INTRODUCTION

The protection of forests from damage is basic in the practice of forestry. Among the destructive agents, insects rank with fire, diseases, and wind. Many kinds of insects are constantly at work in the forest and cause a steady drain on timber supplies. A rela​tively few species of insects periodically become epidemic and kill forest trees on extensive areas, causing great economic losses.

Injurious insects may be encountered in every forest operation, from the collection of seed through the planting, growing, and harvesting of trees ; in the handling and protection of wood prod​ucts ; and in other forest land management activities. It is hoped that the information assembled in this manual will aid timber owners and foresters in recognizing the work of important west​ern forest insects, in applying suitable control measures, or in adjusting forest practices so as to reduce losses from this source to the lowest possible point.

In this manual, forest insects are considered to be those that inhabit forests and related areas, including urban areas support​ing tree growth. The emphasis is upon damaging insects that live in or upon trees, woody plants, and wood products. Beneficial in​sects, biting insects, and certain others of significance in multiple use of forest land are included by example and by reference to publications specifically concerning them.

HOW TO USE THIS MANUAL

This manual is designed primarily for the individual who has an insect to identify—and an example of its work. He can first leaf through the manual to see whether the insect or something similar to it is illustrated ; related species and their pictures are grouped in the text. If the individual is not familiar with insects of his area, he should check table 3 on page 46, and related text to see if the insect is listed as one of the major pests.

A systematic approach is to turn to the host tree, say Douglas-fir, in the Diagnostic Host Index. There, under the part infested, say foliage, several insects will be listed. The next step is to con​sult the text and tables of species by genus and, by elimination, select the species that best fits the one in hand. Often it will be desirable to consult the text for both the species and its genus.

If the text is not sufficiently informative, the references should be consulted. Literature cited immediately following the name of an insect provides additional information about the insect and frequently lists other pertinent publications. Taxonomic publica​tions usually are referenced after the name of the genus or higher category. References in the body of the text concern details, as when there are differences of opinion among observers.

If a particular insect is suspected and its name is known, the text material can be consulted for verification on the page indi​cated in the General Index. The page location for the principal text will be italicized.

Scientific names are given for all insects discussed in this manual. Specific names in parentheses are aliases under which additional published information may be found and are not always synonyms in the taxonomic sense. Generic names in brackets are recent synonyms or misapplied names. Common names approved by the Entomological Society of America (Anderson 1975) are used to the extent available. Other common names are from vari​ous sources, principally members of the Western Forest Insect Work Conference.

Names of trees and woody plants are as given in "Check List of Native and Naturalized Trees of the United States" (Little 1953), if listed ; otherwise, as in "Standardized Plant Names" (Kelsey and Dayton 1942).

The range of insects is given in broad geographic terms or by limits of distribution when the range is very extensive, or by States and provinces when it is more localized. In some cases, insect range is related to that of the principal tree host or hosts.

Most measurements are given both in Metric and English units. A glossary is provided for technical terms that may be unfamiliar to some readers.

Part I
Forest Insects and their Environment

ROLE OF INSECTS IN THE FOREST

The question is frequently asked, "Where did these destructive forest insects come from ?" The answer is that most of them have been here a long time. In the shale beds at Florissant, Colo., laid down 35 million years ago, are fossil remains of species in present day genera of roundheaded borers such as Arhopalus, Leptura, Semanotus, and Phymatodes, and of bark beetles such as Hylastes, Hylurgops, and Leperisinus (Leng 1920, Linsley 1961). Their role in those ancient days was as it is now, except that they were not competing then with man.

In the course of geologic time, many insects adapted to the forest environment. Bark beetles, roundheaded borers, flat-headed borers, and others became forest dwellers, true forest insects. Each kind of tree became host to many insects, for example, Douglas-fir (Bedard 1938), Jeffrey pine (Lange 1937), pinyon (Little 1943), oak (Brown and Eads 1965a), sequoia (De Leon 1952), and spruce (Brown 1941). Some trees proved more attractive than others. For example, pines and oaks are infested by far more insects and are affected more by them than are red​wood and yew. Some insects acquired a major role in the life cycle and structure of extensive forests, such as the western pine beetle in ponderosa pine.

When man appeared upon the scene, he affected the forest insect relationships. Inadvertently, he began redistributing the insects such as those in the seeds he carried for food and those that clung to his body and belongings. He even ate some that were plentiful (Bodenheimer 1951). Commerce and travel by horse, ship, train, automobile, and airplane have speeded the proc​ess of insect dispersal (see Introduced Insects section). When man began using the forest intensively he came into direct com​petition with insects. Finally it became necessary to control the most destructive ones.

Most western forest insects are native, and are widely distrib​uted. Their role is complex and ranges from benefactor to killer. The beneficial and innocuous ones are by far the most abundant. The destructive ones receive most attention because they affect man most directly. Their numbers fluctuate widely. Some periodi‑
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cally become epidemic and cause great economic losses over exten​sive areas. Some are important only locally under certain condi​tions. Some set the stage for other less aggressive ones. The biological role of insects is covered more fully under Habitat Rela​tionships. Throughout this manual, emphasis is given to the harmful insects because they are the ones prompting action.

LOSSES CAUSED BY INSECTS

Forest insects cause losses by killing trees and by damaging trees and wood products. In western forests, these losses are great in total, varied in character and amount from year to year, and difficult to measure. Tree killing by insects has been and con​tinues to be greatest in mature and overmature forests. As the forests are opened and put under management, opportunities to protect the remaining mature trees against insects are increased. This gain is somewhat offset by an increased need to protect young forests against damage by insects.

The economic impact of insects upon western forests is known only approximately because: (1) Killing by insects, diseases, fire, and other causes is interrelated, hence is difficult to assign by cause ; (2) much insect-killed timber is salvaged in various stages of deterioration, hence is not a total loss ; (3) reduction of quality, growth rate, and stocking by insects is difficult to measure ; and (4) esthetic effects of insect-caused damage cannot be assigned precise monetary values. The most ambitious effort to identify and estimate insect-caused losses in the Western United States was in 1952 (USDA Forest Service 1958). For that year, insect-caused mortality of sawtimber in the Western States, including Alaska, was estimated to be 4.5 billion fbm. Insect-caused growth loss and growth impact for sawtimber was esti​mated to be 6.9 billion fbm. In 1952, insects also killed or dam​aged an estimated 2.2 billion fbm of young forest growing stock.

In mature timber of the West, the largest item of insect-caused loss is tree killing by bark beetles (fig. 1). The mortality is of two types—epidemic, that caused by beetle outbreaks, and en​demic, that caused year after year by normal infestations. Epi​demic mortality is conspicuous and sometimes reaches cata​strophic proportions (table 1). The cause is readily identified, so concerted efforts often are made to do something about it through prevention, direct control, or salvage. Endemic mortality is large in total amount but widely scattered and mixed as to cause, hence practical countermeasures are limited to prevention through intensified forest management and to salvage.

Defoliating insects sometimes kill extensive stands of timber.
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FIGURE 1.—A commercial pine stand in California badly
damaged by bark beetles.

More characteristically, they deform and retard the growth of the infested trees. Major outbreaks usually occur at rather long intervals, often affect hundreds of thousands of acres, last a few years, and then subside rapidly (see tables 1 and 2 on page 6). Lesser outbreaks occur from time to time causing some damage locally. Between outbreaks, damage to timber by most defoliators is nil.

Insect-killed trees increase forest-fire hazard. The foliage and fine branches of recently killed trees provide flash fuel that often gets a fire on its way. Conflagrations that defy control often run through the dead timber and beyond. Long after trees are killed by insects, they stand as snags inviting lightning to strike and increasing the cost, difficulty, and danger of fire control. This is a two-way relationship. Insects set the stage for fire. Fires kill trees that then breed insects.

Insects also adversely affect wood products, range plants, shel​terbelts, and esthetic and recreational values ; see the sections concerning these subjects. For more detailed current informa​tion on insect-caused losses and the insects that cause them, the reader should consult the annual reports by the Forest Insect and Disease Survey, Canadian Forestry Service, Department of the Environment, and the annual Forest Insect and Disease Condi​tions in the United States reports, by the Forest Service.
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Table 1.—Timber mortality due to major outbreaks
of forest insects in Western North America

Insect
Years
States
Timber mortality
	
	
	
	Billion fbm

	Coleoptera
	
	
	

	Dendroctonus brevicomis
	1921-37
	Oreg.
	12.6

	western pine beetle
	1931-37
	Calif.
	6.0

	Dendroctonus ponderosae

mountain pine beetle
	1911-35
	Idaho and

Mont.
	15.0

	Dendroctonus pseudotsugae
	1962-64
	Oreg. and
	3.0

	Douglas fir beetle
	
	Wash.
	

	Dendroctonus rufipennis

spruce beetle
	1940-51
	Colo.
	5.0

	Pseudohylesinus spp.
	1947-55
	Wash.
	0.5

	Homoptera
	
	
	

	Adelges piceae

balsam woolly aphid
	1950-57
	Wash.
	1.5

	Lepidoptera
	
	
	

	Lambdina fiscellaria lugubrosa

western hemlock looper
	1918-22
	Oreg.
	0.5

	Neophasia menapia

pine butterfly
	1893-95
	Wash.
	1.0

	Orgyia pseudotsugata
	1928-30
	Wash.
	0.3

	Douglas fir tussock moth
	1971-74
	Idaho, Oreg.,

and Wash.
	1.0


Table 2.—Acreage infested by some defoliators in major
outbreaks in Western North America

	Insect
	Years
	States and

provinces
	Acreage

infested

	
	
	
	Thousand

acres

	Acleris gloverana
	1948-55
	Southeastern Alaska
	11,000

	western blackheaded budworm
	1952-56
	British Columbia
	2,000

	Choristoneura occidentalis
	1949-62
	Oreg. and Wash.
	15,000

	western spruce budworm
	1951-70
	Mont. and northern
	10,000

	
	
	Idaho
	

	Coloradia pandora

pandora moth
	1937-39
	Colo.
	100

	Lambdina fiscellaria lugubrosa
	1918-22
	Oreg.
	27

	western hemlock looper
	1929-32
	Wash.
	52

	Malacosoma disstria

forest tent caterpillar
	1957-?
	Alberta
	48,000

	Neophasia menapia
	1893-95
	Wash.
	150

	pine butterfly
	1952-54
	Idaho
	255

	Orgyia pseudotsugata
	1946-47
	Idaho and Oreg.
	556

	Douglas fir tussock moth
	1971-75
	Idaho, Oreg., and
	800

	
	
	Wash.
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RECOGNITION OF INSECTS AND
THEIR DAMAGE

A forester should become familiar with the appearance and characteristics of the insects capable of killing or injuring trees and destroying wood products on the area under his care ; also, he should recognize and know about some other insects relating to his multiple use responsibilities. The insects he really needs to know are comparatively few. In this manual, predominant emphasis is on the habits, work, and appearance of insects that feed upon trees and shrubs. For more comprehensive information about insects, it is suggested that the reader consult basic texts, such as Brues et al. (1954) , Doane et al. (1936) , Essig (1926) , K. Graham (1963) , Graham and Knight (1965) , Metcalf and Flint (1962).

The insects most important in forestry are included in seven main groups, or orders, under the class Insecta (Hexapoda) . These common orders include the beetles (Coleoptera), butterflies and moths (Lepidoptera) , wasps (Hymenoptera) , flies (Diptera), scales and aphids (Homoptera) , bugs (Hemiptera), and termites (Isoptera). There are a number of other orders of insects less frequently encountered. Some small animals closely related to insects, and sometimes confused with them, also are important in forestry.

Insects are small. This obscures the fact that, as a group, they differ greatly in form and structure. Foresters should carry and use a 10-power hand lens to view insects in the scale referred to in this manual, as a basis for field identification.

Adult insects can be distinguished from other small invertebrate animals by the fact that they have jointed bodies of three parts (head, thorax, and abdomen), breathe through tracheae, and have one pair of antennae and three pairs of legs.

The larva is the life stage most frequently encountered by foresters, but unfortunately it is difficult to distinguish insects in this form by any simple characters. Usually it is sufficient to be able to recognize the larva as one belonging to a certain group. A forester easily acquires the ability to recognize some of the more common species through becoming familiar with their work.

Most insects pass through either three or four stages of develop​ment. The beetles, wasps, flies, butterflies, and moths pass through four such stages, and so are said to undergo complete metamorpho​sis. The adult female lays eggs, from which the larvae, the second stage, develop. The larvae usually are soft-bodied. The larvae of beetles are called grubs ; those of moths and butterflies are called caterpillars; those of flies are called maggots; and those of wasp​like insects with four clear wings are called grubs, slugs, or false
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caterpillars. The larvae feed and grow, the final size which they attain being influenced to some extent by the abundance of food and moisture. As they increase in size they molt or shed their skins several times. The larvae transform to the pupal or resting stage, and the pupae in turn change to the fourth stage, the adult insects. Growth takes place only in the larval stage. Although some adult insects feed, none of them increases in size. Their chief function in life is to mate and produce eggs and thus initiate another life cycle.

Scale insects, aphids, bugs, and termites undergo what is called incomplete metamorphosis ; that is, they have only three forms—the egg, the nymph, and the adult. Growth takes place during the nymphal stage, in which the insect has much the form and appear​ance of the adult but lacks fully developed wings.

Certain insects, such as the termites and ants, have several spe​cialized adult forms. Thus, in addition to the usual stages, there may be workers, soldiers, and secondary sexual forms. Certain scale insects and aphids give birth to living young rather than eggs. Some insects are able to reproduce by means of eggs laid by virgin females, which develop without being fertilized. In some cases, as among some gall midges, larvae are able to give birth to similar larvae without passing through other stages. These are all exceptions to the general rule.

Insects damage trees in any one of several ways. Adults of some species cause injuries by feeding on the leaves, twigs, or tender cambium, or by slitting bark or leaves to deposit eggs. Adult bark beetles do considerable damage in constructing egg tunnels under the bark. Most commonly, however, the damage is done by the larvae or nymphs in their feeding on various parts of the tree. No damage is ever done by the insects while in the egg or pupal stages.

The principal methods of feeding by which insects injure trees are chewing, sucking, and gall forming. The great majority of forest insects belong to the chewing group, and in the larval or the adult stage, or both, these chew and ingest plant material. This group includes the leaf eaters, the cambium miners, and the wood borers. Aphids, scale insects, and bugs suck plant juices by means of slender mouth parts, which they insert into the tender portions of the tree. A group of specialized insects irritate a portion of the tree and thus cause it to form a swelling or gall, which encloses them. The method of feeding has an important bearing on the methods of control.

Before observed damage is charged to insects, other possible causes should be investigated. Often several agents, such as fire, insects, fungi, and physiological injuries, are so closely associated or interrelated that it is difficult to determine the primary cause
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of the damage. If insects are not the primary cause, little benefit can be expected from efforts to control them.

NATURAL REGULATION OF INSECTS

Physical, nutritional, and biological forces regulate insect popu​lations and account for their ups and downs (Morris 1963) . Under normal conditions, these forces counterbalance the enormous re​productive capacity of insects. The relatively few individuals which escape their enemies live and feed on their hosts without doing conspicuous injury. Defoliating insects feed on a few leaves or needles, but the damage is insignificant. Bark beetles kill an occasional tree or breed in down logs and broken tops. The aggre​gate damage is negligible, and the annual growth which the trees acquire exceeds the drain, so that there is a net increase of volume in the stand. Insect infestations which continue under these condi​tions are called endemic. This is the normal condition in Nature and it is a hopeless and unwise undertaking to try to exterminate native insects under such conditions. The result of an effort in this direction would be more likely to disrupt the delicate balance than to accomplish the objective.

Under certain conditions, the bonds of natural control may loosen. For example, the beneficial insects or enemies of harmful species may become reduced in numbers ; the resistance of the trees may be lowered through drought, fire, or stagnation ; large quan​tities of slash, windthrow, or other breeding material may become available; the supply of favored hosts may be increased as in plan​tations and on selectively cut areas ; or climatic factors may be​come especially favorable. Under any such conditions the injurious insects often breed rapidly and become widely destructive. Within a few seasons a large proportion of a timber stand may be killed by bark beetles. Such epidemics may continue for years and spread over large areas. Defoliators may suddenly appear in great num​bers and, after consuming the foliage of valuable timber on exten​sive acreages, disappear with equal suddenness. Many factors come into play in bringing about these sudden changes, and it is often difficult to isolate the responsible causes. At their height, extensive outbreaks are difficult to curb and often are beyond the practical limits of artificial control. Prevention is the better approach, when feasible.

FOOD

Forest insects, like other living things, depend upon a supply of suitable food for their existence and well being. Some are so exact​ing in their food requirements that they exist only on a portion of
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one species of tree of limited range. Others have a wide variety of hosts and a correspondingly wide distribution.

Insects, such as the defoliators that attack healthy forest trees, usually have an abundant food supply at their disposal, and their numbers are controlled primarily by biological and climatic fac​tors. However, many defoliators are quite selective regarding their food. Most Neodiprion sawflies feed only on the old needles of conifers, whereas many budworms feed principally on developing new needles. Food requirements of young larvae often are more critical than older larvae, for example, larvae of the Douglas fir tussock moth (Beckwith 1976). When the amount of foliage on an infested area has been drastically reduced, starvation sometimes causes larval mortality directly and reduces the reproductive ca​pacity of the partially starved survivors, as with the larch sawfly (Heron 1955) .

A great many insects, such as most of the bark beetles, can develop in large numbers only when enough of their food material in a suitable condition for attack is available. Thus the develop​ment of certain destructive bark beetle outbreaks is dependent on a supply of overmature, decadent, or weakened trees. For example, destructive epidemics of the mountain pine beetle and western pine beetle mostly have been in extensive old-growth forests.

In recent years, the development of artificial diets for insects (fig. 2) has made it possible to mass-rear forest insects in the laboratory, notably the spruce budworm (Grisdale 1970, Lyon et al. 1972). This leads to a better understanding of the insects and greatly facilitates the testing of control measures.

Figure 2 – Plastic dish with chucks of artificial media on which European pine shoot moth (Rhyacionia buoliana) larvae are feeding.

CLIMATIC AND ENVIRONMENTAL
INFLUENCES

Climate and environment have an important bearing on the abundance, activity, and distribution of insects, both directly and through the host plants (Uvarov 1931, Wellington 1954). Their influence should be taken into account when efforts are made to regulate insect populations artificially, as in control programs.

TEMPERATURE

Insect development, activity, and abundance are directly affected by temperature. In laboratory tests, larvae of the western pine beetle are normally active from 13° to 32° C (55° to 90° F) (Miller 1931), and adults of the Douglas fir beetle, from 10° to 34° C (50° to 93° F) (Rudinsky and Vite 1956). Optimum tem​peratures for Douglas fir beetle adults are 26° to 28° C (79° to 82° F). Temperatures materially higher or lower than opti​mum for a species limit its activity and extremes cause death. Few insects can withstand temperatures above 49° C (120° F), and this makes possible the control of many species of bark- and wood-boring insects by raising the temperature of their environ​ment to fatal heights ; for example, by felling and burning bark beetle-infested trees. Low temperatures are also fatal. In labora​tory tests, exposed larvae of the western pine beetle are killed by a temperature of — 23° C ( —10° F) (Yuill 1941). Extremely cold winters with air temperatures below — 29° C ( — 20° F) have proved fatal to a high percentage of the brood of this and other bark beetles (Keen and Furniss 1937).

Latitude, elevation, and exposure modify temperature and thereby limit the distribution of insect species and govern the number of generations per year. Relatively fewer insects are able to adapt to the extremely low temperatures and short seasons of the far North. Some that do, such as defoliators, develop quickly and overwinter in sheltered situations. Others, such as the spruce beetle, require more than one year to mature and have become relatively cold-hardy. In southern latitudes, the kinds of insects are more abundant and their period of activity is much longer, often resulting in the production of several generations per year. In general, native forest insects are adjusted to the temperatures where they live and populations soon recover from the effects of extremes, such as in abnormally cold winters (Keen and Furniss 1937).

MOISTURE AND DROUGHT

Moisture has an important bearing upon the kind, abundance, and behavior of insects. Some insects, such as the western hem‑
lock looper and others typical of coastal forests, thrive in moist conditions. Some, such as most flatheaded borers and other inhabi​tants of inland forests, are adjusted to drier conditions. Much insect activity is closely associated with seasonal precipitation. For example, the first fall rains in western Oregon bring out the rain beetles en masse for the annual mating season. Abnormally heavy or prolonged rains often kill large numbers of forest insects, particularly the adults of defoliators, such as western hemlock looper.

Precipitation and evaporation determine the amount of soil moisture available to forest trees. During periods of drought, forests slow down in growth rate and vigor, thus becoming sus​ceptible to fatal attack by insects (Keen 1937). Periods of drought are frequently followed by epidemics of bark beetles (Beal 1943). Moisture deficiency may be short-term and result in recurrent outbreaks, as with the California fivespined ips in years of sub​normal spring precipitation in the Sierra Nevada of California (Struble 1966). Long-term deficiency may be the basic cause of catastrophic tree killing by insects (fig. 1), as by the western pine beetle and associates during the great drought of the 1920's and 1930's in California, Oregon, and Washington (Keen 1937, Miller and Keen 1960).

LIGHT

Insects respond to light in various ways, depending upon the species, life stage, and period within a life stage. Each forest insect has characteristic reactions to light. Thus, adult flatheaded borers can be depended upon to mate and lay eggs in bright sun​shine and the European pine shoot moth to choose the dusk of evening for its activities.

In the alternating sequence of day and night, day length has diverse and profound effects upon insects (Beck 1968). In forest entomology, knowledge concerning these effects has greatest prac​tical application in laboratory rearing. By regulating the length of periodic exposure to light, diapause can be broken and insects such as spruce budworms (Grisdale 1970) can be continuously reared in quantity for study and experimentation.

WIND AND AIR CURRENTS

Wind, air currents, and air mass movement directly affect insect dispersal and other activities. It is suspected that air move​ment accounts in considerable part for the spread of some forest insect outbreaks. In Alberta, adults of the forest tent caterpillar have been transported en masse at least 300 miles by a cold air front (Brown 1965). In laboratory tests, Dendroctonus beetles
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cannot make headway flying against air movement of even a few miles per hour. From this it is assumed that wind direction influ​ences their course of flight outdoors. Instances of apparent mass flights with prevailing wind across extensive treeless areas are recorded for the mountain pine beetle and spruce beetle.

Of pressing concern to foresters is the relationship of insects to windbroken and windthrown trees. Such trees often attract bark beetles, some of which attack and breed in the broken and uprooted trees and others attack nearby undamaged trees (John​son and Pettinger 1961). Extensive windthrow that occurs occa​sionally in the Douglas-fir region of Oregon and Washington (fig. 3) can be expected to cause outbreaks of the Douglas fir beetle (Greeley et al. 1953). Similarly, windthrow in Engelmann spruce stands leads to outbreaks of the spruce beetle (Massey and Wygant 1954) and windfall in ponderosa pine stands often has stimulated outbreaks of the western pine beetle (Miller and Keen 1960).

SNOW, ICE, AND PARCH BLIGHT

On some areas, young coniferous stands are damaged by recur​rent snow and ice storms. The broken trees and tops are favorable
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FIGURE 3.—Windthrown trees, such as these in western Oregon, are an
important source of Douglas fir beetle outbreaks.
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breeding material for bark beetles and sometimes cause local out​breaks. Salvage before the beetles emerge and attack healthy trees is the best countermeasure.

Injury to the foliage of conifers, variously known as parch blight, red belt, and winter burn, occurs in well defined elevational zones extensively in the West (Henson 1951). The appearance may be spectacular but is short-lived and seldom, if ever, stimu​lates an insect outbreak.

LIGHTNING

Trees that are struck by lightning often are attacked and killed by bark beetles and wood borers. For example, lightning-struck ponderosa pine are very susceptible to the western pine beetle (Johnson 1966). During periods of endemic infestation, when the forest generally may be practically beetle-free, lightning-struck trees continue to harbor significant numbers of bark beetles.

FIRE

Trees scorched or killed by forest fires are attractive to many forest insects, which may be attracted from a radius of several miles (Miller and Patterson 1927). Some are attracted while the trees are still smoking (Linsley 1943a). Damage caused by insects augments fire losses in three principal ways. Bark beetles often kill many trees that otherwise might survive (Furniss 1965, Miller and Keen 1960). Such killing occurs principally in the first year or two following a fire. Bark beetles that breed in fire-killed and fire-scorched trees may spread and kill nearby green trees (Furniss 1941). For example, in Douglas-fir stands of western Oregon and Washington, large fires usually trigger outbreaks of the Douglas fir beetle. Boring insects enter the wood of fire-killed trees, causing degrade and, together with fungi, limit the time available for salvage (Kimmey and Furniss 1943).

Fire can be beneficial. Felling and burning bark beetle-infested trees has long been a principal method of direct control (see Insect Prevention and Control). Prescribed burning has been advocated, but not fully tested, as a practical means of thinning dense, young ponderosa pine stands to reduce tree competition and thereby increase resistance to bark beetles (Weaver 1967). Broadcast burning to sanitize the forest by destroying injurious bark beetles in the "underbrush" had many proponents among oldtime woods​men but is of no proven merit.

MECHANICAL INJURY

Injured trees are much more susceptible to bark beetles and wood-boring insects than are uninjured trees. Somewhat arbi‑
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trarily, mechanical injury is classed as that caused by man and animals. Man-caused injury commonly occurs on logging oper​ations, right-of-way and construction projects, and campgrounds and other intensive use areas. Bears, porcupines, burrowing rodents, and sapsuckers are among the mammals and birds that damage trees sufficiently to make them attractive to insects. Efforts should be made to minimize man-caused injury, especially on selectively logged areas where slash and windthrow sometimes compound the insect attraction.

SLASH

The slash left from the cutting of trees in the forest is a suit​able and attractive breeding ground for a great many forest insects, some beneficial and some harmful (Patterson 1927, USDA Bur. Ent. 1927). When slash is freshly produced, the dying inner bark is attractive to many species of bark beetles that commonly breed in standing trees. Usually these bark beetles select the type and size of material in which they normally breed. Thus the limb- and twig-feeding bark beetles go into the smaller pieces of slash, trunk-breeding bark beetles go into the cull logs and butts, and those that normally work at the base of the tree attack the stumps. The abundance of the progeny depends a great deal on the moisture and temperature within the slash and on the require​ments of the different species of beetles. The red turpentine beetle, which breeds readily in pine stumps, frequently develops in such numbers as to do serious injury to adjacent forest trees. The trunk-breeding pine beetles rarely find suitable conditions in the cull logs and butts, and the progeny which they produce under such circumstances seldom cause any trouble in neighboring forests or to the reserve stand, especially where logging oper​ations are continuous and the logs are promptly harvested. The engraver and twig beetles, which breed in the smaller pieces of slash, frequently emerge in such enormous numbers as to kill patches of young trees and sometimes the tops of older trees.

The wood-boring species that breed in slash must be considered generally beneficial, in that they help to decompose the wood and reduce the slash with its accompanying fire hazard. They may become injurious, however, and to avoid or reduce a possible menace from slash-breeding insects special considerations in slash disposal are frequently necessary. When a logging operation is continuous and a fresh supply of slash is furnished throughout the flight period, the emerging progeny is repeatedly absorbed in the slash and in the logs removed to the mill, and no special pre​cautions need be taken. But if a cutting operation ceases or is intermittent, as in road and powerline developments, then some
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damage from slash-breeding insects may be expected and should be avoided if possible. Burning the slash is beneficial, provided the large limbs, cull logs, and stumps are included and the burning is done before the insects emerge. In many cases this would mean that the burning would have to be done in midsummer or early in the fall, and this would present a fire hazard. Spreading the slash so that it will receive the direct rays of the sun will kill a high percentage of the insects in the more southern latitudes, where high temperatures can be attained in and under the bark in this way.

                       SMOKE, SMOG, AND DUST

Smoke, fumes, and dust from smelters and industrial plants have long been observed to be associated with insect outbreaks in nearby forests. Outbreaks also are common along dusty roads. The precise causes in particular situations are largely unresolved. In the case of the black pineleaf scale, outbreaks develop when conditions are created that are unfavorable for its principal para​site (Edmunds 1973).

Since the mid-1950's, atmospheric pollution or smog has pro​gressively reduced the vigor of ponderosa pine on some areas in southern California. The effects, at first reported as "X-disease," are attributed to photochemical oxidants and have led to increased killing by bark beetles (Stark et al. 1968).

TREE DISEASES

Close relationships exist between insects and the organisms that cause tree diseases. Trees weakened or killed by root-rotting fungi, such as Poria root rot, Phellinus [Poriai] 2veirii (Murr.) Gilbert​son, annosus root rot, Fomes annosus (Fr.) Cke., shoestring root rot, Armillaria mellea (Vahl. ex Fr.) Kummer, and Phytophthora lateralis Tucker and J. Milb., often are attacked by bark beetles (Cobb et al. 1974). Some insects, such as the smaller European elm bark beetle, carry disease-causing fungi from tree to tree and thus spread diseases (Schreiber and Peacock 1974). Bark beetles, am​brosia beetles, and wood borers introduce staining fungi into the wood of attacked trees and thus degrade it (Prebble and Graham 1957) . Some wood borers that mine in sound wood help speed the penetration of wood-rotting fungi in dead and down trees and logs (Basham and Belyea 1960). Some termites, especially subterra​nean termites, are strongly attracted to Lenzites trabea Pers. ex Fr., a wood-decaying fungus (Allen et al. 1964).

Damage to the foliage of conifers by some disease organisms resembles damage caused by insects, particularly defoliators, hence must be distinguished in forest pest surveys. Examples are needle
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blight of Douglas-fir, Rhabdocline pseudotsugae Syd., pine needle cast, Elytroderma deformans (Weir) Darker, larch needle cast, Hypodermella laricis Tubeuf, and spruce needle rust, Chrysomyxa ledicola (Pk.) Lagerh. Likewise, group killing of conifers by fungi resembles killing by bark beetles ; furthermore, diseased trees are likely to be attacked by bark beetles and other insects. Poria root rot and annosus root rot are examples of tree-killing fungi that must be taken into account on insect surveys and in assessing insect control needs.

NATURAL ENEMIES

This section concerns the insects, diseases, nematodes, birds, and mammals that kill harmful insects. Some of these natural enemies can be used in applied control by man (see Biological Control). In general, the species of natural enemies are numerous and the rela​tionships complex, hence treatment in this manual is by example and by reference to more comprehensive, authoritative publica​tions.

                ASSOCIATED INSECTS

Many species of insects belonging to different orders and fami​lies are beneficial in that they feed on pest species (Clausen 1940). In the forest these beneficial forms are mainly in two large groups : (1) Parasites, which live in, on, or with some particular host insect and gradually consume it, and (2) predators, which feed externally and devour their prey (Thompson 1943). The line of demarcation between a parasite and a predator is not a rigid one. A parasite is usually considered to be one capable of complet​ing its feeding cycle in or on the body of one host, whereas a predator feeds on a succession of individuals, moving freely from one to another.

Most insect parasites belong to the orders Hymenoptera and Diptera, and most forest insects have numerous parasitic enemies. Individual species, especially defoliators, often serve as hosts for a large number of parasites. Some parasites attack and develop in many host species; others are limited to a few hosts or occasionally only one. Even parasites are not immune from attacks of other parasites, called hyperparasites. Parasites attack parasites which may in turn be attacked by other parasites, making parasitism a complex relationship. Hyperparasitism is common and must be guarded against in the introduction of parasites for biological control.

The principal predaceous insects are beetles belonging to the families Cleridae, Trogositidae, Carabidae, and Coccinellidae;
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flies, in several families of the Diptera ; ants, in the Hymenoptera ; lacewing flies and snakeflies, in the order Neuroptera, and several families of true bugs, in the Hemiptera. Often both the immature and adult forms of predaceous insects feed upon their insect hosts. Predators usually attack a greater variety of hosts than do para​sites.

In addition to serving as food for insect parasites and predators, tree-killing bark beetles create conditions that are favorable for other associated insects, including secondary bark beetles (Dahl​sten 1970, De Leon 1934) . Some of the associates live concurrently and peacefully with the bark beetle broods ; some linger on long after the bark beetles have flown. The significance in direct control projects is that the primary bark beetle must be distinguished from its associates and determined to be still present, if treatment is to be effective.

INSECT DISEASES

Forest insect populations are regulated in nature to a consid​erable extent by disease-causing organisms (Stairs 1972). The pathogenic organisms include viruses, rickettsiae, bacteria, fungi, protozoa, and nematodes (Burges and Hussey 1971, Steinhaus 1963b,c). Viruses in particular are known to suppress outbreaks of several economically important forest insects (David 1975, Smith 1967) . Viral diseases are suspected of being the principal cause of sudden decline of outbreaks of gypsy moth, spruce budworms, larch bud moth, western hemlock looper, several species of tent caterpillars, and the European spruce sawfly. In western forests, viral diseases cause extensive mortality in Douglas fir tussock moth populations (Wickman et al. 1973a). Two nucleopolyhedrosis viruses (Hughes 1972, Hughes and Addison 1970) and a cytoplas​mic polyhedrosis virus (Martignoni et al. 1969) have been identi​fied as the causative agents. Field applications of one of the nucleopolyhedrosis virus and of Bacillus thuringiensis, a patho​genic bacterium, by helicopters (Stelzer et al. 1975), have shown that biological control of the Douglas fir tussock moth appears to be near (see Biological Control). To date over 600 species of in​sects and mites have been reported to have viral diseases (Hughes, 1957, Martignoni and Langston 1959, Martignoni and Iwai 1975). Of these, 76 occur in western forests.

It is highly desirable that foresters and others who observe evi​dence of possible disease in insect populations promptly report the occurrence to specialists, usually through the regional or State forest insect control organizations. In the Pacific Northwest, the Forestry Sciences Laboratory at Corvallis, Oreg., will accept dis​eased forest insects for diagnosis.
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Dead or diseased insects may be found under loose bark sections, in rolled leaves, or in webs. Sometimes, dead insects can be seen attached to leaves or needles by means of fungal growths, dried body fluids, or fecal matter. Frequently, caterpillars which are dying (or have died) of nucleopolyhedrosis are seen hanging from twigs, leaves, or needles by their prolegs (fig. 4). The remains of these larvae may be dry or, if death occurred recently, they may be filled with decomposed and frequently ill-smelling tissues and body fluids.

It is important that the collector of diseased or dead insects pro​vide all the pertinent information relating to the site where the mortality occurred (e.g., the name of the host plant, the extent of the disease outbreak, the abundance of the insect, and the weather conditions). In addition, abnormal movements or abnormal feed​ing behavior by these insects should be reported.

Ideally, a shipment of specimens for diagnosis would include healthy insects, insects in the early stages of disease, and insects dead of the disease. This is often impractical because of the neces​sity for getting authorization from Federal and State quarantine agencies for shipment of live insects. For this reason it is recom​mended that shipments be confined to dead insects. These may be transported without restriction and are usually adequate for diag​nosis. Instructions and suggestions for submitting specimens to diagnostic centers, as well as descriptions of diagnostic procedures, have been published by several laboratories (Steinhaus 1963a, Weiser and Briggs 1971). An important precaution is the use of clean, dry glass or plastic vials or powder boxes; specimens should not be placed in alcohol, formalin, or other preservatives. The dry containers with the specimens should be protected from breakage

FIGURE 4.—Larva of Douglas fir tussock moth, Orgyia pseudotsugata, killed by nucleopolyhedrosis virus,
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by wrapping them or packing them with a cushiony material. Prompt shipment increases the likelihood of obtaining a diagnosis.

NEMATODES

Nematodes are considered to be one of the major biotic factors affecting bark beetle populations (Massey 1974). Most species of bark beetles have parasitic nematodes, such as species of Para- sitylenchus, Contortylenchus, Sphaerularia, and A Ilantonema. Parasitic nematodes live internally in their hosts, sterilizing them in varying degrees but usually not killing them (fig. 5). Para- sitylenchus elongatus Massey, a species that does kill its host, is recorded as being responsible for the decline of an outbreak of the fir engraver in New Mexico (Massey 1964). It is considered pos- sible to use nematodes for biological control of destructive bark beetles, but exploratory efforts with Neoaplectana DD-136 against the Douglas fir beetle in Oregon were unsuccessful.

Many species of nematodes are phoretic, that is, they are car- ried from tree to tree on the bodies of bark beetles. These phoretic nematodes live freely in the bark beetle galleries, not harming the beetles that transport them.

F-521898

FIGURE 5.—Ips confusus infected with adults of a nematode,
Contortylenchus elongatus.

20

BIRDS

Many species of birds feed upon forest insects. Nuthatches, chickadees, creepers, warblers, kinglets, and others search for in​sects on tree trunks and foliage. Flycatchers, swallows, and night​hawks catch them on the wing. Woodpeckers peck through the bark and feed upon broods of bark- and wood-boring insects. In general, predation by birds is most effective when the insect popu​lation is relatively low (Graham and Knight 1965) .

Substantial efforts have been made to increase bird populations in forests. In parts of Germany, birdhouse programs have in​creased the number of insectivorous birds 5 to 10 times (Franz 1961) . Similar programs have been conducted in Japan and, to a limited extent, in the State of Washington. These programs are presumed beneficial, but their effectiveness in control of specific forest insects is largely unmeasured.

In western North America, woodpeckers are a conspicuous ele​ment in natural control. These industrious birds feed upon and materially reduce broods of bark beetles and other boring insects. Woodpeckers are the most important predators of the spruce beetle, sometimes destroying up to 75 percent of the population (Knight 1958, Massey and Wygant 1954). At times, they are simi​larly destructive to broods of the western pine beetle (Miller and Keen 1960) (fig. 6) . Unfortunately, they also feed upon associated beneficial insects, such as clerids.

MAMMALS

Small mammals feed upon insects that spend part of their life in forest litter and soil, notably sawflies and some Lepidoptera (Buckner 1966). In Manitoba, upward of 70 percent of the brood of the larch sawfly in cocoons may be destroyed by shrews and voles (Buckner 1959). In Oregon and California, rodents, such as ground squirrels and chipmunks, are important in natural control of the pandora moth by feeding upon the pupae (Carolin and Knopf 1968).

SYMBIONTS

Insects live together harmoniously with various organisms (Steinhaus 1947). This relationship is called symbiosis and the participants are symbionts. When the relationship is to mutual advantage, it is spoken of as mutualism (Graham 1967). Examples are the protozoa that live in the intestinal tract of termites and predigest cellulose. Ambrosia beetles transport, colonize, and feed upon ambrosia fungi (Batra 1967; Funk 1965, 1970). Many bark beetles innoculate trees with wood-staining fungi, some of which
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FIGURE 6.—Bark of ponder​osa pine riddled by wood​peckers searching for brood of the western pine beetle.

aid in overcoming the trees. Roundheaded borers, bark beetles, and carpenter ants are among the insects consistently associated with yeasts, but in relationships not yet fully known (Callaham and Shifrine 1960, Graham 1967).

INSECT SURVEYS

Surveys provide the information needed to identify destructive forest insects, to determine their status from year to year, and to provide the basis for effective prevention or control of outbreaks.
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Survey details are as diverse as the insects surveyed. The basic elements are detection and evaluation (Knight 1967).

Detection of insect outbreaks is a normal and continuing respon​sibility of the forester who is charged with managing and protect​ing a particular forest. Primary detection or surveillance should be so planned that all valuable forest types subject to insect out​breaks are examined at least once each year. This work does not need to be intensive, but at least it should disclose whether trees are dying or distressed and, if so, the probable cause and extent of the trouble.

Prompt reporting of the first signs of an outbreak will reduce the cost of suppression. If trees are observed to be dying or the foliage is abnormally sparse or off-color, the trunk, branches, and foliage should be searched for insects or their work. If one kind of insect is found in abundance, that insect is a likely suspect. A prime purpose of this manual is to identify the insect or at least indicate the species it is likely to be.

If the cause of the problem cannot be determined, a specialist should be called in. If insects are found that cannot be identified, samples of the insects and their work should be sent to an entomol​ogist for study (Hall 1952). In the Western United States, forest insects can be submitted to the Forest Service or to State forestry organizations for identification. Information concerning the loca​tion and nature of the infestation, the species of tree infested, date of collection, and the sender's name and address should accompany the specimens. Methods of collecting and processing insects for shipment are described by Beirne (1955), Borror and White (1970), and Oman and Cushman (1948).

Forest insect outbreaks often are extensive and affect many ownerships. In recognition of the need for cooperative action to assess and control outbreaks in the United States, the Forest Pest Control Act of 1947 provided the basis for systematic surveys on forest lands of all ownerships (Bongberg 1958). Reports from individual ownerships are incorporated in this detection system. The findings are reported yearly for the Nation and by Forest Service regions. A national forest insect survey also is conducted in Canada (McGugan 1958b). In addition to detecting and ap​praising outbreaks, the Canadian survey provides information on the identity, biology, and population trend of many insects. Much of the information in this manual has been extracted from the annual reports of the Canadian survey and related publications.

Aerial surveys, supplemented by ground sampling, are the backbone of the cooperative forest insect detection program in the United States. The techniques are illustrated in reports on the blowdown and bark beetle survey of 1952 in Oregon and Wash‑ington (Greeley et al. 1953) and the balsam woolly aphid survey of 1957 in Washington (Pope 1958) . Aerial photographs are used at times to estimate damage both in the United States (Wear et al. 1966) and in Canada (Murtha 1972).
When direct control is under consideration, intensive surveys are made to determine the biological status of the insect and the trend of infestation, and to evaluate the probable economic impact. A thorough knowledge of the insect and a reliable system of sampling are required. Through research and experience, sampling procedures have been developed for such insects as the western spruce budworm (Carolin and Coulter 1972, McKnight 1970) , Douglas fir tussock moth (Mason 1970), larch sawfly (Ives and Prentice 1958), and the lodgepole needleminer (Stevens and Stark 1962).

INSECT PREVENTION AND CONTROL

When an insect outbreak has been identified as critical, alterna​tive courses of action have to be considered and the costs and benefits of each carefully weighed (Eaton 1962, Hurtig 1964, Leuschner and Newton 1974, Newport 1962, Vaux 1954). Always there are elements of uncertainty. What will the insect do next ? How much damage will it cause if left unchecked ? How much timber can be salvaged if extensive killing occurs ? The degree of acceptable risk differs by ownership, and many ownerships are likely to be involved. A decision whether to control or not to control must be reached.

Measures to prevent or control outbreaks of insects that damage forests are along two main lines : (1) Direct or remedial measures to curb outbreaks in progress by killing insects or protecting foliage, and (2) silvicultural, biological, and other measures to utilize and reinforce natural control for long-term protection. These measures are not equally practical or available for use against all insects.

In the 1952 edition of the manual by Keen, methods for con​trolling bark beetles were described in considerable detail. At that time, direct control, principally by felling and burning infested trees (fig. 7) or by treating them with chemical sprays, was still in wide use. These methods remain useful in some cases ; however, they are so well known that redescription here is unnec​essary. For historical purposes, they are thoroughly documented by Miller and Keen (1960). Now, the principal approach to bark beetle control is through forest management practices to prevent outbreaks.
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EPQ-366

FIGURE 7.—Burning lodgepole pine in decks as a method of treating
bark beetle-infested trees of small diameter.

During the past 30 years or so, aerial spraying with insecticides has been developed to the point that extensive defoliator out​breaks can be effectively and economically controlled, for example, the western spruce budworm (Whiteside 1958), the Douglas fir tussock moth (Johnson and Ross 1967), and the hemlock looper (Bullard et al. 1964). There are two basic approaches in aerial spraying: (1) Single applications sufficient to achieve a high degree of control and avoid repeat spraying, and (2) repeated light applications to protect infested trees until natural control takes over. The former applies principally to areas where spraying to natural barriers is possible ; the latter to extensive, unbroken forests. The aim in either case is to apply the minimum overall amount of insecticide required for effective protection. Spraying by helicopter permits precise application of the spray material and minimum contamination of streams and lakes (fig. 8). The major problem is to choose chemicals that will control the pest insects with minimum adverse side effects.

Much attention is being given to the development of prevention measures. Though promising, most of them still are in develop​mental stages. Forest management practices aimed at bark beetles are the principal prevention measures in actual use, and even they are not yet fully perfected.
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FIGURE 8.—Helicopter applying spray for control of
western hemlock looper in coastal forest.

PREVENTION THROUGH FOREST
MANAGEMENT

When timber stands are brought under management, it becomes possible to regulate conditions so as to make forests less vulner​able to insect attack ; or if insect damage does occur, to salvage the timber without undue loss (Cornelius 1955). The aim is to mini​mize insect-caused losses throughout the rotation period of a forest, taking into account the primary uses and the costs. This task requires a thorough understanding of the factors contribu​ting to insect abundance and the resistance of forest stands (Craighead 1941, Keen 1950).

The field of silvicultural control offers almost unlimited possi​bilities. In older forests, much can be done to lessen insect damage by avoiding injury to the trees from forest fires and other weak​ening influences ; by keeping forests in a healthful condition through disposal of windfalls, slash, and other insect-breeding material ; and by selective cutting operations to regulate composi​tion and density and to remove the trees most susceptible to insect attack. In plantations, consideration should be given to the selec‑
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tion of the site, to the planting of species and varieties of trees best adapted to it, and to proper spacing. These are just a few of the possible ways in which insect activity can be modified through silvicultural practices.

In overmature virgin forests of ponderosa pine, bark beetles attack certain trees or groups of trees scattered through the stand (Person 1928). A study of the types of trees selected has shown that in general the more slowly growing ones, the codominants and intermediates in the stand, and the older age classes are selected in preference to the thrifty, dominant, young trees (Keen 1936). It also has been found that trees currently in poor health are of highest risk to western pine beetle attack (Salmi' and Bongberg 1942), and that beetle control can be obtained over a period of many years through sanitation-salvage logging, in which the high-risk trees, constituting usually from 15 to 25 percent of the stand, are removed and utilized. Cutting priority should be areas of greatest hazard (Johnson 1949). Instead of cutting heav​ily on small logging units, forest managers are favoring a light selective system whereby large areas are opened up so that insect-killed and high-risk trees can be quickly harvested and stands improved in both growth and insect resistance (Orr 1942, 1945).

Stand composition is closely related to the amount and severity of insect attack. In mixed coniferous forests of the West, serious outbreaks are not frequent. Conversion of such forests to a single species generally would increase the risk of insect-caused damage. Mature forests comprised principally of one tree species are most subject to extensive outbreaks. In fact, insects are a principal means whereby some tree species are naturally renewed as exten​sive even-aged forests. Examples are outbreaks of the spruce beetle in spruce forests of the North and elsewhere, mountain pine beetle in lodgepole pine throughout the West, and western hemlock looper in coastal hemlock. The lesson to be learned from Nature is not that pure stands should be converted to abnormal mixtures, but that they should be managed so as to short-circuit the insects and beat them to the harvest. This is a complex under​taking, but it can be accomplished as in the positive system of management developed to reduce losses of lodgepole pine caused by the mountain pine beetle in British Columbia (Safranyik et al. 1974).

Under intensive forest management with shortened rotations, insect pests of young trees are increasingly important. To some extent, young forests solve pest problems of old forests. At the same time they introduce and magnify other insect problems. Per-acre investment in the timber crop increases and with it the need for adequate protection against insect-caused losses.
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Stand density has an important bearing on temperature and moisture conditions and often must be regulated so as to improve growth rates and discourage the attacks of certain insects. For example, thinning of dense, young stands of ponderosa pine may be necessary to reduce competition and prevent outbreaks of the mountain pine beetle (Sartwell and Stevens 1975).

Prevention through silviculture and management becomes in​creasingly important when new plantations are established. Sites must be selected that are adapted to the growing of trees, or growth will be so poor and the trees so weak that insects will have a fertile field for their activities. Likewise, strains of trees that are adapted to the site should be chosen because they grow best, hence are least likely to be damaged or killed by insects. Drainage, the mixture of species, and the spacing of the trees also must be given special consideration.

       SALVAGE

Salvage logging is a standard forest management practice, the primary purpose of which is to utilize dead and severely damaged trees that otherwise would be a total loss. Sometimes salvage is undertaken to destroy bark beetles in trees killed by fire, wind, insects, diseases, and other causes and thus prevent spread to green trees (fig. 9) . Salvage of the wood fiber is a race with time and the rate of deterioration (Engelhardt 1957, Kimmey and Furniss 1943, Mielke 1950, Richmond and Lejeune 1945, Shea et al. 1962, Wickman 1965, Wright and Harvey 1967, Wright et al. 1956). The race is even tighter when the objective is beetle con​trol. Salvage is most practical on well-roaded areas ; however, aerial logging now opens possibilities not available until recently (see also discussion of sanitation-salvage logging in the section, Prevention Through Forest Management). Market conditions strongly affect salvage. When the demand for wood products is brisk, relatively more dead, down, and infested timber can be harvested and sold.

When beetle-infested trees occur in catastrophic numbers on extensive unroaded areas, time runs out and the beetles fly long before control through salvage can be completed (Hagenstein and Furniss 1956) , as was experienced in the 1962 blowdown in west​ern Oregon and Washington. Even when the beetle-infested trees are relatively concentrated, many of them are unmerchantable because of small size and rapid development of checks and blue stain. Logging of such trees has to be subsidized to achieve fully effective control of bark beetles through salvage. Economic salvage of the wood fiber of beetle-killed trees ranges from a year
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FIGURE 9.—Early method of controlling bark beetle in​festations in ponderosa pine by felling infested trees and utilizing wood.

or so for such species as lodgepole pine, white pine, Engelmann spruce, and white fir, to many years for more durable species such as Douglas-fir.

CHEMICAL CONTROL

Chemicals are an effective and economical means for meeting emergencies created by insect pest outbreaks. They can materially increase forest yields by keeping insect-caused losses to a mini​mum. They must be used carefully to insure against unintended detrimental effects upon fish, wildlife, livestock, human beings, and other elements of the environment.

Fortunately, foresters do not have to apply chemical insecticides routinely. Most of the time natural controls are sufficient to keep insect impacts with in acceptable limits. At such times the insects are considered to be endemic. Occasionally insects increase greatly and cause extensive killing or serious loss of grown trees. Then they are considered to be epidemic and sometimes are in need of direct control. At present, insecticides are the only proven means for immediate control of outbreaks of some of the most destruc​tive defoliators.
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Policies pertaining to chemical control are going through a period of rapid change and adjustment. Hence no specific recom​mendations regarding chemical control are made in this manual. U.S. Department of Agriculture publications (USDA 1972) and those of various States, e.g., Oregon (Capizzi and Robinson 1975) and Washington (Washington State University 1971), give de​tailed and current recommendations on treatment schedules, ma​terials, application rates, and procedures. In North America, chemicals are most commonly applied in spray form. See Potts (1958) for equipment and Hurtig (1964) for control guidelines.

If chemical control is decided upon, the work must be done under the provisions of applicable Federal and State regulations. This may be relatively simple, as in the case of spraying a small Christmas tree plantation with a registered material used in a registered way. Such a project would not require a complicated review before being approved. At the other end of the scale would be an extensive project using unconventional materials and meth​ods; this would necessitate a lengthy and complex full-scale review. The key elements are the size of the job and the materials and methods used. Larger jobs are coordinated and conducted almost exclusively by Federal and State agencies. The organization and conduct of a chemical control project differ in detail according to the insect and the particular outbreak, but there are basic principles that apply to all, as outlined by the National Academy of Sciences (1962).

BIOLOGICAL CONTROL

Biological control (Balch 1960, Beirne 1962, Buckner 1966, Clausen 1958, deBach 1964, Doutt 1967, Dowden 1959, Sweetman 1958), as defined here, is the applied use of natural enemies to reduce damage by forest insects. The objective is to achieve more lasting protection and decrease the need for chemical insecticides. The three avenues of approach are : (1) To apply disease-causing organisms and other natural enemies for direct control, (2) to encourage established natural enemies, and (3) to introduce and colonize natural enemies from other areas. Biological control measures have great potential, but they are difficult to develop and evaluate, and each must be custom tailored to the pest species to be controlled. As yet, practical application in western forests is limited.

Most of the major forest insect pests in western forests are native ',table 3, page 46) and have a full complement of natural enemies including diseases. Efforts are being made to use some of these enemies directly to control outbreaks, much as in chemi​cal control (Burges and Hussey 1971). In the case of disease‑
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causing organisms, development, testing, and clearance for use is a long and difficult process. Aerial application of mass-produced virus to speed up natural epizootics in Douglas fir tussock moth populations appears to be on the verge of practical use (Stelzer et al. 1975). Viruses have been applied experimentally and appear promising for control of other forest defoliators, including sawflies and tent caterpillars. Aerial application of Bacillus thuringiensis likewise is promising for control of the tussock moth and also for the spruce budworm (Smirnoff 1974), but early field trials were ineffective against some other insects, including the western hem​lock looper (Carolin and Thompson 1967). It is considered possible to use nematodes for biological control of bark beetles, but explor​atory efforts so far have not been successful. Mass production and release of native insect parasites and predators for direct control at present is a theoretical possibility (Berryman 1967, Struble 1942b).

Chemical and physical control measures can be scheduled and applied in ways to protect particular kinds of insect parasites and predators (see Integrated Control section). Chemical spraying against early instars of the western hemlock looper will kill fewer tachinid parasites than will late spraying. On fell-and-burn opera​tions against the western pine beetle, clerids can be protected by leaving the stump unburned. Insectivorous birds can be increased by developing nesting sites for them. Silvicultural practices to en​courage the long-term effectiveness of natural enemies is a little-explored possibility.

Another possibility is the introduction of insect parasites or predators to control native forest insects. To do this, it is first necessary to find an insect not already present within the infested area that will prey upon the harmful species. Even though such an enemy may be found, there are many complex factors that will influence the success of the introduction and its ultimate effective​ness. The life history of the new enemy must synchronize with that of its host if it is to be on hand at the proper time for attack. If a parasite has more generations annually than the host, other insects must be present for it to attack at other periods during the season. The parasite must be capable of wide distribution and have a greater reproductive capacity than that of its host. More​over, its ability to adapt itself to the change in climatic conditions in its new environment may be an important factor in determin​ing its ability to succeed (Force 1967). So far, no introduction of a foreign parasite or predator has been outstandingly successful in the control of any of our native forest insects.

In western forests, parasites and predators have been intro​duced mostly to control injurious insects accidentally introduced
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without their natural enemies (Dowden 1962, McGugan and Cop​pel 1962). Effective control of the satin moth in British Columbia, Washington, and Oregon by introduced insect parasites is an example of success (Jones et al. 1938, Lejeune and Silver 1961). Several insect predators of the balsam woolly aphid have been established in the Pacific Northwest, but it is questionable whether they accounted for the subsequent decline of this introduced pest (Mitchell 1965). The larch sawfly and larch casebearer are other introduced forest insects against which biological control has been attempted in the West by introduced insect parasites.

EXOTIC CONTROL

Broadly, the control measures grouped in this section are bio​logical, and they are so considered by some specialists. They are set apart as being potential measures not yet used to protect for​ests from insects. In relation to practical application, they range from imminent use of pheromones to the remote possibility of introducing lethal genes into pest populations. These sophisticated concepts of control are a natural outgrowth of earlier efforts that theorized 101 ways to kill bark beetle broods and produced a few practical ways. In addition to the two measures already men​tioned, today's theoretical possibilities include the use of hormone growth regulators, sterilized males, antibiotics, resistant host trees, and others. Kilgore and Doutt (1967) discuss many of these potential control measures ; Birch (1974) discusses pheromones ; Gerhold et al. (1964) discuss the breeding of insect-resistant trees ; and Knipling (1960) discusses ways to use insect species to destroy their own kind.

Pheromones that strongly influence the behavior of the Douglas fir beetle, mountain pine beetle, western pine beetle, California fivespined ips. European pine shoot moth, Douglas fir tussock moth, western spruce budworm, and gypsy moth have been identi​fied and commercially produced. These materials are being used experimentally for surveys and control. Control is being ap​proached in two ways through pheromones that attract and con​centrate the target pest for subsequent destruction (Pitman 1971, Vite 1970), and through pheromones that repel the pest (Furniss et al. 1974).

It has long been observed that individual trees and types of trees within a species differ in susceptibility to insect attack (Austin et al. 1945, Keen 1943) . This observation led to the sanitation-salvage type of timber harvesting to reduce losses caused by bark beetles (see Prevention Through Forest Management section). It also sug​gested the possibility of selecting, breeding, and planting insect‑
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resistant trees to obtain long-lasting protection against insects (Beal 1957, Roth 1970) . In California, a Jeffrey pine X Coulter pine hybrid has been found to resist attack by the pine reproduc​tion weevil, but it has not been extensively used. For information on the art and status of breeding pest-resistant trees, see Gerhold et al. (1964) and Soegaard (1964). The mass production and re​lease of sterilized males, which has been highly successful against the screwworm, a pest of cattle in the South, has been explored as a measure to eradicate the European pine shoot moth from the West. Before its technical feasibility could be determined, it was ruled out on cost. Cost alone seemingly blocks use of this method against any forest insect currently present in the West.

INTEGRATED CONTROL

Integrated control is a system that utilizes all suitable tech​niques to reduce pest populations and maintain them at levels below those causing economic injury (Smith and van den Bosch 1967, van den Bosch and Stern 1962) . In forestry the ultimate would be a combination of silvicultural, biological, chemical, and other preventive and remedial control measures. The techniques are being developed and tested individually, but no complete regime of integrated control of insect pests has yet been applied in western forests. A principal problem is to determine what spe​cific measures are needed on particular areas. Fortunately, natu​ral control can be depended upon to do an adequate job of protec​tion most of the time. Emergency measures, such as aerial spray​ing, are available to meet most urgent needs.

HABITAT RELATIONSHIPS

This section focuses first on insects in relation to various parts of a tree, then on insects in other special relationships. It is a general sorting of the insects likely to be encountered by a forester and is intended as an aid in identification. For this purpose, the user should be aware that many insects infest more than one part of a tree. The general sorting also provides a birds-eye view of the role of insects treated in Part II of this manual.

INSECTS AFFECTING FLOWERS
AND SEEDS

Regeneration of forests, whether by natural or artificial means, starts with flowers and seeds. Tree seed production is erratic from year to year due to physiological, climatic, and biotic factors.
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Insects are among the more important biotic factors. In some years insects destroy practically all the seeds of certain tree spe​cies in certain localities. Insect-caused damage increases the cost of harvesting and processing tree seeds. Damage by insects is especially important in seed orchards, genetics studies, and the collection of seeds from premium quality trees. Such damage can also seriously affect the natural reestablishment of the forest on burned or cutover lands where timing of seeding may be highly critical.

Destruction of seeds may be caused by insects that attack the buds, flowers, or immature cones, as well as by those that attack the seeds themselves. Insects such as thrips and sawflies feed on pollen. Others feed upon the flowers causing wilting, blighting, and premature dropping of the parts affected. The fruit or cones developing after insect attack may be deformed or "wormy," rid​dled by the borings of various grubs, caterpillars, or maggots. In many cases the cones show no damage, but the seeds are infested with the small white larvae of seed chalcids. Even the old, hard, dry cones of certain pines are often mined by wood borers. The insects that affect seed production in these various ways belong to a number of different orders and families; some work only in cones or seeds, whereas others work also in the bark or cambium of succulent growing shoots, stems, and twigs, or even in dry wood.

Knowledge of the presence of seed-infesting insects will help a forester to avoid the disappointment and loss attendant on the collecting, handling, and sowing of insect-damaged seeds. In cer​tain situations, Douglas-fir trees can be treated with insecticides to protect the seeds from damage by cone midges and the Douglas fir cone moth (USDA 1972).

Some of the more important insects affecting the flowers and seeds of forest trees are discussed in this manual. For more in​formation, the comprehensive bulletin by Keen (1958) on cone and seed insects of western forest trees, the informative publica​tion by Hedlin (1974) on cone and seed insects of British Colum​bia, and the bibliography by Barcia and Merkel (1972) should be consulted.

INSECTS AFFECTING FOLIAGE

No other part of a forest tree provides nourishment to such a host of insects as do the leaves. Hundreds of insect species feed on them in one way or another. Some mine within the needles, some skeletonize the leaves, and others eat the entire leaf tissue or suck the juices. Caterpillars (Lepidoptera) and sawflies (Hymen‑

optera) are the most damaging of the insects that consume the foliage. Aphids, scales, bugs, beetles, and leaf-mining fly larvae are among the other commonly encountered defoliators. The in​sects that feed upon foliage are primary in that they attack healthy, vigorous trees as readily as undernourished, weakened ones. Sixteen of the 31 major pests listed in table 3 (page 46) are defoliators.

Trees can withstand a great deal of feeding on the leaves with​out being seriously affected, and some such insect work is going on more or less constantly. If the feeding is heavy, the growth of the tree is retarded. If a high proportion of the leaf surface is destroyed, the tree may die. The damage done to the forest by defoliators is difficult to estimate since a large part of it involves only a loss of increment and not the death of the trees. When defoliators become epidemic, their ability to destroy timber, espe​cially coniferous timber, over large areas in a short time places them among the most destructive forest insects.

The extent to which a tree may be injured by defoliation will depend upon the tree species, whether the tree is evergreen or deciduous, its position within the stand, its general health, the insect species involved, and the time of year when the defolia​tion occurs (Kinghorn 1954). Dominant trees are more resistant than their suppressed neighbors, and vigorous trees have a better chance of surviving attacks than those weakened from one cause or another. Since evergreens cannot replace their leaves as readily as deciduous trees, they are much more seriously injured by defoliation than those that normally shed their leaves each year. One year of severe defoliation may be enough to kill such trees as white fir, hemlock, and ponderosa pine. Oaks, aspen, and alder, on the other hand, can usually withstand several seasons of de​foliation without fatal injury.

Defoliators, unlike bark beetles, usually show little preference for weakened individual trees. Their feeding is more influenced by the condition of the foliage—whether it is new or old, tough or tender—and by its position on a tree. Usually defoliating insects show no particular choice as to the age or size of tree they attack, and young trees in the forest may be fed on by almost any leaf-feeding form. However, some of the young trees in the stand are actually avoided by defoliating insects. This has been observed in hemlock looper outbreaks where heavy defoliations ceased when stands of young growth were reached. On the other hand, some​times young trees are fed on in preference to older trees. This has been noted in some outbreaks of the Douglas fir tussock moth. Also, small trees may be fed on because of their closeness to the ground or their more tender succulent growth. For instance, young, low‑
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growing pines have been seriously damaged by invasions of Mor​mon crickets and grasshoppers which, when in epidemic numbers, chew all green foliage within reach.

Outbreaks of defoliators are characteristically sporadic. For many years the forester may not observe a single specimen of some important leaf-feeding insect, and then without warning, a sudden outbreak may occur and the forest may be swarming with millions of caterpillars that devour everything in their path. Some defoliators, like the tent caterpillars, appear nearly every year at widely separated points in the forest. Others, such as the pine butterfly and pandora moth, appear in major outbreaks at long intervals of time. Typically, outbreaks go through a cycle of variable length and intensity. First there is a gradual buildup from the normal level of the insect population. During this stage the insect multiplies, but the effects of feeding are inconspicuous. Next the buildup accelerates and defoliation appears. Then at the peak of an outbreak, defoliation becomes extensive and may be very destructive. Finally, there is an abrupt decline and return to normal. This natural decline usually is brought about by disease, parasitic insects, or climatic conditions. Among the principal defoliators in the West, the duration of outbreaks ranges from a few to many years, even within species (table 2, page 6) .

Outbreaks of leaf feeders do not always result in the death of the defoliated trees. For instance, large areas of hemlock forest in Washington, Canada, and Alaska have been severely defoliated by the western blackheaded budworm for 2 or more years in suc​cession, and yet most of the trees have recovered. On the other hand, outbreaks of the hemlock looper, the pine butterfly, the Douglas fir tussock moth, and even one outbreak of the black-headed budworm on Vancouver Island, British Columbia, have caused the death of hundreds of thousand board feet of standing timber, with a high percentage of the stand killed over thousands of acres.

Prevention of defoliator outbreaks in the West through forest management practices is largely unproven theory. Manipulating the mixture of tree species and breaking up the age classes offer promise with some species.

The aim in applied control of native forest defoliators is not to attempt eradication but to protect forests from severe damage, either by preventing the buildup of epidemics by "catching them while they are small" or by reducing populations at the peak of epidemics to prevent heavy, concentrated feeding, which would be fatal to the trees. In the protection of ornamental, park, and shade trees, rather intensive spray programs are justified in order to prevent damage. In protecting large timber stands, aerial spray‑
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ing is now available as an effective weapon in defoliator control. The most difficult problem involved is one of deciding when an outbreak may become sufficiently damaging to justify the expense of spraying, for most outbreaks subside of their own accord with​out reaching the stage of inflicting severe forest damage. Since young caterpillars are more easily killed by poison than older ones, provided they can be reached, early application of control measures is highly desirable. Spraying against the early stages has the further advantage of reducing the loss of foliage in the year of treatment.

INSECTS AFFECTING BUDS AND SHOOTS

Injury to leaf buds and terminal and lateral shoots is caused by insects of a number of different groups, such as caterpillars, weevils, bark beetles, midges, aphids, and scale insects (see Diagnostic Host Index). Some of these insects also infest cones and branches ; others also feed upon foliage and are ranked as defoliators. By far the most important ones are the budworms, such as the western spruce budworm and blackheaded budworm, that feed in buds and on shoots during their early life and later feed on the expanded foliage. Budworms infest and sometimes kill trees of all ages.

The larvae of some moths, such as the European pine shoot moth and western pine tip moth, are destructive by feeding in and killing the developing shoots of conifers, especially pines. The seriousness of this type of damage is shown in the Sand-hill plantations of the Nebraska National Forest (Van Haverbeke et al. 1971). Two species of pine tip moths, which were of little importance in their native habitat, found their way into these isolated plantations of ponderosa pine. In the new environment, freed from their native parasites, they repeatedly infested, de​formed, and stunted the planted trees.

The insects that start life as budworms and end as defoliators continue to be widely destructive in both young and mature forests. Their control is the same as for defoliators generally. Many of the insects that spend their lives as shoot miners are increasingly important in young forests by slowing growth and reducing quality (Stoszek 1973). Practical prevention and control measures for most of these insects are yet to be developed.

INSECTS AFFECTING TWIGS
AND BRANCHES

As a habitat group, the insects that infest twigs and branches are a mixed lot. Some of them also infest cones and shoots ; others
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also infest the bole, particularly on small trees. Because of this mixed situation, a forester seeking to identify an insect found on a twig or branch, should check these other groups in the Diag​nostic Host Index.

Weevils often damage the terminals of young conifers. The three most important genera are Pissodes, Cylindrocopturus, and Magdalis. Among these, the white pine weevil is the most impor​tant. It is one of the major forest insect pests in the West. The larvae of this species kill the terminals of pines and spruces by feeding under the bark (Stevenson 1967, Wright 1970). The resulting injury deforms infested trees and slows their growth. As a result of this type of injury, planting of Sitka spruce is much reduced in coastal Oregon and Washington. Close planting mini​mizes damage somewhat. Chemical control has not been attempted in the West because of the cost and the many-year period the trees are subject to attack. The pine reproduction weevil is a pest of planted pines in California (Stevens 1965). It deforms and kills young trees growing under stress conditions by mining beneath the bark of the branches and main stem.

A multitude of bark beetles, borers, cambium miners, twig girdlers, aphids, scales, and other insects feed in and on twigs and branches (see Diagnostic Host Index). Quite a number of these insects are pests of ornamentals. Few cause measurable damage to forest trees ; among the latter are aphids, scales, mealy-bugs, and pitch midges. The balsam woolly aphid is a major forest pest that kills trees slowly by infesting the twigs and branches, or quickly by infesting the bole (Mitchell 1966). It also causes gouting in the tree crown and sometimes on the bole. Most of the twig- and branch-infesting bark beetles and borers that flock into dead or injured trees are of no major consequence in forest man​agement. Tree-killing ips are an exception in that some breed in larger branches as well as in the main stem.

INSECTS AFFECTING BOLES

The bole is the province of some of the most destructive forest insects, notably bark beetles such as species of Dendroctonus, Ips, Scolytus, and Pseudohylesinus. Twelve of the 31 most important forest insects in the West infest the bole (table 3, page 46). Many different species and families of insects are represented among those that select the cambium region of the main trunk of trees as a suitable place to feed. They bore through the bark and feed in the inner layers of bark and outer layers of wood. As feeding progresses, the channels of some species penetrate
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deeply into the wood. Some bole-infesting insects, such as the balsam woolly aphid, settle on the bark and suck the juices of the tree through drill-like mouth parts.

A few of the mining insects are capable of attacking healthy trees. By far the greatest number attack only unhealthy, weak​ened, dying, or dead trees because they cannot resist the flow of sap or resin which, in the normal tree, serves as an effective defense. At times, when a tree's resistance is low, even normally secondary species may kill trees if they attack in sufficient numbers.

It is easy to recognize the work of bark-feeding insects. Often a close inspection of the trunk of an infested tree will reveal boring dust in the crevices of the bark or pitch exuding from small holes in the bark. Positive evidence of infestation can be obtained by removing a small chip of bark and determining whether the phloem is fresh and white or discolored and is mined by insects. If mines are found, a larger piece of bark can be removed, and the species responsible for the damage usually can be identified by the character of its work.

A few species of inner-bark miners, such as the pitch moths, may work in the phloem from the edge of wounds without threatening the life of the tree, and no attempt need be made to control such species under forest conditions. Nor is it necessary to attempt any control of the vast number of inner-bark-feeding insects that confine their attack to weakened, sickly, or felled trees. Only species capable of attacking and killing living trees and some that bore into sound wood (see Insects Affecting Wood and Wood Products, page 41) need cause any concern, and for​tunately the number of such species is limited. It is not difficult for the forester to learn to recognize the comparatively few phloem-mining insects that are aggressive killers of the trees in his region.

INSECTS AFFECTING ROOTS

One end of a tree grows in the ground ; the other in the air. Both ends are affected by insects. The larvae of some bark beetles and weevils feed under the bark of the root crown and larger roots, much as other species do in the bole above ground. White grubs, seedcorn maggots, cutworms, carpenter ants, aphids, and symphylans feed externally on the roots and below-ground por​tions of the stem. Not being readily observed, the insects that affect roots have not been much studied and the amount of damage they cause is not well documented except in nurseries.
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INSECTS INFESTING GALLS

Many kinds of insects cause galls on forest trees. Galls occur on all parts of a tree, most abundantly on the foliage and least often on the roots. For comprehensive coverage of this fascinating subject, the reader is referred to Felt (1940) and Mani (1964). Numerous gall-forming insects are included in this manual (see Diagnostic Host Index). Some representative examples are the balsam woolly aphid that causes gouting on twigs of true firs ; spruce gall aphids that cause conelike galls on twigs of spruce ; and gall midges, gall wasps, aphids, and sawflies that cause vari​ous galls on the foliage, buds, and branches of forest trees. Gall wasps are by far the most numerous in species. Gall midges are next most abundant. Oaks outrank all other trees as hosts for gall-forming insects. Pines, junipers, willows, and poplars also host many kinds of gall formers.

Numerous insects obtain food and shelter in galls caused by other insects and by fungi. For example, 137 species of insects were recorded from cankers (galls) caused by comandra blister rust, Cronartium comandrae Pk., on lodgepole pine in Alberta (Powell 1971).

INSECTS IN THE SOIL

As a group, soil-inhabiting insects and related organisms are important to the well-being of forest trees (Burges and Raw 1967). Few species have been studied individually in relation to the management of western forests, hence foresters give little attention to them.

Insects and relatives, ranging from termites and wood borers to springtails and mites, are beneficial by decomposing fallen trees and litter, thus returning nutrients to the soil through excreta and their own dead bodies. Insects in the soil help mix organic matter in the upper layers. As decomposers and soil improvers, insects are important principally because of their great numbers and total volume rather than as individual species. Undoubtedly the number and activities of insects in the soil vary during the life of a stand. As yet, positive means of increasing their beneficial effects have not been developed and put into forest management practice.

Numerous insects such as sawflies and Lepidoptera that feed on above-ground portions of a tree, spend an inactive part of their life in forest soil and litter. There they are sheltered from cold, heat, dryness, and control efforts by man. Still they are sought out and fed upon by insect parasites and predators, many of which also spend part of their life in the soil.
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INSECTS AFFECTING WOOD
AND WOOD PRODUCTS

Insects take a heavy toll of crude and finished forest products (Chamberlin 1953, Hickin 1963). This loss has been variously estimated at 1 to 5 percent of the annual cut. The principal dam​age to forest products is caused by insects that feed on or bore into the wood. A great deal of this damage occurs after trees have been killed or felled and before utilization. Green and sea​soned lumber and even the final utilized products are fed on by insects.

After a tree has been killed by fire, insects, or other causes, or felled by wind, snow, or cutting, it becomes particularly attractive to and is deteriorated by a large variety of insects (Kimmey and Furniss 1943, Shea and Johnson 1962, Shea 1,;t al. 1962, Wright and Harvey 1967). Ambrosia beetles find the dying wood with fermenting sap an especially suitable medium for the growth of their fungi. Horntail wasps settle on freshly felled trees, some​times before the woodsmen have finished cutting them into logs, and on fire-killed trees before the fire is out, and insert their long slender ovipositors deeply into the wood to lay their eggs. Many of the flatheaded and roundheaded borers, weevils, and larvae of carpenter moths and clear wing moths are wood boring in habit. The larvae usually feed for a time in the cambium layer and then penetrate the wood. In short, so many different species of wood-boring insects mine in killed or felled trees that it is important that such timber be promptly removed from the woods to avoid heavy damage.

After lumber has been kiln dried it becomes reasonably safe from insect attack. There are, however, a few important groups which still persist in their attacks unless the wood is properly handled. The seasoned sapwood of hardwoods is particularly sus​ceptible to damage by powderpost beetles and must be carefully managed in the lumberyard or in storage to avoid becoming infested. Even after timbers are in place they are subject to attack by powderpost beetles, carpenter ants, roundheaded borers, flat-headed borers, and termites unless precautions are taken to pro​vide proper insulation from the ground or protection is secured through the impregnation of the wood with creosote or other chemicals. Logs rafted or stored for long in seawater are subject to damage by various non-insect marine borers (Hunt 1926).

As has been indicated, the control of insects injurious to forest products is largely a matter of prevention of damage through cutting at the proper season, prompt removal of logs, poles, and other unseasoned products from the woods, proper handling in the
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mills, and certain precautions in utilization. Logs that are to be used for poles or in rustic work should be peeled before wood borers have an opportunity to enter the wood. Chemical measures for prevention and control vary with the kind of insect and with changes in approved insecticide recommendations.

INSECTS AFFECTING FOREST NURSERIES AND PLANTINGS

A forest nurseryman must guard against insect enemies of young trees, as well as against damping-off, rodents, heat injury, and unfavorable soil conditions. Young seedlings in seed and transplant beds are frequently damaged by root-feeding insects, which are able to inflict more injury at this stage than later when trees have become established and have developed larger root sys​tems. The stems of young seedlings may be attacked above ground by cutworms, grasshoppers, leafhoppers, aphids, and various bark-chewing beetles ; and the leaves may be fed upon by caterpillars, sawflies, and various scales, aphids, and bugs.

In western forest nurseries, white grubs, root weevils, seedcorn maggots, cutworms, symphylans, grasshoppers, and aphids are some of the pests that have been troublesome. Damage by root-feeding insects is most likely on newly broken ground previously covered by sod. Most western forest nurseries are not seriously troubled by insect pests.

Although the control of insect pests in forest nurseries is some​times difficult, the nurseryman can use measures that would be impractical under forest conditions. Most root-feeding insects can be controlled by applying a soil fumigant or by using poisoned baits, but much can be done to avoid injury through regulating cultural methods. Transplant beds that have become heavily infested should be plowed and allowed to remain fallow for at least a year. If they are cultivated often enough to prevent the growth of weeds, most of the insects will have been starved out in a year's time, and the beds can be used again for a period without serious injury to transplants. Leaf-feeding insects usually are easily controlled by the use of sprays.

Young trees in forest and Christmas tree plantings and in seed orchards are subject to the same wide variety of insects that feed upon natural regeneration (Browne 1968). However, planted trees seem to be more susceptible to insect-caused damage, per​haps because of lesser vigor of such trees. The economic damage is more serious, too, because of the high cost of establishing plantations. Some of the insects that give most trouble are white

grubs, weevils, shoot moths, bark beetles, pitch midges, carpenter ants, scales, and aphids.

The basic step in protecting plantations against insects is to strive for maximum vigor by minimizing competition by brush and grass and avoiding adverse planting sites. For example, plant​ing ponderosa pine on hardscrabble is an invitation to insects to cause trouble. Of course, cultural and harvesting practices in nearby stands should not be such as to increase damaging insects that likely would spread and invade plantations. Because values are higher and the threat of insect-caused damage is greater in plantations, direct control by chemicals is more frequently war​ranted than in natural stands of similar age. Acre for acre, seed orchards approach agricultural crops in value and in the need for protection against insects.

INSECTS AFFECTING RANGE PLANTS

Grasses, forbs, and shrubs furnish food for livestock and wild​life on forest-related ranges and thus are within the province of foresters. As with trees, range plants are fed upon by many kinds of insects (Furniss 1972a). A few of these insects are known to cause serious damage. At times in some localities, an insect out​break will so seriously deplete a key plant, such as bitterbrush, that livestock have to be moved elsewhere. The effects may carry over and reduce the available food for several years. Probably of greater importance than outbreaks is the continuous drain caused by the general feeding of numerous kinds of insects. Direct control is seldom applied because of the low per-acre value of the affected range.

The reader interested in range insects is referred to a recent publication concerning those on browse plants in the Northwest (Furniss and Barr 1975) . A few insects likely to be encountered by foresters are included in the present manual ; for example, tent caterpillars, other defoliators, and grass bugs of known destruc​tiveness ; grasshoppers that sometimes damage young pines ; and various other insects that feed on broad-leaved trees and shrubs used as browse by livestock and game animals.

INSECTS AFFECTING ESTHETIC AND RECREATIONAL VALUES

Insects that attack trees in commercial forests also attack trees grown for esthetic and other special purposes in parks, suburban developments, urban plantings, and shelterbelts. Sometimes the impact is similar ; sometimes quite different. A forest devastated by a bark beetle outbreak is reduced in value both for timber pro‑
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duction and for most recreational use. A few ornamental trees, or even one, may warrant considerable expense to protect, whereas the continuous loss of a small number of trees in a commercial forest is normal and warrants only salvage, if anything.

Foresters are increasingly called upon to identify insects that attack shade and ornamental trees and to recommend measures to control them. Numerous insects included in this manual are significant only as pests of woody ornamentals. There is a need for a comprehensive manual on western insects that affect trees in ornamental plantings and on recreational areas. For the present, the need is partially met by Herrick (1935), Schuh and Mote (1948), and Weigel and Baumhofer (1948).

Intensive use and misuse in campgrounds and other forested areas weaken trees and call for special measures to protect the trees from insect attack. Rotation of campgrounds, protective barriers on and around individual trees, or direct control measures sometimes are warranted to protect such trees (Wagener 1963).

Insect-killed trees are part of the natural process by which for​ests are regenerated, hence they are a recurrent part of the scene in wilderness areas. The skeletons of beetle-killed trees even have a stark beauty worthy of preserving, but, when whole forests are killed, the impact within a reserve may be greater than is gener​ally acceptable. In addition, infestation is likely to spread and cause damage to surrounding commercial forests. The forest management challenge is to permit natural processes to run their course within limits that will not cause undue harm.

Insects that bite and otherwise are objectionable to man and animals on forest recreation areas are increasingly important. A basic source of information concerning such insects is Herms's Medical Entomology (James and Harwood 1969). Aquatic Insects of California (Usinger et al. 1963) provides much information concerning the insect fauna of forest streams and lakes.

INSECTS AFFECTING SHELTERBELTS

Trees and shrubs are planted extensively in the Great Plains and other unforested areas of the West, such as portions of the Great Basin and the Columbia River Basin, to protect crops, live​stock, and wildlife ; to shelter dwellings against wind and snow ; and to enhance the landscape. Shelterbelt plantings often suffer from drought, wind, and adverse soils and consequently are vul​nerable to attacks by insects. Many kinds of insects feed upon and damage trees in shelterbelts. The profusely illustrated key by Stein and Kennedy (1972) serves to identify the species likely to be encountered in this special situation.
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MAJOR FOREST INSECT PESTS

Major pests are defined as those that seriously damage forests and forest products or that affect forest management decisions and practices on extensive areas. On a particular area, they are the insects that forest managers should know and take into ac​count. Somewhat more than 30 species qualify for this classifica​tion according to a Westwide sampling of opinion of foresters and entomologists (table 3). This list approximates one developed in Canada by Davidson and Prentice (1967). A few species are ranked as major pests principally because of dramatic outbreaks rather than great damage.

Numerous others might have been included on the basis of their causing significant though often localized damage. In a list pub​lished 45 years ago, Craighead and Middleton (1930) took this broader approach. Today in the West, these next lower order pests would include some beetles of the genera Conophthoi'us, Cylindrocopturus, Dryocoetes, Lyctus, Melanophila, Monochamus, and Tetropium; moths such as Epinotia, Eucosma, and Galenara; some Matsucoccus scales ; an aphid of the genus Elatobium; and from time to time, other insects.

The listing of major pests by broadly defined regions (table 3) is to indicate to a forester in a particular State or Province insects for which he should be especially alert. For this purpose, the Northern Region consists of the interior, spruce-hardwood forests of Alaska and Northern Canada. The Pacific Coast Region com​prises the fir-hemlock forests of southeastern Alaska, western British Columbia, western Washington and Oregon, and north coastal California. The remaining two regions are dominated by pine and mixed conifer forests from the Cascade Mountains and the Sierra Nevada to the eastern slopes of the Rockies, and from Southern Canada to Mexico. East to West, they are divided by an imaginary line from southern Colorado, Utah, and Nevada, to central California.

Table 3 reveals that northern and Pacific coast forests have fewer and generally different major insect pests than other forests of the West. Several species occur in two or more regions. To qualify as a major pest in a particular region, an insect must seriously affect one or more important species of trees. The spruce beetle, Dendroctonus rufipennis, is a major pest in all regions. The striped ambrosia beetle, Trypodendron lineatum, occurs in all re​gions but is economically important only in the northern portion of the Pacific Coast Region. The western spruce budworm, Cho​ristoneura occidentalis, and the mountain pine beetle, Dendroc​tonus ponderosae, rank as the two most destructive species in the
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Table 3.--Major forest insect pests in regions of
Western North America

Region and principal forest trees


Pacific
Rocky
California

Northern
Coast
Mountain and South‑
Insect
(spruce,
(Douglas- and Inter-
western

aspen,
fir,
mountain (pines and

and
true fir,
(pines and
mixed

birch)
and
mixed
conifers)


hemlock)
conifers)

Coleoptera

Dendroctonus adjunctus
X

Dendroctonus brevicomis
X
X

Dendroctonus jeffreyi
X

Dendroctonus ponderosae
X
X

Dendroctonus pseudotsugae
X
X
X

Dendroctonus rufipennis
X
X
X
X

Ips pini
X
X

Ips spp.
X
X
X

Pissodes strobi
X
X

Pseudohylesinus spp.
X

Scolytus ventralis
X
X

Trypodendron lineatum
X

Hymenoptera

Neodiprion spp.
X
X
X

Pristiphora erichsonii

Isoptera
X
X 

Reticulitermes spp.

Lepidoptera
X
X
X

Acleris gloverana
X

Adelges piceae
X

Choristoneura cortflictana
X

Choristoneura occidentalis
X
X

Coleophora laricella
X

Coleotechnites spp.
X
X

Coloradia pandora
X
X

Ectropis crepuscularia
X

Lambdina fiscellaria lugubrosa
X

Malacosoma spp.
X
X
X

Melanolophia imitata
X

Neophasia menapia
X

Operophtera bruceata
X

Orgyia pseudotsugata
X
X

Rheumaptera hastata
X

Rhyacionia spp.
X
X

West, although neither is significant in the Pacific coast and Northern Regions. Pines, spruces, and firs have the greatest num​ber of major insect pests ; redwood has none (see Diagnostic Host Index).
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INTRODUCED INSECTS

Foreign forest insects known to be established in the West num​ber upward of 70 (table 4, page 48). Most of them were acci​dentally introduced. Four of them now rank as major pests—balsam woolly aphid, larch casebearer, larch sawfly, and European pine shoot moth (table 3). Several others are presently or poten​tially damaging to forest trees or forest products. Seventeen of the numerous species introduced for biological control of pest in​sects and weeds of significance to foresters are reported to be suc​cessfully colonized. Some insects, notably sawflies having a north​erly distribution, are native both in North America and Eurasia. Although these "natives" have been here a very long time, the introduction of special strains can complicate control, as with the larch sawfly.

Quarantines are the principal means for keeping forest insect pests out of the United States. The Federal quarantine system is based upon the Plant Quarantine Act of 1912 and related legisla​tion. Few destructive forest insects have become established since quarantines were established and enforced. Most recent insect im​migrants in the West are species that became established long ago in the East and spread from there, for example, Japanese beetle, gypsy moth, European pine shoot moth, and smaller European elm bark beetle.

Despite the proven effectiveness of quarantines, modern com​merce and travel provide abundant opportunities for invasion by destructive forest insects. Many notorious pests of Europe, such as the pine processionary, Thaumetopoea pityocampa Schiffer​muller, are continuous threats. To back up the quarantine pro​gram, surveys enlisting the help of foresters, entomologists, and others concerned with forests throughout the West, are needed to detect foreign insect invaders while eradication is feasible (Pop​ham and Hall 1958) .
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Table 4.—Insects introduced from other continents and
now established in Western North America

Insect
           Origin
             Plant or animal host
Coleoptera (accidentally introduced):

Anobium punctatum
Europe
Wood products

furniture beetle

Cryptorhynchus lapathi
Europe
Salix and Populus 

poplar-and-willow borer

Lyctus brunneus
Europe
Wood products

old world lyctus beetle
(Cosmopolitan)

Lyctus linearis
Europe
Wood products

European lyctus beetle
(Cosmopolitan)

Nacerdes melanura
Europe
Wood products

wharf borer

Otiorhynchus ovatus
Europe
Seedling conifers

strawberry root weevil

Otiorhynchus rugosostriatus
Europe
Seedling conifers

rough strawberry root weevil

Otiorhynchus sulcatus
Europe
Seedling conifers

black vine weevil

Popillia japonica
Japan
Broad-leaved trees and

Japanese beetle
many ornamentals

Pyrrhalta luteola
Europe
Ulmus

elm leaf beetle

Saperda populnea
Europe
Populus

Scolytus multistriatus
Europe
Ulmus

 smaller European elm bark beetle

Scolytus rugulosus
Europe
Broad-leaved trees

shothole borer

Stegobium paniceum
Cosmopolitan
Wood products

drugstore beetle

Tenebroides mauritanicus
Cosmopolitan
Wood products

cadelle

Xestobium rufovillosum
Europe
Wood products

deathwatch beetle

Xyleborus dispar
Europe
Broad-leaved trees

European shothole borer

Coleoptera (intentionally introduced):

Apion fuscirostre
Europe
Gorse, Ulex europaeus

Apion ulicis
Europe
Gorse

gorse weevil

Chrysolina hyperici
Europe via
Klamath weed,


Australia
Hypericum perforatum

Chrysolina quadrigemina
Europe via
Klamath weed,

Klamathweed beetle
Australia
Hypericum perforatum

Laricobius erichsonii
Europe
Adelges piceae

Scymnus impexus
Europe
Adelges piceae

48

Table 4.
Insects introduced from other continents and

non: established in Western North America
Continued

Insect
Origin
Plant or animal host

Diptera (accidentally introduced):

Hylemya platura
Europe
Seedling conifers 

seedcorn maggot

Phytomyza ilicis
Europe
Hex

holly leafminer

Diptera (intentionally introduced):

Aphidoletes thampsani
Europe
Adelges piceae

Compsilura concinnata
Europe
Porthetria dispar and other Lepidoptera

Cremifania nigrocellulata.
Europe
Adelges piceae

Leucopis obscura
Europe
Adelges piceae

Hemiptera (none introduced)

Homoptera (accidentally introduced):

Adelges abietis
Europe
Picea 

Eastern spruce gall aphid

Adelges niisslini ( = nordmaneanae)
Europe
Picea and Abies

Adelges piceae
Europe
Abies 

balsam woolly aphid

Adelges strobilobius (= laricis)
Europe
Picea and Larix

 larch woolly aphid

Asterolecanium minus
Europe
   Quercus

Cinara tujafilina
Europe
Cupressini

Dialeurodes chittendeni
Asia
Rhododendron

 rhododendron whitefly

Elatobium abietinum
Europe
Picea

spruce aphid

Eriosoma ulmi
Europe
Ulmus

 European elm leafcurl aphid

Euceraphis punctipennis
Europe
Betula European birch aphid

Gossyparia spuria
Europe
Ulmus European elm scale

Lecanium corni
Europe
Broad-leaved trees European fruit lecanium

Lepidosaphes ulmi
Europe
Broad-leaved trees oystershell scale

Periphyllus californiensis
Asia
Acer

Periphyllus lyropictus
Europe
Acer platanoides and other Acer

Periphyllus testudinacea
Europe
Acer

Physokermes piceae
Europe
Picea spruce bud scale

Pineus strobi
Europe
Pinus pine bark aphid

Quadraspidiotus perniciosus
Asia
Broad-leaved trees San Jose scale

Schizolachnus pineti
Europe
Pinus
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Table 4.
Insects introduced from other continents and now established in Western North America--Continued

Insect
Origin
Plant or animal host

Hymenoptera (accidentally introduced):

Eriocampa ovata
Europe
Alnus 

alder woolly sawfly

Fenusa pusilla
Europe
Betula 

birch leafminer

Pristiphora erichsonii
Europe
Larix 

larch sawfly

Profenusa thomsoni
Eurasia
Betula 

amber-marked birch leafminer

Trichiocampus viminalis
Europe
Populus and Salix

Hymenoptera (intentionally introduced):

A gathis pumila
Europe
Coleophora laricella

Apanteles solitarius
Europe
Stilpnotia salicis

Chrysocharis laricinellae
Europe
Coleophora laricella

Mesoleius tenthredinis
Europe
Pristiphora erichsonii

Meteorus versicolor
Europe
Stilpnotia salicis

Lepidoptera (accidentally introduced):

A ethes rutilana
Europe
Juniperus

 pale juniper webworm

Archips rosanus
Europe
Broad-leaved trees

Caloptilia negundella
Europe
Acer

boxelder leafroller

Caloptilia syringella
Europe
Lilac and Fraxinus

 lilac leafminer

Cnephasia longana
Europe
Pseudotsuga and broad‑
omnivorous leaftier
leaved trees

Coleophora laricella
Europe
Larix

larch casebearer

Dichomeris marginella
Europe
Juniperus

juniper webworm

Homadaula anisocentra
Unknown
Albizzia and Gleditsia

 mimosa webworm

Ocnerostoma piniariellum
Europe
Pinus

Pandemis cerasana
Europe
Broad-leaved trees

Porthetria dispar
Europe
Broad-leaved trees

 gypsy moth

Rhyacionia buoliana
Europe
Pinus

European pine shoot moth

Spilonota ocellana
Europe
Quercus and other

eyespotted bud moth
broad-leaved trees

Stilpnotia salicis
Europe
Populus and Salix 

satin moth

Lepidoptera (intentionally introduced):

Leucoptera spartifoliella
Europe
Scotch broom, Cytisus scoparius
Tyria jacobaeae
Europe
Tansy ragwort,

cinnabar moth
Senecio jacobaea
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