Part II
Insects and Allies

The chapters in Part II deal with approximately 1,400 species of insects and related organisms occurring commonly in western forests, intermixed rangelands, forest nurseries, plantings of ornamental trees, and wood in use. These insects are considered to be the ones most likely to be seen by foresters and other users of the forest. Information on them is from publications (see Literature Cited). The figures, chosen to illustrate important species and species representative of groups, are closely associated with the text to which they refer.

Phyla represented are Mollusca, which includes the shipworms, and Arthropoda, which includes the crustaceans, symphylans, spiders, and mites, in addition to the insects. The chapters are arranged systematically, beginning with the more primitive organ​isms in the evolutionary scale and ending with the more advanced ones. The arrangement is as approved by the Entomological Society of America (Anderson 1975), except that the Diptera are placed below the Hymenoptera.

Within the chapters, the major groups such as suborders and superfamilies are arranged systematically, but within these groups the families are arranged alphabetically. Within the families, the arrangement is usually alphabetical, but sometimes important spe​cies are presented first so that less important species may be read​ily compared with them on the basis of structure or life cycle.

Wood structures, boats, and logs in salt water are subject to serious damage by marine borers belonging to the classes Gastropoda (Mollusca) and Crustacea (Arthropoda) (Clapp and Kenk 1963). These animals are briefly discussed here primarily to open the literature concerning them, which is extensive but little known to foresters.

CLASS GASTROPODA

FAMILY TEREDINIDAE-SHIPWORMS OR PILEWORMS

These wood-boring mollusks (Bramhall 1966, Turner 1966) are related to oysters, clams, and mussels. They have wormlike bodies, small shells at the burrowing end, and siphons and pallets at the outer end. The siphons draw in fresh sea water for oxygen and
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food and discharge the used water and waste products. The pallets are plates of shell used to close the burrows. The burrows are lined with a hard, white, calcareous material that renders logs unfit for lumber. Shipworms invade new wood during the brief larval period when they are free-swimming. The entrance hole is so small that the damage often is not detected until the interior of the wood is riddled and useless (fig. 10).

	
	F-519930 FIGURE 10.-Cross section of log honeycombed by ship-worms, mollusks in the family Teredinidae.


There are many kinds of shipworms, particularly in the warmer seas and oceans. On the Pacific coast, Bankia setacea (Tryon) and Teredo navalis L. are abundant. B. setacea is larger and more important in northern waters. It attains a length of 60 cm (24 inches) and a diameter of about 20 mm (0.8 inch) , and has a segmented pallet. T. navalis at maturity is 10 to 15 cm long, about 10 mm in diameter, and has a nonsegmented pallet. The life cycle and habits of T. navalis are discussed and illustrated by Lane (1961) .

Wooden structures and boats can be treated with preservatives or protective coverings to prevent damage by shipworms. Logs that must be put in saltwater should remain there only a short time because they can be severely damaged in a few months by shipworms.

CLASS CRUSTACEA

This very large class of arthropods consists of mostly aquatic and predominantly marine animals, but some are terrestrial. The order Isopoda (Hatch 1947) contains a few species of interest to the forester.
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FAMILY ARMADILLIDIIDAE-SOWBUGS OR PILLBUGS

These grayish, rounded little animals with flexible segments frequent damp or wet places, often feeding on tender young plants. Sometimes they are a nuisance in damp basements. The dooryard sowbug, Porcellio laevis Koch, and the common pillbug, Armadillidium vulgare (Latreille), are examples. None is a forest pest.

FAMILY LIMNORIIDAE

The gribble, Limnoria lignorum Rathke (Bramhall 1966, Hunt 1926) is a representative of this group on the Pacific coast. It is about 6 mm long and resembles the common pillbug to which it is related. L. lignorum swims or crawls about at will. It feeds first on the softer outer portions of the wood of pilings, progressing inward as wave action and its feeding erode the wood surface. It attacks in great numbers. Destruction by it progresses most rapidly at low tide level. Prevention of damage is the same as for shipworms.

CLASS SYMPHYLA

Symphylans (Michelbacher 1949) are white, soft-bodied, centi​pedelike animals, less than 10 mm long, with long, many-seg​mented antennae and 12 pairs of legs when fully developed (fig. 11). They live in moist soil, often abundantly in forest soil, and feed principally on plant material. Some damage agricultural crops. One is potentially damaging in forest tree nurseries.

FAMILY SCUTIGERELLIDAE

The garden symphylan, Scutigerella immaculata (Newport) (Berry and Robinson 1974, Michelbacher 1938) feeds on the roots of various vegetable crops and is especially damaging in Pacific Coast States. It has killed broad-leaved tree seedlings in a forest

	
	COURTESY OREGON STATE UNIVERSITY FIGURE 11.--Adult garden symphylan (Scutigerella immaculata), 5.8 mm long.
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nursery in western Oregon but is not reported to feed upon coni​fers. Populations run to many millions per acre and are greatest in moist soils high in organic content. S. immaculata shuns light and moves rapidly through natural crevices in the soil. Control is difficult and expensive. Deep and thorough cultivation helps to minimize damage.

CLASS ARACHNIDA

The class Arachnida consists of 11 subclasses, including spiders, mites and ticks, scorpions, pseudoscorpions, daddylonglegs, and related forms. They differ from insects in lacking antennae, true jaws, or compound eyes and in having four pairs of legs, only two body regions, and unique respiratory and reproductive systems.

SUBCLASS ARANAE-SPIDERS

Spiders feed largely on insects and are generally considered to be beneficial. In the West, the black widow spider, Latrodectus mactans (F.) , other species of Latrodectus, and the brown recluse, Loxosceles reclusa Gertsch and Muliak, are venomous to man.

Spiders feed on many forest insects, but there have been few efforts to measure their effectiveness in controlling pest insects (Loughton et al. 1963). Dahlsten (1967) observed several species of spiders feeding on Neodiprion larvae. Carolin and Honing (1972) reported spiders as important predators of the western spruce budworm (fig. 12) . Jennings and Pase (1975) observed and identified spiders feeding on adults of Ips pini, and Jennings (1975) recorded an oxyopid spider feeding on late instar larvae of Rhyacionia neomexicana.

Keys for the identification of the more common spiders of the United States are given by Kaston and Kaston (1953). Spiders
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	F-505849 FIGURE 12.-Jumping spider (family Attidae) feeding on western spruce bud-worm larva.
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of the Americas are catalogued by Petrunkevitch (1911) . The biology, behavior, and peculiarities of spiders are discussed by Comstock (1948) and Gertsch (1949) .

SUBCLASS ACARI---MITES AND TICKS
The Acari (Baker and Wharton 1952) are a large and diverse subclass of small arthropods. Classification is complex and unset​tled. The classification by Krantz (1970), as amended in corre​spondence, is adopted in this manual. It recognizes three orders, of which two contain species of interest to foresters.

The great majority of mites are small, wingless, generally eight-legged creatures that resemble spiders, but differ in that the leg-bearing portion of the body is broadly joined to the after por​tion, rather than being joined by a narrow stalk. Some of the many mite species suck the juices from the leaves and tender stems of trees causing damage similar to that of insects. Some prey upon or are variously associated with forest insects, espe​cially bark beetles (Lindquist 1969a, Lindquist 1970, Moser and Roton 1971) ; mites that are carried on the body of insects but do not feed on them are said to be phoretic. Some contribute importantly to the nutrient cycle in forest soils by decomposing litter and mixing organic matter (Burges and Raw 1967). Others are pests of man and animals. As pests on trees, mites are more important on ornamental plantings than on forest trees. In gen​eral, the biology and role of mites in the forest has been little studied and only a small fraction of the species has been named.

ORDER PARASITIFORMES

This order contains three suborders of which two are included in this manual.

SUBORDER MESOSTIGMATA

The species in this large suborder (Krantz 1970) are predators and parasites. They usually have hardened shields or plates above and below. In the forest, some are predators and associates of bark beetles ; others prey upon phytophagous mites.

FAMILY CERCOMEGISTIDAE

Cercoleipus coelonotus Kinn is associated with species of Ips. It feeds primarily on nematodes, occasionally on other mites, Ips eggs, and fungi (Kinn 1971).

FAMILY DIGAMASELLIDAE

The Digamasellidae (Hurlbutt 1967, Lindquist 1975) are oval, smooth, flattened, predatory mites often associated with insects,
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especially bark beetles. Dendrolaelaps [Digamasellus] quadrisetus (Berlese) occurs extensively in North America and Europe in association with Ips, Dendroctonus, Orthotomicus, and Hylastes. In California it preys upon the brood of Ips paraconfusus and upon nematodes and fungi (Kinn 1967) . This mite is carried from tree to tree by its host adult, often on the declivity or under the elytra.

FAMILY PHYTOSEIIDAE

Mites of the Phytoseiidae (Chant 1959) prey upon and are considered to be important in natural control of phytophagous mites. Species of Typhlodromus are predators of Oligonychus ununguis (Fellin 1968, Johnson 1958).

FAMILY SCHIZOGYNIIDAE

Choriachus reginus Kinn (Kinn 1966) is associated with Pseudo​hylesinus sericeus, Phloeosinus punctatus, and P. sequoiae in California and is suspected of preying upon these bark beetles.

FAMILY UROPODIDAE

A species of Trichouropoda, formerly known as Uropoda fallax Vitzhum, is carried from tree to tree attached to the declivity and under surfaces of Ips. This and related species are believed to feed on fungi in beetle galleries.

SUBORDER METASTIGMATA

Ticks (Krantz 1970) are very large, specialized mites. They are external parasites that feed principally on the blood of mammals, birds, and reptiles. There are three families, one of which is of concern to western foresters.

FAMILY IXODIDAE-HARDBACKED TICKS

This family (James and Harwood 1969) contains numerous ticks that feed upon and transmit diseases to man and other animals. The Rocky Mountain wood tick, Dermacentor andersoni Stiles (Cooley 1932) (fig. 13), occurs extensively in the Western States and Provinces. It transmits Rocky Mountain spotted fever, Colorado tick fever, and other diseases to man, especially in springtime in open woodland areas where wild animal popula​tions are disease reservoirs. Foresters and others in such areas should take precautions to avoid ticks becoming attached. If ticks become attached they should be removed promptly.

ORDER ACARIFORMES

This order contains four suborders, all of which are included in this manual.
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	F-52I898 FIGURE 13.-Adult of Rocky Mountain wood tick (Der​macentor andersoni), 3.5 mm long.


SUBORDER PROSTIGMATA

This very large suborder (Krantz 1970) contains many of the mites that damage trees.

FAMILY ERIOPHYIDAE

The eriophyid mites are considered by some specialists to be a superfamily (Lindquist 1974). In this manual they are treated as one large family (Krantz 1970).

These mites are tiny, elongate, four-legged, translucent crea​tures that average about 0.2 mm in length. The legs are far for​ward and the abdomen has many narrow transverse rings. Through a hand lens, these mites appear only as specks. Micro​scopic examination of slide-mounted specimens is necessary for specific determination. Eriophyid mites feed on perennial plants with few exceptions and are highly selective as to hosts, seldom attacking species in more than one genus. They have two nymphal instars, the second instar producing the adult after a resting period. Under optimum conditions, development from egg to adult takes 10 days to 2 weeks. Keifer (1952) lists many species on coniferous and broad-leaved trees in California. Some are signifi​cant pests.

Numerous species of Eriophyes [Aceria] attack a wide variety of plants, including broad-leaved trees. They feed on leaves, buds, stems, flowers, and fruit; many of them cause galls. E. parapopuli Keifer (fig. 14) causes woody galls around the buds of various poplars, including aspen, throughout the West. It stunts tree growth and in Alberta is rated as a major pest of farm shelter-belts. E. neoessigi Keifer causes pendant galls in the catkins of
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poplars, including aspen, from Alberta to California. The purple erineum maple mite, E. calaceris (Keifer), causes dense, magenta-colored, hairlike growths on the underside of leaves of Acer glabrum.

Species of Phytoptus feed on various plants including broad-leaved trees and shrubs. The alder gall mite, P. laevis Nalepa, is a holarctic species that causes beadlike galls on leaves of Alnus.

Mites of the genus Platyphytoptus (Keifer 1952) live on pine needles, usually within the needle sheath. P. sabinianae Keifer occurs on Pinus ponderosa, P. radiata, P. sabiniana, and other pines in California.

Trisetacus contains several species that feed on foliage, buds, and twigs of conifers, usually causing galls. T. alborum Keifer induces lateral growths with multiple buds on sugar pine in California.

Trisetacus campnodus Keifer and Saunders (Keifer and Saunders 1972) seriously damages Pinus sylvestris in Christmas tree plantations in Washington. It feeds principally within the needle fascicle, causing yellowing, stunting, and twisting of the needles. It is closely related to T. grosmanni and T. pseudotsugae.
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Trisetacus ehmanni Keifer (Keifer 1963) has been confused with the pine bud mite, T. pini (Nalepa), which causes twig galls on Scotch pine in Europe. T. ehmanni (fig. 15A) occurs in Cali- fornia on ponderosa, Jeffrey, Monterey, lodgepole, digger, and knobcone pines. It feeds within the needle sheath on the current year's needles, twisting and shortening them and causing them to turn yellow and drop prematurely. On repeatedly attacked trees, the twigs may become twisted (fig. 15B). This species or a closely related one heavily attacks and weakens young trees in plantations in southern Oregon.

[image: image1.png]



Trisetacus grosmanni Keifer is reported to damage the buds of young Sitka spruce in British Columbia.

The Douglas fir bud mite, Trisetacus pseudotsugae Keifer (Kei​fer 1965), causes big-bud of Douglas-fir from seedling size to mature trees in coastal Oregon and California (fig. 16). It stunts and deforms seedlings (Lavender et al. 1967).

The juniper berry mite, Trisetacus quadrisetus (Thomas), attacks and destroys the berries of junipers, including Juniperus californica, J. occidentalis, and J. scopulorum (Morgan and Hedlin 1960). It is a holarctic species recorded in California, Oregon, and British Columbia.

FAMILY TENUIPALPIDAE-FALSE SPIDER MITES

The false spider mites (Pritchard and Baker 1958) are small, frequently reddish, phytophagous mites that resemble the Tetra​nychidae. Some are pests of ornamentals and agricultural crops. Some feed on forest trees, but none is rated a forest pest.
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	F-521900 FIGURE 16.-Abnormal bud of Douglas-fir, with eggs and larvae of Trisetacus pseudotsugae under bud scales.


The genus Pentamerismus is holarctic on conifers except the Pinaceae. P. erythreus (Ewing) (Pritchard and Baker 1958) is a small red species common on Chamaecyparis, Cupressus , Juniperus, Libocedrus, and T huj a. It occurs extensively in Western States, including California, Arizona, Nevada, Oregon, Washington, and Idaho.

FAMILY TETRANYCHIDAE-SPIDER MITES

The spider mites (Tuttle and Baker 1968) are tiny greenish, yellowish, orange, or reddish creatures, often with black or dark pigmented patterns. They feed on many kinds of plants including deciduous trees and shrubs and some conifers. At times they are serious pests on shade and ornamental trees, especially under hot, dry conditions. Only the spruce spider mite is reported to cause serious damage in the forest. Spider mites feed by sucking plant juices from the leaves with their needlelike mouth parts, thus causing spotting, fading, yellowing, silvering, browning, and pre​mature fall of leaves. Heavy infestations may be detected by the webbing, eggs, cast skins, and the activity of the mites. Spraying of ornamentals sometimes is necessary, but the right spray must be used because some chemicals aggravate mite infestations.
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Eotetranychus weldoni (Ewing) (Tuttle and Baker 1968) has been found in Arizona on Salix and Populus. It also occurs in California, Oregon, Colorado, and Wyoming.

Eurytetranychus admes Pritchard and Baker occurs in Califor​nia, Oregon, and Utah. Juniperus and Libocedrus decurrens are hosts.

Some species of Oligonychus (Tuttle and Baker 1968) feed on foliage of conifers ; others, on broad-leaved trees. They frequently damage ornamentals. One species occasionally becomes epidemic in the forest.

The spruce spider mite, Oligonychus ununguis (Jacobi) feeds on the foliage (fig. 17) and is a pest of conifers throughout the world. Species of Abies, Chamaecyparis, Juniperus, Picea, Pinus, Pseudotsuga, Sequoia, Thuja, and Tsuga are among the hosts. The spruce spider mite is a common pest of ornamentals and sometimes becomes epidemic in the forest. It thrives under hot, dry conditions and especially when its natural enemies and the vigor of the host tree are at low ebb.

The largest outbreak of spruce spider mite on record affected 800,000 acres of Douglas-fir in Montana in 1957 following aerial spraying with DDT to control western spruce budworm. It was theorized that the outbreak resulted from killing natural enemies, perhaps mites such as Typhlodromus. Since mite outbreaks did not occur on numerous similarly-sprayed areas in Montana and

COURTESY CANADIAN FORESTRY SERVICE

FIGURE 17. - Webbing and cast skins of spruce spider mite (Oligonychus unun​guis) on Douglas-fir.
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other parts of the West, the exact role of insecticides in affecting forest mite populations remains to be determined.

The generalized biology of the spruce spider mite is given by Doidge and Marshall (1971) and Johnson (1958). In British Columbia there are up to seven generations annually. Outbreaks in the forest normally develop and subside in 1 year. Effects have not been determined quantitatively.

In California, Oligonychus subnudus (McGregor) and 0. milleri (McGregor) cause severe chlorosis of needles of Monterey pines grown as ornamentals or as Christmas trees (Koehler and Frankie 1968). These mites also occur in Arizona.

The sycamore spider mite, 0. platani (McGregor) (Brown and Eads 1965b) is an injurious pest of sycamore and loquat in Cali​fornia and Arizona. It also feeds on oaks and chinkapin. On syca​more it feeds on the upper surface of the leaf. The adult females are greenish with black pigmented patterns. Ten to 12 generations per year are reported.

Platytetranychzts libocedri (McGregor) (Tuttle and Baker 1968) is common on Pinus and also occurs on Cupressus, Juni​perus, Thuja, and Tamarix. It has been recorded from Arizona, California, Oregon, Utah, and Texas.

The twospotted spider mite, Tetranychus urticae Koch (Tuttle and Baker 1968), often referred to in the literature as T. telarius (L.), is a cosmopolitan web-spinning species that attacks many kinds of plants including broad-leaved trees and shrubs. Under hot, dry conditions it may cause defoliation. There are several generations annually.

SUBORDER HETEROSTIGMATA

This group of small soft-bodied mites with minute mouth parts should be considered a suborder rather than a subdivision of the Prostigmata (Krantz in correspondence). Some species prey upon or are associated with forest insects, especially bark beetles.

FAMILY ACAROPHAENACIDAE

Paracarophoenax ipidarius (Redikorzev) (Kinn 1971) probably is parasitic on Ips paraconfusus.

FAMILY PYEMOTIDAE-PYEMOTID MITES

The pyemotid mites are a very specialized group in which the abdomen of pregnant females becomes greatly distended (fig. 18) . Females may give birth to eggs, larvae, or sexually mature adults. Males are tiny and scarcely visible. One or more species in this family sometimes becomes established in laboratory colonies of insects and makes rearings difficult.
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	F-521901 FIGURE 18. - Pregnant fe​males of a pyemotid mite on a bark beetle (greatly enlarged).


Some pyemotids prey upon immature Coleoptera, Lepidoptera, Hymenoptera, Diptera, and Homoptera (Cross 1975). Others are fungivorous and many of these are associated with bark beetles (Cross and Moser 1975).

Species of Pyemotes [Pediculoides] (Cross 1965, Cross and Moser 1975) prey upon broods of bark beetles, wood borers, vari​ous other beetles, and some Lepidoptera. P. scolyti (Oudemans) preys upon the brood of nearly all Scolytus, including multi​striatus and ventralis, and is transported by the adult host.

FAMILY TARSONEMIDAE-TARSONEMID MITES

The Tarsonemidae (Beer 1954) feed upon plants, fungi, and insects. Some prey upon or are associated with bark beetles.

The species of Iponemus (Lindquist 1969b) are parasites of eggs of Ips and other ipine bark beetles. Their role in natural con​trol has not been determined, but their abundance indicates that they may be important. I. truncatus (Ewing) (Boss and Thatcher 1970) (fig. 19), feeds on Ips pini and other Ips from coast to coast. Iponemus confuses (Lindquist and Bedard) feeds upon Ips paraconfusus and other five-spined Ips. Its biology is described by Lindquist and Bedard (1961).

Tarsonemus is a large genus of mites of varied habits. Some are associated with bark beetles but are not believed to be parasitic on them. T. ips Lindquist is associated with Ips and its near relatives
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in North America and Europe and may feed on Ceratocystis minor (Moser and Roton 1971). T. endophloeus Lindquist is associated with Dendroctonus ponderosae and D. jeffreyi.

SUBORDER ASTIGMATA

This suborder (Krantz 1970) contains numerous slow-moving, soft-bodied mites of varied habits. Several are of interest to foresters.

FAMILY ANOETIDAE

Species of Anoetidae are found in highly organic, wet situations (Krantz 1970) . Some are associated with bark beetles and their galleries (Woodring and Moser 1970). At least two species are known to be phoretic on western bark beetles. One occurs on Scolytus unispinosus and the other on various species of Dendroc- tonus, Orthotomicus, Pityokteines, Pityophthorus, and Ips. A species of Bonomoia is phoretic on Dendroctonus brevicomis and Scolytus rentralis in California.

FAMILY HEMISARCOPTIDAE

The Hemisarcoptidae contains several species of tiny, soft- bodied mites of which Hemisarcoptes mains (Shimer) feeds on various scales, particularly Lepidosaphes ulmi.

FAMILY SAPROGLYPHIDAE

Calvolia furnissi Woodring (Woodring 1966) develops in galleries of Dendroctonus pseudotsugae.
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SUBORDER CRYPTOSTIGMATA

The mites in this suborder (Kevan 1962, Krantz 1970) some​times are called "beetle mites" because most are hard-shelled and somewhat resemble tiny beetles. An example is Platynothrus sp., family Camisiidae (fig. 20) but there are hundreds of genera and thousands of species. Some are important in the decomposi​tion of wood and litter and in the mixing of organic matter in forest soils (Burges and Raw 1967). The biology and exact role of most species are unknown.

CLASS INSECTA (HEXAPODA)

Insects are the largest class in the phylum Arthropoda. Along with other arthropods, they have an external skeleton covered with a horny substance, a segmented body, paired appendages on some of the segments, and bilateral symmetry. They are distinc​tive from other arthropods by having three body regions-head, thorax, and abdomen. Insect adults and often larvae have a single pair of antennae on the head and three pairs of legs on the thorax. Adults of some groups are unwinged but most bear two pairs of wings on the thorax. Adults and nymphal stages usually have one pair of compound eyes and simple eyes as well.

ORDER THYSANURA-BRISTLETAILS

The bristletails (Smith 1970a, Metcalf and Flint 1962) are wing​less, scale-covered, streamlined insects with long antennae and three taillike appendages. They shun light. The silverfish, Lepisma saccharina L., family Lepismatidae, is a household pest and the best known example. Related silverfish often are found under the bark of dead trees, particularly in pine forests. Several species of Machilis and Mesomachilus, family Machilidae, live in forest litter.
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