are usually covered with honeydew and sooty mold and fre​quently are attended by ants.

EPQ-6002, COURTESY BROWN AND EADS (1967)

FIGURE 53.-Irregular pine scale (Toumeyella pinicola) on Monterey pine: A, Female scales, 3 mm long, on twigs; B, male cocoons, 2 mm long, on needles.

The tuliptree scale, Toumeyella liriodendri (Gmelin) (Donley and Burns 1971), is a serious pest of Liriodendron tulipif era and also attacks Magnolia and other trees in Eastern States. It has been introduced into California on ornamentals.

FAMILY DIASPIDIDAE-ARMORED SCALES

Several of the armored scales (McKenzie 1956) attack western forest trees and woody plants. A few cause significant damage but none is a major pest. The adult males are winged ; the females wingless. The females cause most of the damage and are the form
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usually seen. The body of the adult female usually lies between a thin, delicate lower scale and a thick, hard upper scale. The armored scales vary greatly in shape, surface character, and color.

The redwood scale, Aonidia shastae (Coleman) (McKenzie 1956) , feeds on the foliage of Sequoia sempervirens, S. gigantea, Libocedrus decurrens, Cupressus, and Juniperus. It is recorded in California and Utah. The cone-shaped adult female scale is about 1 mm in diameter and resembles a droplet of hardened pitch on cypress foliage. Damage is inconsequential.

The juniper scale, Carulaspis juniperi (Bouche) (Brown and Eads 1967, Weigel and Baumhofer 1948) , also known as Diaspis carueli (Targioni-Tozzetti), is a European species now distrib​uted throughout the United States and Southern Canada. It feeds upon Juniperus, Chamaecyparis, Cryptomeria, Cupressus, Libo​cedrus, and Thuja. It attacks the leaves, twigs, branches, and cones, causing the foliage to become sickly yellow, and sometimes it kills branches, and even entire trees. Sooty black mold often is present. The female scale is round, convex, grayish white with an off-center yellowish nipple, and about 1 mm in diameter (fig. 54). The male is smaller and narrow with a ridge down the cen​ter. There is one generation a year. Control is most effective against the crawlers in spring.

The pine needle scale, Chionaspis [Phenacaspis] pinifoliae (Fitch) (Cumming 1953) (fig. 55) , occurs widely in North Amer​ica, often in mixture with Nuculaspis californica. Often distrib​uted on planting stock, it is dispersed locally in the crawler stage by wind. In the West it attacks all species of pine and sometimes Douglas-fir, spruce, and cedar. Frequently a pest of ornamentals, and trees in shelterbelts, this scale sometimes is a forest pest. Small trees, saplings, and poles, especially along dusty roads, are often so heavily infested that the foliage appears white. Sometimes it kills trees but more often weakens them and slows their growth.

	
	COURTESY BROWN AND EADS (1967) FIGURE 54. - Juniper scale (Carulaspis juniperi) adult females, 1 mm long, and smaller males, some par​tially hidden by leaflets, on a juniper twig.
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F-521929

FIGURE 55.-Pine needle scales (Chionaspis pinif oliae), 2.0 to 2.5 mm long, on ponder​osa pine needles.

At Tahoe, California, a severe infestation developed on 1,200 acres of pine following spraying to control mosquitoes.

Eggs are rusty brown. The scale covering the adult, wingless, dark orange females is white, 2.5 mm long, elongate oval, and with yellowish apical exuviae. The armored covering of the male is about one-third as long as that of the female. Adult males are winged. There is one generation annually in Alberta and perhaps two in California. Eggs laid in the fall overwinter under the fe​male scale and hatch in the spring. Spraying is most effective when directed against the crawlers.

Diaspidiotus ehrhorni (Coleman) (McKenzie 1956) occurs on the bark of white fir, Douglas-fir, incense cedar, digger pine, and Parry pine in California, causing no appreciable damage. The mature female scale is about 1 mm in diameter, gray, flat, circu​lar, and with an off-center nipple. The male is more oval.

The oystershell scale, Lepidosaphes ulmi (L.) (Griswold 1925, Quaintance and Sasscer 1916) , presumably of European origin, now occurs throughout temperate North America. Principally a shade tree and orchard pest, this scale attacks many kinds of trees and shrubs including aspen, birch, maple, poplar, sycamore, and willow, but not conifers. It feeds primarily on the twigs, branches, and thin-barked stems and prefers shady conditions.
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Heavily attacked trees are weakened and sometimes killed. The scales, resembling tiny oystershells, often mass together (fig. 56). They are gray to purplish brown and attain a length of 3 mm. Practically all are females. Typically there is one generation annually, but there may be two. The young appear in May and June. Chemical sprays are most effective when applied against the crawlers. The predaceous mite, Hemisarcoptes malus (Shimer) , introduced from Eastern Canada is reported to reduce the abundance of oystershell scale on native vegetation in Brit​ish Columbia (Turnbull and Chant 1961).

The black araucaria scale, Lindingaspis rossi (Maskell) (Mc​Kenzie 1956), is a pest of ornamentals, Sequoia sempervirens, and Araucaria in California. It feeds on the needles causing them to turn yellow. The round to oval female is about 2 mm in diam​eter, rather flat, and has a central point of white wax. The male is smaller and more oval. The color is light to dark brown.

The black pineleaf scale, Nuculaspis [Aspidiotus] calif ornica (Coleman), (Edmunds 1973, Struble and Johnson 1964) is widely distributed in North America. It often is associated with the pine needle scale. In the West its principal hosts are ponderosa, Jef​frey, sugar, Monterey, and digger pines. It also attacks Douglas-fir. Sustained heavy infestation for several years progressively weakens and kills trees of all sizes. Seriously affected trees have

F-521930

FIGURE 56.-Oystershell scale (Lepidosaphes ulmi), 2.5 to 3.0 mm long, on bitter-brush twig.
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sparse, short foliage at the tips of the twigs (fig. 57A). Individ​ual needles are blotchy yellowish green and often are encrusted with scales. Outbreaks are commonly associated with industrial fumes, smog, dust, and spray drift. These conditions are pre​sumed to reduce the effectiveness of insect parasites, especially the chalcid, Piospaltella near aurantii (Howard), and predators. Notable outbreaks have occurred at Penticton, British Columbia; Spokane and Cashmere, Washington ; The Dalles, Oregon, and in many parts of California.

N. calif ornica feeds only on the needles. The insect is bright yellow. The scale that covers the mature female is about 2 mm long, yellowish brown to black, broadly oval in outline, broadly conical in profile, and has a central nipple (fig. 57B). The male scale is smaller and generally darker. Females outnumber males 10 to 1. In northern Washington there is one generation annually ; in southern California two or three. The minute yellow eggs are laid in masses under the scales in spring and early summer. The crawlers soon settle and develop the scalelike covering. Spraying is most effective when directed against the crawlers.

The Protodiaspis scales (McKenzie 1956) are small scales that usually occur in cracks of the bark of oaks, though some are exposed. P. agrifoliae Essig occurs on the twigs and imbedded in the leaf hairs of Quercus agrifolia in California. The armor of the female is light gray to blackish and has terminal exuviae. Damage is inconsequential.

The San Jose scale, Quadraspidiotus [Aspidiotus] perniciosus (Comstock) (Weigel and Baumhofer 1948) , is presumed to have

,

FIGURE 57.-Black pineleaf scale (Nuculaspis calif ornica) : A, Sparse short foliage resulting from persistent infestations; B, mature and nearly mature scales up to 1.75 mm long.
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been introduced from China. It is widely distributed in the West and is an important pest of apple and other fruit trees. It attacks many other trees and shrubs including alder, birch, cherry, elm, maple, poplar, and willow. It attacks the twigs, branches, and stems, often in numbers sufficient to cause branch killing and to create a problem on ornamentals. There are two to six genera​tions annually. The adult female scale is gray, circular, slightly convex with a nipple near the center, and about 1.5 mm in diam​eter. The male scale is smaller and more oval. Control is by dor​mant spray or by spraying against the crawlers in early summer.

The Kellogg scale, Stramenaspis kelloggi (Coleman) (McKen​zie 1956), is the only species in this genus. It occurs on the nee​dles of Pseudotsuga menziesii, and several species of Abies and Pinus in California. The armor is elongate but readily distinguish​able by its straw color from Chionaspis pinifoliae which occurs on the same hosts.

FAMILY ERIOCOCCIDAE

The European elm scale, Gossyparia [Eriococcus] spuria (Mo​deer) (Herbert 1924) , is a serious pest of ornamental elms in many parts of the country, particularly in the West. It was intro​duced from Europe. Heavy infestation causes premature yellow​ing and shedding of leaves and killing of twigs and branches. Small trees may be killed. Associated honeydew and black mold also are a nuisance.

The immature forms and the white male cocoons resemble mealybugs. Females predominate. Adult females are wingless and dark reddish brown with a conspicuous fringe of white cottony wax along the sides (fig. 58). Adult males may be winged and have a pair of long waxy filaments at the tail end or may have only small wing pads and no filaments. Adult females feed on branches. First- and second-stage larvae feed on leaves. The second-stage larvae overwinter on the small branches. There is one generation

	
	COURTESY BROWN AND EADS (1966) FIGURE 58.-European elm scale (Gossyparia spuria) mature females, about 3 mm long, with attending ants on Chinese elm.
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a year. Egg laying is from late May into August. Dormant sprays may be applied before the leaf buds swell. Sprays against the young crawlers are applied in midsummer.

FAMILY KERMIDAE

The Kermidae (Ferris 1937-61) is a little-known family of scales recognizable chiefly by not having characters that other related groups have.

About a dozen species of Kermes (Brown and Eads 1965a, Ferris 1937-61) attack the twigs of western oaks. They are incon​sequential even on ornamentals. Because of their appearance they are something of a curiosity. At maturity the females swell greatly, becoming globular and resembling cynipid galls. Kermes cockerelli Ehrhorn on Quercus lobata in north central California and K. nigropunctatus Ehrhorn and Cockerell on Q. agrifolia in southern California are representative species.

FAMILY MARGARODIDAE-MARGARODID SCALES

The family Margarodidae contains several important enemies of forest trees. These scales are seldom seen, hence field identifica​tion is largely based on damage, host, and distribution. Some are evidenced by white waxy secretions and by associated black mold.

Matsucoccus scales (Morrison 1939) attack only pine. They cause tip killing, branch "flagging," stunting, and needle injury. The flagging on white pines resembles the effects of white pine blister rust, hence complicates blister rust surveys. Some Matsu-coccus predispose pines to attack by bark bettles.

Matsucoccus larvae and adults are small, oval, yellow to brown, inconspicuous insects (fig. 59) which are extremely difficult to detect because they push themselves beneath the sheath of needle fascicles or bury themselves in crevices of the bark of twigs and branches, taking on the color of their environment. Ten species of these scales occur in the West. Their habits, hosts, and distribu​tion are summarized in table 7.

The pilion needle scale, Matsucoccus acalyptus Herbert (McCam​bridge 1974), is damaging to pinyon, singleleaf pinyon, and fox-tail pine in the Southwestern United States. Serious outbreaks have occurred. in Mesa Verde and Grand Canyon National Parks. Repeated infestation on large pinyon trees weakens them and subjects them to killing by Ips confuses. Small trees may be killed outright or seriously weakened as the foliage becomes thin and needle length is drastically reduced.

The adult females are motile but wingless. Males are winged. Mating (fig. 60A) occurs early in April. The yellow eggs are laid in masses held together by white cottony webbing. The egg masses
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are concentrated around the root collar, in the crotches of large branches, and along the undersides of large branches (fig. 60B). The first-stage crawlers migrate to and settle down upon the needles formed the previous year. In very heavy infestations they also feed on new foliage. The second stage formed in late August or early September is without legs. By October the second-stage larva, still attached to the needle, resembles a small black bean 1.5 mm long (fig. 60C). The winter is spent in that stage.

The ponderosa pine twig scale, Matsucoccus bisetosus Morrison (McKenzie 1942b), is rated as the most damaging of this group of scales in California. It feeds in twig axils, on twigs and branches, and on the trunks of trees of all ages. Heavily infested trees are characterized by twig killing and by needles that are short, pale, and reduced in numbers. Such trees apparently are susceptible to bark beetle attack. The motile adult female scales and winged males emerge early in the spring. The females settle singly under bark scales, secrete wax, and lay eggs. The first-stage larvae

Table 7.-Hosts and distribution of western species of Matsucoccus

Species by habit group
Hosts
Distribution

On needles:

M. acalyptus Herbert
Pinus edulis, P. monophylla,
Calif., Ariz.,

piiion needle scale
P. aristata, P. lambertiana,
N. Mex., Utah,

and P. balfouriana
Colo., Nev., and Idaho

Within needle sheath, at base of needle bundle:

M. degeneratus Morrison
Pinus ponderosa
Ariz.

M. fasciculensis Herbert
Pinus ponderosa, P. jeffreyi,
Calif. and Oreg.

needle fascicle scale
and P. sabiniana

M. secretus Morrison
Pinus ponderosa
Calif., Nev., Ariz., N. Mex., and Colo.

On bark at base of needle bundles; in axils of twigs and branches; and on small branches in bark crevices:

M. eduli Morrison
Pinus edulis
Ariz.

M. monophyllae McKenzie Pinus edulis and P. mono-
Calif.
phylla
M. paucicicatrices Morrison Pinus lambertiana, P.
Calif., Oreg.,

sugar pine scale
monticola, and P. fiexilis
Mont., and Wyo.

M. vexillorum Morrison
Pinus ponderosa
Calif., Nev.,

Prescott scale
Ariz., N. Mex., and Colo.

On twigs in bark crevices and under thick bark:

M. bisetosus Morrison
Finns ponderosa, P. jeffreyi,
Calif., Oreg., and

ponderosa pine twig
P. contorta, P. sabiniana, and Colo.

scale
P. radiata

M. californicus Morrison
Pinus.ponderosa and
Calif. and Ariz.

P. jeffreyi
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have legs. In midsummer they transform into legless pre-adults which overwinter under bark scales. The life cycle is completed in 1 year.

The Prescott scale, Matsucoccus vexillorum, Morrison (McKen​zie et al. 1948), is considered to be the primary cause of so-called twig blight which was epidemic in Arizona and New Mexico in

F-521932, F-522461, F-521933

FIGURE 60.-Pirion needle scale (Matsucoccus acalyptus) on pinyon pine:

A, Winged male, 1.5 mm long, mating with sessile female; B, egg masses

clustered at base of tree; C, early instar larvae, 1.0 to 1.5 mm long, on

needles.
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	F-521931 FIGURE 59.-Matsucoccus lar​va, about 1.5 mm long, on bark of ponderosa pine branch.


1933 and 1934. Since then, outbreaks have been sporadic and local. Tree killing by M. vexillorum has been insignificant and has occurred primarily among seedlings and saplings. The motile adult males and females emerge early in the spring. The females settle on twigs, mainly at the nodes of branches, where they lay

F-523527 FIGURE 61.—Seasonal history of Prescott scale (Matsucoccus vexillorum).

(-September to February Third stage preadults partially enclosed by shed second skin.
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eggs, covering them with a fluffy white wax. Two stages of larvae develop late in the spring and in the summer; they feed beneath scales at the base of needles and in cracks and crevices of twigs, particularly around the first and second nodes. During the fall the third or pre-adult stage develops and then overwinters under needle bracts as purplish, prune-shaped bodies. The life cycle is completed in 1 year (fig. 61).

Three other genera of margarodid scales (Florence 1917, Mc​Kenzie 1942a) attack forest trees in the West. They are seldom seen and are not economic pests. Hosts and distribution of species by habit group are as follows :

Species by Habit Group
Hosts
Distribution

In cells deep beneath bark of branches and trunk:

Desmococcus captivus
Pinus monophylla
Calif. McKenzie

D. sedentarius McKenzie
Pinus edulis and P.
Ariz. monophylla

Under bark scales or in cracks on trunk and limbs:

Pityococcus ferrisi
Pinus lambertiana, P.
Calif., Ariz.,

McKenzie
monticola, P. flexilis,
N. Mex., Tex.,

and P. edulis
Utah, and Colo.

P. ruguloses McKenzie
Pinus edulis
Ariz.

In crevices in bark of branches and trunk:

Xylococculus betulae
Alnus and Betula
Calif., Oreg., and

(Pergande)
Wash.

X. macrocarpae
Cupressus macrocarpa,
Calif.

(Coleman)
and Libocedrus decurrens

The sycamore scale, Stomacoccus platani Ferris (Brown and Eads 1965b), occurs on native and introduced sycamores in central and southern California. This small scale is a pest of ornamental trees distorting the leaves and causing them to drop prematurely. It feeds on the under surface of the leaves, on leaf buds, and on the tender bark of twigs and branches. Eggs are laid in masses of cottony wax in bark crevices and under bark plates. There are three to five generations per year. Midwinter, when all the scales are in the first or second instar, is the best time to spray.

FAMILY PSEUDOCOCCIDAE—MEALYBUGS

Mealybugs (McKenzie 1967), are slow-moving insects which, in the adult female stage, are elongate-oval, soft, distinctly seg​mented, and usually covered with a mealy or cottony wax secre​tion. They feed upon plant fluids. The adult males usually are winged and do not feed. Many mealybugs attack forest trees and woody plants, but in general they are much less damaging than those in agriculture. They have been little studied in forestry.

124

Dysmicoccus (McKenzie 1967, Miller and McKenzie 1973), closely related to Pseudococcus, contains 30 species in North America. Several attack forest trees in the West. The cypress mealybug, D. ryani (Coquillett) , is an example. It occurs on the foliage of Cupressus macrocarpa, Thuja, Juniperus, and Arau​caria in California. The adult female is 2 to 3 mm long with short marginal wax filaments. The eggs are laid in a loose mass of white waxy filaments. The Monterey pine mealybug, D. aciculus Ferris, feeds on the twigs at the base of the needle fascicles of Monterey pine. It has one generation annually.

The cypress bark mealybug, Ehrhornia cupressi (Ehrhorn) (Herbert 1920, McKenzie 1967), is the only species in this genus. It occurs in California and Oregon on Libocedru,s decurrens from which host it is presumed to have been spread by man to Cupres​sus macrocarpa, other ornamental Cupressus, and Juniperus cali​f ornicus. It is a serious pest of ornamental Monterey cypress, but is unimportant in the forest. The female is 1 to 2 mm long, broadly oval, and pale pink to bright red. It occurs beneath bark flakes on the trunk and branches and is imbedded in a white waxy secre​tion. White cottony wax protruding from bark cracks and on twigs is evidence of infestation. There is one generation a year.

There are 20 species of Pseudococcus (McKenzie 1967), several of which feed on western forest trees. P. obscures Essig is widely distributed in the United States and Canada. In California it is recorded on many plants including Pinus, Picea, Chamaecyparis, Salix, Platanus, and other trees but principally ornamental shrubs and perennials. It may occur on any part of a plant including the roots. The female is 2.5 to 5 mm long, with slender well-defined wax filaments along the body margin, becoming progressively longer to the rear. The light gray body is lightly covered with a thin powdery wax. Several other species of Pseudococcus occur on Juniperus and Cupressus.

Five of the 24 North American species of Puto (McKenzie 1967) feed on western conifers. The females are soft, oval, wing​less creatures usually covered on the dorsal surfaces and on sides with a white waxy secretion. The adult males of the conifer-infesting, western species are winged. The white, felted cocoons of the males are a distinguishing character.

The fir mealybug, Puto cupressi (Coleman) (McKenzie 1967), is recorded in California, Oregon, Washington, Idaho, British Co​lumbia, and Alberta and has many hosts, including Cupressus macrocarpa, Sequoia sempervirens, Abies concolor, A. lasiocarpa, Pinus albicaulis, P. contorta, P. radiata, P. torreyana, Picea engel​mannii, and Pseudotsuga menziesii. It occurs in mixed stands and apparently is most damaging to true firs, hence the common

125

name. Populations may persist in fluctuating intensity in local areas for years. Outbreaks have been recorded on the Payette and Nezperce National Forests in Idaho and near Princeton, British Columbia.

On heavily infested subalpine fir, the foliage becomes stunted, sickly, and covered with a black mold. Tumorlike swellings develop on the bole, branches, and twigs. Branches in the upper portions of the crown die first. Small trees may be killed and others reduced in growth. The damage could be confused with that of Adelges piceae, thus complicating surveys. Examination of currently in​fested twigs reveals white felt-like cocoons of the males. The adult males are winged. Fluffy masses of white waxy threads cover the females and the clusters of eggs (fig. 62). The adult females are 3 to 5 mm long. The biology is not recorded. Control in the forest has not been attempted.

The pine bark mealybug, Puto laticribellum McKenzie (McKen​zie 1967), is known only from California on Pinus ponderosa, P. jeffreyi, and Libocedrus decurrens. It infests the cracks of bark on the main bole. Biology and economic significance are not re​corded. Puto pricei McKenzie occurs on Pinus albicaulis and the Douglas fir mealybug, P. profusus McKenzie on Pseudotsuga men​ziesii and A bies in California.

The spruce mealybug, Puto sandini Washburn (Washburn 1965), attacks Picea engelmannii at high elevations in Utah. An epidemic discovered in 1939 on the Fishlake National Forest was still present in 1970. A larger infestation discovered in 1953 on the Dixie National Forest covered more than 60,000 acres in 1970. Mortality of reproduction through pole size trees was prevalent in these epidemics. Growth reduction and deformity was common in surviving trees. First evidence of attack is likely to be heavy sap flow from branches during the second and third year of feeding by the mealybug. Conspicuous yellowing of needles on branches scattered throughout the tree occurs in the third feed​ing season. Male pupal cases and sooty black mold on the limbs and twigs are useful indicators of infestation. The adult females

	
	F-521934

FIGURE 62. — Fir mealybug (Puto cupressi) eggs, male cocoons, and wax-encrusted females, 3 to 5 mm long, on subalpine fir twig stunted by mealybug feeding.
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are grayish, oval, about 4.5 mm long, and covered dorsally by a white waxy secretion which is fringelike along the sides (fig. 63). They feed on the twigs among the needles. The adult males are winged.

	
	F-521955

FIGURE 63. — Spruce mealy-bug (Puto sandini) male cocoons and adult females, 4 to 5 mm long, on Engel​mann spruce.


P. sandini has a 4-year life cycle. The females give birth to living young under bark flakes on the main bole in late August and early September. The crawlers alternately feed on the needles in the summer and overwinter in the duff until they mature the fourth year. The females form a transparent pupal case behind bark flakes. The males form conspicuous, white, cottony, elliptical pupal cases open at the posterior end, found usually among the branches. No practical control measures are known.

There are 24 species of Spilococcus (McKenzie 1967, Miller and McKenzie 1973), four of which feed on western forest trees. The redwood mealybug, S. sequoiae (Coleman), feeds on the foliage of Sequoia sempervirens, Cupressus macrocarpa, and other Cupres​sus in California. Its long, white egg sac is a distinguishing character.

ORDER NEUROPTERA

This small order (Essig 1926) sometimes is known as the nervewinged insects because of the network of fine veins in the wings of most species. There are three suborders, two of which
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