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LETTER OF TRANSMITTAL.

U. 8. DEPARTMENT OF AGRICULTURE,
Burear or ExtoMmoLosy,
Washington, D. C., March 31, 1909.

Sie: I have the honor to transmit herewith manuscrlpt of the
first partof a proposed bulletin of this burean, to be entitled ‘“ Practical
Information on the Seolymd Beetles of North American Forests.”’

The present part is entitled ““ Barkbeetles of the Genus Dendroc-
tonus,” and deals with the more practical results of extensive inves-
tigations by Doctor Hopkins between 1891 and 1908, and of those
-conducted by him and under his immediate supervision by field
and office assistants of this Bureau, Messrs. W. . Fiske, H. E. Burke,
and J. L. Webb. Tt relates to the most destructive enemies of the
coniferous forests of North America, gives practical methods for
their control, and serves as a supplement to Technical Series No. 17,
. Part I, the two publications together making a very complete tech-

nical and popular monograph of the genus Dendroctonus the major

part of which is based on original research. It is beheved that these

contributions will mark an important era in the history of forest

entomology in Ameriea, and should be of special value to the sys-
" tematic and economic entomolocrlst and to students of forest ento-
mology. This part should be of exceptional interest and value to
_-practical foresters in the management of National and State forests,
--as well as to private owners of forests. The illustrations are mainly
- reproduced from Technical Series No. 17, Part T. :

I recommend the publication of this manuscript as Bulletin No.
83 Part I, of the Bureau of Entomology.
' Respecifully,

L. . Howarp,

o _ Intomologist and Chief of Bureau.
Hon. James WiLson,

Secretary of Agricullure. .
: Til



PREFACE TO BULLETIN. _

During the writer's investigations of extensive insect depredations
- in the forests of West Virginia, from. 1890 to 1902, he was forcibly
impressed with the importance of the forest-insect problem in con-
nection with any future efforts toward the successful management of
" the forests of this country, and was thus led to give special atten-
tion to the subject. It was soon realized that among the principal
groups of insect enemies of forest trees the scolytid bark and wood
boring beetles must occupy first rank, both in economic importance
and systematic interest. Subsequent investigations in West Vir-
ginia, in connection with the work of the West Virginia Agricultural
- Experiment Station, and in all of the principal forest regions of the
country, in connection with the work of the Bureau of Entomology,
have served to confirm these first impressions.
In these investigations special efforts have been made to acquire
‘information on the habits and seasonal history and other facts relat-
ing to the various species, and to colleet an abundance of material
for systematic study, all to form & basis for conclusions in regard to
. the principal enemies of American forests and practical methods for
- their control.
. The results of these investigations will be published in the two

series of bulletins issued by the Bureau of Entomology. Those relat-
ing to the purely technical or systematic side of the subject, and of
more direct interest to the systematic and economic entomologist
and the general student of entomology, will be published in the
technical series, while those of special interest to the economic ento-
mologist, the student of forest entomology, the technical and practi-
cal forester, the owner of private forests, the manufacturer of forest
products, and the public generally will be included in the regular,
economic series of bulletins. The bulletins of each series are to be

& issued in parts, each part relating to a special group or genus as the

work thereon is completed, thus avoiding the otherwise necessary
delay in publication. A full index will be published to accompany
each completed bulletin of several hundred pages. -

o ' A.D.H.
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~U.8. D.A., B. E. Bul. 83, Part L. . ) . I, 1., October 11, 1909.

PRACTICAL INFORMATION ON THE SCOLYTID BEETLES
OF NORTH AMERICAN FORESIS.

'I. BARKBEETLES OF THE GENUS .DENDROCTONUS.'

By A. D. Horrins, .
In Charge of Forest Insect Investigations.

INTRODUCTORY.

The first part of this bulletin supplements Technical Series No. 17,
“Part T, of this Bureau, in giving facts of practical interest and
importance on a group of barkbeetles which contains the most
destructive enemies of the principal coniferous forest trees of North
America. : '

- To avoid the too frequent repetition of technical and common names
-in the text or in footnotes, the species number is used, referring to .
the corresponding number in a classified list of technical and com-
“mon names in Plate 1.

.+ The list of publications, in which references are to be found to
“some economic feature of one or more species, is arranged in chrono-
“logic instead of alphabetic order, so that the reference in the text
I8 to the year in which the particular article referred to was pub-
lished, as well as to the author's name. A more extensive bibliog-
raphy is found in Technical Series No. 17, Part 1.

HISTORICAL.

:- The name-**Dendroctonus,” which means killers of trees, was pro-
posed in 1836 by Dr. W. F. Erichson to designate a genus of beetles
‘which was then represented by two described species—the European
spruce beetle (No. 21) (see Plate I) and the black turpentine beetle
(No: 22). Between that time and 1897 ten more North American
species, as at present recogpized, were added, one (No. 18) by
Kirby in 1837, one (No. 17) by Mannerheim, 1843, one (No. 23) by
L& Conte, 1860, one (No. 4) by Zimmerman in 1868, two (Nos. 12 and
20) by Le Conte in 1868, one (No. 7) by Chapuis in 1869, one (No. 1)
by Le Conte in 1876, one (No. 8) by Dietz, 1890, and one (No. 24)
by Blandford in 1897. The writer has added twelve (Nos. 2, 3, 5, 6,
- 89535—Bull. 83, pt 1—09—-2
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9, 10, 11, 13 to 16, and 19) North American species, but nene has
been added from any other part of the world. The?,re_fore the genus
is now represented by 23 species from North America and one from
Furope. ‘ o

The European species was early recognized as a destructive enemy

s . 1 - 3 - ! n )
of spruce and other coniferous trees, and much information has bee

published relating to its habits, life history, distribution, and methods
of control. ' . . _

Previous to the year 1891 only two species had been recogmzed. in

this country as depredators on forest trees. The black turpentine
heetle had been referred to by Olivier, 1795, and .the red turpe‘ntme
‘beetle by Harris, 1826 to 1862, and by other writers, as enemies of
pine, and the eastern spruce beetle (‘No. 14}, under thg name of
another species (No 18), was recogm.zed as a destl’uqt1ve enemy
of the spruce in the northeastern United Sta,te:s and southeastern
Canada and was the subject of special investigations and reports _by
several authors. In 1801 the writer found that the southerxrf pine
heetle (No. 4) was the cause of the death of pine and spruce tlmbejr
over extensive areas in West Virginia and adjoining State:s, and it
was the subject of special investigations and reports (Hopkl‘ns, 1892
to 1809). Tt was also mentioned in publications by Chittenden
(1897), Schwarz (1898), and others. : _ -

Tn 1899 the writer made,observations on the destructive habits of
the western pine beetle (No. 1), the red, turpentine beetle (No. 23),
the mountain pine beetle (No. 9), and the Douglas fir beetle (No.
13), and observed the habits of the Sitka spruce beetle (No. 17). I.n
1900 the destructivé work of the eastern spruce beetle (No. 14) in

northwestern Maine was investigated, and in 1901 investigatlons

were made on the Black Hills beetle (No. 10} and its depredations
in the Black Hills of South Dakota were investigated. .

Since July, 1902, many trips have been made }?y .the writer to
different sections of the country in general, and special investigations
made of the work of one or more of the species of this genus, as noted

" further on, under “‘Basis of information,” following the accour}t of
each species. Messrs. J. L. Webb, H. E. Burke, and W’.. . Fiske,
assistants in forest insect investigations, working accordm‘g to the
plans and under instructions of the writer, hav.'e given special atte'n—
tion to the study of the seasonal history, habits, ete., of the species
found during their active field work. _ .

‘My. Webb spent two seasons (1902 and 1906) in the B}ack Hills
National Forest, principally in the study of the Blacltz Hills beetle
(No. 10) and its work and in conducting experiments Wlt.‘h !;rap tregs;
one season (1904) in the San Francisco National Forest, giving gpecial
 attention to species 2, 3, and 8, and one season (19(_)5) in cent.ral

Idaho, studying the western pine beetle (No. 1) and in’ conducting
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experiments with frap trees. He also spent the season of 1906 in
the Black Tills to complete the investigations on the Black Hills
beetle and the season of 1907 in the national forests.of southern New
Mexico and Arizona in general field work.

Mr. Burke spent three seasons {1903, 1904, and 1905) in western
and northwestern Washington in general forest insect investigations,
and made observations on the Sitka spruce beetle (No. 17) and the
Douglas fir beetle (No. 13). He also made special trips to Idaho and
South Dakota in 1904 to determine certain facts relating to the west-
ern pine beetle (No. 1) in Idaho and the Black Hills beetle (No. 10) in
South Dakota. In 1906 he spent the greater part of the season in
‘the Yosemite National Park, under instructions to make special
studies of the mountain pine beetle (No. 9), the western pine beetle
(No. 1), and the red turpentine beetle (No. 23), and in 1907 he made
observations on the southwestern pine beetle (No. 2), the Black Hills

~ beetle (No. 10}, and other species in the forests of Utah.

Mr. Fiske gave special attention to the investigation of the south-
ern pine beetle (No. 4) and its work, experiments with trap trees,
ete., during his general investigations of forest insects in the South
Atlantic and Gulf States during the seasons of 1903, 1904, 1905,
and 1906, and studied the seasonal history and habits of the black
turpentine beetle (No. 22) and the red turpentine beetle (No. 23)—
the latter in the mountains of North Carolina. In the fall of 1906
he made observations on the eastern larch beetle (No. 12) and the
redwinged pine beetle {(No. 18) in northwestern Michigan, and in the
spring of 1907 he made observations on species 4 and 22 in Texas

and on species 2, 3, 5, 8, 13, 15, and 23 in southern New Mexico.

This field work by the writer and his assistants has resulted in
the accumulation of a mass of material in specimens and notes
which has served as a basis for the preparation of this part of the
bulletin. :

Considerable material has also been received from officials of the
Forest Service, together with information in regard to the location and
extent of depredations, and from owners of private forests and other
correspondents in different sections of the country who have notified
us of troubles affecting the timber and have responded to our requests
for specimens and detailed information in regard to the character and

~ extent of the depredations. :

DESTRUCTION CAUSED BY THE BEETLES.

" The results of our investigations have clearly shown that some of

. the species of this genus of beetles are the most destructive enemies
_of the coniferous forest trees of North America. As examples, we
- have only fo cite the well-known depredations by the eastern spruce
.- beetle (No. 14) in the northeastern United States and New Bruns-
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wick during the past century (Hopkins, 1901a), the widespreac
destruction of pine and spruce by the southern pine beetle (No. 4
in West Virginia and Virginia in 1891 and 1892 (Hopkins, 1899a), the
destruction of a large percentage of the timber in an entire National
Forest by the Black Hills beetle (No. 10) within the past ten years
(Hopkins, 1902b and 1905), and the depredations by the western
pine beetle (No. 1) in Idaho, Oregon, and California (Webb, 1906),
and by the mountain pine beetle (No. 9) in Wyoming, Montana,
Tdaho, Oregon, Utah, and California noted in the present paper.

CHARACTER AND EXTENT OF DEPREDATIONS.

Living healthy trees are attacked by swarms ‘of the adult beetles,
which enter the bark on the main trunk and excavate their egg
galleries for a distance of a foot or more through the inner, living
bark. This weakens the vitality of the tree, and in addition the
larvee hatching from the eggs mine through and destroy the bark
intervening between the egg galleries, thus completely girdling the
trees and causing their death. The amount of timber killed in
this manner during the past century has been enormous. That
known to have been killed by these beetles in West Virginia, New
England, and the Black, Hills National Forest alone amounts to many
hillions of feet of the best pine and spruce, to say nothing of the
less conspicuous depredations each year scattered through the
forested sections of the Rocky Mountain, Cascade, Sierra, and Coast
regions, and of the Southern States. Very conclusive evidence has
also been found that some of the great denuded areas in the Rocky
Mountains region supposed to have been caused by forest fires were
primarily caused by one or more species of Dendroctonius. From
our present knowledge of the facts and evidence it is probable
that if the timber destroyed by these insects in the United States
during the past fifty years were living to-day it stumpage value
would be mote than §1,000,000,000. S

POSSIBILITIES OF CONTROL.

The results of our investigations, experiments, and practical
demonstrations make it clear that wherever private forests or State
or National forests are under organized management for fire pro-
toction and economic utilization the control of these insects is often
a less difficult and less expensive problem than that of controlling
torest fires. In faet, wherever there is a sulficient demand for the
timber, and where facilities for the utilization of the trunks of the
infested trees within a specified time exist, the desired control may
often be brought about and maintained practically without cost
or.even at a profit, especially if the action be taken before the depre-
dators have spread over cxtensive areas,

THE GENTS DENbROCTONUS. 5

If, when first discovered, the depredations of the beetles have
already involved an extensive area, or if they are neglected until a
large percentage of the timber is killed, their artificial control will
be as difficult and expensive as that of a neglected forest fire. Further-
more, if the depredations occur in an inaccessible section of the
forest or where the conditions as to labor and other facilities are
unfavorable for necessary action, nothing more can be done toward
thq control of the beetles than under the same conditions in con-
trolling a fire. But with the rapid extension of modern forest
management, lumbering operations, and working plans into the
principal public and private forests, and especially with. the adoption
of fire-control regulations under an organization of fire patrols and
rangers, there will be no excuse for neglecting the insects.

THE BEETLE PROBLEM AS IMPORTANT AS THE FIRE PROBLEM.

In certain sections of the country and in certain National Forests
where the more destructive species of beetles are present and a
constant menace to the standing timber, the beetle problem is

" unidoubtedly as important as the forest-fire problem, and therefore

demands the adoption and organization of beetle-control work, which,
with little or no additional force and equipment, can be conducted bB;
fire patrols and forest rangers, o

The evidence of destructive beetle work is not quite as distinet
as is the evidence of fire, and can not be seen quite so far, but a
clump of yellow-top or red-top trees can be seen for a long distance
and upon closer inspection the pitch tubes and boring dust on ‘(Ll'l(i '
around the trunks of living trees are sufficient danger signals to
demand that the required action be taken to prevent widespread |
deépredations. : ' '

There 1s one great advantage in the requirements for succasstul
beetle control over those for fire control, viz, there is usually a peribd
of six to ten months in which to utilize or otherwise dispose of the
affected timber to destroy the broods of beeiles in the bark, while
a fire requires immediate attention. }

DISTINCTIVE CHARACTERS OF THE GENUS,«

The beetles of the genus Dendroctonus (see figs. 1, 2, 3, ete.) are

" distinguished in the adult stage by their cylindrical, somewhat

elongate to stout bodies, broad and prominent heads, nearly round

77 .to oblong-oval and transversely placed eyes behind the base of

each antenna, the last with an elongate, clublike basal joint (scape)
followed by 5 short joints (funiele) and terminated by a broad club

- which is thickened at thé base and flattened toward the apex, and

@ Bee also Technical Series No. 17, Part I, for technicai descriptions of genus, species,
ete, : c
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TFri 1.—The red turpentine beetle ( Derdroctonus valens).

cubitug 1: Cuz,

& costa; M, medis; M7, media 1; M2, media 2 Cuf,

R, radius I; B2, radivg 2;

d, interradial fold; Se, subcosta; R, radius;.

‘cubitus 2; 4, anal.

RN

{Author’s illustration. )
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has three to four closely connected joints delined by curved lines.
The front of the head has a distinet middle elevation toward the
base of the mandibles, called the epistomal process (see figs. 2, 3).
The pronotum is slightly more than half to slightly less than half
as long as the elytra, which have fine to coarse rugosities between

rows .of obscure to distinet punctures.

The diagram, Plate I, gives the technical and common names of
the beetles of the genus, and shows how the different species fall into
natural primary and minor divisions according to certain structural
characters and peculiar habits.

ADULT CHARACTERS,

In the species of Division I the pronotum is somewhat elongate and
as broad as the elytra, and in those of Division 1T the pronotum is
shorter and is usually narrower than the elytra.

In species 1 to 8 (subdivision A) the body is somewhat slender,

-and the pronotum is but slightly narrowed toward the head, which

in all but species 3 (comprising subsection ') has a frontal groove
and two frontal elevations. In species 1 and 2 (section a') the elytra
are without long hairs, while in species 3 to 8 (section «*) there are
long hairs toward and on the declivity.

Tn speues 9 to 11 (subdivision B) the body is stouter and the
pronotum is distinetly narrowed toward the head, which Is without
frontal groove or elevations. In species 9 and 10 the punctures of
the pronotum are moderafely coarse and deep, while in species 11
they are shallow and usually fine, with the surface more shining.

In species 12 to 21 (sublelswn C) the punctures of the pronotum
are of irregular size, while in species 22 and 23 {(subdivision D)
they are regular,

Tn species 12 and 13 (section ¢*) the strim of the elytral declivity
are deeply impressed, and the interspaces are convex, while in
species 14 to 21 (section at) the striee are but slightly or not at all
1mpressed and the interspaces are flat or but slightly convex. In
species 14 to 19 the striee of the elytral declivity have obscure to
fine punctures, while in species 20 and 21 the strial punctures are
coarse and distinct. Species 22 and 23 are easily distinguished by
their large size, evenly punctured pronotum, which is subelongate and

almost as broad as the clytra and by the very large and prominent
head.

EXTERNAL SEXUAL CHARACTERS,

In species 1 to 8 (subdivision A) the females are distinguished by
a transverse, rather broad, elevated ridge across the pronotum near
‘the anterior margin, moderately broad head, and moderately large
mandibles. The males are without the transverse ridge across the
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- pronotum; but the frontal groove and tubercles are usually more dis-
tinet, the head broader, and the mandibles stouter.
- In.species 9 to 11 (subdivision B) the females have the declivity of
the elytra somewhat flattened and shining and the interspaces with
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“small gragules and sometimes punctured. In the males the declivity
is.more convex, the interspaces have coarser granules, the head is

- broader, and the mandibles are stouter.
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In species 12 to 21 (subdivision C) the sexes are easily distinguished
by the differences in the declivity of the elytra. In the females the
stris are more distinctly irapressed and. the interspaces more convex
and roughened. In the males the strise are much less or not at all
impressed and the interspaces are shining, smooth, and often
punctured.

In species 12 and 13 (section a®) the strie are deeply impressed
in both sexes; but in species 14.to 21 (séction «*) they are rarely
impressed in the males.

In species 22 and 23 {subdivision D) the sexes are less distinctly
defined by external characters. In the females the antennal club is

broader, stouter, and more compressed; the head is narrower and the

mandibles are smaller, while the reverse is true in the males.
THE EGG.

The eggs of the majority of the species have been observed and
apparently show no diflerences except in relative size, corresponding

with the size of the adults. They are slightly oblong, rounded at the .

ends, pearly Wwhite, and shining.

THE LARVA. _ L

The larva (fig. 4) is a stout, cylindrical, yellowish-white, footless
grub with a yellowish shining head. The body is deeply and closely
wrinkled, as shown in the figure. ' '

In species 1 to 11 the dorsal surface of the 8th and 9th abdominal
segments are smooth, without chitinous plates, and the Venti'al pro-
thoracic lobes are more or less prominent. _ o

In species 1 and 2 the front is without a median elevation. . -

Tn species 3 to 7 the front has a more or less rounded convex
elevation. : '

Tn species 9 to 11 the front has a transverse roughened elevation,
slightly more elevated toward the sides. .

In species 12 and 13 the dorsal surface of the 8th and 9th abdominal
segments is without chitinous plates. C

In species 14 to 23 one or both have distinet plates.

In species 14, 15, 17, and 19 the 8th and 9th abdominal plates are-
without prominent spines. The frontal elevation, when present, is
transverse. -

The larves of species 16 to 18 and 19 have not been observed. *~

Species 21 has a roughened plate on the 9th segment, but none n,
the 8th. ' -

In species 12 the front is without a median elevation, but in spe-
cies 13 there is a distinet transverse, rugose, median elevation, more
elevated toward the sides. o
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In species 14, 15, and 19 the front has a transverse elevation, but
in 17 it is absent or indistinct.

Tn species 22 and 23 the dorsal plates of the 8th and 9th segments
have prominent spines, and the front of the head is without elevations.

[ ABDOMEN : | THORAX, |HEAD
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THE -PUPA.

The pupa (fig. 5) is of the general color of the larva, but is of the

_ general form and.size of the adult, with the legs and wing pads folded
beneath 'the body and the abdominal segments exposed. The 9th
segment has two prominent fleshy spines, and the other segments are -
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with or without dorsal, lateral, and pleural spines, which vary in size
among the different species from very smooth to quite coarse and
prominent. o

In species 1 to 5 and 8 to 11 the vertex or front of the head 1s
grooved, with prominent or small fleshy spines situated at each side
of the groove.

The pupa of species 6 and 7 have not been observed.

Tn species 1 to 5 and species 8 the elytral pads are smooth and the
abdominal segments have small lateral spines or tubercles.

In species 1 and 2 the vertex of the head is faintly grooved, the

. spines are small and widely separated, and the front and middle
femora are without apical spines or granules. A

Tn species 3 the vertex is faintly grooved, the spines are very small,
and the front and middle femora have apical granules.

In species 4, 5, and 8 the vertex is broadly grooved, the spines are
moderately small and widely separated, and the front and middle
femora have small apical tubercles. : o

In species 9, 10, and 11 the elytral pads are roughened, with
sparsely placed granules. The head has the vertex deeply grooved
and the spines prominent, and the abdominal segments have very
long lateral spines. In species 9 and 11 the front and middle femora
have two apical spines each, while in species 10 they have one each.

In species 12 to 23 the veriex is either faintly impressed or convex,
with an acute granule at each side and one or two on edch side on the
front. The elytral pads are smooth, and the abdomen has more or
less prominent lateral spines. _ C

n species 12 and 13 the vertex of the head is faintly impressed or
grooved, and the front and middle femora are without granules or
spines. o ‘

In species 14 to 23, so far as observed, the vertex is convex, and
the femora have small apical granules.

- EGG GALLERIES, LARVAL MINES, AND PUPAL CELLS.
(See figures of work.)

Tn species 1 to 11 the ‘egg galleries are winding to straight, with
individual larval mines concealed or exposed in inner Bark and with
the pupal cells either in the outer or in the inner bark. o

Tn species 1 to 8 the egg galleries are winding, nearly transverse to
oblique; the larval mines short, not in groups; and the pupalcells
are in the outer bark. In species 1,2, 5, 6, 7, and 8 the larval mines
are concealed, while in species 3 and 4 they are exposed in the inner
bark. . - o

In species 9 to 11 the egg galleries are longitudinal, slightly wind-

‘ing to straight. - The larval mines are short and usually in groups,
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and both the pupal cells and larval mines are exposed in the inner
bark. : '

Tn species 12 to 23, so far as observed, the egg ga,llerie.s are l_Onglt.l:l—
dinal, straight to slightly winding, with the larval mines either in
groups or comnected, or they form a broad common chamber, and
all are exposed in the inner bark. The pupal cells are located at the

ABDOMEN

THORAX

[

opnasd
e

-appoed culiwading paI oY —
EOEay0LT

'm_tgatrids 0300

souyds eSiayelem puy (¥l
gnETe) 0 fErgL) B SEnweg

e B

LN

ds pepnes ‘4 seurds pemerd B iped-Suia ‘d
g B

o rmmonord Jo sourds TusIon

= 333

{uomwnsn(Ll §IOGIY)
Lanmoy 9 X0, ‘g tBe[ IOMWRIUY  TUIGIQE]

‘raoys( ‘EIop ‘Bdng

fy fxnTey Y {exe) ¥ 1897 I0WNS0L

g sywatard Mg 10 9HI

sansre) @ SeIdIl P

“ENSIB}

ad A immonoad Jo sourds [BISIR]
of ‘0 :padIwruo A118aId ‘g1oedsn TRIIUDA pUB
= __z‘.g;gma;sl-_ —————

‘sods. puslop 9 {seuyds RISIVL

g0IN [UXO0IIINUL I0 IB[[TLIS1Y "
-xnmey jo sourds reotdu

« WS - 7.t 1IN QS

/6‘ anfaag

v
L

immonoid Jo sourds (eI

oF apfaa g,
e
be-
i g
ohsr-

‘2 ‘aA0Q0L8 TE[[PINDE i
SqIpun gy~

iped TeIiTe ‘0
‘gxop ‘4 1507 91PPTIR

10 ped-apistiq TwolsId.

-19)089TL i

—
. . -]
o

q =
2

end of the larval mines or in the larval chambers
exposed. ‘ _ o

In species 12 to 13 the egg galleries are straight or slightly winding,
sometimes branched, the larval mines are in groups -and exposed in
the inner bark, and the pupal cells are exposed or concealed.

]

nd are usually
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In species 12 and 13 the egg galleries are long, longitudinal, straight,
or slighﬂy winding, sometimes branched, and moderately broad; the
larval mines are long, independent of each other from the start
winding, and more or less regular.

In species 14 to 21, so far as observed, the egg galleries are broad,
moderately long, stralght, irregularly branched at terminals, and
usually with an inner gallery through the packed borings of the
finished egg galleries; the larval mines are long, connected toward
the egg gallery, independent and irregular, or forming a broad larval
chamber. ‘

In species 14, 15, and 17 the larval mines are connected toward
the egp gallery and separated toward the middle and outer ends.

In species 19 and 20 the larvee excavate a common or social cham-
ber, sometimes with independent mines extending from the edges.

In species 22 and 23 the egg galleries are broad to very broad,
short to very long, and straight or slightly winding, and the larval
mines form very large common chambers, with the pupal cells in the
chamber or at the ends of short independent mines extending from
the edge of the chamber.

" DISTRIBUTION. -

The distribution of the species of Division I is from the South
Atlantic States to Mexico and Central America, and northward into
the Rocky, Sierra Nevada and Cascade mountaing to British
Columbia. ‘

Species 1 ocoupies the region of the western yellow pine west of
western Montana and southern Ydaho, southward to Santa Barbara
County, Cal., while species 2 occupies the Rocky Mountains region
south of central Colorado and central Utah, into southern California
and northern Mexico. ® -

Species 3, 5, and 8 oceupy pr a,etically the same region as species 2,
while specles 4 occupies the region of yellow pine, loblolly pine, and
longleaf pine south of Pennsylvanla, and westward into Texas, and
species § and 7 occupy the pine regions of the mountding of southern
Mexico. ‘

Specws 9 occupies the region of silver pine, ledgepole pine, and
sugar pine north of Colorado and Utah and westward into the Slerra
Nevada and Cascade mountains.

Species 10 occupies the region of the Rocky Mountain variety of
the western yellow pine and Hmber pine above an altitude of 6,000
feet, from western South Dakota southward through Wyoming,
Colorado, and Utah to southern New Mexico and Arizona, while
species 11 occupies the Jeffrey-pine region from the mountains of
San Bernardine County, Cal., to northern California and probably
into Oregon.
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The species of Division II range from Guatemala northward to
Alaska, eastward to the Atlantic coast, and across northern Europe

- and Russia into Siberia.

Species 12 occupies the regions and sections of eastern larch from
northwestern West Virginia, northward and westward, while species
13 occupies the region of the Douglas fir, bigcone fir, and western
larch from southern New Mexico and Arizona te- Ventura County,
Cal., and northward into British Columbia.

‘Species 14 occupies the region of red spruce from the high moun-
tains of Pennsylvania northward and from New Brunswick to north-
western Michigan, and probably northwestward to the 100th meridian.

Species 15 occupies the region of Engelmann spruce from the white

gpruce in western South Dakota westward, and north of southern

New Mexico.

Species 16 occupies the white-spruce region in Alaska, and species
17 the Sitka-spruce region from southern Oregon fo Sitka.

Species 18 occupies the Lake Superior region; species 19 the region
of lodgepole pine from central Colorado northward probably into
British Columbia; species 20 the regions of red spruce from the moun-
tains of West Virginia intc New Yorls; while species 21 occupies the
spruce and pine regions north of central Europe in Denmaik and
through Russia to eastern Siberia.

Species 22 occupies the region of pitch pine, Virginia pine, yellow
pine, loblolly pine, and longleat pine from Long Island, New York,
east of the Allegheny Mountains, southward to Florida and Texas,
and west of the mountains from the Little Kanawha River probably
through Kentucky and Tennessee, while species 23 occupies the
regions of pine timber from the Atlantic to the Pacific north of the
South Atlantic and Gulf States and south info the mountains of
Guatemala. Species 24 is deseribed from Guatemala.

The distribution maps (figs. 11, 14, 17, ete.) show the known and
probable ranges of each species, the known range being mdlcat.ed
by large dots and the probable range by small dots.

The distribution of the genus is shown on a map of the world
(P1. 11.)

HOST TREES.

In Division I the specms confine their attack to pine and spruce,
but principally to the pines.
Species 1 confines its attack to the western yellow and sugar pine,

and is a destructive enemy of both. Species 2 attacks the western

yellow pine, but, so far as obgerved, is much less destruective than its

"¢ northern and western neighbor. Tt has also been found in the Doug-
" lag fir, but this is evidently an abnormal habit.
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Species 3, 5, and § are usually associated with_No. 2 in the Western
yellow pine, but none of them has been especially defstructllve, al-
" though independently or-collectively they are Cpr%.Lbl'e of being so.
Species 4 attacks all of the pines and spruces within its range, and

while it caused widespread devastation in its northern range during -

1891 and 1892 its destruction of timber within its southern range,
g0 far as observed, is comparatively moderate. = ‘
The species of subdivision B are the most destructive insect enemies
of western pine forests. Species 9 attacks the western W}uife pine,
silver pine, sugar pine, lodgepole pine, :mc}f Western yellow pine, and
is exceedingly destructive in certain localities throughqut its range,
especially to“the silver pine, sugar pine, and lodgepole pine. Spelees
10 attacks the Rocky Moumfain variety of the western yellow pine,
limber pine, white spruce, and Engelmann spruce, but confines

itself principally to the yellow pine and is exceedingly destructive,

" as has been conclusively demonstrated in the Black IIills Forest
Reserve of South Dakota and in numerous localities in 09101‘ado.
Species 11 attacks the Jeffrey pine an'd western yeﬂow pine, but
prineipally the former, to which it is quite destructive,

The speeies of Division II.attack pines, spruces, 'larches,' sgnd
Douglas-fir, and some of the:species-are very dest-ru"ctlve to living
timber. S 1 _

Species 12 confines its attack to the eastern larch. _There is no
positive evidence that it is primarily destructive o living timber,

but it evidently contributes to the death of trees defoliated by the -

larch worm. Species 13 confines its attack principally to the Douglas

- fir, but is also found in the: bigcone spruce and western larch. In

" the northwestern section -of its range this species" i‘sinot especially
destructive, but in its eastern and southern range it is very destruc-
tive to the Douglas fir. _ : . :
Species 14 attacks the red spruce, black spruce, and white spruce,
and from time to time during the past century it h%s been exceed-
ingly destructive to the red spruce in Mame and New Brunsvvlckf.
Species 15 attacks the Engelmann and evidently the ot'her spruces o
* the Rocky Mountain region. There is conclusive evidence that it
has caused widespread devastation of matured spruce during the

past fifty years, and it is now quite aggressive in some localities.

Species 16 has been found in the white spruce, but nothing more is

known of its habits. Species 17 attacks the Sitka spruce, but there.

are no records to indicate that it has been Primarily desf?ructwe t0
living timber. Species 18 lives in the white pine, but nothing further
is known of its habits. pole pine a1
Engelmann spruce, but it is not known Wh?,t}_ler or not ‘.lt is primarilty
destructive. Species 20 was found in the 11v1pg bark on a ;'ed~spr1lme
stump in West Virginia, which is all that is known of its habits.

Species 19 attacks living lodgepole pine and
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pecies 21 is recorded as attacking spruce and pine principally, and
as sometimes attacking larch, and fir (Abies), and is recognized as a
- destructive enemy.

“Species 22 attacks the different species of pine within its range and
“has also been found in spruce. Tt is sometimes destructive to living
trees, but more often is simply injurious to the base of the trunks in
ausing basal scars.  Species 23 attacks all of the pines and is some-
times found in spruce and larch. Tt rarely causes the death of trees
but causes serious damage to the base of living trees, resulting in the
common defect known as basal scars and fire wounds.

EVIDENCES OF ATTACK,

~-In all of the species the first evidence of attack on living trees is
the presence of piteh tubes on the trunks, mixed with reddish bor-
ings, or the presence of reddish boring dust in the loose bark and
around the base of the trees. Later the fading, yellowish, or reddish
“condition of the foliage Is conspicuous evidence of the barkbeetles’
destructive work.’ ' :

- Bucecessful attacks by species 1 to 8 are followed by a rapid death
‘of the trees. The leaves fade in a month or two and turn yvellow and
reddish before winter. Successful attacks by species 9 to 11 are fol-.
lowed by a slow death of the trees. While the trees attacked during
he summer will have the bark on the trunks killed, the leaves will
1ot turn yellow until the following May. -

Attacks by species 12 and 13 are not as a rule indicated by pitch
tubes, but the reddish boring dust in the crevices of the bark, in the *°
loose bark, and around the base of the trunk of Douglas fir or larch
is-quite conclusive evidence of their presence. Douglas fir attacked
in the summer will have the leaves tading and turning pinkish in the
fall and winter, and reddish in the spring. The leaves on the larch
probably fall before they fade, although some of them may remain
on'the trees after the normal time for them to fall. :
In'species 14 and 15, pitch tubes and red boring dust, mixed with
resin, on the trunk and around the base, are evidences of attack.
he trees attacked in the early summer will shed their green needles
fore fall.  Those attacked later in the summer will have the bark
1 the trunks killed before winter, but the leaves may remain oreen
until growth starts in the spring, when they will fall. Thus in May
and June one often finds the ground beneath the infested frees
covered with the green needles. After the leaves have fallen the
re twigs will cause the tops of .infested trees o present a reddish
appearance.

Species 18 to 20 appear to confine their attack to or toward the
base of the trees, where large pitch or gum tubes are formed, indi-
ating their presence. In Europe, species 21 sometimes attacks the
89535—Bull. 88, pt 1—09—-3
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trunk at points some distance above the base, where the large pltdl
or gum tubes indicate their presence.

Specms 22 and 23 nearly always attack the base of Lhc trees, where
the very large pitch tubes and masses of pitch indieate their work.
When the main trunk is infested by these species to a sufficient extent
to kill the trees, the evidence of infestation is found in the large
pitch tubes and yeHow foliage of the dying trees.

' BEASONAL HISTORY

The important features in the seasonal history of these beetles are
the hibernation or overwintering. of the broods, the beginning of
activity in the spring, the' emergence and flight of the adults, the
beginning and ending of the period of principal attack, the period of
larval development; the principal period of transformation from the
larvee to the pips and adults, the beginning and ending of the period
of emergence, and the number of generations annually.

Certain features in the seasonal history of all of the species are
similar, but as a rule each species or series of closely related ones
has peculiarities which are more or less distinctive. A knowledge of
these facts, therefore, is of prime importance as a basis for advice
relating to the exact species involved in a given troublé and the
suceessful methods of control.

The broods of all of the species pass the winter as adults and
larvee in the bark of the trees, logs, or stumps attacked during the
preceding spring, summer, or fall. All excavate galleries through the
inner living bark in which to deposit eggs, and the larvee of all feed

on the inner bark: all become more or less active as soon as the

weather conditions are favorable in the spring, especially the larvee
and overwintered parent adults, the former extending their larval
mines and  the latter their egg galleries. The principal differences
in seasonal history-are brought out in the following references to
© the geneml features of the dlﬂelent species and in the detailed . dis-
cussion under each species farther on.

In species 1 and 2, under average condltlons there is one complete
generation and a partm.l second during the season of activity. -

In species 1 the first attack is made during the last week in June
and first week in July, and the more advanced broods develop and
begin to emerge about the last of August, but are not all out before
cold weather. The first eggs of the second generation are deposited
about the first of September, but the broods do'not develop beyond
the larval stage before hibernation begins in October. In species 2
the seasonal history is practically the same as in species 1, ‘except
that the attack and subsequent stages begin a month earlier. The
attack begins during the last of May, and the advanced broods begin
to emerge during the latter part of July.
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In specles 3 there is but one generation annually in the more
j_dvanced broods, while the more retarded ones may pass through
w0 winters before they complete their development and emerge.
he adults begin to emerge, attack other trees, and deposit eggs
~toward the last of June, but the broods do not develop before hiber-
wition begins in the fall.

Specles 4 has two or three generations annually in its northern
ange.  In the intermediate range, represented by Tryon, N. C., there
re three or four generations, while in the more southern range there
'j'_ay possibly be ﬁve gener atlons with activity continuing during the
armer days of winter. Under average conditions the ﬁrst attack
made about the middle of May, and under favorable conditions the
resultmg brood develops to adults and emerges in about 51xty days.
Species 5 evidently has a seasonal history similar to species 2

In species 8 there is but one generation annually. The attack
“begins in June, and the broods do not emerge until the following June
10 August or later.

. Inspecies 9, 10, and 11 there is but one generation annually, and the
“seasonal hlstory of each is quite similar to that of the others. The
first attack is made during the last week in July or first week in
tugust, and the broods do not develop and emerge until the following
uly and August.

“In specles 12 and 13 there is a single generation annually. The
18t attack is made in April to May, and the broods emerge the fol-
_-Iowmg Aprll to July.

crIn specres 14 and 15 there is but one generation annually. The
first attack is made in June, and the broods do not emerge until the
followmg June to August. In species 17 the attack begins a month
earlier. In the European species (No. 21) the first attack is made
May and June, and the broods emerge the following May to Angust.
In specles 22 and 23 there is but one gencmtlon annually. The
attack is made during the first warm days in March to April, and the
broods emerge the followlng March to September, or later.

FLUENCES OF LATITUDE AND ALTITUDE ON SEASONAL HISTORY.

The beginning and endlng of the hlbernatlng period vary somewhat
among the different species, and in each species there is considerable
difference at different latitudes and altitudes within its range.
Wl_thln the area of a given State or section of the country this differ-
ce in the begmmnw or ending of a given period in the seasonal his-
tory of a spemes can be estimated after the date of bemnmng is deter-

med for a given season in a given locality. In the spring of a given
year the average difference in the time of beginning activity, emer-
ence, flight, attack, ete., at the same (},ltltude wﬂl not vary much
' om four days later for each degree north, or four days earlier for
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edch degi'ee south, while at the same latitude thfare .WiH be a difference
of about four days for each 400 feet difference m‘a,lt_ltude—four days .
 later for each 400 feet higher, and four days earlier for each 400 feet
lower. This a difference of 7% degrees of latitude at the same 'ele\'ra,—
tion would mean a difference of about thirty dayg in the beginning
of activity or any other event, depending on & given average tem-
perature, while a difference” of 3,000 fee.t in almude at the same
degree of latitude would cause an equal dlﬂeren(}e in these phenolog-
1 vents. :

mallnethé fall of the year the beginning of hibernation and o.ther eYents
will be earlier northward and later southward at localities of th‘e
same elevation, or earlier at higher altitudes and later at lpwer alti-
tudes in the same latitude. o _

Of course there are excoptions to these rules, especmlly_ in regions
like that of California, where remarkably abnormal conditions as to
influence of altitude and latitude prevail, as also in the case qf southern
and northern exposures, sandy dry soils, and wet clayey soils or bogs.
In such cases the estimates must be correc_tgd_so as to allow for three
or four days later for the beginning of activity, ete., under average
colder conditions, or three or four days earher'-f_or average warmer
conditions. The best indication of the rate of difference betx.veen two
localities is found in the average difference in the dates of opening
of the buds or flowers of some indigenous species of forest. frees com-
mon to both localities, and especially of a species of conifer sgb],ect
to the attack of a given Dendroctonus beetle. .

A knowledge of the facts relating to this prlncl‘ple is of especial
importance as a basis for recommending or executing l)eeﬂe—control
policies, since success depends largely on ¢ }'mowle_dge of tlw‘ proper
time to begin and end certain timbeaﬁ—lcumng or barking operations for

ction of the broods of the beetles. , _
theﬁgi‘ﬁ;’tf as 18 {sually the cﬁse, the seaso_na]—hi_sw'ry data have been
collected at different latitudes and altitu'des ‘W1th1n the range of the
species, the discussion under each species is bas?,d. on.a prlobalﬁe
average. But when the data have been collected in one localllty the
discussion relates to that locality, and the probable differences are esti-
mated for other localities. While there is yet.much to be (_lgtermmed
in regard to the rate of difference between different l_ocallmes at t_he
same latitude or elevation in the same region and the 1nﬂuence x}f}.llch
different, latitudes and altitudes exert on diﬁerenilz species, sufficient
evidence is at hand regarding some of the species of this genus and the

regions occupied by them to warrant certain prelimmary conclusions

as a basis for action and further study.
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HABITS.

HABITS OF PARENT ADULTS AND OF IMMATURE STAGES.

.- All of the species of Dendroctonus will breed to. s greater or less
" extent in the living and dying bark of stumps and logs, and in injured
“and weakened trees. Some of them show a preference for trees in
weakiened condition, while others show a preference for healthy trees.
Al of those studied, however, have demonstrated their ability to attack
healthy trees and kill them whenever the individuals of & species oceur
“an suflicient numbers to overcome the resistance of the tree. The habit of
swarming, or of congregating in one locality and concentrating
-their attack on groups of trees within a forest, is one of the more
striking features in the habits of these beetles. The part of a tree
-selected for the attack varies somewhat in the different subdivisions
~of the genus. The species that are more destructive to the life of a
“tree attack the middle to upper portion of the trunk, while those
that are less destructive attack the trunk toward the base, or even
“at the roots. The beetles’ power to resist the repeiling effects of the
esin that flows into the freshly excavated entrances and galleries
-in the living bark and to dispose of it by forming pitch tubes at the
‘entrances is most remarkable. This alone demonstrates the ability
of these insects to overcome the resistance exerted by a living, healthy
tree.  The manner of excavating the egg galleries and the directions
followed in their extension are quite different among the several
species and have a different effect on the tree. The almost transverse,
-very winding, and closely arranged galleries of species 1,2,4, 5, and 6
setve to quickly girdle and kill the trees, while the straight, longitu-
inal course and parallel arrangement of those of species 9, 10, 11, 13,

-and 14 result in a much slower, but none the less certain, death of
the tree.

RELATION OF HABITS TO SUQCESSFUL CONTROL.

_The habits of the broods of larves are of special importance in indi-
ating methods of control. -
In'subdivision A the larve of species 1, 2, 5, 6, 7, and 8 excavate
ir larval mines through the middle layers of the inner bark, so
that they are rarely exposed in the inner bark. Those of species 3
nd.4 -are exposed, but in all of the species of subdivision A the
ansformations from the larve to the pupe and adults are almost
entirely in the outer corky bark, so that in order to destroy the broods
“the species of this subdivision the simple removal of the bark is not
sufficient; it must be burned or otherwise destroyed.
In the species of subdivisions B, €, and D the larvee excavate their
meés in the inner layers of bark and also transform to pupee and
adults in the inner bark, so that wheén the bark is removed from the
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tree they are exposed to the frost or sun and drying winds, which is
sufficient to kill them, without the necessity of burning the bark.

It will be seen from the foregoing that the perieds in which control
operations must be conducted are indicated by the habits and seasonal
history of the species involved. Tn general, the work should be done
between the beginning of hibernation in the fall and the beginning
of activity in the spring, but in the case of certain species in. which
there are one or more complete generations within the season of
activity, such as species 1, 2, and 4, it may be desirable under certain
conditions to dispose of the infested trees during the summer, as
well as during the winter, especially during the principal development
and summer activity of the first generation of larvie. In the case
of species 9, 10, and 11, the operations may be continued after activity
begins in the spring until late in June or the first of July.

SECONDAﬁY INJURIES TO THE TREES.

Some of the losses resultihg from secondary injuries or destrue-
tion may be mentioned in this connection. One of these which affects
the commercial value of the beetle-killed trees is the bluing of the

sapwood. This, according to Dr. Hermann von Schrenk, 12 due to

a fungus which finds its way into the wounds and galleries made by
the beetles and rapidly penetrates the sapwood to the heartwood,

causing at first bluish streaks and later a uniform bluish-gray appear-

ance of the wood. This bluing condition, especially in pine trees
infested with species 9 to 11, oftem prevails long before the leaves
of the beetle-infested trees show evidence of decline or death.

Other secondary losses consist in abnormal decay of the sapwood
and heartwood, but the greatest losses of this class may come from
forest fires started in the beetle-killed timber, which may not only
complete the destruction of the old dead and the newly infested tim-
ber, bat also spread into the healthy forests. But there is one
redeeming feature in the destruction of the beetle-infested timber by
fire, and that iz the widespread destruction of the beetles in the
infested trees, thus preventing the rapid extension of their ravages
which would otherwise occur.

f‘AVORABLE AND UNFAVORABLE CONDITIONS FOR THE BEETLES.

It is quite necessary that we should have some general and defailed -

information, in regard to the influences upon the beetles of climate,
fives, etc., and how certain methods and practices in the manage-
ment of a forest, or in utilizing its resources, contribute to the mul-
tiplication of the destructive enemies of the living timber, and how
sertain other methods may contribute to their reduction or destruc-
tion. There is considerable difference in this respect between dif-

i
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~ ferent sections of the country and between different species of
- Dendroctonus, as mentioned under the more detailed discussion of
““the several species. '

COLIMATIC INTFLURNCES.
DROUGHT.

- It ig the common impression that the death of pine and spruce
-timber in certain sections of the Rocky Mountain region is primarily
“due to a weakened condition resulting from drought and that the
~work of the insects is secondary. Under the influence of exceptionally
- severe drought during several successive seasons this may be true to
:“a very limited extent, but our observations lead us to conclude that
“‘drought does not offer specially favorable conditions for the multi-
-~ plication and destructive work of barkbeetles. In fact, the reverse is
- more likely to be the rule, since exceptionally dry conditions appear
“‘to be more unfavorable for the development of the beetles than
" humid conditions. The only exception we have noted in which injury
-1s greater in dry sections than humid ones is that of the Douglas fir.
~ In the more southern range of this tree, where the normal dry char-
acter of the climate and soil prevails, it suffers more from the Douglas
fir beetle (No. 13) than it does in the Northwest, where, under moist
conditions and rich soil, the tree reaches its best development. This
beetle is very abundant in the Northwest, yet as a rule it confines its
attack to the felled and injured timber and rarely attacks the healthy
trees. -On the other hand, the western yellow pine sullers more
severely in the humid sections than it does in the more arid ones, as
emonstrated by the work of the Black Hills beetle (No. 10), which
is widely distributed over the eastern section of the Rocky Mountain
region, vet has been far more aggressive and destructive in the Black
Hills National Forest than in the much drier sections in southern
Colorado and northern New Mexico and Arizona, and has continued
g dépredations in the Black Hills unabated through excessively wet
‘as-well as excessively dry seasons. .

. “The western pine beetle (No. 1) is far more abundant and destruc-
':.tive in the northern and more moist climate of the mountains of
daho, Oregon, and California than is its near relative, the south-
estern pine beetle (No. 2) in the drier forested areas of New Mexico
nd -Arizona. The mountain pine- beetle (No. 9) is exceedingly
destructive to the lodgepole pine at high altitudes and under espe-
cially moist conditions. The same may be said of the eastern spruce
beetle and the Engelmann spruce beetle. It is evident, therefore,
hat drought is not an important factor in contributing to the multi-
lication or destructiveness of this class of enemies.
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LOW TEMPERATURE AND S8NOW.

While the severe cold at the high elevations in which most of the
western species prevail appears to have no detrimental effect on the

~ overwintering broods, we bave a striking example of its effect on a

northern migration of a southern species, in the complete extermina-
tion of the southern pine beetle (No. 4) in the Virginias by the excep-
tionally eold winter of 1902-3. On the other hand, snows, when
sufficiently heavy to break down a large amount of timber, might

. ‘offer favorable conditions for the miltiplication of some of the species

like' the western pine beetle, the mountain pine beetle, and the

" Douglas fir beetle.

LIGHTNINCG,

In certain sections of the country where a great many pine and
gpruce trees are struck by lightning during the summer months these
trees furnish exceptionally favorable conditions for the perpetuation
and multiplication of the pine and spruce beetles. Although the

constant supply of such trees furnishes also favorable conditions for
_ the multiplication and perpetuation of the matural enemies of the

destructive beetles (insects and birds), these enemies are’ frequently
not sufficiently numerous to serve as a natural check, and the living
timber is attacked by the broods of beetles which develop in the
lightning-struck trees. This is especially true in the Southern States,
where a pine tree struck by lightning attracts the beetles to the spot,
and they not only enter the injured tree but attack and kill a number
of those surrounding it.

: WINDSTORMS.

Whenever. a windstorm occurring during the period from June to
August is sufficiently severe to fell and break a large amount of pine
and spruce, favorable conditions may be presented for the multipli-

“cation of certain of the destructive beetles, provided they are presént

in the locality in sufficient numbers to infest the felled timber. This
has been demonsfrated from time to time in FEurope, where beetles
with mueh less aggressive habits than the Dendroctonus beetles have,
it is said, been thus enabled to multiply to sufficient numbers to
attack and kill the living timber and cause serious extension of
their depredations into the healthy forest. '

OTHER INFLUENCES AND CONDITIONS.
FOREST FIRES.

While some of the species find favorable conditions for their raulti-
plication in fire-scorched trees, others, like the Black Hills beetle,
appear to prefer the uninjured trees. This 1s due, perhaps, to the
fact that if a fire be sufficiently severe to kill large pine trees, the bark
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-on the lower and middle trunk is so scorched and killed that the
beetles can not live in it. Spruce, however, may be killed or weak-
ened from injuries to the base and roots by a surface fire, and thus offer
especially favorable conditions for the multiplication of the spruce
beetles.” On the other hand, a forest fire in a forest in which the
majority of the trees are infested by broods of beetles and dying
from their injuries may contribute to the destruction of the insects
and the protection of the remaining living timber. '

MATURED TIMBER.

Practically all of the more destructive species show a decided pref-
erence for the larger and best-matured trees, and as a tule these are
killed first, and the younger timber is not attacked until later, if at all.
‘This is particularly true of the spruce beetles (Nos. 14 and 15), the
southern pine beetle in the East and South, the western pine beetle,
-+ and the mountain pine bectle of the West.

COMMERCIAL CUTTING.

The cutting of living timber for commercial purposes may offer
favorable conditions for the multiplication of some of the species,
like the Douglas fir beetle and western pine beetle, but if such cut-
ting, within' a range of less than 50 square miles, is more or less
continuous, it appears to serve as a protection to the living timher
rather than otherwise. On the other hand, local sporadic cutting
may bring about more or less serious results. Some species, like
the Black Hills beetle, are evidently not attracted from the living
frees by cutting operations, while the southern pine beetle in the
Southern States is greatly favored by sporadic cutting, especially if
arried on during the summer months.

SUMMER CUTTING.

The cutting of healthy trees, or even of living beetle-infested
ees, during June, July, and August, in a forest or section where
the southern pine beetle, the western pine beetle, the mountain pine
beetle, or even the Black Hills beetle, is present, is more or less
objectionable from the fact that the beetles are attracted by the
dor of the exposed bark and wood and often attack many healthy
ees in the immediate vicinity of the felled ones.

WINTER CUTLING.

‘When any of the more destructive beetles are present in a forest
is imiportant that the principal timber-cutting operations should
be carried on during the late fall and winter months, and completed

.the spring before the beetles begin to fly. This is especially
important when there is a large amount of infested timber to be
ilized, because it is necessary to remove the bark from the trunks
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of such trees or convert them into lumber and burn the slabs before
the insects begin to emerge. Winter cutting of living, healthy tim-
ber is much to be preferred when species with a single generation,
like the mountain pine beetle, Douglas fir beetle, ox-the spruce beetles,
" are present, because during the following summer the stumps and
slash will serve to attract the beetles away from the living: trees.
And since the broods would remain in the bark during the following
- winter they can then be destroyed by burning the slash any time
- during” the following fall or winter. In the Southeast and in the
Rocky Mountain region, however, when species with more than one
generation annually are present, it may be necessary to burn the
winter slash before the first of July, to destroy the broods of the

first generation which develop from eggs deposited during May or

June.
NATURAL ENEMIES OF THE BEETLES.

Were it not for the natural checks and control of some. of the
ingect eénemies of forest trees, the destruction of the forests would
evidently be far more continuous and complete, but under the
existing warfare between the trees and the destructive beétles and
between the beetles and their own enémies, a more or less balanced
condition in nature is preserved, so that'it is only under exceptional
conditions that a species of tree or a species of insect is extermi-
nated. ' '

' INSECTS.

The insect enemies of the destructive beetles consist of parasites,

predators, and robbers. The parasites are small wasplike insects.”
The adults lay their eggs on, in, or near the beetle larve, and the
minute maggoflike larve of the parasite, situated either internally
or externally, feed on the body fluids and thus cause the death of
their victims. When the parasite larva reaches its full development
it either changes to a free pupa in the mine of its victim or makes
a cocoon in which it goes through its transformation. Therefore
the presence of certain of the parasitic enemies of the beetle larvae
is indicated by the presence of their cocoons in the mines, even after
their victims have been destroyed and they themselves have emerged.
The principal predators consist of certain adult beetles and their
larvee ? (see fig. 32), the adults often feeding on the adults of the
destructive beetles before or after they enter the bark, and the
larvas feeding on the broods of the beetle larve in the bark. '
There is another class of predatory enemies of the beetles among
the true bugs,® which follow the beetles and larvze into their galleries

N e Order Hymenoptera, families Braconidse, Chaleididee, etc._
& Order Coleoptera, families Cleridse, Histeridee, Trogositidee, Colydiide, ete.
- ¢Family Anthocoridee.” - =
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-and mineg, and kill their victims by inserting their beaks into their
“bodies.

The so-called robbers (see fig. 30) consist of large bark-boring
~.grubs or larve of long-horned beetles,* which sometimes rob the
“barkbeetle larvee of their food supply or kill them outright, by
“destroying the inner bark before the broods of barkbeetles have
- completed. their development. These, however, do not occur so
commonly with the more destructive barkbeetles as with those
which, like the bark-boring grubs, are in the bark as the result, and
‘not the cause, of the dying condition of the tree.

. While some of the Dendroctonus beetles have numerous insect
~enemies, others have comparatively few. Some of the smaller species,
like the southern pine beetle, which often occupy the thin bark on the
upper portion of the trunk and branches of the larger trees, and
‘sometimes on young trees, have many parasitic enemies, while others
~of the small species, as 1, 2, and 5, and the larger species, such as the
. Black Hills beetle and the Douglas fir beetle, which usually occupy
the thick bark, have none at all, or very few.

~. Bo far as determined, the southern pine beetle has 11 parasitic and
~about an equal number of predatory enemies; the eastern spruce
_beetle has 5 parasitic and 4 predatory enemies, and the eastern larch
~beetle 6 parasitic and 2 predatory enemies. Of the western species
~the mountain pine beetle is the only one on which a parasite has been
found, but there are four or five predators common to all, which evi-
dently exert quite an important influence in protecting the forests of
-some sections. With a little assistance on the part of the owner of
-the forest, this class of beneficial insects will exert a much more power-
ful influence in preserving a desirable balance among the contending
orces, and thus prevent destructive outhreaks of the beetles. This
balanced condition appears to prevail at the present time within the
ange of the southern pine beetle, and with proper attention to local
~outbreaks of the beetles it could be maintained. However, this whole
ubject of parasites and predatory enemies of forest insects and their
economic relations is one which has not as yet received the attention
t deserves. Mr. Fiske gave the matter considerable attention during
his field work in forest insect investigations, but his detail to another
branch of the Bureau prevented him from continuing if.

BIRDS,

- Wherever the Dendroctonus beetles have been found in standing
imber the work of woodpeckers has been more or less common, and in
ome trees quite a large percentage of the beetle broods has heen
estroyed by the birds. The evidence gathered in Maine a few years

¢ Family Cerambycidz,
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ago indicates quite conclusively that the birds were rendering a most
valuable service as a natural check to the multiplication and destruc-
tive work of the eastern spruce beetle. The work of birds is common

in sections where species 1, 9, and 10 and other western species are

prevalent. Yet birds evidently render the greatest service where but
few trees are being killed, since their concentrated work may preventi
an abnormal increase of the beetles; but where many hundreds or
thousands of trees are being killed, the limited number of birds can
have little or no effect.. Therefore, while the birds are among the
foresters’ valuable friends, they can not, even with the utmost pro-
tection, always be relied upon to protect the forest from its insect
enemies. We must remember that there are most complex interre-
lations between birds, the injurious insects, the beneficial insects, the
enemies of the birds, etc., which do not always result in benefit to the
forest. 1In fact it is often guite the reverse. Therefore, in order for
the forester or owner of the forest to derive the greatest benefit from
the conflict, he must not only direct his efforts toward utilizing as far
as possible the natural factors which are contributing to his personal
interests, bui whenever the enemies of the forest threaten to get
beyond natural control he must enter the fight and by radical artificial
means force them back to their normal defensive position.

- DISEASES OF THE INSECTS.

While evidence has frequently been found of the work of fungous or
hacterial diseases in destroying the adults and immature stages of the

beetles, the matter will require detailed study by specialists on such .
diseases before any definite conclusions can be formed in regard to

‘their economie relations or importance.

DISEASES OF THE TREES.

Evidence has been found from time to time that the primary cause
of the death of isolated large and small trees and saplings was some
fungous disease of the roots and base of the stem, and that the larger
trees so affected sometimes favored the multiplication of a destructive
msect enemy. Ividence has also been found that certain diseases of
the inner bark and sapwood, like the bluing fungus studied by.Dr. Her-
mann von Schrenk,® are sometimes very injurious and destiuctive to
the developing broods of the beetles. It is also apparent that this
fungus, which is said to depend largely on the wounds made by the
beetles in finding its way into the living bark and sapwood of the

standing timber, may also contribute to the more rapid and certain

e The “ Bluing’’ and the Re.d-Rot” of the Western Yellow Pine, with Special
Reference to the Black Hills Forest Reserve. By Hermann von Schrenk. Bul. 386,
Bureau of Plant Industry, 1903,
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“death of the trees. Therefore this interrelation between plant dis-
‘eases and insects must often be considered in our effortsto locate the
primary cause of a trouble. '

- It has been conclusively determined, however, that when the bectles
oceur in sufficient numbers, they are enmel’y independent of the aid of
ther factors or the influence of their enemies, and that they attack and
Rl perfectly healthiy timber over extensive areas.

ECONDARY ENEMIES OF THE TREES, AND DEPENDENTS, GUESTS,
s ETC., OF THE DESTRUCTIVE BEETLES.

“Ag soon as the attack of one of the destructive beetles causes a
eakened or dying condition of a tree, such @ tree becomes at once the
reeding place of many other species of barkbeetles and bark and
rood boring grubs which can not attack healthy trees. These sec-
ndary enemies of a tree are dependent on the more aggressive Den-
roctonus beetles or on other factors that may cause a similar weak-
‘ened or dying condition of the trees. Some of them render special
service to the destructive beetles by attacking the twigs, the branches,
-and the unoccupied bark on the upper and lower portions of the trunk,
and thus ald in bringing about the certain death of the tree. There
“aresome msects which live in the galleries with the adult beetles, in
“the relation of guests, others as scavengers, etc., so that it is always
mportant to distinguish. which are the real primary enemles, which
re secondary, which ave-beneficial, and which are neutral in their
elation to an affected tree.

GENERAL METHODS OF CONTROL.

+‘While the subject of control is treated under the special discussion
f each species, there are some general principles and features which
hould be mentioned in this connection, especially such as relate to
the infestations of sta,ndlng timber by the broods of the destructive
'-'beetles

HABITS AND SEASONAL HISTORY AR BSUGGESTING METHODS OF CONTROL.

< Any systematic plan or method for the destruction and control of
hese beetles, in order to be least expensive and most successful,
must be based on a knowledge of the habits and seasonal history
nd many other essential features relating to the particular species,
t group of allied species, involved in a given problem. The principal
acts of importance in this connection are as follows: (@} It is the
normal habit of all of the species to infest the bark on the main
runk of the larger to medium sized trees; (b) in all species the devel-
oping broods of larve live in the inner bark; (¢) some of the species,
in subdivision A, enter the outer dry bark to transform to adults,
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~while others, as in subdivisions B, C, and D, transform in the
inner bark; (4} the broods of all of the species pass the winter in
the bark of the infested trees and remain there until they develop
to the winged stage, when they leave the then dying or dead trees
to fly and attack the living ones; {¢) the developed broods of beetles
usually emerge from the trees before the leaves are all dead, or cer-
tainly by the time the leaves have all changed to the reddish-brown
color and begin to fall or have entirely fallen from the branches.
(See fig, 25.) _
DESTRUCTION OF THE BROODS.

Since the trunk of the tree is the prinecipal part of attack, we have
only to direct our efforts to the infested bark on the main frunk, and
adopt the method of killing the broods which, under local conditions
and facilities, is the most practicable and efficient.

In species 1 to 8 removing the infested bark, and burning or
otherwise destroying it, is necessary to kill the developed broods of
larvee, pupse, and adults which may be located. in the outer hark.

In species 9 to 23 the removal of the infested bark without burn-
ing is all that is necessary. The time to do the work in both cases
is from the time activity ceases in the fall until two or three weeks
© before the normal time for the winged adults to begin to emerge
and fly. '

BARKING THE STANDING TREES TO KILL THE BROODS.

The bark may be removed from the standing trees by means of
suitable tools (see figs. 57, 58), and the trees left until it is convenient
to fell and utilize them. Thus, during the period in which these
operations must be done, the labor should be directed exclusively
to the removal of bark., If necessary, the barked trees may be left
standing for several years without™ the value of the wood becoming
impaired; otherwise their utilization may immediately follow the
completion of the barking operations. - Whenever the conditions
are favorable for the immediate disposal or utilization of the infested
timber by sale, free use, or otherwise, the timber may be barked as
it is felled and the barked log may be converted into lumber at any
time during the year, within the required period.

DESTRUCTION O THE BROODS WITHOUT REMOVING 'THE BARK.

The destruction of the broods without removing the bark may be
accomplished by several different methods: (@) By converting the
logs into lumber and burning the slabs; (5) by placing the logs in
water; (¢) by piling the trunks and scorching the bark sufficiently
to Kill the broods; (d) by scoring the upper side of the felled trunks
to allow the water from rain or melting snow to penetrate the inner
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~bark and thus destroy the broods; (¢) by transporting the infested
‘trunks a sufficlent distance (20 to 50 miles or more away) from the
forest and away from any living spruce or pine, so that the beetles
“emerging from them will find no trees to attack.

.-:ATT_EMPTS AT COMPLETE EXTERMINATION OF THE BERTLES UNNECES-
L SARY.

~As a rule; it is not only useless but unnccessary to attempt the
complete extermination of one or more specics of the beetles within a
- given forest. It is necessary, however, to so reduce and weaken their
forces that they can not continue an aggressive attack, thus leaving
them . to depend upen weakened and felled trees for their support
ind to occupy a defensive position against their natural enemies.

It must be kept in mind that the beetles must occur in greal: num-
‘bers in order to be successful in their attack on healthy trees. Tf
- their number is reduced and kept below that required for killing
‘trees they can do no harm. Therefors in the case of a destructive
~outbrealk it is necessary to destroy only from 50 to 75 per cent of
the beétles in order to bring them under complete control.

REQUISITES FOR SUCCESSFUL CONTEOL.

- The principal requisites for success in dealing with these beotles
re: (¢) Prompt recognition of evidences of their presence before
hey have extended their depredations beyond a few scattering
lamps or patches of trees; (b) positive identification of the species
mvolved; (¢} prompt action in adopting the proper method of con-
trol; and (d) reliance on expert advice relating to the essential features
n the habits and seasonal history of the insects, on which the action
s based. : |

- HOW TO CHECK AND CONTROL AN EXTENSIVE INVASION.

If the depredations by species 9, 10, 13, 14, or 15 have spread over
a large area’and there is yet a large amount of living timber or adja-
_cent healthy foresis to be protected, a eareful survey should be made
in September, October, or November, for the purpose of locating the
-areas and localities of new infestation in which the trees were attacked
during ' the summer and fall and which, at the time of survey,
contain living broods. 'The areas of principal infestation and the
larger patches of infested trees should be designated on a map, and
stimates made of the total amount or percentage of timber affected.
his will form = basis for definite plans and the organization and
quipment of a sufficient force to do the required work within the
pecified time designated for each species. Then, if regular logging
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operations can be directed and concentrated upon the principal

areas so that a large percentage of the timber can be cut, barked,
or otherwise treated before the broods begin to emerge, the desired

control may be effected with little additional expense, or even at a

profit. If this method can not be adopted, the force should be
- directed to removing as large a percentage as possible of the infested
bark from the standing infested trees or from those felled for that
purpose. The first work should be deme in the principal areas and
larger patches. The work should be planned and executed with
the object of destroying the greatest possible number of broods for
the time and labor involved; that is, if there are more infested trees
than can be barked within the specified time, and five or six times
as many insects can be killed by removing half of the infested bark
from three or four trees as could be done in the same time by remov-
ing all of the infested bark from one tree, the former procedure is
far preferable.

HOW -TO CONTROL A LIMITED ATTACK.

Whenever it is determined that one or more species is attacking
and killing small patches of timber in a given locality or forest of
greater or less extent and that the bark of the living and dying trees
contains living parent adults and developing broods, prompt and, if
necessary, radical actlon should be taken before the adults begin to
emergs and fly.

HOW. TO MAINTAIN CONTROL.

IN S’J.ATE AND NATIONAL FORESTS,

In State and National forests, and in all other forests in W]:uch there
is an organized force of rangers and fire wardens or patrols, each officer
should be furnished with the necessary instructions for the location
of beetle-infested trees and with equipment and directions for taking
the necessary action whenever the conditions demand it. It has been
demonstrated that any intelligent ranger or manager can become
proficient in locating and marking infested trees with comparatively
little instruction in addition to that already published or conveyed
in special recommendations.

It is not necessary that every isolated infested tree should be
treated, but it is of especial importance that all groups of mfested
trees should receive prompt attention.

IN PRIVATE FORESTSE.

Private forests should receive the same aitention as reserves, but
this is often far more difficult on account of intervening forests, where
the owners either can not or will not give the matter the required
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_attention. While in exceptional cases it may be advisable to have
laws governing “the treatment of timber infested with a dangerous
pest, such laws should be based on expert advice and should apply.
o the more extreme and well-known cases only as a last resort. Tt
is probable that in most cases legislation will not be necessary, and
" that more ultimate good will result without than with such laws,
"'_especlally when it can be made clear to the owner that his personal
mterests demand that he take the proper action and that when nec- -
essary his neighbors will render assistance, as is done in the case of

a forest fire.
INACCESSIBLE AREARS.

. There are yet large inaccessible areas in the ast and Wesl where
“it will not be practicable or possible to control the depredations by
“these beetles, and which therefore must be left to natural adjustment.
“While under natural control the matured timber will be lost, it will
wusually be replaced by young growth, so that under normal eonchtlons
“the forest will be perpetuated. Unde}: exceptional conditions and
~combinations .of detrimental influences, such as insects, fire, and
“ drought, extensive areas may, however, be completely denuded, never
“to be reforested under natural conditions. This has doubtless hap-
i pened in very many denuded and bare areas in the Rocky Mountain
reglon, which were at one time heavﬂy forested.,

" PRAP-TREE METHOD OF CONTROL.

- The WBH-kﬂOVﬂl attraction of many species of European barkbeetles.
- to weakened, dying, and felled trees suggested to some of the earlier
“writers on forest _-insects a method of barkbestle control which since
that time has begn widely recommended and under certain conditions
and for certain species of beetles has been successfully practiced. It .
is the so-called trap-tree method, in which living trees are deadened
of felled at the proper time or season to attraet the insects and mduce
~them to breed in'the bark, where they can be easily destroyed by
“Temoving the latter or burning the entire tree. Expeﬁence and
observations 1ndlcate ‘however, that while this method is successful
in attracting many species of bark and wood boring insects it does
not always attract those which are the most destructive to the living
trees, or at least not in suflicient numbers to justify its O‘eneral recom-
mendation and adoptlon

“ Among the Dendroctonus beetles there are a few species which are
'attracted to weakened and dying trees and to the stumps, logs, and
tops of recently felled living trees. These are species 1, 2, 4, L , 13,
22, and 23 and, to a more hmlted extent, species 14 and 15 but ex-
tenswe experiments have indicated qu1te concluswely that the Black
Hills beetle, the most destructive species of all, can not be success-

89535—Bull. 83, pt 1—09—4
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fully attracted to trap trees and that it actually prefers to attack
* healthy hving trees.

The "\i[ountam pine beetle is attracted to a greater or less extent
to felled and fire-scorched trees, but will at the same time attack
near-by living ones, as will all of the other species. It is therefore
under exceptionally favorable conditions only that this method would
be sufficiently successful to warrant its adoption as a means of con-
trolling .this class of beetles. These exceptions would be as a rule
on a very limited scale, as is referred to under the special discussion

of some of the specics.

One of the ob]ectlons to the trap-tree method of combating the
Dendroctonus beetles is in the fact that a few living trees deadened
or felled in the midst of a healthy forest where the destructive
species are present may, as has often been demonstrated, not only
attract the beetles to the trap trees but to the near-by healthy trees,
thus 1nducmg instead of preventing a destructive outbreak

INTRODUCTION AND PROTECTION OF NATURAL ENEMIES.

The introduction and protection of natural enemies of these bark-
beetles is a subject of special interest and one that should recéive
attention in the future, especially in the line of mvestlgatlons and
expeuments to det.errrune facts on which to base reliable conclusions.
In the case of a destructive insect which has. been 1ntr0duced from
another country it is plain that if its natural enemies did not come
with it they should be introduced; but with native insects it is qulte

a different proposition and will require much detailed investigation

before the results from transfers and introductions can be predicted

with any degree of certainty. The protection of natural enemies
already present is, however, worthy of special consideration.” If, for
example, certain parasites and predatory insects are abundant in the
bark of the infested trees and certain methods of procedure are
adopted for combating the destructive beetles which will at the same
time allow the beneficial insects to escape, it will natur ally operate
against the enemy. But if, on the other hand, the beneficial insects
are destroyed along with the destructive ones it may have the oppo—
site effect.

The parasites usually attack the broods beneath the thinner bark,
like that toward the top and on the larger branches of the large irees
or the {runks of the small ones. Therefore, whenever the parasites
are common, it will be best simply to remove the infested thicker
bark and leave the thinner bark for the parasites.

Burning the infested bark on the trees or 1mmed1ately after it is
removed will destroy the beneficial insects with the i m]urlous ones,
but if the bark be removed in the early fall or early spring and left
for several days before burmng (if burning is necessary), many of
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the beneficial insects will escape. - Or, if it is not necessary to burn’
the bark, practically all will escape, and thus assist in destroying the
broods left in the tops of trees and those in scattering trees. It is
always 1mportant therefore, to determine whether or not the natural
enemies are present in sufﬁcmnt numbers to make it worth while to
adopt special precautions for their protection.
. Wherever woodpeckers are common in a forest they may aid greatly
in destroying the broods of barkbeetles in the scattering clumps and
-isolated trees, especially if the beneficial insects are scarce. If, on
- the other hand, the beneficial insects are common, the birds may
fead on them and do as much harm as good. The protection of the
birds, however, should be maintained, because even if they are harm-
- ful at times they cvidently more than compensate for it in the gencral
service they render to the forest. '

IMPORTANCE OF SYSTEMATIC I"'ORESTRY.

After all,success in the control of these beetles and of forest insects
in general depends more upon good forest management, perhaps,
than upon anything else relating to the practical phases of the
problem, for without some organized system of management very
little can be accomplished toward the successful utﬂuatlon of avail-
. able information or methods of control. It is equally true, however,
* that unless’ the available knowledge relating to the insects and the
- principles of their control is understood and properly utilized in
- forest management and lumbering opemtions nothing will be ac- .
' complished, and the depredations and great 1 losses of valuable timber
~ will continue.

. BOME RESULTS OF EFFORTS TO CONTROL BEETLE DEPREDA-
TIONS.

 Itisonly w 1th1n recent years that any detailed work has been done
on'the forest insects of North America, and the possibility of con-
trolling their depredations is not generally recognized, even among
foresters. Organized efforts and definite results were not, thereiole
‘to be expected, yet' we have a few examples which may serve as
“demonstrations of-what can be done. In 1900 the eastern spruce
beetle was killing a large amount of mature spruce in northwestern
‘Maine. This was investigated and the concentration of the logging
‘operations in the infested sections was recommended. This recom-
~mendation was adopted, and with little or no additional expense
sufficient numbers of the infested trces were cut the first winter, and
‘the logs floated out in the spring, to check the ravages of the beetlus,
and, so far as can be learned, up to the present time very little timber
has since died in that section as the result of insect attack.
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In 1905 the Black Hills beetle was killing patches of timber in the
vicinity of Colorado Springs and Palmer Lake, Colorado, as it did
in the beginning of the attack in the Black Hills of South Dakota, in
1897, but through the efforts of the late Gen. William J. Palmer and
others, sullicient numbers of infested trees were felled and barked on
private land and in the adjoining National Forest during 1905 and
1906 to destroy a large percentage of the beetles'in the entire vicinity.
Careful inspection during the fall and winter of 1906 and 1907 indi-

_cates that the pest is now under complete control within a radius of
some hundreds of square miles. _ ' .
The successful control of anothér serious outbreak of the Black

Hills beetle in 1906 on an extensive private estate in southern Colo- -

rado was effected through the efforts of the owners in having some
500 infested trees felled and barked within the necessary period fo
destroy the broods. A large percentage, but not all, of the infested
timber was thus treated. This was so successful that not.a single
infested and dying tree could be found when the area was inspected in
1908. In this, as in the other case, considerable unnecessary expense
was involved in the burning of the bark and tops, but the utilizable
timber was more than enough to pay all expenses. It is evident that
in this case a destructive invasion was prevented, and that more than
a million dollars’ worth of timber was protected. _

The most striking example of success “in control of the Black
"Hills beetle was reported in time for mention in this connection.
Mr. W. D. Edmonston, a forest ranger, detailed from the Forest
Service to the Bureau of Entomology to work under the instrue-
tions of the writer in the location and reporting of evidences of
beetle infestation in the National Forests of Colorado and adjoining
States, reported in May, 1907, that the pine timber was dying on a
large estate not far from Idaho Springs, Colorado, and the adjoining
National Forest. He was instructed to make more detailed examina-

tions, after which he reported that some 65,000 feet of timber on the.

estate were found to be infested by the Black Hills beetle, and that
unless the ravages were checked at once the timber not only on this
estate but on the adjoining estates and National Forest would bekilled.
The owner of the property was advised by this bureau to take radical
action according to a special recommendation and detailed instruc-
tions relating to a necessary control policy. No action was faken,
however, before the first of the following July, and therefore not in
time to prevent the beetles from swarming from the infested trees
and extending their ravages. In December, 1907, Mr. Edmonston
was instructed to make another examination of the timber, when he
found that his prediction was being fulfilled. He reported that in-
stead of 65,000 feet of infested timber; there was nearly four times
-as much timber involved in the new infestation, or-over 250,000 feet,
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The owner was again notified in December, 1907, of the serlous char-
acter of the outbreak, and the suggestion made that if the logs from
the infested trees were converted into lumber and the slabs burned
before the next May, it would result in the protection of the remain-
ing living timber. Immediate steps were then taken to carry out
" the original recommendations. Mr. Edmonston gave instructions to
““the manager of the estate in locating and marking the infested trees
- and in the essential features in the methods of utilization to destroy
“a sufficient number of beetles to check the infestation, and he
- also marked infested timber on the adjoining estate and National
"Forest. In May, 1908, Mr. Edmonston reported that the larger
** clumps of infested trees on the estate had been converted into lumber
. and the slabs burned, and that those on the adjoining estate and
‘National Forest had been cut and barked. In November, 1908, Mr.
- Edmonston was instracted to make another inspection of the forest
on the estate and surrounding area, and on December 1 he reported
< ag follows: _

Nothing eould be more satisfactory than the resuits obtained by the cutting of the
infested timber on the estate. Your recommendations and instructions submitted
" to the owner, and carefully followed by the manager of the estate, have clearly demon-
" sirated that insect infestation can be controlled and at ne expense to the owner of the

timber involved; in fact, a very satisfactory price was realized, resulting in a net
profit, I understand, of 85 per thousand feet; hoard measure, on the 240,000 feet cut.
This, of courée, does not include the profit of the milling operations, but for the logs
sold at the mill, after deducting the expenses of cutting and logging. The sawmill
“was owned and operated by an Idaho Springs firm, and the manufactured article sold
in that town. I spent six days on the estate—November 18 to 23. Adter a very
_thorough examination of the timber, T found only three infested trees, isolated
. individuals, over a mile from where the large clumps oi infested trees were cut.
| With the exceptidn of those three trees there is no new infestation on the estate. I
- also examined the adjoining lands, but no new infestation wasobserved. The infested
‘“trees which T marked in December, 1907, had all been cut and barked. On the
i Pike Naticnal Torest, contignous to the first-mentioned estate, where, you wilk

“reriember, T marked some clumps of infested trees, no mew infestation was found—
" not one tree. 1.found that all the infested trees I marked had been cut and barked.
“Ranger Kelso had charge of this work, and it has been quite thoroughly doné.

_ This most gratifying result demonstrated two important facts:
~One, that a very extensive outbreak by one of the Dendroctonus
‘beetles can be controlled without expense, and even at a profit,
‘whenever the conditions are favorable for the utilization of the
_ infested timber; the other, that the essential details, recommenda-
tions, and expert advice can be sucessfully carried out by a manager
~of a private forest and by the rangers of National and State forests.
Tt also indicates quite conclusively that the widespread depredations
in the Black Hills National Forest could have been prevented with very
“little expense to the Government if the matter had received prompt

attention in 1901, when the first investigations were made and recom-
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mendations submitted. But, through the lack of public appreciation
of the importance of the problem at the time, and the lack of sufficient
authority and funds later, it was allowed to extend beyond practical
control, and in consequence a large percentage of the tlmber on the
entire Natlonal Forest has been killed.

DETAILED INFORMATION ON THE SPECIES.

The discussions on the folowing pages relate to more detailed
Information on each species.

In the first paragraph, under the English and techmoal name, wiil

be found a brief summary of the dlstlnctwc characters of the species,
its seasonal history, habits, distribution, and evidences of aftack.
This is to facilitate prohmmary Jdentlﬁcatlon by the reader, and is
followed by a more detailed account of the seasonal history, habits,

- and economic features as a basis for the recommendations and proper

application of methods of control, and closed with references to the

investigations and idenfifications on which the statements are based. .

The fact that the species are discussed more or less independently
necessitates some repetition of statements relating to seasonal his-
tory, habits, and methods of control. Tn view of the fact, howcver,
that a buIIetm of this kind is~used mainly as a reference work, in
“gaining -information on a speclal insect or subject, as it is required,
quch repetitions are to a certain extent necessary.

GENERAL EXPLANATION OF DESCRIPTIVE AND OTHER TERMS.

While the illustrations will.show the parts designated by technical
or semitechnical names, there are other terms used in the discussion
of seasonal history, habits, etc., which may need some explanation
for the general reader.

Brood.—The term “brood " refers to the progeny of a single pair,
or the individuals hatching from the eggs in a single egg gallery.

Generation.—By a “generation’’ is meant all of the broods that are
the offspring of the adults of the overwintering broods; except the
overwintered parent adults, which may be parents of the overwin-
tered broods, and also of broods from eggs deposited by them in the
spring. Another exception s in the retarded individuals which pass
more than one winter in either the larval or adult stage.

All the progeny of the overwintered broods may be said to com-
prise a complete generation. If all of this progeny complete their
development between the time the first eggs are deposited in the

spring and the close of the same season of activity, and emerge from

the trees, it may be referred to as comstituting a complete seasonal
generation. If another set of broods develops to maturity from eggs
deposited by the adults of the first generation of the season, it will
form a complete second generation, and so on. If, however, only
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'_._p'arts of the broods complete their development and emerge during
“-the first season, and the others remain over until the next season, it
‘will be a partial development, of a seasonal generation. If all of the

broods develop and emerge within twelve months from the time the

first eggs were deposited, it is referred to as a complete annual
generatlon

- Hibernation.—The term “hlbernatlon as here applied relates to

. the period in the seasonal history of the broods from the time general
activity ceases in the fall until the time it begins again in the spring.
- In southern localities there may be’ con51derable activity (feeding
~and development) of the broods during the warmer days of winter,
80 that hibernation used in this connection does not mean that the

broods are entirely dormant and inactive, but that for the greater

'_ part. of the time they are.

Overwintering stages.—The ovemmtermg smcres are those of the

g hlbernatlncr broods.

L Overwindered broods.~—The term
-.all stages which have passed the winter in the bark of the infested
~trees, whether active or not. It is, therefore, a better term to use

“overwintered broods’’ relates to

for the barkbeetles than “hibernated broods.”
Acta,mty of overwintered broods.—By the “activity of overwintered

- broods” is meant the feeding, development, transformation, emer-
- gence, flight, ete.; from the time general activity beglns in thf\ spring
“among the broods which have overwintered in the bark. This
~activity may extend over several months and overlap the activity
“‘of broods of one or more generations. The parent adults that attack
“ the tree too late in the fall to complete their egg galleries usually con-
~ tinue their worle of extending the galleries and depositing eges when

activity begins' the following spring. Some of the parent adults

‘that have completed their egg galleries in the fall may also live over
~winter and excavate new galleries when activity begins in the spring.
‘The overwintered broods of young adults include those that trans-
~formed to adults before activity ceased in the fall and passed the
~winter in the pupal cells where they transformed. These are usu-
ally the first to emerge and fly in the spring, but sometimes they
remain in the bark until the majority of the broods are fully devel-
oped. Among the overwintered broods of larve there may be all
‘stages from very young or small larve to fully developed ones. The

atter will begin activity by transforming te pupe. The immature

- larvee begin thejr activity by feeding and extending their larval mines.

Under normal or favorable conditions, the majority of the immature
stages of some species will have oompleted their development and -
transformed to adults before the overwintered young aduits in the
same tree have begun to emerge, so that nearly all of them may
Iea,ve the trees about the same lee but there are always certain trees
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in which the conditions are mot so favorable for normal develop-
ment. There are also broods from eggs deposited by overwintered
parent adults, so that the period of development and emergence of
all of the overwintered broods is prolonged and irregular. Tn fact,
some of the overwintered individuals of certain species may not com-
plete their development and emerge until the second season of ac-
tivity. * These retarded broods are not of much economic importance,
but they introduce an element of confusion in defining the limits of a
given generation. On the other hand, periods of normal or principal
development, transformation, and emergence of the broods are of
especial economic importance, since a knowledge of them is quite
essential for successful control. )

Seasonal history.—Aceording to the writer's interpretation, the
seasonal history of an insect is the history of the broods of the species
from the beginning of activity in the sprmg of one year to the end
of the hibernating or overwintering period in the spring of the next
year. .

Life history.—The term ‘“life history,”” as frequently employed, is
synonymous with seasonal history, bub to be more exact it is the
history of an individual from the egg to maturity and death, includ-
ing s mnatural enemies,
affecting its life.

Egg gallery (fig. 7, ete.).—The egg gallery is the burrow made by
the adult-beetles, elong the sides of which the eggs are deposited.

Larval mines and pupal cells (figs. 19, 22, ete.).—The larval mines
are the food burrows made by the larvae. The pupal cells are cavi-
ties excavated by the larvee at the end of the larval mines, in which
to transform to the pups and adulis.

Food burrow.—A food burrow is one excavated into the living
bark by the aduit beetles for the purpose.of obtaining food.

Entrance burrow (figs. 79, 99).—The entrance burrows are the
boles made by the parent beetles through the outer and ner bark
preliminary to excavating the egg galleries.

Ventilating burrows (figs. 79, 99) —~Ventilating burrows are the
vertical burrows located at frequent‘ intervals in the roof of the egg
gallery and extending outward to or near the surface. They are
utilized by the parent adults as a place in which to turn around, or
in which to pack the boring dust, or through which to e]ect the dust
as the case may be.

Emit burrows or exit holes {figs. 8, 22) —The exit burrows or exif
holes are the clear-cut holes in the outer bark through which the
adults of the new broods emerge from the tree.

Boring dust (figs. 79, 99, etc.).—The sawdustlike borings ejected
from the egg galleries or paeked in them and in the larve,l mines is
referred to as boring dust.

environment, or any other phenomena.
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Piteh tubes (figs. 8, 9, 100).—The resin or gum expelled by the
beetles from the entrance burrows is often formed into more or less
reouler masses with a hole through the middle, thus euggestmg the
name “pitch tubes.”

Infested trees.—Trees eontamm@ living parent adults or develop-
"ing broods are referred to as “infested trees.”

~Fading tops.—The fading or noticeably paier green of the foliage
of infested trees is referred to as “fading tops.”’

“ Sorrel tops.—The yellowish foliage of trees dying from the aitack
of the beetles is termed ‘‘sorrel tops. ”’ It must be remembered that
‘g certain number of the older leaves or needles on the healthy twigs
-die, turn yellow, and fall each year; therefore this normal condition
should not be mistaken for an indication of unhealthy conditions.
Tt is only when the needles of the middle and tip of the cluster turn
yellow from the base outward that the dying of the tree is indicated.
Red tops.—The texm “red tops” refers to the color of the foliage
after the tree is'dead, and usually after the broods of destructive bee-
~ tles have emerged from the bark. This reddish-brown of the adher-
“ing pine needles may prevail for one year or more after the trees are
dead.

. Beetle-abandoned trees.—After the broods of the destructive béetles
_‘have emerged from the bark of a tree such a tree is referred to as
“beetle abandoned.”

Black tops (fig. 25).—The condition of the dead trees after all of
the needles have fallen and two or more years after the bcotlos have

“left them is referred to under the name “black tops’™

" Broken tops (figs. 26, 27).—After the trees have been dead four or
‘more yea,rs and the tops have broken off they aretermed “broken
tops.”’

“wood of mfested trees before and after the leaves begin to fade is
~referred to as “sap stain’ or ‘“blue sap.”

" Sap decayy.—After the trees have been dead long enough for the
: sepwood to be decayed but the heartwood is yet in a sound condi-
:tion they are termed “sap decayed.”

- Heart decayedt—The term ‘“heart decayed” refers to the COIldl—
tion after the trees have become unfit for any practical use. -
. Millimeters and wnches.—One millimeter equals about one twenty-
fifth of an inch or about four-hundredths of an inch. Two milli-
meters equal about one line, or about one-twelfth of an inch. To
reduce millimeters to inches, multiply by 0.04; to reduce hun-
dredths of an inch to mllhmeters divide by 0.04. To reduce lines to
millimeters multlply by 2; to reduce millimeters to lines, divide by 2.

‘e Needles 1n1ured by ¢limatic conditions have the tip dead and the base green.

Sap stain or blue sap (fig. 29).—The discolored condition of the sap- o
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with a few long hairs, the striee narrow, and the spaces between quite
road ‘and roughened with sparsely placed granules. (See fig. 44.)
t-attacks anured felled, and healthy silver or western white pine,
restern yellow pine, and lodgepole pine, in Montana, western Wyo—
ming, Ydaho, Oregon, and Washmgton it also attacks sugar pine,
estern yellow pine, and lodgepole pine in the mountains of Washing-

sented in the forest-insect collection of the Bureau of Entomology by
more than 150 specimens. :
This species is closely allied to No. 7, of Mexmo and was at one time
thought by the writer to be a Varlety of it,2 but recent studies indi-
cate that it is a good species, distinguished by the more shining pro-
notum, more distinctly narrowed and faintly constricted toward the
head, the hairs on the sides toward the base slender and less numer-
~ous. Therefore it is thought best to retain it as a good species. It
is easily distinguished from the other species associated with it in the
same region by its elongate form, larger size, and by the deep frontal
groove of the head and stiff, erect, blackish hairs on the declivity.

hghﬂy and sometimes strongly, winding egg galleries through the
ner living bark and grooves the surface of the wood (figs. 45, 46).
he ages are placed in approximate groups at short intervalsalong the
1des, and the short and broad to long
nd slender larval mines are exposed in
h _inner bark; the larve transform to
upse and adults in separate cells, exposed
~concealed in the inner bark This
cles is sometimes associated with the
estern pine beetle in the same tree, but
sually it works independently and oc-
upies the greater part of the bark on-the
main trunks. Infested trees are first in-
icated by pitch tubes and later by the
ading yellow to reddish foliage.

SEASONAL HISTORY.
OVERWINTERING STAGES.

The winter is passed as larvee, young
ults, and parent adulis, in the inner
k of trees attacked the preceding sum- L. 4 rue mountsin pine bestie
T and fall, the parent adults in the egg  (Dendrocionus montivol): Adult.
alleries or ventﬂatmcr burrows, and the ﬁ;ﬁ;ﬁf“largea (Author's flius
q_o_ti_s___m the larval mines or pupal cells.

Fia. 43.—-The Colorado pine beetle: Distribution map, {(Author's iilustmtion.)
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p. 11; Hopkins, 1906¢, p. 81; Hopking, 1908, pp. 101-104, “AGIIVITY 0F OVERWINTERED BROODS.

‘No. 9. THE MOUNTAIN PINE BEETLE. soon as the weather is favorable'in April and May the overwin-

(Dendroctonus monticolze Hopk. TFigs. 44-50.) -
: ries in the remaining living bark on the dying trees and deposit
The overwintered broods of young adults begin to emerge in
ly:. 'The principal period of emergence is in August, but the
rded broods ‘continue to come out until September, or later.
roods of larve begin to transform to pupee and adults in April
May and continue to do so until September, or later. Some of the
» evidently pass the second winter as matured larvee and adults.
roods from. eggs dcposﬂaed by the overwintered parent adults
nﬂy develop to adults in-July and August

'9535—Bu11 83, pt 1—09——17

The mountain pine beetle is a stout, black, eylindrical barkbeetle
3.7 to 6.4 mm. long, having the head broad, without frontal groove, bu
with a short longitudinal impression above the middle; the prothora
short, broad, and punctured, with sides narrowed and slightly con-
stmctcd toward the head; the elytra with moderately coarse rugosi-
ties between rows of punctures, the latter usually indistinet on the
sides; the declivity slightly impressed each side of the suture, and

@ Proc. Ent. Soc. Wash., VIT, p. §1.

bn Oregon, and California. Tt excavates very long, nearly straight to .

L

parent adubts extend their incompleted egg galleries or excavate



82 N THE SCOLYTID BEETLES.

GENERATION.

The overwintered broods of adults begin to attack the trees, exca-
vate galleries, and deposit eggs about the first of August and continue
to do so during August and September, until Octoher or later, but the
principal - period of attack is in August. The larves begin to hatch

~ early in August and begin to transform to pups and adults in Septem-
.ber and October. Under favorable conditions a few adults may

emerge late in the fall, but evidently it is the normal habit for the’

o

ig. 45—The mountain pine beetle: Epg gallerles and larval mines in barl. Reduced,
(Author’s illustration.) ’

broods of this generation to pass the winter as all stages of larvea, :
adults in pupal cases, and as parent adults, and it is evident that som
individuals of the delayed broods do not complete their developmen
until in the fall of the year following and that some of them pass th
second winter as parent and young adults. There is, therefore, bu
one generation annually, with a possible overlapping of the generation
of three years during the sumuer.
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HABITS.

*This species apparently prefers to attack injured and felled trees,

'_ut is often found attacking healthy living ones. It infests at least

I
i
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|
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i

~—The mountain pine beetle: Egg galleries and larval mines grooved in surface of wood,
L (Auathor's illustration.)

species of pine and one species of spruce, and will doubtless be
nd in other species of pine and spruce growing within its rarge.
he parent adults excavate their long, nearly straight, or winding,
sitiidinal galleries through the living inner bark, and groove the
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where only the fop or one side of a tree was killed the first year, or
when living bark remains toward the base, which is attacked the
second year by the overwintered parent adults and young adults
rom the overwintered broods. But it is safe to conclude that after
the leaves are all dead and brown; very few representatives of the
roods will be found in the bark.

surface of the wood of the main trunk. The larve excavate short
and broad, or long and slender food burrows at tight angles to the
primary gallery, and usually transform in their individual pupa
cells exposed in the inner bark or between the inner bark and wood
the cells marking the surface of the wood. After the new broods o
adults become matured, they. often bore out the bark intervening
between the cells and congregate under the loose bark hefore they
begin to emerge; some of them, however, bore directly out from the
transformation cells.

Secarcely anyuhmg is known of the ﬂlght habits, but this speczes
evidently flies in swarms late in the evening or at night. It is not
improbable, however, that, like its near relative, the Black Hills
beetle, it may at times Swarm during the day. .

ECONOMIC FEATURES,

While this species apparently-prefers to attack injured and felled
trees, it is in some localities often found attacking and killing the
living timber over considerable areas. As-a rule, the largest and best
trees are attacked first, and their egg galleries and larval mines con:
pletely girdle the trunks from near the ground up to the middle
branches.

The silver pine or Western white pme (fig. 47} and lodgepole ping
in Idaho and Montana, the sugar pine (figs. 48, 49) in Oregon and
California, and especmlly the lodgepole pine in the Yosemite National
Park, and in northwestern Oregon have suffered severely from i
ravages.

EVIDENCES OF ATTACK,

The first external evidence of attack on living timber is the pre
ence of pltch tubes on the outer bark of the trunk or of reddish bo
ings lodged in the flaky bark and around the base of the trees with
normal green foliage.

The second important external evidence of attack, and of infested
trees, is the fading of the foliage in the fall and spring, followed b
yellowish or sorrel-top condition in May to June, and by red-to
during the period from July to September. The internal evidence
found by cutting into the bark and revealing the characteristic g:
leries occupied by the broods, but positive evidence of attack of
infestation by this species is determined only by authentic iden
fication of specimens taken from the bark. Trees attacked for the
first time early in August may have the foliage fading late in the {a
but as a rule the foliage remains green until the following sprin
The broods begin to emerge by the time the leaves begin to chan
to the red-top condition, and are all out by the time all of the leav
are dead and red. KExceptions to this rule are frequently foun

7 wSllver or western white pme killed by the mountain pine beetle i in the Priest River National
Forest, Idaho. (Original.)

ETFFECTS ON COMMERCIAL VALUE OF THE WOQOD.

The commerclal value of the silver pine, sugar pine, and lodgepole
e, owing to the thin sapwood, is often not seriously irapaired for
any years after the trees die, provided they are not injured by fire,
rms, wood-boring grubs, a,rtd premature decay. The yellow pine,
‘1ts thick sa,pwood, suffers immediate deferioration owing to the
g fungus which follows the attack of the beetles, causing the
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wood to blue long before the leaves begin to fade. Except for the
- secondary injuries by wood-boring insects, fire, etc., the heartwood
of the larger trees will remain sound and valuable for several years.
While, however, there may not be a very great loss from leaving the
dead timber standing until the heartwood begins to deteriorate, the
danger of destruction by forest fives is so great that, in order to insur

Fra. 48.—Two glant sugar-pine trecs killed by the mountain pine beetle, and one dying from rece
agtack, Yosemite National Park, Cul. Note horse and mun by dying tree, indicating dismeter
trea at bage. Approximate diamcter, 8 feet. {Original.) -

against complete loss, the attacked and infested timber should b

felled and utilized before the broods of the beetle develop and emerge,’

or within two or three years.

FAVORABLE AND UNFAVORABLRE .CDNDI’lTONS FOR THE BEETLE.

Favorable conditions for the multiplication and destructive wor
of thisinsect are found in so-called primitive forests with a predom
nance of mature timber, and where trees are frequently struck b
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_g'l.itnin‘g, broken, or felled by storms, landslides, ete., or injured by
fire. Unfavorable conditions for attacks on living timber will be
ound in areas of vigorous young to matured growth under some
ystem of forest management which provides for the utilization of
tieold timber and especially that injured by storm, lightning, fire, etc.

: FIG 49,—The mountain pine beetle: Tops of the trees shown in figure 48, (Original.)
METIIODS OF CONTROL.

Whenever it is positively determined that this species is killing
vtimber and that the bark of living or dying trees contains living
ds, the prineipal groups of infested trees should be located and
tked during September, and then during the period beginning in
ctober and ending in the following July the infested bark should be
oved from the main trunk. The simple removal of the bark,
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water, Scorching the bark or burning the timber outright, or utiliz-
'mg it and burning the slabs, may answer the same purpose. It is
quite evident that if the mfested lodgepole pine be cut in the period
om September to February, and the trunks, logs, or trees with
infested bark on them crib-piled in the open, the bark will dry
sufficiently to kill the broods before they can develop and emerge.
Hacking or scoring the bark on the upper side of the logs or felled
trunks of the sﬂver pine or sugar pine during December, to lei the
water in, would doubtless kill the majority of the broods before
the time for them to emerge. These suggestions relating to methods
of treating unbarked timber should be tried by the foresiers and
limbermen and the practical results reported, as should all practical
results from the adoption of our recommendations. Failures, as
Well as successes, should be reported.

without burning, is sufficient to kill the broods of this species. If
large numbers of lightning-struck trees, and those injured by storms
or otherwise, become infested during the summer, they should be
barked before the succeeding July. The felling and barking of newly-
attacked trees during August and September is not to be recommended
for this species.

This species, unlike D, ponderosz, is attracted to m]ured and
felled trees, and therefore may be trapped to a limited extent in trees
felled during July and August, and may be destroyed by removing
the bark any time between October and the following July. This
may or may not provide sufficient breeding places in the felled trees
and stumps to prevent attacks on living timber.

Whenever it is necessary or desirable to destroy the broods of
this insect in the logs, stumps, and tops, the timber sales or timber-
cutting regulations relating to living timber should require that if:
the slash from winter, spring, and summer cutting is to be burned it
should be done during the succeeding fall, winter or spring, and that
the work be completed before the first of the succeeding July., Sum-
mer burning, to destroy the broods of this species, is undes1reble and
entirely unnecessary if it can be done later.

The regulations relating to infested timber should require that the
first Work.be directed either to removing the infested bark from the’
main trunks of the standing trees or to felling and barking the trees,
or to utilizing the timber and burning the slabs, so that this essential’
part of the work may be completed within the specified time, after’
which the logging operations, including the disposal of the barked’
and old dead timber, or of the living timber, if the last is included:
in the sale, may be prosecuted until it is time to begin the barking
operations the following October, on any new infestation which may:
appear within the area covered by the sales.

The lodgepole pine, with its very thin bark, offers more favorable
conditions for combating this enemy than the thick-barked western:
yellow pine and sugar pine. While the parent adults may attack:
the thinner bark on the upper portion of the trunk and on smaller:
trees, it is only in the thicker bark on the lower portion of the trun
of the medium to larger trees that the broods will reach their bes :
development. Therefore, while many trees may be killed by the,
beetles, the removal of the infested bark from the lower portio
of the trunks of a comparatively few of them may be all that is ne
essary, and since this bark can be removed from the standing timbe
the work need not be expensive. In fact, it may be desirable an
more practical to give the infested trees to anyone who will bar
them within the speerﬁed time,

Whenever the infested timber is in the vicinity of streams or lake
the insects may be destroyed by placing the unbarked logs in th

F16. 50.—The mountain pine beetle: Distribution map. (Author's iltustration.)

BASIS OF INFORMATION.

Informatlon concerning this species is based on studies by the writer
Grants Pass, Oregon, and Sand Point and Kootenai, Idaho, in
_99 at Priest Rlver Ida.ho in 1902, and in the Yosemite Natlonal
ark and Yosemite Valley, Cahforma June, 1904; by Mr. J. L. Webb,
Moscow, Idaho, in 1900; at Centervﬂle Sm1th’s Ferry, and Collins,

urke, at Smith’s Ferry, Idaho October, 1904; at LODU‘IIIII‘BS Springs,
h., September, 1905; at Wawona Summerdale L1ttle Yosemite,
emite, Lake Tenaya Tioga Road and Soda Sprmgs Cal. May
September 1906, and at Joseph, Oregon, and in the Wallowa
onal - Forest, Auoust 1907. Additional localities, from other

in Boise County, Idaho June to September 1905; by Mr. H. E.
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collections and through correspondence, are Piedmont and Keystone,
Wyo.; Pokegama, Ashland, and Washington National Forest (Port-
land), Oregon; Columbia Falls, Lewis and Clarke National Forest,
Saltese, Missoula, Medicine Bow National Forest, Lolo National
Forest (Iron Mountam) and Big Four, Mont.; Coeur d’Alene National
Forest and Weiser National Forest, Idaho. It is represented in the
forest-insect collection of the Bureau of Entomology by more than
500 specimens, including all stages and work.

SEASONAL HISTORY.

OVERWINTERING STAGES.

- The winter is p&sse.d in the inner bark on tlées attacked the
precedmg summer and fall, as parent adults in the egg galleries, all.
stages of larve in the Iarva,l inines and trd,nsfounatlon cells, and as

broods of - young adults in transformation cells; but prmmpally
as larV‘e

AGTIVITY OF OVERWINTERED BROODS,
BIBLIOGRAPHY.

As soon as warm weather begins in April and May the over--

Hopkins, 18996 (under Dendroctonus n. sp.), pp. 15, 26; Fopkins, 19015, p. 67; wintered parent adults extend their incompleted egs galleries and

Hopking, 1902¢, p. 21; Hopkins, 1903, pp. 59-60; Hopking, 1904 (under “mountain
pine Dendroctonns’), pp. 19, 42, 45; Hopkins, 1905, p. 1; Webh,1906,p. 22; Hopkins,
1909, pp. 105-109,

No. 10. THE BLACK HILLS BEETLE.
(Dendroctonus pondeross: Hopk, Figs. 51-59.)

The Black Mills beetle is a stouf, black, eylindrical barkbeetle,
4 to 7 mm. in length, with head broad and without frontal groove,
but with slight longitudinal impression above or behind the middle;
the prothorax short, broad, and punctured, the sides narrowed and
slightly constricted toward the head; the elytra with moderately
coarse rugosities between the rows of punctures, which are usually
distinct on the sides, and the declivity, which bears a few long hairs,
slightly impressed each side of the middle Line, the impressed strie

“narrow, and the interspaces broad and roucrhened with sparsely
placed, coarse granules. (See fig. 51.) The adult begtles attack:
living and sometimes injured and felled, yellow pine, lodgepole pine,
limber pine, Mexican white pine, Whlte spruce, and Engelmann
spruce from the Black Hills, South Dakota, to southern Arizona,
and westward into Utah, and are very destructive. The parent
beetles excavate long, nearly straight, longitudinal egg galleries
(fig. 52) through the inner living bark and groove the surface
of the wood on the main trunk (figs. 53, 54). The eggs are placed
at quite regular intervals, or more often arranged in groups of four
or five along the sides. The short, broad larval mines and trans-
formation cells are exposed in the inner bark and mark the surface of
the wood; the short, whitish, grublike larvee (fig. 51} transform to
pupz (fig. 51), usually exposed in the inner bark, and the broods
usually work independently of other species and occupy exclusively
the greater part of the bark on the main trunks of the trees. The
attack causes pitch tubes (figs. 55, 56) on the frunk of the infested
trees in the summer and fall, and the leaves fade and turn yellow
and red the following season during the period from May to August.

a. 51.~The Black Hills beetle (Dendroctonue ponderosa): «, Adult; b, larva; e, pups. a, Greatly
enlarged; b, ¢, less enlarged,  (Author’s illustrations.)

excavate new ones in the remaining living bark on the dying trees
nd deposit eges. The overwintered broods of young adults begin
to emerge from the trees by the middle of July, but the main swarm
oes not appear until the last of July and first of August. Some of
the retarded broods continue to come out until October, or later.
The broods of larvae begin to transform to pups and adults about
the middle of May, and continue to do so during the period from
June until September, or later, and begin to emerge in August.
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The broods from eggs deposited by the overwintéred parent adults
may develop to adults in August and September, but evidently remain
in the bark until the next season of activity.

F1a. 52—The Black Hills heetle: Eog galleried and laryal mines.  Slightly reduced. {Author’s
illustration.)

GENERAITON.

The overwintered broods of young adults begin to attack the -

trees, excavate galleries, and deposit eggs toward the last of July

the principal attack is during August, but continues during Sep- -
tember and until October, or possibly later. The eggs hatch and -
the larve begin to feed about the first of August. The principal -
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activity of the larvae is during the latter part of August, but they
continue active until the beginning of hibernation in the fall: 'The
larvee of a few of the most advanced broods may begin to transform
to pupse and adults toward the last of September and in October,
but by far the greater number overwinters in different stages of larvee
There is, therefore, but one generation

with the parent adults.
each year. Itisevident,

however, that some re-

tarded individuals from

the preceding generation
may pass the second win-
ter as young and parent

adults. Thus, during
the early summer there
may be an overlapping
of representatives of two

and even three annual
generations.

HABITS.

This species appar-
" ently prefers to attack
living timber, but will
breed to a very limited
extent in injured and
felled frees. It infests
‘at least four species of
pine and two species of
spruce, and will doubt-
less attack other pines
“and spruces (except the
“Douglas spruce’)
growing within its range.
It prefers the western
yellow pine, or bull pine.

_ The la’rgeSt and be_St Fia. 53.—The Black Hillsbeetle: Tree with bark removed, show-
~{rees are usUa]]y al- ing egg galleries grooved and marked on surface of wood,

tacked firs 15, but after (Author’s illusiration. )

‘these are killed it will attack and kill the medium to small trees and
“even saplings 8 or 10 feet high or only a few inches in diameter.

The parent adults excavate their long, mearly straight, longi-
tudinal egg galleries in great numbers through the inner bark, where
‘they offen closely parallel each other. The larvee excavate short
‘and broad or long food burrows at right or oblique angles to the
egg galleries through the intervening bark, and transform to pupw
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and adulfs in individual cells at the farther end or toward the
middle of their larval mines, which are exposed in the inner bark
when if is removed from the tree. Both the egg galleries and larval
mines cause marks and grooves on the surface of the wood. After
the new broods of adults become matured, they burrow through the
intervening bark between their cells, and congregate in the general

" ECONOMIC FEATURES.

" This species apparently differs from all of the others in its decided

preference for living timber, in which it excavates its egg galleries in
“such a manner as to kill the tree and make the conditions favorable
for the development of its
hroods. It is, therefore, a
primary enemy of the first
-importance, , especially as
“related to the western yel-
:low pine in the eastern sec-
ion of the Rocky Moun-
tain region south of east-
érn Montana: It has de-
“stroyed, a vast amount of
“the- best timber in the
Black Hills National Forest
of South Dakota, and is
threatening the desmucmon
of practically all of the best
timberthere, as well asmuch
“of the reproductlon. It is
also destructive to the pine
“in Colorado, New Mexico,
and Arizona.  There is evi-
dence that extensive forests
have been destroyed in Col-
orado by this beetle and by
resulting forest fires during
the past fifty or seventy-
five years. '

EVIDENCES OF ATTACK.

- The first evidence of at-
ack and infestation on liv-
ing- timbeér. is the appear-
ance of piteh tubes on the

rk of the main trunk or,

the absence of these, of T1e. 85.—The Black Hills heetle: a, Pltch tubes on BUT
R R r. face of bark, reduced; b, same, two-thirds natural size,
reddish borings lodged in  (suthors iustration.)

the loose bark and on the

round around the base of the trees. ThlS is usually the onIy ex-
ternal evidence from the time the trees are attacked in the summer
zmd fall until the following spring. Sometimes during the winter, and
specially in the period from April to June, the more noticeable evi-

e, 54.—The Black Tills beetle: Galleries in bark and marked on gcoring chip, About one-third
. natural size. (Author's illustration,)

cavity thus formed untﬂ the proper time for them to energe, when
they all come out and fly in swarms to attack the remaining living'
tiraber.

Sufficient information relating to the flight of this species ha
been secured to indicate quite conclusively that it flies in swarms
during the day, and probably at night. .
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16, 56.~—Worlk of the Black Hills beetle in the Black Hﬂls National Forest: 4, Small freshly at-
B, Marks of primary galleries on surface of wood when
bark is removed. (', Freshly attacked tree, showing pitch tubes; near trce not attacked.
I, Dead trec, showing where outer bark has been removed by Woodpeckers (Author's illug-

tecked fine tree, showing piteh tubes,

fration.)
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enice is found in the fading foliage which begins to change to sorrel
psin May and June and to red topsin July and August. The finding
hese conditions within the region occupied by this species will
licate destructive work by barkbeetles, but positive evidence of
presence of this species can only be determined by cutting into the
rk and finding the characteristic galleries and mines occupied by
thentically identified beetles. As a rule, the broods have left the
rees by the time the leaves are all dead, and sometimes before the
ves have changed from yellow or sorrel to red. Exceptions are
quently found when but one side or the top of a free is killed the
rst year and the remaining living bark is infested with broods of the
xt. It iz safe to conclude, however, that after the leaves are all
ead and brown, very few living examples of this species will remain
in the bark.

EFFECTS ON COMMERCIAL: VALURE OF THE WOOD,

Owing to the thick sapwood of the western yellow pine, the com-
mercial value is reduced for certain purposes by a bluing condition,
hich affects it soon after the trees are infested by the beetles in
ugust and September and long before the leaves begin to fade.
he heartwood of large trees is not usually reduced in value for several
ears after the trees die, provided they do not suffer from subsequent
njiiry by storm, fire, wood-boring insects, or premature decay. If
aft standing, however, with the bark on, until the branches and tops
egin to fall, the loss from decay may be complete. On the other
nd, if the bark be removed from the trunks of the standing trees,
he heartwood will remain sound for many vears longer.

The danger, however, of the total destruction of the dead timber
v forest ﬁles is go great that in order to insure against such Josses,
nd at the same time destroy the broods of insects, the insect-killed
imber should be utilized before the insects emerge.

FAVORABLE AND UNFAVORABLE CONDETIONS FOR THE BEETLE.

“Favorable conditions for the multiplication and destructive work
f this species are found in somewhat isclated forests with a predomi-
ance of large mature timber. Unfavorable conditions for destruc-
ive outbreaks will be found in forests, isolated or not, which are kept
nder a system of forest management or regulations which provide
or the utilization of the mature timber and the barking of trees
njured by lwhtn1ng or dying from any cause, before the broods of
sects develop in the bark and emerge.

 89535—Bull. 83, pt 1—0%——8
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METHODS OF CONTROL. t that it is necessary to reduce its numbers beyond the power of
iig harm.

The removal of the infested bark from at least the lower half of
standing trees offers many advantages over felling the trees for
purpose of barking all of the trunk. More insects can be destroyed
the standing trees within a given time and the barked standing
mber may be left standing until suitable facilities can be provided.
or its utilization; thus, if necessary, all of the specified time for the
estruction of the n-
cts may be devoted
clugively to the re-
oval of the bark.
The barking of newly
ttacked trees in Au-
gust and September is
ot to be recommended
1 this species. Trap
gs-are of little or no
rvice in combating it
and continued timber-
utting operations ap-
ear to have little or
o influence in check-

Whenever it is positively determined that this species is attacking
living pine timber in a given locality and that the bark of living and:
dying trees contains living parent adults or developing broods, active:
and radical measures should be promptly adopted for its control.

The simple removal of the infested bark from the main trunksof the
trees, without burning it, is sufficient to kill the broods of this specie
provided the work be done between the first of October and the first:
of June. Tf, in the case of a mod-
erate outbreak, the larger clumps o
patches of infested trees and the more
accessible scattering ones in the wors
affected sections of a forest are thus
treated, it should serve to bring the
pest under control the first year, but
in the case of a very extensive oui-
break this may require two or three
years or more.

T all of the infested trees can be
barked or utilized and the slabs
“burned without much additional ex-
pense, it may be best to do so, but
where, for any reason, this can not'
be done within the specified time, th
work should be planned so as to in-
sure the barking or utilization of all
of those in the larger patches, or an
aggregate of 75 per cent of the in-
fested trees to each square mile.

If the bark be removed from
the standing trees (figs. 57, 58), an
aggregate of 75 per cent or more of

) the actually infested bark shoul

T1g. 57,—Removing bark from trunk of :

atanding tree with special barking toel ~ be removed from all of the trees,

* baving handles of difierent lengths,  gp g]] of the infested bark should be:

to destroy broods of the Black Hills i

beetle, (Original.) removed from 75 per cent of th

trees. The work should be planned.
and conducted with the object of destroying the greatest possible numbe
of insects for the labor and time expended. That is, if there are mor
infested trees than can be barked within the spe(uﬁed time, and five
or six times as many insects can be killed by removing ha,]f of th
infested bark from the standing trees as can be done in the same tim
by felling one tree and removing all of the bark, the former is far pre
erable, remembering that it is not necessary to exterminate the enemy

Recent reports of
nditions in the vicin-
ity of ColoradoSprings,
here a large percent-
ge of the infested tim-
ber was barked in 1905
nd during the winter
d spring of 1906: in- Trd. 58.—Removing bark from base of trunk of standing tree with
cate most successful spe(_:ie?}. barking tool, to destroy broods of the Black Hills bectle.
nd satisfactory re- (O7E

lts.  (See also other references to successful control, Pp- 36--38.)
The depredations in the Black Hills have been so extensive that
tle or nothlng has been accomplished toward the control of the
eetle, owing to lack of sufficient funds and other facilities for adopt—
‘the radical measures necessary to accomplish anything of im-
ortance. -

A{For additional mformatlon see Bulletin No. 56, Bureau of Ento-
ology, of which the above is a partial revision.)




“Fdmonston, at Larkspur, Colo., July, 1906; at Drookvale, Sequach
Poncha Springs, San Juan National Forest, Wagon Wheel Gap, Coch
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‘orest, Colorado; Fredonia, Ariz.; Kanab, Escalante, Provo, Aqua-~
ius ‘National Worest, Utah, and at Keystone, Wyo. It is repre-
ited in the forest-insect collection of the Bureau of Entomology by
ore than 10,000 specimens.

BASIS OF INFORMATION.

The data on this barkbeetle have been secured through investigs;
tions by the writer in the Black Hills National Forest, September
1901, August, 1902, and June, 1903; at Vermejo, N. Mex., May, 1903
at Flagstaff, Ariz., May, 1904; in the Pike National Forest and i
the vicinity of Colorado Springs, Colo., October, 1905, and June
1906, and in the vicinity of Fort Garland, Colo., June, 1906; by Mr
J. L. Webb, in the Black Hills National Forest, South Dakota, Ma
to.October, 1902, and April to September, 1906; in the Chiricahu;
National Forest, Arizona, June to September, 1907; by Mr. H. E
Burke, at Nemo, 8. Dak., November, 1904; at Kamas, Panguitch, an
Panguitch Lake, Utah, June to September, 1907; by Mr. W..D

BIBLIOGRAPITY.

‘Hopkins, 19025, p. 10; Hopkins, 1902¢, p. 21; Hopkins, 1903a, p. 59; Hopkins, 1903b,
p.-275-282; Hopkins, 1904, pp. 41, 43, 44; Hopkins, 1905, pp. 1-24; Hopkins, 19066,
;- Hopkins, 1907, p, 162; Hopkins, 1909, pp. 109-114.

0.:'11'-. THE JEFFREY PI'NE BEETLE. L
Dendroctonus jeffreyi Hopk. Tigs. 80, 61.) A

- The Jeffrey pine beetle is a stout,
lack, cylindrical barkbeetle 6 to
“mm. in length; the head broad,
onvex, with faint grooves behind
and vsually in front of the mid-
le; the prothorax stout, broad,
hining, the sides suddenly nar-
rowed toward the head and the
unctures fine; the elytra with mod-
rately coarse rugosities between
the rows of punctures, which are M
istinet on sides, the declivity with @ % R
few long hairs, the striz on EALEr "
rooves narrow, and the interven-
ng spaces broad and roughened with
oarse granules. (See fig. 60.) It
ttacks living and dying Jefirey pine
and yellow pine, in the Yosemite 4 R
ational Park and San Bernardino A A
ounty, California. Tt excavates 16, 60.—The Jefirey pine beetle { Dendrocionus
ong, 'nearly straight, egg galleri os icﬁr;zii)]:luifgét;n )Greatly enlarged. {Au-
hrough the inner bark, and grooves S
e-surface of the wood; the larval mines extend from the sides,
xposed in the inner bark. The stout, whitish, grublike larve trans-
orm to pupee and adults in cells at the end of the burrows, and the
roods occupy the bark on the main trunk. The infested trees are
ndicated by pitch tubes on the trunks in the summer and fall,. and
ii}"ing the following May to-August by the fading and yellowish
oliage. : ‘

Fia. 5%.—The Black Hills beetle: Distribution map. (Author's illustration.)

topa National Forest, Monte Vista, White River National Fores
Uncompahgre National Forest, and Colorado Springs, Colo., Januar
to December, 1907; in the San Isabel National Forest, at Hahns Pes
and Clarke, in the Gunnison National Forest, the Hayden Nation
Forest, the La Salle National Forest, the Quray National Fores
the Pike National Forest, the Routt National Forest, the San Ju
National Forest, the Wet Mountains National Forest, and the Whi
River National Forest, Colorado (12 national forests), and at Encamu
ment and Downington, Wyo., in 1908. Additional localities throug
correspondence and other collections are Palmer Lake, Cat Mountal
Trinchera Estate, Fort Collins, Pine, and the Medicine Bow Nation
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Fig. 1.—D, brevicomis.
D, arfzonic
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L. S, Dept. of Agricultura.

) DENDROCTONUS ADULTS.
Figl 2.— 1, barberd. Fig.

Fig. 6.1, mevicanns.

8.—1D. converifrons. Fig. 4.
Fig, 7.—0. pavalictocellis,

PLaTE I,

—D, frontalis, Fig.5—
(Original.)
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Fig. 8.—D, approviinatus. ¥ig. 9.—D. monticolx.
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PLATE V,

Tech. Series 17, Part |, Bureau of Entomology, U. 5. Dept, of Agriculture.

DENDROCTONUS ADULTS.

Fig. l6.—D. borealis.

14.—D. piceoperda.

Fig,

{Original.)

Fig. 13.— . peeudotsuge,

Fig. 12,—D. simplee.
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DENBROCTONUS ADULTS.

Fig. 17.~1, obesus. TFig. 18.—D. a‘uﬁpenm‘s: Fi{f:. 20.—D. punclatus. Fig, 21,—D. micans.
(Original,) )
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DENDROCTONUS ADULTS..

{Original.)

Fig. 23, —D. vaiens.

Fig. 22.—D. terchrans.
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PLATE VIII.
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DeNnDROCTONUS LARV 2.

Tig, 1.—D. brevicomnis; 1e, spiracle, enlarged; 1b, spiracle, greatly enlarged, showing simple
bifid processes. Fig, 10.—D. ponderesz, spitacle, greatly enlarged, Fig, 13.—1. PRe-
dotsugee, gpiracle, greatly enlarged. Fig. 14.—D, piceaperda, spiracle, greatly enlarged,
Fig. 19.—D. murrayonw; 19a, dorsal aspect of abdominal segments § and 9, showing
plates; 194, anal aspect; 19¢, 19d,"angd 19e, different aspects of spiracular tubercle, much
enlarged. Fig. 28.—0. valens: 23a, dorsal aspect of thoracic segments; 23b, dorsal aspect
of abdeminal segments; 23¢, dorsal aspect of abdominal segments & and 9, showing
armed plates;- 23d, veniral aspect of thoracic vegrments; 23¢, ventral aspect of abdominal
segment; 23, anal aspect of abdominel segments 8, 9, and 10; 23¢, 23k, 23i, different
agpects of spiracular tibercles, moderately enlarged: 23j, spiracle and spiracular tubercle,

Pt !
greatlv enlareed. (Original.y






