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INTRODUCTION

Kellogg (55) reported the original forest area of the
United States as 850,000,000 acres containing 5,200,000,000,000
board feet of saw-timber. Due to clearings, fires, insect
depredations, storms, disease and other causes, this vast acre-
age had been reduced to 550,000,000 acres containing 2,500,000,
000,000 board feet of saw-timber by 1909. Recent surveys by
Garver (27) show the present acreage to be about the same as
that of 1909 containing, however, only about 1,800,000,000,000
board feet of saw-timber. The above statistics show that our
forest resources are not inexhaustible notwithstanding our pres-
ent day reforestation and conservation activities. While our
total forest area has not decreased alarmingly since the be-
ginning of the century, & large part of our choice timber has

been removed.
INSECT LOSSES TO FORESTS AND FOREST PRODUCLS

Hopkins (44) quotes Professor Lawrence Bruner, State En-
tomologist of Nebraska as saying: "l can agree with Doctor
Hopkins that the insects are far more important in destroying
our forests than fires."™ The countless hordes of tree-killing

and wood-destroying insects exact an enormous toll, and were
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it not for rigoroué control measures practiced in various
parts of the country, timber losses would be far in excess
of present figures.

Bark beetles, especially those of the genus Dendroctonus,
and defoliating insects such as the spruce budworm and larch
sawfly are responsible for the major part of our forest loss-
es. Hopkins (44) reports that the Black Hills beetle,
Dendroctonus ponderosae Hopk., destroyed about one billion
board feet of coniferous timber over a ten year period, which
at $2.50 per thousand board feet, would mean an annual loss of
$250,000. This is an example of the destructiveness of but one
species of bark beetle in one national forest. Hopkins (44)
bases the insect losses on 10% of the mature trees impossible
to utilize. At $2.50 per thousand board feet, he believes
$62,500,000 to be a conservative estimate of the annual loss.
Hyslop (53) reports forest insect losses to be variously es-
timated at around $100,000,000.annually. Graham (34, p. 11)
assuming a 10% loss of the annual cut for the years 1925-1929
finds the yearly loss to be 5,913,383,900 board feet.

Forest insects such as certain bark beetles and defoliat-
ors are classed as primary forest enemies in that they attack
living trees (34, p. 202). To this group of insects is attrib-
uted the bulk of the forest damage. However, secondary forest
insects, that is, those that attack only dead or dying timber,
occasionally cause heavy damage. The larvae or "grubs" of
these secondary species, belonging chiefly to the families
Cerambycidae, Scolytidae and Buprestidae of the order

Coleoptera, excavate cavities in the sapwood and bore tunnels
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into the heartwood of dead or dying timber either complete-
ly destroying or greatly reducing in value a product which
otherwise would be highly merchantable. Hopkins (43) states
that the aggregate losses from this damage in the coniferous
forests of the United States contribute largely to the annual
waste of millions of dollars in forest products, which without
the injury might easily be utilized.

Timber killed by primary insects, fire, storms, disease
and other causes are readily attacked and greatly damaged by
the depredations of secondary borers. Dead coniferous timber,
especially if it is standing, has been found to be in an excell-
ent state of preservation for long perliods after death, provid-
ed no insect damage has occurred. Hopkins (44) found pines,
spruces, larch and Douglas fir killed by insects and fire, and
which had escaped borer damage, to be entirely suitable for
lumber, fuel, pulp and railroad ties from 20 to 30 years after
death. In localities where fires, storms or other agencles
have killed large areas of timber, especially in the spring or
early summer, prompt utilization, barking or submerging in
water 1s often impossible. Wood-boring insects together with
fungl which are allowed to reach the heartwood through the
borers! tunnels rapidly cause the deterioration of such timber.
Losses may be as high as 50% in three months and commonly 100%
in three or four years. (18), (42), (43), (45). Webb, (20)
(91), reported damage in excess of $6,000,000 to storm-felled
pine in the South by one species of sawyer, Monochamus
titillator (Fab.). Secondary insect damage to felled trees
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following the New England hurricane in 1938 was also con-
siderable (25).
ATTRACTION OF FRESHLY KILLED TREES IO CERTAIN COLEOPTERA
Most trees, especially coniferous, are attractive to wood
borers if cut or killed shortly before or during the time in
which the adults are flying; such timber is almost certain to
become infested. Timber dying late in the summer or fall is
not nearly so heavily damaged, especially in the northern for-
ests. (9), (45), (87). Graham (32) states that green wood is
necessary for the early larval stages of Cerambycidae and
Buprestidae. From this it would appear that the period between
the death of the tree and dessication of the inner bark and
cambium is the most suitable time for successful infestation.
Fire-killed or scorched coniferous trees apparently have
an attraction for certain insects. The smoke or the odor of
the burning bark and needles probably serve as attractants but
definite proof as to this is lacking. (49), (74). Doane,
Van Dyke, Chamberlin and Burke, (20, p. 18), report that one
Buprestid borer, Melanophila consputa Lec., cannot even wait
for the trees to cool off but flies through the smoke and de-
posits its eggs on the still smouldering trunks. This species
is said to annoy fire fighters by pinching them on the neck
and hands. St. George and Beal (78) found beetles attracted
to burned areas within a radius of three or four miles and in
Sﬁeden, Tragardh, (88), states that sawyer beetles are attract-
ed for miles by fire, ovipositing first on the largest and most

severely scorched trees. Irees scorched all around are most
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attractive, he says, and only the scorched side of the tree °

wlll be attacked.
BURNED-OVER AREAS AND SOURCES OF EPIDEMIC INFESTATIONS

Various results have been reported on the possibility of
epidemic infestations arising from burns, slash depositions and
other favorable breeding places. Miller and Patterson, (62),
report fire-killed and fire-injured timber as highly attractive
to the western pine beetle, Dendroctonus brevicomis, resulting
in heavy concentrations within the burn. Such concentrations,
they say, do not develop into epidemics but, on the contrary,
return to normal within three or four years. Fires attract
beetles but conditions are not favorable for breeding in the
burned-over areas. They point out that the sudden interruption
and disturbance of the sap flow in burned trees causes an ex-
treme moist condition of the inner bark which is unfavorable
for the young bark beetle larvae, causing the death of many of
them; in some of these trees, fewer beetles emerge than attack
them. Many trees, however, are only moderately injured by the
fire and apparently are able to recover. ©Such trees are readi-
ly and successfully attacked by bark beetles; in this way only,
are they believed to supplement and increase losses initiated
by fire. According to Bureau of Entomology reports for 1919
(50) the infestation of beetles within a certain small burned-
over area increased up to 1000%, but the numbers in the surround-
ing areas decreased and the whole area returned to a normal

condition within a comparatively short period of time. TIThese

rennrts apree with those of Willer and Patterson in that fire-
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injured trees suffer heavily from insect attack. Investiga-
tions in this country indicate that neither infested slash
nor burned areas become foci for epidemic infestations, (17),
(30), (46), (64).

In Russia, several investigators have reported fires as
becoming & source of infestation affecting healthy trees.
Sokanovskii (76) reports migration of bark beetles to healthy
spruce after removal of dead and severely damaged -host trees
from a burned-over coniferous area; Stark and Ctaph (79) say
development of bark beetles and other insects in large numbers
in a coniferous forest fire area 1s always followed by intens-
ive flight to surrounding healthy trees and Porozorov (68) re-
ports beetles as multiplying in certain parts of burnt areas
of Russian timber followed by migration to healthier trees.

OBJECTIVES

This investigation has been concerned with a study of some
of the secondary wood-boring beetles contributing to the deter-
ioration of fire-killed coniferous timber in Michigan. Most of
the effort has been toward the end of determining what borers
are present in such areas and the part each plays in the eventu-
al destruction of the wood. From time to time examinations were
made of both the fire-inJured and uninjured trees within and bor-
dering the burned-over areas to determine the effect of such
concentrated infestations on the surrounding forest. Observa-
tions of insect infestations in slash and storm-felled timber,

for purposes of comnarison, were thought worth while. While 1t
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is obvious that a study of this nature over a period of two
or three years is much too short for completeness, it is hoped
that this paper will bring out the importance of a group of
insects which are commonly associated together in fire-killed

timber.

METHODS AND EQUIPMENT

Infested material was cut from the burned-over areas,
brought to the laboratories at East Lansing and placed in screen
cages of a mesh size adequate to prevent escape of the smaller
insects. For each cage of material left out of doors under nat-
ural conditions, a corresponding cage of material from the same
tree was placed 1ﬁdoors. Each was given a number so as to in-
dicate that the wood came from the same tree. Individual records
were kept for all frees brought to the laboratory. Each insect
emerging from the wood in the various cages was given its proper
number and date of emergence. In addition the smaller branches
of at least one tree of each species was kept separate from the
larger limbs and butt portions of the trunk in order to determ-
ine the prevalence, if any, of certain insects in different parts

of the tree.

PROCEDURE

The collection of material for this study was begun in the
fall of 1937 and continued through 1938 and 1939, during which
time several truck and trailer loads of infested fire-killed
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coniferous timber was cut in Northern Michigan and brought to -
the laboratories at East Lansing for study. Dead wood from the
following trees were cut into suitable lengths, placed in cages
and labeled in a manner already described: white pine (Pinus
strobus L.), Norway or red pine (Pinus resinosa Ait.), jack

pine or scrub pine (Pinus banksiana tamb.), balsam fir (Ables
balsamea (L.) Mill.), American larch or tamarack (Larix laricina
(Du Roi) Koch.) and black or bog spruce (Picea marjana (Mill.)
B. 8. P.).

The wood caged indoors was kept in a greenhouse at a tem-
perature of between 60 -70 F. The moisture content of the ma-
terial was kept as favorable as possible for the immature insects
by weekly applications of water. J1he presence of red ants in
the greenhouse caused difficulty, especially during the first
year. These voracious insects penetrated deep into the heart-
wood and devoured many of the helpless larvae. ['urther trouble
from this source was prevented by a thorough clean-up of hiding
places and by placing the cages on long, low, rack-like tables
supported by legs immersed in shallow pans of oil. Tanglefoot
was smeared on the supporting rack between cages so as to pre-
vent migration of the ants from cage to cage. Very few ants
were observed in 1938 and none during 1939-1940. Precautions
were also observed in protecting the out-of-door cages against
ants but apparently they are not so much of a problem there as

indoors.



MATERIAL COLLECIED IN 1937

No fire-killed coniferous wood from spring fires was
available during this year. Material from spring fires is
desirable because of its attractiveness to the female beetles
for purposes of oviposition during the months in which they
are flying, (May, June and July). However, material for study
during this year was obtained in the following manner: Sections
from the base and larger branches of white pine trees in the vi-
cinity of Ekast Lansing, Michigan were scorched by burning a light
application of old crank-case o0il smeared over the surface. These
trees were in a weakened condition due to a heavy infestation of
the bark beetles, Ips calligraphus (Germ) and Ips pini (Say) and
were felled by the Forestry Department of Michigan State College
in the early spring only because their death appeared imminent.
On May 13, 1937, after the superficial burning described above,
the logs and limbs were placed in a sunny spot near a quantity
of pine fire-wood which had been infested with wood-boring in-
sects during the previous year. A similar amount of recently-
felled white pine wood which had not been given the burning
treatment was distributed at the same time in the same locality.
411 wood was collected and caged on September 20, 1937. Portions
of both burned and unburned wood was placed in the greenhouse
for winter observations with the remainder being left out-of-
doors. At the time of caging, examination proved all pieces
of wood to be infested except two fire-treated limbs of about

four inches in diameter.
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By September 20, most of the borer larvae had finished
their phloem region feeding as was evidenced by oval-shaped
entry holds into the sapwood. 1In spite of this protection,
red ants destroyed a number of the larvae in the wood of the

greenhouse cages.
1937 RESULTS

I'he following two pages are devoted to a record of sec-
ondary beetles reared from white pine (Pinus strobus L.), ex-

posed to infestation as described under "Material Collected

in 1937."
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Iable II.
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DISCUSSION AND SUMMARY OF 1937 RESULIS

an examination of the emergence records of the burned and
unburned white pine wood does not show that scorched timber is
attractive to secondary wood-destroying beetles nor does it show
that such material is particularly repellent in most cases.

1t was noted that the burning treatment applied to the wood
did not kill the bark beetle larvae present at the time. Miller
and Patterson (62) say that moderately severe fires or fires that
do not burn the bark from the infested trees fail to destroy the
bark beetle broods. According to Beal (2) a great many of our
forest fires are more spectacular than damaging. He points out
that when a fire rages through the highly combustible foliage of
living coniferous trees (crown fire) it creates a false impress-
ion of tremendous damage. Crown fires seldom damage merchantable
timber and it seems reasonable to assume that such fires do not
completely destroy infestations of bark beetles.

A more complete examination of the infested wood of this
experiment revealed the white-5potted sawyer, Monochamus

utellatus (Say) as being chiefly responsible for most of the

damage. Practically all of the individuals of this species com-
pleted their development in one year under East Lansing conditions.
In all infested material the gaping larval tunnels of this destruc-
tive sawyer were extended into the heartwood. The tunnels of
Asemug moestum Hald. also reached the heartwood but the scarcity

of this species lessens its importance.



-14-

Chrysobothris dentipes Germ., istylopsis guttata (Say),
and Pogonocherus mixtus Hald. might prove beneficial in that

they seriously compete with bark beetles for the vital phloem
reglon food of the tree. Their larval work is confined mostly
to the lnner bark and outer sapwood and it does not seem that
they contribute much toward the deterioration of timber. A
more detailed discussion of Monochamus scutellatus (Say) as well

as other species will be included later.

MATERIAL COLLECTED IN 1938

—————

On November 6-7, 1938 infested coniferous wood from Hale,
Luzerne, Roscommon, Grayling and Whittemore was transported by
truck from these northern Michigan localities to East Lansing,
cut into appropriate lengths, caged and labeled. A sample lot
of infested wood from each tree species for the various locali-
tles was caged indoors with the remainder being caged in the
open. A description of the type of infested material follows:

HALE, I0SCO COUNTY: A quantity of fire-killed Jjack pine
(Pinus bapksiana) was obtained from this area. The fire occurr-
ed in the fall of 1936 and burned over several sections of timber
composed almost exclusively of jack pine. The majority of the
trees in this locality had been rather lightly infested during
the previous season but had not been attractive for oviposition
during the summer of 1938 because of the dry condition of the
wood and the fact that much of the bark had become loosened from

the trees. The occurrence of this fire in the fall made the
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timber originally less susceptible to borer attack the follow-
ing spring, because sufficient time for rather thorough dessica-
tion of the wood had elapsed.

WHITTEMORE, IOSCO COUNTY: A quantity of infested tamarack
(Larix laricina) and balsam fir (4bies balsamea) killed by a small
road-fire was available here. In addition a few borer-infested
pleces of balsam and tamarack cut during the preceding spring but
not damaged by the fire was also obtained.

GRAYLING, CRAWFORD COUNTY: ©Several samples of heavily infest-
ed balsam fir and Jack pine was cut from storm-felled trees in this
locality. From all appearances these trees were killed during the
previous late winter or early spring. It was considered worth
while to bring material such as this 1n for study because of the
possibility of making comparison between the number and species
of insects infesting storm-killed and fire-killed timber.

LUZERNE, OSCODA COUNTY: Storm-felled balsam fir and jack
pine, all in the Huron National Forest, were found to be heavily
infested with borers. ©Several sections from various parts of
these trees were obtained.

ROSCOMMON, ROSCOMMON COUNTY: It was in this locality that
the best material for 1938 study was obtained. A considerable
area had been cut over during the previous winter and all slash
was left in the clearing. A small fire occurring in the early
summer destroyed some of the slash and killed a few of the sur-
rounding white pine, Jack pine and Norway pine trees. All burn-
ed trees and slash were heavily borer infested. Piles of sawdust

pushed out of the burrows by the wood-boring larvae were consnie-
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uous everywhere. A considerable amount of the infested slash
and fire-killed timber of each tree species was brought to East
Lansing. All material from the above localities except that
from Roscommon was caged for but one year, at end of which time
each piece of wood was carefully examined for wood-boring larvae
by splitting. The pine from Koscommon was kept caged for two
years.

The following few pages are devoted to a tabulation of the
number and kind of wood-boring beetles reared from the described
material from each locality as well &s other information that it
was considered worth while to include. The only emergence dates
of indoor reared insects included here are concerned with the

Roscommon material.

Table III1
HALE, MICHIGAN
Host - Fire-killed jack pine (Pinus banksiana)
Total approximate area bark surface collected - 63 sq. ft.
Approximate date of fire - Fall of 1936
Date wood collected - November 6, 1938

Species Number Emergence
Reared Reared Dates
Monochamus scutellatus (Say) 3 June 19-July 2, 1939
Monochamus titillator (Fab.) 5 June 6-July 13, 1939

This material was split and examined during November, 1939.
No larvae of any kind were found.
It is quite probable that the eggs from which the reared

beetles developed were deposited in the summer of 1937 and owing
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to the dessicated condition of the wood required two years
in which to complete their 1life cycle. 1he development of
Cerambycid beetles in very dry wood is often retarded and

some species have been Known to spend twenty years in imma-

ture stages under such conditions. (3), (15).

Table IV
LUZERNE AND GRAYLING, MICHIGAN
Hosts - Storm-felled balsam fir (Abjes balsamea) and jack
pine (Pinus banksiana)
Total approximate area bark surface collected:
Balsam fir - 47 sq. ft.
Jack pine - 50 sq. ft.
Approximate date of felling - Spring of 1938
Date wood collected - November 7, 1938

Species Number Emergence
Reared Reared Dates

Balsam fir

Monochamus scutellatus (Say) 55 May 19-June 28, 1939
Jack pine

Monochamus scutellatus (Say) 37 May 22-Aug. 3, 1939

When the jack pine was split and examined in November, 1939,
three Cerambycid larvae (probably M. scutellatus) and five
Buprestid larvae (probably Chrysobothris sp.) were cut from the

wood. A similar examination of the balsam fir revealed four saw-

yer larvae (probably M. gcutellatus).
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Table V

WHITTEMORE, MICHIGAN

Hosts - Fire-killed larch (Larix larjicina)
Unburned larch

Fire-killed balsam fir (ables balsamea)

Unburned balsam fir
Total approximate area of bark surface collected:
Fire-killed larch - 30 sq. ft.
Unburned larch - 80 sq. ft.

Fire-killed balsam

Unburned balsam fir-40 sq. ft.
Approximate date of burning and felling - opring of 1938
Date wood collected - November 6, 1938

Species _ Number Emergence
Reared Reared Dates

(Fire-killed larch)

Monochamus scutellatus (Say) 11 May 26-June 19, 1939
(Unburned larch)

Monochamus scutellatus (Say) 14 May 26-June 13, 1939
Melanophila plagifera Oben. 9 May 20-June 2, 1939

(Fire-killed balsam fir)

Mopochamug scutellatus (Say) 43 May 23-June 17, 1939
(Unburned balsam fir)

Monochagus scutellatus (Say) 56 liay 18-June 20, 1939

An examination of the various woods for immature forms
in November, 1939 revealed the following numbers present. All
were probably larvae of Monochamus scutellatus (Say):

Larch (burned and unburned) -5

Balsam fir (burned and unburned) -9
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TIable Vi
ROSCOMMON, MICHIGAN

Hosts - Fire-killed white pine, (Pinus strobus), jack pine,
(Pipus banksjana) and Norway or red pine, (Pipus resinosa).
Branches and tops (slash) from a recent cutting of each of

the above tree species.

Total approximate bark surface of each wood collected - fire-
killed - 40 sq. ft., slash - 30 sq. ft.

Approximate time of fire - Spring of 1938

Date wood collected - November 7, 1938

Average diameter fire-killed timber - six inches; slash - four

inches.

The following page 1s devoted to an emergence record for

the Roscommon material.
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Table VI Showing Number, mcmowmm and Famwmmuom Umwmm of Beetles Reared
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PARASITES AND PREDATORS REARED OR OBSERVED IN ROSCOMMON AREA

Predators - Several specimens of the Clerid, Ilhanasimus
dubjus were reared from white and red pine slash which had been
infested with bark beetles. This species, commonly known as the
American bark beetle destroyer, has been reported by Felt (24 p.
500), Graham (34, p. 350), Doane, Van Dyke, Chamberlin and Burke
(20, p. 214) and others as preying on various bark beetles in pines
and spruces in the eastern parts of our country.

A large Elatrid larva was cut from a borer infested white pine
log in the near vicinity of the Roscommon fire and slashing. This
immature click beetle readily devoured larvae of'Monochamus
scutellatus in the laboratory but unfortunately died before matur-
ing; making a determination to species difficult. It is quite pos-
sible that this predator was a member of the genus Alaus bsch. Fiske

(26) reports Alaus myops Fab. as being the principal enemy of
Monochamus in pines, following its prey to their pupal cells deep

in the wood, where it will not only destroy mature larvae and pupae
but also attack fully formed and nearly hardened adults. Blatchley
(6, p.718) reports this beetle to be common in the southern states
but rare north of the Ohio River. Webb (90) says that Monochamus
titillator (Fab.) is preyed upon by an Elaterid beetle of the genus
Alaus but he probably refers only to the southern states.

Parasites - 33 specimens of an Ichneumon parasite emerged from
the cages between May 14, 1939 and June 2, 1939. Ihis parasite,
lchneumon (Ephialtes) mesocentrus (Gravenhorst) (Plate XXVII, fig.
1) is undoubtedly parasitic on Monochamus and probably on its larval

stages as all cocoons of the parasite were found in larval tunnels

and none in the pupal chambers. (Plate XXVII, fig. 2). But one
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parasite of this species was reared from Pinus resinosa (red
pine) which may have been due to the lighter infestation of this
wood by Mopochamus, or to the fact that its thicker scaly bark
offers a handicap to oviposition by parasites.

Two specimens of a Braconid parasite and three specimens
of a dipterous flesh-fly, family Sarcophagidae emerged from white
pine fire-scorched wood during late May, 1939. The puparia of
the Sarcophagids were located close to the surface in a larval
tunnel of Monochamus but certainty as to their host, as well as
that of the Braconids was impossible to establish.

Mites - Several specimens of adult Monochamus scutellatugs
(Say) and M. titillator (Fab.) from the Roscommon area were found
to be heavily infested with mites about the head and thorax.
(Plate XI, fig. 2). Infested beetles appeared annoyed as they
would repeatedly attempt to dislodge their tormentors by means
of their front legs. From all appearances, mite-infested beetles
are not vitally injured as they were observed both in copulation
and oviposition. The presence of mites does not seem to have any
effect on the adult life-span; in one breeding cage a mite-infest-
ed female outlived nine other mite-free individuals. In all ob-
served cases the beetles were already infested with mites when
they emerged from the wood and it seems fairly certain that the
infestation takes place within the wood, possibly in the pupal
stage. Mite infested beetles do not seem to spread the infesta-
tion even though they come in close contact with mite-free indi-
viduals; this can be better understood when one tries to remove
the parasites, especlally from the thorax, where they cling to

the pubescence with sueh tensctty that it is only with consider-
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able difficulty that thej can be removed.

DISCUSSION AND SUMMARY OF 1938 RESULTS

During this year advantage was taken of an opportunity
to make comparative studies of the secondary wood-boring beetle
infestations in slash, storm-felled and fire-killed coniferous
timber. While emphasis in this study is directed toward fire-
killed trees mostly, attention to slash or storm-felled timber,
especially in close proximity to burned-over areas was consider-
ed worth while.

Over the entire area concerned it was observed that the
bulk of the damage could be charged to the white-spotted sawyer,
Monochamus scutellatus (Say). Craighead and Middleton (18), Pier-
son (66), and Hopping (47), report the sawyer, Monochamus
marmorator Kby. as attacking dead and dying balsam fir in the
northeastern states and Canada. No adults of thlis species were
reared from balsam fir during the entire time that this work has
been carried on.

Results of this year's work do not indicate that fire-killed
timber has any particular attraction for wood-boring insects found
in Michigan. An examination of the emergence records show that
from a total of approximately 190 sq. ft. bark-surface of scorched
timber, which did not include the unattractive material at Hale,
250 specimens of beetles were reared making an average of 1.3l in-
sects per sq. ft.; from a bark-surface total of 257 sq. ft. of
storm-killed and slash coniferous wood, 394 specimens of beetles

were reared or an average of 1.53 insects per sq. ft.
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With reference to the Roscommon area where conditions for
secondary wood-destroying insects were especlially favorable, it
was noted that Buprestid beetles of the genus Chrysobothris Esch.
are especially adapted for breeding in slash. These insects in-
variably were more numerous in the thinner barked branches than
in the thicker barked trunk regions. Chrysobothris scabripennis
C. & G. was found to be the commonest Buprestid present but was
reared only from white pine. Chrysobothris dentipes (Germ.) re-
ported by Blackman and Stage (3) as breeding "in immense numbers"
in pine slash and a closely related species Chrysobothris
blanchardii Horn, were present in modest numbers. The large Bu-
prestid, Chalcophora virginiensis Drury (Plate XXVI, fig. 2) re-
ported by Buttrick (9) as being chiefly responsible for the de-
terioration of fire-kilied timber in the bBlack Hills of South Da-
kota is apparently not of much importance in similar situations
in Michigan. OUnly seven specimens of this species have been rear-
ed in Michigan during this study and these from white pine near
Roscommon.

It was noted in the Roscommon area that fire-injured trees
were attacked by bark beetles, especially ambrosia beetles of the
genus Gnathotrichus Eich. (5), (51), (73), (75). 4ll of the in-
Jured trees in the locality were salvaged the first winter after
the fire making further observations impossible. ©ome of these
trees had severe foliage and cambium injury as a result of the
fire, which together with bark beetle attack, would have made
their death practically certain (72).

Observations in the forest area surrounding the Roscommon
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slashing and burning made during the summer of 1939 did not in-
dicate any menace to the healthy trees as a result of the ideal
breeding conditions afforded by the slash and fire-killed trees.
No healthy trees in the immediate vicinity were found to be in-
fested by bark beetles. Patterson (64) says that in the West,
slash is particularly attractive to the bark beetle, Dendroctonus
brevicornis Lec., but these infestations are not a menace to
neighboring timber. He states that such conditions cause a tem-
porary concentration in the slash but the infestation returns to
normal within a year. Craighead (17) and Graham (30) believe
that but few species are capable of adapting themselves to breed-
ing in slash and killing living trees. They realize that at
times outbreaks of slash-breeding insects might kill mature trees
but state that these outbreaks are sporadic and believe that but
little benefit could be derived from disposing of slash. Dunn
(23) considers secondary forest insects, which by their activi-
ties hasten the process of decay and the resulting reduction of
the wood to humus, are almost entirely beneficial within the for-
est itself. He agrees, however, that such insects may cause seri-
ous losses to the timbe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>