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Frontispiece: Upper An elm tree infected with Dutch elm
disease, at Ottawa, Ontario. The snags were killed several
years previously. Dutch elm disease is transmitted by the
smaller European elm bark beetle, Scolytus multistriatus
(Marsham), and the native elm bark beetle, Hylurgopinus
rufipes (Eichhoff). Lower Typical damage by the mountain
pine beetle, Dendroctonus ponderosae Hopkins, in
lodgepole pine, at Elk Creek, British Columbia.
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Introduction

Two hundred and fourteen species of Scolytidae known or suspected to
occur in Canada and Alaska are dealt with in this publication. Also included are
keys to genera and species, brief descriptions, distribution maps, and biological
data. Photographs of whole and parts of beetles were taken with the aid of the
scanning electron microscope. Conventional photographs show the gallery
patterns.

This handbook has been prepared because of the increased interest and
research activity into all aspects of scolytid biology, classification, distribution,
and behavior.

The aim of this book is to assist students, amateurs, technicians,
entomologists, and practicing foresters in identifying the various species of
Scolytidae found in Canada and Alaska, to briefly review the known biological
information, and to indicate where more detailed information can be found. All
the species known or suspected to occur in Canada and Alaska are included.
Host plants, gallery patterns, maps of Canadian and Alaskan distribution, and
other details that might be helpful in identification are included when known.

The bark beetles are one of the most serious threats to northern forests. A
few species in several genera are particularly destructive and have been chronic
problems since the beginning of the lumbering industry. As the demand for
forest products increases and the profitable forest acreage decreases, insect
problems have become more important. Species that have been considered of
only minor or no economic importance may suddenly become extremely
important as our utilization of the forest intensifies. Therefore, careful and
detailed studies of all aspects of scolytid biology and behavior are needed so that
the injurious or potentially injurious species can be readily determined. The
purpose of this book is to help promote such studies.

In 1918, Dr. J. M. Swaine published his classical work entitled Canadian
Bark Beetles. This book was the first of the modern-day treatises in which the
biology as well as the classification was stressed. Since 1918, the volume of
literature dealing with the biology and classification of the Scolytidae has
increased tremendously. Although Swaine’s treatment is out-of-date, it still is
one of the finest works available on the bark beetles of North America.

The first comprehensive review of the nearctic bark beetles was published in
1876 by LeConte and Horn; 127 species were recognized. Swaine (1918) in his
Canadian Bark Beetles treated 213 species. Chamberlin (1939) collected all the
scattered descriptions, revisions, and other taxonomic literature for The bark
and timber beetles of North America north of Mexico, in which he dealt with
about 550 species. Various regional works have been completed and published:
Minnesota (Dodge 1938), North Carolina (Beal and Massey 1945), Pacific
Northwest (Wood in Hatch 1971), and California (Bright and Stark 1973). Most
of the important genera have been revised at least once since 1928.
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General biology

For many years bark beetles have been considered to be the most
destructive forest insects known. Each year, bark beetles are responsible for the
loss of billions of board feet of timber worth millions of dollars. However, in
recent years, it is believed that outbreaks of these pests have a necessary function
in the evolution of forest stands. Infested timber, if salvaged promptly, loses
little market value. In an undisturbed forest succession, bark beetles feed upon
and kill the excess plants in the stand. It is only when such stands reach the
climax stage and become decadent from a predominance of overmature trees
that “natural” outbreaks occur. These outbreaks result in a release of the
understory, and a new phase of succession begins again. The well-documented
outbreak of the spruce beetle, Dendroctonus engelmanni Hopkins (now known
as rufipennis (Kirby) ), which destroyed 11.25 million m? (4.5 billion board feet)
of spruce in Colorado between 1939 and 1953 and which was considered
devastating at the time, is now viewed by many foresters as having had a
beneficial effect in renewing an overaged forest (Borden 1971).

However, bark beetle outbreaks, which destroy vast supplies of timber that
cannot be salvaged or absorbed into the economy, do occur; these outbreaks are
real resource losses.

Outbreaks may occur naturally in mature and overmature forests initiated
by such predisposing events as fire, windthrow, drought, or flooding, but most of
them are, directly or indirectly, caused by man. Poor logging and management
practices; urbanization; air, water, and soil pollution; and other abuses all
predispose trees and forests to outbreaks of the bark beetle.

All members of Scolytidae, with few exceptions, feed and reproduce in the
cambium region (true bark beetles) or deep in the wood (ambrosia beetles) of
dying, injured, or fallen trees and shrubs. Most of the Canadian species attack
forest trees, especially conifers. Other hosts, such as cones, roots of legumes, and
woody shrubs provide breeding places for the few exceptions.

All the woody parts of a tree are attacked, but the species of each genus
usually restrict their activities to a particular portion. For example, the species
of Pityophthorus and Myeloborus are found in the smaller branches and twigs;
Conophthorus in the cones; Ips in the larger branches, bole, and tops;
Dendroctonus in the bole and sometimes in the roots; and Hylurgops and
Hylastes in the lower portions and roots. Species belonging to all these genera
may be found in the various locations throughout a single pine tree.

After selecting a suitable location, usually under a bark scale, under moss
or lichens, or in a bark crevice, the beetle bores a hole, generally at a slight
upward angle, directly into the cambium region. The adult ambrosia beetle bores
directly into the wood for several centimeters. The first evidence of attack is the
appearance of reddish or whitish boring dust or pitch tubes under or around each
entrance hole.

Both monogamy and polygamy are practiced, depending on the genus
involved. In all known cases of polygamy, the male makes the initial attack and
is subsequently joined by three to five or more females. In the monogamous
species, the female makes the initial attack and is joined by the male. Mating
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may take place in the gallery, on the surface of the host plant, or before the
insects leave the host plant of the parents.

Females of true bark beetles tunnel away from the entrance hole in the
cambium region and lay eggs singly or in groups along the gallery. The eggs may
be laid in specially constructed niches along the gallery wall or scattered in the
boring dust along the gallery. Females of the ambrosia beetles lay eggs scattered
along the gallery or in niches. Adult galleries may be packed with frass and
boring dust (e.g., Dendroctonus spp.) or kept clean (e.g., Ips spp.), the frass
being pushed out through the entrance hole.

The larvae of true bark beectles usually mine at right angles to the parent
gallery and may or may not engrave the sapwood. The larval mines may
continue in a straight line or curve in various directions. Later instars usually
mine with the grain of the wood. Larval mines are always packed with frass.
Some species mine entirely in the inner bark and the larval mines are exposed
when the bark is removed. Others may mine for a short time in the inner bark,
then they complete their feeding in the outer bark, whereas other species feed
entirely in the outer bark. The larval mines may be straight and very regular, or
they may be very irregular and meandering. However, they rarely cross one
another unless the beetles are crowded. In species that lay their eggs en masse in
grooves or cavities, the larvae often extend their borings as a group, forming an
enlarged chamber without distinct larval mines; or the mines may be contiguous
at first, becoming separated in later instars. The larvae of ambrosia beetles feed
in larval cradles constructed by the parent beetle.

Pupation takes place in enlarged cells at the end of the larval mines in the
inner bark, the cambium region, the outer bark, or, in the case of ambrosia
beetles, in the cradles or the open mines. Most emerging beetles exit individually,
boring their own exit hole, which often results in characteristic patterns on the
bark. Young adults of ambrosia beetles usually exit through the parental
entrance galleries.

Galleries

A characteristic and most interesting part of scolytid biology is the adult
egg gallery under the bark (Figs. 178-192). In uncrowded conditions, these
galleries are often very symmetrical and interesting in appearance. The galleries
may be so characteristic to the family that the genus or, in some cases, the
species that made the gallery can be easily identified.

Several analyses of the gallery patterns have been published: Beal and
Massey (1945); Chamberlin (1939, 1958); Swaine (1918); Traghardh (1930). All
these authors used the same terminology in describing the various types of
galleries.

Two types of galleries made by the ambrosia beetle can be found in
Canadian forests: the cave type (Xyleborus saxeseni) and the compound tunnel
(Trypodendron, Fig. 184, Gnathotrichus and Monarthrum, Fig. 192). All these
tunnels are excavated in the wood. The cave type is simply an enlarged chamber,
and the compound type is a branched tunnel that contains individual cells or
cradles in which the larvae develop.



Seven types of galleries can be recognized in Canadian forests as the work
of the true bark beetles. These are cave type (Dendroctonus valens); radiate or
star-shaped type (species of Ips, Figs. 187, 188; Pityophthorus, Fig. 191;
Carphoborus, Dryocoetes, Orthotomicus, and others); forked type (Scolytus
ventralis, Fig. 178; Alniphagus aspericollis; various species of Pseudohylesinus
and others); simple longitudinal or transverse (species of Phloeosinus, Figs. 182,
183; Scolytus unispinosus, Dendroctonus ponderosae and others); irregular
elongate tunnels (Dendroctonus brevicomis, Fig. 179); pith tunnels (species of
Myeloborus and Pityophthorus); and cone tunnels (species of Conophthorus,
Fig. 189). These types have been described adequately by other authors and,
therefore, are not repeated here.

Distribution

The Canadian bark beetles can be divided into four major categories based
on distribution: transcontinental, western boreal or montane, eastern boreal, and
southern (see Map 1).

The transcontinental category contains species found throughout the
northern coniferous forest from Alaska to Newfoundland. Some representatives
of this category are also found in the northern Palearctic forest (Trypodendron
lineatum, Dryocoetes autographus, and others). Canadian exampies with a
transcontinental distribution are Ips pini, Scolytus piceae, Polygraphus
rufipennis, Crypturgus borealis, Dendroctonus rufipennis, Dendroctonus
simplex, Dryocoetes affaber, Dryocoetes autographus, Orthotomicus caelatus,
and others. Many of these species are associated with Picea spp. and reflect the
range of the various species in that genus of trees.

The western boreal or montane category contains species that are found
west of the Rocky Mountains and in the Yukon Territory and Alaska. These
species are mostly northern forms that may extend into Western United States
at high elevations. Some examples are Polygraphus convexifrons, Carphoborus
andersoni, Carphoborus carri, and others. Many other Western Canadian
distributions are the northern extensions of a more widespread distribution in the
United States and are referred to in the southern category. A distinct subdivision
can be recognized in the coastal regions of British Columbia and southeastern
Alaska. Characteristic species of this coastal region are Dolurgus pumilus,
Pseudohylesinus sitchensis, and Ips concinnus.

The eastern boreal category contains species found east of the Rocky
Mountains and parallels the range of Pinus banksiana or Abies balsamea from
northern Alberta to Newfoundland. Examples of species with this distribution
are Gnathotrichus materiarius, Ips perroti, Pityokteines sparsus, Pityogenes
hopkinsi, Pityophthorus pulchellus, and others.

The fourth category, the southern, is more difficult to define. It contains
species that are generally widespread in eastern or western United States but
whose distribution just barely extends into southern British Columbia, into
southern Ontario and southern Quebec, or into the southern portions of the
Maritime Provinces. These species are associated with hosts such as Pinus
ponderosa, Quercus spp., Juniperus spp., and others. Examples of species with
this type of distribution are Dendroctonus ponderosae, Dendroctonus
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brevicomis, Dendroctonus pseudotsugae, Gnathotrichus retusus, Hylastes spp.,
Hylurgops subcostulatus, Ips plastographus, Ips calligraphus, Ips grandicollis,
Phloeosinus canadensis, and many others.

In Canada with its broad vegetation zones and lack of endemic species of
potential scolytid host plants, it is not surprising that endemism is so poorly
developed. Only one species, Carphoborus andersoni, may be considered
endemic to Canada, and even this species may eventually be found in the high
mountains of the western United States. Several species of Pityophthorus are
known only from a few localities in Canada, but the distributions of most species
in this genus are so poorly known that no judgment of their status can be made.

Morphology

This section does not give a complete treatment of scolytid morphology.
Only terms used in the keys and descriptions are included (Figs. 1-4). The
glossary at the back of this book defines the terms that are used throughout the
book.

Head

Frons. The frons is not readily defined by visible lines or sutures but is
used to distinguish the area between the eyes that extends to the epistoma. It
may be concave or convex and is variously ornamented with punctures, carinae,
setae, or other modifications. It is of special value in the classification of the
scolytids because it presents characters useful in distinguishing major and minor
divisions, species, and sexes.

Epistoma. The epistoma is represented in scolytids by a thickened, more
heavily sclerotized region below the frons. It provides a rigid support for the
articulation of the mouthparts. It, like the frons, may be ornamented with
various structures. The epistomal process, seen in Dendroctonus spp. and several
other genera, is on the upper margin of the epistoma. The median lobe, most
prominent in Dendroctonus spp., is variably developed. The epistomal margin
usually bears a fringe of stiff light-colored setae.

Eyes. The eyes are usually elongate-oval and are placed on the side of the
head just posterior to the antennal insertions. In the adults of most species, a
slight to deep emargination is present on the front margin of the eye. In
Trypodendron spp. and Polygraphus spp., this emargination is so deep that it
appears to completely divide the eye.

Antennae. The antennal regions are shown in Fig. 4. The scape is usually
club-shaped, except in Micracis spp. (Fig. 74), in which it is roughly triangular.
The funicle has 1-7 segments and is often used in classification. The club is
extremely variable and is one of the most useful structures used in classification.
It may be regularly segmented with transverse or arcuate sutures on both sides
(Pityophthorus spp., Fig. 99); or the inner margins of the segments may be thrust
toward or to the apex of the club so that the segments lie obliquely and the
sutures are visible only at the apex or not at all on the inner face (Ips spp., Figs.
89-94); or the club may be thickened at the base with the apical segments more
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or less telescoped producing the obliquely truncate club (species of Xyleborus,
Dryocoetes, etc., Figs. 83, 84). In the species in the genera Pseudopityophthorus
(Fig. 98), Pityophthorus (Fig. 99), and Gnathotrichus (Fig. 96), the sutures of the
club are strongly chitinized, resulting in more or less distinctly visible septa. In
Chramesus spp. (Fig. 70) the club is unsegmented.

Thorax

Pronotum. The pronotum is the dorsal area of the prothorax. There is
considerable specific variation in the pronotal shape, sculpture, and relative
proportions. The anterior margin may or may not bear serrations. A lateral line,
or basal line, or both, may or may not be present. The disk is the central area of
the pronotum and is the region most often used in classification.

Legs. The tibiae and tarsi offer several modifications that are important
in classification (Figs. 55-59). A major character used in distinguishing the
Scolytini from other scolytid tribes is the presence of a large curved spine on the
upper apical angle (Fig. 56). The presence of elongate tarsal and tibial hairs is a
secondary sexual character in some genera. The shape of the fore tibia is
important in distinguishing the Xyleborini and Micracini from other tribes
(Figs. 55, 58), and the presence of tubercles scattered over the outer face of the
anterior tibia distinguishes the Corthylini from the Pityophthorini.

Elytra. The elytra are extremely variable in structure and sculpture. The
elytral striae are usually punctured in rows; the spaces between the rows are the
elytral interspaces. For use in classification the elytral interspaces are numbered,
beginning with those next to the dorsal suture when the elytra are closed. The
first interspace is sometimes called the sutural interspace. There are 11
interspaces and 10 striae. The interspaces are variable in width and sculpture,
bearing interstrial punctures, setae, tubercles, and so on. The strial punctures are
almost always visible, but they may be obsolete and may or may not be in
regular rows. The elytral suture, the junction of the elytra along the dorsum, is
often elevated by the convexities of the first or sutural interspace. The posterior
portion of the elytra that descends to the apex is the elytral declivity. This area,
and the antennal club, are the most important areas used in the classification of
the Scolytidae. The declivity is usually steep, sometimes truncate or concave,
and may be smooth and unarmed as in Dryocoetes, or may bear spines, teeth,
tubercles, or special pubescence in all forms of variation imaginable. The
declivity is absent in Scolytus.

Metepisternum. This is a plate in the shape of a narrow triangle with the
base facing forward. It is completely visible (Fig. 1) in all genera except those in
the tribes Pityophthorini and Corthylini (Fig. 2). In these two tribes, the elytra,
when closed, extend ventrad to a greater degree than in other scolytids and cover
at least the posterior two-thirds of the metepisternum.

Abdomen

The abdomen is not usually used in the classification of the Scolytidae
except to distinguish the tribe Scolytini from the remainder of the scolytids. In
the Scolytini, the elytra are nearly flat and the ventral sternites of the abdomen
ascend to meet them. The five visible sternites vary in the degree of fusion,

18



length, and convexity. The last sternite may be modified in some genera. It is
generally considered that the first two sternites are fused and hidden in the
metacoxal cavities; in this publication, the five visible segments are numbered 1
to 5.

Methods

All species known or suspected to occur in Canada are included. For each
species, the following information is given: synonyms (if any), a brief diagnosis
emphasizing the most obvious or easily visible morphological features, host
plants in Canada, a brief statement of geographic distribution, a detailed
distribution map showing all known localities where the species has been found
in Canada and Alaska, and a brief summary of the biology (if known) with
references where additional information can be found.

The reference collections of the Canada Department of Agriculture and of
the various forestry laboratories across Canada have served as the primary
source of the distributional data. These data are summarized on the maps and in
the text, but the complete data (locality, date, host, and collector) may be
obtained from the author.

Common source references to the known biologies of many scolytids
include Bright and Stark (1973), Chamberlin (1939, 1958, 1960), Keen (1952),
Craighead (1949), Baker (1972), Graham and Knight (1965), Doane et al.
(1936), and Swaine (1918). These are usually not cited in the text to avoid
repetition, because each contains some information on many of the species
treated herein. Only additional source references are listed under each species
and, where the literature is extensive, an arbitrary selection was made to include
those that presented new factual data or an extensive review; sometimes one of
the references cited above is included because of its extensive review.

The nomenclature of the host plants follows Hosie (1969).

The photographs of the beetles or parts of beetles were taken in a JOEL
JSM U-3 scanning electron microscope. The photographs of the antennae and
tibiae were taken from gold-coated specimens, the remainder are of uncoated
specimens,
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Key to the genera of Scolytidae in Canada and Alaska
(Modified from Wood (1961) )

. Lateral margin of anterior and posterior tibiae unmodified except for a single curved
process at outer apical angle (Fig. 56); antennal club (Fig. 60) flattened, the sutures
strongly procurved; funicle 7-segmented (Fig. 60); elytra slightly or not declivous
behind, the abdomen ascending abruptly behind to meet them (subfamily
Scolytinae); Figs. 102 and 140 .. ..... ... .. ............ Scolytus Mueller, p. 26

Lateral margin of anterior tibiae with several toothlike processes, none of which curve
toward the inner process (Figs. 55, 57-59); antennal club and funicle variable; elytra
declivous behind, descending to meet the horizontal abdomen (subfamily
Hylesininae) . . ...

2. Anterior margins of elytra raised and bearing a row of crenulations; scutellum, if visible,
rounded, somewhat depressed and displaced posteriorly causing a slight emargin-
ation between bases of elytra; pronotum usually smooth; head usually visible
from above ... 3

Anterior margins of elytra unmodified, usually smooth and either rounded or with a
fine raised line; scutellum flush with elytral surface, its anterior margin and elytral
bases forming an almost transverse line across the body; pronotum roughened by
asperities on anterior portion; head usually concealed from above ... ........... 18

3. Lateral prosternal area sharply elevated from coxa to anterior margin; crenulations on
elytral bases usually poorly developed; head somewhat prolonged, subrostrate;
antennal funicle 7-segmented, club conical; eyes entire ......... .. ... .. ... .... 4

Prosternal area without elevated ridge; crenulations on elytral bases usually well-
developed; head not prolonged, the frontal area usually sexually dimorphic;
antennal funicle 4- to 7-segmented, club somewhat flattened; eyes variable .. ... ..

4. Crenulations on elytral bases rather well developed, forming a single row of teeth;
segments | and 2 of antennal club subequal in length (Fig. 61); body less than
2.5 mm long, rather stout; in roots of herbaceous legumes; Figs. 103 and 141
Hylastinus Bedel, p. 40

20



wn

0.

Crenulations on elytral bases rather poorly developed, irregularly placed, not forming
a definite single row; segment 1 of antennal club distinctly longer than 2; body
usually longer than 3 mm, very slender if smaller . ......................... 5

Anterior coxae widely separated; general surface of elytra and between punctures on
pronotum dull; vestiture sparse, recumbent, yellow; body reddish brown; Figs. 104
and 142 e Scierus LeConte, p. 41

Anterior coxae narrowly separated, almost contiguous; general surface of elytra and
between punctures on pronotum smooth and shining; the longer vestiture erect;
usually dark brown or black at maturity ........... ... .. ... oo 6

Tarsal segment 3 broad, bilobed; pronotum usually constricted anteriorly, about equal
numbers of large and small punctures intermixed on disk; Figs. 105 and 143
Hylurgops LeConte, p. 43

Tarsal segment 3 narrower, emarginate; pronotum not noticeably constricted anteriorly,
punctures uniformly large, intermixed with very few small punctures; Figs. 106
and 144 . .. Hylastes Erichson, p. 47

Scutellum visible, elytral bases notched for its reception; tarsal segment 3 stout, usually
bilobed, sometimes slender .. ..... ... .. . ... ..

Scutellum not visible, elytral bases slightly or not at all emarginate at suture; tarsal
segment 3 slender .. ... ... 16

Anterior coxae very narrowly separated, almost contiguous; antennal club nearly
circular to transversely oval, strongly flattened, sutures sinuate (Fig. 63); sub-
marginal epistomal process well-developed; Figs. 107 and 145 ..............

Dendroctonas Erichson, p. 53

Anterior coxae widely separated; antennal club conical or flattened, sutures straight,

oblique, transverse, or obsolete; epistomal process obsolete ................... 9
Antennal ciub conical, weakly flattened, sutures transverse . ...................... 10
Antennal club oval, strongly flattened, sutures subtransverse, oblique, or obsolete . . . ... 14

Antennal funicle 5-segmented (Fig. 65); Figs. 109 and 147 .. ... Xylechinus Chapuis, p. 65
Antennal funicle 7-segmented ... ... .. ... 11

Lateral areas of pronotum asperate; vestiture either entirely hairlike or entirely scale-
like; in broadleaf trees .. ... ... ... .. 12

Lateral areas of pronotum smooth, punctate; vestiture of scales and hairs intermixed;

in coniferous trees; Figs. 110 and 148 . ... ... ... ... .. Pseudohylesinus Swaine, p. 66
Eye entire, not emarginate; in Ulmus spp. or Fraxinus spp. . ..................... 13
Eye shallowly emarginate; in A/nus spp.; Figs. 112 and 150 . ... Alniphagus Swaine, p. 74

Vestiture hairlike; pronotal asperities not prominent; in Ulmus spp.; Figs. 108 and 146
Hylurgopinus Swaine, p. 76

Vestiture scalelike; pronotal asperities prominent; in Fraxinus spp.; Figs. 112 and 149
Leperisinus Reitter, p. 77

Eye deeply emarginate; antennal club with three subtransverse or oblique sutures
(Fig. 67); pronotum unarmed; in Cupressaceae trees, rarely other conifers;
Figs. 113 and 151 ... ... . ... .. . ... ... ... ... Phloeosinus Chapuis, p. 81
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20.

21.

22,

23.

22

Eye entire; antennal club either deeply divided into three parts, or club solid and
unmarked by sutures; pronotum usually armed by a few asperities in anterolateral
ATEAS . .. i e e e 15

Antennal club deeply divided into three units (Fig. 69); vestiture hairlike; Figs. 114
and 152 ... L Phloeotribus Latreille, p. 92

Antennal club solid, unmarked by sutures (Fig. 70); vestiture scalelike; Figs. 115
and [53 . Chramesus Chapuis, p. 94

Scutellar area strongly raised and crenulate, crenulations restricted to area between
elytral interspaces 5; eyes entire; antennal club narrower, distinctly longer than
wide (Fig. 71); Figs. 117 and 154 . ... ............. Chaetophloeus LeConte, p. 95

Scutellar area not raised, crenulations more generally distributed, extending laterally
beyond elytral interspace 5; antennal club wider than long or nearly as long as
WIAE . 17

Antennal club marked by sutures (Fig. 72); eyes entire; Figs. 116 and 155 .......
.............................................. Carphoborus Eichhoff, p. 96

Antennal club solid, unmarked by sutures (Fig. 73); eye divided into two parts; Figs. 118
and 156 . ... ... Polygraphus Erichson, p.102

Metepisternum visible to posterior extremity (Fig. 1); antennal club usually thickened
basally, obliquely truncate or if flattened, the sutures, if visible, strongly displaced
apically on posterior surface; antennal funicle 2- to 6-segmented . .............. 19

Metepisternum largely covered by elytra, visible only in front (Fig. 2); antennal club
strongly fattened with sutures on both sides, those on posterior surface not strongly
displaced apically; antennal funicle 1- to S-segmented ....................... 39

Antennal funicle 6-segmented; anterior coxae moderately separated by an intercoxal
piece; fore tibiae with sides parallel, usually with small teeth on apical margin
(FIg. 58) 20

Antennal funicle 2- to 5-segmented; anterior coxae contiguous or very narrowly
separated; fore tibiae broadened distally with teeth more widely distributed
(Figs. 55, 59) .o 24

Elytra broadly rounded behind; margins of antennal club usually constricted at first
suture (Fig. 75) ... e 21

Elytra acuminate behind (Fig. 157); antennal club without sutural constrictions at
sides (Fig. 74) ... . 22

Pronotum wider than long, widest near base; pronotal summit more prominent; fore
tibiae slender, mucro often bifurcate .. ........... Pseudothysanoes Blackman, p.103

Pronotum longer than wide, widest near middle; summit less prominent; fore tibia
broad, mucro undivided . ......... ... ... ... ... ... . ... Thysanoes LeConte, p.104

Sutures of antennal club broadly procurved, the first extending less than one-third
the length of club; scape club-shaped with a few setae; eye oval, rather small; fore
tibia slender, slightly wider apically, with supplemental tubercles on posterior
face ... . Hylocurus Eichhoff, p.105

Sutures of antennal club very strongly, narrowly procurved, the first usually reaching
the middle of club; scape subtriangular, with numerous long setae, especially in
females; eye clongate, rather large; fore tibia broad with parallel sides, posterior
surface devoid of supplemental tubercles . ............... ... ... ... .. 23

Eyes moderately widely separated on gular area, the inner line entire; Figs. 119
and [57 .. Micracis LeConte, p.106



24.

25.

26.

27.

28.

29.

30.

31.

32.

Eyes narrowly separated on gular area, the inner line emarginate ..............
............................................. Micracisella Blackman,p. 108

Antennal club flattened, with sutures on both faces, those on posterior face strongly
procurved and limited to apical half; costal margins of elytra at least slightly
ascending poSteriorly ... ... .. ... 25

Antennal club obliquely truncate or at least with sutures of posterior face restricted to
less than apical one-quarter; costal margins of elytra descending posteriorly ... ... 28

Pronotum without a fine, raised lateral line; eyes sometimes sinuate, never emarginate;
costal margins of elytra ascending only slightly posteriorly ................... 26

Pronotum acutely margined at sides and with a fine raised line at least on basal one-
third; eyes emarginate; costal margins of elytra distinctly ascending posteriorly ... 27

Antennal funicle 5-segmented, club narrow, pointed at tip, sutures straight, not septate
(Fig. 76); basal half of pronotum without scalelike setae; Figs. 120 and 158 . ..
............................................ Trypophloeus Fairmaire,p. 108

Antennal funicle 4-segmented, club broadly rounded at tip, sutures straight, the first
septate (Fig. 77); basal half of pronotum with scalelike setae; Figs. 121 and 159
.............................................. Procryphalus Hopkins,p. 111

Antennal club not septate, with sutures indicated by rather strongly recurved rows
of setae (Fig. 78); tarsal segment 3 broad and emarginate; body more than 1.4 mm
long; Figs. 122 and 160 ....... ... ... .. ... ... ...... Cryphalus Erichson,p. 112

Antennal club with first suture partly septate; tarsal segment 3 cylindrical; body less
than 1.3 mmlong .......... .. ... . ... ... ... Hypothenemus Westwood,p. 114

Antennal funicle 2- or 3-segmented; pronotum smooth, punctured over entire surface,
lateral line not raised; body usually shorter than 2 mm ...................... 29

Antennal funicle 4- or S-segmented; pronotum usually with granules or asperities on
anterior slope, if smooth, then lateral line sharply raised; body usually larger,
mostly over 2 mm long . ... ... 30

Antennal funicle 2-segmented, club with one obscure suture indicated at tip
(Fig. 79); Figs. 123 and 161 ... ... .. ... ... ... ... Crypturgus Erichson,p. 114

Antennal funicle 3-segmented, club with three sutures indicated (Fig. 80); Figs. 124
and 162 . ... Dolurgus Eichhoff,p. 116

Eye completely divided by an emargination; antennal funicle 4-segmented, club
without diStinCt SULUTES . .. .. .o ittt e e 31

Eye never completely divided; antennal funicle 5-segmented (4-segmented in Lyman-
tor), club usually with evident sutures .. ........ ... ... ... . i 32

Antennal club with subcorneous basal area strongly, rather narrowly procurved
(Fig. 81); anterior tibia of female thickened and tuberculate on posterior face,
flattened and finely tuberculate in male; male head deeply excavated, the prothorax
subquadrate; female frons convex, anterior margin of female pronotum rounded;
Figs. 125 and 163 . ... ... ... ... . ... . ... . .. Trypodendron Stephens,p. 117

Antennal club with subcorneous basal portion broadly procurved (Fig. 82); anterior
tibia flattened and devoid of tubercules on posterior face; frons not excavated in
either sex; anterior margin of pronotum rounded in both sexes; Figs. 126 and 164
................................................ Xyloterinus Swaine,p. 122

Pronotum either punctate or finely granulate over almost entire surface, dorsal profile
evenly convex, not strongly declivous anteriorly, anterior margin smooth; tibiae
usually slender with a few coarse teeth; elytral declivity unmodified ............ 33



33.

34.

35.

36.

37.

38.

39.

40.

24

Pronotum more coarsely asperate and more strongly declivous anteriorly, usually
punctate at least on posterior third, anterior margin sometimes with erect asperities;
tibiae variable; elytral declivity frequently with spinous processes .............. 34

Antennal funicle 4-segmented, club compressed, sutures strongly arcuate; pronotum
longer than wide; scutellum very small; Figs. 127 and 165 .. Lymantor Lovendal, p.123

Antennal funicle 5-segmented, club subtruncate, sutures transverse or recurved
(Fig. 83); scutellum large; Figs. 128 and 166 ........... Dryocoetes Eichhoff, p.124

Meso- and meta-thoracic tibiae slender, abruptly narrowed apically, with a few widely
spaced coarse teeth (Fig. 39); males and females similar in size and general
ShaPE . L e 35

Meso- and meta-thoracic tibiae broadly dilated to a point slightly beyond the middle
then gradually narrowed to apex, with a series of small closely set teeth, all about
the same size and shape (Fig. 55); males rare, usually smaller and radically different
inshape ........ ... Xyleborus Eichhoff, p.130

Elytral declivity narrowly bisulcate, margins moderately elevated, rounded, and with
not more than three teeth; lower margin of declivity rounded; body usually smaller
than 3 mm .. e 36

Elytral declivity broadly, rather deeply excavated, margins acutely elevated, usualty
with more than three tubercules or teeth; lower margins of declivity provided with
an acutely elevated transverse ridge separating declivital excavation from apical
margin; body usually larger than 3 mm ....... ... ... .. .. ... .. ... .. 38

Prosternal intercoxal piece short, obtuse; female frons deeply, rather narrowly
excavated (Figs. 37 and 38); male declivity with two or three pairs of enlarged
teeth; antennal club compressed, two sutures visible on distal third of posterior
face (Fig. 85); Figs. 129 and 167 .. ...................... Pityogenes Bedel, p.139

Prosternal intercoxal piece long and acutely tapered; female frons convex, not
excavated; male declivity with two or three pairs of very small teeth; antennal
club variable ... ... . 37

Antennal club compressed, with two sutures visible on distal quarter of posterior
face (Fig. 86); elytral declivity less strongly impressed, the lateral teeth minute;
vestiture on anterior parts of pronotum and frons not especially long or abundant
Orthotomides Wood, p. 144

Antennal club obliquely truncate, without sutures on posterior face (Fig. 87); elytral
declivity more strongly impressed, the lateral teeth larger, especially in male
(Figs. 39 and 40); vestiture much longer and more abundant on anterior part of
pronotum and on frons in female; Figs. 130 and 168 ... ... Pityokteines Fuchs, p. 144

Antennal club obliquely truncate, the sutures recurved (Fig. 88); elytral declivity less
strongly excavated, the third tooth displaced mesally, not on summit of declivital
margin (Fig. 41); Figs. 13l and 169 ................. Orthotomicus Ferrarie, p. 149

Antennal club not obliquely truncate, flattened, the sutures procurved, bisinuate or
transverse (Figs. 89-94); elytral declivity broadly excavated, all teeth on summit of
lateral margin (Figs. 42-51); Figs. 132 and 170 . .............. Ips De Geer, p.150

Antennal funicle 5-segmented; outer face of fore tibiae smooth, not tuberculate;
pubescence usually abundant .. ....... ... ... .. ... ... 40

Antennal funicle 1- or 2-segmented; outer face of fore tibia usually distinctly tuberculate;
pubescence much less abundant . ....... .. ... .. ... 44

Sutures of antennal club not septate: pronotal asperities usually extending behind
middle at sides, the transition from asperate to punctured area gradual; body
moderately t0 VEIY StOUL ... .. .o\ttt s 41



First and second sutures of antennal club septate; pronotal asperities usually not
reaching middle, the transition from asperate to punctured area usually abrupt,
summit usually well developed; body moderately stout to slender .............. 42

41. Body usually smaller, 2.0-2.9 mm; anterior margin of pronotum rather coarsely
serrate; pronotum with transverse impression behind summit; interspace 9 weakly
elevated; antennal club distinctly longer than funicle; twig beetles, never found
INCOMES . .t e e Mpyeloborus Blackman, p. 167

Body usually larger, 2.64.0 mm; anterior margin of pronotum feebly if at all serrate;
pronotum without transverse impression behind summit; interspace 9 not
elevated; antennal club and funicle equal in length (Fig. 95); in cones, rarely found
in twigs of Pinus spp.; Figs. 134 and 172 .......... .. Conophthorus Hopkins, p. 169

42.  Body slender to moderately stout; body surface smooth to rough, distinctly punctured
and pubescent; antennal club and funicle of female devoid of special pubescence;
twig and bark beetles .. ... ... ... e 43

Body very slender; body surface smooth, punctures and pubescence nearly obsolete;
antennal club and funicle of female with long, curved hairs (Fig. 97); ambrosia
beetles; Figs. 135 and 173 .. .. ... ... .. ......... Gnathotrichus Eichhoff, p.174

43. Pronotum and elytra minutely densely punctured; vestiture very short, usually dense;
antennal club with segment 1 notably shorter than others (Fig. 98); greater
development of frontal vestiture a male character; host Quercus, rarely other
broadleaf trees; Figs. 136 and 174 ... ... ........ Pseudopityophthorus Swaine, p.176

Pronotum and elytra more coarsely, less densely punctured; vestiture usually longer
and less abundant; antennal club with segment 1 only slightly shorter or equal to
others (Fig. 99); greater development of frontal vestiture a female character;
Figs. 137 and 175 .. ... ... ... .. ... . .. ... .. .. .... Pityophthorus Eichhoff, p. 179

44, Antennal funicle 2-segmented (Fig. 100); posterior surface of fore tibia tuberculate;
elytra emarginate or divaricate at sutural apex; Figs. 138 and 176 ..........
Monarthrum Kirsch, p.188

Antennal funicle |1-segmented (Fig. 101); posterior surface of fore tibia smooth; elytra
evenly rounded behind, without a sutural notch at apex; Figs. 139 and 177 .. ..
................................................ Corthylus Erichson, p.19]

Subfamily Scolytinae

Genus Scolytus Geoffrey

Members of this genus are easily recognized by the abruptly ascending
abdominal sternites (except S. rugulosus and S. mali) and by the broad,
flattened, unarmed anterior tibia (Fig. 56). The most obvious characters are
on the males, therefore sometimes the females are difficult to identify unless
accompanied by males. Males are distinguishable by the strongly flattened
frons; the frons of females is convex. The genus was revised by Blackman
(1934), and the western species were reviewed by Edson (1967).
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Key to the species of Scolytus in Canada and Alaska

Abdominal sternites unarmed in both sexes, sternite 2 not concave; elytral bases not
strongly scabrous in either sex . .......... .. .. .. ... i 2

One or more abdominal sternites carinate, tuberculate, or armed with several teeth or
spines in male at least (sometimes reduced in subscaber); sternite 2 either concave
or convex; elytral bases usually scabrous in female ......................... 5

Ventral segments gradually ascending to elytra, sternite 2 oblique, not vertical (Figs.
S, 6); in deciduous trees . . . ... oot e 3

Ventral segments abruptly ascending to elytra, sternite 2 vertical, concave or convex: in
coniferous and deciduous trees .. .... ... . ... . 4

Smaller, less than 2.5 mm long; elytra with short hairs over entire surface; pronotal
punctures large, deep, close; usually in fruit trees, Western and Eastern Canada
(Fig. ) e rugulosus Ratzeburg

Larger, over 3.0 mm long; elytra glabrous on disk; pronotal punctures very fine,
widely separated, shallow; various deciduous hosts, Eastern Canada (Fig. 6) . ..
........................................................ mali (Beschtein)

Elytral surface, frons, and ventral surface densely pubescent, especially in male; male
frons strongly flattened, strongly sculptured; in Celtis spp., Eastern Canada
(Fig. ) o s muticus Say

Elytral surface, frons, and ventral surface not densely pubescent in either sex;
male frons not as strongly flattened and not as strongly sculptured; in coniferous
trees, Western Canada (Fig. 8) . ........ ... ... ... . . i tsugae (Swaine)

Sternite 2, in male at least, deeply concave, with anterior margin strongly extended,
and usually carinate in median line; female with sternite 2 similar or convex with
a more weakly elevated margin and carina reduced or lacking ................ 6

Sternite 2 in both sexes vertical, not concave, armed with a median tubercle, spine,
or carina, anterior margin weakly produced ........... ... .. ... oL 11

Sternite 2 of male very deeply concave, weakly carinate; posterior margin of sternite
4 with three long, acute spines, margin of sternite 5 with one acute spine (Fig. 9);
male frons strongly flattened, densely pubescent on lateral margins; adults of
both sexes from 3.0-5.0 mm long; in Carya spp., southeastern Canada .......
..................................................... quadrispinosus Say

Sternite 2 of male not as deeply concave; posterior margin of sternites 4 and 5 unarmed;
male frons not broadly flattened, pubescence more generally distributed; smaller
in size; in Western Canada ... ......... .. i 7

Anterior margin of sternite 2 of male distinctly thickened; sternite 2 of male lacking
an elevated, median carina or tubercle, surface faintly punctured, depressed in
median portion; chiefly in Pseudotsuga spp. ................ ... oregoni Blackman

Anterior margin of sternite 2 of male not especially thickened: sternite 2 of male
bearing an elevated carina or tubercle, surface variously punctured; chiefly in
AbBles SPP. o e e 8

Sternite 2 of male bearing a strongly elevated median carina, which extends from the
posterior margin to the center of the sternite, the carina more strongly elevated
at its ventral apex . ... ... .. e 9

Sternite 2 of male bearing a somewhat obscure median carina or small tubercle ...... 10



9.

Punctures of sternite 2 of male deeply impressed and close; front of male head flattened
to a point just behind eyes; anterior margin of sternite 2 of female not strongly
extended, surface of this sternite bearing a faint median carina at posterior margin
................................................. opacus abietis Blackman

Punctures of sternite 2 of male finely impressed, nearly obscure; front of male head
flattened to a point well behind eyes; anterior margin of sternite 2 of female more
strongly extended, surface of this sternite devoid of median carina ..........
................................................. opacus opacus Blackman

Anterior margin of sternite 2 of male strongly produced and liplike at ventral apex
(Fig. 10); posterior margin of sternite 2 of male extended medially to form an
elevated carina or sharply pointed tubercle (Fig. 10); surface of sternite 2 dull
..................................................... subscaber LeConte

Anterior margin of sternite 2 of male moderately and evenly elevated along entire
surface (Fig. 11); posterior margin of sternite 2 of male bearing a small median
tubercle (Fig. 11); surface of sternite 2 shining .. ................ ventralis LeConte

Carina or base of tubercle reaching posterior margin of sternite 2 of male (Fig. 12) ... 12

Carina or base of tubercle not reaching posterior margin of sternite 2 of male
(Fig. 13) o 14

Spine on sternite 2 of male stout, slightly compressed basally, distinctly rounded at
apex; posterior margin of sternite 5 of male weakly elevated and strongly
thickened; frons of male feebly concave, coarsely aciculate; in Larix spp. .. ...
....................................................... laricis Blackman

Spine on sternite 2 of male long, more strongly compressed, and less rounded at the
apex; sternite S of male with posterior margin moderately and evenly elevated;
frons in both sexes finely to moderately concave; in Pseudotsuga spp. and Abies

1] 0o 2 13
Base of spine reaching middle of sternite 2 of male (Fig. 12); sternite 2 subopaque;

length of sternite 5 of male slightly less than sternite 3 and 4 combined ... ...
.................................................... unispinosus LeConte

Base of spine reaching beyond middle of sternite 2 of male; sternite 2 shining; length
of sternite 5 of male slightly more than length of sternite 4 . ... ..... fiskei Blackman

Base of spine reaching anterior margin of sternite 2 (Fig. 13); punctures of elytral
striae and interstriae subequal in size; in Ulmus spp. ......... multistriatus Marsham

Base of spine never reaching anterior margin of sternite 2; punctures of elytral striae
distinctly larger than those of interstriae; in Picea spp. ............ piceae (Swaine)

27



Figs. 5-10. Venters of Scolytus spp. 5, S. rugulosus,; 6, S. mali; 7, S. muticus; 8, S. tsugae; 9, S.
quadrispinosus; 10, S. subscaber.
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Figs. 11-13.  Venters of Scolvius spp. 11, S. ventralis; 12, S. unispinosus, 13, S. multistriatus.

Scolytus rugulosus Ratzeburg (Fig. 5)

Diagnosis. Length 1.8-2.4 mm. Entirely black, or black with touches
of red on margins, or entirely reddish brown; tarsi reddish; o frons slightly
flatter and more pubescent than @ ; ventral sternites gradually ascending to
elytra.

Hosts. Various stone and pome fruit trees.

Distribution (Map 2). The fruit-growing regions of Eastern and Western
Canada; United States and Europe.
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Map 2. Distribution of Scolytus rugulosus.

Biology. Bright and Stark (1973) and Smith (1932, 1945).

The shot-hole borer, S. rugulosus, attacks and kills small twigs, limbs, and
sometimes whole trees. Injury results from both adults and larvae feeding chiefly
on twigs and limbs. Twig injury results from adults boring shallow feeding holes
in the wood at the base of the buds. Limb injury, the typical scolytid damage, is
caused by adult egg galleries and larval feeding, which may girdle the limb.

Adults can be found throughout the summer but the main attack period is
from April through June. Females initiate the attack, boring small, round holes
(1.3 mm) through the bark, generally in the center of lenticels, on injured, dying,
dead, or (rarely) healthy trees. The attack may begin in an injured area (such as
sunscald) on a healthy tree and spread throughout the tree.

The parent gallery lies in the cambium, slightly engraving the sapwood. The
gallery usually extends straight up or down from the entrance tunnel for 1-5cm.
Eggs are deposited singly in closely spaced niches on both sides of the tunnel.
The eggs hatch within a few days; larval galleries first extend at right angles to
the parent gallery and then turn up or down with the grain of the wood. In heavy
attacks, the larval galleries may intertwine and vary in length from 2.5 to 10 cm.
At maturity the larvae generally burrow toward the center of the limb or trunk
and penetrate about 16 mm into the wood. They then turn up or down and form
rounded cells, in which they pupate. Some larvae of the summer generation
pupate in the bark, but overwintering larvae are almost exclusively in the wood.
The summer larval period lasts a little longer than a month.

30



The shot-hole borer overwinters in one of the various larval stages or as a
pupa. The first emergence occurs about mid-March and emergence of the
overwintering generation is usually complete by mid-May. The spring
generation resulting from these adults is usually complete by the end of June.
From this period until winter, distinct generations are impossible to distinguish.
The number of generations per year in Canada is not known, but up to three
complete generations per year are produced in California.

Scolytus mali (Beschtein) (sulcatus LeConte) (Fig. 6)

Diagnosis. Length 3.3-42 mm. Head and prothorax black, elytra
reddish or body entirely reddish brown; frons flattened, sparsely pubescent ()
or strongly convex, sparsely pubescent (9 ); sternite 5 weakly sulcate at apex
(3") or evenly rounded (9 ); ventral sternites gradually ascending to elytra.

Hosts. Various species of broadleaf trees, recorded from various species
of Malus, Ulmus, Sorbus, and Pyrus.

Distribution (Map 3). Southern Ontario and Quebec; eastern United
States and Europe.

Biology. Not investigated.

Maps 3 and 4. Distribution of Scolyvius spp. 3, S. mali (@), S. quadrispinosus (Q), and S.
muticus (). 4, S. multistriatus.
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Scolytus muticus Say (Fig. 7)

Diagnosis. Length 2.8-4.4 mm. Black; densely pubescent; interstrial
setae very long, especially in &*; sternite S densely pubescent at apex (J7); frons
flattened and pubescent, with fine sculpturing in @.

Hosts. Celtis spp.
Distribution (Map 3). Southern Ontario; eastern United States.
Biology. Harrick (1935).

This species, commonly known as the hackberry bark beetle, constructs
short, vertical egg galleries under the bark of recently dead or dying hackberry.
Larvae mine away from the egg gallery across the grain of the wood and, when
mature, they usually burrow toward the center of the stem. Pupation takes place
in a pupal cell deep in the wood.

Scolytus tsugae (Swaine) (monticolae Swaine) (Figs. 8 and 56)

Diagnosis. Length 2.8-3.5 mm. Black; frons flattened to weakly
convex, coarsely aciculate (0) or convex, more finely aciculate, punctate (9 );
sternite 2 dull or shining; elytral interspaces rather deeply impressed.

Hosts. Tsuga spp., Pseudotsuga menziesii, and Abies spp.

Distribution (Map 5). Southern British Columbia, western Alberta;
western United States.

Biology. Edson (1967) and McMillan and Atkins (1959).

The flight period of S. tsugae is from May to late July with a peak in mid-
June. Attacks are initiated by the females, but males may assist in gallery
construction. Although monogamous within galleries, the males may reemerge
and mate with other females while they are constructing their galleries.

Attacks are made on dead or dying host material, usually when it is on the
ground. Small, thin-barked branches and stems are preferred (6-18 cm in diam)
but trees up to 33 cm in diam may be attacked. The entrance hole runs obliquely
through the bark to the cambium, where a small turning niche or nuptial
chamber is made. The galiery is usually constructed transversely to the grain in
both directions from the entrance tunnel; it scores the sapwood to the same
depth as the bark. Often, the egg tunnel runs longitudinally with or obliquely to
the grain. The gallery is usually about 5 cm long.

Eggs are laid close together in niches cut on both sides of the gallery. Each
female lays about 36 eggs. The larvae mine for a short distance at right angles to
the parent gallery, then they turn toward the ends of the gallery. They overwinter
as fourth-instar larvae and pupate in the cambium or in the bark in spring. Thus,
one generation is produced per year.
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Scolytus quadrispinosus Say (caryae Riley) (Fig. 9)

Diagnosis. length 3.0-50 mm. Black to reddish brown; frons
subconvex, finely aciculate, sparsely pubescent (@) or flattened, strongly
aciculate, densely pubescent on lateral margins (c); sternites unarmed (9 ) or as
in Fig. 9 (0); elytral striae strongly impressed; interspaces much more finely
punctured and much less impressed; elytral surface shining.

Hosts. Caryaspp.

Distribution (Map 3). Southern Ontario and Quebec; eastern United
States.

Biology. Baker (1972).

This species is commonly known as the hickory bark beetle. It is widely
distributed and can be very destructive in the eastern United States.

Adults appear in early summer; they feed for a short time at the bases of
leaf petioles and on the twigs of hickory before flying to the trunks and branches
of living trees. Short, longitudinal egg galleries are constructed under the bark.
In thick-barked trees, the gallery may scarcely touch the wood; in thin-barked
limbs, it may be entirely in the wood. The larvae feed in the phloem, gradually
angling away from the egg gallery. Before reaching maturity, they enter the
bark, where they construct pupal cells. The winter is spent in the larval stage,
and pupation occurs in the spring. One generation is completed per year.

Except during drought, damage is usually confined to individual trees. The
foliage of heavily infested trees turns red within a few weeks of attack, and the
tree soon dies.

Scolytus oregoni Blackman

Diagnosis. Length 2.7-3.5 mm. Black to reddish brown; frons
flattened to well behind eyes, moderately finely aciculate (V) or convex, finely
aciculate-punctate; anterior margin of sternite 2 distinctly thickened in both
sexes; posterior margin of sternite usually bearing a faint median tubercle (™) or
without any trace of a median tubercle (9 ).

Hosts. Pseudotsuga menziesii.

Distribution. Not recorded from Canada, but probably occurs in coastal
British Columbia; known from Washington to California.

Biology. Edson (1967).

The gallery of this species is usually constructed with the grain of the wood,
with a central nuptial chamber. The adult gallery is deeper in the sapwood than
in the phloem and is 6-18 cm long. Egg niches score the sapwood rather deeply
and are usually in pairs along the gallery. The larval mines form a fan-shaped
pattern when uncrowded, terminating in pupal chambers. This species prefers
the larger limbs of its host plant.
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Scolytus opacus abletls Blackman

Diagnosis. Length 2.1-2.8 mm. Black to dark reddish brown; frons
flattened to just back of eyes, finely aciculate-punctate (") or convex, more
finely aciculate-punctate (@ ); anterior margin of sternite 2 strongly () or
weakly (@) extended; carina on sternite 2 thick, very strongly elevated, highest
at or near center of sternite () or very feebly developed, extending scarcely to
center of sternite (@ ); surface of sternite 2 shiny, deeply, closely punctured (7).

Hosts. Abies spp.

Distribution. Not recorded from Canada, but probably occurs in
southern British Columbia; known from Washington to California, east to
Idaho.

Biology. Edson (1967).

This species attacks smaller limbs and tops of living trees but prefers fresh
slash. The adult gallery usually has one arm extending across the grain from the
central nuptial chamber and the other at a 45° angle to the grain. However, both
galleries may be at right anglés or oblique to the grain. The galleries are usually
2-5 cm long.

Egg niches are closely placed; they lightly score the sapwood. Larval mines
extend nearly parallel to one another, if not crowded, and terminate in elliptical
pupal chambers.

Scolytus opacus opacus Blackman

Diagnosis. Length 2.5-3.4 mm. Shining black; frons flattened to a
point well behind the eyes, moderately finely aciculate-punctate (&) or convex,
more finely aciculate (@ ); anterior margin of sternite 2 strongly (") to weakly
(%) extended; carina on sternite 2 as in abietis described above; surface of
sternite 2 opaque, indistinctly punctured.

Hosts. . Abies spp.

Distribution. Not recorded from Canada, but probably occurs in the
Rocky Mountain regions of British Columbia and Alberta; known from Idaho
and Montana to Colorado and Utah.

Biology. Edson (1967).

The biology of this species is very similar to that of the other subspecies, S.

opacus abietis.

Scolytus subscaber LeConte (Fig. 10)

Diagnosis. Length 3.2-4.9 mm. Black to reddish brown; frons strongly
flattened, coarsely aciculate () or convex, finely aciculate (@ ); anterior margin
of sternite 2 distinctly produced and liplike (&) or very weakly produced,
rounded (9 ); posterior margin of sternite 2 with a slightly elevated carina (7).
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Hosts. 4bies spp.

Distribution (Map 6). Southern British Columbia; Pacific Coast states
east into Idaho.

Biology. Edson (1967) and Struble (1957).

Adults of this species attack branches or trunks of small (under 10 c¢m)
suppressed trees in July and August. The parent gallery resembles a rounded
capital E. The nuptial chamber or entrance hole is central with two short egg
galleries (total length about 2 c¢m) recurving around it. The parent gallery is
etched deep into the sapwood. A fungus stain organism is introduced by the
attacking beetle.

About 12-30 eggs are deposited in the cambium on the outer margin of the
gallery. The larvae do not score the sapwood until they are nearly full-grown.
They mine the sapwood slightly when the pupal chamber is being excavated.
Larval mines are about 14 mm long.

One generation is produced per year; the beetles overwinter as larvae.

Scolytus ventralis LeConte (Figs. 11, 60, and 178)

Diagnosis. Length 3.3-4.3 mm. Black to reddish brown; frons as in
subscaber; anterior margin of sternite 2 (0”) moderately and evenly produced or
weakly produced, rounded (9 ); posterior margin of sternite 2 () produced into
an acute tubercle.

Hosts. A4bies spp., Pseudotsuga menziesii, Picea spp., and Tsuga spp.

Distribution (Map 6). Southern British Columbia; western United
States.

Biology. Ashraf and Berryman (1969), Berryman (19684, b), Stark and
Borden (1965), Stevens (1971), and Struble (1957).

Attacks are made from June through September, but peak activity is during
July and August. Individual branches are commonly infested causing
“flagging,” but trees from pole size to the largest sawtimber size are attacked
throughout their length. Location of attack on the stem is extremely variable.
The female enters first, followed soon after by the male, who helps to remove
boring dust from the gallery. A fungus stain, Trichasporium symbioticum
Wright, is introduced by the beetle and spreads rapidly in all directions from the

egg gallery.

Egg galleries are constructed horizontally, extending 5-8 c¢m in both
directions from the nuptial chamber (Fig. 178). Egg niches, spaced 1-1.5 mm
apart, are excavated on both sides of the gallery. The number of eggs laid varies
considerably, but the average in small trees (under 18 cm DBH) is about 57 per
gallery. A maximum of 260 has been found.

Larvae mine at right angles to the parent gallery and parallel to one
another. The larval mines may be longer than the parent gallery. Development
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time of larvae varies from 41 days at low elevations in the south to 380 days at
high elevations and in northern latitudes. The pupal cells are elongate and may
be entirely in the bark. The beetles overwinter as larvae and adults.

The number of generations per year varies. At lower elevations (1050-
1250 m) and on southern exposures, there may be one complete and a partial
second generation per year. At 1250-1800 m, there is usually one per year,
whereas at altitudes above 1800 m, the complete life cycle may require
2 years.

Scolytus laricis Blackman

Diagnosis. Length 2.6-3.5 mm. Black; frons slightly concave, coarsely
aciculate (") or convex, finely sculptured (@ ); posterior margin of sternite 5
weakly elevated, strongly thickened (0™); spine on sternite 2 stout, apex distinctly
rounded ().

Host. Larixoccidentalis.
Distribution. Southern British Columbia; Pacific Northwest states.
Biology. Edson (1967).

Little is known of the biology of this species except the gallery pattern. The
egg gallery consists of two arms, one extending up and the other extending
downward from the nuptial chamber. Both galleries are constructed with the
grain of the wood. The length is 4-11.5 cm. The galleries deeply engrave the
wood. Larval mines extend away from the egg galleries and are straight or
gradually divergent. Pupal chambers, constructed at the ends of the larval mines,
score the sapwood rather deeply.

This species is very similar to S. unispinosus and is probably only a
biclogical race.

Scolytus unispinosus LeConte (sobrinus Blackman) (Fig. 12)

Diagnosis. Length 2.3-3.1 mm. Black; frons slightly convex, finely
aciculate (5') or moderately convex, finely sculptured (@ ); spine on sternite 2
(&) strongly compressed, less rounded at apex than in preceding species;
posterior margin of sternite 5 moderately and evenly rounded.

Hosts. Pseudotsuga menziesii, Abies spp., and Tsuga spp.

Distribution (Map 7). Southern British Columbia; western United
States.

Biology. Daterman et al. (1965), Edson (1967), and McMullen and
Atkins (1962).

The flight period of S. unispinosus commonly occurs from late June to the
end of August, but flight has been observed as early as mid-May. Attacks are
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Maps 5-7. Distribution of Scolytus spp. 5, S. tsugae; 6, S. subscaber (Q) and S. ventralis
(@) 7, S. unispinosus. i

often intermixed with S. tsugae in the tops and limbs of trees killed by the
Douglas fir beetle, Dendroctonus pseudotsugae. S. unispinosus is most
successful in smaller branches and limbs. It has been observed attacking and
killing twigs in Douglas-fir reproduction.

The parent galleries are constructed by the females. Apparently most of the
galleries are forked, extending in both directions from the nuptial chamber, but a
significant number extend in only one direction from the nuptial chamber. Both
types of gallery are constructed parallel to the grain of wood. A gallery is usually
about 3.5 cm long; the longest is 7 cm.

Eggs are laid singly on both sides of the gallery about 1 cm apart. The
maximum number per gallery is 60. Larvae appear from June to mid-July, and
their mines fan out at right angles to the egg gallery. A gallery is usually about 3
cm long; the longest is 5 cm. Pupation occurs at the cambium-wood interface or
just beneath the outer bark scales.

There is only one generation per year in Canada.

Scolytus fiskei Blackman

Diagnosis. Length 2.4-3.4 mm. Black; closely resembles unispinosus
and may be only a subspecies or possibly a synonym. Differs by having a spine
on sternite 2 (") extending from the posterior margin of the sternite about
three-quarters the length of the sternite; and sternite 2 is black, shining, and
finely and distinctly punctured.

Hosts. Pseudotsuga menziesii and Abies spp.

Distribution. Southern British Columbia; western United States.

Biology. Edson (1967).

The life cycle and gallery pattern of this species is nearly identical with that
of S. unispinosus.
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Scolytus multistriatus Marsham (Fig. 13)

Diagnosis. Length 2.2-3.0 mm. Dark reddish brown; frons strongly
flattened to behind the eyes, aciculate-punctate, pubescence abundant (¢”'), or
convex, finely aciculate-punctate (@ ); elytral striae impressed slightly; spine on
sternite 2 of both sexes arising on anterior third.

Hosts. Ulnus spp.

Distribution (Map 4). Eastern Canada east of Lake Superior; United
States except in the far west and Europe.

Biology. Becker and Mankowsky (1965), Brown (1965), Brown and Eads
(1966), and Whitten and Reeks (1967).

This European species, commonly known as the smaller European elm bark
beetle, was accidentally introduced into the United States and was first recorded
from Cambridge, Massachusetts, in 1909. Since then, the species has spread
throughout most of the United States; it entered Canada near Windsor, Ontario,
in 1948.

Attacks by S. multistriatus beetles cause little damage by feeding and
mining, but they are one of the principal vectors of the fungus Ceratocystis ulmi
(Buism.) Moreau, which causes the Dutch elm disease. This vascular wilt disease
produces wilting and yellowing or dying of foliage, followed immediately by
defoliation and death of affected branches. Infected trees may die gradually over
several years but often death occurs within a few weeks. There is no known cure
for the disease. The disease occurs in Washington and Oregon, to within 50 miles
of the Manitoba border in North Dakota, in South Dakota, in Minnesota almost
to Fort Frances, Ontario, and from Lake Superior to Cape Breton Island, Nova
Scotia. Suspected cases from Winnipeg have not been confirmed. The disease is
widespread in the United States east of the Rocky Mountains. Apparently, low
temperatures in winter have slowed the northward advance of the disease. Along
the north shore of Lake Ontario, and in North Dakota, Minnesota, and
probably the New England States, the northern limit of distribution has changed
little since 1959.

Adults of this species feed on living elm throughout the entire growing
season of the tree. Before the beetles bore into the tree to breed, they feed in the
crotches of the smaller twigs. After mating takes place on the trunk of the tree,
the female bores into the cambium layer and excavates the egg gallery.

The egg gallery is constructed to run with the grain of the wood, engraving
both bark and wood for 2.5-5 cm. From 24 to 96 eggs are deposited in niches on
both sides of the gallery. The larvae mine at right angles to the parent gallery,
but they gradually turn and continue obliquely or parallel to the grain so that the
final gallery pattern is nearly circular in outline. Larval galleries are usually
longer than egg galleries, often reaching lengths of 20 cm. Before the larvae
pupate, they bore into the bark and excavate a pupal chamber.

This species overwinters in the larval stage; the adult beetles emerge in June
or July and feed in the bark of small branches and twigs. Most of the progeny of
these adults emerge in August and September. However, some of them do not
complete their development during the first summer; these remain as larvae,
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Map 8. Distribution of Scolytus piceae.

which form a large part of the overwintering population. Only a few of the adults
that emerge in late summer are able to breed, oviposit, and give rise to
overwintering larvae. The rest feed and die with the approach of cold weather
without establishing a brood. One generation and part of a second is produced
each year in Canada.

Scolytus piceae (Swaine) (Figs. 102 and 140)

Diagnosis. Length 2.4-3.3 mm. Shining black; frons flattened to
behind the eyes, impressed between eyes (07) or convex, finely aciculate-punctate
(@ ): elytral striae variably impressed; spine on sternite 2 of both sexes arising
from center of sternite.

Hosts. Picea spp.; rarely Abies spp. and Larix spp.

Distribution (Map 8). Transcontinental in Canada; eastern and western
United States.

Biology. Edson (1967).

S. piceae usually attacks dead and dying limbs. The parent galleries may
have two or three branches radiating from the central nuptial chamber. If there
are two branches, one usually extends directly with the grain, the other extends
at right angles for a short distance before turning with the grain. If three female
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tunnels are present, the gallery outline will resemble a tuning fork. The gallery is
5-8 c¢m long, and usually deeply scores the sapwood.

From 10 to 30 eggs are laid in deep niches on both sides of the tunnels.
Larval mines start off at right angles but soon turn and follow the grain, scoring
the wood deeply. The gallery is ultimately fan-shaped. Pupal chambers are
circular, and these and the larval mines also etch the sapwood deeply.

There is probably one generation per year.

Subfamily Hylesininae
Genus Hylastinus Bedel

Hylastinus obscurus (Marsham) (Figs. 1, 61, 103, and 141)

Diagnosis. Length 2.3-2.6 mm. Frons convex, impressed above
epistoma; pronotal punctures close and deep, evenly placed; elytral strial
punctures large, deep; elytral interspaces tuberculate or rugose, the tubercles
more acute and prominent on declivity.

Hosts. Wild and cultivated legumes, clover, beans, and vetch.

Distribution (Map 9). Southern British Columbia, southern Ontario,
Quebec, Nova Scotia; eastern and western United States.

Map 9. Distribution of Hylastinus obscurus.
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Biology. Rockwood (1926).

Fresh attacks are made in the spring on the roots or root crowns, slightly
below the soil surface. Parent galleries, usually 2-4 cm long, run with the root
fiber, but are occasionally horizontal. Typically a single female and male are
found in each burrow, but occasionally two females may be present. Many
females excavate up to four separate egg galleries.

Eggs are deposited in niches on the sides of the galleries. Only 4-9 eggs are
laid per gallery on legumes, but in larger plants the number may reach 30-40.
Each female lays about 40 eggs. The larvae feed in roots all summer and may
even overwinter there, pupating and emerging in the spring. Most of them,
however, overwinter as adults.

One generation is produced per year.
This species, commonly known as the clover root borer, is a serious pest of

clover and alfalfa in the eastern United States. It is considered to be one of the
main factors limiting the life of red clover.

Genus Scierus LeConte

Members of this genus are distinguished by their dull reddish brown color
and stout body. The elytral striae are impressed and punctured in regular rows,
the interspaces are rugose, and the declivity is more strongly rugose.

Key to the species of Scierus in Canada

1. Interstrial setae much shorter than interstrial width; surface of pronotum very dull,
opaque; body 3.0-3.7mmlong ............. ... ... .. ... .. ... annectans LeConte

[nterstrial setac as long as or longer than interstrial width; surface of pronotum
moderately shining; body 3.9-45 mmlong ..................... pubescens Swaine

Scierus annectans LeConte (Figs. 104 and 142)

Diagnosis. Length 3.0-3.7 mm. Light to dark reddish brown; frons
convex, transversely impressed at about the middle, punctures large, deep; striae
punctured in regular rows, punctures deeply impressed; interspaces densely
rugose; declivital interspace 2 slightly impressed; all interspaces tuberculate,
especially on declivity.

Hosts. Picea spp., Abies lasiocarpa, and Pinus contorta.
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Map 10. Distribution of Scierus annectans.

Distribution (Map 10). Transcontinental in Canada; northeastern and
western United States.

Biology. Stewart (1965).

Spring flight and attack on hosts take place from mid-June to mid-August;
the main attack is in mid-July. Entrance to the cambium of the host is usually
made through entrance holes bored by Dendroctonus rufipennis (Kirby), the
spruce beetle. Preference is shown for the holes on the underside of felled or
leaning trees. Up to five Scierus attacks are made in each Dendroctonus hole.
After the beetle reaches the cambium, it constructs a characteristic “‘turning
niche,” slightly longer than the beetle. This side niche makes it easier for the
beetle to exit in a forward position. The egg gallery is longitudinal, slightly
curved, and parallel with or at a 45° angle to the grain of the wood. The saipwood
is only slightly etched, if at all.

Oviposition begins during gallery construction. The female extends the
gallery just beyond the proposed niche, excavates the short, lateral egg niche in
the outer cambium, deposits the egg, packs it in with frass, and then repeats this
activity. After oviposition, the gallery is extended farther, presumably by the
adult feeding. The gallery is usually about 33 mm long, a maximum of 42 mm
has been recorded.

Oviposition takes place throughout July and early August. Larvae are
found about 3 weeks later. Usually 10-16 eggs are laid, but up to 32 have been
found. Larvae burrow at right angles to the parent gallery, but their galleries
may meander and often cross one another.
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Maps 11 and 12. 11, Distribution of Scierus pubescens. 12, Distribution of Hylurgops sub-
costulatus.

Scierus pubescens Swaine

Diagnosis. Length 3.9-4.5 mm. Reddish brown; pronotum more
shining than S. annectans; interstrial setae much longer than in S. annectans.

Hosts. Picea spp., Abies lasiocarpa, and Pinus contorta.
Distribution (Map 11). Western Canada; Pacific Northwest states.

Biology. Not investigated but probably similar to S. annectans.

Genus Hylurgops LeConte

Members of this genus are distinguishable by the broad and bilobed third
tarsal segment and by the anteriorly constricted pronotum, which, on the
surface, bears an equal number of large and small punctures intermixed.

Specimens are found, often in large numbers, in old, dead logs and stumps.

The larvae work gregariously, It is usually difficult to follow any design in the
construction of their galleries.

Key to the species of Hylurgops in Canada and Alaska

1. Elytral interspaces 1, 3, and 5 strongly elevated on declivity; pronotum and elytra
reddish, densely scaly, often encrusted; declivital interspaces 2, 4, etc., without
erect, hairlike setae ... ...... ... .. . ... ... .. ... ... subcostulatus (Mannerheim)
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All elytral interspaces of equal or very nearly equal height on declivity; pronotum and
elytra black or red, but not densely scaly and seldom encrusted; all declivital
interspaces having erect or semierect, hairlike setae .. .......... ... ... ... . ... 2

2. Sides of pronotum strongly arcuate, strongly constricted on anterior third; body stout,
less than 2.5 times longer than wide; dorsal surface usually reddish, ventral surface
darker .. 3

Sides of pronotum evenly arcuate or weakly constructed on anterior third; body more
elongate, 2.6-2.7 times longer than wide; dorsal and ventral surfaces usually
similar, sometimes elytra slightly lighter .. ... ... ... ... ... ... .......... 4

3. Eastern Canada, west to Alberta; in Pinus banksiana, P. strobus, Picea spp., and
occasionally Larix Spp. ... .. . pinifex (Fitch)

Western Canada and Alaska; in Pinus contorta, various coastal pines, Picea spp., rarely
other species of conifers . ........ ... ... .. ... ... . ... rugipennis (Mannerheim)

4. Elytra brightly shining, smooth between punctures and granules; surface between
pronotal punctures smooth, shining . ... ...... ... .. .. ... ... porosus LeConte

Elytra dull, minutely reticulate between punctures and granules; surface between
pronotal punctures dull, reticulate ... ... . ... ... oL reticulatus Wood

Hylurgops subcostulatus (Mannerheim)

Diagnosis. Length 3.4-4.5 mm. Reddish to rusty brown, black
beneath; frons transversely impressed above epistoma, densely punctate;
pronotal surface with large, deep punctures and numerous smaller, shallower
punctures between; alternate elytral interspaces elevated on declivity, the
elevated interspaces distinctly granulate on summit; vestiture of small, stout,
scalelike setae on the elevated interspaces.

Hosts. Pinus ponderosain Canada, but other species of pines elsewhere.

Distribution (Map 12). Southern British Columbia; western United
States.

Biology. Bright and Stark (1973).

Attack is made on the basal portion of the trunk of recently killed pines,
especially those with wet fermenting sap. The parent gallery is short, slightly
irregular, and usually runs in a longitudinal direction. The larvae work in all
directions with no clearly differentiated mines. The entire cambial layer may be
eaten during heavy attacks. Pupation takes place in the cambium region or inner
bark.

Trees are attacked in early spring and summer; resulting broods emerge in
the fall and reattack the same log or a new one. This second generation
overwinters under the bark as larvae and new adults. There is probably only one
generation per year.

Hylurgops pinifex (Fitch)

Diagnosis. Length 4.0-50 mm. Reddish brown to black, black
beneath; sides of pronotum constricted in front of middle; elytra slightly widened
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behind middle; elytral interspaces convex, granulate, more granulate on
declivity; vestiture on elytra consisting of recumbent, narrowly to broadly
flattened, scalelike setae on interspaces with a median row of erect, hairlike
setae. Intergrades with rugipennis in Alberta,

Hosts. Pinus spp. and Picea spp.; occasionally Larix laricina.

Distribution (Map 13). Eastern Canada west to Alberta; eastern United
States.

Biology. Blackman (1919).

This is a common species in Eastern Canada as far west as Alberta. It is a
secondary species, which prefers the thick bark portion of the trees, mainly
found in stumps, logs, or the lower part of standing trees. Quite often adults are
found some distance below ground level in the roots.

Adults are monogamous and the egg tunnels are longitudinal, straight to
slightly sinuous. The egg gallery usually extends down from the nuptial chamber
but many galleries extend up from the entrance. A turning niche or nuptial
chamber is located at the beginning of the egg tunnel. Completed galleries are
2.5-9 cm long.

From two to six eggs are deposited in grooves or pockets constructed on
both sides of the tunnel. In the grooves, the eggs are placed in several tiers, each
tier carefully partitioned off with frass and boring dust. When the larvae hatch,
they feed communally, excavating large areas of cambium. Pupation takes place
in a pupal cell constructed in the bark, cambium, or wood.

There is probably one generation per year in Canada.
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Map 13.  Distribution of Hylurgops pinifex (@), H. rugipennis (O), and intermediate forms ().
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Hylurgops rugipennis (Mannerheim) (Figs. 57, 105, and 143)

Diagnosis. Length 4.0-5.0 mm. Reddish to light reddish brown, black
beneath. Identical in essential respects with H. pinifex. Evidently hybridizes with
H. pinifex in Alberta and southwestern British Columbia.

Hosts. Pinus spp., Picea spp., Pseudotsuga menziesii, and Abies spp.

Distribution (Map 13). Alaska, Alberta, British Columbia; western
United States.

Biology. Reid (1955).

Adults of this species attack the stumps, just above the duff layer. Galleries
extend several centimetres above and below the entrance hole. Eggs are laid in
depressions along the sides of the galleries, from one to five in depth, and they
are packed in with boring dust.

The entire brood works down from the egg gallery in a large group, but later
they separate into smaller groups, and by the time the larvae have reached
maturity they are alone or in groups of two to six. Larvae also work down into
the taproot, located in the mineral soil, and also are found in the large lateral
roots.

Measurements of the head capsule indicate four larval instars.

In Alberta, the life cycle varies from 1Y; to 2, years, resulting in a flight
period throughout most of the summer. Larvae and adults are the overwintering
stages. Adults attack in early spring, and by September most of the progeny are
in the larval stage; a few have pupated and become adults. The larvae in this
generation either remain as larvae throughout the following summer, or pupate
in late summer and reach the young-adult stage before winter. These young
adults emerge, but do not establish broods until the following year. Those larvae
that do not pupate the second summer overwinter and pupate in the early spring.

Hylurgops porosus LeConte (lecontel Swaine)

Diagnosis. Length 3.5-4.5 mm. Reddish brown to black; frons
subrostrate, densely punctured, impressed at about middle and above epistoma,
divided by a rather sharp, low, longitudinal carina; pronotum shining, densely
punctured, weakly rugose; strial punctures large and deep; elytral interspaces
strongly crenulate with numerous small punctures, granulate near declivity; first
and third declivital interspaces bearing a median row of fine granules; vestiture
scalelike on declivity.

Hosts. Pinus spp.
Distribution (Map 14). Western Canada; western United States.

Biology. Not investigated.
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Hylurgops reticulatus Wood

Diagnosis. Length 3.7-5.0 mm. Black; frons as in porosus except less
finely punctured; pronotal surface reticulate between punctures; elytra as in
porosus except surface of interspaces reticulate and granules slightly larger.

Hosts. Pinus ponderosa, P. contorta, Pseudotsuga menziesii, and Tsuga
heterophylla.

Distribution (Map 15). Southern British Columbia; western United
States.

Biology. Not investigated.

Genus Hylastes Erichson

Members of this genus are difficult to distinguish from those in Hylurgops.
The characters given in the key and the illustrations should be sufficient to
distinguish between the two genera. Blackman (1941) produced a key to the
species.

Adults occasionally kill pine transplants or young plantation trees by
chewing the bases of the stems; otherwise the species are of minor economic
importance.

Key to the species of Hylastes in Canada

1. Occurs in Eastern Canada; body 3.9-5.3 mm long; median carina on frons sharply
elevated, often extending above the strong transverse impression . . . porculus Erichson

Occurs in Western Canada; body length variable; frons with or without a median carina,
if carina present, it is weakly elevated ............ ... ... .. ... ... ... . ... 2

2. Body less than 3 mm long; epistoma not divided by a raised carina; elytral interspaces
clothed with hairlike setae about as long as the interstrial width, and a few stout
scalelike setae on the declivital interspaces ....................... tenuis Eichhoff

Body more than 3 mm long; epistoma divided by a distinct raised carina; elytral
vestiture variable .. ... . .. 3

Body less than 5.0 mm long; pronotum finely punctured ......................... 4

4. Mature body bright red to reddish brown; body moderately stout; 2.8 times longer
than wide ... ... ruber Swaine
Mature body brown to black; body more slender . ...... ... ... .. ... ... .. ...... 5

5. Body 2.8-3.0 times longer than wide; pronotum widest at or near middle ... ... ...
.................................................. nigrinus (Mannerheim)

Body more than three times longer than wide; pronotum widest in front of middle .... 6
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6. Pronotum 1.2 times longer than wide, only slightly narrower than elytra; elytral
interspaces equal to or wider than striae; pubescence scanty on disk .........

Pronotum 1.3 times longer than wide, distinctly narrower than elytra; elytral interspaces
narrower than striae; pubescence longer and more abundant ...... longicoliis Swaine

Hylastes porculus Erichson (carbonarlus Fitch, granosus Chapuis,
cavernosus Zimmermann, scaber Swaine, swainel Eggers, canadensis
Swaine, webbi Swaine)

Diagnosis. Length 3.9-5.3 mm. Reddish brown to black; frons broad
between eyes, deeply, broadly, transversely impressed above epistoma, this
impression divided by a distinctly elevated median carina, which ends in an
arcuate transverse impression; pronotal surface with moderately large, deep,
close punctures; elytral punctures deep, very coarse; elytral interspaces scarcely
rugose to granulate-punctate; last abdominal sternite (5") with a wide, shallow
groove with longer setae; elytral vestiture sparce, hairlike, becoming more
scalelike on declivity.

Hosts. Pinus spp.

Distribution (Map 16). Eastern Canada as far west as Manitoba; eastern
United States.

Biology. Not investigated.

Maps 14 and 15. Distribution of Hylurgops spp. 14, H. porosus; 15, H. reticulatus.
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Hylastes tenuis (Eichhoff) (criticus Eichhoff, pusillus Blackman, minutus
Blackman)

Diagnosis. Length 2.4-2.9 mm. Dark reddish brown to black; frons
convex, transversely impressed above epistoma, impression not divided by a
transverse elevated carina (a faint line can sometimes be seen); pronotal surface
with large, close punctures; elytral punctures large, close, rather deep; elytral
interspaces convex, finely rugose, uniserrately granulate near and on declivity;
last abdominal sternite (5™) not especially modified; elytral vestiture long.

Hosts. Pinus spp. and Pseudotsuga menziesii.

Distribution. Southern British Columbia and possibly southern Ontario;
throughout United States.

Biology. Notinvestigated.

Hylastes macer LeConte (Figs. 62, 106, and 144)

Diagnosis. Length 5.0-6.5 mm. Reddish brown to black; frons convex,
distinctly, transversely impressed above epistoma, impression divided by a
distinctly elevated, longitudinal carina, which ends in an arcuate transverse
impression; pronotal surface with rather small, closely placed, deep punctures,
these somewhat irregular in size; elytral punctures rather small, close and deep,
smaller on declivity; elytral interspaces finely punctate-reticulate, finely
granulate on declivity; last abdominal sternite (&) broadly impressed in median
line with longer setae and finer punctures; elytral vestiture very short and
hairlike on disk, densely scaly on declivity.

Hosts. Pinus spp.; rarely Pseudotsuga menziesii.

Distribution (Map 17). Southern British Columbia; western United
States.

Biology. Not investigated.

Hylastes ruber Swaine

Diagnosis. Length 4.4-5.0 mm. Bright reddish brown; frons convex,
shallowly, transversely impressed above epistoma, impression divided by a
distinctly elevated, longitudinal carina, this carina more strongly elevated
around transverse impression; pronotal surface with moderately large, deep, and
close punctures; elytral punctures moderately large, deep; elytral interspaces
finely, rather densely rugose, more strongly rugose on declivity; last abdominal
sternite (07) flattened, setae only slightly longer than on female; elytral vestiture
very short, hairlike on disk and declivity.
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Map 16. Distribution of Hylastes porculus.

Maps 17-20. Distribution of Hylastes spp. 17, H. macer; 18, H. ruber, 19, H. gracilis; 20,
H. longicollis.



Hosts. Pseudotsuga menziesii; rarely Pinus ponderosa.

Distribution (Map 18). Southern British Columbia; western United
States.

Biology. Not investigated.

Hylastes nigrinus (Mannerheim) (yukonis Fall)

Diagnosis. Length 4.1-4.9 mm. Dark brown to black, frons narrow
between eyes, broadly and deeply impressed on each side above epistoma;
median carina usually confined to epistoma but sometimes extending to median
pit; pronotal surface with coarse, close, and deep punctures, somewhat irregular
in size; elytral punctures coarse, deep, and close, smaller on sides and declivity;
elytral interspaces granulate-punctate, more granulate on declivity; last
abdominal sternite (og) broadly impressed in median line with longer setae and
finer punctures.

Hosts. Pseudotsuga menziesii, Pinus spp., and Tsuga heterophylia.

Distribution (Map 21). Southeast Alaska, Yukon Territory, British
Columbia; western United States.

Map 21.  Distribution of Hvlastes nigrinus.
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Biology. Rudinsky and Zethner-Moller (1967) and Zethner-Moller and
Rudinsky (1967).

The biology of this species on Douglas-fir in Oregon is as follows. Adults
begin emerging in late March and continue through May; maximum emergence
and flight are in late April and early May. The young adults feed on the small
roots of dead, old Douglas-fir or the roots of young Douglas-fir, weakened after
transplanting, before they actually invade the host. They are attracted to stumps,
freshly cut trees, and especially trees killed by the Douglas fir beetle. Whole
oleoresin, -pinene, -pinene, and other components of resin have been shown to
be attractive to H. nigrinus. Adults dig through the sawdust or soil around the
host to reach the roots; they also enter at the base of the stem at the soil line.

Egg galleries are initiated by the females; the males enter later and
copulation takes place within the gallery as well as outside. Egg galleries are long
(about 9 cm) and winding, running parallel to the grain in one direction from the
entrance hole. The part close to the entrance hole is almost always angled and
wider than the rest of the gallery, and there are usually one or more branches and
forked mines. Eggs are laid in distinct, evenly spaced niches about 1-1.5 mm
apart. Where eggs are present, the gallery is packed with frass. From 20 to 40
eggs are laid per gallery; the maximum is about 63. There is no reemergence of
parent adults.

Larvae feed communally, forming no distinct larval galleries. Pupal
chambers are found at all depths in the bark but mostly in the cambial layer.
Adult beetles as well as full-grown larvae overwinter in the gallery. Most of the
population completes development in 1 year, but some may take 2 years. These
overwinter as adults the second year.

Hylastes gracilis LeConte (nltidus Swaine)

Diagnosis. Length 3.4-4.3 mm. Reddish brown to black; frons
moderately broad with a median, transverse arcuate impression, densely
punctured; median carina extending from epistoma to transverse impression;
pronotal surface with moderate-sized punctures, much finer and closer in front;
elytral punctures moderate, smaller on sides and declivity; elytral interspaces
finely rugose-punctate, uniserrately granulate on declivity; last abdominal
sternite (o) distinctly grooved, with the setae more numerous and longer than
on other sternites.

Hosts. Pinus spp.; rarely Abies spp.

Distribution (Map 19). Southern British Columbia; western United
States.

Biology. Notinvestigated.

Hylastes longicollis Swaine

Diagnosis. Length 3.4-4.0 mm. Reddish brown; almost identical with
H. gracilis except pronotum more elongate, distinctly narrower than elytra;
strial punctures coarser than in H. gracilis; pubescence longer than in H. gracilis.
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Hosts. Pinus spp.

Distribution (Map 20). Southern British Columbia; western United
States.

Biology. Not investigated.

Genus Dendroctonus Erichson

Members of this genus are easily recognized by their usually large, stout
bodies; their well-developed epistomal process; the subcircular, flattened
antennal club having three procurved sutures; and the evenly convex elytral
declivity.

Some of the species of this genus are the most destructive tree killers
known. Annual losses of about 12.5 million m? (5 billion board feet) of
sawtimber have resulted from the depredations of these insects. Consequently,
the various species have been the subjects of more biological studies than those in
any other genus of Scolytidae except possibly Ips De Geer.

The genus was revised by Wood (1963).

Key to the species of Dendroctonus in Canada and Alaska
(Modified from Wood (1963) )

1. Frons with a narrow, deep median groove extending from near the epistomal process
to the upper level of the eyes; lateral area of frons usually rather strongly
protuberant and armed with one or two tubercles; southern British Columbia . .
brevicomis LeConte

Frons without a median groove or lateral elevations; generally distributed ........... 2

2. Declivital interspaces dull, opaque, or shining; if shining, then the punctures all
granulate in both sexes with strial punctures distinct and large; epistomal process
broad, the distance between eyes not more than 2.2 times the basal width of an
eye; episternal area of prothorax coarsely granulate, the punctures obscure or
ADSENt L L 3

Declivital interspaces smooth and shining, most of the punctures impressed, a few
granulate in the female; epistomal process narrow, the distance between eyes three
or more times the basal width of an eye; episternal area of prothorax punctate,
the granules minute or absent . . ... ... ... .. .. ... i 4

3. Body black to dark brown; body size 3.7-7.5 mm (average 5.5 mm), surface of
declivity opaque, usually rugulose, interspaces usually uniseriately granulate and
with scattered fine punctures; southern British Columbia ........ ponderosae Hopkins

Body red to reddish brown; body size 5.4-9.0 mm (average 8 mm); surface of
declivity shining, interspaces confusedly granulate; transcontinental . .. valens LeConte

4. Declivital striae weakly or not impressed; declivital interspace 1 weakly elevated;
epistomal process usually transversely concave, broad . ...................... 5

Declivital striae strongly impressed; declivital interspace 1 strongly elevated; epistomal
process flat or convex, MAITOW . .. ... ...ttt
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5. Frons finely granulate between the close, deep punctures (granules sometimes obscure in
murrayanae), strial punctures on declivity usually minute, usually less than twice
as large as those of interstriae . . . ... . ... ... ... 6

Frons smooth and polished, with deep, close punctures, but almost entirely without
granules between punctures; strial punctures on declivity rather large, three or
more times as large as those of interspaces; transcontinental ... ... punctatus LeConte

6. Frons coarsely, distinctly punctured, the granules between punctures usually isolated
from one another, often very sparse; from Pinus spp. ......... murrayanae Hopkins

Frons very closely and more coarsely granulate, the punctures usually obscure in
median area; from Picea Spp. .. ... .. i rufipennis (Kirby)

7. Body smaller, 3.4-5.0 mm; frons moderately protuberant, smooth with deep, coarse
punctures; Alaska to Newfoundland; from Larix laricina . ......... simplex LeConte

Body larger, 4.4-7.0 mm; frons strongly protuberant, irregularly granulate, with
fine, deep punctures; southern British Columbia; from Pseudotsuga menziesii
and (rarely) Larix spp. and Tsuga spp. - . ... .o pseudotsugae Hopkins

Dendroctonus brevicomis LeConte (barberl Hopkins) (Fig. 179)

Diagnosis. Length 2.5-5.0 mm. Frons convex, with a pair of lateral
elevations on median half, separated by a deep groove, surface punctured and
subgranulate below eye level; pronotal surface smooth, with fine and shallow
punctures; elytral punctures small and shallow; elytral interspaces with
abundant, confusedly placed, small crenulations; declivity feebly impressed
between striae 1 and 3.

Host. Pinus ponderosa; numerous other species of Pinus in the United
States.

Distribution (Map 22). Southern British Columbia; western United
States and northern Mexico.

Biology. Stark and Dahlsten, editors (1970).

The adult female of the western pine beetle, D. brevicomis, initiates attack
at midbole, just below crown level, boring through the bark at right angles to the
stem axis until it reaches the phloem-cambial layer. Selection and attack of
uninjured, healthy trees apparently occurs at random, but lightning-struck trees
and trees injured by air pollutants, infested by root pathogens, or injured in other
ways appear to be more susceptible to attack. Trees less than 30 cm in diameter
are seldom attacked. After successful invasion by one or more females, a
powerful secondary attractant or pheromone is produced, which causes a mass
attack and the entire length of the bole is filled in. The attacking beetles
introduce a blue stain fungus, which apparently helps them in overcoming the
resistance of the tree.

The color of the foliage in mass-attacked trees changes in a characteristic
manner. The normal dark green fades to pale green, gradually changes to lemon
yellow, then to straw color, sorrel, and finally dark red. After the tree has been
abandoned by the beetle progeny, the foliage slowly turns brownish black and
drops off. This sequence of color change is extremely variable and often is not
well synchronized with the insect’s life cycle.
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The egg gallery in the phloem-cambial region is long and winding (Fig.
179). The male joins the female while she is boring in or during the early stages
of gallery construction. Egg niches are cut in the wall at more or less
symmetrical intervals from 1 to 8 cm apart. From 35 to 60 eggs are laid, oneto a
niche, separated from the main gallery by a plug of frass. Oviposition may last
up to 6 weeks in spring and summer; overwintering females may lay some of
their eggs in the fall, and the rest the next spring. Except for a few centimetres
near the entrance hole and a few centimetres at the end of the gallery where the
male and female are working, the galleries are packed with frass.

Eggs hatch in 2-3 weeks, and the early instar larvae bore at right angles to
the parent gallery, in the same plane for about 3 cm. Then, the larvae turn
outward into the bark, at right angles to the bole axis. The remainder of the
developmental cycle is spent in the bark. In overwintering broods, only larvae,
prepupae, and adults overwinter, never pupae. When adults are mature, they
bore out of the bark and take flight. There is a diurnal flight periodicity that
corresponds roughly with the daily temperature range. The flight capacity is not
known, but it is suspected that D. brevicomis is capable of flying at least 3 km,
and up to 12 km when wind currents are utilized.

The number of generations per year and the length of any generation in a
particular locality vary, depending upon climate. In Canada there may be up to
two complete generations per year; in southern California there may be between
three and four complete generations per year. Because of variability in the length
of the attack period and development times, overlapping generations are
common and some D. brevicomis adults may be in flight at almost any time
during the summer and fall.

The western pine beetle is considered by many to be the most destructive
forest pest known. In the Pacific Coast states, about 62.5 million m? (25 billion
board feet) of ponderosa pine sawtimber were lost during 1921-45; losses have
been just as high since 1945.

In Canada, losses due to this species have not been as spectacular as those in
the United States, because this beetle is found only in a small area of south

Maps 22 and 23. Distribution of Dendroctonus spp. 22, D. brevicomis; 23, D. ponderosae.
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central British Columbia. Some damage has occurred in the Okanagan Valley
and adjacent regions.

Dendroctonus ponderosae Hopkins (monticolae Hopkins) (Figs. 63, 107,
and 145)

Diagnosis. Length 3.7-7.5 mm. Frons convex, median line narrowly
impressed above upper level of eyes, punctate-rugose above eye, subgranulate
below; pronotal surface smooth, shining, with small, deep, laterally granulate
punctures; elytral punctures small, deep; elytral interspaces with coarse,
scattered, transverse crenulations; declivity steep, interspace 2 deeply impressed,
striae 2 and 3 curved toward apex; interspaces granulate.

Hosts. Pinus spp.

Distribution (Map 23). Southern British Columbia; western United
States and northern Mexico.

Biology. Cole and Shepherd (1967), McCambridge and Trostle (1970),
and Wood (1963).

Parent adults of the mountain pine beetle usually attack during June, July,
and August. They bore through the bark to the phloem-cambial region, turn
upward, and excavate egg galleries up to 75 cm or longer. Galleries usually run
longitudinally with the stem axis of the tree, but they may be somewhat sinuous
when obstructions such as knots or branch stubs are encountered. The nuptial
chamber may be offset from the egg gallery to form an extended J pattern.

Beetles are attracted to trees that are already under attack, are overmature
with decadent crowns, are suppressed second growth, have been struck by
lightning or mechanically injured, are affected by disease, or are freshly killed.
The mountain pine beetle is apparently less able to overcome trees having visible
oleoresin flow than is the western pine beetle. There is evidence to suggest that as
soon as a successful attack by a few beetles has been initiated, an attractant is
produced that encourages mass attack. Partial attacks that do not completely
kill the tree are fairly common, but trees that have suffered such attacks usually
succumb eventually. Pitch tubes or pitch “streamers” are common evidence of
attack.

Eggs are deposited along each side of the gallery in individual niches 2-5 cm
apart and are tightly packed in with frass as is the entire egg gallery behind the
ovipositing female.

When the larvae hatch, they feed in the phloem-cambial region in individual
tunnels. These feeding galleries extend 2—-14 cm at right angles to the egg gallery.
Usually in late fall, the mature larvae excavate a shallow, oval pit for pupation.
The brood may overwinter in any stage (except pupae) from young larvae to
young adults, depending on the time of attack and the climate.

There is one generation per year throughout most of its range. Two
generations and often the beginning of a third may occur in warm climates, at
elevations below 2,000 m, south of lat. 40° N.

This is one of the most destructive species in the pine forests of western

56



North America. Severe economic damage is most common in lodgepole, western
white, and ponderosa pine stands. Between 1951 and 1960, some 475,000 m? (190
million board feet) of western white, lodgepole, and ponderosa pine were killed
in British Columbia.

Dendroctonus valens LeConte

Diagnosis. Length 5.4-9.0 mm. Frons irregularly convex, with a pair
of weak protuberances separated by a broad shallow depression, surface
punctate; pronotal surface smooth, with close, shallow punctures; elytral
punctures small, deep; elytral interspaces with small, abundant crenulations;
declivity steep, convex, feebly impressed between striae 1 and 3, granulate.

Hosts. Pinus spp.; rarely Abies concolor, Larix laricina, and Picea spp.

Distribution (Map 24). Transcontinental in Canada; Northwest
Territories to Guatemala, through the eastern United States but not found in
southeastern United States.

Biology. Smith (1971) and Wood (1963).

The red turpentine beetle is attracted by whole oleoresin. Attacks are most
common in stumps of freshly cut trees, and injured, weakened, or dying trees.
However, apparently healthy trees are often attacked. Attacks may occur up to a
height of 6 m on the tree trunk, but are usually concentrated at or near ground
level. Flight and attacks of beetles occur throughout the warm season.

Map 24. Distribution of Dendroctonus valens.
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The female constructs the entrance tunnel and, when she reaches the
cambium region, she usually turns upward for a short distance. The shape of the
gallery is variable, but is usually linear from 1 to 3 cm wide. Branched galleries
and irregular cave-type galleries are common. The gallery is usually packed with
characteristic granular reddish frass.

No egg niches are cut. Eggs are deposited along the sides of the galleries,
either loose in the frass or in layers of 10-40 or more. Over 100 eggs may be laid
per gallery. After oviposition the parent beetles may feed for a time, emerge to
initiate new attacks, or die in the gallery.

Eggs hatch in 1-3 weeks depending on the season. The larvae feed
gregariously in the phloem tissue, often enlarging the initial gallery and killing a
patch of phloem up to 20-30 cm across. The larval period may take from a few
months to over a year, depending on the climate of the area.

Mature larvae excavate separate cells in the sapwood or bark, where they
pupate. Adults are strong fliers capable of flights up to 16 km or more,

The rate of development of a generation and the number of generations per
year varies widely. In Canada 2 years may be required for a generation. In
southern latitides, and at lower elevations, two to three generations may be
completed per year. Overlapping generations are typical and beetles may be
found in flight throughout the summer.

. The red turpentine beetle is not considered to be a destructive species by
itself, but it may predispose trees to attack by other scolytids, which in concert
with D. valens cause the death of trees.

Dendroctonus punctatus LeConte (johanseni Swaine)

Diagnosis. Length 5.4-6.8 mm. Frons convex, protruding slightly at
center below middle, punctures close, deep; pronotal surface smooth, shining,
punctures fine, irregular, deep and close; elytral punctures large and deep; elytral
interspaces with numerous, abundant, confusedly placed crenulations; declivity
steep, convex, interspaces smooth, punctate-granulate.

Hosts. Picea spp.; less commonly Larix laricina and Pinus spp.

Distribution (Map 25). Transcontinental in Canada; northern United
States.

Biology. Wood (1963).
This species has not yet been recognized as an economically important
species in Canada, possibly because of competition with the more aggressive D.

rufipennis and also some of the damage caused by D. punctatus may have been
masked by other species.

D. puncratus attacks either standing or fallen trees. The lower part of
standing trees is evidently attacked first, and it is assumed that the mass attack
progresses upward from the ground level.

The egg galleries tend to be vertical or with the grain of the wood, although
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Map 25. Distribution of Dendroctonus punctatus.

they may be sinuous or otherwise irregular. The maximum length is about 20
cm. From 20 to 50 eggs are deposited in grooves constructed on alternating sides
of the gallery, and separated from the main part of the gallery by a partition of
frass and boring dust. Females often emerge after laying one batch of eggs, and
then they construct a second and even a third set of galleries.

The larvae feed communally, forming a large, flat cavity in the phloem-
cambial region. Pupal cells are formed in the frass that fills the larval chamber.

Winter is passed either as adults or partly grown larvae. The generations
probably overlap. Flight activity begins in late May or early June and continues
until late August. There may be one complete and a partial second generation
each year.

This species is very similar to the European D. micans (Kugelann) and, in
fact, the two may be the same species.

Dendroctonus murrayanae Hopkins

Diagnosis. Length 5.0-7.3 mm. Frons as in D. punctatus, except
punctures very close and deep, about half of them with a small rounded granule
on lower rim; pronotal surface and elytral punctures and interspaces similar to
D. punctatus.

Hosts. Pinus spp.

Distribution (Map 26). From the Great Lakes area to British Columbia;
northern Rocky Mountain states.

39



Map 26. Distribution of Dendroctonus murrayanae.

Biology. Wood (1963).

This species, known as the lodgepole pine beetle, attacks stumps, windfalls,
and overmature or weakened standing trees. Ordinarily it is not an aggressive
species, but it may contribute to outbreaks of the bark beetle more than is
commonly believed. Attacks are usually near ground level and in the roots of
stumps or standing trees; in windfalls, adults prefer the lower part of the bole.

The egg galleries are irregularly longitudinal, slightly wider than the beetle,
with shallow expanded areas along one or both sides. The maximum length is
about 20 cm, with an average of 12 cm. The eggs are not laid in niches but are
deposited in groups of 20-50 in elongate, expanded areas along the gallery.
From one to three groups, sometimes more, occur in each gallery, alternately
along the sides. The larvae feed communally first at right angles to the egg
gallery, later turning either up or down. At the point of turning, islands of
unexcavated phloem are left. Pupation occurs in the frass of the cavity or
sometimes at the end of short, independent galleries. The number of generations
per year in Canada is not known, but in the northern United States one and part
of a second generation is completed.

Dendroctonus rufipennis (Kirby) (obesus Mannerheim, similis LeConte,
piceaperda Hopkins, engelmanni Hopkins, borealis Hopkins)

Diagnosis. Length 4.4-7.0 mm. Frons convex, punctures close, deep,
rather fine, almost obscured in median area by fine, abundant granules; pronotal
surface smooth, with fine, irregular, close, deep punctures; elytral punctures
large, shallow; elytral interspaces with abundant, small, transverse crenulations;
declivity steep, convex, interspaces almost smooth, punctate, the median
punctures slightly granulate on upper rims.

60




Map 27. Distribution of Dendroctonus rufipennis.

Hosts. Picea spp.

Distribution (Map 27). Transcontinental in Canada; eastern and western
United States.

Biology. Dyer and Taylor (1968), Grant and Cottrell (1968), and Wood
(1963).

Attack periods, length of development, and consequently the number of
generations per year vary greatly because of the wide range of this species. A
description of the life history in British Columbia follows. The bionomics in
Eastern Canada is probably very similar.

Females of the spruce beetle attack first. They prefer windfalls, freshly cut
logs, and shaded slash, but standing trees are attacked when populations are
high. In prostrate trees, only the underside next to the ground is attacked. In
standing trees, the lower third of the bole is preferred and is the first attacked,
but attacks may occur up to 20 cm. Continued attack is slow, not showing the
sudden mass attack of such species as D. brevicomis. Stands over 120 years old
are most susceptible.

The female bores into the cambial region, she is joined by the male, and
they start excavating the egg gallery. Parent adults may reemerge for a second
attack. Galleries are vertical and straight, about 13 ¢cm long (maximum 23 cm).
There is usually a bend 1-2 cm above the entrance tunnel. Eggs occasionally are
deposited individually in separate niches, but more often they are laid in groups
in egg grooves up to 8 cm long. The grooves are formed alternately on both sides
of the gallery. The female lays up to 200 eggs.
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For about the first third of their development, larvae feed communally but
then they form individual feeding galleries, which may cross one another. Pupal
cells are formed at the ends of larval mines, in previously excavated areas either
next to the cambium or entirely in the bark.

D. rufipennis usually has a 2-year life cycle in British Columbia, but some
populations may mature in 1-3 years. Regardless of the length of the life cycle,
this species must overwinter as an adult before it can attack. This hibernation
habit has not been recorded for any other species of Dendroctonus.

This species, under the name engelmanni, was responsible for tremendous
losses of Engelmann spruce in the Rocky Mountain region of the United States
from 1948 to 1955. Such outbreaks usually occur when populations increase in
large volumes of windthrow or logging slash. This species is the most dangerous
forest pest in this intermountain region. Throughout Canada, this species is a
serious pest of spruce stands. It is a chronic problem in British Columbia, where
some 14 million m? (500 million cubic feet) of white spruce were destroyed in the
early 1960’s, and it has also caused damage in Alberta and Nova Scotia. Local
outbreaks have occurred throughout the spruce-growing regions of Canada and
Alaska.

Dendroctonus simplex LeConte

Diagnosis. Length 3.4-5.0 mm. Frons convex, with coarse, deep, close
punctures; epistomal process flat, overlapping, and nearly flush with epistomal
margin; pronotal surface smooth, the punctures coarse, close, and deep; elytral
punctures large, deep; elytral interspaces bearing an irregular row of transverse

Map 28. Distribution of Dendroctonus simplex.
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crenulations; declivity steep, convex; sutural interspace very strongly elevated;
punctures coarse, granulate on female.

Host. Larix laricina.

Distribution (Map 28). Transcontinental in Canada; northeastern
United States.

Biology. Wood (1963).

This species, known as the eastern larch beetle, prefers dying or injured
trees and is not considered to be of major economic importance. It has caused up
to 10% mortality in some larch stands in the Northwest Territories (Annu. Rep.
For. Insect and Dis. Surv. 1969). It also has caused mortality in stands weakened
by attacks of the larch sawfly, fire, or flooding.

The egg galleries are vertical, about 20-25 c¢m long. Eggs are deposited in
groups of three to six, or more, in grooves cut along the gallery wall. The larvae
construct individual feeding mines, which rarely cross, that eventually expand
into irregularly shaped feeding chambers, where pupation and hibernation also
take place. Winter is passed as larvae or as young adults, although there is
considerable overlap. In Eastern Canada, one generation per year is completed,
but in the more northern latitudes, a generation may take 2 years.

Dendroctonus pseudotsugae Hopkins

Diagnosis. Length 4.4-7.0 mm. Frons similar to D. simplex except
epistomal process wider, surface more coarsely punctured; pronotal surface
similar to, but more finely punctured than, D. simplex; elytral punctures similar
to, but slightly larger and deeper than, D. simplex; elytral interspaces similar to
D. simplex; declivity as in D. simplex.

Hosts. Pseudotsuga menziesii; rarely Larix laricina, L. occidentalis, and
Tsuga heterophylia.

Distribution (Map 29). Central British Columbia and Alberta; western
United States.

Biology. Furniss (1965), Furniss and Orr (1970), Rudinsky (1966),
Skovsgaard (1968), Wood (1963), and Wright and Lejeune (1967).

The first flight activity and attacks occur in late April or May. Attacking
females chew through the outer bark into the phloem-cambial region, where they
excavate the egg galleries. This dispersal flight is oriented toward fresh
windthrown, fire-injured, and cut trees, when present. Apparently, the beetles
are attracted by fresh oleoresin. Although trees of subnormal physiological
condition are preferred, under epidemic conditions and in attractive attack
centers, even vigorous trees may be invaded. When concentrations of susceptible
material are lacking, beetles tend to be distributed uniformly throughout forest
stands.

A second concentration of beetles occurs in attacked trees. The frass
produced by attacking females is attractive to other beetles of this species for up
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Map 29. Distribution of Dendroctonus pseudotsugae.

to 2 weeks. At close range, oleoresin repels the Douglas fir beetle, but the
secondary insect-produced attraction is stronger and it masks the repellent
action of oleoresin.

The egg galleries are simple, running parallel to the grain of the wood, and
are 12-75 cm long (average 20-25 cm). A single male joins the female in the
gallery and helps eject the boring dust and frass during initial gallery
construction. Later, the frass is packed in the gallery behind the pair. After
completion of egg-laying, the beetles may emerge to attack additional trees. The
female deposits 6-24 eggs in each groove on alternate sides of the gallery; she
lays 20-100 eggs.

Larvae mine out more or less at right angles to the gallery, but they
gradually spread out to form a characteristic fan-shaped feeding gallery. They
feed in the inner bark but, when they become mature, they may bore into the
bark to pupate. Most of this brood overwinter as young adults. Development
from egg to adult takes 7-10 weeks, depending on the temperature.

Some of the progeny of the brood from the spring attack may develop by
July and emerge to form part of a second or summer attack. However, most of
the” beetles comprising the second brood are progeny from the attack the
previous summer that overwintered as larvae. Thus, the life cycle of the Douglas
fir beetle is about 1 year long and includes two overlapping broods produced in
each generation. Adults often congregate in hibernating galleries to overwinter.
Some adults may live through a second winter.

D. pseudotsugae, the Douglas fir beetle, is the most destructive insect enemy
of Douglas-fir. Severe tree-killing has been recorded throughout the range of
that tree species. In British Columbia, about 165,000 m* (66 million board feet)
were killed from 1952 to 1956 in the Nimpkish Valley on Vancouver Island, and
about 193,000 m3 (75 million board feet) from 1953 to 1955 in the Lac La Hache
area in the interior. Outbreaks in the inland regions often last several to many
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years and may persist until all the susceptible trees in the stand or drainage are
destroyed, whereas coastal outbreaks usually are of shorter duration.

Genus Xylechinus Chapuis

Members of Xylechinus are distinguishable by the somewhat stout,
elongate body; the flattened frons, which is divided by an elevated, longitudinal
carina; the granulate-punctate pronotal surface, which is covered by narrow,
flattened scales; the regular strial rows; and the densely pubescent elytral
interspaces, the pubescence on these consisting of recumbent and erect, narrow
scales forming a median row.

Key to the species of Xylechinus in Canada

I, Eastern species with erect elytral scales longer, narrower, not broadened attip . ............
................................................... americanus Blackman

Western species with erect elytral scales shorter, broader, broadened at tip........
.................................................... montanus Blackman

Xylechinus americanus Blackman

Diagnosis. Length 2.2-2.4 mm. Frons granulate-punctate, bearing a
weak, longitudinal median carina; pronotal surface densely covered with narrow,
flattened, scalelike setae; elytral punctures large, deeply impressed; elytral
interspaces granulate, clothed with flattened, scalelike setae, the median setae
longer than others, forming an erect row in each interspace; declivity
unmodified.

Hosts. Picea spp. and Pinus spp.

Distribution (Map 30). Eastern Canada; northeastern United States.

Biology. Chamberlin (1939).

Very little is known about the biology of this species. The adults attack
small, weakened, dying, usually suppressed spruce trees. The entrance tunnel
leads into an irregular central chamber from which two to four egg galleries

extend horizontally across the grain of the wood. Each egg gallery contains
10-30 eggs, each placed singly in a niche.

Xylechinus montanus Blackman (Figs. 65, 109, and 147)

Diagnosis. Length 2.2-2.7 mm. Frons as in X. americanus; pronotal
surface as in X. americanus except setae slightly shorter; elytra as in X.
americanus except median row of interstrial scales shorter, broader, broadened
at apex, and recumbent scales smaller.
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Map 30. Distribution of Xylechinus americanus (%) and X. montanus (@)

Hosts. Chiefly from Picea spp. and Abies lasiocarpa; also Larix
occidentalis.

Distribution (Map 30). Southern Saskatchewan to British Columbia;
western United States.

Biology. Not investigated, but it is considered to be very similar to that
of X. americanus.

Genus Pseudohylesinus Swaine

This genus is closely related to Xylechinus Chapuis, but may be
distinguished by the 7-segmented antennal funicle and the lack of erect
interstrial scales. Other distinguishing characteristics are the scale covering of
the body, the hairlike interstrial setae, and the arcuately impressed frons. It is
the only genus in North America with a combination of recumbent scales and
erect hairlike setae.

This genus was revised by Bright (1969).

Key to the species of Pseudohylesinus in Canada and Alaska
{Modified from Bright (1969) )

1. Frons about as long as wide; antennal club with segment 1 equal to or slightly longer
than segment 2; body more slender, more than 2.2 times longer than wide ... .. ..
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Frons longer than wide; antennal club with segment 1 longer than segment 2, some-
times as long as segments 2 and 3; body stout, usually less than 2.2 times longer
than wide, except P. granulatus . ... .. ... ... ..

2. Elytral bases with serrations high, sharp, and prominent, more pronounced at sides;
interspace 9 strongly elevated and distinctly serrate; less than 3.5 mm long;
parent gallery longitudinal .. .............................. nebulosus (LeConte)

Elytral bases with low, blunt serrations; interspace 9 not strongly elevated or serrate;
more than 3.5 mm long; parent gallery transverse .......................... 3

3. Color pattern consisting of very light brown and white scales, the white scales not
arranged in patches ......... ... ... .. .. ... .. .. ... ..., dispar dispar Blackman

Color pattern consisting of predominantly black scales with scattered patches of white
scales ... dispar pullatus Blackman

4. Larger, up to 5.5 mm long; body more elongate, 2.4 times longer than wide; pronotum
and frons strongly granulate-punctate; elytral striae about as wide as inter-
SPACES . . i e granulatus (LeConte)

Smaller, less than 4.6 mm long; body stout, less than 2.2 times longer than wide;
frons not strongly granulate-punctate; elytral striae narrower than interspaces .... 5

5. Pronotal scales of female hairlike, those of male slender; striae wider, interspaces
appearing convex; interstrial setae of females shorter than width of interspace .... 6

Pronotal scales of female elongate-oval, those of male broad-oval to nearly circular;
elytral striae narrow and interspaces flat; interstrial setae longer than width
of interspace in both sexes . .......... ... ... . ... .. 7

6. Pronotal scales of male slender, some nearly hairlike; elytral scales of female
narrow, hairlike on disk; elytral striae narrower than interspaces; chiefly from
TSUZA SPP. v o e e e e tsugae Swaine

Pronotal scales of male broad, none hairlike; elytral striae nearly as wide as inter-
spaces; chiefly from Abies spp. . ....... .. ... . nobilis Swaine

7. Frons with arcuate impression not distinct in either sex; frons of male broad (0.51-
0.57 mm); elytral scales of female nearly circular on disk ........... grandis Swaine

Frons with arcuate impression deep and distinct in both sexes; frons of male nar-
rower; elytral scales of female longer than wide ondisk .....................

8. Frons of male broader (0.48-0.55 mm); body 2.4-3.4 mm long; from Sitka spruce
sitchensis Swaine

Frons of male narrower (0.32-0.43 mm); body 2.6-3.3 mm long; from coastal pines
sericeus (Mannerheim)

Pseudohylesinus nebulosus (LeConte)

Diagnosis. Length 2.3-2.9 mm. Frons as long as wide, surface closely
punctured; pronotal vestiture consisting of short, erect, scattered hairlike setae
and numerous, finely divided, recumbent scales; crenulations on elytral bases
larger and sharper on sides; vestiture on elytra of numerous circular scales
forming a variegated color pattern; declivity convex, interspaces 1 and 3 slightly
elevated and weakly serrate.

Hosts. Chiefly Pseudotsuga menziesii; also Abies spp., Picea spp., and
Tsuga spp.
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Distribution (Map 31). Southern half of British Columbia and western
Alberta; western United States.

Biology. Bright (1969).

Attack is usually confined to thin-barked slash of saplings, poles or limbs,
and tops of large trees. This species is capable of killing trees that are small in
diameter, suppressed or weakened, and saplings and tops of live, apparently
healthy, Douglas-fir. This species is one of the earliest to attack trees in spring.
Attacks begin as early as May 5 and continue throughout May. Later, the
Douglas fir beetle, Dendroctonus pseudotsugae, usually attacks the same trees.
Often the population of P. nebulosus is so high that it inhibits establishment by
the Douglas fir beetles.

Attacking adults bore through the cambium, where an enlarged nuptial
chamber is formed. The beetles work in pairs (monogamous) to excavate a short
(2-5 cm) longitudinal egg gallery, which does not score the sapwood. The
location of the egg gallery and the reddish boring dust distinguish P. nebulosus
from Scolytus unispinosus, whose gallery is similar. Eggs are laid singly in
niches cut on both sides of the gallery at intervals of 1-1.5 cm. Females lay a
maximum of 40 eggs; the average is about 18. After oviposition, the parent
adults often emerge in June, but they do not attack again; apparently, they die
soon after emergence.

The larvae hatch in about 2 weeks. They mine for a short distance at right
angles to the egg gallery and then turn up or down. The feeding gallery is usually
about 2.3 cm long. The larvae develop to maturity in about 41 days. Late-instar
larvae bore into the inner bark and prepare a pupal cell, which is usually not
visible from the inside bark surface. The pupal stage lasts about 8 days.

Teneral adults emerge as early as July 26 in some warmer areas, but usually
adults emerge from August 15 to September 22, the peak being about August 27.
Maturation feeding, which is apparently necessary, may cause considerable
damage. This feeding is in healthy Douglas-fir twigs of any age. The feeding
adults excavate short, irregular galleries that may cause the twigs to break off,
or, at best, callus or canker growth forms over the feeding area. More often,
feeding niches and galleries up to 2.5 cm long are cut into the bark. As many as
four adults have been found in one gallery. These feeding niches are also used as
overwintering sites and some may be extended as egg galleries the following
spring.

One generation per year is produced in interior British Columbia.

Pseudohylesinus dispar dispar Blackman

Diagnosis. Length 2.8-4.0 mm. Frons as long as wide, surface finely,
closely punctured below arcuate impression, more coarsely punctured above;
pronotal vestiture consisting of erect, hairlike setae and numerous circular to
suboval, recumbent scales; crenulations on elytral bases blunt, overlapping, all
the same size; vestiture on elytra consisting of light to dark brown and white
broad, suboval scales forming a variegated color pattern; declivity convex,
interspaces 1 and 3 weakly elevated, weakly serrate.

Hosts. Abies spp.
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Distribution. Southern British Columbia (known only from Salt Springs,
B.C.); Washington to California.

Biology. Bright (1969).

Galleries of this species are usually constructed in the bole and large limbs
of the host tree. They are transverse and 4.8-11.7 cm long, the average is 7.7 cm.
About 57 eggs are laid in each gallery, the maximum is 72.

Pseudohylesinus dispar pullatus Blackman

Diagnosis. Length 2.8-4.0 mm. Very similar to P. 4. dispar but
differing in color pattern (see key to species).

Hosts. Abies spp.

Distribution. Southern British Columbia (known from Cowitchan Lake,
B.C., collected in flight); Washington and Oregon.

Biology. Bright (1969).

Galleries, site of attack, and other details of biology are very similar to P. d.
dispar.

Pseudohylesinus granulatus (LeConte)

Diagnosis. Length 4.1-5.5 mm. Frons slightly longer than wide,
surface strongly granulate-punctate; pronotal vestiture of sparse, narrow, flat
recumbent scales and erect, short hairlike setae; crenulations on elytral bases
low, blunt; vestiture on elytra consisting of narrow, recumbent scales arranged in
various color patterns; declivity convex, unmodified.

Hosts. _Abies spp.

Distribution (Map 32). Southern half of British Columbia; Washington
to California east to Idaho.

Biology. Bright (1969).

This species commonly attacks windthrown, felled, injured, suppressed
trees, poles, and saplings in dense stands. However, extensive attack and killing
of mature silver fir can occur.

Attack by this species characteristically occurs in the basal part of the tree
from several centimeters below ground level up to about 5 metres above ground.
It usually attacks at the same time as P. grandis attacks the upper portions of the
tree. It usually takes more than | year of attack to kill a mature tree. Sometimes
attacks are in patches, and do not girdle the tree. Trees may recover from
scattered attacks, but more often recurrent attacks over a few years eventually
kill them. Brown-stain fungi introduced by the beetles apparently aid in
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overcoming tree resistance. The foliage of dying trees passes through
characteristic color changes in a pattern followed by most trees killed by bark
beetles.

There are two types of attack. In late May or early June, overwintering
adults emerge and make egg-laying attacks. In late July or early August some of
these reemerge, construct more galleries, and lay a second batch of eggs. The
second type occurs in August when new adults emerge and make hibernating
attacks. They select Abies bark and bore nearly straight galleries, 6-15 mm long
into the bark but not to the cambium. As many as four may enter the same hole
and make separate niches in the bark. These hibernating attacks are
concentrated from near the ground up to about 2.5 m in trees within 25 m of the
forest edge. Apparently none hibernate in the ground. It is these adults emerging
in the spring that make the egg-laying attack.

The entrance holes of the beetle are inconspicuous because the beetles bore
in bark crevices and under bark scales, mosses, and lichens. The reddish brown
boring dust from the entrance hole may form a conspicuous ring around the base
of the tree.

The egg gallery is excavated in the phloem-cambium region at right angles
to the stem axis. The length varies from 2 to 18 cm. The eggs are laid in niches
cut in both sides of the gallery.

The eggs hatch in 10-14 days and the larvae mine at right angles to the egg
gallery, usually following the grain of the wood. The larval mines are parallel at
first, but then they diverge and wander, often crossing as the larvae grow. The
larval stage lasts 12-14 months; feeding stops during the winter. Due to
overlapping generations, both the larvae of one generation and the hibernating
adults of another are present at the same time. Mature larvae construct pupal
cells in July in the inner bark, and adults start to emerge in August.

This species and P. grandis are both commonly called silver fir beetles.
Although normally not aggressive species, they can become destructive in
mature and overmature stands of Pacific silver fir.

Pseudohylesinus tsugae Swaine (obesus Swaine, keeni Blackman, similis
Blackman)

Diagnosis. Length 3.3-4.3 mm. Frons slightly longer than wide,
surface closely punctate, finely granulate; pronotal vestiture consisting of short,
recumbent, hairlike scales, devoid of erect setae; crenulations on elytral bases
low, blunt; vestiture on elytra consisting of numerous, elongate scales 2-4 times
longer than wide, forming an irregular color pattern; declivity convex,
unmodified.

Hosts. Chiefly Tsuga spp.; also Abies spp.

Distribution (Map 33). Southeastern Alaska and British Columbia;
Washington to northern California.

Biology. Bright (1969) and McGhehey and Nagel (1969).
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Attacks by this bark beetle extend from early May to late August. The
beetles prefer stumps of recently cut trees and fresh slash for establishing their
brood, but maturation feeding does occur in live standing trees. Attacks occur
from ground level to the upper bole just below live crown level or up to about 9
m. Adults usually reemerge and make a second attack before they die.

Females initiate the attack and are joined by the male just before or during
entrance. Copulation takes place on the bark or in a nuptial chamber excavated
just inside the bark. The beetles work in pairs to construct a transverse egg
gallery 19-75 mm long, the average is 42 mm. The gallery may extend in one
direction, or both, from the entrance hole. The sapwood is scored to various
depths, up to 1 mm.

The eggs are laid in niches about 0.5 mm apart on both sides of the gallery.
Each gallery contains about 30 eggs. The eggs may be found from May through
August; the incubation period is about 30 days.

The larvae mine at right angles to the parent gallery, just scoring the
sapwood. Under crowded conditions, late-instar larvae may reverse direction.
Larvae in stumps may mine into the upper roots, often pupating 10 cm beneath
ground level. The larval mines may reach 26 cm in length. The larval stage is
from June to May of the following year, hibernation takes place in almost any
larval stage, and pupation begins in April and is completed by mid-July. From
12 to 17 months is required to complete one generation.

The females feed on the bark of standing trees before sexual maturity. The
feeding galleries extend 5-8 mm into the bark and are abandoned after 3-11
days. Adults that are late emerging may overwinter in these maturation feeding
galleries. If the gallery is fer feeding only, males are not present, but if it is used
as a hibernation site then males often join the females.

Pseudohylesinus nobilis Swaine (furnissi Blackman)

Diagnosis. Length 2.7-4.2 mm. Frons slightly longer than wide,
surface coarsely, roughly, closely punctured; pronotal vestiture consisting of
erect hairs scattered over surface and numerous short, broad, recumbent scales
(0") or setae completely hairlike with no trace of wide scales on lateral margin
(9 ): crenulations on elytral bases small, blunt; vestiture on elytra consisting of
numerous, oval, recumbent scales, about twice as long as wide, slightly smaller
on female; declivity convex, unmodified.

Hosts. Abies spp., especially A. amabilis and A. grandis.

Distribution. Southern British Columbia (Gold River); Washington and
Oregon.

Biology. Bright (1969).
The galleries are most often transverse, but some variation has been noted.

The galleries are about 3.0-8.4 mm long and may be found in the bole and the
larger limbs.
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Pseudohylesinus grandis Swaine (Figs. 110 and 148)

Diagnosis. Length 2.7-3.9 mm. Frons slightly longer than wide,
surface coarsely punctured; pronotal vestiture consisting of numerous broad,
elongate, recumbent scales and short, erect hairs; crenulations on elytral bases
small, blunt; vestiture on elytra consisting of numerous, flat, circular () or
elongate (@) scales and erect hairs; declivity convex, unmodified.

Hosts. Abies spp.; also Pseudotsuga menziesii and Tsuga heterophylla.

Distribution (Map 34). Southeast Alaska and coastal British Columbia;
along the coast from Washington to California.

Biology. Bright (1969) and McGhehey and Nagel (1969).

P. grandis attacks are usually associated with P. granulatus; the biologies of
the two species are very similar. The main difference is that P. grandis attacks
along the entire bole of its hosts though mainly in the upper parts and
branches, whereas P. granulatus attacks mainly the lower bole.

The development time of both species depends to a large extent upon
temperature. Because attacks are spread out over long periods, almost any stage
of either species may be present at any particular time. However, the
development time of P. grandis is usually less than that of P. granulatus. Attacks
in early spring yield brood that completes development to teneral adults by fall.
These adults overwinter in hibernation niches in the bark, and they attack the
following year. Thus, the complete cycle may be completed in 12 months, rather
than the 24 months reported for P. granulatus.

Pseudohylesinus sitchensis Swaine

Diagnosis. Length 2.9-3.5 mm. Frons distinctly longer than wide,
surface coarsely punctured; pronotal vestiture consisting of short, erect hairs and
numerous circular (o) or elongate (9 ) recumbent scales; crenulations on elytral
bases blunt, separate; vestiture on elytra consisting of elongate, recumbent scales
arranged in various patterns; declivity convex, unmodified.

Host. Picea sitchensis.

Distribution (Map 35). Southeast Alaska, Kodiak Island, coastal British
Columbia; along the coast from Washington to central California.

Biology. Bright (1969).

No details of the biology of this species are available other than the gallery
pattern. The galleries are 1.8-3.0 cm long and run parallel to the stem axis.
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Maps 31-35. Distribution of Pseudohylesinus spp. 31, P. nebulosus; 32, P. granulatus; 33,
P. tsugae; 34, P. grandis; 35, P. sitchensis (@) and P. sericeus ().

Pseudohylesinus sericeus (Mannerheim) (pini Wood)

Diagnosis. Length 2.4-2.9 mm. Frons distinctly longer than wide,
surface finely, closely punctate, finely granulate; pronotal vestiture consisting of
short, erect hairs and nearly circular (3") to elongate (9 ) scales; vestiture on
elytra consisting of numerous circular () or elongate (9 ) scales and erect
interstrial hairs; declivity convex, unmodified.

Host. Pinus contorta.

Distribution (Map 35). Southeast Alaska, coastal British Columbia:
along the coast from Washington to central California.

Biology. Bright (1969).
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The details of the biology of this species are unknown except for the gallery
pattern. The parental gallery is very similar to that of P. sitchensis except that
the longitudinal gallery of P. sericeus almost invariably shows a pronounced
curve or hook at the base of the entrance hole. This hook may be enlarged to
serve as a nuptial chamber.

Genus Alniphagus Swaine

Members of Alniphagus are most easily distinguishable by the widely
separated fore coxae, the 7-segmented antennal funicle, the conical, slightly
flattened antennal club, the erect asperities on the lateral portions of the
pronotum, and the elevated first, third, and alternate declivital interspaces.

Specimens of this genus are found in various western species of Alnus.

Key to the species of Alniphagus in Canada

I. Body larger, 2.6-3.2 mm long; pubescence on elytral interspaces very short, less than
half as long as interstrial width; declivital interspaces 1 and 3 distinctly elevated,
granules large, prominent ............. .. ..o aspericollis (LeConte)

Body smaller, 2.1-2.8 mm long; pubescence on elytral interspaces long, at least half or
greater than half the interstrial width; declivital interspaces ! and 3 weakly
elevated, granules very small, inconspicuous .................... .. hirsutus Schedl

Alniphagus aspericollis (LeConte) (Figs. 66, 112, and 150)

Diagnosis. Length 2.6-3.2 mm. Frons broad, convex or flattened,
transversely impressed above epistoma; asperities on lateral portion of
pronotum rather large, blunt; strial punctures medium in size; elytral interspaces
1.5-2 times wider than striae; declivital interspaces 1, 3, and alternate
interspaces distinctly elevated, with large, acute granules; pubescence short,
sparse.

Hosts. A/nus spp.

Distribution (Map 36). Southeast Alaska and British Columbia;
Washington to southern California.

Biology. Borden (1969).

Adults of A. aspericollis may be found throughout the year, but there are
only two main flight periods, May and from mid-July to August. Attacks are
made on trees weakened by other agents and on slash caused by windthrow,
snow breakage, or logging. Trees of all ages may be attacked; the entire tree may
be killed or only portions of the stem.

The female initiates the attack and is joined soon after by the male,
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Map 36. Distribution of Alniphagus aspericollis (%), A. hirsutus (@), and Hylurgopinus
rufipes (@).

suggesting the presence of a sex attractant. Entrance holes are found under
lichens, in bark crevices, at the base of branches, and very often near wounds on
the stem. Externally, the entrance hole is bordered by a tightly packed rim of
frass and the bark surrounding each hole becomes darkly stained.

Egg galleries are constructed in the phloem-cambial region, scoring the
sapwood lightly. Four gallery patterns have been observed. The most common is
an elongate type, extending up or down the bole about 8 cm. The other patterns
include a wide, irregularly shaped somewhat cavelike type; a two-branched form
with egg tunnels extending up and down the bole; and a V-shaped type with two
branches extending in the same direction facing up or down the bole. Eggs are
laid on both sides of the gallery in niches about 1 mm apart. Up to 69 eggs per
gallery have been reported. Parent adults often reemerge after oviposition and
presumably make additional attacks.

The larvae mine at right angles to the egg gallery for a short distance, then
turn and mine with the grain, leaving upright septa between their mines in the
inner bark. Like most scolytids, the larvae pack the gallery behind them with
frass. The mature larva constructs a chamber in the inner bark for pupation.

A. aspericollis produces two generations per year in British Columbia. The
first main attack is in early May and the second from mid-July to early August.
However, fresh attacks may occur throughout the growing season, the result of
reemerging parent adults and variations in development time.

Overwintering of the second generation occurs in at least three life stages.
Brood adults emerge in early September and fly to healthy trees, where they
construct hibernation chambers in the bark. These chambers may have
numerous fingerlike projections extending up or down from a larger center, or
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they may be short, straight galleries; they do not contact the wood. That portion
of the second-generation brood that does not mature overwinters as a late-instar
larva, pupa, or callow adult.

Alniphagus hirsutus Sched|

Diagnosis. Length 2.1-2.8 mm. Frons broad, convex, rather strongly,
transversely impressed above epistoma; asperities on lateral portion of
pronotum fairly small except on anterolateral angles; strial punctures large;
elytral interspaces narrower than striae; declivital interspaces 1, 3, and alternate
interspaces weakly elevated, with very small, sparse granules; pubescence
abundant, long.

Hosts. A/nus spp.

Distribution (Map 36). Southern British Columbia; Washington to
northern California.

Biology. Not investigated, but probably similar to 4. aspericollis.

Genus Hylurgopinus Swaine

Hylurgopinus rufipes (Eichhoff) (Figs. 64, 108, and 146)

Diagnosis. Length 2.4-3.0 mm. Frons convex, weakly impressed at
middle and above epistomal margin, surface strongly punctate; pronotal surface
strongly punctured, the punctures very close and deep; elytral interspaces
narrow, with small, erect rugosities; declivity convex, similar to disk except
interstrial rugosities changing to small, acute granules.

Hosts. Ulmus spp.; rarely Fraxinus spp., Prunus spp., and Tilia spp.

Distribution (Map 36). New Brunswick to Manitoba; eastern United
States west to Kansas.

Biology. Davidson et al. (1964), Thompson and Matthysse (1972), and
Whitten and Reeks (1967).

The native elm bark beetle, H. rufipes, spends the winter in either the larval
or adult stages. The overwintering adults emerge during May and fly to living
trees, where they feed in the bark. A short while later, the adults move to dead or
dying trees, or recently dead limbs of at least 5 cm in diameter. Entrance holes
are constructed under bark scales or in crevices, and the tunnels penetrate
directly into the cambial area.

The gallery pattern is biramous, having two arms extending away from the
entrance hole in a transverse direction. These egg galleries may be constructed
entirely in the bark, or they may score the wood slightly. Eggs are laid along the
gallery on both sides, and the larvae mine away from the egg gallery, usually
following the grain of the wood. The larval period may be as short as 29 days,
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but the average is 40-50 days. Five or six instars are the rule. Pupation occurs in
cells at the end of the larval mines and lasts 8-12 days. In Canada, there may be
only one generation per year or one and a partial second.

When the adults emerge from elms dying of the Dutch elm disease, they
often carry the spores of the disease-causing fungus on their bodies. As the adults
bore into healthy elms to feed or hibernate some of the spores rub off and
innoculate the tree with the disease-causing organism. This species and Scolytus
multistriatus are the principle vectors of the Dutch elm disease.

Genus Leperisinus Reitter

Members of Leperisinus are distinguishable by the densely scaly elytra and
pronotum, the presence of scattered asperities on the lateral areas of the
pronotum, the deeply impressed elytral striae, and the other characters given in
the key to the genera.

Key to the species of Leperisinus in Canada

. Body 3.5-4.0 mm long; pronotal asperities very small, not longer than surrounding
scales; elytral interspaces coarsely rugose .................... pruinosus (Eichhoff)

Body less than 3.5 mm long; pronotal asperities strongly developed, acute, longer than
surrounding scales; elytral interspaces not coarsely rugose ....................

2. Declivital interspaces 4-6 usually ending together at a common point on posterior-
lateral portion of elytra, interspace 7 usually continuing to and joining interspace 9;
declivital striae deeply impressed; antennal club with 3 distinctly visible sutures,
the third suture strongly angulate ......... ... ... ....... .. ... aculeatus (Say)

Declivital interspaces 4-8 ending together at a common point on posterior-lateral portion
of elytra; declivital striae not deeply impressed (except fasciatus); antennal club
with 2 distinctly visible sutures, the third suture, if visible, transverse to weakly
ATCUALE .. L 3

3. Scales black and white to yellowish white; dorsal surface of pronotum with two
transverse patches of white setac on pronotal base on each side of median line;
median portion of anterior pronotal margin devoid of asperities . . fasciatus (LeConte)

Scales light to dark brown and white to yellowish white; median dorsal surface of
pronotum usually with a dark diamond-shaped patch of setae; median portion
of anterior pronotal margin usually bearing asperities, these asperities usually
smaller than those on lateral portion of pronotal margin .................. ... 4

4. Body 2.0-2.6 mm long; carina on female frons weakly elevated or absent; male frons
flattened; sutural interspace of male not elevated; scales on declivital interspaces
of male all of equal or nearly equal size . ....... ... .. ... ....... criddlei Swaine

Body 2.4-3.0 mm long; carina on female frons strongly elevated, almost toothlike:
male frons strongly concave; sutural interspace of male strongly elevated; median
row of scales on declivital interspaces (except second) of male erect, much larger
than other recumbent scales ... ......... ... . ... .. ... ... .. californicus Swaine
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Leperisinus pruinosus (Eichhoff)

Diagnosis. Length 3.5-4.0 mm. Frons convex (9 ) to flattened (07),
more strongly, transversely impressed above epistoma, surface dull, punctate,
densely pubescent; pronotal asperities very poorly developed; suture 3 of
antennal club moderately arcuate; pronotal surface bearing large, close, deep
punctures; elytral interspaces strongly rugose, a median row of rugosities

extends above scale covering; vestiture consisting of light and dark scales
arranged in a variegated pattern.

Hosts. Fraxinus spp.

Distribution. Not recorded from Canada, but probably found in
southern Ontario: known from the eastern United States, north to Michigan and
Pennsylvania.

Biology. Not investigated.

Leperisinus aculeatus (Say) (cinereus Swaine)

Diagnosis. Length 2.1-3.0 mm. Frons convex (@) or flattened ),
slightly impressed above epistoma, surface dull, punctate-reticulate, with a faint
longitudinal carina, densely pubescent; pronotal asperities prominent, forming
an arcuate line from the lateral areas to the anterior pronotal margin, then to the
opposite lateral area; suture 3 of antennal club strongly angulate; pronotal
surface bearing scattered granules; elytral interspaces more finely rugose, a
median row of elevated rugosities barely discernible; vestiture consisting of white
and dark brown or dark reddish brown scales arranged in a variable, variegated
pattern.

Hosts. Fraxinus spp.

Distribution (Map 37). Eastern Canada west to Saskatchewan; eastern
United States.

Biology. Baker (1972).

Adults of the eastern ash bark beetle, L. aculeatus, overwinter in tunnels in
the bark of living or felled trees. They emerge in the spring and fly to the trunks
or limbs of recently felled, dying, or seriously weakened trees. Egg galleries are
constructed between the bark and the wood, both of which are deeply scored.
The galleries are biramous and transverse, the two arms being connected by a
short tunnel or nuptial chamber below the entrance hole. Eggs are laid singly in
niches on both sides of the gallery. The larvae feed away from the gallery,
following the grain of the wood and deeply engraving it. Pupation occurs in deep
pupal cells between the bark and the wood.

In Canada, there is one generation per year or possibly one and a partial
second.

This species causes very little economic damage.
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Map 37. Distribution of Leperisinus aculeatus.

Leperisinus fasciatus (LeConte)

Diagnosis. Length 2.0-2.5 mm. Frons flattened, with a sharply
elevated longitudinal carina (Q) or deeply, ovally concave (d), transversely
impressed above epistoma, surface dull, reticulate, densely pubescent; pronotal
asperities prominent, confined to lateral areas, not extending to median portion
of anterior pronotal margin; suture 3 of antennal club weakly arcuate; pronotal
surface dull, reticulate, bearing scattered granules; elytral interspaces finely
rugose, median row of rugosities not evident; vestiture consisting of black and
white to yellowish white scales, the contrast in color sharply defined.

Hosts. Fraxinus spp.

Distribution. Southern Ontario; eastern United States and probably into
Mexico.

Biology. Not investigated.

Leperisinus criddlei Swaine

Diagnosis. Length 2.0-2.6 mm. Frons convex (9 ) or flattened and
longitudinally impressed (), transversely impressed above epistoma, surface
dull, reticulate, with a faint longitudinal carina (9 only), densely pubescent;
pronotal asperities prominent, forming an arcuate line from the lateral area to
the anterior pronotal margin, then to the opposite lateral area; suture 3 of
antennal club transverse; pronotal surface reticulate, with fine scattered
granules; elytral interspaces finely rugose, a median row of fine rugosities barely
discernible; vestiture consisting of white to yellowish white and light to dark
brown scales in a variable, variegated pattern.
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Hosts. Fraxinus spp.

Distribution (Map 38). Eastern Canada, west to Saskatchewan; eastern
United States, west to Colorado.

Biology. McKnight and Aarhus (1973).

In North Dakota, L. criddlei overwinters in hibernation chambers in the
outer bark around the root collar of green ash trees 10-15 cm in diam. The
overwintering adults emerge in mid-May and attack trees cut the preceding
summer, trees girdied by rodents during the winter, or branches broken during
winter or spring storms.

The egg galleries of L. criddlei are never stained black by the common
Ceratocystis fungi. They are about 1 mm deep and 1 mm wide. No ventilation
holes are visible. The egg galleries are often so close together on the bole of trees
that the pupal chambers from different broods almost touch. The larval galleries,
which are constructed above and below the egg gallery, are parallel and usually
close together. In North Dakota, the adults emerge from July 25 to the end of
August.

Leperisinus californicus Swaine (callfornicus Essig, hoferl Blackman)

Diagnosis. Length 2.4-3.0 mm. Frons convex (?) or concave (),
more strongly, transversely impressed above epistoma, surface dull, punctate
granulate, densely pubescent, with a strongly elevated, longitudinal carina (@)

Map 38. Distribution of Leperisinus criddlei.
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or a prominent, median, glabrous, smooth space (J); pronotal asperities
strongly developed except on median portion of anterior pronotal margin; suture
3 of antennal club obsolete, transverse; pronotal surface densely granulate;
elytral interspaces rugose, with a median row of elevated rugosities; vestiture
consisting of white and dark brown or dark reddish brown scales arranged in a
variegated pattern, a median row of very large, spatulate scales is present on the
declivital interspaces (except the second) of the male.

Hosts. Fraxinus spp.; Olea spp. in California.

Distribution. Southern Saskatchewan and southern Manitoba; western
United States east to North Dakota and Texas.

Biology. Bright and Stark (1973) and McKnight and Aarhus (1973).

Adults emerge from their overwintering quarters in late May and early June
and attack living trees, usually on twigs and branches, but sometimes on the
bole. The transverse egg gallery in the cambium is typically forked, about 1.5
mm wide and about 1.5 mm deep. It is always darkly stained, apparently by
Ceratocystis fungi. A row of ventilation holes about 1 mm in diam and about 4
mm apart directly over the egg gallery indicates an attack. Eventually the bark
between the holes deteriorates and collapses, revealing the gallery beneath.

The egg gallery usually completely girdles small twigs and branches. As a
result, the leaves on the girdled branches turn bright yellow; this “flagging”
occurs in July and August in North Dakota.

The eggs are laid in niches along the gallery wall. On a typical branch
several centimetres in diam, 6-12 larval mines extend upwards from the egg
gallery and 2-3 mines turn downward. The larval mines are not parallel, they
develop randomly and sometimes intercross. New adults start to emerge by early
to mid-August. In North Dakota, the newly emerged adults constructed
hibernation chambers soon after emergence, whereas in Oregon, egg galleries
were constructed and the brood overwintered as second and third instar larvae.

This species does not usually cause economic damage. In 1969, severe
branch killing, top killing, and sometimes tree mortality in green ash was
observed in North Dakota. This species may be a problem in shelterbelt
plantings and in urban and rural environments.

Genus Phloeosinus Chapuis

Members of Phloeosinus are easily recognized by the chunky body, the
flattened, elongate antennal club, the unarmed pronotum, and the convex
declivity that bears large teeth or granules on interspaces 1 and 3. The frons of
the male is concave, whereas that of the female is convex.

The genus was revised by Blackman (1942).
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Key to the species of Phloeosinus in Canada and Alaska

1. Mesosternum precipitous and protuberant between coxae; declivital interspace 2
granulate in both sexes (Fig. 14); in Pinus spp. and Picea spp. ......... pini Swaine

Mesosternum flat, oblique or precipitous but not protuberant between coxae; declivital
interspace 2 never granulate in either sex (except female P. serratus); in Cupres-

LT 1 T 2
2. Declivital interspace | of male serrate throughout .............. ... ...t 3
Declivital interspace i of male devoid of serrations or serrate only at top of declivity .. 9

3. Declivital interspace 2 of female with from one to many small, rounded granules (Fig. 15)
{occasional specimens devoid of granules); declivital interspaces 1 and 3 of male
with large, recurved serrations, these serrations smaller on third interspace
(Fig. 16); body 2.3-3.7mmlong . ... ... ... oot serratus LeConte

Declivital interspace 2 of female devoid of granules; declivital armature of male
variable; size variable . ... ... ... . 4

4. Eastern species; vestiture on elytral interspaces abundant, hairlike; granules on
declivital interspaces 1 and 3 minute on female or very small on male (Fig. 17)
...................................................... canadensis Swaine

Western species; vestiture on elytral interspaces abundant to sparse, hairlike to scale-
like; granules on declivital interspaces 1 and 3 large in both sexes .............. 5

5. Declivital interspace 2 on left elytron as wide as 1 or 3 (Fig. 18); declivital teeth of male
rather sparse, flattened laterally (Fig. 18); declivital vestiture scalelike in female,
more hairlike in male ............. ... . ... i scopulorum Swaine

Declivital interspace 2 on left elytron narrower than 1 or 3; declivital teeth of male
abundant, not flattened laterally; vestiture hairlike in both sexes ............... 6

6. Elytral pubescence abundant on disk and declivity, disk with two or three ranks of setae
on basal half .. ... .. e 7

Elytral disk glabrous or with a uniseriate row (rarely double) of hairlike setae; male
declivity glabrous or with a few minute hairlike setae (Fig. 19); female declivity
with hairlike and scalelike setae intermixed ................... punctatus LeConte

7. Male declivital tubercles small, sparse; frontal carina of male extending from epistomal
margin about half the distance to center of excavation; body 2.3-2.5 mm long
........................................................ keeni Blackman

Male declivital tubercles larger and more abundant; frontal carina of male well
developed or absent; body 1.6-22 mmlong ........... .. ... .. ... ... .. ... 8

8. Frontal carina of male well developed, extending from epistomal margin to center of
excavation; frons of female granulate-punctate throughout; declivital interspace 2
on left elytron much narrower than interspace 3 ................. hoppingi Swaine

Frontal carina of male absent, reduced to a tooth on epistomal margin; frons of
female punctate above, feebly granulate on sides only; declivital interspace 2
on left elytron only slightly narrower than interspace 3 (Fig. 20) . ... hoferi Blackman
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9. Declivital interspace 1 of male devoid of serrations (Fig. 21); elytral striae narrow, with
small indistinct punctures . ............ .. i sequoiae Hopkins

Declivital interspace 1 of male serrate only at top of declivity (Fig. 22); elytral striae
wide with coarse punctures . ...............cccuieiiiennenee.nn cupressi Hopkins

Figs. 14-19. Declivities of Phloeosinus spp. 14, P. pini; 15, P. serratus 9 ; 16, P. serratus 17, P.
canadensis @*; 18, P. scopulorum J; 19, P. punctatus.

83



Figs. 20-22.  Declivities of Phloeosinus spp. 20, P. hoferi; 21, P. sequoiae G: 22, P. cupressi & .

Phloeosinus pinl Swaine (plceae Swaine, alaskanus Blackman) (Fig. 14)

Diagnosis. Length 2.1-2.5 mm. Frons of both sexes strongly
granulate, longitudinal carina short, rather faint; pronotum finely, densely
punctured; elytral interspaces strongly rugose; declivital interspaces 1, 2, and 3
with minute granules (@) or with somewhat larger granules (07); vestiture
abundant, hairlike on elytral disk, becoming more scalelike on declivity.

Hosts. Pinus spp. and Picea spp.
Distribution (Map 39). Transcontinental.
Biology. Not investigated.

Phloeosinus serratus LeConte (utahensls Swaine, juniperi Swaine,
aciculatus Bruck) (Figs. 15 and 16)

Diagnosis. Length 2.3-3.7 mm. Frons transversely concave or
impressed () to evenly convex (9 ), rugose-granulate with a faint longitudinal
carina (sometimes absent in @ ); pronotum closely, densely, deeply punctured:;
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Map 39. Distribution of Phloeosinus pini.

elytral interspaces rugose, granulate, and punctate; declivital interspaces 1, 2,
and 3 with a median row of serrations or granules (@ ); these smaller and
sometimes absent on interspace 2, or declivital interspace 1 and 3 with a median
row of coarse serrations, interspace 2 smooth (07); vestiture abundant, scalelike

(?), or hairlike ().
Hosts. Juniperus scopulorum.

Distribution. Not recorded from Canada, but probably found in
southern British Columbia; known from western United States (as far north as
Washington) to southern Mexico.

Biology. Burke (1966).

Adults of P. serratus attack the main trunk and larger limbs of their host
tree, and occasionally fresh juniper fence posts and poles. Weakened and dying
trees are preferred, but occasionally large numbers of living trees have been
killed.

Rather large egg galleries, 5-9 mm long, are excavated vertically in the
phloem-cambial region both up and down the bole from a large chamber. Egg
niches are closely spaced; up to 100 eggs per gallery have been recorded.

The larval mines engrave the sapwood and bark equally, but pupation
usually occurs in the wood.

The life cycle and number of generations per year are not known.



Phloeosinus canadensis Swaine (Fig. 17)

Diagnosis. Length 2.0-2.8 mm. Frons transversely impressed to
concave (37) or convex to flattened (9 ), finely granulate-punctate, with a fine,
weakly elevated, longitudinal carina; pronotum deeply punctured; elytral
interspaces coarsely granulate; declivital interspaces 1 and 3 of both sexes
convex, serrate, the serrations larger on male; vestiture abundant, hairlike on
disk and declivity.

Hosts. Chiefly Thuja occidentalis; also Juniperus virginiana.
Distribution (Map 40). Eastern Canada; northeastern United States.
Biology. Chamberlin (1939).

Very little is known of the details of the life cycle and habits of this species.
Only the gallery pattern is known.

Adults usually attack tops, limbs, and other weakened or injured parts of
trees. The longitudinal gallery is 4-6 cm long, deeply engraving the wood. Eggs
are placed singly in closely spaced, deep egg niches on both sides of the gallery.
At the bottom or top of the egg gallery, an enlarged chamber or nuptial chamber
is constructed. Larvae mine away from the gallery, across the grain; their mines
are about 2.5 cm long. Pupal cells are constructed at the ends of the larval mines.
The newly emerged adults feed for a short time in living twigs, killing the tips of
the branches and producing a type of injury called flagging. There is one
generation per year.

Map 40. Distribution of Phloeosinus canadensis.
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Phloeosinus scopulorum Swaine (neomexicanus Blackman is a
subspecies) (Figs. 18 and 182)

Diagnosis. Length 2.4-37 mm. Frons transversely impressed,
subconcave (J7) to convex (9 ), surface granulate-punctate to punctate, with a
distinct longitudinal carina (") or only an epistomal tooth (9 ); pronotum
closely, deeply punctured; elytral interspaces granulate; declivital interspaces 1
and 3 of both sexes serrate to granulate, the granules much larger in male;
vestiture scalelike (9 ) to hairlike ("), abundant.

Host. Juniperus scopulorum.

Distribution (Map 41). Southern British Columbia; western United
States.

Biology. Not investigated, but probably similar to P. canadensis (see the
previous description).

Phloeosinus punctatus LeConte (buckhorni Blackman, kaniksu
Blackman, rustl Blackman, rubicundulus Swaine) (Figs. 19, 67, 113, and
151)

Diagnosis. Length 2.0-3.4 mm. Frons rather weakly concave (3") or
convex (9 ), surface brightly shining, finely, densely granulate-punctate, with a
distinct, elevated longitudinal carina; pronotum deeply, closely punctured;
elytral interspaces brightly shining, rugose to granulate; declivital interspaces 1
and 3 of both sexes with median row of serrations (o) or granules (@ ); vestiture
scalelike to hairlike, sparse to abundant, variable. A very variable species in
regard to type and amount of pubescence, punctation, and in other
characteristics.

Hosts. All species of Cupressaceae in its range.

Distribution (Map 42). Southern British Columbia; western United
States.

Biology. Bright and Stark (1973).

~ Adults of P. punctatus attack the trunks and limbs (larger than 1 ¢cm in
diam) of apparently healthy, injured, dead, and recently felled host trees.
Prematuration feeding on twigs is believed necessary for sexual maturation.

The wide variation in attack sites causes considerable variation in the
pattern of the egg galleries. Most of the galleries are short (1-5 cm), run with the
grain, and score the sapwood slightly. They may be straight or sinuous.
However, deep engraving of the wood does occur. Another common pattern is
biramous, with the two arms angled forming a V. Turning niches are formed at
the base of the V, or in vertical single-armed galleries above the entrance hole.
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Egg niches are widely spaced: the female lays about 12-40 eggs, the average
is about 15 per gallery. Larval mines are irregular, running at all angles,
depending on the size of material infested. In longitudinal galleries they are
typical of the genus starting at right angles to the egg gallery, then turning up or
down. However, they are usually winding and often intercross. The larvae feed
chiefly in the inner bark.

Pupation occurs almost solely in the outer bark, particularly in biramous
galleries. In longitudinal galleries pupation may occur in the sapwood. When
this occurs, the pupal cell lies obliquely in the wood and is longer than the pupa
and plugged with white frass.

There are three generations per year at lower elevations (below 1000 m).
Adults are probably in flight throughout the warmer periods of the year.

P. punciatus is the most common species of Phloeosinus encountered in the
forested regions of southern British Cclumbia. Damage is negligible, consisting
of some twig-pruning during maturation feeding and occasionally the killing of
small trees.

Phloeosinus keeni Blackman

Diagnosis. Length 2.3-2.5 mm. Frons shallowly concave (¢7) or
convex (@), surface finely, closely granulate-punctate, with an indistinct, low,
longitudinal carina; pronotum closely, deeply punctured; elytral interspaces
closely punctate-granulate; declivital interspaces 1 and 3 convex, with a median
row of small serrations, the serrations smaller in female; vestiture scalelike,
abundant.

Hosts. Chamaecyparis nootkatensis and Juniperus scopulorum.

Distribution. Central British Columbia, probably also along the coast of
British Columbia; Washington and Oregon.

Biology. Not investigated.

Phloeosinus hoppingi Swaine

Diagnosis. Length 1.6-2.0 mm. Frons deeply concave () or convex,
flattened (@), surface densely granulate-punctate, with a distinctly elevated,
longitudinal carina on lower half of frons of both sexes; pronotum very deeply,
closely punctured; elytral interspaces closely granulate-punctate; declivital
interspaces | and 3 of both sexes with serrations or granules, these large, acute,
and close (), or low and round (9 ); vestiture hairlike (J7) or scalelike (9 ),
abundant,

Host. Juniperus scopulorum.
Distribution. Southern British Columbia; Washington to California.

Biology. Bright and Stark (1973).
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Very little of the biology is known. Attacks are limited to branches less than
5 cm in diam.

The egg galleries may be straight or winding, single or branched, and 1.5-4
cm long. The nuptial chamber is merely a widening of the gallery. Eggs are
deposited in niches sealed with frass, and up to 15 eggs per cm have been
recorded. After the eggs have been deposited, the adults often excavate feeding
galleries. Pupation takes place mostly in the sapwood. The life cycle or number
of generations per year are unknown.

Phloeosinus hoferi Blackman (Figs. 20 and 183)

Diagnosis. Length 1.6-2.2 mm. Frons deeply, broadly concave (3") or
convex (@), surface closely granulate-punctate, with carina reduced to a blunt
tooth on epistoma () or definitely elevated on lower half of frons {9);
pronotum deeply, closely punctured; elytral interspaces confusedly granulate-
punctate; declivital interspaces 1 and 3 of both sexes with serrations or granules,
these stronger in male; vestiture hairlike (0”) or scalelike (? ), moderately
abundant.

Host. Juniperus scopulorum.

Distribution (Map 41). Southern interior British Columbia; western
United States.

Biology. Not investigated.

Phloeosinus sequoiae Hopkins (squamosus Blackman, blackmani
Schedl) (Figs. 21 and 181)

Diagnosis. Length 3.2-4.2 mm. Frons rather deeply concave (&™) or
convex, flattened (@), surface densely rugose-granulate, with a weak median
carina on lower half in both sexes; pronotum deeply, coarsely punctured; elytral
interspaces strongly granulate-punctate and rugose; declivital interspace 1
devoid of serrations, 3 strongly serrate (o), or interspaces | and 3 serrate or
granulate, the granules smaller on first (@ ); vestiture hairlike (7) or scalelike

(@).
Host. Thuja plicata.

Distribution (Map 43). Southeast Alaska, western British Columbia;
Washington to California.

Biology. Bright and Stark (1973).
Adults of P. sequoiae start flying as early as April in southern localities and

they continue to be found throughout the warm weather. Flight peaks occur in
early and late summer. Attacks are normally confined to injured or fallen
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timber, but beyond its natural range attacks are common on weakened and
dying trees. In fallen timber, attacks are usually confined to the sides and under-
surface of the stem, but in standing trees any portion of the main trunk and limbs
as small as 2 cm in diam may be attacked. The adults attack all sizes of trees.
The twig-pruning habit common to many Phloeosinus species is not so pro-
nounced in this species.

Females initiate the attack, excavate a nuptial chamber or turning niche
5 X 12 mm long, and tunnel upward parallel to the grain. The egg gallery may
be straight or slightly winding, and near the distal end a short spur, probably
used as a turning niche, is excavated. The length of the parent gallery varies up to
25 cm; the average is about 14 cm. Eggs are deposited in niches crowded closely
together on both sides of the gallery. Reports on the numbers of eggs vary from a
few to 200, but seldom over 150; the average is about 50 per gallery.

Larval galleries begin at right angles to the egg gallery but either turn
upward or diverge to various degrees. Pupal cells are usually constructed in the
sapwood, but in thick-barked areas they may be in the inner bark lightly scoring
the sapwood.

There is one complete generation per year and a partial second. Broods
overwinter mainly as mature larvae; often as young adults, parent adults, or
immature larvae; and rarely as eggs or pupae. The overwintering parent adults
extend their galleries and oviposit from March to May. The brood from these
adults emerges in August or September. The overwintering teneral adults
emerge in April or May and attack new hosts. The brood from these adults
emerges slightly later than the brood from the parent adults. Overwintering
mature larvae complete their development and adults emerge in June and July;
the adults from the overwintering larvae may not emerge until August.

The second generation begins in September. The first adults to emerge from
the first generation attack new host material and establish broods that give rise
to the overwintering mature larvae, pupae, and sometimes teneral adults. The
later emergents from the first generation give rise to overwintering parent
adults, young larvae, and occasionally eggs.

This species occasionally causes damage to ornamentals planted within its
range.

Phloeosinus cupressi Hopkins (nitidus Swaine) (Fig. 22)

Diagnosis. Length 2.0-3.6 mm. Frons broadly, moderately deeply
concave (J") or convex (9 ), surface finely to roughly granulate-punctate, with
median carina nearly entirely lacking (07) or strongly elevated (¥ ); pronotum
closely, very deeply punctured; elytral interspaces rugulose-granulate; declivital
interspace 1 serrate only at top of declivity, interspace 3 with very coarse, dark,
serrations (), or interspaces | and 3 with small or large serrations or granules,
these smaller on first and extending to apex (@), vestiture hairlike () or
scalelike (9 ).

Hosts. Thuja plicata and Chamaecyparis nootkatensis.

Distribution (Map 43). Southeast Alaska, coastal British Columbia;
Washington to California.
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Maps 41-43.  Distribution of Phloeosinus spp. 41, P. scopulorum (@) and P. hoferi (%Y,
42, P. punctatus; 43, P. sequoiae (@) and P. cupressi (k).

Biology. Bright and Stark (1973).

Adults usually enter the bark of dying or recently felled trees. In standing
trees, any portion of the stem or branch system is attacked, but in fallen trees
attacks are confined to the sides and shaded undersurface. Before entering the
host, the adults attack small (less than 2 ¢m in diam) living twigs. They enter the
twig and hollow out the center for a short distance. The twig usually breaks and
may hang on the tree causing the flagging characteristic of twig-pruning. This is
particularly noticeable from July through September.

The female enters the host first, soon followed by the male. A lopsided
nuptial chamber is constructed at the base of the entrance tunnel. From this
chamber a single, straight longitudinal tunnel 2-15 cm long (average, 7.5 cm) is
excavated. This egg gallery is kept free of frass.

Up to 150 eggs are deposited in egg niches spaced evenly about 1 mm apart
on both sides of the gallery. The larvae bore at right angles to the parent gallery
but slowly diverge so that those farthest from the center are at an oblique angle.
Larval gallery length seldom exceeds 10 cm. At the end of the gallery, the pupal
cell is constructed; this cell engraves wood and bark about equally, but occa-
sionally only the bark. The axis of the pupal cell may be in any direction.

There are probably two complete generations per year in Canada and
Alaska. Occasionally, a third generation may be started within the year. The
seasonal history follows. Overwintering young adults emerge, excavate galleries,
and deposit eggs in April or May. The larvae hatch in late April and May and
develop until July. The pupae and adults are found from May through July. This
generation is normally completed by late July.

The second-generation adults fly and attack in late June, July, and early
August. Eggs hatch quickly, development is rapid, and brood adults emerge in
August and September. This generation is usually complete by early October.
The adults from this generation may overwinter or, if the weather is favorable,
they may attack new host material and begin a third generation.
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Genus Phloeotribus Latreille

Members of Phloeotribus are easily recognized by the antennal club, which
is deeply divided into three independently movable parts (Fig. 69), the entire eye,
and the asperate pronotum.

Key to the species of Phloeotribus in Canada

. Antennal club with laterally expanded segments more than twice as wide as their
basal length (Fig. 69); elytral interspaces flat, smooth to sparsely, minutely
granulate; in fruit trees ....... .. .. ... ... liminaris (Harris)

Antennal club with laterally expanded segments less than twice as wide as their basal
length; elytral interspaces convex, strongly granulate to asperate; in coniferous

BT o 2
2. Western species; elytral surface dull, opaque, minutely reticulate . ........ lecontei Schedl
Eastern species: elytral interspaces brightly shining ...... ... .. ... .. .... piceae Swaine

Phloeotribus liminaris (Harris) (Fig. 69)

Diagnosis. Length 1.8-2.5 mm. Frons strongly flattened to concave
(") or only weakly flattened (@), callus elevations usually present at level of
antennal insertions in both sexes, surface opaque, reticulate; antennal club with
segment | about 2.5 times wider than long; pronotum finely punctured; elytral
interspaces shining, with a median row of fine granules; declivital interspaces
narrower and more strongly granulate than on disk; vestiture consisting of a
median row of long, hairlike setae in each interspace.

Hosts. Wild and cultivated stone-fruit trees.

Distribution (Map 44). Southern Manitoba to New Brunswick; eastern
United States.

Biology. Baker (1972).

This species, known as the peach bark beetle, is an cccasional pest in peach
orchards and at times may cause serious damage.

Breeding usually takes place in weakened trees, but the adults also feed in
the bark of healthy trees. This bark feeding causes irritations, which may result
in abnormal growth of the tree. Infested trees are not killed, but are seriously
weakened and become susceptible to breeding attacks.

The winter is passed in the adult stage in hibernating burrows in the bark.
The adults emerge in the spring, attack new host material, and lay eggs. The
gallery is short, transverse, and usually consists of two short tunnels extending in
either direction from the entrance hole and deeply engraving the wood. Larvae
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Map 44. Distribution of Phloeotribus liminaris.

feed away from the egg gallery, with the grain of the wood. Pupation occurs in
enlarged cells at the end of the larval mines.

There are two generations per year.

Phloeotribus lecontei Schedl| (puberulus LeConte, preoccupied)

Diagnosis. Length 2.3-2.8 mm. Frons deeply concave, with an acute
tooth on lateral margins (¢7) or convex, transversely impressed above epistoma
(9), surface dull, minutely reticulate or weakly granulate; antennal club with
segment | from 1.6 to 1.7 times longer than wide; pronotum dull, with shallow
punctures and scattered, small granules; elytral interspaces dull, with a median
row of fine granules; declivital interspaces 3 and 9 joined and continuing to apex,
granules larger in male; vestiture consisting of stout, flattened, interstrial scales
and fine, hairlike, interstrial setae.

Hosts. Chiefly Pseudotsuga menziesii; also Abies spp.

Distribution (Map 45). Southern British Columbia; western United
States.

Biology. Not investigated.
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Map 45. Distribution of Phloeotribus lecontei (%) and P. piceae (@).

Phloeotribus piceae Swaine (Figs. 114 and 152)

Diagnosis. Length 1.8-2.1 mm. Frons concave, with an acute tooth on
lateral margin (") or convex, transversely impressed above epistoma (9 ),
surface dull, minutely retlculate antennal club with segment 1 from 1.6 to 1.7
times wider than long; pronotum shallowly punctured, dull; elytral interspaces
shining, with a median row of fine granules; declivital interspaces 3 and 9 of both
sexes serrate, joined near apex, and continuing to apex, granules larger in males;
vestiture consisting of stout, flattened, interstrial scales and fine, hairlike,
interstrial setae.

Hosts. Picea spp.

Distribution (Map 45). Manitoba to Quebec; northeastern United
States.

Biology. Not investigated.

Genus Chramesus LeConte
Chramesus hicoriae LLeConte (Figs. 70, 115, and 153)

Diagnosis. Length 1.5-1.8 mm. Frons deeply concave, lateral margins
sharply elevated below eyes () or convex, weakly transversely 1mpressed above
epistoma (9 ), surface dull, reticulate-punctate; pronotal surface asperate,
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asperities stronger on lateral areas; elytral interspaces dull, with a median row of
small granules; declivity not modified; vestiture consisting of a row of erect,
scalelike, interstrial setae and numerous, recumbent, interstrial, scalelike setae.

Hosts. Carya spp.
Distribution (Map 46). Ontario and Quebec; eastern United States.
Biology. Chamberlin (1939).

Little is known about this species except the gallery pattern. The entrance
tunnel is usually started at the base of a twig or in some roughened spot. The egg
gallery is simple, longitudinal, with a turning niche under the entrance hole. This
gallery is about 2-4 cm long, deeply engraving the sapwood. From 15 to 60 eggs
are placed singly in niches along the gallery wall. Larvae mine at right angles
from the gallery but soon turn either up or down and run with the grain of the
wood. Pupal cells are constructed either largely or entirely in the wood.

~ There is one generation per year in Canada. Adults of this species attack
limbs, branches, or shoots that are injured or dying. This species is of no
economic importance.

Genus Chaetophloeus LeConte

Chaetophioeus heterodoxus (Casey) (brittainli Swaine, criddlei Swaine)
(Figs. 71, 117, and 154)

Diagnosis. Length 1.5-2.5 mm. Frons rather deeply, broadly concave,
with an acute tubercle on each side of median line at upper part of impression
("), or more weakly concave, tubercle absent (@), surface dull, densely
minutely granulate, vestiture abundant; pronotum with three groups of asperities
on each side; declivity unmodified; vestiture consisting of a row of erect, scalelike
interstrial setae and numerous, recumbent, scalelike setae.

Hosts. Pyrus spp., Prunus spp., and Cercocarpus spp.

Distribution (Map 46). Southern Maniteba to British Columbia;
western United States.

Biology. Bright and Stark (1973).

The principal flight period is late June, although adults have been observed
later in the summer. These adults may be from a second generation or from
overlapping generations.

Both sexes apparently enter the host at the same time. The species is
monogamous. The nuptial chamber is roughly oval, 4 X 6 mm, and engraves the
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Map 46. Distribution of Chramesus hicoriae (%) and Chaetophloeus heterodoxus (@).

wood deeply. From 3 to 6 short galleries extend from this chamber, and 6-12
eggs are deposited at the end of each.

Larval galleries extend about 2 cm from the egg gallery, engraving the wood
deeply. Oval pupal chambers are constructed at the end of the larval galleries,
about three-quarters in the wood, one-quarter in the bark.

There is apparently only one generation per year in the northern part of its
range. Adults have been observed ovipositing in July, and the parent adults as
well as brood adults were still in the host a year later. However, since
overwintering adults have been found to lay eggs the following spring, the
possibility of a second, overlapping generation exists.

Genus Carphoborus Eichhoff

Members of Carphoborus can be distinguished by the five-segmented
antennal funicle (Fig. 72), the flattened, oval to elongate antennal club bearing
three distinct sutures (Fig. 72), the elevated basal margins of the elytra, and the
dense, scaly pubescence. The genus was revised by Wood (1954a).

Key to the species of Carphoborus in Canada and Alaska
(Modified from Wood (1954a) )

1. Antennal club large, broad, less than 1.2 times longer than wide; female frons impunctate
and glabrous on a large median area; transverse impression of male frons
conspicuous and extensive, the median elevations large and prominent; in Douglas-
Ar (Fig. 23) vandykei Bruck
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Antennal club small, narrow, 1.3 or more times longer than wide (Fig. 72); female
frons punctate or granulate over entire surface; male frons less strongly impressed
below, the median elevation smaller, often absent .......................... 2

2. Declivital interspace 9 not elevated or serrate behind elytral base; declivital elevation
ending at junction of interspaces 3and 9 . ...... . ... ... . .. ... ... .. ..., 3

Declivital interspace 9 regularly serrate and usually elevated from declivital base to
Junction with interspace 3, the elevation usually continuing from this junction
Lo INterspace | .. ... .. S

3. Declivital interspace 3 very strongly, broadly elevated, the serrations small, confused,
more abundant on sides of elevation than on its summit; Eastern Canada
.......................................................... dunni Swaine
Declivital interspace 3 less strongly elevated, the serrations larger, confined to summit;
Western Canada and Alaska ... ... ... .. .. .. .. .. ... . .. .. . 4

4. Declivital interspace | strongly elevated, rather coarsely serrate; elevation of interspace 3
highest near middle of declivity; Alberta .. ...................... sansoni Swaine

Declivital interspace ! slightly elevated, finely serrate; elevation of declivital interspace 3

highest near apex (Fig. 24); Alberta, Northwest Territories, and Alaska . ... ..
...................................................... andersoni Swaine

5. Frons of female flattened, rather coarsely punctured; declivital teeth on interspace 3
very coarse, longer than height of interspace (Fig. 25) ........ .. ponderosae Swaine

Frons of female flattened or convex, more finely punctured; declivital teeth fine, those on
interspace 3 much shorter than height of interspace ......................... 6

6. Discal striae about as wide as interspaces; declivital interspaces 4, 6, and 8 subtuberculate
(Fig. 26); frons of female more coarsely punctured; frontal pubescence longer
and MOTe NUMETOUS . . ..ot vttt ettt e intermedius Wood

Discal striae much wider than interspaces; declivital interspaces 4, 6, and 8 not tubercu-
late (Fig. 27); frons of female finely punctured; frontal pubescence shorter . ...
carri Swaine

Carphoborus vandykei Bruck (Fig. 23)

Diagnosis. Length 1.8-2.6 mm. Frons flattened (9 ) or transversely
impressed with an evident median elevation (), surface glabrous in median
area (@) or coarsely punctured (57); pronotum closely, deeply punctured; elytral
interspaces coarsely, deeply, closely punctured; declivital interspaces 1 and 3
distinctly elevated, 1, 3, 5, 7, and 9 finely serrate; vestiture consisting of small,
abundant, interstrial scales, these scales wider in male.

Host. Pseudotsuga menziesii.

Distribution. Southern British Columbia; Washington to central
California.

Biology. Not investigated.
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Figs. 23-27.  Declivities of Carphoborus spp. 23, C vandykei; 24, C_ andersoni; 25, C. ponderosae;
26, C intermedius. 27, C. carri
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Carphoborus dunni Swaine

Diagnosis. Length 1.6-1.9 mm. Frons convex () or strongly convex,
more deeply transversely impressed (07), surface granulate, sparsely pubescent
in both sexes; pronotum reticulate, closely, deeply punctured; elytral interspaces
deeply, coarsely, randomly punctured; declivital interspace 3 strongly, broadly
¢levated, randomly serrate, interspaces 1, 5, and 7 weakly elevated, finely
serrate; vestiture consisting of large, slender, abundant, semierect, interstrial
scales.

Host. Picea rubens.

Distribution. Known only from New Brunswick but probably occurs
throughout Eastern Canada and the northeastern United States.

Biology. Not investigated.

Carphoborus sansoni Swaine (engelmanni Wood)

Diagnosis. Length 1.8-2.1 mm. Frons flattened, weakly impressed
above epistoma (@ ) or strongly convex, strongly impressed above epistoma (&),
surface coarsely punctured, vestiture long, coarse (9 ); pronotum deeply, closely
punctured; elytral interspaces deeply, coarsely, randomly punctured; declivital
interspaces | and 3 moderately elevated, serrate, interspaces 5 and 7 serrate but
not elevated; vestiture consisting of large, abundant, erect, interstrial scales.

Hosts. Picea spp.
Distribution (Map47). Alberta; Utah and Wyoming.

Biology. Not investigated.

Carphoborus andersoni Swaine (Fig. 24)

This species is closely related to C. sansoni (see the previous description),
and, in fact, may be a northern subspecies. It differs from C. sansoni by the less
strongly elevated, more finely serrate declivital interspace 1 and the more
strongly elevated declivital interspace 3.

Host. Picea glauca.

Distribution (Map 47). Northern Alberta and Northwest Territories to
Alaska.

Biology. Not investigated.
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Carphoborus ponderosae Swaine (Figs. 25 and 72)

Diagnosis. Length 1.8-2.1 mm. Frons flattened (@) or transversely
concave with the median elevation above the impression absent ("), surface
coarsely punctured, vestiture long (@ ); pronotum coarsely, deeply punctured;
elytral interspaces coarsely, deeply, randomly punctured; declivital interspaces
1, 3, and 9 strongly elevated, very coarsely serrate, interspaces 3 and 9 joined and
continuing to 1; vestiture consisting of small, abundant, erect, interstrial setae.

Hosts. Pinus ponderosa and P. contorta.

Distribution (Map 48). Southern British Columbia; western United
States.

Biology. Not investigated.

Carphoborus intermedius Wood (Fig. 26)

Diagnosis. Length 1.9-2.1 mm. Frons flat, shining (?) or convex,
transversely impressed, with median elevation absent (0”), surface coarsely,
shallowly punctured, vestiture very long, fine (? ); pronotum very closely, deeply
punctured; elytral interspaces deeply, coarsely, randomly punctured; declivital
interspaces 1 and 3 elevated; 1, 3, and alternate interspaces finely serrate;
vestiture consisting of abundant, semierect, interstrial scales.

Hosts. Picea engelmannii and Pinus contorta.

Distribution. Southern British Columbia; Washington to California and
Colorado.

Biology. Not investigated.

Carphoborus carri Swaine (Figs. 27, 116, and 155)

Diagnosis. Length 1.4-2.0 mm. Frons flattened in both sexes, more
deeply impressed above epistoma in male, surface shining, coarsely to finely,
deeply punctured, vestiture long (9 ); pronotum closely, coarsely punctured;
elytral interstriae coarsely, deeply punctured; declivital interspaces | and 3
elevated, interspace 3 more elevated; 1, 3, and alternate interspaces finely
serrate, 3 and 9 joined and sometimes continuing to 1; vestiture consisting of
large, abundant, semierect, interstrial scales, many appearing multilamellate.

Hosts. Picea spp.
Distribution (Map 48). Transcontinental in Canada; South Dakota.

Biology. Not investigated.
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N g

Map 47. Distribution of Carphoborus sansoni (%) and C. andersoni (@).

Map 48.  Distribution of Carphoborus ponderosae (%) and C. carri (@).
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Genus Polygraphus Erichson

Members of this genus are very easily recognizable by the solid,
unsegmented antennal club (Fig. 73), the completely divided eye, the evenly
convex declivity, and the dense scaly pubescence.

Key to the species of Polygraphus in Canada and Alaska

1. Tip of antennal club distinctly extended, acuminate; female frons convex, devoid of
long pubescence; Western Canada and Alaska, at high elevations . .convexifrons Wood

Tip of antennal club narrowly rounded, not acuminate or extended (Fig. 73); female
frons flat to weakly concave, bearing long pubescence; generally distributed in
coniferous forest regions of Canada and Alaska ................. rufipennis (Kirby)

Polygraphus convexifrons Wood

Diagnosis. length 2.5-3.2 mm. Frons convex, with short, yellowish
pubescence (@) or concave to flat, with frontal tubercles (), surface finely
punctured; antennal club acuminate at tip; elytra and pronotum clothed with
dense whitish scales; declivital interspaces 1 and 3 slightly elevated, and
interspace 3 smooth or with median row of small granules, surface densely
punctured.

Map 49. Distribution of Polygraphus rufipennis (@) and P. convexifrons ().
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Hosts. Pseudotsuga menziesii, Pinus contorta, and Picea spp.

Distribution (Map 49). Central Alaska to Yukon Territory; Colorado
and Utah.

Biology. Not investigated.

Polygraphus rufipennis (Kirby) (brevicornis Kirby, nigriceps Kirby,
saginatus Mannerheim) (Figs. 73, 118, 156, and 180)

Diagnosis. Length 2.1-3.1 mm. Frons flat to concave, with long
pubescence (9) or concave below frontal tubercles (™), surface finely
punctured; antennal club narrowly rounded at tip; elytra and pronotum clothed
with white or yellowish scales; declivity as in P. convexifrons (see the previous
description).

Hosts. All conifers in its range.

Distribution (Map 49). Transcontinental in Canada; eastern United
States south to North Carolina and Tennessee, western United States south to
Oregon and New Mexico.

Biology. Hinton (1968).

In Alberta, adults that have overwintered emerge in late May or early June
and fly in search of new host material, usually dead or dying spruce. In Ontario,
adults start their flight activity in late April. If the beetles have overwintered as
larvae or pupae, they complete their development in the spring and emerge in
late June or July.

The female excavates the entrance hole and, when she reaches the cambial
layer, constructs the nuptial chamber. At about this time, she is joined by the
male and mating takes place. From one to three more females enter the nuptial
chamber, mate, and construct egg galleries. Each female positions her egg
gallery as far as possible from the others. The entire gallery system can therefore
be uniramous to radiate or star-shaped (Fig. 180). Eggs are laid in niches cut into
the gallery wall. No particular pattern is followed in the placement of egg niches.
The larvae burrow at right angles to the egg tunnels, continuing in this direction
unless they run into an obstacle. Pupal cells are constructed at the ends of the
larval mines.

In Alberta, there is one generation per year or one and part of a second,
with two broods per season. In northern areas such as the Yukon Territory,
there may be only one brood, but as many as three may be found farther south.

Genus Pseudothysanoes Blackman

Pseudothysanoes rigidus (LeConte) (drakei Blackman) (Fig. 75)

Diagnosis. Length 1.5 mm. Frons strongly concave (9 ) to weakly
concave or flattened (0”); antennal club rather large, suture 1 broadly curved,
suture 2 angulate; anterior margin of pronotum with four or five small, sharp
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serrations, summit of pronotum reddish; elytral declivity with fine, short, strial
setae and longer, coarser, clavate interstrial bristles.

Host. Tilia americana.
Distribution. Southeastern Canada; eastern United States.
Biology. Chamberlin (1939).

The galleries of this species lie entirely in the outer part of the porous inner
bark and apparently never upon the surface of the sapwood. From the entrance
gallery, a short branch extends longitudinally in opposite directions about 8 mm
long. This is apparently used as a nuptial chamber and a turning niche. From the
end of each of these branches an egg gallery extends transversely on each side.
Egg niches are found only in these transverse galleries. The larvae bore into the
bark in a longitudinal direction.

The beetles are normally polygamous. Each female is responsible for one
arm of the transverse galleries.

Genus Thysanoes LeConte

Thysanoes fimbricornis LeConte

Diagnosis. Length 1.5-1.9 mm. Frons strongly concave (9 ) to weakly
concave or flattened (), surface smooth, shining above epistoma; antennal club
elongate-oval, sutures arcuate; antennal scape club-shaped, pubescent, more
accentuated in female; pronotum rather strongly asperate on anterior portion;
elytral interspaces each bearing a uniseriate row of broad, flattened setae; elytral
declivity evenly convex, setae broader and slightly longer.

Hosts. Carya spp., Quercus spp., and probably other genera of broadleaf
trees.

Distribution. Not recorded from Canada, but probably found in
southern Ontario; recorded from the eastern United States and Mexico.

Biology. Chamberlin (1939).

Galleries of this species are found in small branches or twigs. Three or four
egg galleries, each about 2.5 cm long, are constructed just within the sapwood or
in the cambium, radiating from the nuptial chamber. Occasionally a second set
of egg galleries will be constructed from the same nuptial chamber; these
galleries extend deeper in the sapwood and are shorter than the outer set. The
eggs are laid in deep niches. When the larvae emerge, they mine entirely in the
wood. Nothing concerning the seasonal history has been recorded in the
literature.
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Genus Hylocurus Eichhoff

Members of this genus are recognizable by the club-shaped antennal scape
that bears only a few setae, the broadly procurved sutures of the antennal club,
the slender fore tibia that is slightly wider at the apex and bears tubercles on the
posterior face, and the other characters presented in the key to the genera. A key
to the species in this genus was prepared by Blackman (1928a).

Key to the species of Hylocurus in Canada

1. Fronsdeeply concave; eastern species .. ...................o i 2
Frons convex; western species .......... .. ... .. .. ... .. ... . ..... hirtellus (LeConte)

2. Spongy areas of concave portion of frons small, hemispherical, arising from the
lateral areas of the concavity; antennal club oval; declivital striae 1 and inter-
space | on female bearing a slight elevation .. ... ...... ... ... ..., rudis (LeConte)

Spongy areas of concave portion of frons large, flat, arising from bottom of concavity;
antennal club nearly circular; declivital striae | and interspace 1 of both sexes
flat, not bearing an elevation . .. ............. .. ... . ... . ... . biorbis (Blackman)

Hylocurus hirtellus (LeConte) (crinitus Blackman)

Diagnosis. Length 2.4-3.0 mm. Frons convex to flattened in both
sexes, bearing a small, circular brush of closely placed, yellowish setae (9 ) or
vestiture sparse, evenly scattered (), surface punctate-granulate; antennal club
oval, sutures weakly arcuate; pronotum broadly rounded anteriorly, anterior
slope with numerous, scattered asperities, posterior surface with a circular
depressed area on each side of median line, these areas bearing longer, more
erect, more abundant setae; elytral strial punctures rather large; elytral
interspaces convex with a median row of small, rounded granules; elytral
declivity convex, interspaces more strongly granulate than on disk.

Hosts. A/nus spp. and Salix spp.; also other genera of broadleaf trees and
shrubs.

Distribution. Not recorded from Canada, but probably occurs in
southern British Columbia, especially Vancouver Island; Washington to Baja
California.

Biology. Bright and Stark (1973).

No detailed biological studies have been made. However, it is known that
adults attack the stem or twigs of their host plants and bore into the wood.
Distinct vertical galleries are constructed and packed with dry powderlike frass.
Egg niches are widely spaced. Larvae mine in the wood with the grain. Several
generations may develop in the same stem, and several generations may be
produced each year.

105



Hylocurus rudis (LeConte)

Diagnosis. Length 2.0-2.3 mm. Frons deeply concave, with a circular
spongy area on each side, each area rather small, hemispherical, and arising on
the inner lateral margins of the concavity, otherwise surface smooth, shining;
antennal club oval, sutures bisinuate; antennal scape small, club-shaped;
pronotum broadly rounded anteriorly, anterior slope bearing numerous, close-
set, low asperities, posterior surface bearing more widely spaced, flat asperities;
elytral strial punctures large; elytral interspaces smooth and convex on disk;
elytral declivity steep, interspaces granulate, more strongly granulate on
interspaces 3 and 9, interspace | and striae 1 (@) bearing a slight elevation,
elytral apex strongly acuminate.

Hosts. Carya spp., Castanea dentata, Acer spp., and probably other
genera of broadleaf trees.

Distribution. Not recorded from Canada, but probably found in
southern Ontario; known from the eastern United States north to Detroit,
Michigan.

Biology. Chamberlin (1939).

This species attacks small limbs and shoots, preferably those that have died
recently.

Hylocurus biorbis (Blackman)

Diagnosis. Length 2.0-2.2 mm. Very similar to H. rudis described
above except that the spongy areas on the frons are larger and arise from the
bottom of the concavity, the antennal club is circular and the declivital
interspace | and striae 1 are flat in both sexes. This may be a variety of H. rudis,
or the names may be synonymous.

Hosts. Carya spp.

Distribution. Not recorded from Canada, but probably found in
southern Ontario: known from the eastern United States north to Syracuse,
New York.

Biology. Not investigated.

Genus Micracis LeConte

Members of Micracis are readily recognizable by the elongate body, the
acuminate sutural apex of the elytra, the greatly enlarged, flattened, densely
pubescent antennal scape of the female (Fig. 74), and the characters given in the
key to the genera.

A key to the species in this genus was prepared by Blackman (1928a).
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Key to the species of Micracis in Canada

. Length (©) less than 2.4 mm: declivital interspace 3 not elevated; elytral pubescence
of both sexes hairlike ....... ... ... ... .. ... ... ... .. ... swainei Blackman

Length (9) 2.5-2.9 mm: declivital interspace 3 weakly elevated; elytral pubescence
of female hairlike, that of male scalelike ..................... suturalis LeConte

Micracis swainei Blackman (populi Swaine) (Figs. 58, 74, 119, and 157)

Diagnosis. Length 1.9-2.3 mm. Frons flattened, somewhat flatter just
above epistoma, finely pubescent except for a dense brush on median portion of
epistoma (@ ) or more convex, with dense scalelike setae over surface, epistomal
brush absent (0"); antennal funicle strongly expanded laterally, densely
pubescent with long setae (@) or much smaller, triangular, not densely
pubescent (07): elytral interstriae narrow, with a median row of very fine
granules; declivity convex, interstrial granules larger than on disk; vestiture of
both sexes hairlike on elytra.

Hosts. Salix spp. and Populus spp.

Distribution. Southern Ontario; eastern United States.

Biology. Not investigated. Specimens have been collected from galleries
situated in the wood just beneath the bark of a broken limb. Larvae are believed
to feed in the wood.

Micracis suturalis LeConte (aculeatus LeConte, meridianus Blackman)

Diagnosis. Length 2.5-2.9 mm. Frons strongly flattened to concave
with epistomal margin elevated in both sexes, sparsely pubescent, finely
reticulate (@) or densely pubescent, strongly granulate-reticulate (¢); antennal
funicle broadly triangular, densely pubescent with long setae (9 ) or much
smaller, triangular, not densely pubescent (0™); elytral interstriae broader,
reticulate, not granulate; declivital interspace 3 weakly elevated, all declivital
interspaces granulate; elytral vestiture hairlike (9 ) or scalelike ().

Hosts. Cercis canadensis, Juglans spp., and other deciduous trees.

Distribution. Not known from Canada, but probably occurs in southern
Ontario; eastern United States as far north as Michigan.

Biology. Chamberlin (1939).
This species is abundant in red bud and hickory limbs. Details of its biclogy
are lacking, but it is reported in the literature as preferring old wood and that

adults may emerge and reattack the same material for several generations. The
galleries are long, longitudinal, and slightly undulating.
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Genus Micracisella Blackman

Micracisella opacicollis (LeConte)

Diagnosis. Length 1.7-2.1 mm. Frons convex, flattened, or slightly
concave above epistoma, surface strongly granulate () to finely granulate (P);
antennal funicle enlarged, flattened, densely (@) to sparsely (") pubescent;
elytral declivity convex, interspaces finely rugose to subgranulate; vestiture on
elytra and pronotum consisting of short, broad scales, these larger on declivity.

Hosts. Various broadleaf trees.

Distribution. Not recorded from Canada, but probably occurs in
southern Ontario; eastern United States.

Biology. Not investigated.

Genus Trypophloeus Fairmaire

Members of Trypophloeus are distinguishable by the absence of a distinctly
raised lateral line on the pronotum, the five-segmented antennal funicle (Fig. 76),
the slender, pointed antennal club with three transverse sutures (Fig. 76), and the
additional characters given in the key.

The genus was revised by Wood (1954b) under the name Cryphalus
Erichson.

Key to the species of Trypophloeus in Canada
(Modified from Wood (1954b) )

1. Strial punctures impressed, at least on basal one-quarter of elytra; vestiture hairlike
at least on anterior half of elytra; declivital bristles distinctly longer than half
the distance between rows of bristles . ... ... .. ... .. . oo 2

Strial punctures obscure on elytra: vestiture scalelike on at least posterior three-
quarters of elytra; declivital bristles not longer than half the distance between
rows of bristles ... ... 3

2. Strial punctures coarse, deep, at least on basal half of elytra: punctures on posterolateral
areas of pronotum fairly large, deep, and close; scalelike pubescence confined
todeclivity ... striatulus (Mannerheim)

Strial punctures greatly reduced except on basal one-quarter of elytra; punctures on

posterolateral areas of pronotum fairly small, shallow: scalelike pubescence
covering posterior half of elytra . .................. .. ... . ... salicis Hopkins
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3 Posterior extremity of interspace 4 either smooth or with minute rounded granules;
the short, abundant elytral scales broad, rounded distally; frons usually not
subconcavely impressed ......... ... ... . ... populi Hopkins

Posterior extremity of interspace 4 with a row of one to five small, slender teeth,
each at least twice as long as its basal width; the short, abundant elytral scales
acuminate; frons usually subconcavely impressed ... ............ .. thatcheri (Wood)

Trypophloeus striatulus (Mannerheim) (punctipennis Hopkins, nitidus
Swaine) (Figs. 76, 120, and 158)

Diagnosis. Length 1.6-2.0 mm. Frons convex, with a Y-shaped
impression beginning at upper level of eyes, surface coarsely reticulate above
eyes and closely punctured below; pronotum with 4-8 contiguous or nearly
contiguous teeth on anterior margin, punctures on posterior area quite deep;
elytra shining, striae not impressed, punctures impressed on basal one-quarter;
declivity convex, steep, interspaces each with a row of small, widely spaced
granules,

Hosts. 4/nus spp. and Salix spp.

Distribution (Map 50). Transcontinental in Canada; Idaho, Utah, and
Minnesota.

Biology. Not investigated.

Trypophloeus salicis Hopkins (concentralis Hopkins)

Diagnosis. Length 1.5-1.7 mm. Frons flattened, sometimes
subconcave, weakly impressed above epistoma, surface weakly punctured;
pronotum with 6 subcontiguous teeth on anterior margin, punctures on posterior
area shallow; elytra shining, striae not impressed, punctures impressed on basal
one-quarter, declivity steep, broadly impressed between interspaces | and 4,
interspaces each with a row of fine granules, those on interspace 4 larger.

Hosts. .A4/nus spp. and Salix spp.

Distribution. Not recorded from Canada, but probably occurs on
Vancouver Island and the mainland coast; known from Puget Sound,
Washington, to central California.

Biology. Notinvestigated.

Trypophloeus populi Hopkins

Diagnosis. Length 1.7-2.1 mm. Frons flattened or weakly convex,
weakly impressed above epistoma, surface coarsely reticulate above eyes, deeply
punctured below; pronotum with four large, subcontiguous teeth on anterior
margin, punctures on posterior area quite deep; elytra shining, striae not
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impressed, punctures obscure; declivity convex, steep, slightly impressed
between interspaces | and 4, interspaces each with a row of fine granules.

Hosts. Populus spp.

Distribution (Map 50). Probably transcontinental in Canada; Arizona,
Colorado, Nevada, and Utah.

Biology. Not investigated.

Trypophloeus thatcheri (Wood)

Diagnosis. Length 1.5-1.9 mm. Frons flattened, usually subconcave,
surfa