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LETTER OF TRANSMITTAL.

. U. S. DEPARTMENT OF AGRICULTURE,
BureAU oF ENTOMOLOGY,.

Washington, D. C., March 31, 1909.
Srr: T have the honor to transmit herewith manuscript of the
, part.of a proposed bulletin of this bureau, to be entitled ‘“ Practical
nformation on the Scolytid Beetles of North American Forests.”
The present part is entitled ‘‘ Barkbeetles of the Genus- Dendroe-
onus,” and deals with the more practical results of extensive mnves-
gations by Doctor Hopkins between 1891 and 1908, and of those
onducted by him and under his immediate supervision by field
nd office assistants of this Bureau, Messrs. W. F. Fiske, H. E. Burke,
nd J: L. Webb. It relates to the most destructive enemies of the
niferous forests of North America, gives practical methods for
heir control, and serves as a supplement to Technical Series No. 17,
t I, the two publications together making a very complete tech-
al and popular monograph of the genus Dendroctonus, the major
t of which is based on original research. It is believed that these
ntributions will mark an important era in the history of forest
tomology in America, and should be of special value to the sys-
natic and economic entomologist and to students of forest ento-
nology. This part should be of exceptional interest and value to
ractical foresters in the management of National and State forests,
s well as to private owners of forests. The illustrations are mainly
roduced from Technical Series No. 17, Part L.
I recommend the publication of this manuscript as Bulletin No.
3, Part I, of the Bureau of Entomology.
Respectfully,

L. O. HowaRrp,
, Entomologist and Chief of Burea.
Hon. James WILSON,
Secretary of Agriculture.




PREFACE TO BULLETIN.

During the writer’s investigations of extensive insect depredations
n the forests of West Virginia, from 1890 to 1902, he was forcibly
pressed with the importance of the forest-insect problem in con-
ction with any future efforts toward the successful management of
he forests of this country, and was thus led to give special atten-
n to the subject. It was soon realized that among the principal
oups of insect enemies of forest trees the scolytid bark and wood
ring beetles must occupy first rank, both in economic importance
d systematic interest. Subsequent investigations in West Vir-
a, in connection with the work of the West Virginia Agricultural
eriment Station, and in all of the principal forest regions of the
untry, in connection with the work of the Bureau of Entomology,
ve served to confirm these first impressions.
In these investigations special efforts have been made to acquire
ormation on the habits and seasonal history and other facts relat-
to the various species, and to collect an abundance of material
systematic study, all to form a basis for conclusions in regard to
principal enemies of American forests and practical methods for
eir control. ‘

he restlts of these investigations will be published in the two
es of bulletins issued by the Bureau of Entomology. Those relat-
o to the purely technical or systematic side of the subject; and of
re direct interest to the systematic and economic entomologist
the general student of entomology, will be published in the
inical series, while those of special interest to the economic ento-
logist, the student of forest entomology, the technical and practi-
forester, the owner of private forests, the manufacturer of forest
roducts, and the public generally will be included in' the regular,
nomic series of bulletins. The bulletins of each series are to be
ed in parts, each part relating toa special group or genus as the
rk thereon is completed, thus avoiding the otherwise necessary
in publication. A full index will be published to accompany

h completed bulletin of several hundred pages.
~ A.D. H.
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7.‘9'7‘;gﬁpenm'strby‘ 18, Redwmged Plne 136
e i Bestle: : e
- murrayanse Hopk. 19, Lodgepole Plne, 137 = . oro~
- Beetle, ; s itles
. punctatus Lic, 20.. Allegheny bpluce 139 e
o Beetle. el ean
Smicans Kug, 211 ulopean clpruce L4 St -
e - Beetle. L e :etle
- ; ' e e ean
. terebrans Oliv. 22, Black " Tmpentme 148 : b
- - Beetle. - oy
3. valens Lee. 23, Red Tulpentlne ( ahRE by
; Beetle. o e and
dju’ncfus Blandf, o, Guatemala Beet]e . 5o 1)
enus Dend octonus, Showmg Techmcal :md C‘ommon - ' -24)
Names and Species Numbers. : ‘ ‘ 56
o .6,

efel; at,once to the techmcal and common. names :
text, and will show at a glance the position
ctlons subsectmns, senes, and speueg
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, CAL INFORMATION ON TH]] SCOLYTID BEETLES
OF NORTH AMERICAN. FORESTS.

BA’RKBEETLES OF THE GENUS DENDROCTONUS.
By A.D:. Horxins,
In Charge of Forest.Inscet. dnvestigations.

IN TRODUCTORY

first palt of th1s bulletm supplements Technical Series No. 17,

of this Bureau, in giving facts of practical interest and
nce: on & group - of. barkbeetles which contains the most
ive enemies of the principal coniferous forest trees of North

void the too frequent repetition of technical and common names
xt or in footnotes, the species number is used, referring to
espondinw number in a classified list of technical and com-.
ames in Plate I.

st of publications, in which 1eferences are to be found to
nomic feature of one or more species; is arranged in chrono-
stead of alphabetic order, so that the reference in the text
year in which the partlcular ~article referred to was pub-
s well as to the author’s name. A more extensive bibliog-
ound in Technical Series No. 17, Part L.

HIS'I‘ORICAL

name “Dendloctonus which means killers of trees, was pro-
W E. Euchson to demgnate a-genus of beetles
the European

as ‘at present recogmzed were added;. one (N 0. ]8) by
in 1837, one (No. 17) by Mannerheim, 1843, one (No. 23) by
1860, one (No. 4) by Zimmerman in 1868, two (Nog. 12 and
e Conte in 1868, one (No. 7) by Chapuis in 1869, one (No. 1)
onte in 1876, one (No.-8) by Dietz, 1890, and one (No. 24)
andford in 1897. - The writer has added twelve (Nos. 2, 3, 5, 6,
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9, 10, 11, 13 to 16, and 19) North Americ
been added from any other “part of the wo
is now represented by 23 spemes from Nor

~Europe. ‘

Thé European: specles was early recoo"mzed as

of spruce and other coniferous trees, and much ir
published 1elat1ng toits hablts, life hlstor
of control

trees.: He also spent the season of 1906 in
omplete the investigations on the Black Hills

f 1907 in the national forests of southern: New
n general field work.
ek'seasons (1903, 1904, and 1905) in Westem
ishington in general forest insect investigations,
ons on the Sitka spruce beetle (No. 17)and the
V0. 13).  He also made special trips to Idaho and

to determine certain facts relating to the west-
Tdaho and the Black Hills beetle No. 10)in
906 he spent the greater part of the season.in
al Park, under instructions to make special
in pine: beetle (No.'9), the western pine beetle
ulpentlne beetle (No:23),-and in 1907 ke ma,de

beetle by Halms 1826 to 1862, and by o

pine, and the eastern spruce beetle (N
another species (No 18), was recognize
of the spruce in_the northe,asternuUnitec
Canada and was the subject of special invest
several authors. In 1891 the writer founc
beetle' (No.4) was the cause of the cl’eatl’
over extensive areas in West Virgini ]
was the subject of special mvestlgatlons an

to 1899). It was also mentioned in publicati he seasonal history and hablts of the black :

(1897), Schwarz (1898), and others. 22 and the red turpentine beetle (No. 23)—

" In 1899 the writer made observations on th tains of North Carolina. In the fall of 1906
the western pme beetle (No. 1), the red turpe ‘ n the eastern larch beetle (No. 12) and the
Lhe mountain pine beetle (No. 9), and the No. 18) in’ northwestern Michigan, and in the

13), and observed the habits of the Sitka spru de observations on species 4 and 22 in Texas

1900 the destructive work of the eastern sp 8, 13, 15, and 23 in southern New Mexico.

northwestern Maine was investigated, an the Wuter and his assistants has resulted in
were made on the Black Hills beeﬂe (NO a mass of material in specimens and notes .

in the Black Hills of South Dakota were in- as a bas1s for the preparation of this part of the
Since July, 1902, many trips have been ’ ~

different sections of the country in general, a

~made of the work of one or more of the specie

further-on;under: ‘“‘Basis-of informatio

each species Messrs. J. L. Webb, 'H E.

and lts work, experiments. with tlap tleeb,k
nvestigations of forest insects in the South
S durmg the seasons of 1903, 19041905,

1al,l1as also' been received from oﬂicia,ls of the
with information in regard to the location and
nd from owners of private forests and other
ent sections of the country who have notified
he timber and have responded to our requests

d. mformatlon in regard t6.the character and
ions.

found during their active field Work . TION b b b
O Mr: Webb spent two seasons (1902 and 19

National Forest, principally in the study

(No. 10) and its work and in conducting exp

‘one season (1904) in the San’'Fr ancisco'Nat

attention to species 2, 3, and 8, and one \

Idaho, studying the Westem pme beetl ’(N'

estlgatlons have clearly shown that some; of

s of beetles are the most destructive enemies

st trees of North America. As ‘examples; we
vell-known depredations by the eastern spruee

n the northeastern United States and New Bruns-
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f, when first discovered, the depredations of the beetles have
Iready involved an extensive area, or if they are neglected until a
ce percentage of the timber is killed, their artificial control will
as difficult and expensive as that of a neglected forest fire. - Further-
re, ‘if ‘the depredations occur 'in an inaccessible section of the
st or where the conditions as to labor and other facilities.are
avorable for necessary action, nothing more can be done toward -
“control of ‘the beetles than under the same conditions“in con-
lling & fire. But with the rapid extension of modern forest
agement, lumbering operations, and working plans into  the
incipal public and private forests, and especially with the adoption
fire=control regulations under an organization of fire patrols and
cers, there will be no .excuse for neglecting the insects.

wick during the past century (Hopklns, 190%a); ‘the Wldesple
destruction of pine and spruce by the southern pine beetle (N
in West Virginia and Virginia in 1891 and 1892 (Hopkins, 1899q)
destruction of a large percentage of the timber in an entire Natio
Forest by the Black Hills beetle (No. 10) within the past ten ye
(Hopkmb 19026 and 1905), and the depredations by the we:
pine beetle (No. 1) in Idaho, Oregon, and California (Webb, 190
and by the mountain pine beetle (\To 9) in Wyoming, Monta;
Idalio, Oregon, Utah, and California noted in the present paper.

CHARACTER AND EXTENT OF DEPREDATIONS.

Living healthy trees are attacked'by swarms of the adult bestl
which enter the bark on the main trunk and excavate their
galleries for a distance of a foot or more through the inner, Ii
bark.  This weakens the v1tahty of the tree; and in’ a,ddltlo
larvee hatching from the eggs mine through and destroy the
mtervening between the egg galleries, thus completely girdlin
trees and causing their death. The amount of timber kﬂl
this ‘manner during the past century has been enormous.
known to have been killed by these beetles in West Virgini
England, and the Black Hills National Forest alone amounts to. m
billions of feet of the best pine and spruce, to say nothing ‘o
less conspicuous depredations each year scattered through
forested sections of the Rocky Mountain, Cascade, Sierra, and C
regions; and of the Southern States. Very concluswe ev1denc
also been found that some of the great denuded areas in the R
Mountains region supposed to have been caused by forest fires
primarily aused by one or more species of Dendroctonus,
our present knowledge of the facts and evidence it is pr
that if the timber destroyed by these insects in the United S
during the past fifty years were living to-day its stumpaoe
would be more than $1,000, 000 ,000.

E BEETLE PROBLEM AS IMPORTANT AS THE FIRE PROBLEM.

certain sections of the country and in certain National Forests
e the more destructive species of beetles are present and a
stant menace to the standing - timber, the beetle problem -is
doubtedly as important as the forest-fire problem, and therefore
mands the adoption and organization of beetle-control work, which,
h little or no additional force and equipment, can be conducted by
atrols and forest rangers.

he evidence of ‘destructive beetle work is not quite as distinet
k ;the evidence of fire, and can not be seen quite so far, but a
mp of yellow-top or red -top trees can be seen for a long distance,
upon closer inspection the pitch tubes and boring dust on and
und the trunks of living trees are sufficient danger signals to
and that the required action be taken to prevent widespread

here is one great advantage in the requirements for succassful
tle control over those for fire control, viz, there is usually a period
six to ten months in which to ut1hze or otherwise ‘dispose of the
ected timber to destroy the broods of beetles in the bark, while

POSSIBILITIES OF CONTROL. re requires 1mmechate attention.

The results of our investigations, experiments, Sl pray _ DISTINCTIVE CHARACTERS OF THE GENUS.c
demonstrations make it clear that wherever private forests or ‘
or National forests are under organized management for fir
tection and economic utilization the control of these insects is
a less difficult and less expensive problem than that of controll
forest fires. In fact, wherever there is a sufficient demand 1o
timber, and where facilities for the utilization of the trunks o
infested trees within a specified time exist, the desired contro
often ‘be brought about and maintained practically withous
or-even ata proﬁt especially if the action be taken before th
dators have spread over extensive areas.

he beetles of the genus Dendroctonus (see figs. 1, 2, 3 ebe.) are
tinguished in the adult stage by their cylmdncal somewhat
ngate to stout bodies, broad and prominent heads, nearly round
oblong—oval and tra,nsversely placed eyes behmd the base of
h antenna, the last with an elongate, clublike basal joint (scape)
wed by 5 short joints (funicle) and terminated by a broad club
i thickened at the base and flattened toward the apex, and

'See also Technical Series No. 17, Part I, for technical descriptions of genus, species,




Epicranial suture
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three to four closely connected joints defined by curved lines.
ront of ‘the head has a distinct middle elevation toward the
e of the mandibles; called the epistomal process (see figs. 2, 3).
> pronotum is slightly more than half to slightly less than half
ong as the elytra, which have fine to coarse rugosities between
s of obscure to distinet punctures. :

he diagram, Plate I, gives the technical and common names of
beetles of the genus, and shows how the different species fall into
bural primary and minor divisions according to certain structural
aracters and peculiar habits. i :

ADULT CHARACTERS.~

n the species of Division I the pronotum is somewhat elongate and
road as the elytra, and in those of Division II the pronotum is
ter and is usually narrower than the elytra. ‘

A / . species 1 to-'8 (subdivision A) the body is somewhat slender,
e NER L T £ | the pronotum is but sli

.. Blytral declivity

ghtly narrowed toward the head, which
rising subsection bY) has a frontal groove
ge} _ Inspecies 1 and 2 (section a*) the elytra
ithout long hairs, while in species 3 to 8 (section a?) there are
hairs toward and on the declivity. y =
n species 9 to 11 (subdivision. B) the body is stouter and the
notum is distinctly narrowed toward the head, which is without
rontal groove or elevations. In species 9 and 10 the punctures of
‘pronotum are moderately coarse and deep, while in species 11
ey are shallow and usually fine, with the surface more shining.
n species 12 to 21 (subdivision C) the punctures of the pronotum
e of irregular size, while in species 22 and 23 (subdivision D)
ey are regular. e B e ‘
In species 12 and 13 (section ¢?) the strise of the elytral declivity
- deeply impressed, and the interspaces are convex, while in.

8
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almost as broad as the elytra, and by the very large and prominent
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~EXTERNAL S.EXUAL, CHARACTERS.

. Middle leg.. T
Meta
Iylra.-;-—-__---

ZLateral margin:

species 1 t0 8 (subdivision A) the females are distinguished by
ansverse, rather broad, elevated ridge across the pronotum mnear

‘anterior margin, ‘moderately broad head, and moderately large ;
andibles. The males are without the transverse ridge across the

g
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notum; but the frontal groove and tubercles are usua]ly more dis-

§ ct,. the head broader, and the mandibles stouter.

g A® n species.9 to.11 (SUblelSlOIl B) the females have the decthty of
E‘ & @ elytra somewhat flattened and shining and the mterspaces with,
"E /$®§>@@

S ALy
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The red tmpcntlne beetle. Adult, lateral aspect, greatly enlalged a, Pleural elavicula;-
; : S b pregena (Anthorsﬂlustratwﬂ)

anules and sometnnes punctured.  In the males the dechwty
e convex, the mterspaces have coarser granules, the. head is
and the mandibles-are stouter,

Fie, 3.—The red tmpentme beetle Adult ventxal acpect, greatly enla.rged a, Sternel]ar are ‘
Hlustration: ) :




10 - THE SCOLY;CI'DBEETLES; , THE GENUS DENDROCTONTUS. : i1
-11'Speeies 14; 15, and 19 the front has a transverse elevation; but
it is: absent or indistinet:

 species 22 and 23 the dorsal plates of the 8th and 9th segments
e prominent splnes and the front of the head is without elevations:

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
strize are more distinctly impressed and the interspaces more convex
and roughened. In the males the striz are much less or'not at

: nnpressed and the interspaces are shining, smooth, and ofts

punctured

In species 12 and 13 (section a3) the strim are deeply impresse
in both sexes; but in species 14 to 21 (sectlon at) they are rare
impressed in the males. ~ :

In species 22 and 23 (subdivision D) the sexes are less distinct.
defined by external characters. In the females the antennal clu
broader, stouter, and more compressed; the head is narrower and tl
mandibles are smaller, while the reverse is true in the males.

ABDOMEN ) | 'mormx, HEAD

: (395 DIOBIOU1089
91199( 9UIUediIng POI ST —F. D

THE EGG.

The eggs of the majority of the spemes have been observed ar
apparently show no differences e\eept in relative size, correspond
with the size of the adults. They are slightly oblong, rounded at.
ends, pearly Whlte and shining.

JTHE LARVA

The larva (fig. 4) is a ‘stout, cyhndmcal yeHOWlsh—Whlte fo i
grub with a yellowish shining head The body is deeply and
wrinkled; as shown in the ﬁoure

In species 1 to 11 the dorsal surface of the 8th and %h abdomi
segments are smooth, without chitinous plates, and the Ventral
thoracm lobes are more or less promment '

In spe01es 1 and 2 the front is without a median elevation.

In species 3 to 7 the front has a more or less rounded conve
elevation. : ~

In species 9 to 11 the front has a transverse roughened elevatl
slightly more elevated toward the sides.

In specles 12 and 13 the dorsal surface of the 8th and 9th abdoml
segments is without chitinous plates.

In speeles 14 t0723 one or both-have distinct platee

In species 14, 15, 17, and 19 the 8th and 9th abdominal plat
without promment spmes The frontal elevation, ‘when prese
transverse. ~

The larva of species 16 to 18 and 19 have not been observed

Species 21 has a roughened plate on the 9th segment, but no;
the 8th.

In species 12 the front is without a medlan elevatlon, but in spe
cies 13 there is a distinct transverse, , Tugose, medlan elevation
elevated toward the sides.. '

THE PUPA.

upa (ﬁg 5) is of the general color of the Iarva but is of the
orm and size of the adult, with the legs and wing pads folded
he body and ‘the abdomlnal segments exposed.  The 9th
1t has two prominent fleshy spines, and the other segments are
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with or without dorsal, lateral and pleural spines, which vary ir
~among the different species from very smooth to qulte coarse
promment : .
In species'1 to 5 and 8 to 11 the vertex or front of the he
grooved, with prominent or small fleshy spines situated at each
of the groove. ~
The pupze of species 6 and 7 have not been observed.
In species 1 to 5 and species 8 the elytral pads are smooth an
abdominal segments have small lateral spines or tubercles.
In species 1 and 2 the vertex of the head is faintly groove
spines are small and Wldely separated; and the front and mi
femora are without apleal spines or granules. '
In species 3 the vertex is {aintly grooved, the spines are very st
and the front and middle femora have aplcal granules.
In species 4, 5, and 8 the vertex is broadly grooved, the spin.
moderately small and widely separated, and the front and
femora have small apical tubercles.
In species 9, 10, and 11 the elytral pads are roughene
sparsely placed O'ranules The head has the vertex deeply gr
and the queb prominent, and the abdominal segments ha
long lateral spines. - In species 9 a;nd 11 the front and middle
have two aplcal spines each, while in species 10 they have one
In spe01es 12'to ‘)3 the Vertex i8 elther famtly unpressed ’

both the pupal cells and larval mines are exposed in the inner

species 12 to 23, so far as observed, the egg galleries are longitu-
1, straight to shghtly winding, Wlth the larval mines either in

1ps or connected, or they form a broad common chamber, and
re exposed in the inner bark. The pupal cells are located at the
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EGG GALLERIES, LARVAL MINES, AND PUPAL CE
(See figures-of work.)

In species 1 ’[o 11 the egg galleries are wmdmg to 8
individaal larval mines concealed or exposed in inner bark an
the pupal cells either in the outer or in the inner ‘bark.

In species 1 to 8 the egg galleries are winding, nearly transy
obhque the larval mines short, not in groups; and the pu
are in the outer bark. In spemes 1,2, 5, 6,7, and 8 the la;
are concealed, while in species. 3 and 4 they are exposed
bark: ‘

In-species 9.t0 11 the egg galleries are longitudinal,;s’lig
ing to straight. The larval mines are short and usually
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In species 12 and 13 the egg gallenes are long, longitudinal; straig
or slightly winding, sometimes branched, and moderately broad;
larval mines are long, independent of each other from the sta
winding, and more or less regular.

In species 14 to 21, so far as observed, the egg galleries are blO
moderately long, straloht irregularly branched at terminals;
usually with an inner gallely through the packed borings of ¢
finished egg galleries; the larval mines are long, connected towar
the egg gallery, independent and irregular, or forming a broad lar
chamber k

In species 14, 15, and 17 the 1a1va,1 mines are connected towa
the egg ga]lery and separated toward the middle and outer ends.

Tn species 19 and 20 the larve excavate a common or social cha
ber, sometimes with independent mines extending from the edge

In species 22 and 23 the egg galleries are broad to very bro
short to very long, and straight or slightly winding, and the la
mines form very larcre common chambers, with the pupal cells in
chamber or at the ends of short mdependent mines extendmg 1
the edge of the chamber

DISTRIBUTION.

The distribution of the species of Division I is from the Sou
Atlantic States to Mexico and Central America, and northward
the Rocky, Sierra Nevada, and Cascade mountains to B
Columbia. ‘

Species 1 occupies the region of the western yellow pine Wes
western Montana and southern Idaho, southward to Santa Bar
‘County, Cal., while species 2 occupies the Rocky Mountains regi
“south of central Colorado and central Utah, into southern Califo
and northern Mexico. ( :

Species 3, 5, and 8 occupy practically the same region as speci
while species 4 occupies the region of yellow pine, loblolly pine
longleaf pine south of Permsylvania and westward into Texas
species 6 and 7 occupy the pine regions of the mountams of sout
Mexico.

Speeles 9 occuples the region. of silver pine, lodgepole: pme
sugar pine north of Colorado and Utah and westward mto the Si
N evada and Cascade mountains.

Species 10 occupies the region of the Rocky Mountain vari
the western yellow pine and limber:pine above an altitude o
feet, from western South Dakota southward through Wyo
Colorado, and Utah to southern New Mexico and Arizona,
species 11 occupies the Jeffrey-pine region from the mountain
San Bernardino County, Cal., to northern California, and pr
into Oregon.
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The species of Division II range from Guatemala northward to
aska, eastward to the Atlantic coast, and across northern Europe
Russm into Slberla

Species 12 occupies the regions and sections of eastern larch from
hwestern West Virginia, northward and westward, while species
seccupies the region of the Douglas fir, bigcone fir; and western
rch from southern New Mexico and Arlzona to Venbura County,
, and morthward into-British- Columbia.

Species ‘14 occupies the region of red spruce from the high moun-
ns of ‘Pennsylvania northward and from New Brunswick to north-
stern Michigan, and probably northwestward to the 100th meridian.
Speoles 15 occupies the region of Engelmann spruce from the white
pruce in western South Dakota westward, and north- of southern

Species 16 occupies the Whlte—spruce reglon in-Alaska, and species
he Sitka-spruce region from southern Oregon to Sltka,

Species 18 occupies the Lake Superior region; species 19 the region
odgepole pine from central Colorado northward probably into
h Columbia; species 20 the regions of red spruce from the moun-
of West Vlrglma_mto New lork, while species- 21 cceupies the
ce and pine regions. north of central Europe in Denmark and
hrough Russia to eastern Siberia.

Species 22 occuples the region of pitch pine, Vlrgmla pine, yellow
ne, loblolly pine, and longleaf pine from Long Island, New York,
t of the Allegheny Mountains,.southward to Florida and Texas,
d west of the mountains from the Little Kanawha River probably
ough Kentucky and Tennessee, while species 23 occupies the
ions of pine timber from the Atlantic to the Pacific north of the
th Atlantic and Gulf States and south into the mountains of
atemala. Species 24 is described from Guatemala.

he distribution maps (figs. 11, 14, 17, etc.) show the known and
able ranges of each species, the known range being indicated
arge dots and the probable range by small dots.

he distribution of the genus is shown on.a map of the world
1I.

) HOST TREES.

Division I the spemes confine their at’oack to pine and spruce,
prmc1pally to the pines.
Species 1 confines its attack to the western yellow and sugar pme
is a destructive enemy of both. Species 2 attacks the western
w pine, but, so far as observed, is much less destructive than its
rthern and western neighbor. It has also been found in the Doug-

but thls is ewdently an abnormal habit.
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es'2.1 18'recorded .as attacking spruce and pine principallyf and
sometimes attacking larch, and fir (Abies), and is recognized as a
tructive enemy.
kpecie‘s 22 attacks the different species of pine within its range and
 also been found in spruce. - It is sometimes destructive to living
s but more often is simply injurious to the base of the trunks iz
: : sing basal scars. Species 23 attacks all of the pines and is some-
The species of subdivision B are themost destructive insect enen s found in spruce and larch. Tt rarely causes the death of trees
of western pine forests. Species 9 attacks the western white 1t causes serious damage to the base of living trees, resulting in the
silver pine, sugar pine, lodgepole pine, and western yellow pine, an mon defect known as basal scars and fire wounds. -
is exceedingly destructive in certain localities throughout its 1z -
especially to the silver pine, sugar pine, and lodgepolepine.  Sp
10 attacks the Rocky Mountain variety of the western yellow p
limber pine, white spruce, and Engelmann spruce, but co
itself principally to the yellow pine and is exceedingly: destru
as has been conclusively demonstrated in the Black Hills For
Reserve of South Dakota and in numerous localities in Color
Species 11 attacks the Jefirey pine and western yellow pin
principally the former, to which it is quite destructive.
The species of Division II attack pines, spruces, larches,
Douglas fir, and some of the species are very destructive to
timber. ;
Species 12 confines its attack to the eastern larch. There
positive evidence that it is primarily destructive to living timb
but it evidently contributes to the death of trees defoliated by
larch worm. Species 13 confines its attack principally to the Dou
fir, but is also found in the bigcone spruce and western larch
the northwestern section of its range this species is not espec
destructive, but in its eastern and southern range it is very dest
tive to the Douglas fir.
Species 14 attacks the red spruce, black spruce, and white spr
and from time to time during the past century it has been e
ingly destructive to the red spruce in Maine and New Brun:
Species 15 attacks the Engelmann and evidently the other spru
the Rocky Mountain region. There is conclusive evidence t
has caused widespread devastation of matured spruce duri
past fifty years, and it is now quite aggressive in some locali
Species 16 has been found in the white spruce, but nothing m
known of its habits.  Species 17 attacks the Sitka spruce, bu
are no records to indicate that it has been primarily destruc
living timber. Species 18 lives in the white pine, but nothing
is known of its habits. Species 19 attacks living lodgepole pi ce. . ;
Engelmann spruce, but it is not known whether or not it is pn 18 to 20 appear to confine their attack to or toward the
destructive. = Species 20 was found in the living bark on a re e trees, where large pitch or gum tubes are formed indi-
stump in West Virginia, which is all that is known of its h heir presence. In Europe, species 21 sometimes attacl’(s the

Species 3, 5, and 8 are usually associated with No. 2 in the we
yellow pine, but none of them has been especially destructive,
though independently or collectively they are capable of being
Species 4 attacks all of the pines and spruces within its range,
while it caused widespread devastation in its northern range dur
1891 and 1892 its destruction of timber within its southern rs
so far as observed, is comparatively moderate.

EVIDENCES OF ATTACK.

1 ?H of the species the first evidence of attack on living trees is
presence of pitch tubes on the trunks, mixed with reddish bor-
or the presence of reddigh boring dust in the loose bark and
md the base of the trees. Later the fading; yellowish, or reddish
lition of the foliage is conspicuous evidence of the barkbeetles’
ructive work. e : :
1ccessful attacks by species 1 to 8 are followed by a rapid death
rees.  The leaves fade in & month or two and turn yellow and
sh before winter. Successful attacks by species 9 to 11 are fol-
d by a slow death of the trees.. While the trees attacked during
summer will have the bark on the trunks killed, the leaves will
0 yellow until the following May. ‘
acks by species 12 and 13 are not as a rule indicated by pitch
‘but the reddish boring dust in the crevices of the bark: in the
‘ ark, and around the base of the trunk of Douglas fir or larch
ite conclusive evidence of their presence. - Douglas fir attacked
ummer will have the leaves fading and turning pinkish in the
d winter, and reddish in the spring. The leaves on the larch
ably fall before they fade, although some of them mav remain
¢ trees after the normal time for them to fall. :
pecies 14 and 15, pitch tubes and red boring dust, mixed with
on the trunk and around the base, are evidences of attack.
es attacked in the early summer will shed their green needles
tall. Those attacked later in the summer will have the bark
nks killed before winter; but the leaves may remain green
wth starts in the spring, when they will fall.  Thus inbMay
ne one often finds the ground beneath the infested trees
"'Wlth; ‘the green needles. = After the leaves have fallen the
gs will cause the tops of infested trees to present a reddish
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trunk at points some distance above the base, where the large pite
or gum tubes indicate their presence. , ;

Species 22 and 23 nearly always attack the base of the trees, wh
the very large pitch tubes and masses of pitch indicate their w
‘When the main trunk is infested by these species to a sufficient exte
to kill the trees, the evidence of infestation is found in the lar
pitch tubes and yellow foliage of the dying trees. : ‘

In species 3 there is but one generation annually in the more
Hlvan‘c'ed broods, while the more retarded ones: ma}.i pass through
vo winters before they complete their development and emer:e.
he adults begin to emerge, attack other trees, and deposit eggs
ward the last of June, but the broods do not develop before hiber-
tion begins in the fall.
pecies 4 lias two or three generations annually in its northern
nge. - In the intermediate range, represented by Tryon, N. C., there
three or four generations, while in the more southern range) there
ay possibly be five generations, with activity continuing during the
ter days of winter. Under average conditions the first attack
mac_le about the middle of May, and under favorable conditions the
Itlgg brood develops to adults and emerges in about sixty days.
ecles 5 evidently has a seasonal history similar to species 2 =
I species 8 there is but one generation annually. The attack
Ins in June, and the broods do not emerge until the followine June
ugust; or later. : : h
species 9, 10, and 11 there is but one generation annually, and the
sonal history of each is quite similar to that of the others. The
attack is made during the last week in July or first week in
1st, and the broods do not develop and emerge until the followine
and August,. - ' -
species' 12 and 13 there is a single generation annually. The
attack is made in April to May, and the broods emei’ge the fol-
ing April to July.

species 14 and 15 there is but one generation annually. The
attack is made in June, and the broods do not emerge until the
/ing June to August. In species 17 the attack begins a month
r. In the European species (No. 21) the first attack is made
y and June, and the broods emerge the following May to August.
species 22 and 23 there is but ﬁ}@jﬁ%f{eratlon annually. The
k is made during the first warm days in March to April, and the
s emerge the following March to September, or later.

SEASONAL HISTORY.

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

Certain features in the seasonal history of all of the spec
similar, but as a rule each species or series of closely related
has peculiarities which are more or less distinctive. A knowledg
these facts, therefore, is of prime importance as a basis for a
relating to the exact species involved in a given trouble anc
successful methods of control. o
 The broods of all of the species pass the winter as adults
larvee in the bark of the trees, logs, or stumps attacked durin
preceding spring, summer, or fall. ~ All excavate galleries throug
inner living bark in which to deposit eggs, and the larve of all
on the inner bark; all become more or less active as soon as
weather conditions are favorable in the spring, especially the
and overwintered parent adults, the former extending their I
mines and the latter their egg galleries. The principal differ
in seasonal history are brought out in the following referenc
the general features of the different species and in the detail
cussion under each species farther on. : .

In species 1 and 2, under average conditions, there is one com
generation and a partial second during the season of activity

Tn species 1 the first attack is made during the last week
and first week in July, and the more advanced broods dev:
begin to emerge about the last of August, but are not all ou
cold weather. The first eggs of the second generation are dep
about the first of September, but the broods do not develop
the larval stage before hibernation begins in October. In.
the seasonal history is practically the same as in species 1,
that the attack and subsequent stages begin a month earlie
attack begins during the last of May, and the advanced bro
to emerge during the latter part of July. f

UENCES  OF LATITUDE. AND ALTITUDE ON SEASONAL HISTORY.

begim}ing and ending of the hibernating period vary somewhat
 the different species, and in each species there is considerable
nce at different latitudes and altitudes within s range.
1 the area of a given State or section of the country this differ-
the befgmning‘ or ending of a given period in the seasonal his-
Species can be estimated after the date of beginning is deter-
foy a glven season in a given locality. In the spring of a given
_average difference in the time of beginning activity, emer-
ght, attack, etc., at the same altitude, will not vary much:
our days later for each degree NOTth. oF Farr Aaa aalssn. fi
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each degree south, while at the same latitude there will be a differenc HABITS

of about four days for each 400 feet difference in altitude—four da
later for each 400 feet higher, and four days earlier for each 400 fec
lower. Thus a difference of 7% degrees of latitude at the same elev:
tion would mean a difference of about thirty days in the beginnin,
of activity or any other event, depending on a given average tem
perature, while a difference of 3,000 feet in altitude at the sam
degree of latitude would cause an equal difference in these phenolo.
ical events. : o
Tn'the fall of the year the beginning of hibernation and other even
will be earlier northward and later southward at localities of t
same elevation, or eailier at higher altitudes and later at lower a
tudes in the same latitude. .
Of course there are exceptions to these rules, especially in regl
like that of California, where remarkably abnormal conditions a
influence of altitude and latitude prevail, as alsoin the case of south
and northern exposures, sandy dry soils, and wet clayey soilsor |
Tn such cases the estimates must be corrected so as to allow for 4l
or four days later for the beginning of activity, etc., under ave
colder conditions, or three or four days earlier for average war
conditions. The best indication of the rate of difference betweer
localities is found in the average difference in the dates of ope
of the buds or flowers of some indigenous species of forest trees ¢
mon to both localities, and especially of a species of conifer sub
to the attack of a given Dendroctonus beetle. G
A knowledge of the facts relating to this principle is of @
importance as a basis for recommending or executing beetle-co
policies, since success depends largely on a Fnowledge of the pr
time to begin and end certain timber-cutting or barking operatro
the destruction of the broods of the beetles. L
When, as is usually the case, the seasonal-history data have
collected at different latitudes and altitudes within the range
species, the. discussion under each species is based on a pr
average. But when the data have been collected in one locall
discussion relates to that locality, and the probable differences ar
mated for other localities. While there is yet much to be deter
in regard to the rate of difference between different localitie ey are rarely exposed in the inner bark. T} .
same latitude or elevation in the same region and the influence w re exposed, but in all of the s eciel ('f ~108e _Of species 3
diffevent latitudes and altitudes exert on different species, suffi mations from the larve to the P u ées ° {Su(?dlwsmn A the
evidence is at hand regarding some of the species of this genus n the outer corky bark, so that 1% frdeilzc ? uI'tS are almost
regions occupied by them to warrant certain preliminary con ecies of this subdivision the sim T Fais 0 Cles;ftl oy the broods -
as  basis for action and further study. : ; it must be burned or Otherwislg destro;:d of the bark is not
: species of subdivisions B, C, and D the larvee excavate thei
the inner layers of bark and also transform to pups anl(]{
the inner bark, so that when the bark is removed fg)m the

ABITS OF PARENT ADULTS AND OF IMMATURE STAGES

,Aellito'f t;lr}lle ?pe:cies of De.ndroctonus will breed to a greater or less
ot ;:1@1; dn;llng andsdymg tf)ark of stumps and logs, and in injured
) d -trees.. Some of them show a pref i
eakened condition, while othe e o B
) rs show a preference for h
U of those studied ’howev ; dhein abirg o o
; er, have demonstrated their abili
althy trees and ki’ll them 'w,h indivy iy s
! enever the individuals of a species
'&?ﬁjﬁ;ﬂt num?;ers to overcome the resistance of the ire]; ’ﬁle h;]gii;cﬁ
ung, or of congregating in one localit ' i
: : : v and concentr
ti.lr_ att?ck on groups of trees within a forest, is one of thel?r?o?'g
1(1)/ {;ngi feat:}fes in the habits of these beetles. The part.of a tle:
cted for the attack varies somewhat in th '1' visio
o ihe sbfack ¥ hat m the different subdivisions
. pecies that are more destructive t i
attack the middle to u i e
pper portion of ‘the trunk, while %
are less destructive attack the t okt o e
el , : runk toward the base, or ev
1et£c;(;tsfiow’ls‘llg 1I;)eei,i;}lles’fpov}{ﬁar to resist the repelling effec’;ts of '1;11;
12t mto the freshly excavated entrance: i
he living bark and to dispose of i e e e
iving ba spose of it by forming pitch tub
ances is most remarkable. This alone d b g
: X ; emonstrates the abili
es?r i?sects to overcome the resistance exerted by a living hea;tllgrr
| . . » =)
i ;ennﬁ::ilrere?{i excavating the egg galleries and the directions
ed. in xtension are quite different amon '
) , g the several
zz(li@ have a different effect on the tree. The almost transverse
- fo' q;nlgi lamd.ciﬁsely ca{u‘lranged galleries of species 1,2, 4, 5, and é /
) cly girdle and kill the trees, while the strai ongi
: » e straight, lo -
a cogrselin-d parallel arrangement of those of species S, 1’0 1nlg-1§g
esult in ‘ doat]
2 a much slgvver, but none the less certain, death 017’

RELATION OF HABITS TO SUCCESSFUL CONTROL.

habits of the broods o '

habit roods of larve are of special i i

hal e | ecial importa: indi-
¢ methods of control. i ity

llbdiViSiOIl A the larvee of S eci
C , pecies 1, 2, 5,6,7,and 8 excavate
a.I‘VELI mines thl‘OUgh the middle la,yers :)f }th,e inner bark S0
¥




29 THE SCOLYTID BEETLES. THE GENUS DENDROCTONUS. 28
ent sections of the country and between different species of
droctonus, as mentioned under the more detailed discussion of
several species. :

tree they are exposed to the frost or sun and drying winds, which
sufficient to kill them, without the necessity of burning the bark.
Tt will be seen from the foregoing that the periods in which contr
operations must be conducted are indicated by the habits and season
history of the species involved. In general, the work should be d«
between the beginning of hibernation-in the fall and the beginn
of activity in the spring, but in the case of certain species in wh
there are one or more complete generations within the season
activity, such as species 1, 2, and 4, it may be desirable under certal
conditions to dispose of the infested trees during the summer,
well as during the winter, especially during the principal developm
and summer activity of the first generation of larvee. In the
of species 9, 10, and 11, the operations may be continued after act
begins in the spring until late in June or the first of July.

CLIMATIC INFLUENCES.
DROUGHT.

It is the common impression that the death of pine and spruce
imber in certain sections of the Rocky Mountain region is primarily
e ,tok a weakened condition resulting from drought and that the
tk of the insects is secondary.  Under the influence of exceptionally
re drought during several successive seasons this may be true to
ry limited extent, but our observations lead us to conclude that
ught does not offer specially favorable conditions for the multi-
tion and destructive work of barkbeetles. In fact, the reverse is
re likely to be the rule, since exceptionally dry conditions appear
e more unfavorable for the development of the beetles than
mid conditions. The only exception we have noted in which injury
eater in dry sections than humid ones is that of the Douglas fir.
e more southern range of this tree, where the normal dry char-
the climate and soil prevails, it suffers more from the Douglas
eetle (No. 13) than it does in the Northwest, where, under moist
itions and rich soil, the tree reaches its best develdpmen’o. This
e 1s very abundant in the Northwest, yet as a rule it confines its
k to the felled and injured timber and rarely attacks the healthy
. On the other hand, the western yellow pine suffers more
rely in the humid sections than it does in the more arid ones, as
nstrated by the work of the Black Hills beetle (No. 10), which
ely distributed over the eastern section of the Rocky Mountain
n, yet-has been far more aggressive and destructive in the Black
Is National Forest-than in the mueh drier sections in southern
rado and northern New Mexico and Arizona, and has continued
epredations in the Black Hills unabated through excessively wet
| as excessively dry seasons. - o =
western pine beetle (No. 1) is far more abundant and destruc-
the northern and more moist climate of the mountains of
0, Oregon, and California than “is its' near-relative, the south-
ern,.pine beetle (No. 2) in the drier forested areas of New Mexico
rizona. The mountain pine beetle (No. 9) is exceedingly
] tive to the lodgepole pine at high altitudes and under éspe-
fires, etc.; and how certain methods and practices in the ly moist conditions. The same may be said of the eastern spruce
ment of a forest, or in utilizing its resources, contribute to 1 tle and the Engelmann spruce beetle. It is evident, therefore,
tiplication of the destructive enemies of the living timber, and rought is not an important factor in contributing to the multi-
certain other methods may contribute to their reduction or tion or destructiveness of this class of enemies. ‘
tion. There is considerable difference in this respect betwee ‘ e :

SECONDARY INJURIES TO THE TREES.

Some of the losses resulting from secondary injuries or des
tion may be mentioned in this connection. One of these which a
the commercial value of the beetle-killed trees is the bluing o;
sapwood. This, according to Dr. Hermann von Schrenk, is due
a fungus which finds its way into the wounds and galleries made
the beetles and rapidly penetrates the sapwood to the heartwo
causing at first bluish streaks and later a uniform bluish-gray ap
ance of the wood. This bluing condition, especially in pine
infested with species 9 to 11, often prevails long before the I
of the beetle-infested trees show evidence of decline or death.

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

EAVORABLE AND UNFAVORABLE CONDITIONS FOR THE BE :

It is quite necessary that we should have some general and
information in regard to the influences upon the beetles of
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LOW TEMPERATURE AND . SNOW. the lower-and middle trunk is so'scorched and killed: that. the

While the severe cold at the high elevations in which most of th beetles can 1.10t.hve in it. Spruce, however, may be killed or weak-
western specles prevail appears to have no detrimental-effect on t ed‘from injuries to the b.as:e and roots by a sgrfgce _ﬁI‘e; and thus offer
overwintering broods, we have a striking example of its effect on pecially favorable conditions for the mul.tlphcamon of the spruce
northern migration of a southern species, in the complete extermi cetles. kOn the other hand, a forest fire in a forest in which the
tion of the southern pine beetle (No. 4) in the Virginias by the exc ?’3'0“"“3". O’f ’.uhe. frees are 1nffasted~ by broods of b-eetles and. dying
tionally cold winter of 1902-3. On the other hand, snows, whe D fheir 1hjuries may contrlbufue t(.) Fhe Qestructlon of :the. insests
sufficiently heavy to break down a large amount of tlmben migh 1 the protection of the remaining living timber.
offer favorable conditions for the multlphcatlon of some of the spec v :
like the western pine beetle, the mountain' pine beetle, and
Douglas fir beetle.

MATURED TIMBER.

; racmoally all of the more destructive species show a decided pref-
nce for the larger and best-matured trees, and as a rule these are
illed first, and the younger timber is not attacked until later, if at all.
his is particularly true of the spruce beetles (Nos. 14 and 15), the
uthern pine beetle in the East and South, the western pine beetls;
nd the mountain pine beetle of the West.

LIGHTNING.

In certain sections of the country where a great many pine an
spruce trees are struck by lightning during the summer months th
trees furnish exceptionally favorable conditions for the perpetua
and multiplication of the pine and spruce beetles. Although th
constant supply of such trees furnishes also favorable conditions
the multiplication and perpetuation of the natural enemies of th
destructive beetles (insects and birds), these enemies are frequen
not sufﬁciently numerous to serve as a natural check, and the li
timber is attacked by the broods of beetles which develop in
lightning-struck trees. This is especially true in the Southern St
where a pine tree struck by lightning attracts the beetles to th
and they not only enter the lIlJ'LIled tree but attack and kill a IlU_l
of those surrounding it. »

COMMERCIAL CUTTING.

he cutting of living timber for commercial purposes may offer
orable conchtlons for the multlphcatlon of some 'of the species,
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
ntinuous, it appears to serve as a protection to the living timber
her than otherwise. On the other hand, local sporadic cutting
y pring about more or less serious results. Some species, like
lack Hills beetle, are evidently not attracted from the living
s by cutting operationq while the southern pine beetle in the
Southern States is greatly favored by sporadic .cutting, especially if
ried on during the summer months.

WINDSTORMS. _

Whenever a windstorm occurring during the period from Jun
August is sufficiently severe to fell and break a large amount o
rmd spruce, favorable conditions may be presented for the: mul;
cation of certain of the destructive beetles, provided they are pre
in the locality in sufficient numbers to infest the felled timber
has been demonstrated from time to time in Europe, where b
with much less aggressive habits than the Dendroctonus beetles’
it.is said, been thus enabled to multiply to sufficient numk
attack and kill the living timber and cause serious exten: i
their depledatmns into the healthy forest.

SUMMER. CUTTING.

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

OTHER INFLUENCES AND CONDITIONS. WINTER CUTTING.

When any of the more destructive beetles are present in a forest
important that the principal timber-cutting operations should
rried on during the late fall and winter months, and completed
he spring before the beetles begin to fly.  This is especially
nt when there is a large amount of infested timber to be
1, because it is necessary to remove the bark from the trunks

' FOREST' FIRES.

While some of the species find favorable conditions for thei
plication in fire-scorched trees, others, like the Black Hill
appear to prefer the uninjured trees. This is due, perhaps,
fact that if a fire be sufficiently severe to kill large pine trees,
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of such trees or convert them into lumber and burn the slabs befor,
the insects begin to emerge. Winter cutting of living, healthy tim
ber is much to be preferred when species with a single generatio
like the mountain pine beetle, Douglas fir beetle, or the spruce beetle;
are present, because during the following summer the stumps an
slash will serve to attract the beetles away from the living tree
And since the broods would remain in the bark during the followi
winter they can then be destroyed by burning the slash any ti
“during the following fall or winter. In the Southeast and in th
TRocky Mountain region, however, when species with more than o
generation annually are present, it may be necessary to burn th
winter slash before the first of July, to destroy the broods of th
?rst generation which develop from eggs deposited during May
une. ‘

nd mines, and kill their victims by inserting their beaks into their
odies. : : V ‘ ;
he so-called robbers (see fig. 30) consist of large bark-boring
bs or larve of long-horned. beetles,* which sometimes rob the
tkbeetle larvee of their food supply or kill them outright, by
estroying the inner bark before the broods of barkbeetles have
ompleted their development. These, however, do not occur so
ommonly with the more destructive barkbeetles as with - those
hich, like the bark-boring grubs, are in the bark as the result, and
ot the cause, of the dying condition of the tree. :

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

So far as determined, the southern pine beetle has 11 parasitic and
out an equal number of predatory enemies; the eastern spruce
etle has 5 parasitic and 4 predatory enemies, and the eastern larch
etle 6 parasitic and 2 predatory enemies. Of the western species

mountain pine beetle is the only one on which a parasite has been
und, but there are four or five predators common to all, which evi-
ently exert quite an important influence in protecting the forests of -
me sections. With a little assistance on the part of the owner of
forest, this class of beneficial insects will exert a much more power-
influence in preserving a desirable balance among the contending
'ces, and thus prevent destructive outbreaks of the beetles. This
lanced condition appears to prevail at the present time within the
nge of the southern pine beetle, and with proper attention to local
1threaks of the beetles it could be maintained. ~However, this whole
bject of parasites and predatory enemies of forest insects and their -
onomic relations is one which has not as yet received the attention
serves. Mr. Fiske gave the matter considerable attention during
eld work in forest insect investigations, but his detail to another
ch of the Bureau prevented him from continuing it.

£ A

NATURAL ENEMIES OF THE BEETLES.

Were it not for the natural checks and control of some of
insect enemies of forest trees, the destruction of the forests woul
evidently be far more continuous and complete, but unde
existing warfare between the trees and the destructive beetle. k‘
between the beetles and their own enemies, a more or less ‘bala‘
condition in nature is preserved, so that it is only under excéptl
conditions that a species of tree or a species of insect is exte:
nated. s

INSECTS.

The insect enemies of the destructive beetles consist of parasit
predators, and robbers. The parasites are small Waspliké insect
The adults lay their eggs on, in, or near the beetle larvee, and t
minute maggotlike larvee of the parasite, situated either interna
or externally, feed on the body fluids and thus cause the deat ;
their victims.. When the parasite larva reaches its full develop
it either changes to a free pupa in the mine of its victim or m
a cocoon in which it goes through its transformation. Theref
the presence of certain of the parasitic enemies of the beetle la
is indicated by the presence of their cocoons in the mines, even a
their victims have been destroyed and they themselves have emer,

- The principal predators consist of certain adult beetles an 1
larvee  (see fig. 32), the adults often feeding on the adults
destructive beetles before or after they enter the bark, an
larvee feeding on the broods of the beetle larvee in the bark.

There is another class-of predatory enemies of:-the beetles amon
the true bugs,® which follow the 'beetles and larve into their ga

BIRDS.

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

aQOrder Hymenoptera, families Braconidee, Chalcididee, ete. : :
b Order Coleoptera, families Cleridee, Histeridee, Trogositide, Colydiidz, e
¢ Family Anthocoridse.] : ’ ‘ SRR G

e Family Cerambycidss.
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h of the trees. Therefore this interrelation between plant dis-
and insects must 6ften be considered in our efforts to locate the
ary cause of & trouble.

ago indicates quite conclusively that the birds were rendering a m
valuable service as a natural check to the multiplication and dest

tive work of the eastern spruce beetle. The work of birds is commo

in sections where species 1, 9, and 10 and other western species has been conclusively determined, however, that when the beetles
prevalent. Yet birds evidently render the greatest service where r in sufficient numbers, they are entirely independent of the aid of
few trees are being killed, since their concentrated work may preve her factors or the influence of their enemies, and that they attack and
an abnormal increase of the beetles ; but where many hundred pg@"gc‘tly healthy timber over extensive areas. ‘
thousands of trees are being killed, the limited number of birds ¢ ' '
have little or no effect. Therefore, while the birds are among.
foresters’ valuable friends, they can not, even with the utmost
tection, always be relied upon to protect the forest from its n
enemies. - We must remember that there are most complex: inte
lations between birds, the injurious insects, the beneficial inseet
enemies of the birds, ete., which do not always result in benefit to tl
forest. In fact it is often quite the reverse. Therefore, in orde
the forester or owner of the forest to derive the greatest benefi
the conflict, he must not only direct his efforts toward utilizing a
as possible the natural factors which are contributing to his
interests, but whenever the enemies of the forest threaten
beyond natural control he must enter the fight and by radical ar
means force them back to their normal defensive position.

CONDARY ENEMIES OF THE TREES, AND DEPENDENTS, GUESTS,
‘ ETC., OF THE DESTRUCTIVE BEETLES.

s soon as the attack of one of the destructive beetles causes a
akened or dying condition of a tree, such a tree becomes at once the
ding place of many other species of barkbeetles and bark and
boring grubs which can not attack healthy trees. Tlllese sec-
y enemies of a tree are dependent on the more aggressive Den-
us beetles or on other factors that may cause a similar weak-
r dying condition of the trees. Some of them render special
ce to the destructive beetles by attacking the twigs, the branches,
the unoccupied bark on the upper and lower portions of the trunk,
thus aid in bringing about the certain death of the tree. ‘There
ome insects which live in the galleries with the adult beetles, in
relation of guests, others as scavengers, etec., so that it is always
rtant to distinguish which are the real primary enemies, Whic.h.
secondary, which are beneficial, and which are neutral in their
ion to an affected tree.

DISEASES OF THE INSECTS.

While evidence has frequently been found of the work of fune
bacterial diseases in destroying the adults and immature stages o
beetles, the matter will require detailed study by specialists on
diseases before any definite conclusions can be formed in Tegar
their economic relations or importance. : ‘

GENERAL METHODS OF CONTROL.

While the subject of control is treated under the special discu‘ssipn
h species, there are some general principles and features which
be mentioned in this connection, especially such as relate to
nfestations of standing timber by the broods of the destructive
e

DISEASES OF THE TREES.

Evidence has been found from time to time that the primar
of the death of isolated large and small trees and saplings
fungous disease of the roots and base of the stem, and that
trees so affected sometimes favored the multiplication of a des
insect enemy. Evidence has also been found that certain dis
the inner bark and sapwood, like the bluing fungus studied by D
mann von Schrenk,” are sometimes very injurious and destrue
the developing broods of the beetles. It is also apparent th
fungus, which is said to depend largely on the wounds mad
beetles in finding its way into the living bark and sapwo
standing timber, may also contribute to the more rapid an

AND SEASONAL HISTORY AS SUGGESTING METHODS OF CONTROT.

systematic plan or method for the destruction and control of
eetles, in order to be least expensive and most successful, -
be based on a knowledge of the habits and seasonal history
many other essential features relating to.the particular speqies,
ip of allied species, involved in a given problem. Th’e;prlgmpal‘
importance in this connection are as follows: (@) It is tl_le
abit of all of the species to infest-the bark on the main
the larger to medium sized trees; (b) in all species the devel-
ds of larve live in the inner bark; (¢) some-of the spécies;
bdivision A, enter the outer dry bark to transform to.adults,

aThe ‘“ Bluing”’ and the “ Red-Rot’’ of the Western Yellow Piﬁé Wit
Reference to the Black Hills Forest Resetve. By Hermann von:-Schre
Bureau of Plant Industry, 1903. : “
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k and thus destroy the broods; (e) by transporting the infested
runks a sufficient distance (20'to 50 miles or more away) from the
est and away from any living spruce or pine, so that the beetles
erging from them will find no trees to attack.

while others, as in subdivisions B, C, and D, transform in tl
inner bark; (d) the broods of all of the species pass the winter :
the bark of the infested trees and remain there until they devel
to the winged stage, when they leave the then dying or dead tre
to fy and. attack the living ones; (¢) the developed broods of beetl
usually emerge from the trees before the leaves are all dead, or ce
tainly by the time the leaves have all changed to the reddlsh bro
color and begin to fall or have entirely fallen from the branche
(See fig. 25.)

TEMPTS AT COMPLETE EXTERMINATION OF THE BEETLES UNNECES-
‘ SARY.

a rule it is not only useless but unnecessary to attemp’c the
lete extermination of one or more species of the beetles within a
n forest. It isnecessary, however, to so reduce and weaken their
ces that they can not continue an aggressive attack, thus leaving
m to depend upon weakened and felled trees for their support
o occupy a defensive position against their natural enemies.

t must be-kept in mind that the beetles must occur in great num-
s in order to be successful in their attack on healthy trees. If
eir number is reduced and kept below that required for killing
os they can do no harm. Therefore in the case of a destructive
break it is necessary to destroy only from 50 to 75 per cent of
beetles in order to bring them under complete control.

DESTRUCTION OF THE BROODS.

Since the trunk of the tree is the prmclpal part of attack, we h
only to direct our efforts to the infested bark on the main trunk, :
adopt the method of killing the broods which, under local cond1t1o
and facilities, is the most practlcable and eﬁiclent

In species 1 to 8 removing the infested bark, and burning
otherwise destroying it, is necessary to kill the developed broods
larves, pupz, and adults which may be located in the outer bark

In species 9 to 23 the removal of the infested bark without bur
ing is all that is necessary. The time to do the work in both ca
is from the time activity ceases in the fall until two or three we
before the normal time for the winged adults to begin to emk
and fly. ‘

REQUISITES FOR SUCCESSFUL CONTROL.

The principal requisites for success in dealing with these beetles
(@) Prompt recognition of evidences of their presence before
ey have extended their depredations beyond a few scattering
mps or patches of trees; (b) positive identification of the species
lved; (c) prompt ac’mon in adopting the proper method of con-
and (d) relisnce on expert advice relating to the essential features
1e habits and seasonal history of the insects, on which the action

BARKING THE STANDING TREES TO KILL THE BROODS.

The bark may be removed from the standing trees by mear
suitable tools (see figs. 57, 58), and the trees left until it is convenien
to fell and utilize them. Thus, during the period in which th
operations must be done, the labor should be directed exclusi
to the removal of bark. If necessary, the barked trees may be
standing for several years without the value of the wood becomi
impaired; otherwise their utilization may immediately follow
completion of the barking operations. Whenever the condi
are favorable for the immediate disposal or utilization of the inf
timber by sale, free use, or otherwise, the timber may be barke
1t is felled and the barked log may be converted into lumber at
time during the year, within the required period.

HOW TO CHECK AND CONTROL AN EXTENSIVE INVASION.

the depredatlons by species 9, 10, 13, 14, or 15 have spreadover
> area and there is yet a large amount of living timber or adja-
nt healthy forests to be protected, a careful survey should be made
tember, October, or November, for the purpose of locating the
and localities of new infestation in which the trees were attacked
g the summer and fall and which, at the time of survey,
in living broods. * The areas of prmclpal infestation and the
- patches of infested trees should be designated on a map, and
ates made of the total amount or percentage of timber affected.
ill form a basis for definite plans and the organization and
ment of a sufficient force to do the required Work within the
ed time designated for each species. Then, if regular 1ocrg1ncf

DESTRUCTION OF THE BROODS WITHOUT REMOVING THE BAR

The destruction of the broods without removing the bark ma;
accomplished by several different methods: (a) By convertis
logs into lumber and bmmng the slabs; (b) by placing the
water; (¢) by piling the trunks and scorchmg the bark suffic
to kill the broods; (d) by scoring the upper side of the felled
to allow the water from rain or melting snow to penetrate the i
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aftention. While in exceptional cases it may be advisable to have
aws governing the treatment of timber infested with a dangerous
st, such laws should be based on expert advice and should apply
he more extreme and well-known cases only as a last resort. It
robable that in most cases legislation will not be necessary, and

more ultimate good will result without than with such laws,
ecially when it can be made clear to the owner that his personal
nterests demand that he take the proper action and that when nec-
sary his neighbors will render assistance, as is done in the case of
orest fire. ‘ ‘

operations can be directed and concentrated upon the principe
areas 30 that a large percentage of the timber can be cut, barked
or otherwise treated before the broods begin to emerge; the desire
control may be effected with little additional expense, or even at
profit. -If this method can not be adopted, the force shf)uld b
divected to removing as large a percentage as possible of the infeste
bark from the standing infested trees or from those felled for tha
purpose. The first work should be done in the principal areas an
larger patches. The work should be planned and execute}d_w ’
the object of destroying the greatest possible number of broods fo
the time and labor involved; that is, if there are more infested tree
than can be barked within the specified time, and five or six tim
as many insects can be killed by removing half of the infested |
from three or four trees as could be done in the same time by rer
ing all of the infested bark from one tree, the former proced
far preferable.

INACCESSIBLE AREAS.

here are yet large inaccessible areas in the East and West where
ill not' be practicable or possible to control the depredations by
ese beetles, and which therefore must be left to natural adjustment.
hile under natural control the matured timber will be lost, it will
ually be replaced by young growth, so that under normal conditions
he forest will be perpetuated. Under exceptional conditions and
mbinations of detrimental influences, such as insects, fire, and

ht, extensive areas may, however, be completely denuded, never
e reforested under natural conditions. This has doubtless hap-
d in very many denuded and bare areas in the Rocky Mountain
on, which were at one time heavily forested.

TRAP—TREE METHOD OF CONTROL.

HOW TO CONTROL A LIMITED ATTACK.

Whenever it is determined that one or more species is attac
and killing small patches of timber in 4 given' lgcaﬁty or fores
greater or less extent and that the bark of the living and dying ¢
contains living parent adults and developing broods, prompt an
necessary, radical action should be taken before the adults begin

emerge and fy. The well-known attraction of many species of European barkbeetles

eakened, dying, and felled trees suggested to some of the earlier
ers on forest insects a method of barkbeetle control which since
ime has been widely recommended and under certain conditions
or certain species of beetles has been successfully practiced. It
e so-called trap-tree method, in which living trees are deadened
clled at the proper time or season to attract the insects and induce
to breed in the bark, where they can be easily destroyed by
ving the latter or burning the entire tree. Fxperience and
ations indicate, however, that while this method is successful
tracting many species of bark and wood boring insects it does
ways attract those which are the most destructive to the Living
at least not in sufficient numbers to justify its general recom-
ion and adoption. '
ong the Déendroctonus beetles there are a few species which are
ed to weakened and dying trees and to the stumps; logs, ‘and
of recently felled living trees. These are species 1, 2, 4,112,183,
1 23 and, to a more limited extent, species 14 and 15, but ex-
experiments have indicated quite conclusively that the Black
etle, the most destructive species of ‘all, can not be success-
)535-—Bull: 83, pt. 1—09-——4 = : : -

HOW TO MAINTAIN CONTROL.
IN STATE AND NATIONAL FORESTS.

In State and National forests, and in all other forests in which
is an organized force of rangers and fire wardens or patrols, eack
should be furnished with the necessary instructions for the lo
of beetle-infested trees and with equipment and directions for ta
the necessary action whenever the conditions demand it. Tt ba
demonstrated that any intelligent ranger or manager can b
proficient in locating and marking infested trees with com
litle instruction in addition to that already published or con
in special recommendations. o . .

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

IN PRIVATE FORESTS:

Private forests should receive the same attention as reser
this is often far more difficult on account of intervening fores:
the owners either can not or will not give the matter the
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fully attracted to trap trees and that it actually prefers to attack
healthy living trees. : ‘

The Mountain pine beetle is attracted to a greater or less extent
0 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 therefor,
under exceptionally favorable conditions only that this method would

" be sufficiently successful to warrant its adoption as a means of co
trolling this class of beetles. These exceptions would be as a ru
on a very limited scale, as is referred to under the special discussit
of some of the species. ‘ ~

One of the objections to the trap-tree method of combating t
Dendroctonus beetles is in the fact that a few living trees deadene
or felled in the midst of a healthy forest where the destruct
species are present may, as has often been demonstrated, not on
attract the beetles to the trap trees but to the near-by healthy tree
thus inducing instead of preventing a destructive outbreak. -

he beneficial ipsects will escape. Or, if it is not hecessary to ‘burn
he bark, prgctlcally all will escape, and thus assist in destroying the
rqods .left in the tops of trees and those in scatterine trees g_z[t 18
lwﬁays Important, therefore, to determine whether or nzt the J':latural
mies are present in sufficient numbers to make it worth while to
dgé)}i; special precautions for their protection. ’
'herever woodpeckers are common in a forest the idor
. destroying the broods of barkbeetles in the scattgrl'ﬁzyc?lfngl: 2,2}2;
kglated trees, especially if the beneficial insects are scarce pr on
the other hand, the beneficial insects are common. the bi'rds ;na g
od on them and do as much harm as good. The };rotection of thse
rds, however, should be maintained, because even if they are harm-

at times they evidently more than compens i+
. ate for it .
ice they render to the forest. P n the general

IMPORTANCE OF ASYSTEMA’I‘IC FORESTRY.

fter all, success in the control of these beetles and of forest, insects
ogneral depen@s more upon good forest management, perhaps
0 upon anything else relating to the practical phases of th(;

INTRODUCTION AND PROTECTION OF NATURAL ENEMIES.

The introduction and protection of natural enemies of these b
beetles is a subject of special interest and one that should rece’
attention in the future, especially in the line of investigations a1 oblem, for without some organized system of management ver
experiments to determine facts on which to base reliable conclus le can be accomplished toward the successful utilization of avaﬂ)i
TIn the case of a destructive insect which has been introduced from le information or methods of control. It is equally true, however
another country it is plain that if its natural enemies did not co at inless the available knowledge relating to the insects and the
with it they should be introduced; but with native insects it is g nciples. of their control is understood and properly utilized in
a different proposition and will require much detailed investiga st management and lumbering operations, nothing will be ac-
before the results from transfers and introductions can be pred mplished, and the depredations and great losses of valuable timber
with any degree of certainty. The protection of natural enen ontinue.
already present is, however, worthy of special consideration. I
example, certain parasites and predatory insects are abundant in
bark of the infested trees and certain methods of procedur
adopted for combating the destructive beetles which will at the s
time allow the beneficial insects to escape, it will naturally op
against the enemy. But if, on the other hand, the beneficia
are destroyed along with the destructive ones it may have th
site effect. o

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

Burning the infested bark on the frees or immediately aft
removed will destroy the beneficial insects with the injuriow s floated out in the spring, to check the ravages of the beetles
but if the bark be removed in the early fall or early spring an ‘f L as can be learned, up to the present time very little timbeli
for several days before burning (if burning is necessary), m ce died in that section as the result of insect attack. ‘

ME“,RESULTS OF EFFORTS TO CONTROL BEETLE DEPREDA-
: : ‘ TIONS..

s only within recent years that any detailed work h
he fore.st insects of North Americg, and the possib?iitk;fznf c};zf
g their dep_redations is not generally recognized, even amone
s. . Organized efforts and definite results were not thereforeb
expected, yet we have a few examples which ma7y serve as’,
's‘ora‘mqns of what can be done. In 1900 the eastern spruce
> was l'nlling a large amount of mature spruce in northwestern
’ _Th'ls was .1nves§igated and the concentration of the logging
ations in the infested sections was recommended. This rei:omb-
tion was adopted, and with little or no additional expense
umbers of the infested trees were cut the first winter,and
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In 1905 the Black Hills beetle was killing patches of timber in,
vicinity of Colorado Springs and Palmer LaL_ke, Colorado, as 1t
in the %eginﬁing of the attack in the Black Hllls_otj South Dakota, 1
1897, but through the efforts of the late Gen. William J. Palmer !
others, sufficient numbers of infested trees were felled apd barked ;
private land and in' the adjoining National For.est‘ during 1995 K’and
1906 to destroy a large percentage of the I.Deetleskln the entire vicinity
Careful inspection during the fall and winter of 1906 and 1907 1n

he owner was again notified in December, 1907, of the serious char-
er of the outbreak, and the suggestion made that if the logs from
e infested trees were converted into lumber and the slabs burned
fore the next May, it would result in the protection of the remain-
ng living timber. Immediate steps were then taken to carry out
he original recommendations. - Mr. Edmonston gave instructions to
e manager of the estate in locating and marking the infested trees
nd in the essential features in the methods of utilization to destroy

sufficient number of beetles to check the infestation, and: he
o marked infested timber on the adjoining estate and National
rest. In May, 1908, Mr. Edmonston reported that the larger
umps of infested trees on the estate had been converted into lumber
d the slabs burned, and that those on the adjoining estate and
tional Forest had been cut and barked. In November, 1908, Mr.
monston was instructed to make another inspection of the forest

n the estate and surrounding area, and on December 1 he reported
ollows: :

cates that the pest is now under complete control within a radin
some hundreds of square miles. ‘ , o
The successful control of another serious outbr(?ak of thek Bl
Tills beetle in 1906 on an extensive private estate In southerr Co
rado was effected through the efforts of the owners In having sor
500 infested trees felled and barked within the necessary perioc
destroy the broods. A large percentage, but not all, of the 1nf<?st
fimber was thus treated. This was so suceessful that 1}0’0 a s
infested and dying tree could be found when the area was inspected 1
1908. In this, as in the other case, considerable unnecessary expeil
was involved in the burning of the bark and tops, but. the.uml /
timber was more than enough to pay all expenses. Tt isevident ¢ |
in this case a destructive invasion Wasprevented, and that more tha
a imillion dollars’ worth of timber was protected. .
‘The most striking example of success il} coptrol 'of the Bl
TLills beetle was reported in time for mention 1n this connegtl
Mr. W. D. Edmonston, a forest ranger, detailed from the. F’
Service to the Bureau of Entomology to Work_under th(.ek instr
tions of the writer in the location and reporting of ev1de1'1(3.e:
beetle infestation in the National Forests .ofv C(?lorado and a,.d]om
States, reported in May, 1907, that‘ the pine timber was dym‘
large estate not far from Idaho Springs, Colorado, and !;he gdjon}
National Forest. He was instructed to make more detal.led ex: i
tions, after which he reported that some 65,000 fget of tlmber’
estate were found to be infested by the Black Hills beetle, and
unless the ravages were checked at once '01'16 timber not- only;o;
estate but on the adjoining estates and Natlon.al Forestwould bel ;
The owner of the property was advised by ﬂ.ns bureau to ‘ta,ken‘ rac
action according to a special recommend%atmn and. df?talled ins
tions relating to a necessary control Pohcy. No action was b
however, before the first of the followmg July, and thgreforg 1
time to preveut the beetles from swarming from the infeste
and extending their ravages. In December, 1907, M1 Edmo
was instructed to make another examination of the timber, Wh‘
found that his prediction was being fulfilled. He repqrted_ tha
‘stead of 65,000 feet of infested timber, there was nearly fou
as much timber involved in the new infestation, or over 250,0

Nothing could be more satisfactory than the results obtained by the cutting of the
ted timber on thé estate. Your recommendations and instructions submitted
he owner, and carefully followed by the manager of the estate; have clearly démon-
ed that insect infestation can be controlled and atno expense to the owner of the
mber involved; in fact, a very satisfactory price was realized, resulting in a net
fit, T-understand, of $5 per thousand feet, board measure, on the 240,000 feet cut.
s, of course, does not include the profit of the milling operations, but for the logs
at the mill; after deducting the expenses of cutting and logging. - The sawmill
owned and operated by an Idaho Springs firm, and the manufactured article sold
that town. I spent six-days on the estate—November 18 to 23. - After a very
rough  examination ‘of the timber,-I found only three infested trees, isolated
ividuals, over -a.mile from where the large clumps of infested trees were cut.
h the exception of those three trees there is no new infestation on the estate. I
xamined the adjoining lands, but no new infestation wasobserved.  The'infested
s which T markéd in December, 1907, -had all been cut and ‘barked. On the
National Forest, : contiguous. to the first-mentioned estate, where, you will
ember; T marked some’ clumps-of-infested trees, no new infestation was found—
nie tree. I found: that all the infested trees T marked had been cut.and barked.
Kelso had charge of this work; and it has been quite thoroughly done.

his: most - gratifying vesult demonstrated two important facts:
that a very extensive outbreak by one of the Dendroctonus
etles can be controlled without expense, and even at a profit,
ver the conditions dre ‘favorable. for the utilization  of the
ted timber; the other, that the essential details, recommenda-
ns, and expert advice can be sucessfully carried out by a manager

private forest-and by the rangers of National and State forests.
also indicates quite conclusively that the widespread depredations

e Black Hills National Forest.could have been prevented with very

xpense to the Government if the matter had received prompt
ion in 1901, when the first investigations were made and recom-
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mendations submitted. But, through the lack of public apprecia‘?io
of the importance of the problem at the time, and the lack of sufficien
authority and funds later, it was allowed to extend beyt.)nd practi
control, and in consequence a large percentage of the timber on t
entire National Forest has been killed.

arts of the broods complete their development and emerge during
he first séason, and the others remain over until the next season, it
il be a partial development of a seasonal generation. If all of the
roods develop and emerge within twelve months from the time the
st eggs were deposited, it is referred to as a complete annual
eneration. o

Hibernation.—The term ‘“hibernation” as here applied relates to
he period in the seasonal history of the broods from the time general
ivity ceases in the fall until the time it begins again in the spring.
southern localities there may be considerable activity (feeding
nd development) of the broods during the warmer days of winter,
that hibernation used in this connection does not mean that the
oods are entirely dormant and inactive, but that for the greater
of the time they are. )

Overwintering stages.—The overwintering stages are those of the
ernating broods. :

Overwintered broods.—The term “overwintered broods’’ relates to
stages which have passed the winter in the bark of the infested
es, whether active or not. , It is, therefore, a better term to use
he barkbeetles than “hibernated broods.” ‘

ity of overwintered broods.—By the ““activity of overwintered
s” is meant the feeding, development, transformation, emer-
ence, flight, etc., from the time general activity begins in the spring
ong the broods which have overwintered, in the bark. This
lvity may extend over several months and overlap the activity
roods of one or more generations. ~The parent adults that attack
ree too late in the fall to complete their egg galleries usually con-
> theit work of extending the galleries and depositing eggs when
for the general reader. ; ity begins the following spring. Some of the parent adults
Brood—The term ““brood” refers to the progeny of a single have completed their egg galleries in the fall may also live over
or the individuals hatching from the eggs in a single_egggallery ter and excavate new galleries when activity begins in the spring.
Generation.—By a “generation’ is meant a,u of the broods"ph’ overwintered broods of young adults include those that trans-
the offspring of the adults of the overwintering broods, excep ed to adults before activity ceased in the fall and passed the
overwintered parent adults, which may be parents of Athe”oY er in the pupal cells where they transformed. These are usu-
tered broods, and also of broods from eggs depom.te.d by thepl ; the first to emerge and fly in the spring, but sometimes they
spring. Another exception is in the retarded individuals Whlcl in the bark until the majority of the broods are fully devel-
more than one winter in either the larval or adult stage. . Among the overwintered broods of larvese there may be all
All the progeny of the overwintered brgods may be said to rom Ve?y young or small larvee to fully developed ones. The
prise a complete generation. Tf all of this progeny cpn}plﬁ ‘wlll. beglp activity by transforming to pups. The immature
development between the time the first eggs are deposites begm their activity by feeding and extending their larval mines.
spring and the close of the same season of acjmvﬂsy, and emnerg mal or fa,v-orable conditions, the majority of the immature
the trees, it may be referred to as constituting a comp‘lebe ’ of some species will have completed their development and
generation. It another set of broods develops to maturity from rmed to adults before the overwintered young adults in the
deposited by the adults of the first generation of the seaso tree have begun to emerge, so that nearly all of them may
form a complete second generation, and so- on. If, howeve he trees about the same time, but there are always certain trees

DETAILED INFORMATION ON THE SPECIES.

The discussions on the following pages relate to more detal
information on each species. L L

In the first paragraph, under the English and technical name, Wi
be found a brief summary of the distinctive characters of the specl
its seasonal history, habits, distribution, and evidences of att
This is to facilitate preliminary identification by the ?eader,,;an .
followed by a more detailed account of the seasonal _hlstory, hya,b]’t
and economic features as a basis for the recommendations and prop
application of methods of control, and gzlosed with references to tl
investigations and identifications on which the stateme.nts are bas
The fact that the species are discussed more or less independen
necessitates some repetition of statements relating to seasona
tory, habits, and methods of control. In view of the fact, how
that o bulletin of this kind is used mainly as a refer.en.cewo k
gaining information on a special insect or subject, as 1t 1s requir
such repetitions are to a certain extent necessary. :

GENERAL EXPLANATION OF DESCRIPTIVE AND OTHER TERMS

While the illustrations will show the parts designa.ted by @ec ;
or semitechnical names, there are other terms used in the discu:
of seasonal history, habits, etc., which may need some expla
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Pitch tubes (figs. 8, 9, 100).—The resin or gum expelled by the
beetles from the entrance burrows is often formed into more or less
ﬂar masses with a hole through the middle, thus suOgestmo the
name “pitch tubes.” .
nfested trees.—Trees containing living parent adults or develop-
broods are referred to as ‘“infested trees.” V
ading tops.—The fading or noticeably paler green of the foliage
fested trees is referred to as ‘‘fading tops.”
Sorrel tops.—The yellowish foliage of trees dying from the attack
he beetles i is termed ‘‘sorrel tops. ” It must be remembered that
certain number of the older leaves or needles on the healthy twigs
turn yellow, and fall each year; therefore this normal condition
d not be mistaken for an imdication of unhealthy conditions.
s only when the needles of the middle and tip of the cluster turn
llow from the base outward that the dying of the tree is indicated.®
ed tops.—The term “red tops” refers to the color of the foliage
er the tree is dead, and usually after the broods of destructive bee-
s have emerged from the bark. . This reddish~-brown of the adher-
pine needles may prevail for one year or more after the trees are

in which the conditions are not so favorable for normal develo
ment. There are also broods from eggs deposited by overwinter
parent adults, so that the pemod of development and emergence o
all of the overwintered broods is prolonged and nregular In fac
some of the overwintered individuals of certain species may not cor
plete their development and emerge until the second season of
tivity. These retarded broods are not of much economic 1mporta1
but they introduce an element of confusion in defining the limits
given generation. On the other hand, periods of normal or prin
development, transformation, and emergence of. the broods are
especial economic importance, since a knowledge -of them is qmte
essential for successful control. "
Seasonal history.—According . to the writer’s 1nte1pretat10n
" seasonal history of an insect is.the history of the broods of the spe
from the beginning of activity.in the spiing of one year to the
of the 111be111at1no or overwintering perlod in the spring of the n
year.
Life haistory.—The term ““life history,” as frequently employed
synonymous with seasonal hlsto1y, ,but to be more exact it is
hlstmy of an individual from the egg to maturity and death, in : N ;
1110 ite natural enemles, envu*onment or any other phen01 etle-abandoned trees.—After the broods of the destructive beetles
aﬂecmw its life. ve emerged from the bark of a tree such a tree is 1efe11ed to as
Egg gallery (fig. 7, ete.).—The egg gallery is the burrow m cetle a,bandoned 7
the adult beetles, along the sides of which the eggs are depos Black tops (fig. 25).—The condition of the dead trees after all of
Larval mines and pupal cells (figs. 19, 22, etc.).—The larval min e needles have fallen and two or more years after the beetles have
are the food burrows made by the larvae The pupal cells are them is referred to under the name “black tops.”
ties excavated by the larve at the end of the larval mines, in w Broken tops (figs. 26, 27).—After the trees have been dead four or
to transform to the pupse and adults. e e years and the tops have broken off they aretermed “broken
Food burrow.—A food burrow is one excavated 1nto the 1 s.”! ‘
bark by the adult beetles for the purpose of obtaining food.
Entrance burrow (figs. 79 99) —The ‘entrance burrows .are
holes made by the parent beetles through the outer and inne
preliminary to excavating the egg galleries. ,
Ventilating burrows (figs. 79, 99).—Ventilating burrows.
vertical burrows located at frequent intervals in the roof of tl
gallery and extending outward to or near the surface. The
utilized by the parent adults as a place in which to turn arou
in which to pack the boring dust, or through which to eject the
as the case may be. : ,
it burrows or exit holes (igs. 8, 22).—The exit burrow:
holes are the clear-cut holes in the outer bark through wh
adults of the new broods emerge from the tree.
Boring dust (figs. 79, 99, etc) —The sawdustlike borm
from the egg galleries or packed in them and in the larval m
referred to as boring dust. :

ap stain or blue sap (fig. 29).—The discolored condition of the sap-
d of infested trees ‘before and after the leaves begin to fade is
‘“sap stain’’ or ‘blue sap.”

Sap decayy.—After the trees have been dead long enough for the
wood to be decayed, but the heartwood is yet in a sound condi-
'they are termed ‘“sap decayed.”

art decayyed.—The term ‘‘heart decayed’ refers to the condi-
n after the trees have become unfit for any practical use.

lillimeters and inches.—One millimeter equals about one twenty-
_of an inch or about four-hundredths of an inch. Two milli-
equal about one line, or about one-twelfth of an inch. To
millimeters to inches, multiply by 0.04; to reduce hun-
ths of an inch to millimeters divide by 0.04. To reduce lines to
limeters multiply by 2; to reduce millimeters to lines, divide by 2.

edles injured by climatic conditions have the tip dead and the hase gréen.
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e broods of young adults in the pupal cells begm to-emerge from
6 trees about the last of June, and continue to come out untll the
iddle or last of August. The broods of overwintered larve begin
transform to pupee about the middle of April and to adults toward
e last of April, and the latter begin to emerge from the trees about
middle to last of July, so that practically all of them are out by -
Jast of August, although some of the retarded ones continue to

ge until September or later.

No. 1. THE WESTERN PINE BEETLE.
(Dendroctonus brevicomis Lec.. Figs. 6-11.)

The western pine beetle is a rather stout, brownish, cylindrical bark
beetle, from 3 to 5 mm. in length, Wlth head broad and groove
pronotum punctured and but shghtly narrowed toward the h
and elytra with fine rugosities, but entirely without long hai
(See fig. 6.) Tt attacks healthy, injured, and felled western yell
pine and sugar pine, and is destructive to living timber in the mou
tains of California and northward and eastward to Washington
Montana. The adults excavate long, winding egg galleries (fig
through the inner layers of living and dying bark. The wh
legless larye hatching from the eggs excavate short larval mine
the middle portion of the inner bark, the latter rarely showing or

TIG 6.~The western ‘pine beetle (Dendrocionus brevicomis): Adult, larva, pupa, greatly enlarge
(Adult and larva, authol s illustrations; pupa, from Webb.)

‘the inner surface. Later they transform to pupe and adults in
outer corky bark. Pitch tubes (figs. 8, 9) are produced on the m:
trunk of the living trees attacked. The fading to yellovvlsh
reddish foliage indicates its destructive work.

|

kFIG. 7——The Western pine beetle: Egg galleries. Reduced. - (Author’s illustration.)

SEASONAL HISTORY.
FIRST GENERATION.

OVERWINTERING STAGES.

The broods pass the winter in the outer bark of trees attacke
preceding late summer and fall, as parent adults, young . adul
pupal cases, all stages of larve, and possibly pupsz.

lleries; and deposﬂ; eggs about the first of July, and contmue
activities until September or later. The prmapal penod of
ck is during July.

he larvee begin to hatch in from four to ten days after the eggs
depos1ted and may be found in the bark of the same tree from.
y in July until October, but the principal development is during
and up to the middle of August. They begin to tmnsform to

ACTIVITY OF OVERWINTERED BROODS.-

The overwintered parent adults extend their gallemes or exca
new ones and deposit eggs during April and May, from which
develop and emerge by the last of July to the middle of
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to the outer corky bark to pupate and transform to adults.
he adults are fully matured, and the proper time has come for
to emerge, they bore out of the bark (fig. 8) and fly to other
5, there to start a new at- e
‘While very few observa-
ns have been made on the
bits of flight, it is probable
t the beetles swarm during
ening and at night.

pupee about the middle of August, and continue transforming u
" cold weather, the principal period of transformation being from
middle to the last of August. The pupez begin to transform to
after ‘the middle of August, ‘and continue transformmg un
weather, but the principal period of transformation is between
middle of August and the middle of September.

The adults begin to emerge from the trees toward the last
August, and continue to come out until in October, or later, but
principal period of flight appears to be from the last of August b
middle of September. While the majority of the broods of ECONOMIC FEATURES.
generation emerge before cold weather, it is evident that some
them overwinter in Lﬂl st‘mges from larvse to young and parent adult

rile it appea,i's that this
ies prefers to attack weak-

SECOND GENERATION and felled trees; or isolat-
The records of obse healthy ones, it often attacks
tions indicate that the numbers of healthy trees: -

auses extensive depreda-
Tt is especially destruc-
the western yellow pine

. 10) in central Idaho,
'n the mountains and
er Valleys of efLstern Wash—;

lier emerging adults o
first seasonal gene
begin to deposit eggs a
the last of August
that the principal pe
of attack is from th
of August to the midd
September. The larys
gin to appear about
first of September,
~continue to hatch unt
October, or later. N
dence has been found
the larvee of this gen
tion' transform to
Fre. 8. —The western pine bcetle Bark showing, a, @, pupal before Wint“er,“’ but
cells; b, exit burrows; ¢, pitch tube% Reduced. (From pears‘ that the bI"OVOdV
Webb.) ’ : the winter in-all sta; EVIDENCES OF ATTACK.
larvee, together with some of the parent adults. Thus, there i ‘
complete generation annually and a partlal second one.

ther,efore ‘be classed

ng the important primary
ies of the pines within its
As o rule, the largest-

best ‘trees are’ attacked,
the winding ege gallerles V
neath the bark serve to com-
irdle them and cause
death before the broods ;
veloped and emerged.

he external evidence of at-"
y this species on healthy

is the presence of pitch
(ﬁgs 8, 9) at the entrance
ga,lleues, or reddish bor-

HABITS.

The adults attack the living bark on healthy, felled, and w
standing western yellow pine and Sugai‘ pine. They exca odged in the flakes of
Wmdmg galleries (fig. 7) through the inner layers of bark on the trunk and around
sides of which single eggs are deposited at intervals of one 6. Trees attacked in
or more. The larve normally do not excavate their mines ¢
the inner layers of bark, but through the middle or outer por
the inner bark. When the larve have fully developed, the

Fia. 9.—Work of the western pine heetle: Piteh tubes
on bark of tree. (From Webb:)
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an October and should be completed by the first of June. If at
ast 75 per cent of the infested trees are thus treated, sufficient
bers of the broods will be destroyed the first year to protect the
ining timber for several years. Then, if all patches of infested
ber are subsequently located and barked before the broods emerge,
1ould serve to keep this enemy under complete control.

July will usually have the foliage fading or turning yellow in Augu
those attacked in August may have the foliage fading in Septemb
and October,. while those ‘attacked in Septemiber may fade durin,
the late fall or winter or remain green until the following spring
All, however, will have yellow to reddish foliage before the broo
have entirely emerged the following July.  As a rule, all of the brood
will have emerged from the trees found at any season with reddist
to brown and falling foliage. The exceptions are when only par
a tree or the bark on one side of the trunk is killed by the first attac
and the remaining livinig bark is infested later in the same seaso
during the next. Positive evidence that the above condition
caused by this species must be based on authentic identifical
specimens found in the bark of trees so affected. -

EFFECTS ON COMMERCIAL VALUE OF THE ‘WOOD. -

The commercial value of the wood of trees killed by this b
is reduced by the bluing of the sapwood, often before the leaves
to turn yellow, but the heartwood, especially of the larger
does not deteriorate until decay sets in several years after the tr
death. The loss; therefore, is not necessarily very great wher
timber is felled and utlhzed immediately after a destructive atts
but if the insect-killed trees are left standing until the bra
and tops break off and fall (fig. 10), the loss is often serious
complete. Serious losses of a secondary nature, both of the
and ad;ommcr living timber, may often result from foresl
started in the dead timber. Therefore the losses, first from
ravages of this species and second by fire, have been severe in
localities. ~

FAVORABLE "AND UNFAVORABLE CONDITIONS : FOR THE BEE’I‘LE.

Favorable conditions for the multlphcatlon and des‘oructwe
of this beetle are found in areas of large, matured timber, ar
clally where such trees are frequently struck by lightning or in
or felled by storms, etc. The unfavorable conditions for attac
the living timber are found in areas of vigorous, recently matu
young growth, and where timber-cutting operations are con

WVestern yéliow pine killed by the western piné beetle, Yosemite National Park. (Original., 3
from year to year unider modern systems of forest managem e o :

mmer operations in the barking of infested trees are not to be
mended, except in special cases where it is desirable to destroy
ds of the first generation. In this case the work should be
ng the period of principal larval development—that is, from
‘ le of July to the middle of August, or when the leaves of the
trees are just beginning to fade

METHODS OF CONTROL.

In localities ‘and areas of greater or less extent where it is
that scattering elumps of trees are dying from the' attack
species, the principal clumps of infested trees should be 1
September to March, and the infested bark on the main tiu,,
larger branches removed and burned, or the logs converted i
ber and the slabs burned. This work should be begun not
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It has been determined that this species can be attracted to girdle

and felled trap trees. Under certain conditions, therefore— 18 11
case of the absence of logging operations and where only a few
tering trees are infested—it may be desirable, as a means of
taining control, to provide a few trap trees to attract .the ]?11"5,1;‘gei
tion. This can be done by girdling two or three inferior tre
the heartwood or by felling them in June. Then, if they b
infested with this beetle, the bark should be removed from the m
trunk and burned by the middle of August. Trap trees to at
the second generation should be prepared in August and Septe
and barked before the first of the following May. Usu.allya |
age of one to three trees to the acre should be sufﬁment’,’f

purpose. However, the number will depend largely upon thq P!
lence of the insect. (See preceding reference to trap trees, pp.3

R BASIS' OF INFORMATION.

» preceding information on the western pine beetle is based on
tigations by the writer at MeCloud, Cal., at Grants Pass; Oreg.,
r Spokane, Wash., and at Moscow, Idaho, April and June, 1899,
n the Yosemite National Park and Yosemite Valley, California,
e, 1904; by Mr. J. L. Webb, at Moscow and Troy, Idaho, Septem-
nd October, 1900, and at Centerville, Stites, Kooskia, Grimes,
cerville, and Smiths Ferry, Idaho, April to September, 1905; by
H. E. Burke, at Smiths Ferry, Idaho, October, 1904, in the Yosem-
tional Park, at Wawona, and in the Yosemite Valley, Califor=
June to August, 1906, and at Joseph, Oreg.; in 1907, and by
. S. Barber, at Sterling and Chester, Cal., in 1908. Additional
lities through correspondence and from other collections are
dger, Ballard, and the Santa Barbara Na- .
al Forest, Cal.; Winthrop and Auburn,
ash.; Pokegama, Oreg., and Missoula, Mont.
¢ species is represented in the forest-insect
lection of the Bureau of Entomology by sev-
hundred specimens. ' )
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’ opkins; 1899, p. 395; Hopkins, 18995, pp. 13, 20, 26;
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----- THE SOUTHWESTERN PINE BEETLE. Fie. 12—Thé southwest-
S - Yo ern pine beetle (Den-.
(Dendroctonus barberi Hopk. Figs. 12-14.) droctonus barberi):

: Adult. Greatly enlarg-
he southwestern pine beetle is a small, rather ~ ed- (Authors illustra-

G t, light to dark brown barkbeetle, from 2.5 %™

T T hewestara },{ne beetle: Distribution map. (Aﬁthoris illustrs 7 mm. in length, with a broad grooved head, sides of the pro-
ERE L T , x slightly narrow toward the ‘head, elytra with moderately

Continued timber-cutting operations within an area o e rugosities, and elytra and declivity without long hairs. (See

to 50 square miles usually provid sufficient ‘b}‘eedm‘g pl 2.) It attacks healthy, injured, and felled western yvellow pine
bark of thelogs and tops of the felled trees to satisty the equi ithern Colorado and Utah and in the mountains of Arizona, New
of this species; but if the living timber should be at any tlm'e co, western Texas, and northern Mexico.

ened by the broods emerging from the slash, or %f it is desi e adults excavate winding, transverse, egg galleries (fig. 13)
include in timber-sale and timber-cutting regulations certair h the inner bark and mark the surface of the wood. - The lar-
nes are rarely visible on the inner surface of the bark,. but

sions for the burning of the slash, this work shou%d be do:ne" ;
first of August for the slash of the winter and spring cutting, through the middle portion and into the cuter corky pontion.
e the larvae: transform to pups and adults. The presence of

ing the winter for that of the late summer and fall cutting; t. ;
pecies in standing timber is indicated by pitch tubes on the

period, however, is preferable, on account of the c1a1ige;' of i

forest fires by summer burning. ‘ k similar to those made by the western pine beetle (figs. 8, 9)
the fading yellowish to red foliage.

89535—Bull. 83, pt. 1—09——5 )

IR
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ontinue to come out until September, or later. Mr. Webb’s observa-
ions on the development of the broods from the time eggs were
eposited on June 4 and June 9 to the beginning of emergence on
uly 22 and July 29, show a period from deposition of eggs to emer-
ence of adults of about fifty days. ‘ :
The principal period of flight, of the adults of this generation appears

e during the latter part of July and first of August, but it is evi-
ut that while some of the more retarded broods may hibernate as
matured adults and larve, nearly all develop and emerge before
tivity ceases in the fall.

SEASONAL HISTORY. .

OVERWINTERING STAGES,

Thg broods pass the winter in all stages 'fljom young 'to’ matured
larvee, young adults, parent adults, and possibly pupe, in the ‘01'1’0
bark ’of trees and logs attacked by the parent beetles the previo

sumimer. B
ACTIVITY OF OVERWINTERED BROODS.

"The overwintered parent adults begin to excavate gal’lemes and
deposit eggs as soon as warm weather permits in the spring, an{)i 0
tinue to do so until about the first of June. ~The overwintered r;)1
of young adults begin to emerge to_ward the last of May (nort] f[?l
area) and continue to come out until the last of June or later. he
overwintered larvee begin to transform to pupe and adults soon

SECOND GENERATION,

"The records of observations indicate that the earlier emerged adults

the first generation attack the trees and begin to deposit egas
out the first of August, the principal attack being in August and
eptember:

pup® about the 1st of September, but no adults of this generation
ve been observed during the first season. The winter is passed in
stages of larvs, with some of the parent adults. Therefore, there
one complete seasonal generation and a partial development of
ond, or two complete generations annually. The principal differ-

wintered broods of No. 2, and the more complete development
the second generation. The habits of the two species are quite
imilar, except that the present species is usually associated with
ne or more others—Nos. 3, 5, 8, and 10.

ECONOMIC FEATURES AND METHODS OF CONTROL,

Fra. 13.—The southwestern pine beetle: Egg galleries. (Author’s illustratlonf)

after activity begins in Aprﬂ or May, but retarded individuals

not develop until in July, or later. The adults from the ove ne isolated from the other species of Dendroctonus with which

tered larvee begin to emerge toward the last of May, and co s : and if

emergence through June or until the latter part of July, o : t rees should be found desirable, the
D 8

- . o middle of August.
Probably all are out by t ho fixst ¢ ; and end at the middle of July, or just a month earlier than for
: - restern pine beetle. The same rule applies for trap-trees for the
The overwintered broods of adults begin to deposit eggs abo e:gylkgrkation,‘which should be prepared in Ma,y. and barked by ‘t}-le
first of June and continue doing so until August, or later, dle of July. The fall and winter work of barking trees may begin
If' ioal period of attack is during June and July. The larvs ¢ later, but should be completed by the 1st of May. In the
bm:lcltp? p 1y in June, and begin to transform to pups an southern range of this barkheetle the beginning and completion
to 111& o :e]zuly the )rincil)al tt;-a,nsformations being in July h control work should be two months earlier than at the same
%i;lgzlsuzf silzits be@%n tovemerge about the middle of July, de in its more northern range. (See “Methods of contro]’’
cipal period of eme;gence being in the latter part of July, western pine beetle, pp. 46-48.) :

FIRST GENERATION.
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No. 3. THE ROUNDHEADED PINE BEETLE.

(Dendroctonus - convezifrons Hopk. Figs. 15-17.)

he roundheaded pine beetle is a somewhat elongate cylindrical
clsh -brown to black, rather shining barkbeetle, 4 to 6 mm. in
h, with the front of the head convex, and Wlthout frontal groove,
- prothorax broad, only slightly narrowed toward the head, and
ly punctured, the elytra with coarse rugosities toward the base,
the declivity with fine punctures and long erect hairs.  (See fig.
It attacks injured, felled, and healthy western yellow pine from
southern Arizona to northern New Mexico and southern Colorado It
cavates long, slightly winding, longitudi-
nd sometimes transverse and branched
o oalleries (fig. 16) extending through the
er living and dying bark and grooving
. surface of the wood. At intervals
e , A o the sides of the galleries single eggs
) ' deposited. The sh01t cylmdncal, grub—
arveeextond their larval mines at right
les to the egg galleries, usually throuoh
ATt inner layers of bark, and mark the sur-
‘ of the wood. The transformation to
@ and adults is sometimes in the inner
k, but probably more often in the outer
tk. -This barkbeetle is nearly always as-
ated with one or more of four other
ecies of Dendroctonus—Nos. -2, 3, 5, 8,
10.  The presence of this species is

BASIS OF INFORMATION 3

Information on this species is based on investigations by the wri
at Williams, Ariz., September, 1902, at Vermejo, N Mex., May; 19
and near Flaosmﬁ Ariz., May, 1905; by Mr. J. L. Webb at Flagst
Williams, and Dead Mzms Flat and near the Grand Canyon,
May to September, 1904, in the Lincoln National Forest at Cloude
and in the Capitan Mountams New Mexico, and in the Santa
lina National Forest, Arizona, May to September, 1907, by Mr.
Fiske at Meeks, Capltan and Cloudcroft, N. Mex., and in the D:
Mountains, Texas, in 1907; by Mr. H. E. Burke at Panguitch L
Utah, in 1907; by Mr. W. D. Edmonston at Monte Vista, Col
1907. Addltlonal localities through correspondence are Show ;
Chiricahua Mountains, Arizona; San Bernardino, Cal.; Fort Ga

et

i
H ~——

F1G.15.—~The roundheaded pine
cated by pitch tubes on the trunk and  beetle (Dendrocionus convexi-

- . . . JSrons): Adult. Greatly enlarg-
the fading and reddish foliage. ed. (Author's illustration.)

SEASONAL IHISTORY.

OVERWINTERING STAGES.

he winter is passed in the bark of trees attacked the preceding
1er, as parent aduifs, young to matured larve, young adults,

ossﬂoly pupe, the parent adults in the egg gallenes, and the
ds in the outer and inner bark.

F16. 14.—The southwestern pine beetle: Distribution map. (Author’s illustratio

Colo.; Escal(mte Utah, and Santa Fe, N. Mex. The. specles i
;ented in the forest-insect collection of the Bureau of Entomol
more than 300 speclmens of the insect and its work.

This species is closely related to the western pine beetle, bu
tinguished by the slightly more slender form, coarser rugosi
dlstmctly 1mplessed striee of the elytra. It is easily dlstm
from the other species occupying the same range by the dense
ties and absence of long hairs on the elytra.

ACTIVITY OF OVERWINTERED BROODS.

he overwintered parent adults extend the old galleries or excavate
nes from the time activity begins in May until the last of June,
ter. The overwintered broods of young adults begin to emerge,
bly, in June, and continue to come out until September The
mtered larve begin to transform to pupe and adults in June
pparently .continue to develop and transform to adults until
ty ceasesin the fall. Some of the adults which have transformed

BIBLIOGRAPHY.

Hopkins, 1904 (under “The Arizona Dendroctonus”) Pp: 42, 445 HOP :
pp. 85-87. : N :
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from overwintered larve may emerge during the period from Al'lgu
to October, but apparently the majority go over the second wint ’
together with a few larvee. Full-grown larvee observed by Mr. Web
on June 28 had not all transformed to adults on October 10, an
only afew adults had emerged. Thebroods developing from the eg
deposited by the overwintered parent adults may develqp to adul

d adults before cold weather, but evidently no adults emerge before
nter. ‘ I ‘
It is very evident that there is only one partial generation annually,
and that some individuals may not complete their development
until the second year. It is evident, also, that the most retarded
ults of the first generation may live over and deposit eggs the
ird year. '

HABITS.

So far as known, this species confines its attacks to the western
llow pine, but it is probable that it will attack other species of
ne growing within its range. It is nearly always associated with
he other species of Dendroctonus and other barkbeetles in injured,
ying, and felled trees. The adults enter the living to dying bark
the main trunk of the trees and excavate long, slightly winding,
gitudinal, oblique, or nearly transverse and sometimes branched
lleries through the inner bark, and often groove the outer layer
wood. In contrast with other species of Dendroctonus which
¢ usually associated with it, except the Black Hills beetle, the larval
nes are usually, but not always, exposed in the inner bark, and
en mark the surface of the wood. Some of the larve may trans-
to adults in the inner bark, but as a rule they enter the outer
y bark for this purpose. The young adults remain there until
e for them to emerge and fly. Nothing is known of the food
nd flicht habits, and many other facts are obscure, owing to the
onfusion of this with other species before it was recognized as

ECONOMIC FEATURES.

The fact that this species is usually associated with one or more
pecies 2, 3, 5, 8, and 10 renders its specific relation to the death of
doubtful. It is evident, however, that if it should become iso-

from the other species and occur in large numbers, it would be
y capable of killing trees on its own account.  During the past year
as found associated with the Black Hills beetle in the destruc-
of a large amount of timber, with evidence that some of the
s were killed by it alone. *

Fie. 16.—The roundheaded pine beetle: Egg galleries and larval mines. Reduced. . METHODS OF CONTROL.

illustration.) )
Whenever it is found that this species is causing the death of
er or is associated with other species in doing so, the bark should
emoved from the main trunk of the infested trees and burned.
ork should be done between the first of October and the middle
k'following June. (See also “General methodsof control,” PP

before activity ceases in the fall, but the majority evidewntly‘: )3,
winter as medium to matured larve. ‘

GENERATION.

The overwintered broods of youﬁg} adults begiz}to emerg
deposit eggs in June and continue to do so until Septe
later. Some of the larvee from these eggs may transform

4




56 THE SCOLYTID BEETLES., THE: GENUS DENDROCTONTUS. 57

BASIS. OF INFORMATION. ed and but slightly narrowed toward the head; the elytra have

derately -coarse rugosities between indistinct rows of punctures,
the declivity is convex, with a few long hairs. (See fig. 18.) It
acks healthy,injured, and felled trees of all of the pines and spruces,
n southern Pennsylvama southward into Florida and westward
eastern Texas and Arkansas. It excavates long, winding ege
eries (fig. 19) through the inner bark, and marks, but does not
e, the surface of the wood (fig. 24). The Whltlsh legless larvee
vate short, broad larval mines at more or less regular intervals
ight angles along the sides of the egg galleries, usually, but not
ays, exposed in the inmer bark. The transformation to pupse
adults takes place in the outer corky bark. The presence of
pecies is indicated by pitch tubes on the main trunk of living

The preceding information relating to this barkbeetle is base:
investigations by the writer at Williams, Ariz., September, 1902,
Vermejo, N. Mex., May, 1903, at Flagstaff, Ariz., May, 1904, an:
near Ft. Garland, Colo , June, 1906 by Mr. J. L. Webb at Flags
Ariz., May to September, 1904, at Clouderoft, N. Mex., and i m
Sanm Catalina, National Forest, Arizona, May to September,
by Mr. W. F. Fiske, at Meeks, Clouderoft, and Capitan, N. Mex
1907; by Mr. H. E. Burke, at Panguitch, Utah, in 1907; by
W. D. Edmonston, at Monte Vista and Laveta, Colo., and La S
Utah, in 1907. - Additional localities through correspondence

Las Animas-County, Colo.; ‘Show Low, and: Paradise, Ariz,
: and by the fadmg and yellowish to red foliage as the trees die
%'f_r?”' , its attack. Ttisa very destructive enemy
e N Ao outhern and southeastern pines.

_________ / ; . SEASONAL - HISTORY.

______________ =~ i -NORTHERN: SECTION.
]

OVERWINTERING. STAGES.

he broods pass the winter in the outer bark of
attacked during the preceding summer and
s parent adults, matured larve, and possibly
@, and as small larves in the inner bark, but
‘ pally as matured larvae in the outer bark.

ACTIVITY OF OVERWINTERED BROODS. F16.18.:~The southern

G K . pine “beetle  (Dendroc-
orth of South Carolina the overwintered par-  tonus srontatis): Adult.

dults begin to extend their galleries or =~ @reatlv.enlarged.
‘ : - (Author’s illustration.) .
i ate new omnes as soon as warm weather
Fie. 17.—The roundheaded pine beetle: Distribution map. (Author's illustiation)) tsin the spring (March to May) and continue their activities
ably until toward the middle of 1 May or later. The overwin-
broods of young adults begin to emerge about the first of May.
t swarming period occurs about the middle of May, but strag-
continue to come out probably as late as the middle of June or
This relates especially to its northern range and to the higher -
es. The overwintered broods of matured larvee begin to trans-
pupe and adults in March and April, but the principal trans-
ion is in April, so that the adults are ready to emerge with the
ntered broods of young adults. Some of the broods of over-
d young larve probably develop in time to emerge with the
ut some of them are generally retarded and do not com-
eir development until in July, or possibly as late as August.
ent that the majority of the overwintered broods are out by

the Fort Wingate Military Reservation, New Mexico. The ;
is represented in the forest-insect collection of the Bureau of E:
mology by more than 100 specimens of the insect and of its w

BIBLIOGRAPHY.
Hopkins, 1909, pp. 87-90.
No.4. THE SOUTHERN. PINE:BEETLE:.

(Dendroctonus frontalis Zimm. - Tigs. 18-31.)

The southern pine beetle is a slender, cylmdncal blowmsh £
beetle, 2.2 to 4.2 mm. in length; the head is broad, with medi
vations each side of a distinct frontal groove; the plothora
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the middle of June and that all are out by the last of July. Bro SECOND GENERATION.
from eggs deposited by overwintered parent adults probably deve

and, emerge by the first or mid dlo of Tune. I'he first eggs of the second generation are deposited by adults of

ﬁrst‘genera,tion during the first week of July. The principal
ck, however, is during the latter part of July and first of August.
larvae of thls generation begin to hatch about the mlddle of
, continue to hatch during the latter part of July and early part
ugust, begin transforming to pups and adults during the first
of August, and continue to do so into September or later. The
ds of adults begin to emerge about the 10th of August and con-
ue to come out during the middle to last of the month, and-until
ast of the retarded broods have left the trees, in September or
but practically all of the normally developed broods are
ntly out by the middle of September ;

FIRST GENERATION.

The overwintered young adults deposit their first eggs earl
May, and the excavating of galleries and oviposition continu:
ably into June, especially if the parent adults leave the compl

galleries to excavate others, which they evidently do, thoug
oeneral and principal attack by the overwintered broods is from;

THIRD GENERATION

e adults of the second generation evidently begin to attack the
s and deposit eggs for the third generation about the middle of
st, and continue to do so into September or later, though the
kal attack is-during the last half of August. The larve begin
ch in a few days after the eggs are deposited, and develop
ipally during the last of August and first half of September,
ome of them do not complete their development-before hiber-
n,beglns in the fall. The matured larve transform to pupw
adults principally during September, but continue their trans-
mations into November or later. The developed broods begin to
erge about the middle of September, and probably continue to

ut until November orlater. The majority, however, evidently
ge beforé the middle of October.

FOURTH GENERATION.

o adults of the. third generation evidently begln to attack the
s and deposit eggs about the middle of September, and continue
so during the latter part of September and first of October,
¢, egg gallery; d, normal larval mine; ¢ abnormal Jarval mine; f, ferminal; 9, ventily il eold weather. The principal development of the larve is dur-
rows. Slightly rednced. . (Authov'sillustiation.) ‘ ‘ )ctober, practically all becoming full grown before hibernation
o that the majority pass the winter as full-grown larve in the
bark. - Some of the earliest broods evidently begin transform-
pupe and adults toward the middle of October, and some of
may emerge in October and November, but evidently by far
ger. number of both the young adults and the developed larvee
he winter in the outer bark.

middle to the last of May. The larvee begin to hatch earl
and continue their active development during June, the more 1
individuals continuing active into August. They begin to
form to pupez and adults about the middle of June, and contin;
the retarded individuals are all transformed, in August o
The developed broods begin to emerge toward the last of Ju
continue to come out durmg July or until all of the retarde
and individuals are out in August and September or lat
practically all of the normally developed broods of the first, ge
are out by the last of July. ‘
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FIFTH GENERATION, he inner bark. = The normal larval mine is first short and fhread-

then suddenly enlarges into a broad cavity, but sometimes,
n the bark dies too mpldly or is otherwise unfavorable, a thread—
bnormal larval mine is extended for a much greater distance.
hen the larvee are fully matured they bore out into the corky outer
and excavate individual cells (fig. 22) in which those of the
mer brood transform to pupa and adults and those of the fall
ds pass the winter before going through their transformations
following spring. After the adults are fully matured and when

?‘H))‘,‘,‘;,\,,,.,( [

\lllll” H

There may be a partial or beginning of a fifth generation, especi;
at the lower elevations and more southern localities of the north
section, the individuals of which pass the winter as parent ac
and young: larves. .

It is evident that in the northern section of the range of this sp
cies there arve from two to three complete seasonal generations
ing the period from about the first of May until activity ceases
the fall, or at any rate all of the broods of at least two geherati
develop and emerge during the period of activity within the ra
including the higher elevations of North Carolina and lower e
tions at the 1101’the1n limit, and that all of the broods of -at
three generations develop and emerge at the medium and lowe

vations south of Virginia, represented by a central locality incluc
in a range of, say, 1,000 feet above and 500 feet below Tryon, N
while portions of the fourth and all of the fifth generation overwi

PERIODS OF DESTRUCTIVE ATTACK.

In the area mcludlno the mountains of North Carolina and n
ward there is one prmclpal perlod of destructive attack, viz, d:
August and September, and in the area represented by Tryon
Lhe1e are two- principal periods of destructive attack, one fro
middle of July to the last of August, the other during Septemk er
October.

SOoUTHERN SECTION.

In the southern section, inc’luding the Atlantic or Gulf reg
loblolly and longleaf pines, there is a complex overlapping of
ably five or six generations, most difficult to define on accou
the almost continuous activity during the year, but of course
or less retarded during the colder weather of the winter month

Fig. 21.—The southern pine ' wrg, 22~ The southern pine bestle,

would appear, however, that the principal periods of destlu be;tle: Begilnnlipg, ofb €66 Bark showing: q, Pitch tubes;b,

ad ) : sal eries: ¢, In llying: bark; entrance. burrow;.¢, egg gallery;
attack are similar to those of the Tryon section. : leries. ©b,in dying barki o, marked g vomtiiating bumows . puost

SR on: surfaceof ‘wood (white, cells; f, ‘exit Birrows; g, inner

HABITS. ) ] : i ) ares represents normal ap- . . park; h, outer bark: . (Author's

‘pearance of wood preserved illustration.)
by resin.) (Author'gillustra-
tion.)

The adult beetles enter the living bark, usually on the uppe
tion of the main trunk of standing healthy or injured trees o
entire trunk of newly felled ones, and excavate long, sublong
winding egg galleries (figs. 19-22) through the inner bark. : '
placed in little niches along the sides of these gallerles at 1 fhght or swarming of this species ev1dently occurs late in the
less regular intervals of one-half inch or more. and at night, and consequently very few observations have

The fleshly hatched larvee, which are short, stout, Whlt, , 1de on the flight habits. The finding of the beetles in electric
with a famt frontal elevation in the middle of the head an lobes and otherwise attracted to light is conclusive evidence
the opposité end of the body blunt or truncate, excavate thei ‘beetles fly at night, and the fact that groups of trees are
mines at right angles to the egg gallery (fig. 19), and usually ¢ ously attacked by great numbers of the beetles indicates a

ming habit. An especially interesting feature in the congre-

oper ‘time comes for them to emerge they bore out thlough
< and fly away.
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all of which extend their galleries from the entrance in a trans-
se or sublongitudinal and tortuous course through the inner bark
. 19). Those of different pairs of beetles frequently cross each
er so that the many primary galleries, independent of the larval
ines, serve to com- ; s ‘
otely girdle the tree '
kill the bark. Thus
se 'winding galleries
B ; e - ‘amuch more rapid

l(umﬂm | T o = — h of the bark and
ﬂﬂ : L ge. than 'do: the

gating habit of the beetles was: observed by Mr. W. F. Fiske,
found great numbers congregated under the loose flakes of bark
healthy trees just before their simultaneous entrance into the li
inper bark. Another peculiar habit of the beetles is that of migr
ing from. one locality or group of trees where the broods develo
to another locality or group of trees some distance away, instead
continuing their attack on the trees immediately surrounding t

Ly
o

‘ ; = ,

' Jﬂ lliee ° e AR like those of the
¢ S ) e beetles and the
ck Hills beetle. The
are killed by the
ng effect of the
ing primary galler-
the bark of the
dle portion of the
which;, it has been
nstrated, is the
vital part, or at
as less power of
ng injuries than
ower portion and
nstead of the
es of the trees re- .
g green until the

i

F1e. 28.—The southern pine beetle: 0ld egg .. Fre. 24.—The: souther

galleries in’ living tree, with surrounding Egg gallery in living tre <6'a,VSO]1, as they dO
callus of new wood. (Author's illustration.). on surface of wood: six ye es infested by the
block was cut from tree

S ’ ... of gallery onoriginal beetle -and the
from which they ‘emerge. Apparently ' resinous wood; ¢, surk

3 ‘ ' ions to this rul vears later; d; origing. Hﬂls; beetle, all
there are rare exceptions to 18 T, . yearold wimial Tayer t those on the trees ¢
While this species will breed in: injured  sx subsequent annua d Tatein the W47

ed it sl d : led f - ‘wood formed over origir sed late In the sea- 22 ; 2 o
and fe ec treeS.J l.t' shows a-decrded preter- (Author's illustration,) amence t0 fade - Fre. 25.—White pine timber Killed by southeri pine beetle
ence for those living and healthy, whenever o weeks after the ~ Condition in October, 1894, of trees which died in 1891 and
it occurs in sufficient numbers to attack and kill them. It come infested 1893. - (Original, from photograph.) -
of larvee must have living, or at least partially living, bark :
to complete their rapid normal development. It attacks the
the middle or-upper trunk of medium: to large pine.and spruce tr
and usually selects the largest and best trees first. After the la
trees are killed the middle: to-lower trunk of the smaller br
be attacked. The habit of attack and methods of excava
leries are similar to those of the smaller western and Me:

ECONOMIC FEATURES.

pecies may be considered as one of the most dangerous enemies
ine. forests of the Southern States. It devastated the pine
ver large areas in West Virginia and Virginia in 1891 and 1892,
e extensive dying of pine timber in the Southern States during
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EFFECTS ‘'ON COMMERCIAL VALUE - OF THE 'WOOD;

the past century, to which there are numerous refere;ncgs ; Was mot
than likely caused by it. - It has been more o.r‘less active in ttht@
south of Virginia, southward to Texas, since 1902, and n so
localities and during some years it has killed a lz‘?rge amount.of tly
It is therefore a constant menace to the pine timber of the Soutl

The commercial value of the wood of trees killed by this beetle is
duced by the bluing of the sapwood (fig. 29), often before the leaves
g to turn yellow, though the heartwood, especially of the larger
pruce and yellow pine, usually remains sound for many years after

Btates. e trees die; both the sap and heart wood of the smaller trees, and
EVIDENCES OF ATTACK. o en of the large piteh; Ieblolly, and Table Mountain pine, deteriorate
The first external evidence that living trees are being attacked b: aplggléfiiisi%jz t)l’l izlelg , e L
this species is the presence of pitch tubes, (fig. 22) on the uppe ore must ;

i ' mediatelyafter the
middle trunk, or of reddish boring dust lodged in the lgos;;i1 loagél}“{ i b‘egéin tzycil}ire',‘ineofgler
'gﬁzuirees. It save anything of com-

‘ rcial value. :
erious losses of a sec-
dary nature, both of
ad and adjoining living
ber, may result from
£: started in the dead
er. Therefore the
ompt utilization of the
leaves, and in abo le-infested trees and
fonth after prevention of forest,
\a-mok thcé 1 are important to ob-
::itlzla(]}oe yellow total destruction of
reddish, all ; ;
bark except th ABIE  AND. UNFTAVOR.
the base of BLE CONDITIONS TOR Ty
trunks will be e
“and the bro
the destructive

attack is suffi
to kill the tree
presence of

sect will be in

and Yello sh
pearance of

ora conditions
. he m tiplication and
Fra.:26.—Table Mountain pine; \hIillél‘&l‘CQunty, W,’ Va.,.se?ven years el ; d of the ;beetle ’: a,fe
after itwas killed by the ‘'southern: pine’ beetle;\(‘Omgl‘nal, from q ;
photograph.)

~areas of large,
d timber and
the trees are fre-
ly struck by light-
fe]l’ed yOor injured by Fra. 27.--A forest of Tab]e Mountain pine; Mineral County,
. etc, | during the W. Va., seven years.after it was killed by the southern

the leaves have become reddish brown practically all o’f the :

will be out. Positive evidence, however, that’ the above desnl

external conditions are caused by this beet.le - 18 obt.amed on.

authentic identification of specimens of the _msect_or its wor pine beetle, (Origtaal, frot photommo ]

from the affected trees. The presenceé of the insect m‘idestr.uct er months. V '

dangerous numbers is indicated by frequent patches of dylng P odor from the exposed wood, and perhaps from the wilting

spruce during July, August, and Septer.nber, and the S?dde e of a few trees cut in the midst of a healthy growth of pine dur-

of the timber over large areas will indicate a  destructive m UHImer, serves to attract this species, apparently from a long

requiring prompt and radical measures for its control. . ¢, and to induce attack on the surrounding healthy trees.
; ¢, any irregular or sporadic local cutting of timber for fuel

limited purpose during the summer months furnishes most
9535—Bull. 83. 1t 1-—09—_a . "

<
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rest management as also where there are regulations governing the
ne of year when the timber shall be cut, in both regular and irregu-
perations, as well as the time
ien lightning-struck and other-
: Injured trees Shall be removed

favoraple conditions for the:concentration of individuals from W lel
- scattered colonies and broods, and thus increases their power of atta
ing and killing the surrounding living trees. By this means § V

sin the bark of the tops and
hes.  With this p%rtlculal*
, however, it is necessary
_the bark after or before
emoved because the ma-
arve, Dupz, and ajdults‘,
he winter in the outer diy,
here they would otherwise
and emerge in the spnn
ck other trees.
ocalities or areas of O'reater ‘
ss extent where it has been
itively detelmmedF that ‘the |
is attacked and. kkllled by o
eetle the p‘lnClpal groups
‘ re actually in-
with the | broods should
ted in the penod from
; o e : B ber to March, and the
FIG. 28 Spimge Hmper liifi%};;ﬁivsloﬁﬂgm(ggigiﬁle’ mounitains of Tran ng trees, mcluchnO' all of
: ones so mfested should‘

1892 may be. started, which may far exceed any forest fir

history of the country, both in the extent of area covered an n * F1e.29.~The southern pine bestle: Seetion
killed: rk d il g . of pine trunk, bark removed, showing
number of trees of commercial value kille . o arked, or the entire trunk (e galterios marked o stsce r S
Unfavorable conditions for the multiplication of the insect . N6 ced in v and the dark patches catised by the bluc-
uwfnn@u‘: &) 1
destructive attack on living timber will be found in large areas onverted 1nto lumber and the (Orlginal.)

the older matured trees have been removed and where ¢ )

urned, as in each case is more pmcmcable or adv1sable. In
timber-cutting operations are carried on under some regular s

theln section this'work should be begun not earlier than the 1st
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of November and completed not later than the 1s’o‘ of April, a;D
the southern section it should be begun in December ;angl oomple
February. Ifat least 75 per cent of theinfested trees,‘lncludlyng’

henever small patches of infested timber are found it should serve to
ep this enemy under complete control. Lo
Summer operations in the felling and barking of infested trees are
t to be recommended except in special cases, when, for example,
is desirable under a clear-cutting system to include the healthy
ber with the infested, or when practically all of the timber over a
area is infested during the spring and summer ; otherwise, if only
nfested trees are cut and healthy ones left, the felled and barked
s attract the flying beetles to the locality, and thus the death of a
amount of the surrounding healthy timber results. =
is desirable to make clear cuttings during the summer, to
small or large areas of infested timber, it should be done
g the principal periods of larval development—August and
ember in the northern section, and from July to October in the
thern section. V ‘
enever it is desirable to protect a small or large estate, or a
ularly valuable section of the forest surrounded by forested areas
hich the infested timber can not or will not be cut and barked,
oreatest precautions should be taken to prevent the cutting of
timber for any purpose during the spring, summer, and early
- The only exception would be lightning-struck or storm-broken
elled trees, which, under certain conditions, should be cut and
ved, or burned with the tops, if possible, the next day after the
y occurs. If the logs are removed the tops should be burned
he stumps. L . :
ne cord wood is cut during the summer, it should be done under
lear-cutting system and confined to a section of the forest away
he more valuable timber which it is desirable to protect from
attack. Cord wood, new lumber, etc., should never be piled
oximity to living pine trees, neither should building operations
ng the use of new pine lumber or fresh paint be conducted
g the summer in or near a desirable grove of pineor spruce.  All
above relates especially to sections where the beetle is present
urrounding forest. ; L
e experiments conducted by Mr. W. . Fiske, while working on -
sects, indicate that if the infested trees are felled in November
ember and left flat on the ground and the upper side of the
scored or:-blazed so as to facilitate the entrance of water from
melting snows, the broods will be killed by the abnormal -
dition of the inner bark. o
1 the infested timber is near streams or ponds the broods may
troyed by placing the unbarked trunks or logs in the water, pro-
he work is done before the broods begin to emerge.

F16..30.—Egg galleries and larval mines of the southern_p_inefbeetlc, andlary
T of roundheaded bark-borer. (Orlgma.l.) :

those in the larger patches, within 10 or 15 square m
treated, it should destroy en_ough of the bropds to p?ote.ot
ing timber for several years. If, then, this practice s
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Whenever the infested timber can be utilized forlumber the burni
of the bark and slabsis all that is necessary: ‘

BASIS OF INFORMATION.

Information on this species is based on investigations by the s
for the West Virginia Agricultural Experiment Station in m
localities in West Virginia, July, 1891, to December, 1896; fo
United States Department of Agriculture at Fletchers, N. C
and November, 1902; at Tryon, N. C., July, 1902, March, 1903
July, 1904; at Boardman, N. C., Inman, N. C., and Kirbyville, T

T
1
]
'
¥

Sl

Foe——— I

e

A St IR £

Fia. 31.—The southern pine beetle: Distribution map. (AVuthor’skillust;at {

November, 1902; at Pink Beds and Pisgah Ridge, N. C., July
Virginia Beach, Va., November and December, 1907, and A
and June, 1908; by W. F. Fiske at Tryon, N. C., March to Se
and December, 1903, April to December, 1904, March to De
1905, and May, June, and July, 1906; at Clyo, Ga., August,
Pisgah Ridge, N. C., September, 1903; and September, 1904
lia, ‘Ga., November, 1903; at Chicora, S. C., November, 1
Call, Tex., February and November, 1905; at Beaumont an

The European:barkbeetle-destroyer ( Clerus Jormicarius); introduced from Euroﬁe in 1892~
‘ 4, A@ult, doysal aspec{:, natural size at right; B, adult, showing attitude when feeding on
kbeetle; ' ¢, pups a.qd details; D, Iarva,‘ agd details. Greatly enlarged. - (Authorsillustration.)

Tenn., Ellijay, Ga., October, 1905, and Green Bay, Va., Jun
Additional localities through correspondence and from other co
are Calhoun, Ala.; Green Bay, Cobbs Island, Glen Allen, and
Mills, Va.; Hampton, Ark.; Demorest, Ga.; Indian Territo
Haw Creek, Fla. The species is represented in the forest-i

e Hopkins, 1899a, pp. 297-231.
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k‘hough 1t is distinctly separated by specific characters. It is more
arly related to the southern and smaller Mexican pine beetles than
ny other species, and therefore it may be found that it has two
erations, and a partial third, annually. Tt is also probable that
der isolation and favorable conditions it may, like the southern

beetle, become very destructive. (See ‘‘Economic features’’
““Methods of control”” under Nos. 1, 2, and 4.)

lection of the Bureau of Entomology by 65 specimens in the W.
Virginia Agricultural Experiment Station collection and by more t
150 in the general Bureau of Entomology collection.
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18934, pp. 123-129; Hopkins; 1894, p. 202; Hopkins, 1894a, Pp. 71-76; Hopkins, 18
Pp- 348; Lintner, 1895, p: 500; Hopkins, 1896, pp. 246, 250; Hopkins, 18974, pp: 29
Hopkins, 18975, pp. 35-36; Hopkins, 1897c, pp. 79, 94-95,147-151; Chittenden, 1
pp. 67-75; Hopkins; 1898b, pp. 104-105; Schwarz, 1898, pp. 81-82; Hopkins, 18
Pp. 394-414, 448; Hopkins, 18996, pp. 11, 18, 14; Chittenden, 1899, pp: 55-56; Ho
1902b, p. 21; Hoplkins, 1902¢, p. 20; Hopkins, 1903a, p. 59; Hopkins, 19035, pp. 270

~ 281; Hopkins, 1904, pp. 41, 42, 44; Felt, 1905, p. 6; Hopk
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BASIS OF INFORMATION.

i : 1g pecies were obtained through investigations
he writer at Williams, Ariz., September, 1902, and 'Flagstaﬁ,
May, 1904, and by J. L. Webb at Flagstaff and Williams, Ariz, .

No. 5. THE ARIZONA PINE BEETLE.’
(Dendroctonus arizonicus Hopk, ~Tigs. 33,34) o ; ol e

The Arizona pine beetle (fig. 33) is a somey Ty R .
elohgate, brown to black beetle, from 4 to 5 ° ;
long, with broad grooved head, sides of proth: N R e T
but slightly narrowed toward the head, finel; :
rather coarsely punctured, and elytra with sligh
: coarse rugosities toward the base and declivity.
Fre.35.—The Arizona, latter with afew long hairs. (Seefig.34.) Itatt
pine beetle (Dendroc eqlthy, injured, and felled western yellow p
tonus arizontews): ; : R :
Adult. Greatly en- central Arizona, and evidently excavates gall
ﬁls'ff;t'ioxu‘hor’s " similar to those of the southwestern pine |
o with which it is usually confused. The
make concealed food burrows in the inner bark, and transform
pupze and adults in individual cells in the outer bark. = Like th
species, its destructive work would be indicated by pitch tub
the trunk and by the fading yellowish to reddish foliage. ‘,

Fi16. 3¢.—The Arizona pine beetle: Distribution map. (Author'sillustration.)

to September, 1904, and Flagstaff, Ariz., August, 1907. It is
esented in the forest-insect collection of the Bureau of Entomology
er 50 specimens. ; : ‘

s species can be easily distinguished from No. 2, with which it
 In size, by the long hairs on the declivity of the elytra, and .
he smaller examples of No. 8 by the fine punctures of the strize
o declivity, from No. 3 by the grooved head, and from No. 6, to
hlit is closely allied, by the distinctly more pubescent pronotum
elytra, =~ : . : -

SEASONAL HISTORY:

This’species was not recognized as distinct from the southv
pine beetle until after the principal field observations had b
and while many specimens were collected they were near
associated with the latter in simil, eries;::
somewhat meager evidence on which to base conclusions rel
seasonal history, habits, etc. Apparently, however, its hab
in most respects similar to those of the southwestern pine
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kins; 1909, pp.x95—k97 .
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No. 6. THE SMALLER MEXICAN PINE BEETLE. urning of the infested bark during the principal period of larval -
’ velopment and during the inactive or overwintering periods, if such
found within its range.

his species has not been recognized within the United States, but,
‘not improbable that it may be found in the pine forests of south-

. Arizona and New Mexico. e sl ,
The writer has identified thirty-six specimens received from Prof.
L. Herrera-and Dr. S. J. Bonansea, collected from pine‘in Ane-
meca, Michoacan, and Tacubaya, Mexico.

(Dendroctonus mexicanus Hopk. “Figs. 35, 36.)

‘The smaller Mexican pine beetle (fig. 35) is a dark brown, glbpggft
cylindrical barkbeetle, ranging in length from 3 to 4 mm., with hea
) ’ broad and grooved, prothora
\ but slightly narrowed tow.

the head, and. punctured,
elytra with coarse rugosi
toward the base and declivi
the latter with long hairs
attacks pine trees in Mex
where a large amount of tim
has died in certain localities
dently owing to the work of
and the larger Mexican pine
tle. It excavates winding
galleries (fig. 85) through the
ner bark, the larval mines be
concealed, like those of th
l‘ etn and southwestern pine
: ) A tles, beneath the inner su
“Zioi‘?;;fi’;i?i??iﬁifsi‘Z“éﬁ"lé‘, ziiiiu‘;ei%‘i;rﬁéiij of the bark. Verylittle ap
and sections of egg gallery, slightly enlarged.‘ to be knownt of the seasona
(Author’s illustrations.) tOI'y and habits of thiS Spéc
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No.7. THE LARGER MEXICAN PINE BEETLE. ‘; ,
(Dendroctonus parallelocollis Chap. Figs. 37-39.) -

he larger Mexican pine beetle is 'a somewhat elongate, cylin-
1, dark brown to black barkbeetle, 5 to 6 mm. in length, with -
ad, deeply grooved head; broad ‘prothorax, with sides nearly
rallel and but slightly narrowed toward the head, and elytra with
se, moderately coarse rugosities, the declivity with coarse punc-
s and long erect hairs. (See fig. 37.) It attacks living pine
in Mexico, excavating coarse, slightly winding, longitudinal
lique and sometimes branched egg galleries (fig. 38) through
inner bark. The larval mines are evidently concealed beneath the
e er layers of bark, and the larvee evidently transform to pups in
ey : W rate cells in the outer bark. It is usually associated with the
3 N ller Mexican pine beetle in the same tree.

ery little appears to be known in regard to the seasonal history
his species, but it is so closely related to the Colorado pine beetle
eneral characters that it is probably quite similar in seasonal
y as well ‘as in habits and in the character of injury to the
xcept in such minor differences as may be brought about by
re southern range. It is evident that the unhealthy and dying
ition of the pine in certain localities in Mexico, which has been
ed from time to time, is caused largely by this species and by

smaller Mexican pine beetle.

specimens of the beetle and one of the galleries, received from
A. L. Herrera, collected in Michoacan, etc., have been examined
identified by the writer. e B
s species is found overlapping the range of the Colorado pine
1t can be distinguished from that species by the slightly

gl e _prothorax, with sides more parallel and less narrowed toward.
Frc. 86.—The smaller Mexican pine beetle: Distribution map. (Author's illustratio ad.
but evidently they will be quite similar to t'hose’ of the southw
southern, and Arizona pine beetles. It will therefore be sul
the same general treatment for its control, namely, jshe rem
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