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. CONE AND SEED INSECTS OF
" WESTERN FOREST TREES

By F. P. KeeN, Eviomnlogist,

California Forest and Range Experiment Stationl
Frorest Service, U, 8. Department of Agriculture

INTRODUCTION

Insects that destroy the seeds of forest trees have an important
bearing on reforestation. If a high percentage of a seed crop is
destroyed in any year, sved collecting may be unprofitable, and
nursery establishment and planting will be greatly hampered.
Also the loss of seed may seriously threaten the natural veestab-
lishment of commercially valuable tree specier on burned or cut-
over lands, where timing of seeding may be highly critical.

The importance of developing knowledge of cone and seed
infesting insects was first recognized by John Ms Miller in May
1912 when he proposed fo Dr. A. D. Hopkins, then Chief of the
Division of Fovest Inse.t Investigations, Bureau of Entomology,
United States Departuient of Agriculture, that a study should
be made of cone and seed insects. Miller pointed out the need to
assist the Forest Service in seed-collecting work, so collectors
could avoid badly infested, unprofitable areas. This study was
approved by Dr. Hopkins in June 1912, and in the rest of 1912
Miller collected a good many seed and cone insects. His first
report, dated January 1, 1913, gave the object of the work as
furthering information along two general lines: (1) The actual
amount of damage occurring in the forest or to siored forest tree
seeds and (2) the life histories and habits of the forest-seed

. insects.

At first the work was centered at Placerville, Calif. In August
1913 Miller moved his headquarters to Ashland, Oreg., where
cone and seed insect studies were the prineipal work of this sub-
laboratory. F. D. Sergent, an agent emvployed by the Bureau,
collected much of the cones and seeds. In August 1914, the force
at the Ashland station was augmented by J. E. Patterson, agent,
and the writer on his first appointment with the Bureau as entomo-
logical ranger. The work was continued through 1915 and 1916
until interrupted by World War I, in July 1917. The period of
study thus covered 5 years, and material was obtained from Cali-
fornia, Oregon, Washington, Montana, and Colorado. Sinee then
cone and seed insects have been collected only oceasionally, in
connection with other lines of work.

1 Maintained at Berkeley, Calif., in cooperation with the University of
California. :
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The work on cone and seed insects at Ashland was so far ahead
of its economic usefulness, that for nearly 40 years very little
of the copious material colleected at that time was assembled or
published. Now forest-seed problems and reforestation are of
increasing importance. Knowledge of cone- and seed-destroying
insects is in great demand in order that steps may be taken for
their control. Moreover, control is within the limits of practi-
cability since the development of DDT and other new chemiecals
which ean be released by helicoptor or airplane. Therefore, it
seems especially appropriate that our present knowledge on cone-
and seed-infesting insects be put in such form as to be useful to
practicing forest entomologpists.

In this report cone and seed insect injury is first discussed
by host trees, arranged in alphabetical order. A key to recognition
of damage and the associated insects accompanies the host com-
pilation. Then the insects themselves are discussed as to their
appearance, hosts, distribution, seasonal history, and parasites.
The arrangement here is alphabetical by order, family, genus,
and species.

The following general reference hooks and bulletins briefly
discuss a number of the more important cone- and seed-infesting
species.

DoaNEg, R. W, VAN DYKE, E. C., CHAMBERLIN, W. J., and BURKE,
H. E.
1936. FOREST INSECTS. New York and London. 463 PD., illus.
Essig, 1. 0.
1926. INSECTS OF WESTERN NORTH AMERICA. New York., 1035
pp., illus,
KEEN, I; P.
1923, INSECT ENEMIES OF CALIFORNIA PINES AND THEIR CONTROL,.
California Dept. Natl. Resources, Div. Forestry Bul. 7,
113 pp., illus.
Kren, I'. P.
1938. INSEGCT ENEMIES OF WESTERN FORESTS. TU. S. Dept. Agr.
Misc. Pub. 273, 280 pp., ilus.  (Rev. 1952).
MILLER, JOHN M.,
1914, INSECT DAMACGE TO THE CONES AND SEEDS OF PACIFIC COAST
CONTFERS. TU. 8. Dept. Apr. Bul. 95, 7 pp., illus.

Other literature citations ave indicated in the text, by italie num-
bers in parentheses, and listed under Literature Cited, p. 159.

WESTERN FOREST TREES AND THEIR CONE
AND SEED INSECTS

Western forest trees from which cone and seed insects have
been collected or reared are here listed in alphabetical order by
genera and species. Under each tree is given a brief discussion
of seed damage frequently encountered and a list of insects and
parasites reared from each host. grouped by general habits, A key
to recognition of the work of destructive species is included.
If the same insects do similar work in all cones or seeds of a tree
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genus, as in Abies, the key is placed under the genus. If a2 variable
group of inseefs work in the different species of a genus, such
as Pinus, a key is given for each tree species.

The number of cone collections made from each tree is noted
and a number in parentheses before the insect name indicates
the number of such collections from which this insect species
was faken. This roughly indicates relative abundance, in these
collections, in comparison with other insects. An asterisk (*)
before the name indicates insects of economic importance.

Insects not identified as to species are followed by a Hopkins
United States serial number identifying the collection. Many
species have not been identified or named. Until this is done they
can best be identified by the Hopking United States serial number.
Insect species reported by other authors are followed by the
author’s name and date of publication.

Abies TFir

The seeds of true firs (Abies) are destroved mostly by cone
moths, cone maggots, and seed chalcids. The damage is often
severe. Since the same insects appear to work in all species of
Abies, a key to the more destructive forms is given below:

Key to the Work of Insect Species in Fir Cones and Seeds

I. Inscets destructive to cones and sceds.
A, Caterpillars boring galleries through cones.
1. Cuausing considerable pitch flaw,
a. Large yellowish white larvae, up to 14 mm. long, ved
pupae embedded in resin in cone
Barbare colfowiune siskiynuana, p.
Throwing ont frass but little or no pitch.
a. Large veddish-green laivae, with 3 pairs of prolegs,
adults gray ... oL L. Dioryctria nbietella, p.
b. Large gray-green lavvac with 2 pairs of prolegs, adults
spetted gray with brown,  Fupithecia spermaphaga, p.
Little external evidence.
a. Small {11 mm.) pink larvae boring in seeds
Laspeyresia bracteatana, p.
b. Small white larvac horing in seeds Undetermined Tineid
B. White footless magwots, boring through cones and seeds.
1. Maggots long and slim, feeding in seeds Faromyin spp., p.
2. Maggols large and fat, in ragged gallevies through cones
Hylemya abietis p.
. Insects destructive only to secds.
AL Small white [ootless larvae completely enclosed in sced.
1. Adelts black chaleid flies.......... Megastigmns pinus, p.
2. Adults yellow chuleid flies. .. .. .....] Megastigmns rafri, p.
B. Small pink lavvac in cell near tip of secds
Dasyneura abicsemia, p.
. Insects of minor importance.
A, Red magpots loove on cone scales, abundant
Ritbsaamenia keeni, p.
B. Pink maggots in gall pockets in cone srales
Dasynenra abiesemia, p.
C. Very small white maggots, abundant in wet cones
CGeeinella conicolu, p.
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Abies amabhilis Pacifie Silver Fir

(No collections)

No collections were made from Pacific silver fir by the Ashland
Laberatory men, but records from other sources indicate that
the seed= of this tree are infested with seed chalcids, cone maggots,
and cone moths. It is very likely that most of the species recorded
from other firs (see white fir) may be found in these cones.

Seed chalcids.

*Megastigmus lustocarpae {61) ... . . . oot p. 105

*Megastigmus pians {11 ... . i e e p. 106
Cone maggots,

Earomyte abictum (82} ..t it p. 73
Cone moths.

#Fupithecia columbrate (54) ... i i p. 120

*Eupitheciu sperataphiagae {54 oo i e p- 120

Abies bracteala Bristlecone Fir

(8 collections)

Very little collecting has been done from the cones of bristle-
cone fir, but strangely enough the types of two important insects
that infest fir cones were named from early collections made
from this tree; that is, Megasiigmus pinus Parfitt in 1857 (64)
and Luspeyresio bracteatona in 1880 (28). Other insects include
gal.t?)midges {Itonididae}, and possibly cone maggots (Egromyie
sp.?).

Legg (49) states, “Mature trees produce cones only at long
intervals and each tree probably has only a dozen or so cones
when it does produce. Cones mature September 1. One creature
that derives food from the cone while it is on the tree is the
larvae of a ‘cone maggot,’ which burrows into the cone and feeds
on the seed. Many seeds do not mature, and with the cone maggots
eating the seed on the free, and rodents on the ground, this rare
fir is making its Tast stand in California’s Santa Luecia Mountains.”

Abies eoncolor White Fir

{40 collections)

Several species of insects combine to cause very heavy damage
to the cones and seeds of white fir. Typical individual counts of
seeds show the following ranges of infestation:

Seeds infested or destroyed........oiovin ol 5 to 55 percent.
“Blighted” or infertile seed.................... 35 to T2 pevrcent.
Fertile seed. .. .. ... it e, 0.8 to 60 percent.

In some years about cne-third of the seed crop is destroyed
early in the season by cone moths and seed chaleids; by the end
of the season other insects complete the destruction. In some
localities the seed crop is totally destroyed, while in practically
no locality does it escape injury.




CONE AND SEED INSECTS OF WESTERN FOREST TREES 5]

The most destructive insects of white fir cones and seeds are
listed under the following sections I and II, those of minor
importance under III, miscellaneous ingects under IV, and preda-
tory and parasites under V.

1, Insects destructive to cones and seeds. Percent of seed
Cone moths. destroyed
(27) *Barbara colfazxiana siskiyouana
(17) *Dioryetrie abietelln
(16) *Laspeyresio braciectonn
(12) *Fupithecin spermaploga
Cone maggots.
(20) *Earomyic spp.
E, abietum .
B, barbara . . e i e R
E. brevistylata .. .. i i i it -
o longistylata ... o e e p-
(10} *Hylemya abietis ... i, 0113 .......p.

. Insects destruetive only to seeds.
Seed chaleids. 1-84
(22) *Megastigmus PiRUS ... . i iin i iae inrraianas P
{26) *Megastigmus vafml . ... e i .
Seed midges.
{4) *Duasyneurn abiesemic ... ... ......... h1-9.........pn

. Insects of minor imporvtance.
Diptera,
Cone and scale midges (Itonididae) .................. p.
Bradysia sp. (Hopkins U. 8, No, 12560y)............ P
Dasynetra abiesemia .. ..o ., ..o in e R B
Holonewrus strobilophilus ... .. .. . ... . .. ... .... p.
Myeodiplosis conieolnn o .. i i p.
Mycodiplosis coryloides ... 0 it it .
Oscinelle conicola ... o i i it .
Riibsammenin Beeni ...ttt irerncnrannas .

. Miscellaneous insects reared from cones, habits unknown.
Coleoptera.
(1) Henotions californieus ... it iiia e ianennas P.
Collembola,
Achorutes sp. (Hopkins U. 8. No. 125602)
Diptera,
(1) Minettia flaveola ... ... ... . i i p.
(1) Palloplere sp. (Hopkins U. 8, No, 13228v) ... ......... p.
(2) Leptocera sp. (Hopkinsg U. 5. Nos. 14423¢, 13228p)....p.
Lepidoptera.
(2) Heolcocera sp. (Hopkins U. 8. Nos. 11459b, 14212d)....p.
Predatovs and parasites.
Celeoptera.
{(4) Eunoclerus humeralis (predaceous) ... ... ... .. ..... 1.
Diptera.
(1) Golluthocern S6lIgera .o ui i iiiaeieeroeessensas
(2) Lydellohoughie sp. (Hopkins U. 8. Nos, 142017, 12025b) p
Hymenoptersa.
Family Braconidae.
(%) Apanteles sp. {Hopkins U. 5. Nos. 12560w, 12538t)... .p.
(2) Bracon rhyaciowiae ... it B
(1} Macrocentris aegeri@e .. ... ..o i iiiaaaa . p.
Family Encrytidae,
(3) Copidesoma szp. (Hopkins U. 8. Nos. 12560kk, 12538k 2,
I ™
Family FEulophidae.
Blachertus glacialis, parasite of Barborn colfamiane p.
(B Tetrnstichuts BD. . vvvvinvr e it aae e p.
Family Eupelmidae,
Eupelmus sp. (Hopkins U. 8. No. 125640)............. p.
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V. Predators and parasites.—Continued
Hymenoptera—Continued
Family Eurytomidae,
(2) Eurytoma sp. {(Hopkins U. 8. Nos. 12508b, 18146a}....p.
Family Ichneumonidae,
Callieplicltes comstockii, parasite of Rarbara ecol-
faziana P.
Campoplen conocola, parasite of Rurbura colfaxiana p.
Ewochus evelrine, parasite of Burbare colfaxiona. .. .p.
Glypta cvetriae, parasite of Barbara colfaxiang p.
Horogenes sp. (Hopkins U. S. No. 12560x). ......... p.
Ttoplactis evetrice, parasite of Barbara colfaxviana. .. .p.
Pimplopterus conoeoln, parasite of Barbarg colfaxiona p.
Pimplopterus sp. (Hopkins U. 8. No. 12538n2, p2;
13297¢) B
) Scambus ephialtoides, parasite of Borbara colfaxiane p.
Syrphoctonus sp. {Hopkins U. 3. No. 1257TK) . ..... P.
Family Platygasteridae.
(1} Platyguster gahani, pavasite of Ttonididae
(1) Plutygaster rofuveri. pavasite of Itonididae
Family Pteromalidae,
(8} Amblymerus sp. (Hopkins U. 8. No. 12538s-2, 13228¢,
14201k) .
(1) Habroeytus sp. (Hopkins U. 8. No. 11413d) .
(1)} Hypopteromalus sp. {Hopkins U, 8. No. 11418c¢) ... .p.
(1) Pteromalid (Hopkins U. 8. No. 10894e)
(G) Zacelochlora milleri ..o oo i, P,

Abics grandis Grand Fir

(2 collections)

Several species of insects cause considerable damage to the cones
and seeds of grand fir, sometimas destroying 10 to 25 percent of
the year’s seed crop. The prineipal damage seems to be done by
the seed chaleids and a seed-infesting gall midge.

The principal damaging insects reared from cones are as
follows:

Cone moths.
(1) *Barbare colfaxianc siskiyouana .13
(1} *Dioryetria wbietella . 148
(1} *Laspeyresin sp. (probably bracteatana) . 137
Cone magpots. .
(2) *Earomgria spp. . 71
E. abietum . 73
. 75
Seed chalcids. . ’
(2) *Megastigmus millevi . 106
(1} *Megastipmus rafui . 108
*Megustigmus pinus (56) . 108
Seed midge.
(2) *Dasyneura ablesemit . ... e, P. 60
Resin midge. .
(2) Rilbsaamenic keent .....oiiuouiie i e, 1. 66
Parasites.
Hymenoptera,
Iramily Platygasteridae.
Platygaster gehant .......... .




- CONE AND SEED INSECTS OF WESTERN FOREST TREES

Abiés -lasioca.ri}a ' Subalpine Fir

(1 collection)

Only one collection was made from spbalpine fir. It wag inade-
quate to indicate the usual cone damage from inseects or the species’
causing damage. From what was observed, cone damage appears
t(% b};f: srf?all. Records show the following insects from the cones
of this fir:

Cone moths.,
*Dioryeiria abietelle (Canadian record) ... ... ... oovuus. p. 148
Conemaggots. )
(1) *Eoaremyie aguilonic ... .. .. ..t it i p. 76
Seed chaleids.
*Megastigmas lusiocarpae  (I1) oo ie i iinnnaes p.
*Megastigmus piaus  (61) ... e i e D-
Resin midges.
(1) Riibsaamenin eent (T} . ovr it iiiiineeir e innann N

Abies magnifica California Red Fir

(6 collections)

Several species of insects infest red fir cones but none seems
1o cause any great amount of damage. Most worthless seeds are
the sterile or “blighted seeds.” Some cones run as high as 75
percent “blighted seed,” none of which seems to be due to inseet
damage.

Species involved include the following:

Cone maoths,
{1} *Barbera colfaciunc sishiyouana ...................c..... .
{1} *Laspeyresia bractealene . ..o n s e et p.
{1} *Eupithecio sperimaplage ..o ii i iiessassiarenenns p.
{1} *Dioryetrie sp. {probably abictelin)...... .o iiiviiininn. B
Cone maggots.
{2} *Fuaromyia spp.
E. abeinm
E. barbare .
E.obrevistylata ..o i et it p.
E. longistylote ... o it it e p.
Seed chaleids.
{8 *Megastigmals DINUS - .. oo i et i i p.
(3) *Megastigmus TOffL ..ot e o .
Seed gall midges.
(3) *Dasyneura ablesemitt ... ... . . ... s .
Other resin midges.
(1} Holonewrus sérobilophilus ... . o i i, p-
{1} Muycodiplosis conicoltt . ... . i e e .
(1) Mycodiplosis coryloides ... .. ... . . i i, .
(3) Riibsaumenio keent ... .. . . i i .
Parasites.
Hymenaoptera,
(1) Calliephinlies comsloekii ... .. i iie oo, p.
(1) Platygaster sp. (Hopkins U. 8. No. 18572d)..........._ ..
(1) Amblymerus sp. {Hopkins U, 3. No. 14209hx), parasite of
Megastighiis SP. v iverevreioserarsssaasarssasasaanas p.
QOther insects,
(1) Eurytoma sp. (Hopkins U, 8. No, T1427h) ... ... .coeniit .
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Abies magnifica var. shastensis Shasta Red Fir

(7 collections)

Several species of insects infest cones of Shasta red fir but
none seems to cause much damage. The high percentage of worth-
less seed found is simply sterile, so-called “blighted seed.” Insect
damage only amounts to about 7 percent of the seed crop, as far
as has been determined, whereas blighted seed amounts to about
65 percent of the crop.

Insects found infesting these cones are as follows:

Cone moths, ’
(2) *Barbarc colfamione sishiyouana ... ...oov e rrann.. p. 131
(1) *Dioryetric abietell® ... 0. e e p. 148
(1) *Eupitihecic spermadiagi oo v e e e e ennns p. 120
(3) *Laspeyresia sp. (probably bruefentana) ... .oovuvueeee..... p. 137

Cone magpots.

(B) FEQPOMYIE SPP. vttt ettt e e P 71
(Species probably the sume as in A. magnifica)
(2) *Hylemye sp. (Hopking U. 8. Nos. 13299a, 14200b) .......... . 7

Seed chalcids. (3 to 30 percent infested)

(7) *Megastigmus PRINS ittt e p.
(3) *Meqastigmus 1afimd . i i e e e e p. 108
(1} *Megustigmus millert (B ... i i eenaann .

Seed gall midge. .

(3} *Dusynewre abiesemin .. ..ot e p. 60

Inseets of minor importance.

Gall and vesin midges.
(3) RAbsaamenit Kaemt ... ee e o e e eirar e eneerannnn . 66

Miscellanecus insects reared from cones, habits unknown.

Colecptera.

(1} Cryplophagus Drevipilis oo o it ein s annns p. 42
Diptera, _

(1) Oseinelle comdeola ... . .. i e p. 59
Lepidoptera,

(1) Ephestoides gilvescentelle ... .. 0 i iininneennnns p. 155

Predators and parasites.

Coleoptera.
Family Cleridae.
(1) Cymalodera oviPennis ... uureerr it ae e eanrraanns p.
Hymenoptera.
Family Braconidae.
Blacus sp. (Hopkins T. S. No. 14200h). .. ............. p.
Macrocentsts QEHETIEE + .ottt asan e cinanvanennans P
Family Ichneumonidae. )
(1) Cualliephinlies comsteckii, parasite of Barbare colfawiana
stskipouant ... iiiia. .. it eaararses . -D.
(1) Pimplopterus conocole, parasite of Barbara colfaziana
SUSEIHOUBIE © v vt vr it it vt aae e tae s .
(1) Pimplopterus sp. (Hopkins T, 8. No, 132%e) .......... p-
(1} Syrphoctonus gp. (Hopkins U, 8. No, 14200i). .......... p-
YFamily Platygasteridae. ) .
{1) Platygasier shastensis, parasite of Ifonididae .......... P.
Family Encyriidae.
(1) Copidesoma sp. (Hopkins T0. 8. Nos. 14205k, 14200m) p. 93
Pamily Pteromalidae. .
(8) Ambiymerus sp. (Hopking U. 8. No, 14200g) ........... p- 99
(1) Habrocytus sp. (Hopkins U. §. Nos, 142051, 31666Db)....p. 99
(1) Hypepteromelus sp. {(Hopkins U, 8. No. 14205hx), parasit
of MegasStigmus ... ... ... i e p. 100
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"Abies_ procera - Noble Fir

(2 collectlons)

~ Only two collections were made from noble fir. They did not
indicate what damage might be expected from ingects. Seed col-
lectors report heavy damage in some years.
- The following insects have been found in cones and seed of
thls tree:

Co?f)mff)hs' 1 (probably abietelin) 148

ioryctria sp. (probably ebietella). . .. .. .. ... .. .. .0 .
Seed chalcids,
(1) *Megastigmid DIMUS .. .. . it i it p. 106

. Beed gall midges.
(1) *Dasyneure abiesemic (T ... i p. 60

Acer circinatum Yine Maple
One collection of seed from vine maple was made at Waldo,

Oreg., in August 1914, One hundred seeds were cut; 78 percent -

were good seed, 22 percent hollow or immature, and none infested.

Acer macrophyllum Bigleaf Maple

(4 collections)

. The seeds of bigleaf mapie are not heavily infested by insects. .
One lot of material examined showed 66 percent of good seed,’
20 percent hollow, and 14 percent insect infested. The principal
damage is done by the larvae of a moth.

I. Insects injuring the seed.
A. Caterpillars mining the seeds.
1. Adults large and green (4) *Protecteres aesculanum....p. 147
2. Adults, small gray (1} *Holeocera sp. (Hopkins U, 8. No,
5 1 P-
I1. Miscellaneous insects reared from seeds, habits unknown.
Coleoptera. .
(1) Melenophihaling distinguenda ... ... o oo, p.
(1) Notowus constifetits ...t ieinnnmrenannnan p
(1) Piinus fur
Diptera.
{1) Itonididae (Hopkins U. S. No, 14203d).............. .
(1) Leptocera sp. {Hopkins U. 8, No, 14203¢) ... .. ..... 1.
III. Parasites.
Hymenoptera.
Family Ichneumonidae.
(2) Calliephialles nueicole ... ..o vvi i iiniincanan P.
{1) Hemiteles sp. (Hopkins U, 8. No. 14206¢)
(1) Seambus sp. (Hopkins U. 8. No. 142%6e)............ p.
Family Eulophidae,
(1) Elachertus glaciulis

Castanopsis chrysophylla Golder. Chinkapin

- (2 collections)
The acorns of chinkapin are often infestel with a caterpﬂlar,

which in some localities may destroy 14 percent of the erop. A "=

weevil has also been found in some acorns.
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I Insects injuring the acorns.
A. "Dirty white caterpillars in seed kernel, adults a bronze, metallic
moth (2) Melissopus latiferreanus. .. ......o\vurnnooonn... p. 145
B. *White legless curled grubs (1) Cizrenlio sp. {7} (Hopkins U. 8.

No. 12548a) . .ovuviiin e T T T 42

Chamaecyparis lawsoniana Port-Orford-Cedar

.. As far as has been ascertained, only a species of gall midge
infests the cones of Port-Orford-cedar. The damage appears to
be very slight.

I. Insects injuring seeds.
A. Bmall pink mapggot found between seeds *Junetiella siskiyou p. G4
II. Parasites,
Hymenoptera.
Family Eulophidae.
(1} Tetrastichns sp. {Hopkins U. 8. No. 12544b), parasite
of Janeticle ....... ... ... ... .. ... .. 000 " p. 96

Chamaecyparis nootkatensis Alaska-Cedar

é{o collecting has been done from the cones and seeds of Alaska-
cedar.

Cupressus Cypress

Collections from ecypresses suggest that the damage to cones
-and seeds is very slight and that insects cannot be considered z
factor in limiting the seed supply. Most collections were made
on Monterey cypress, and the same group of insects are probably
on other species.

Key to the Work of Species Involved

. Inseets destructive to cone scales and sceds.
A. Caterpillars feeding through cones.

Large greenish-red, purplish, or reddish-hrown larvae, cones
covered with webs holding reddish larval castings which
conceal the larvae, Adults lavge moths spotted with white,
Henricus moecrocarpena p

2. Blender gray-white larvae, adult moths gray or cepper-
coloved Laspeyresic cupressame . ..., .. oueono ... .
3. Pinkish larvae, adult moths grecnish Epinotiv hopkinsana
cupresst .

4. Small white caterpillars. Undetermined tineid moth,

. Insects feeding on dry cone scales,
A, White hairy grabs with thoracic legs. Adult a large brown
ptinid beetle Ewnobins eupresst oo e ..., . 33

Cupressus goveniana Gowen Cypress

(2 collections)

Only two collections were made from this species, but the
damage appeared to be very slight with almost no damage to the
geeds.

Cone moths,

(1} *Henricus macrocqrypart « .. .oovvuunu e, .
(1) *LaSpeyrosio eupresstmet «...vvvure e ner e B-
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Cupressus maerocarpa Monterey Cypress
(5 collections)

Although several species of insects feed upon the coties and in
the cone scales, the amount of seed damage is small. Three species
of moths cause most of the damage. A large powder-post beetle
is frequently found working in the cone scales. Species involved
include the following:

* Cone moths,

(D) *Henricus mocrocarpane ........... e e n. 148

(4) *Laspeyresic cupressena . ........o.cvevee o p. 139

(3) *Epinetia hopkinsana cupressi .. ... i, p. 136
Cone powder-post bettle.

(3) Ernebius cupresst ... ... 0 B
Other species.

(2) Holeocera sp, (Hopkins U. 8. Nos, 132644, 133155y ... ....... p-

(2) Encclerus hameralis clevid ..., . ..... .. ... . ...... p-

(2) Enoclerus cupressi_ clevid ... . ... . .. p-

(1} Tetrastichus sp. {Hapkins U. S, No, 133131) P.

(1} Phaeogenini genus, sp. ? (Hopkins U. S. No, 13264fx), parasite

of Laspeyresic cupréssentt ..... ... uurr e, p-

(1) Itoplectis sp. (Hopkins U. 8. No. 12570K) ... ooveeeeenn. ... p.
Larvaevoridae.

Spathimeigenie sp. (Hopkins U. 8. No, 12579])

Fraxinus latifolia Oregon Ash
{3 collections)
The seeds of Oregon ash seem to be very heavily infested with
a very small weevil, and with hymenopterous larvae which may
be phytophagus or parasitic on the weevil. In some places and
years about 70 percent of the seeds are destroyed.
1. Insects destroying the seeds.
A. Small, white, iegless curled weevil grubs
(3) *Thysanocnemis sp, (Hopkins U. 8. Nos. 14202a
142958} .o e p
B. Small, white, legless hymenopterous larvae
(2) *Euwrytoma sp. (Hopkins U. §. Nos. 14202¢, 14295f) p.
II. Miscellaneous insects veared from seeds, habits unknown.
Coleoptera.
(L) Epitriy suborinita ..o i e p.
(1) Divbrotice undecimpunctata .. ...... ... . ..o cvueon... .
(1} Anthicus witidulus ... ... .0 0 ... P
{1} Noloaus constricius . ... .. e . p
(L) Apion porosicolle ... ... .. e p.
Diptera.
(1) Bradysic coprophile . . . . . . e s ien . p.
Hemiptera.
(1) Triphelns trislicolor ... i, p.
III. Parasites.
Hymenoptera.
Tetrastichus sp. (Hopking U, 8, No. 14205¢) . ........... p.
(1) Parecrias sp. (Hopkins U. S. No, 14295¢}.............. p.
(1) Habroeyius sp, (Hopkins U. 8, No. 14295¢) p.
(2) Chaleids (Hepkins U. S. Nos. 14202b, 14205bx), parasite
of Thysanocnemis
(1) Itoplectis evetrine P
(1) Eupelmus sp. (Hopkins U. 8. No. 14202f, 14295f) ... ... p.
(1) Hypopleromalus sp. (Hopkins U. 8. No. 14202¢) ........ p.

Juniperus californica California Juniper

Caterpillars feeding in flesh of berries and into seeds.
Ithome sp. (Hopkins U. 8. No. 142008) ..o ie e, .
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Juniperus occidemalis Western Juniper

{2 collections)

Berries of this tree appear to be pretty heavily infested with
a seed-infesting chalcid—about 25 percent of the seeds in some
places. Grasshoppers also feed on the berries.

1. Insects doing primary damage to seeds.
A. Small white footless larvae (2) *FEuwrylome (near juni-
pering) p.
II. Insects feeding on surface of berries, cansing them to wither and
crack epen  Grasshoppers
III. Miscellaneous insects.
Moths. Tineid, undetermined (Hopkins U. 8, Na. 12513a5)
Parasitic braconid. Chelonus sp. (Hopking U. 8. No. 12512a4) p.

Liboecdrus decurrens Incense-Cedar

{10 collections)

Cones of incense-cedar were very heavily damaged by insects
in alt localities examined. The principal damage was from two
species of moths. In many localities as much as 65 percent of
all the seed were destroyed, while hardly a cone did not contain
an insect or two.

I. Insects damaging both cones and seeds.
A. Caterpillars that work through seeds. .
1. Lavvae, small green with red dersal bands
{T) *Argyresthic Hbocedrelle ... oo ool p. 120
2. Larvae, white
(4} *Polyelirosis 8D, oo e p. 147
B. Large sawfly larvace with 7 pairs of prolegs,
{4) FAugomonoctenns Hbocedrii ... oo i iiiii, p- 81
C. White footless dipterous maggots.
(1Y Undetermined Diptera (Hopkins U. 5. No. 14206¢)
D. Small pink or red magpots in flower gall.
(3) *Henididae ... ... oo e p.
II. Parasites,
Hymencptera.
Iehneumonidae.
(2) Campoples argyresiliine, parasite of Argyresthia...... p.
Braconidae.
(1) Bracon sp. (Hopkins U. 3. No, 10B35b) . .....ovvivvnn P.
Encyrtidae.
(2) Pentecnemus sp. (near bucendalriens) (Hopkins U. 8. Nos.
13280fx, 12565E, ). vr i i p.

Lithocarpus densiflorus Tanoak

(6 collections)

The acorns of tancak are heavily damaged in some localities
by a weevil and acorn moth larvae, These insects probabily destroy
about 10 percent of the seed crop on the average. However, the
damage over a wide area has not been determined.

I. Insaects injuring the acorns.

A. Legless grubs in kernels of acorns.

Adults vellow weevils, *Curendio uniformis. ... ...ooooou... p. 43

(8) *Cureulio 3p. .....ovviiiiien, P. 42

B. Caterpillars boring through kernels of acorns.

Adults bronze meths, (6)*Melisvopus latiferreanus........ p. 145
C. White legless larvae in yall pockets in acorns.

Undetermined Cynipidae (Hopkins U. 8. No. 14291a)
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II. Inseects of minor importance.
A. Caterpillars in kernels of acorns.
Unidentified Pyralidae (Hopkins U. 8, No. 14201¢)

Picea Spruce

Spruce cones are not heavily damaged by insects as a rule,
although they are infested with at least two species of moths,
a dipterons maggot, gall midges, and seed chaleids. Since many
of the same insects appear to infest all spruce cones, a key to
their work is given as follows:

Key to Work of Species Injuring Spruce Cones

I. Insects injuring the cones and seeds.
A. Caterpillars working through cones.

1. Reddish-green larvae boring through scales and seeds.

Henricus fuscodorsana p.

2. Pale yellow to veddish brown larvae boring through seales

and sceds. Dioryetrie abietella. .. .. ... .. .. 0o, p.

Drigryetrin venicnlella ... ... . .. .. .. i ... p.

8. White larvae with black heads, working mostly in axis o

cones and into seeds. Lospeyresic youngand., ......... p.

B. Leng slim footless maggots forming winding galleries through
cones and secds. Erromafie SPD.. oo inan . p- 71

I1. Inseets injuring only the seeds.

A, Small, white footless magpgots campletely enclosed in seeds.

Megastigmus pileene p.
B. Small, pink maggots in secds. Phytophuga carpophage. .. ... p. 65

III. Tnsects of minor importance.

A, Light red maggots, 2 to 3 mm. long, loose on cone secales,
Ritbsaumenio keent . 66

B. Light yellow larvae in silky cocoons in axis of eones, Dasymeura
PRCRIDIGE e e p. 63

Picea breweriuna Brewer Spruce

(2 collections)

Only two cone collections were made from Brewer spruce, and
they produced little insect fauna. A seed chalcid was suspected but
none reared. Instead species of Torymus n.sp. came out of the
seeds.

Parasites reared.

(1} Asnblymerus ISP, .o e e p-
(1) Torpmnts NSD. ettt it i e et P.

Picea cngelmannii Engelmann Spruce

(9 collections)

The insect damage to Engelmann spruce cones is not particu-
larly heavy. About 10 percent of the seed are destroyed, princi-
pally by a seed-infesting chalcid. A small moth and a dipteran
are next in order of importance. Insects reared from the cones
include the following species:

Seed chaleid.

(5) *Megastignmug PIeeae ... ve i e P
Megastigmmus diceae var, monignd. .. ......ooveenrnn .. p.
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Cone moths,
Barbara mappana (Canadian vecord).....................:P.

{6) *Laspeyresic HOUMGURG ... .. 0 itin s ae oo e annnans p-
*Dioryctria abletelln {Canadian record)..........vvooon... P
*Dioryetric renieudelle {56 ... . it B.
Eupithecia albicapilala ... .o o i e ianne. B-
(Probably also Hewricns fuscodorsana, but not reared)
*Polychrosts piceane {Canadian record)... ........c.vuun... p-

Cone maggot.
(3) *Faromyet Darbalre ... . i e e e p-
Gall midges.

{7} Monididae (2 species) .. ... vttt i i p-
*Dasynewre rachiploga (1) . i i p-
*Phytophaga carpophaga .. ..o i i p.

Miscellaneous insects reared from cones.
Diptera.
Ritbsomnenie lcent ... ... .. . . . .. . . e, p.
(1) Pipiza sp. (Heopkins U, S. No. 13272a)
Parasites,
Hymenoptera.
Family Braconidae.
Bracow vhyacionite ... ... .. e p.
Family Ichneumonidae.
(2} Cualliephicites vomstoekii ... ... ... ... ... ... .. v0uus. .
(1) Calliephicltes sp. (Hopkins U. 5. No, 12408bx)........ B.
{1} Scambus epliclioides . ... ... i an.. 1.
Family Platygasteridac.
(1) Plalygoester lucida .. ... 0. it i enennnn. B.
Family Pteromalidae.
(1} Amblymerns sp. {Hopkins U, S, No. 10848} ............ . 99
Family Torymidae.
(4) Torymus sp. {7} (Hopkins U. S. Nos. 1085%f, 124084,
1280%¢, 14284b) .. ... e p. 112

Picea glauca White Spruce

Cones from white spruce were not included in the Ashland
collections, White spruce is found only ravely in western United
States but becomes common in western Canada and interior
Alaska. Recent studies by Canadian forest entomologists, espe-
cially the work of Tripp (75, 76, 77) and notes provided by
W. F. McCambridge of the Alaska Forest Research Center, make
it desirable to include some information on cone insects of this
tree; to tie in with records from other spruces and firs.

Cone moths,

*Digryetric rentculelle  (56) .. i e . 154

*Lagpeyresie Youngane (T8 o vt e p. 144

*Eupithecia albicupitata {Canadian vecovd)... . ... viruun... p. 120
Cone magpots.

Eavomyia barbart . ..o i e e p. 75

*Hylemmya (Pegohylemypia) near anthracine {75).............. v 79
Gall midges.

Dasyneure conadensis {77} p- 61

*Dasyneure vechiphoega (77} Alaska, (Hopkins U. S. Neo. 33437B) p. 63

*Phytephage carpoplicga (F7) (o i e iiainnennn. p. 65
Resin midge, _

Riibsaamenia Leeni {7) (Tripp’s speeies B {77)) . .vvvinnnn., p. 66
Parasites. *

Diptera,

Larvaevovidae near Goliathocera {Hopkins U. 8. No. 33493a) p. 9
Hymenontera.
Family Enilgphidae,
Aprostocetus sp. (Canadian record, also Hopkins U. 8. Nos,
33437F, 33439K, 33445G)
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Elgchertus sp. (Canadian reeord).......coovveennnrnnnn.., 7.
Hyssopus sp. (Canadian record) .....oovreee e nernnrn. .. .
Tetrastichus sp. (Hopkins U. 8. Nos. 33437E, 33445, 34439G) D.
Family Ichneumonidae.
Calliephiaites sp. (Hopkins U, 8, No. 33439C) ............... P.
Ephialtes sp. (Hopkins U. S, No. 3343TD) . ... .oooeenn... P
Campoplegini (Hopkins U. S. No. 334308, similar to specimens
recovered from Sitka spruce)
Family Platypasteridae.
FPlatygaster sp. {(Canadian record, also Hepkins U, 8. Nos. 33437 R
e ) D.
IPamily Pteromalidae.
Pachyceras spp. {Hopkins U. S. Nos. 33430H, 334454, 83437G,
33437H1)
Family Torymidae.
Monodontomerinae (Hopkins U. S. Nos. 334397, 33429L)
Torymus spp. (Hopkins U, S. Nes. 334458, 32437C, 32437C1,
334307, B3489K) ... .

Picea pungens Blue Spruce

{2 coliections)

The cones of blue spruce are not heavily damaged by insects.
In the few collections made, only about 3 percent of the seed were
destroyed. The chief damage is due to a seed-infesting chaleid
and a moth la.va. These insects include:

Seed chaleid.
{1} *Megusligmus picene . 106
Cone moths.
*THoryelria vewicnlella (56 13 154
(1) *Henricns fuseodorsie .. e e B 147
{1) *Laspeyresie sp. {probably youngunn) (Hopkins U. 8. No.
138080 p. 144
Parasites.
{1} Seambus ephitalioides ... . . . . . . . . P- 92
{1} Zacalochiora mifleri ... ... . . - 1060

Picea sitchensis Sitka Spruce
(11 collections)

The cones of Sitka spruce were not found to he heavily damaged
by insects, yet they contain several different species. The greatest
damage was done by two species of moth and a species of Diptera,
which work throughout the cone, and a seed-infesting chalcid
which destroys the seeds. From 15 to 40 percent of the cones
were infested, but only about 5 percent of the seed destroyed by
insects. Species reared from cones include the following:

Destructive species.
Seed chalcid.
(2) *Megastigmus PlOeno ... vivii it et iR
Cone moths,
*Laspeyresic bracteatane (Canadian record) ... ... ....... .
(2} *Leaspeyresin yonnmgane ... .. .00 o e 18
. (2} *Hewrfous fuscodorsana ... o oo P
*FPohychrosts piceana {Canadion recovd},................ p.
Cone magpots.
(1) Hylemye (Pegolhylempia) sp. near anthracing. ... ........ .
Gall midges.
€7) Itonididae {3 or more species) ... ......ooveennnnnn. ... B
*Dasymenra vechiphage {1 oo e P
*Phytophega carpophaga (1)
Riibsagamenia keeni
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Miscellaneous insects reared from cones,
Coleoptera.
(1) Evnodites SP. . viuit ottt cirie e e aanans p.
(1) Othnius hugubris
Diptera.
(1) Oscinella sp. (Hopkins U. 8. No, 1250Tn) ... ....vveuenn.. D.
(1) Chyromye sp. (Hopkins U, 8. No, 14266e) ... ............. p.
Hemiptera,
(2) Anthocorus sp. (Hopkins U. 8. Nos, 10850b, 12557i)...... p.
Predators and parasites.
Coleoptera.
(1) Encclerus huwmeralis ... .. .. A, P.
Diptera.
Lavvaevoridae.
(4) Goliathocere sp. near (Hopkins U. 8. Nos. 334418, 334444
33440G, 33439A) . ... e P
(1) Hypastena sp. (Hopkins U, 8. No. 12557K)............ -
Hymenaoptera,
Family Braconidae.
(1) Fubadizon sp. (Hopkins U. 8. No. 12557} ... .. ....... .
Family Eulophidae.
(1) Aprostocetus sp. (Hopkins U. 8. No. #:444D)
(2} Tetrastichus sp. (Hopkins U, 8, Nos. 19850m, 125570) . ...
Family Figitidae.
Sarothrus sp. (Hopkins U, 8. No. 13231d)
Family Iehneumonidae.
(2) Campoplegini (Hopking U, 8. No. 32438D)
(1) Calliephialtes sp. (Hopkins U. 8. No, 334401 .......... X 87
{2) Scambus ephialivides . 92
(1) Ephlialtes sp, {Hopkins U, 8. 33438D)......oo e, . 87
Family Platygasteridae,
(1) Plalygaester luecidoe : p- 114
(4) Pletygaster spp. (Hopkins U. 8. Nos. 10850n, 12557h 2,
F3441F1, 33442C, B33440C) ... v e p. 115
Family Pteromalidae.
(1)} Zacrlochiore sp. (Hopkins U. S, No, 10850L)........... p. 100
Family Torymidae,
(6} Torymus spp. (Hopkins U, 8. Nos. 13305a, 12557z, 33442D,
B32439K, B334440) . e p- 112

’

Pinns Pine

Cone and seed insects affect pine cones to such a variable extent,
depending upon the group to which the pines belong, that they
will be discussed separately by tree species.

Pinns attenuata Knobcone Pine
(17 collections)

The new green cones of knobenne pine are often heavily attacked
by a large moth, and up to 50 percent of the cones destroyed.
The old cones are attacked by a unique species of cerambyeid
and a buprestid beetle which do considerable damage.

L. Imsects injuring and destroying the cones and seeds.
A, Attucking new cones.

1. Large, 17 mm., greenish-red to dark-brown caterpillars.
(5) *Dioryetria auranticelle .
(1) Dioryetriv abletefle ... ..o, p.

2. Small, 12 mm,, white larvae. .
(4) *Fucosme bobana ..., 0 R
(1} Chionodes sp. (Hopkins U. 8. No, 14265d) ......... .

3. Small dark-brown beetles boring inte stems and cones.
(2} Conophihorus

13319a)

d,
D.
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I. Insects injuring and destroying the cones and seeds.-——Continued
B. Attacking cones 3 or 4 years old.
1. Large cerambycid larvae.
(12) *Paratimic eondcole ... .. coovur v iviannnn P
2, Buprestid larvae, rarer than the above.
(11) *Chrysephana placidu condeola. . ... .. o oo ... p.
3. Small white hairy grubs with thoracic legs.
(1)} Ernobins punctidatus ... iennenn. .
II. Miscellaneous insects reared from cones, habits unknown.
Hymenoptera.
Family Formicidac.
(1) Camponolus sp. (Hopkins U, 8. No. 10868¢)....... .
Family Megachilidae.
(2) Osmin sp. (Hopkinsg U, 8, Nos. 10836b, 10868d)....p.
III. Parasites and predators.
Coleoptera (Cleridae).
(2) Cymotodere ovipenaris ... ... i i e n.
{l; Cymatodera sp, (Hopkins U. 8. No. 10868¢) . ......... p.
(D) Bmoclerus eximius o . e .
Hymenoptera.
Family Braconidae,
(2} Doryctes pacifiens, parasite of Paratimic confcole. ...
(1} Meteorus indogator, parasite of Diorycirie wawranii-
el e -
(1} Microtypus dioryetrine, parasite of Dioryetrie wuranti-
cell e B-
(1) Orgilus dioryetrine, parasite of Dioryclria auranti-
el e P.
(1) Rogas sp. (Hopkins U. 8. No. 1428af)
Family Eulophidae,
(1) Hyssopus thymus, pavasite of Dioryetria nuranticelin p.
(1) Elachertus sp. (Hopkins U. 8. Ne, 1426an) ... ..., .
Family Gastceruptiidac. .
(3) Awlacosietins  coliforniens, parasite of Puaratimic
conicola, .
(3) Aulacostethus editus, purasite of Puretimia conicole p,
Family Iehneumonidue.
1} Aepius sp. (Hopkins U. 8. No. 12552¢)
{2) Ichncumaonidae sp. (Mopkins U. 8. Nos. 13230c,
142%0a)
(1) Callicphialtes eomstoekil, parasite of Dioryetria
awrvendieella oo p.
{1) Pimploplerus dukirumae, parasite of Dioryetria
anranticelle n.
(1) Poewmenin americana, parasite of Paretimin cowicolu p.
(1) Campoplex comoeole ... .. .. ... . e ... B
(L) Mesostowus gracilis ... . e e p.
Family Sphecidae.
(2) Passaloscus melunognatlows, predatory wasps..... .. .
Family Sapygidae.
(1) Supyge prmila, parasitizes bees

Pinus contorta var. contoria Shore Pine

{1 collection)

95
94

113
113

The cones of shore pine® appear to be subject to very little
insect attack. They are occasionally infested with a small scolytid
beetle, but the injury is very small in relation to the total cone

crop,

* Although the variaties eontorta and {utifolin ave not vecognized in the
latest “Check List of Tiees of the United States,” they are treated separately
here because their insect fauna appear to be different.
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I. Ingects injuring the cones and seeds.

A. Small white footless larvae, working from stem end through
cones and destroying scales and sceds. Conophthorus
conlgetne p-

B. Slim white round-headed borer in axiz of cones. Parefimin
COMIEOIE . ettt e e p.

II. Miscellaneous insects veared from cones.
A. Anobiid larva in cones {Hopkins U. 8. No. 14208b}......... .
B. Bracon sp. (Hopkins T, 8. No. 14208e}. .. .. .. urennnnn ... P.
Fubadizon sp. (Hopkins U. 8. No. 142088) . ................. D

Pinus contorta var, latifolia Lodgepole Pine

{6 collections)

The cones of lodgepole pine seem to be practically free from
insect attack. A few instances have been noted of Iarvae feeding
in the cones, but very little damage has been recorded.

I. Insects injuring the cones and seeds,
A, Caterpillars working through green cones.
1. Larvae, large, veddish-green, up to 17 mm.
(8} *Diowryelrin abictella ... . . . .. .. . . iiieann.. p-
2. Larvae white, up to 14 mm,
{2} *Icosina TectsSeriaitt o e P.
3. Larvae dirty white, up to 12 mm. working in pith of cone
axis and into seeds.
{1} Laspeyresic SpP. ... ... . i iiiiii i, It
II. Miscellaneous insects reared from cones,
Resin midge. Rilbsaamenin keeni
111, Parasites of cone insects.
Hymenoptera.
Family Bulophidac.
Elacheriaus sp. (Hopkins U, 8. No. 13375bx), external para-
site of Fucosmia vecissoriamne ... . in e, .
Enderus sp. {Hopking U. 8. No. 13875bx), external parva-
site of Eucosniue recisSortaned ..o .our oo p.
Family Ichneumonidae.
{1) Pimplopterus n.sp. {Hopkins U. 8. No. 32735c¢}, para-
site of Fucosma recissoriana ...vovii i i en... .

Pinus coulteri Coulter Pine

{3 collections)
The three collections made from Coulter pine failed to show
any significant damage by insects to cones and seeds.

I. Caterpillars feeding in green cones.
A. Large veddish green. (1) *Diorgelria sp.. ...l p. 148
B. Dirty white larvae in seeds. (1) *Luaspeyresio sp......... p. 141
I1. Insects boring through hard dry eoncs.
A. Small curled, white, hairy larvae.
(1) Ew nobis THORLOHIE © oo it e et e e e P- 33
B. White flatheaded larvae.
(1) Chrysophane plecida condeada., .. ... . . e, p. 36
C. Small ved larvae in vesin patches.
{2) Rébsaamenie eeni {3 . o . . 66
III. Parasites.
Hymenoptera.
Family Ichneumonidae,
Campoplex conocola, parvasite of Dioryetrin sp.. ......... p. 88
Family Pteromalidae.
Systasis sp. {Honkins U. 8. No. 18279} ... ..ot p. 100
Zacalochlova milleri ... . . .. . . .. B.
Family Enlophidae.
Elachertus sp. {Hopkins U, 8, No, 13278h).............. p. 94
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Pinus edulis Pinyon

(5 collections)

The cones of pinyon are often very heavily infested by insects.
Cones in the first year are injured by gall midges (Itonididae),
and in the second year by cone moths and cone beetles. Frequently,
90 percent of the cone crop is destroyed. Several species of moths
kill the cones both hefore and after they reach full size, and the
cone beetles may finish the work of destruction.

A special study of the damage done to cones and seed of this
tree was reported in 1943 (5¢) and 1944 (51). Collections were
made by the Bureau staff hetween 1912 and 1917.

I. Insects injuring the conay and sceds.
A, Attacking staminate cones.
Small yellow-white larvae, 5 mm. long, in maturing catkins.
Xyelon sp. .
B. Attacking first year cones. White magpots. *Itonididac (2
speciesy (A0) ... . e et D. 60
C. Attacking second venr cones.
1. White to pinkish catarpillars. *Eucosma bobane (1) (50} p.
Chliionades periculella. .. ... .
2. Reldigh-green caternillavs, up to 17 mm.
Dloryetria 2 spp, (50)
probably *iaryetric abictelle ..o . B.
probably *Divryefric auranticello p.
3. Small white footless zrubs and small dark-brown beetles.
(4} *Comaphthorus edulis, oo e e p.
4. Small weevila, *Covolruehelus sp. (50). ... ... ... ... D-
. Seeondary species found in insect-infested cones.
1. Smnll.)whitc mayggots, less than 3 mm. long. Oseinelln sp.
L 1) T U S p.
. Paragites probably of Conaphtiorus.
Hymenoptera,
Family Ptoramalidae. (1) Acerecephala alroviolacea. .. .. . n.
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Pinus flexilis Limber Pine

(6 collections)

The cones of limber pine are attacked principally by a scolytid
cone beetle and a cone moth. In some localities and years from
50 to 80 percent of the cone crop is infested or aborted by cone
beetles, In other years the infestation may he very light.

I. Insects injuring the cones and seods.
A. Small white footless grubs, adults a small hrown scolytid
beetle. (6) *Conophihorns fleailis. ... ... . ... .. ... .. p. 49
B. Large greenish-red cuterpillars working through green cones.
(3} *Dioryetrin aldetella, ..o o . D-
II. Parasites.
Hymenoptera,
Ichineumons (Hopkins U. 8. Ne. 12400ex), pavasite of
ioryetria sp.
Acevoecphala aivovinluren, parasite of Conophihorus Flexilis p.
Apunteles sp. (13249d: ... o .

Pinus jeflreyi Jelfrey Pine

(12 collections)
Sometimes the cones of Jeffrey pine are very heavily damaged
by insects. The most destructive is a cone moth, Hedulia injectiva
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and its relatives Laspeyresic piperana and L. miscitate, These
insects have destroyed up to 60 percent of the seed crop. Oceasion-
ally other caterpillars infest green cones, and the ponderosa pine

cone beetle was once found attacking these cones.

I. Insects injuring the cones and seeds,
A. Caterpillars working through cones and seeds.
1. Dirty white larvae, found mostly in pith and in secds,
" *Hedulie infectiva ..o oo iinan i non, p.
(12) { *Laspeyresitt PIPErant ......ooeveennennanannn. m
1 Laspeyresin miscitafe ... ... oe e oiaiaaan. p.
2. Large reddish-green caterpillar boring pitch-free galleries
through cones.
(1} *Dioryctria sp. (probably abietella) . .............. .
3. Pinkish larvae, up to 15 mm., mining through cone scales.
(3) *Eucostma Dobana ..o e e .
{1) Holcocera sp. p-
B. Small white, curled, legless grubs in dead cones, or small hrown
beetles.
(1) Conophthorus ponderogge (YAre) .. ... ... vviiiiinnins P-
II. Tnsects of minor importance,
A. Curled white, hairy grubs with legs. Southern California,
(1) Eornobius Mmonlhitd ..ot ety p.
. Bright pink magpgots on cone scales.
(2) Itonididae—Riibsaament keend () .. v oot p-
. Small white maggots in wet cones, small black flies.
(1} Oscinelle EOMICOML oo e i p.
. Large cells in pith of cone eccupied by a nesting bee.
Osnia coloradeNsis ... .. ... i i p.
III. Parasites and predators.
Predators.
Coleoptera.
Family Cleridae.
Cymatodera ovipennds ... .. o e p-
Parasites.
Hymenoptera,
Family Braconidae.
(1) Apanteles californicus, pavasite of Eucosma bobana p.
(2) Apanteles luspeyvesive, parasite of Hedulio injectiva
et al. (typPe) ... i e e P.
(1} Phunerofoma erythrocephala, parasite of Heduba
injective et al. (type)......... ... ..., .-
(2} Phanerotoma laspeyresive, parasite of Hedulin in-
Jecttve et al, (B¥PE) . v i e p.
Family Ichneumonidae.
(3) Calliephialies comslockil, parasite of Hedulin in-
jective et al. .
(2) Cempoplew sp. (Hopkins T, 8. Nos. 10831ca,
TLATTOBY o e D.
(1) Poemenio QMEricaml ... ..o ueun e oanariaaaaan .
(1) Neomorides bovealis . ... ... .. . . iiiiiiinn p.
Family Pteromalidae.
{5} er.cr_tlochlto:-'a. milleri, pavasite of Hedulia injective
et al .. e .
Family Eulophidae,
(1) Entedon sp. {Hopking U. §. No. 13276h)......... P

Pinns lambertiana Sugar Pine
(23 collections)

94

A small brown scolytid cone beetle causes an immense amount
of damage to sugar pine cones. In some localities more than 90
percent of the cone crop has been destroyed before it fully
matured. Damage varies in different localities and from year to
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year (26), in some years being negligible. Several other species
of insects have been reared from these cones but as a rule none
of them causes serious injury.

I. Insects destroying the cones and seeds.

A. Small white grubs without legs, brown heads distinct, hody
curved and wrinkled, feeding through cone axis and scaIES,
adults a small brown beetle, also in cones.

(20) *Conophthorus lambertinme . ..., ... v riinnnnn.. p. 49

B. Large reddish-green caterpillars feeding through scales of
green cones,

(2) *Dioryetria abietalla ... ... i i i i p. 148
II. Insects of minor importance not injuring the seeds.

A, Small white hairy g1uhs with thoracic legs.

{3) Ernobius palfifarsis . ......oov i i, .
(10) Ernobints 8D, ..o on it i i et et e P.

B. Small pink maggots on cone scales,

(11) Jtonidae—Riibsaamenic feent . ........viieneeann.. .

C. Small white footless maggots in cones.

(1) Mycelaulus sp. (costulis Mel. 7) ... ... ..o, ona,, P.
(1) Oscinetic sp, {Hopkins . 8. No. 10872e) ... ....c..... P.
D. Small rose-pink caterpillars feeding on frass.
(1) Chionodes sp. (probably pericwlelic) (Hopkins U, S. No.
R 3 p-
III. Miscellaneous insects reared from cones, habits unlknown,
Hemiptera.
(1) Elasmostethus evielafms . . ... e iriiraenne.n. p.
IV, Parasites and predators.
Predators.
(1) Raphidie {Hopkins 1. 8. No. 10833i) ............vut. p. 155
Parasites,
Hymenoptera,
Family Braconidae.
(5) Eubudizon sp. (Hopking U. 8. Nos. 108334, 10871(1
108724, 10878h, 10800e) ... .. oiiriennnan,,.
{1) Spathins cahfomwus .......................... p.
Family Ichnenmonidae.
(1) Horogenes sp. (Hopkins U, S. No. 108334 3) ...... p.
(1) Campoplex milleri, probably parasite of Dioryetric
ahietell L e e p.
Fuamily Platygasteridae.
(2) Platygaster esohaeri, probably parasite of Itoni-
Lo 10 - AN p.
Family Pteromalidae.
(1) Rhopalicus pulchﬂpenms ......................
(2) Pteromalid genus ? (Hopkins U. 8. Nos. 10833e3
108T1e)

Pinus leiophylla var. chihuahnana Chihuahua Pine

One collection from Chihuahua pine showed less than 1 percent
of the cone crop infested. The principal damage was done by a
large pine moth, *Dioryetria erythropase

Pinus monophylla Singleleaf Pinyon

(4 collections)

From the few collections made from this tree, it appears that,
at tlmes, insects cause rather heavy damage—comparable to that
in pinyon. Most damage is done by a cone beetle and cone moth.
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1. Insects injuring cones and seeds.
A, Small white curled fontless grubs, or small dark-brown heetles
-riddling interior of cones.
(2) *Conophthorus monophylice
B. Caterpillars, up to 17 mm., burrowing through green cones.
(1) *Digryetria albovittella ...... ... ... ccvurieninn. paaan p. 1562
C. Small, pink caterpillars, 15 mm., working through frass.
(1) *Eucosme bobanm ... ..ot i p. 136
II. Insects of minor importance.
A. White hairy curled grubs with 8 pairs of thoracic legs, working
in dry cone scales,
(2) Ernobius momtanits . .. . ...iuire i iiirannanacirnnns B
{1} Stephanopachys sebrinus ... ... ...cviiiiiinn. RN«
B. Small pink maggots in cones,
. (1) Itconididae
III. Parasites.
Hymenoptera.
Family Braconidae.
{2} Eubadizon sp. {(Hopkins U. S. Nos. 31983, 32308¢) p
{1} Coeloides scoltritl ... oot iinnrrnarinns P

Pinus monticela Western White Pine

(3 collections)

Very little data have been obtained on the insect damage to
the cones of western white pine. Apparently, the damage is very
small, the most destructive inseets being the cone beetle and =z
large moth,

I. Insects injuring the cones and seeds.

A. Small white curled footless grubs, adults small brown scolytid

beetles,
W?shi)ngton, Idaho, and Canada. *Conophthorus monticolae
31 :

D.

Southern Oregon and California. (1) *Conophthorus lamber-
£ T p.

B. Large greenish-red caterpillars boring through green cones.
(1) *Dioryeiric sp. (probably aedietelle)................ P.

C. Large gray-green larvae with 2 pairs of prolegs, boring
through cones. *Fupithecia spermaphagt. ... .......... B-

IT. Miscellaneous insects reared from cones. (2) Diptera (Hopkins
U. 8. Nos. 13343¢, 13343e)

III. Parasites.
Hymenoptera.
Family Braconidae. Bracen wn.sp. near tachypiter: Mues.
{Hopkins U. 8. No. 31674h)

Pinus ponderosa Ponderosa Pine

The cones of ponderosa pine are often very seriously damaged
by small scolytid beetles. On isolated trees as much as 92
percent of the cones may be killed, whereas in heavy timber
stands the cones destroyed may be almost negligible. Pith moths,
Laspeyresie spp., also do heavy damage in some localities, infesting
up to 100 percent of the cones and destroying as much as 80 per-
cent of the seed in infested cones. A large number of insects of
minor importance have also been reared from these cones,
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Key to the Work of Insect Species Involved

I. Ingects destroying the cones and seeds,

A. Small, white curled, wrinkled footless grubs with brown heads
'-'-fmkmg through scales and seeds; adults small, brown
seolytid beetles.

1. Through range of coast. form of P. penderose var. ponderosa
—Conophthorus ponderosde ... ...cvivenriinerrnrns p-
2. Through range of Rocky Mountain form of P. ponderosa
var. scapulorum—Conophthorus scopulorum . ......... p-
B. Caterpillars working through cones,

1. Dirty white larvae in pith of cone and in seeds.
Laspeyresia piperand ......oooiieiii i, p.
Laspeyresw nmiscituta B
Hedulio njectivg ..o er or oot e e P

. Large reddish-green to black larvae horing in green cones.
a. Larval hairs short, ravely twice diameter of spiracles.
Adults golden yellow Drior ?,«ctrm auranticella. ..... p.
b. Larval hairs long, distinct, over 5 times diameter of
spiracles, Adults gray. Damyctna abietella. .. ..... p.
3. Bmall pink larvae working through cone scales. Eucosma
bobane p.
4. Large, gray-green larvae with 2 pairs of prolegs. Fupithecia
SPETIEPILG ittt it et p-
I1. Imsects working only in seeds.

A. Small white footless grubs with indistinet heads enclosed in
seeds; adults large brown chaleid flies with long upturned
ovipositors, central California. Megastigmus albifrons. .. .p.

III. Insects of minor importance.

A, BSmall white hairy grubs with thoracic legs, adults small shiny-
brown beetles. Ernobius spD. - ..ottt iiniiaasinns D.

B. Small pink magpgots found on cone scales. Itonididae spp.
Ritbsaamento feeni ... ... i i e p-

C. Small, rose-colored caterpillars feeding on frass and scales.
C?m'nodes periculelle .. .. e p-

D. Small yellow-white larvae, 5 to 8 mm. long, feeding in staminate
CONES, Xl SD ittt i i i i e m e P-

81

Pinus ponderosa var. ponderosa® Pacific Coast Form

(67 collections)

The following insects were reared or collected from the cones

of this tree:

I. Insects destroying cones and seeds.
Cone beetles.
(37) *Conophthorus ponderosae .....ovveveeeeneeoa. .. p.
Cone moths,
(45} *Luspeyresic piperena, L. wiscitate, and Hedulic in-
FEOIDIL vt ittt it ee e e e c e et p.
) *Dioryetric auranticelle ... ... v p.
*Dioryetria abietellt . ..ot in i p.
*Eucosma bobang ..o ... Crrerar e p.
*Bupithecis spermaphaga ... .o i, p-
I, Insects working in seeds,
10} *Megastigmus albifrons ... ... . ... ... e .
XII. Insects of minor importance.
(T) Ernobius pallitarsis ... ... . i i, .
(5) Ernobius punetwlatus ... ........... e raaasaes p-
(1) Ernobitts aorbantts . . ... ... ciernrriie i aninrns P
(B) Ernobius sPD. ... it e c i p-

3 Although the varieties penderose and scopulorum are not recognized in
the latest eheck list, they ave treatud separately here, because of important

differences in their 1nsect fauna,
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II1. Insects of minor importanee.—Gontinued
{11} Itonididae
Ribsaamenia keent _...... ... ... . ... .o il T 86
{4) Chionodes perfeudella ............. ... i iu.. p. 118
Xyeld 8D, oot i p. 81
IV. Miscellaneous insects reared from cones, habits unknown,
Colecptera.
Family Anthicidae.
(B) Anthicus mitidulus . ..., . ... .. . i R
(6) Notomus consttictits ... .. et ns R
Family Coeccinellidae.
(1} Cleis pictq VAT, COMLEEEG. v v v e er e st e ssansss P.
(1) Hippodamio convergens ..........ceeeeeenenensns p.
(2} CQlie abdominallis ... ... .. ... i, p
Family Lathridiidae.
(B) Corticaril SP. .« vv ettt e .
(1) Lethridius protensieollis ... ... .. ..o, .
Family Ptinidae.
{8} Plinus fur ..o e p.
Family Bearabaeidae.
(1) Aphodius sp. {Hopkins U. 8. No. 132o11)
Diptera,
Family Chloropidae,
(1) Oscinella cowicola . ........ ... i B
{2) Elachiplero costale ..o, p.
Family Lonchaeidae.
{1} Euwromyia barbara n
Earomyic sp. (Hopkins U. 8. Nos. 10876h, 12534d
132058, 18868d) . ...t s p.
Family Sphaer oceridae.
(2) Leptocera sp. {Hopkins U. S. No. 14423¢).......... p-
Family Lauxantidae,
(1) Sapromyze (?) sp. {Hopkins U. S. No. 13812¢)..... p.
V. Predators and parasites.
Neuroptera,
(1) Ruaphidia sp. {Hopkins U. 8. No. 12676h}.......... p.
Coleoptera.
Family Cleridae,
(8) Cymatodera ovipennis
(2) Ineclerus hnwmeralis
Diptera.
Family Larvaevoridae.
(1)} Ewnorista sp. {Hopkins U, 8. No. 132511} ........... p.
Hymenoptera,
Family Bethylidae.
Perisiereie sp. (Hopkins U. 8. No. 10879a 5)
Family Bracenidae.
(2} Allovhogas n.sp. (Hopkins U. 8. Nos. 10832ba,
10887z} p.
{8) Apanteles luspeyresive, parasite of Laspeyresia spp. p.
{1} Bracon manthonetius
{7} Eubadizon sp. {Hopkins U, 8, Nos, 10832, 108’75}3G
125391, 132061, 11472d, etc.) P
{1} thzemtanm emt.‘woccyﬂmlu parasite of Las‘pe'yresm

(2)
......................................... T

Family Eugehmdae
{1} Eupebnus sp. (imneriae How. 7} (Hopkins U. 8. Na.
J0BT08) . e e .
Family Eurytomidae,
(1) Eurytoma sp. {Hopkins U, 8. No, 10875b ) ________ D.
Family Ichneumonidae.
{6) Calliephialtes comstockii, parasite of Laspeyresia

s daee e Terere it tieanen b.
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{2) Campoplex laspeyresiae ... .....ccoouiiinnunnninn p.
(1} Dicaelotus pacificus ...... ... .coiieieiiiieaarrins p.
£1) Gelis tenellus P.
(1) Horogenes sp. (Hopkins U. 8. No. 125321).......... p.
Family Eulophidae.
{6) Tetrastichus sp. (Hopkins U, S. No. 11462ax}, parasite
of Megastigmus albifrons. ... .0oovviiiiineins. D.
{1} Eulophidae, new genus (Hopkins U. S. No. 10870a $)
Family Pteromalidae,
Amblymerus wveriditer, parasite of Laspeyresie spp.
{ Rust) P.
{2} Ceenacis sp. {Hopkins U. 8, Nos. 12532g, 15302d)...p.
{4} Zacalochlore milleri, parvasite of Laspeyresia spp.

{Rust)
(1} Hulticeptera sp. (Hopkins U. 8. No. 12532n)

Pinus ponderosa var. scopulorum  Rocky Mountain Form

{186 collections)

In some years and in some localities the cones of this tree
are heavily infested with insects. They destroy up to 50 percent
of the seed crop. The principal destructive insects are the pine
seed moths, Laspeyresia spp., and the cone beetle, Conophthorus
scopulorinn.

. The following insects have been reared or collected from this
ree:

L. Insects destroying the cones and seeds.
Cone beetle,
{7} *Conophthorus seopulorum ...............coivuuun.. .
Cone moths,
(3) *Laspeyresie piperanc (not checked by specialists)...p.
(2) *Dioryetria auranticelle (not checked by specialists)..p.
(1} *Dioryciria abictelin {not checked by specialists)..... P-
I1. Insects of minor importance.
Ernobins Sph.. .o i e p-
{3) Itonididae ......... o i i e p-
Ribsaamenia keent (T) ... .. ... .. ... .. ..., p.
IT1. Miscellaneous insects reared from cones,
Coleoptera.
Family Ptinidae.
(2) Pinus fur e e P
Diptera.
Family Chamaemyidae.
{1) Leucopie sp. {Hopkins U. 8. No. 1256%e) .......... 1
IV. Parasites.
Hymenoptera.
Family Braconidae,
(1} Phanerctoma erythrocephale, parasite of Laspeyresia
]2 p.
(1} Bracon sp. (Hopkins U, S. No. 13348b)............ -
Family Ichneumonidae.
(1} Campoplex sp. (Hopkins U. §. No. 10857e} ......... .
(2} Coelichneumon bruuneri, parasile of Divryciria sp. p.
Family Pteromalidae.
(1) Psychophagus omufvoris ... ... oo veverieennnnnnns P-

Pinus radiata Monterey Pine

{8 collections) )
The insect damage in Monterey pine cones is usually negligible,
but sometimes a cone moth, Dioryectria, may cause heavy damage.
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A small cone beetle is occasionally found infesting the cones,
and the old hard parts of the cones are sometimes mfested with
an ancbiid, Eranobius. :

d. Insects injuring the cones and seeds.
Large greenish-red to dark-brown caterpillars, 17 mm. ]ong.
(1) *Dioryelrie guranticefla ... ... ... . i, p. 132
B. Small white curled, footless grubs; adults small brown seolytid
beetle. (1} *Cmm;uhthm-ug P Y S . 57

I1. Insects of minor importance living in dry parts of cones.
A, Small white grubs with legs, adults brown beetles.
(3) Ernobius punclulatus ..o . i i p. 35
B. Large larva, without legs. (1) Unidentified cerambyeid

III. Insects reared from cones, habits unknown.
Coleoptera.
Family Cryptophagidae, (1) Henoticus ealifornfeus...... p. 42

Pinus sabiniana Digger Pine

(1 collection)

The cones of Digger pine appear to be practically free from
insect damage. Borings of lepidopterous larvae have heen found,
but no damage was recorded.

I. Ingects injuring cones and ieeds.
A. Large caterpillar boring through cones. (1} *Disryctria sp.
{probably anranticella) ... 0. e .
B. Small pink maggots in seeds and cones. (1) Itonididae...... p.

Pinns torreyana Tovrey Pine

(2 collections)

The mature cones of Torrey pine do not appear to be subject
to insect attack. However, the very young ones about 1 inch in
diameter are destroyed by cerambycid and lepidoptercus larvae,
In some years a high percentage of these smali cones are destroyed.
The species invelved were not specifically determined.

I. Insects injuring and destroving small cones.
(1) Cerambycid larvae (unidentified).
(1) Small caterpillars {unidentified).
II. Miscellaneous insects.
Hibernating in cones.
Coccinellid beetles,
(1) Zegloba ainate {Horn.)
Anthicidae,
(1} Anthicus sp. (Hopkins U, 8. No. 12684h)........... P. 3G

Pseudolsuga menziesii Douglas-fir

(74 collections)

The cones of Douglas-fir are infested with a great number of
species of insects, the most destructive being a seed chaleid and
two species of moths (7). In general about 10 percent of the seed
crop is destroyed by these insects, although in different localities
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and in different years the damage may vary from practically
nothing to 50 percent or more of the seed destroyed. The insect
damage is usually heaviest in years when the seed crop is light
(85); and in any one year the damage is usually worse in the
warmer places (36).

I. Insects destroving the cones and seeds.
A, Caterpillars working through cones and seeds.
1. Medium-sized white larvae, causing much pitch flow. Adults
a small gray moth,
(69) *Burbare colfaxiuna vars, p.
. Large reddish-green larvae with 5 prolegs, making round
holes and larval castings, more ov less free from pitch.
Adulis a gray moth.
(21) *Dioryclric ebielella .......... ... iiinn. p.
Adults white spotied moths.
(11) *Henricus fuscodorsena ... .. ... viueieeeoninn. P.
. Large greenish larvae with 2 prolegs, doing similar work

(1} *Eupithecia allicapiiate .......... .. ... ... P.
(3) *lupithecic spermaphage ... ... 0 i, p.
Small white larvae feeding in fruss.
(18) Holcocera augmusti . ... e e e ia e, B.
. Small pinkish or reddish-brown larvae feeding in frass,
olcocera sp. ........... e e r i P
Small pink larvac feeding on scales and secds {rave).
(1) Laspeyresia broclenfanm ... ... 0ot iiienennnn. p-
{3) Laspeyresitt SP. o vver it i e i e p-
7. Larvae unknown.
Polychrosis piccane (Canadian vecord)........... p.
. Whit:ei long, slim, footless maggots boring through secales and
seeds.
Earomyie barbara ... i e e p.
Ewromyie aquilonia (Canada) ..o v i, p.
II. Insects destroying only the seeds.
A. Small white footless larvae, enclosed in seeds. Adult wasps,
light yellow.
(46) *Megastigmus spermelrophtts ... i, p.
II1. Insects of minor importance.
A. Bmall pink dipterous maggots.
Found loose in cones.
Rilbsaamendia keent ... ... . i, P.
Found in gall poekets in cone scales,
Monididae ... .. .. ... . .. . . p.
. Small white beetle larvae in scales. Adults brown.
(2} Evrnobius puncludatis ..ot p-
(2) EBrnobins SP. vovvt i i e e e i, p.
C. Small rose-colored caterpillars feeding on frass and scales.
(4) Chiomodes peviewlelle . _.......... ... .............. p.
IV. Miszcellaneous insects reaved from cones, habits unknown.
Coleoptera.
Family Anthicidae.
(8) Anithdeus nitidults ... e e e s p.
(2) Notorus constricbes ... ovviinrniin e nnn.. p-
Family Coccinellidae.
(3) Cleis picla var, confento ..........cociinviinnn.. p.
(1) Hippodamia convergens - ......ouvienneaanaiinns p.
(1) Psyllobora viginti-meculata var. taedata, .. ....... p-
Family Cryptophagidae,
(1) Henoticus culifornicus ... oo incnenaan p.
Family Cureculionidae.
(1) Dirotegnathus sp. (Hopkins U. 8. No. 11475g)....p.
Family Lathrididae.
() Corliemria SP. .. oottt e it e e caneenanan p.
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IV. Ml}s:,)cellaneous insects reared flom cones, habits unknown.—Continued
iptera.
Brudysia pouciseta (Canadmn record) ............ p-
(24) Family Ifonididae
CO?ltﬂ.?"E.‘.'liﬂ. a7 3!}0?18?1313)
Lestodiplosis taxiconis ... nannn. .
Myecodiplosis corploides ... .. ... . o oL p.
Hymenoptera.
Family Eurytomidae.
(5) Bwrytome sp. (Hopkins U, 8, Nos. 10874z, 1331da,
11476b, cte.) {may be seed infesting) ... ... ...... p.

V. Predators and parasites reared from cones.
Predators.
Family Cleridae.
(6) Emnoelerus humerelis ... o 0 oL p.
(4) Cymatodere ovipenniy ......... it rears p.
Parasites.
Diptera.
Family Larvaevoridae.
(1) L'.';deilofmnghin. sp. {(Hopking U, 8. No, 12535d2) p.
Hymenoptera.
Family Bethylidae.
(1) Perisierola sp. {Hopkins U, 8, No. 13209n %)
Family Braconidae.
1) Apunteles sp. (Hopkins T, 5. No. 13205d)...... p-
Aphidius Difaseiatins ... o i e 0.
Bleeus sp, (Hopkins U, 8 No. 13200na ®)...... p-
Brocon eruceruml ... oo P-
Bracon rlopueionioe ..o ... . . . i i p-
Brucon santhonsltis ... it inrraneaiaaaan p-
Broaecon n.sp. (Hopkins U. 8. No. 13209nb)
(1) Eubadizon sp. (Hopkins U. 8. No. 14211d)...... JIa
Family Fulophidae.
Aprostocetas sp. (Canadian vecord)
Elachertus sp. {Canadian recovd)
(1) Hyssopus evefrine, parasite of Burbara coiful.m.?m.p
(1) Telraslichus SEFODIAS v vveverennnnsasnnnns
{(11) Teirastichus sp. {(Hopkins U. 8. Nos. 1147:)c,
13202k, etel) ..o i e D
Family }"upeimi(lde
(1) Eupebmus sp. (Hopkins U. 8. No, 14202g)...... p.
Family Iehheumonidae.
(9) Culliephiclivs comstockii, parasite of Barbura eol-
faxiume ... e e p-
(1) Campoples conocola ... . .. .. ... ... ... p.
{1) Dieaclotus sp. {Hopkins U, S, No, 13209bd}...... p.
{2) Exochus eveirine, pavasite of Barbarn colfaxiuna p.
(20) Glypte evelrine, parasite of Berbare colfexiane p.
(6) Hoplectis evetriae, parasite of Barbare colfexiane p.
(8) Phuacogenes gp. (Hopkins U. 8. Nos. 12510, 12535ta,
13209bd)Y .. e i p.
Pimploplerus conocole ... ..o il p.
(4) Pimplopterns evelrive, parasite of Barbare col-
FaZTami .. e i iy D.
Family Pteromalidae.
Amblymeris verditer {57} ... .o i i,
(2) Ambiymerus sp. (Hopkins U. 8. Nos. 10834g,
B Tl .
(14) Zacelochlora millert ... ... oo ciiiinia, P
Family Sphecidue (predatory wasps).
(1) Passulocens melpnognethus - .. ... 0. p.
(1) Spilomena albaelypeata ... ool p-
Family Torymidae.
{12) Torymus sp. (Hopkins U. 8. Nos. 11475e, 13202k,
10852h 8, ete.) oo e .
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Quercns agrifolia California Live Qak

(1 collection)

The acorns of California live vak are not seriously attacked
by insects. Acorn weevils, and one species of gall wasp, have
been found in the kernels of the acorns, but their work appears
to be scarce.

I. Insocts injuring acorns.
A, White grubs, without thoracic legs. Long-beaked weevils.
*Curceulio purdus (Chittenden)
*Curenlio uniforis (Chittencden) p. 43
B. Small footless larvae in palls in acorns. Adults hrown eynipids,
(1) *Eremayrie eldoradensis. ... .00, r 112
II. Tarasites of acorn insects,
Green chaleid flies, Torymus sp, (Hopkins U. 8. No. 10867a) .. .p.

Quercus kelloggii California Black Qak

(6 collections)

The acorns of California black oak are heavily infested in some
localities by a species of eynipid which forms galls in the kernel
of the acorns. A large weevil and a lepidopterous larvae also
do considerable damage, in some places infesting up to 95 percent
of the acorns and destroying most of the crop.

I. Insects injuring acorns,
A. White curled prubs without thoracic legs, Adults long-heaked
yellow weevils,
{7} *Cureulio uniformis
B. Caterpillars feeding in kernels. Adults, brongze moths.
(4) *Melissopus fatiferreanus n-
C. Small footless larvae in galls in ncorns. Aduits, brown cynipid
WUEPS.
*rumayria elderndensis  (57) e P.
II. Insects of minor importance.
Small tineid larvae following inte acorns after woevils and
moths.
(G) Valentinde glandulelle ... . 1.
(1) Grelechia sp. {Hopkins U. S. No. 14279L) ... ... ... .. p.
IIT. Parasites and predators,
Diptera.
Family Larvacvoridae.
(1) Ayiophasin olra ... oo o e p.
Hymenoptera.
Family Braconidae,
{1) Agathis werebosidis ... ... ... ... .. . 3
(1} Apunteles sp. (Hopkins U. 8. No, 142747)
(1) Eubadizen sp. (Hopkins U. §. No, 14279h)
Macrocentrus aneylivorus
Phanerotoma fasciatn
Family Eulophidae.
Bluehertus glactalis ... ... ... ... ... ... ... ... .. p.
(2) Tetrasiichus clorgsopae ... ... ... .0 ... .. B-
(1} Hyssopus sp. {Hopkins U. 8, No. 14218 ex)
Family ILurytomidae,
(1) Eudecetoma sp. (Hopking U. S. No. 14279e)
Family Ichneumonidae.
(1) Horogenes sp. (Hopkins U. 8. No. 132941)
(1} Pimplopterus dubrumae
Fanmily Torymidae.
(1) Torymus sp. (Hopkins U. 8. No. 12561e).......... .
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Thuja plicata Western Redcedar

(4 collections)

The seeds of western redcedar are heavily damaged by insects
in some years, according to reports of seed collectors. The major
damage is caused by a gall midge which attacked the cones’ scales
and seeds, and sometimes causes 100-percent infestation,

I. Imsects injuring secds.
A. Bmzll pink magpots in galis at base of scales and in seeds.
Fupae form in white papery cocoons between scales in places

normally cccupied by seeds,
(2) *Undetermined Itonididae (Hopkins U, 3. Nos. 13256a,

132620, 33181) ... p. 60
II. Insects of minoer importance reared from cones, habits unknown.
Coleoptera.
(2) Plnns fur o e e . 416
(1) AlicrogPamiHe Grfi oot i et aaaa e e eaeeanens p. 46
Hymenoptera.
(1) Ewrytoma sp. (Hopkins 1. 8. Nos. 1325G¢, 33181¢) ... .p. 98
(3) Torymus sp. (Hopkins U. 8. Nos. 13256h, 13262h 3166411
bS5 311+ T PP p. 112

(1) Amblymerus nsp. (Hopkins U, 8, No, 31664c¢)........ p 99
(1) Tetrastichus sp. (Hopkins U, S, Nos, 31664d, 33181a) . 96

Tsuga heterophylla Western Hemlock

No western hemlock cones were collected by the Ashland staff.
Milliron (61} reports the seeds as being infested with a seed
chalcid Megastignus tsugae var. heterophiyllae. Further collecting
is needed to determine amount of damage to these cones and seeds
and the insect species involved,

Tsnga merlensiana Mountain Hemlock

{4 collections)
Although in some years the seeds of this tree are of very poor
quality, the insect damage appears to be very light.

I, Insects injuring the cones and seeds.
A, Gray caterpillars with 2 prolegs, boring in canes.

(1) *FEupithecie speymaplage ..o, p. 120
B. Slim white maggots boring in cones and seeds.

(2) *Earomyin BUrDare ., v et it iie e P. Th
C. Larpe fat maggols boring in cones,

(1) *Hylemye sp. (Hopkins U, 8, Neo. 1265%) . ............ p- 79

I1. Insects injuring seeds only.
A. Small white footless grubs enclosed in sceds.
(2) *Megasfigmnus T80GME . .. .. i camr v cniarrranean p. 111
TII. Insects of minor importance.
A. Small pink maggots found loose on cones seales.
(1) TItonididae. Ritbsaamenia keewi (7)) (Hopkins U, 8. No.

15 T T P 66
IV. Miscellancous insects reared from cones, habits unknown.
Diptera.
(1} Goliethocere seligere (Hopkins U, 8. No, 12559g) ..... p. 70
V. Parasites and predators.
Hymenoptera.
(1) Copidosome sp. (Hopkins U, 8. No. 13344d).......... p. 93

(1} Sarothrus sp. {Hopkins U. 8. No, 13344b). .. ......... p. 113




CONE AND SEED INSECTS OF WESTERN FOREST TREES 31

(1) Scambus sp. {Hopkins U. S. No. 18344¢) . .....o\..... P. 93
{1) Tetrastichus sp. {Hopkins U. 8. No. 13344e}.......... ». 96
(1) Calitephialtes sp. {(Hopkins U. 8. No. 125509h)........ P. 87
(1} Horogenes sp. (Hopkins U. 8. No. 12559ix), parasite o
Eupithecia spermaphaga ... .. ..o oo ... p. 90

BIOLOGY AND HABITS OI' CONE AND SEED INSECTS
AND THEIR INSECT ENEMIES

In the following section, the cone and seed insects affecting
western forest trees are treated individually with such biclogical
and host information as has been gathered concerning them.
Most of the notes were obtained during the period 1912-16 when
this group of insects was given intensive study by J. M. Miller,
F. P. Keen, and J. E. Patterson at the Forest Insect Station at
Ashlang, Oreg,
Most syecies were identified by specialists of the U. 8. National
Museum. Fur contributions to this phase of the project the writer
is especially indebted to the following taxonomists in their respec-
tive fields:
Coleoptera: W. 8. Figsher, W. H. Anderson, and E. C. Van
Dyke (University of California).

Diptera: C. T. Greene, C. W. Sabrosky, Alan Stone, and
R. H. Foote.

Hemiptera: E. H. Gibsen.

Hymenoptera: 8. A. Rohwer, A. B. Gahan, and C. F. W.
Muesebeck.

Lepidoptera:  C. Heinrich, A. Busck, and J. F. Gates Clarke.

For convenience of refercnce the insects discussed are arranged
in alphabetical order by order, family, genus, and species.

ORDPER COLEOPTERA BEETLES

FAMILY ANOBIIDAE

This is a family of “powder post” or “death watch” beetles,
the larvae of which usually work in dry wood or cther material
and reduce if to a fine powder. They usually atfack dead material
and hence are of no imporiance as cone or seed killers.

Genus Ernobius

The adults of this genus are small dull reddish-brown, semi-
cylindrical, more or less elongated beetles with parallel sides, but
oval in outline front and rear; length 2.0-5.5 mm. They are all
clothed with fine recumbent hairs which are very short and sparse
in a few species. The antennae are usually 11-jointed, rarely
10-jointed, and are as long a8, or a little longer than, half the
body in the male and somewhat shorter in the female. The larvae
are white, tapering, curled grubs with six distinet legs, yellowish-
brown heads, and minute but distinet brownish spines. The larvae
may be confused with those of the cone beetles (Conophithorus)
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but close examination of the legs and spines will distinguish them.
Both the larvae and adults bore in dry twigs and cones of pine
and other conifers.

Key tc Western Species of Ernobius’

Antennae 10-jointed
Antennac 1l-jointed
. Hind angles of prothorax undefined, the sides broadiy vounding into
the base, Length 8 mm, Washington and British Columbia
2. gentilis
Hind angles of prothorax distinet and a little prominent; sides
nearly straight and convergent from base, the margin ill-defined.
Length 3-4 mm, California I, trapezoideus
Tubescence with intermived, short creet hairs; sides of pronotum
serrete; last joint of maxillary palpi widest at or behind the
middie.
Trark brown, ninth joint of antenna equal to the five preceding
in the male, a little longer than the three preceding in the
female; last ventral segment more or less evidently bituber-
culate in the fomale. Length 2.23-5.2 mm. Oregon, Washington,
Californin . e 1, marginicellis {Tec.)
Pubescence without intermixed ervect hairs; sides of pronotum not
serrate; last joint of maxillary paipi widest toward the apex.... 4.
Ninth joint of antenna distinetly shorter than the two preceding
joined. Longth 4—6 mm, Montevey County, Calif.. ... .E. cupressi Van D.
Ninth joint of antenna longer .
Ninth joint of antenna shovter than the three preceding united in
both sexes; clvira less densely punectate
Ninth joint of antenna longer
Joints 6-8 of antenna cach more than twice as wide as lomr. Length
4.5 . Santa Clava County, Calif.,. ... . ... ...o0.. . socialis Fall
Joints 6-8 of antenna abways less than twice as long as wide.
Length 2.5-4.5 mm. California, Qregon, Washington, and British
Columbia B gmctuletus {Lee.)
Ninth joint of antenna as long as the 3 or 4 preceding united
Ninth joint of antenna as long as the 5 or G preceding vnited in
the male
Sides of prothorax neairly straight and convergent anteviorly, the
front angles rounded.
Ninth joint of antenma equal to the three and one-half preceding
united in the female; brown; prothorax not granulate, Length
4.25 wmm. Calilornia E. convergens Fall
Sides of prothorax arcuate, not distinctly convergent anteriovly;
front angles well defined
Blackish, protherax paler and evidently granulate; ninth joint of
antenna equal o the thrvee preceding, Length 3.4 mm. K. collards Faz)l
10.

Tuseotestaceous; prothorax nob granulate; ninth joint of antenna
cqual to the three preceding; Larsi rather stout.. . B. alwlucens {Lece.)
TPuses- or rulotestaceous; prothorax granulate; ninth joint of an-
tenna Tully equal to the four preceding; tarsi slender 11.
Front {male} a litfle less than twice as wide as the longest diameter
of the eye and scarcely two and one-half times its width; sixth
ventral deeply cleft E. ¢roichii Fall
Front {male) fully twice as wide as the longest diametcr of the eye
and about three times the width of the latter; sixth ventral hroadly
emarpinate. Length 3.7 mm £. gracilis Lee,
Pronetum granulate-punctate .
Pronotum simply punciate, it least broadly so at middle 14.
Brown, size larger 5.3-6.2 mm. Avizona E. fissuratus Fall
Biack, size smaller 2.4-3.6 mm. Avizona, California, British Columbia
B. nigrans Fall

1 Adapted from key by H. C. Fall {18).
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Prothorax transyersely impressed. Length 2.8-4.1 mm. California,
Oregon, Washington, British Columbia E, pallitarsis Fall
Prothevax not at all impressed transversely 15.
- Black (female not kmown)}. Colerado E. tristis Lec.
Rufotestacesus or brown in both sexes. Length 3.0-4.2 mm. Southern
California E. monienus Fall

Ernobius cupressi Van Dyke 5

Description.—The adults are reddish brown with short gelden
pubescence. They are larger (length 4 to 6 mm.) and more robust
than most members of this genus.

Host.—-Cupressus macrocarpa.

Distribution.—Monterey County, Calif.

Notes.—Larvae and adults feed in dry dead cones. The principal
adult emergence occurs from late May through June and July to
the first of August. The insect is also found in dead wood of
cypress. The seasonal history was not worked out, but the species.
appears to have one generation a year. It feeds for the most part
on the blighted, dead, dry cones killed by other insects.

Ernobius montanus Fall

Description.—Adults are slender reddish to dull-brown beetles,
3 to & mm. in length, narrow in front and rounded at rear.

Hosts.—Pinus coulteri, P. jeffreyi, P. monophyila, and P. PO~
derosa.

Distribution.—Mountains of sguthern California.

Notes.—The larvae (fig. 1) feed in old, dry cones and dead
twigs of the host trees. In the winter full-grown larvae may be
found in the cones of that year’s cone crop. New adult emergence
occurs the next year, from the first of July to the middle of
August,

Ernobius pallitarsis Fall

Deseription.~—The adults of this species are dull, gray-brown
beetles, similar to B. montanus. They average about 4 mm. in
length.

Hosts.—Cones and twigs of Pinus ponderosg and P. lamberfigna.

Distridution.—California, Oregon, and Montana.

Damage—This species breeds abundantly in the dry aborted
cones of the two host trees. It is also found in the axis of normal
mature cones and in the pith of dead, dry, flageed terminals of
ponderosa pine. The larvae feed on the dry scales and seeds of
killed cones and reduce these to powder. They are not responsible
Tor the killing, but are secondary to cone beetles or other insects.

Life history—Eggs are apparently laid in dead or blighted
cones in the summer of the year the cones are killed, or in subse-
quent years if the dead cones are dry and not too far decaved.
By August small larvae may be found, as well as parent adults.
The larvae may average 3 to 8 per cone. They feed during the
fall, winter, and spring. A few parent adults may enlerge in the
fall. New adults emerge the next spring. This pattern of emergence

¢ Ernobius conicola Fisher has been xecognized as a synonym by E. Q.
Essig (17, p. 484).
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. e e

. EPQ-2122
Figure 1.—Larvae of a powder-post beetle, Ernobius mon-
tanus Fall, in a dead Jeffrey pine cene,

suggests that this species has one annual generation. Many lots of
cones puf in rearing showed a heavier emergence in the second
and third year after death; either emergence was delayed or there
was a reinfestation by emerged adults ovipositing in the same
cones from which they emerged.

One lot of sugar pine cones killed by cone beetles in 1914 showed
no emergence in 1914 or 1915, but 232 adults emerged in 1916
between June 18 and July 16; then in 1917, 225 adults emerged
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between ‘June 20 and July 2. Larvae were still found feeding in
the old dry cones in December 1917, in March 1918, and in
January 1819. So it is obvious that these larvae may live for
several seasons or may reinfest suitable material for several years, -

From several lots of material the record of beetle emergence
;,snrelated to year of death of cone {cone-crop year) was as
ollows: °

Evnobins beetle emergonce

Your of Ist year 2 ey S year
canRe after death afler death after denth
Riliing of cong of cone of cone

Number Number Number Number
1 23
0 a7
10 27
4
3
12 873
321
232 2
* Parent adults,

Only iot 6 showed any large number of beetles emerging in the
first year after the cones were killed. Most emergence oceurred
in the second year.

Ernolius punctulatus {Lec.)

Description.—The adults are reddish-brown, shining beetles,
2.5 to 4.5 mm. long; ninth jeint of antennae shorter than the 3
precedinhg united, and joints 6 to 8 always less than twice as long
as wide.

Hosts.~—Cones of Pinus attenuaia, P. ponderosa, P. radiata,
and Pseudotsuga menziesii.

Distribution—California, Oregon, and Washington.

Notes.—Recently killed cones are often infested with these
heetles. Larvae have been found in June in I-inch long cones.
They feed on the dead cone tissues during the fall and winter, and
adults emerge the following May, June, and July. There appears
to be one annual generation,

Damage is not important; these insects do not attack green
cones but feed on the tissues of dead cones or those blighted by
cone beetle or other insects.

In the rearing notes, this species was often confused with E.
pailitarsis with which it frequently associates. It apparently has
the same general habits and seasonal history.

Ernobius spp.
Other species of the genus were reared from cones of Sitka
spruce and Douglas-fir. The species were not determined. :
FAMILY ANTHICIDAE

The adults of this family are mostly found in flowers, but
some are found in rotten wood and others in burrows in sandy
places near water. None of them is known to be in any way
injurious.
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Anthicus nitidulus Lec,

- Description.—The adults are small brown beetles, 2 mm. in
length, with narrow reddish-brown head and prothorax and often
with the basal portion of elytra reddish brown or tan in color.

Hosts.—Cones of Pinus ponderose (abundant) ; also in cones of

Pseudotsuga menziesis and seeds of Fraxvinus latifolic.

Distribution.—California and southern Oregon.

Notes.—Adults of this species overwintet in dry cones killed
by ponderosa pine cone beetles and in other places. They emerge
in large numbers during February, March, and April. Cone-cutting
tests showed 4 to 33 adults per cone. The larvae were not found,
and it appears that the overwintering is a hibernating habit.

For some unknown reason none of these ever emerged from
sugar pine cones.

Notoxus constricius Casey

Description.—The adults are small, light-brown heetles 3 to 4
mm. long, with a very peculiar hornlike projection of the pro-
thorax covering the head, which is turned downward nearly at
right angles to the body. The wing covers have two brown dots
near the base and an irregular, dark brown to black band across
the elytra two-thirds of the distance from the base to the apex.

Hosts.—Cones of Pinus ponderose and Pseudotsuge menziesii
and seeds of Acer mucrophylhum and Fravinus latifolia.

Distribution.~—California, Oregon, and British Columbia.

Notes.—During the winter, adults were found in dead cones
of the preceding year. They emerged at varying times but usually
from March to May. The larvae were not noted. It is assumed that
presence in the cones is a hibernating habit. According to Essig
(17, p. 391) a common habit of the adults is to feed on injured
fruit in the orchards of California.

FAMILY BOSTRICHIDAE
Stephanopachus wobrinus Casey

The adulls are small, dark-brown beetles 2.5 to 8 mm. in length,
with the pronotum extending over the head and covered in front
with prominent rugosities. Superficially they look very much like
Scolytidae. Very little is known about the habits of this species.
Thirteen adults were collected and reared from beetle-killed cones
- of singleleaf pinyon near Baldwin Lalke, San Bernardine National
Forest, Calif,, by J. E. Patterson and S. T. Carlson, on March 28,
1938. Scattered emergence continued until June 20, 1838, Like
other members of the genus, they probably feed on dry cone
tissues and reduce them to powder.

FAMILY BUPRESTIDAE

Chrysophana placida conicola Van Dyke flatheaded cone borer

Deseriplion.—This is one variety of a common flatheaded borer
that has the unique habit of bering in hard dry cones.
The adults are beautiful metallic beetles 12 mm. lIong and 4 mm.




CONE AND SEED INSECTS OF WESTERN FOREST TREES 37

wide. The thorax is coppery or golden with coppery reflections.
The elytra are deep green, with a broad coppery stripe down the
center of each elytron. The ventral surface is golden green.
Hosts,—Old hard, dry cones of Pinus attenuate and P. coulteri.
Distribution.—Through the range of the hosts in California
and southern Oregon. Type locality Mount St. Helena, Calif.
Character of demage.—The larvae bore flatly oval mines in
old solid cones on living trees (fig. 2). Most of the mining is done
around and in the pith. Seeds do not seem to be injured except

EPQ=TT714

Fisure 2.—Knobeone pine cone sectioned to show lax-
vae and work of the flatheaded cone borer, Chryso-
phana placide conieola Van D,
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incidentally as mines are made. Mines apparently start at the base
of the cone on the stem and proceed up and around the pith,
The mine eventually extends nearly to the surface of fhe cone
and then the larvae retreats and plugs up the mine to form a
pupal cell in the pith. The exit hole is usually near the base of
the cone. Several larvae in different stages of development may
be found in a cone.

Seasonal history.—The seasonal history has not been definitely
determined. New adults apparently regnire several years to
develop from the eggs, and cones from 2 to 4 years old contain
small, medium, and large larvae and new adults. Aduits have
been found emerging from cones during March and April, Fresh
pupae have been found in July, and newly formed adults in
August. In September adults have been noted flying abundantly
in a dense young knobeone pine stand and resting on newly formed
cones. Large larvae and aduits have been found in cones during
the fall and winter months. From the evidence at hand, the species
does not seem to have a well-defined seasonal cycle. Attack and
amergence may occur at almost any time through the spring,
surmmer, and fall months.

Parasites.—No predators or parasites of this species have been
determined.

FAMILY CERAMBYCIDAE

Paratimia conicola Fisher roundheaded cone horer

Deseription.—This is a unicue species which bores in the hard,
dry cones of knobeone pine. The adults ave slender, rusty-reddish
brown heetles 7 to 12 mm. long, with nearly black pronotum and
antennae three-fourths as long as the body.

Host.—Cones of Pinus attenuata and P. bolanderi.t

Distribution.—Southern Oregon and California throughout the
range of the host frees.

Charuacter of damege—The larvae bore through the dry cones
of the host trees (fig. 3) after the cones have matured, even those
8 years or more old. Several larvae or adults, at least 5, may be
found in a sinpgle cone. One record showed 32 percent of the
seed destroyed. The mines of this species appear to go out mueh
farther in the secales than do those of Chrysophana. The two
species are often found working together in the same cones. Exit
holes are found more toward the top of the cones, and adults
face upward toward the tip.

Life history.—Although 12 different collections and rearings
of this species were made, the records are not sufficient to recon-
struct the life history. Larvae and adult beetles were found during
the winter months. Emergence often oceurred in March and April.
8mall larvae were also found in April. The time required for the
species to mature was not determined.

Parasites and predators—Several parasites and predators were
found associated with this beetle. They include:

¢ A California coastal form of Pinus contortn vayr. conforta,
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Fioure 3.—Knobeone pine cone sectioned to show
larva and tunnels of the roundheaded cone borer,
Paratimia contcole Fisher.
Hymenoptera
Family Gasteruptiidae
Aunlacostelhus californicus Townes Reaved from Paratinia.
Aulacostethus editus (Cress.) Pupae found in pupal cell of Paraiimia,
Family Ichnewmonidae
Poemenie americuna {Cress.) Pupae in cells of Paratimia.
Family Spheoidae )
Passaloecus melanagnathis Roh, A predatory wasp.
Coleoptera
Family Cleridae
Cymatodera ovipennis Lec. Adults collected from galleries of host.
Enoclerus eximius Mann., Adults collected from galleries of hosts.
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The extent of parasitism was not determined, but these same
species were repeatedly reared from Paratimie infested cones.
(See discussion of these species under Hymenoptera in the an-
notated list.)

Phymatodes nitidus Lee,

This cerambycid is a shiny, dark reddish-brown beetle with two
conspicuous oblique white bands across the elytra. Length, 5-7
mm. The larvae work in the wood of limbs and trunks of dead
or dying Monterey cypress, incense-cedar, redwood, giant sequoia,
and related cupressine trees. According to a record furnished by
Dr. E. G. Linsley, it has been found mining in redwood cones.

FAMILY CHRYSOMELIDAE

Diabrotica undecimpunctate undecimpunctata Mann,

One adult of this species was reared from a lot of stems and
seeds of Oregon ash. It probably was a stray which normaliy
feeds on leaves.

Epitrix subierinita (Lec.)

These small black flea beetles were reared from a lot of caged
stems and seeds of Oregon ash; they emerged early in October.
Nothing is known concerning their habits on ash, other than that
they feed on ash leaves.

FAMILY CLERIDAE

The beetles of this family are important predators of various
msects, particularly other beetles. The following were reared from
cones and seeds.

Cymatodera ovipennis Lee.

Deseription.—The adults are light-brown beetles 7-11 mm.
long with narrow pronctum and tapering wing covers crossed
by a pale band, Their long legs give them an antlike appearance,
They apparenily prey on a wide variety of insects as they have
been reared from a large number ef host trees.

Halitat —Abies magnifice var. shastensis. Pinus attenuata, P,
jeffreyi, P. ponderose (abundant), and Pseudotsuga menziesii.

Hosts —Cymqtodere has been found in the galleries of Para-
timia conicola; also, feeding on the ponderosa pine cone moth
Laspeyresia piperane (Kearf.) ; probably preys on other species.

Distribution—Throughout California and southern Oregon.

Notes—Very little was learned of this species’ seasonal history
or habits. Larvae and adults were found in cones where they were
preying upon Laspeyresia and Paratimia. Adults emerged from
danuary to May.

Enoclerus cupressi Van Dyke

Description.—The adults are black, pubescent beetles about 7
mm. long with red dots at the base of each elytron and a broad red
band across the middle,
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Hosts.—Reared from cones of Monterey cypress infested with
various species of cone moths, such as Lespeyresia cupressana
(Kearf.), Henricus macrocarpana (Wishm.), Epinotic hoplin-
sang cupresst (Hein.), and Ernodius cupressi Van Dyke. Larvae
and adults were found hunting through the cones for their prey.
Emergence of adults ocecurred from February to June.

Distribution—Found only on the Monterey peninsula in the
native groves of Monterey cypress.

Enoclerus eximiis Mann.

Description.—The adults of this species have black pronotums,
and red elytra, with a central spot of biack and with broad bands
of biack on the apex crossed with a narrower gray band. Length,
6--8 mum,

Hosts.—Larvae and adults were found preying upon Paratimia
coricola and Chrysophane placide in Pinus atfenuate cones. Nop-
mally it preys upon ptinid beetles in trees with relatively soft
wood, such as alder, California laurel, and popiar.

Distribution —Through California and southern Qregon.

Enocleras humeralis Schaeffer

Description.——A small black species with red spots at the humeri
of the elytra. Length about 4 mm. The larvae are small and pink.

Hosts—This species was rearved in large humbers from cones
of A bies concolor and Pseudotsugu menziesii; a few emerged from
cones of Pinus ponderosa, Piceq sitchensis, and Cupressus macro-
carpu.

The number of cone insects preyed upon by this species was
not determined. It was definitely found feeding in a cocoon of
Barbare colfuriuna siskiyouana (Kearf.) in white fir cones and
on Laspeyresic species in ponderosa pine cones. It was presumed
to feed on other cone insects. Emergence of adults occurred mostly
from late May through June and July.

FAMILY COCCINELLIDAE

A few ladybird beetles were reared from insect-infested cones
where they were probably hibernating. They normally prey on
aphis and scales, which are not found in cones. The following
species emerged from cones:

Cleis picta var. contexta Muls,

Description—The adults are small, nearly hemispherical lady-
bird beetles, pale yellow in eolor with brown mottling on the elytra,
or plainly drab in color; black spots on the pronotum. Length,
3—4 mm,

Hosts.—These beetles emerged in large numbers from caged
cones of Psendotsugae menziesit infested with cone moths. Emer-
gence was from March 15 to April 15, of the year following cone
maturity. This was probably a hibernating habit as the species
feeds primarily on aphids. I{ was also reared from beetle-killed
cones of Pinus ponderosa.
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Hippodamia convergens Guér. convergent lady beetle

The adults are medium-sized ladybird beetles, 5-8 mm. long,
greenish brown to orange usually with six black spots in each
elytron ; the pronotum black, rimmed with a vellow band and two
oblique white marks. One adult emerged from a lot of beetle-
killed pondercsa pine cones and another from Douglas-fir cones.
This is a common species in North America, often hibernating
in large quantities at high altitudes.

Olla abdominalis (Say)
A pale grayish yellow, nearly hemispherical beetle with numer-
ous small black spots. Length 5 mm. Emerged from beetle-killed

cones of ponderosa pine in October and again in April at Placer-
ville, Calif.

Psyllobora viginti-maculata var, taedata Lec.

The adults are small, 2.0-2.5 mm. long, Lighi-brown beetles
with irregular darker markings. It is a common species in the
West. One adult emerged from Douglas-fir cones from southern
Oregon.

FAMILY CRYPTOPHAGIDAE
Cryptophagus brevipilis Casey
The adulfs are small light-brown beetles, 2 mm. long. The habits

are unknown. Nineteen adults emerged from May 20 to June 16
from one lot of Shasta red fir cones collected in southern Oregon.

Heneticus californiens {Mann.)

These are very small shiny light-brown beetles, 1.5 mm. long,
which emerged from cones of white fir, Douglas-fir, and Monterey
pine in California and southern Oregon during June and August.
Habits of the larvae were not determined.

FAMILY CURCULIONIDAE
Apion porosicolle Gemm.

These small black weevils, 2.5 mm. long, emerged in October
Irom seeds of Oregon ash at Ashland, Oreg., a few days after
the material was collected. Their habits were not determined.
They were probably feeding on stems angd leaves.

Coneotrachelus sp.

Little (50) reports that the “larvae of small weevils {of this
genus) ave common and destructive in second year pinyon cones
in June and July.”

Curculio spp. {=Balaninus spp.) nut and acorn weevils

Nuts and acorns of various western hardwoods are frequently
infested by the curled white legless grubs of the genus Curculio
{6). The adults are medium-sized, yellow, brown, or nearly black
weevils with robust bodies, long legs, and prominent slender,
curved, or nearly straight beaks. The adults appear in the summer.
With their beaks they gnaw holes in the shelis of new acorns or
nuts and place their eggs through these into the nut. The larvae
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feed on the meat and destroy the seed. They mature about the
time the nuts begin to fall. The winter is passed in the larval stage,
either within the acorn or in the ground. Pupation occurs the
next spring in the ground and the adults emerge in the summer
from July to October. Rearing records indicate that a part of
the brood may hold over as full-grown larvae and not pupate and
emerge until the second summer,

Several species of Curculic have been described from the
Western States; of these, only Curculio uniformis (Lec.) was
reared at the Ashland Laboratory.

Curculio uniformis (Lec.) filhert weevil

Description.—The adults are light brown speckled with darker
brown and recumbent scales. Length, 5 to 7 mm. The overall color
is bright bay or tan. They may destroy from 20 to 60 percent of
the acorn erop.

Hosts—Reared from acorns of Quercus dumosa, Q. ehrysolepsis,
Q. kelloggii, Q. wislizenil, Q. agrifolia, Q. guwrrayang, Q. lobata,
and Lithocarpus densiflora. Reported in literature from other
oaks within its range and from filberts and hazel nuts.

Distribution.—California and southern Oregon. Also reported
in literature from Washington, Utah, and New Mexico.

Seasonal history.—The adult female makes a small hole in an
acorn, along the line at the top of the cup, with her beak. In this,
1 or 2 eggs are deposited. These are smooth, nearly white, nearly
transparent and slightly pointed at one end. They measure about
0.71 x 0.51 mm. or 0.81 x 0.50 mm. Oviposition occurs in August
and September. The larvae develop and feed on the kernel (fig. 4).
By November they are full grown, and late in the month they
abandon the acorns and enter the ground to pupate. They may
be found from about 1 inch below the surface to as much as 6
inches below in leaf mold under the ocak trees. Emergence occurs
in the summer of the following year. There is one generation
annually.

Parasites and predators—None was reared from this species.

Control.—The grubs may be killed in acorns by fumigation with
methyl bromide without injuring the fertility of the seed. Recom-
mended dosage under 27- to 29-inch vacuum at 70° F. is 4 pounds
per 1,000 cubic feet for 2 hours. At 50° to 70°, increase exposure
to 4 hours.

Curculio aurivestis Chitta.

Another Cureulio, similar to C. uniformds, is 6.8 mnL. long and
3.0 mm. wide, with bright golden-yellow, dense vestiture, strongly
irregularly banded with brown on the prothorax and with the
ventral surface pale ocherous. It has an extremely long slender
beak. The type locality is Mount Wilson, Calif., but according to
records of the United States National Museum this species has
been reared from acorns from CGCalifornia, Oregon, and Wash-
ington.

Chittenden (6) has described and reported 3 other species of
Curculio from local areas in central and southern California, and
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Figras 4 —The Albert weevil, Curendio wniformis (Lee), and its
damage in California biack oak acorns, M 2

14 additional species Trom cahe in Arizona, New Mexico, Colorado,

Utah, and Texas.
Dirotognathus sp.

These small rusty-brown weevils, 2-3 mm. long, emerged from
cne fot of Douvglas-Or cones collected neav Placerville, Calif.
Emergence of eight weevils oceurred belween April 15 and May
18. Nothing is known concerning their habits. {Collection: Hop-
king U. 8. No. 11475¢.)

Lysanocneniis n. sp. near helvola Lec. ash seed weevil
Ti

Deseription—"The adulis are small, chunky, golden-veilow wee-
vits 3 mm. long. They breed in the seeds of ash and destroy the
kernel, Counts showed 45-50 percent of the seed crop destroyved,

Host.—Reared from Frarinug latifolic, probably attacks other
species of ash within ils range.

Distribution.—California and western Oregon.

Seasonal history.—Adults attack the new crop of seeds in late
summer. Larvae feed and develop in the seeds {fig. 5). When full
grown, they leave the seeds and drop to the ground to pupate.
Some may do this in the fall, but one February {ull-grown larvae
were found in the seeds and leaving to pupate. Emergence oceurs
lite In June and throongh July.

Parasites—They are heavily parasitized by an undetermined
chalcid.

Collections~—Hopking U. 8. Nos. 14202a, 142954, 15779a.
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By -BELG
Figrme A.—Heeds of Ovegon ash infested with lavvae of the
axh seed woeovil, Thyswoens nids sp.

FAMILY LATIIRIDIIDAE

The beetles of this family are, for the most part, sCavengers
occurring under bark and stones or in vegetable debris, especially
decaying leaves, but some of the species are also found in drugs
and other commercial produets. The Toad habits of many of the
larvae are unknown. Some Teed upon various molds. (78).
Corticaria sp.

The adults are very small, brown beetles about 1.5 mm. in length,
which vecurred in and emerged from cones of ponderosa pine and
Douglas-fir, in southern Orogon. Adully were found in cones in
the Fall and winter of the vear the cones matured, They emerged in
Mareh and April of the following vear. Eggs, larvae, and pupae
were not found. Apparently this was a hibernating habit. From 1
to 2 adults were Tound per cone. (Collections: Hopking U. S.
Nos. 12532r-3, 125341, 13205d, 14224d [(rom ponderosa pine;
10808c-3, 1087.1h, 125841, 1.1220m {rom Douglas-fir.)

Lathridins protensicoflis (Mann.)

These arc also small brown beetles about 2 mm. in length.
Five adults emerged from one Iot of ponderosa Dine cones collected
from Silver Lake, Oreg. As they emerged in January in the labora-
tory from cones colleeled tn Aungust, L (s assumed that they were
hibernaling in the cones.

Melanophthalma distinguenda {(Com.)

These small brown heetles emerged in the middie of October
from bigleaf maple seeds coliccted and caged 2 weeks before.
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The species of this genus feed on molds and hence are not true
cone insects,

Microgramme arga (Reitt.)

These small beetles were reared from dry cones of western
redcedar collected at Wind River, Wash,, August 13, 1915, by J.
E. Patterson. On November 17, 1916, 26 adult beetles emerged.
Their habits were not determined.

FAMILY PTINIDAE

Prinus fur 1., white-marked spider beetle

The adults of this species are small, 24 mm. long, reddish-
brown beetles densely covered with short yellow hairs and with
four white bands on the elytra. It is a common storercom pest and
was reared fromn several lots of cones, including ponderosa pine
(Pacific Coast and Rocky Mountain forms), western redecedar,
and bigleaf maple, from California, Oregon, and Colorado, Nothing
was learned of its larval habits, but it is known to feed on dry
vegetable and animal material of many kinds.

FAMILY SCOLYTIDAE
Conophthorus spp. cone beetles
Pine cones that dry and wither before they are half grown
are often called ‘“blighted cones.” Cone beetles are usually the
cause of this type of damage, which is distinguished by the dying
of the immature cones soon after starting their second year’s

growth. These blighted cones are less than half the size of a2 normal
cone and are withered and faded. In some years from 25 to 75
percent of the cone crop of some pines have been killed by these
beetles over large areas.

The adults are small, dark, often shining, cylindrical beetles
from 1.25 to 4.00 mm. in length, The cones are killed by the attack
of the adult, which bores a small tunnel into the base of the cone
stem and then through the axis of the cone. In this tunnel the eggs
are deposited singly in niches at intervals on each side. The niches
are then packed with sawdust. The larvae are small, white, curled,
wrinkled, legless grubs from 2.0 to 4.5 mm. long. They feed on the
seales, seeds, and tissues of the withering cone and often com-
pletely honeycomb the interior. On completing their development,
they transform to pupae and then to new adalts, within the same
cone where they overwinter. There is one generation a year.

This group of small beetles belonging to the Family Scolytidae
represents a unique genus, for all of the species have this cone-
horing habit. Some also bore inte and kill terminal twigs. All of
the western species have been described by A. D. Hopkins under
. the genus Conophthorus {37).

These beetles are lacking in conspicuous parasites and predators.
So far only a few records of rearings from infested cones suggest
parasitism, but none has been conclusive,

Miller {59) suggested that the ponderosa- and sugar-pine cone
beetles might be controlled if the fallen infested cones containing
the overwintering broods of beetles be raked up and burned during
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September, October, and November, particularly on burned or
cutover areas where seed supply was needed. This obviously would
be a laborious and expensive undertaking, and no one has deter-
mined whether it would be practical or effective.

Now that DDT and similar chemicals are available, it has been
suggested (46) that an aerial spraying during the period of attack
in May and June might offer protection to the new second-year
cones during this vulnerable period.

A general discussion of cone beetles has been given by Miller
(58), Keen (45, 46}, and by Doane, Van Dyke, Chamberlin, and
Burke (12).

Key to Western Species of Conophthorus

(Adapted from Hopkins (87))

The Genus Conophthorus Hopk. is distinguished from Pityoph-
thorus Eichh. by the absence of sutural septa in the antennal club.

1. Elytral declivity with striae 1, 2, and 3 punctured; interspace 3
smooth ;
Head, prothorax, base of elytra, and ventral area dark; remainder
of eclytra ved. Length 1.25-2.75 mm. Cones of Pinus edulis
C. edulis Hophk.
Elytral deelivity with striz 1 not punctured, 2 and 8§ approximate
and Taintly punctured; interspace 3 rarely without granules
Elytra with strial and interspacial punctures equal or subegual in
size and density on dorsal and lateral areas
Elytra with strial and interspacial punctures unequal in size and
density, those of the interspaces smaller and sparsely placed,
especially on the dorsal area
. Interspaces 3 of elytral declivity with distinct granules, the declivity
not strongly impressed;
Elytra with strial punctures in obscure to distinet rows on dorsal
area; declivity with interspaces 1 smooth, 3 pranulate; pronotum
dark, elytra reddish; length 3.50-3.85 mm. Cones of Pinus pon-
derosa. Pacific Coast reglon C. ponderosae Hopk,
Interspaces 3 of the elytral deelivity without granules, or obscure. ., . .
Elytral declivity not strongly impressed;
Pronotum dark; elytra reddish brown; front broad. In cones of
Pinus ponderesu scopulorum. Colorado, Arizona, and New Mexico
C. scopulorum Hopk.
Elytral declivity strongly impressed;
Pronotum dark; elytra dark reddish. Length 3.50-3.90 mm. In
cones of Pinus engehmannii. Arizona C. apachecac Hopk,
Elytra with strial punctures In ohscure rows on lateral area G
Elytra with strial punctures in distinet rows on lateral area, Black,
shining; declivity with interspace 1 smooth, Length 2.85-3.05 mm.
In cones of Pinus lambertiona, Southern Oregon and California
C. lambertinnae Hopk.
Pronotum with punctures of posterior area fine; punetures of ciytra
distinct; those of the striae rather dense
Pronotum with punctures of posterior area couarse
Declivity with interspaces 1 granulate; pubescence moderately long,
erect. Black, shining, front broad. Length 2.40-8.60 mm. In cones
of Pinay radiata. Monterey County, Galif C. radiatae Hopk.
Deiclivity with interspace 1 smooth, except toward apex, pubescence
ohg. :
Blackish brown, shining, Length 3.10 mim. In cones of Pinus
contorita. Goastal Oregon C. contortece Hopk.
Pronotum black; elytra black to reddish brown. Length 2.95-3.45
mm. In cones of Pinus wmonticele, Idaho and Canada
C. monticolac Hopk.
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8. Elytra with punctures of dorsal arvea fine, not impressed,
Declivity with interspaces 1 smooth. Black, shining. Length 2.95-
3.20 mm, In cones of Pinus monephylie. California
C. monophyllue. Hopk.
Elytra with punctures of dorsal area coarse, impressed.
Dull blaek. Length 3.15 mm, In cones of Pinus flexilis. Colovado
C. flexilis Hopk.

Conophthorus apachecae Hopk. Apache-pine cone heetle

This species was described by A. D. Hopkins (37) from cones
of Apache pine in the Chiricahua Mountains, Aviz. It is similar
in most respects to C. ponderosae and like C. scopulorum is doubt-
fully distinet from C. poudereswe. No eollections of this species
have been recorded by us and hence no biological information
is available. It may be assumed to have the same life history and
habits as C. ponderosae.

Conophtherus contortae Hopk. lodgepole cone beetle

Deseription.—A cylindrical, blackish-brown, shining beetle 3.1
mm, long (37).

Host,.—Cones of Pinus contorta var. contorta. So far, not found
in lodgepole pine, Pinus contortw var. latifolic.

Distribution.—Newport, Oreg. Probably to be found through
the coastal range of shore pine in California, Oregon, and Wash-
ington.

Character of demage.—A rare species of little or no importanece.
It attacks and breeds in kilied or blighted cones of shore pine.

Life history.—Seasonal history has not been determined. Adults
are found in biighted cones in October. Probably second-year cones
are attacked by parent adults in the spring, larvae develop in
blighted cones during the summer, transform to new adults before
fall, overwinter in the cones, and emerge ihe following spring.

Conophthorus edulis Hopk. pinvon cone heetle

Description—This is the smallest of the cone heetles, averaging
from 1.25 mm. to 2.75 mm. in length. The head, prothorax, hase
of elytra, and ventral area are dark; the remuainder of elytra is
dark red (87).

Host.—Cones of Pius edulis.

Distribution.—Arizona, New Mexico, and Colorado. Probably
throughout the yange of pinyon.

Charccter of daemege—These bectles attack small cones in their
second year, abort them so that they are only one-fourth to one-half
normal in size, and then riddle the interior (fig. 6). The cone
dies and turns brown early and does not open its scales in the
autumn. The damage is heavy at times, up to 90 percent of the
cones being destroyed on some areas (50, 57).

Life history—Parent adults attack small second-year cones
in May and June. They first bore into the stalk at the base and
extend egg galleries into the axis of the cone where eggs are laid.
Larvae develop during July and August and pupate in August.
New adults form in late August and overwinter in the cones,
feeding on the dead tissue and honeycombing the interior. From
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EPQ-701%
Figue 6.—Pinyon cones infested with the pinyon cone beetle,
Conophthorus edulis Hopk.

5 to 20 adults may be found in each cone. They emerge the
following spring in April and May, leaving several small round
holes, cne-thirty-second inch in diameter, in the outside of the cone.

Parasites—A small black pteromalid wasp Acevocephale atro-
violacer Crawf. 8 mm, long, with a purple luster, has been reared
from cones infested with C. edulis and is presumed to be parasitic
on this cone beetle.

Conophthorus flexilis Hopk. limber-pine cone bheetle

Description.—A dull black, eylindrical beetle about 3 mm. long.
Larvae same as other Conophthorus (37).

Host.—Cones of Pinus flexilis.

Distribution.—Southern Rocky Mountain region, and possibly
through the range of the host tree. Type locality : Mount Maniton,
Colo. Also reared from Boulder and Cheyenne Mountain, Colo.,
and from Shell, Wyo.

Damage—~~Heavy damage, up to 80 percent of cones killed on
1 tree and 60 percent of the crop infested, has been reported in
some years; 5 percent reported infested in other years. Cones are
dwarfed and blighted by cone-beetle attack.

Life history.—Parent adult beetles attack small second-year’
cones in May or June and extend egg gallery into axis of cone, thus
killing it before it matures. More than one cone may be attacked
by a pair of beetles. Larvae develop in the cones during July and
August. Pupae form during a short period in August, and then by
the last of August and during September the new adults appear.
These remain in the blighted cones over winter, feeding to some
extent on the dead scales and seeds (fig. 7), and emerge the fol-
lowing spring. There is one generation a year.

Conophthorus lambertianae Hopk. sugar-pine cone heetle
Desceription.—A black, shining eylindrical heetle 2.85-3.95 mm.
long, found in aborted cones. The larvae are small, white, wrinkled,
legless grubs 3—4.55 mm. long when fuli grown.
Hosts—Cones and twigs of Pinus lambertiana and P. monticola.
Distribution.—Throughout the range of sugar pine in southern
Oregon and California. Type locality, Hilt, Calif. (87).
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Ficure 7.—A cone of limber pine

sectioned to show work and

adults (arrows) of the limber-

pine cone beetle, Conophthorus
flenilis Hopk.

Damage.—Thig is the most destructive species of cone beetle
in the West. In many localities it has killed 90 percent or more
of the cone crop in some years. Hall (28) reported 75 percent of
sugar pine cones aboried by cone beetle in northern California in
1954. The damage, however, is variabie from tree to tree, area to
area, and year to year. A heavy build up of cone beetle in years
of good erops apparently prevents one good crop from being fol-
lowed by another (26). Second-year cones are atiacked while they
are immature and between 214 and 8 inches long. Beetles bore into
the stem of the cone and then extend an egg gallery through the
axis, thus killing and blighting the cone (figs. 8 and 9). About
4 weeks after attack, the cones fall to the ground and in these the
adult beetles overwinter. Struble (73) has also reported the sugar-
pine cone beetle as causing heavy flagging of sugar pine twigs in
vears when the beetles were abundant, The beetles bore into twigs
~and down through the stem for 2 or 3 inches.

Damage by cone beetles iz often confused with the work of
-squirrels because the damaged cones fall at about the same time
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Fi1GURE B.-—Younw cones, attacked and dwarfed by the sugar-pine cone beetle,
Conophthorus lamberticnae.

that squirrels harvest cones. The work of these two destructive
agents can be distinguished by the following characteristies:

Cone Leetle damage
Cones fall with entire stalk at-
tached.
Stalk shows small resinous en-
trance hele and piteh tube of cone
beetle.

Beufrrel domage

. Gones fall with stalk cut close to

cone, and part of stalk left on limb.

. Wound on stalk shows rodent teeth

mavrks,
Cones eaten or cached,

. Cones lie on ground unmaelested.

. Cones less than 8 inches long, some
not over 2% inches; seeds blighted
and hollow.

. Cones 10 inches or more long:
seeds full size and full.

Life history.—Parent adults overwinter in cones killed the
previcus season. They emerge during late April, May, and early
June and attack immature second-year cones, which are then about
2-21% inches long and attached to the limb by a stalk 2-3 inches
long, just after the cones have started their second year’s growth,
Miiler ¢59) reported:

“The parent aduolt beetle attacks the cone hy boring into the
staik of the cone. The position of this initial entrance wvaries
greatly : Usually it is just above the base of the cone, but it may
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RIM 20

Fiorre §,- Suear pine cones opened o show infestation of the sogar-pine
eone heetle, Cowoplithorns Sindn o fnpn, tarvae and pupae, and damage,

oecur anywhere fieom the bhage of (he cone to an inch or more abiove.

“The wound made by the heetle soon produces a flow ol vesin
which graduoally accumulates on the sueface in the form of a amall
piteh tobe. After boring into the cenfer of the stalk (he heetle
turns Loward the cone and continues (o extend its tunnol straisht
outward through the axis of the cone. Alter it advanees well into
the heart of the cone the tunnet bocomes the ceg gullery, and single
eges avre deposited al intervals in notehes exeavated along the
sides of the burrow. The entive length of the eeg callery 1s paeked
with sawdust, Bawdust is also packed arownd the eges in the egg
nolches.”

(Egeg galleries muy be extended through the longih of the small
cones in a malter of 5-8 days, and oges hateh in =10 days))

“Ag a rule 1 padr of heetles (male and female) attack a single
coneg, hut in somge instances 3 pairs of beetles have been Found
advancing as many cgy gallorios in the same vone,

“The immediale eflect of this attack on (he cone Is Lo check
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all further growth. Eventually the infested cone withers, then
becomes dry and hard, but for a period of time it hangs on the
tree in a semimoist and souring condition. If is during this period
that the eggs of the beetle incubate and the young larvae develop.

“The egg gallery is usually kept straight and close to the axis
of the cone. During the early part of the season it has fre-
quently been observed that in the small cones, from 2 to 4 inches
long, the adults extend the egy gallery nearly to the outer end of
the cone, depositing 4 or 5 eggs along its length, and then bore
out through the scales and emerge. It has not been determined
whether such emerging adults attack another cone or not, hut it is
reasonable to assume that this is the case. In the larger cones,
from 6 to 8 inches long, which are attacked later in the season,
from 15 to 30 eggs may be deposited; and as this probably repre-
sents the minimum number of egps deposited by a pair of beetles,
it is evident that very short cones do not afford sufficient length of
egg gallery Tor the depositien of this number. Consequently a pair
of parent adults may extend the egy gallery through several of
the smaller cones hefore the egg-gallery capacity of the cone is
exhausted.

“As the attack continues through the latter part of June, the
size of the attacked cones keeps increasing until the larger ones
are from 6 to 8 inches long. The parent adults seldom emerge from
these larger cones and later in the season will be found dead in
the end of the egy gallery. By the first of July the new attack is
complete. At this stage the infested cones are from 2 to 8 inches
long, while the normal unattacked ones are from 10 to 18 inches
long. The hlighted cenes are brown and stand out conspicuously on
the trees. The seeds seldom form when the smaller cones are at-
tacked, wheveas the seeds of the larger cones that are attacked may
reach two-thirds normal size and the outer shell may harden, but
they never fill or mature.

“Immediately after hatching the young larvae begin to feed
upon the scales and tissues of the now withering cone. They feed
in such a manner as to leave no distinct lateral larval galleries.
If the cones are opened during the larval peried the small white
grubs may be found in any part of the cong, the axis, scales, and
often in the tender milky seeds. The development of the larvae is
very rapid. Pupae may be found in the cones within 4 weeks after
the first attack. By the last of June the cones which contain pupae
are dry, withered and reddish-brown in color. At about this stage
the dry withered stalks begin to break from the limbs and the
hlighted cones fall to the ground. All sugar-pine cones which are
attacked fall from the trees before the close of the season and the
broods complete their development in these fallen cones. The pupae
transform to new adults, which begin to appear by July 10, and this
transformation continues throughout the summer, unti! by the
middle of August the majority of the broods have reached the
stagé of new adults. Practically all of the infested cones have
fallen by this time and the brood remains in these cones through
the remainder of the summer and the long overwintering period.

“The new adults are not entirely dormant during this period
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but feed to some extent on the dead tissue of the cone, as is
apparent from the sawdust borings. The number of overwintering
beetles which have been counted in a single cone varies from
1 to 36. The average, however, is from 6 to 10.

“A considerable percentage of these blighted cones will always
be found in which the beetles have made the attack and completed
the egg gallery, but the larvae have failed to develop, This failure
of the broods is found more often in the very small and in the
largest cones which have been attacked. The most sueccessful
attacks are found in the intermediate-sized cones from 4 to 6
inches in length. Some of the larger cones appear to resist the
beetles by drowning them out, as some trees are capable of resist-
ing barkbeetles. In every attack, however, the cone is killed.

“All evidence points to the existence of but one generation of
this species annually. The broods develop successfully only in the
immature cones between 214 and 8 inches in length. The period
during which the cones may be found in this stage is so short that
it allows for the development of ane generation only.”

In some years, emergence of beetles in August and September
has been noted. Just what hecomes of these heetles has not been
determined, except in the instance noted by Struble (72) in which
thev made attack upon terminal twigs.

Parasites and predators—No parasites or predators have been
definitely determined as preving upon this cone beetle. The re-
peated emergence of one species of braconid, Fubadizon sp., from
cones infested with the sugar-pine and ponderosa-pine cone beetles
suggests that this braconid may he parasitic on the cone beetle
or on the powder-post heetle, Ernobius pallitursis, which fre-
auently is associated with these cone beetles in dry hard cones. In
two eases a chalcid Spathins sp. has also been reared from cones
infested with the cone beetle. Occasionally a clerid larva is found,

Miller (52) reported that one of the most important enemies
of the sugar-pine cone beetle is an entomophagous fungus. He said:
“In many of the cones the brood reaches the stage of full-grown
larvae, Dunae, or even now adults, and then dies. On an area near
Sisson, Calit., in 1913, over 50 percent of the cones contained these
dead broods. On one area near Colestin, Oreg., in 1914, the brood
developed in only 57 nercent of the attacked cones. The mortality
of the develoned broods amounted to 62 percent, so the broods were
finally successful in hut 21.6 percent of the cones attacked. While
the cause appeared to be an entomophagous fungus it has not vet
been reported definitely.”

Control—The method of control suggested by Miller (59) did
not appear to he feasible and hence was never attempted. A more
promising method of control became available with the develop-
ment of such residual nrotective sprays as DDT. Aerial spraying
of trees and cones with such a residual spray during the attack
period in late May and June seemed to offer some promise of
success,

Some experimental work along this line was undertaken in
June 1953 by the Berkeley Forest Insect Laboratory in cooperation
with the California Forest and Range Experiment Station and the
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Stanislaus National Forest. An 80-acre tract was sprayed by heli-
capter with DDT at the rate of 2 pounds of DDT in 2 gallons of
diesel oil per acre. The results, while not conclusive, appeared to
he very favorable in protecting the cone ecrop.

Conophthorus monophyllae Hopk.,  singleleal pinyon cone heetle

Description.—A black, shining cylindrical heetle 2.5-3.0 mm.
long. Larvae similar to other cone heetles,

Host.—Cones of Pinus monophylln.

Distribution.—Ventura County, Calif. (type localily) (37),
San Bernardine Mountains; probably through the range of the
host tree in California, Nevada, Arizona, Utah, and Idaho.

Notes.-—Several collections of this species have heen made from
cones of singleleaf pinyon in southern California, but the notes
are not extensive enough for conclusions as to habits. Many adult
beetles were found in March; larvae were found in January and
October. It probably has a life history like that of other members
of the genus. Damage to cones appears to be considerable in some
years.

Conephthorus monticolae Hopk. mountain-pine cone bheetle

Host.—Cones of Pinus monticola.

Distribution.—Idaho (type locality, Priest River), Canada {type
locality, Cowitche Lake), and Washington (37).

Notes—Only a few collections of this species have been made.
These indicate that the character of cone damage and the beetle’s
life history is in every way similar to thut of the sugar-pine cone
beetle. For fieldmen, it is diffieult te tell these species apart, and
they may merely be races of the same species,

Conophthorus ponderosae Hopk. ponderosa-pine cone heetle

Deseription.—A dark brown, cylindrical heetle 3.5-4.00 mm.
long; with pronotumn dark and elytra reddish hrown, The larvae
are small, white curled, legless grubs from 2.5 to 4.5 mm. in length
when full grown, They are found within the dry withered cones.

Host.—Cone of Pinus ponderosq, commonly, and ravely in Pinus
jeffreyi cones,

Digtridbution.—Pacific Coast range of ponderosa pine. Reared
locally from many localities in Oregon (type locality, Ashland)
and California (87). Found in Jeffrey pine only at Waldo, Oreg.

Damage.—These beetles attack small immature cones in their
second year of growth, bore into the axis and kill the cones, then
riddle the interior. Beetle-killed cones are from 1 to 4 inches long
and remain attached to the tree {figs. 10 and 11), where the red-
dish brown color readily distinguishes them against the green
foliage. Damage is extensive but varies greatly from tree to tree
and from season to season. Counts made in 1914 of 2 trees stand-
ing close together showed 8.5 percent heetle-killed cones on one
tree and 46.5 percent on the other. Complete kill of cones has
been noted on trees, In general, this beetle causes less damage than
the sugar-pine cone heetle,

Life history.—Adult beetles overwinter in killed cones on the
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BIME LTwlu

Frgrre oo - Novmad pomlere-a pe cones and cones dwarled by the
ponderura-ping vone boetle, Conophitan sx ponde rosiee,

tree, since only a few cones fall, and emerge rom late April
through May. From 1 to 20 heetles may be found in cach cone, an
average ol 52 aliacking second-year cones through May and eavly
June, at a time when the cones are 1-11, inches long. According
to Jiller ¢34, “The adubis enter 4 cone Iy penetrating the scales
very elose to the buse of the cone. Sawdust horing may be seen on
the surface of the scales and quite often a tiny piteh tube eollects
around the entranee of the burrow. The adult does not turn dirveetly
outward through the eenlral axis of the cone. but hores completely
around the axis, forming a short spival tonnel. This spirval twist
of the tunnel before the beginning ol the egy pallery Is not notice-
able in sugar pine. hul iz characteristie of attack in vellow
pine, 1s vesull iz complotely to cut oft the nowrishiment and insure
the deadening of the cone. which produces the condition necessary
for the development of the lavvae, After completing this givdle
at the base of the cone the adolt extends the ogg gallery out
through the central axis.”

Iges deposiled in votches along (his gallery hateh in from 4
to 10 days and {he lavvace feed and develop in the dying, withering
cones withoul making any distinet larval {funnels. Pupae {orm
between June 1 and July 135, and new adulls appear from the last
of June through July. These remain in the cones gverwinter, foed-
ing to some extent an dead cone tissue, and emerge the following
spring,

Habits.—A few allacks have been observed on small first-vear
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Figere 13.—Cones of pondervosa pine infosted with the ponderssa-pine cone

beetle, Canephithores pondo rosue, opened o show larvae, pupae, and damage,
¥ 15,

cones, bul this seems to be a rave habit. Eggs ave not deposited
and broods cannob develop in these small cones,

Second-yvear cones atlacked by beelles can first be noted by
their turning brown and withering abou{ the fivst of June. These
second-year coney do not fall from the frees but turn reddish-
brown and may adhere for several years after the beetles have
abandoned them. Oceasionally, a new brood fails fo develop even
though the cone is killed.

No parasites or predators have been recorded.

Conophthorus radiatae Tlopk, Monterey-pine cone beelle

Deseription.— A smali biack, shining heelle 2.4-3.6 mm. long.
Host—ones of Pinus radicta.
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Distribution.—Monterey peninsula, Calif. (type locality, Pacific
Grove) (37),

Damage.—Not important: blighted cones are hard to find.

Notes—Very little is known about this species because only
the type collection made by J. M. Miller in November 1913 is
recorded. He found only one cone containing live adults (about 18).
Some cones were killed while quite small, and, Miller noted that
many of the small first-year cones seemed to be killed by the
feeding of this beetle.

Conophtharus scopulorum Hopk,

Deseription.—Superficially indistinguishable from its close rela-
tive C. ponderosae. Tronotum dark, elytra reddish brown, 3.2 to
3.5 mm, long (27).

Host.—Cones of Pinus ponderosa var. scopulorum.

Distribution—Through the range of the variety of ponderosa
pine in Arizona, New BMexico, and Colorado.

Damage—The damage to ponderosa pine cones by this species
is in every way similar to that of C. ponderosae. Collections of the
1915 cone crop in Colorado showed 33 to 75 percent of the cones
infested, One record showed this beetle working in twigs like a
twig beetle.

Life history.—Collections and rearing records show this species
following the same life cycle as €. ponderosae. Overwintering
adults emerge from killed cones in April and May, attack the
small second-year cones, and develop new adults by July and
August. One coliection made by D. DeLeon near Evergreen, Colo.,
showed only parent adults and eggs present on July 5 in 25 percent
of the cones. On July 11, half- to full-grown larvae were found in
cones collected July 5, and the contents were practically completely
mined out and brown. When collected, the cones were soft and
white inside with only a single egg gallery. Seven larvae were
counted in one cone. Conophthorus adults were found hibernating
in the bark of a green tree in November, by D. DelLeon and
C. L. Massey.

Conophthorus spp. other cone beetles

Several cone beefles not identified as to species have been col-
jected from pines. These include:

Conophthorus sp. From bristlecone pine, Hermit Peak, Santa
Fe National Forest, N, Mex.

Conophthorus sp. From knobcone pine, Gasquet and Monumental
Pass, Calif. Two collections of cone beetle have been made from
this tree,

Conophthorus sp. From foxtail pine, Bishop Creek, Inyo Na-
tional Forest, Calif. Two collections made from this tree.

Conophthorus sp. From Washoe pine, Mt. Rose, Nev. This is
probably C. pondereosae, since Washoe pine is a close relative of
Jeffrey pine.
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ORDER DIPTERA FLIES
FAMILY CHAMAEMYHDAE

Leucopia sp.

Four adult flies emerged in October from ponderosa pine cones
collected in September near Larkspur, Colo. Nothing is known of
their habits. {Hopkins U. S. No. 12569e.)

FAMILY CHLOROPIDAE

Elachiptera costata (Loew.)

These small black flies were found in ponderosa pine cones
from Ashland, Oreg., in December. Others emerged from old cones
during July. Nothing was determincd concerning their habits.
They probably feed on the decaving parts of old cones.

Oscinella conicola (Greene) {=Madisa conicola Greene)
smaller cone maggot

Deseription.—The aduils are very small shiny black flies about
1 mm. long (27); lavrvae small, nearly colorless maggots, 2 mm.
long, abundant in wet cones, hoth {rom trees and on the ground.

Hosts.—Cones of Abies concolor, A. magnifica var. shustiensis,
Pinus ponderosa, and P, jeffreyi. Insects thought to be this species
were collected [rom P, lambertiana, P. edulis, and Picue sitchensis.
Probably found in other Abies cones.

Distribution.—California and southern Oregon. Probably more
widely distributed.

Damage—"The larvae often riddle fiv cones from end to end
so that all seeds are destroyed and the cone contains nothing but
a mass of larval castings. This small maggot is exceedingly destruc-
tive to cones that remain on the trees or on the ground after the
first of October. Cones examined near Ashland, Ovreg., in 1914
showed an almost complete destruction of the seeds in October,
but no damage in September.

Life history—Larvae weve found in the fall (October), in the
winter (December), and spring (March). They feed through the
scales and seeds, completely destroying the interior of the cones.
They pupate in April and adult flics emerge from the last of April
to the middle of July. Maximum emergence occurred from May 13
to June 22. Empty puparia and dead adulls were found on October
2, in anisolated cone put away in July. Thevefore, this fly prohably
was two brooded, the fHrst Lrood maturing during July and
emerging in August, and the second brood remaining overwinter
as larvae, pupating about the middle of April, and emerging prin-
cipally duving May and June.

FAMILY CHYROMYIDAE
Chyromya sp.

Small lght-yellow flies, 1.5 mm. long, were reared from Sitka

spruce cones collected at Crescent City, Calif., in June 1916. The

next June 15 adults emerged. The larval habits are unknown.
{Hopkins U. 8. No. 14266e.}
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FAMILY ITONIDIDAE

The cones and secds of western forest trees are commonly
infested with various species of resin or gall midges of the Family
Ttonididae (Cecidomyiidae). The small pink or red larvae of these
midges emerge by the millions from mature cones putl out to dry
in the fall, Sometimes in the fall, but mostly in the spring, the
small pink midges emoerge in large guantities. On the basis of
larval habits and host attacked, some 30 or more species were
assumed to he represented. Of these abouf 15 were reared through
to the adult form, Until 1955 only three species had been named
by Felt from cones or berries of western conifers. In 1955, Tripp
(77) reviewed species of gall midges found in white spruce cones
in Canada and named Lwo new species. Some of these may extend
into the western United States. Recently the group has been
studied by R. H. Foote (24), who named seven new species. There
are undoubtedly olher species not recognized as yet, because the
adults have not heen successfully rearved.

In the following seclion, the named species are discussed in
alphabetical) order.

Contarinia oregonensis Foote

Foote (24} has named this new species from specimens reared
from Dougias-fir cones from Mistletoe, Oreg., collected by P, D,
Sergent and J. K. Patterson on August 25, 1918, Larvae were
found at the base ol cone seales in February 1917, The notes do
not show exactlv what the larval habits were, hut it is assumed
that this is the specics causing galls to form at the base of the
cone scales, imargence occurred from day 25 to June 6, 1917,
and again in 1918 vom April 8 Lo May .

Dasvnenra alifesemin Foote fir-seed gall midge
- = =

Description.—Adults ave large dark midges, with the third vein
(R.) simple al base and straight, meeting the costa before the apex
of the wing, fifth vein forked (24). Larvae arve pink with a
Y-shaped sclerite or hreastplate, whieh is very prominent, and
with two rounded lohes on Lhe last anal segment. They craw! over
the ground by a sort of flowing motion, thus differing from the
larvae found loose on the cone scales, which travel by snapping.

Hosts~—Cones of Abies concolor, A. grandis, A. megnifica, and
A. magnifica shagtensis, Larvae probably of this species also are
found in cones of A. procera, '

Distribution —Throughout the Pacific Coast range of the host
trees. Reared from cones from southern Qregon south to Sequoia
National Park, Califl.

Damaege—The larvae (fig. 12) cause galls to form in the seeds,
usually near the point of attachment, and on the cutside of seeds
or cone scales. Galled seed may show a normal appearance but are
a little lighter in color and more brittle than normal seeds. The
seed galls destroy from one-hall to 1 percent of the seed crop in
some localities. Galls on the cone scales or seed may attach the seed
to the scales and prevent the seed from falling.

Life history.—Not completely known. Probably similar to Dasy-
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Figure 12.- - Firezeed gall midee i, Dersppire v abde s win, in seeds of
grwwd iy, - 2,250

LR+ S

rewre canadensis. Larvae ave to be found in gall pockets on the
outside of seeds and on cone scales (fg. 137 from July through
October. Probably most lurvae remain overwinter in their szalls,
while some may drop to the ground to hibernate. Pupae form in
the spring. and adults emerge from April antil Jane.

Parasites—~—About 2 pereent of the larvae are parasitized by
a small chaleid Platyyaster sp. Thix parasite can be found in the
midge galls inside the lurval sking of the midge, which turng yuite
brown and resembles a flaxseed.

Dasyneura canadensis Fely spruce hract midge

This species was deseribed by Felt in 1907 from white spruce
cones near (Mtawa, Canada. According to Tripp (77} it attacks
the cone scales of white spruce (Picea glonray so may be found
in the western United States. Canada. and Alaska,

Deseription —8mall dark midges about 2 mm. Inng, the antennae
usually with 15 segments; third vein of wing (R ) nearty straight
and meeting costa at the apex, Larvae light te dark orange color
about 3 mm. long, without a breasiplate. found in small aalls on
cone seales.

Host —Cones of Pleca ilanea. Probably other species of spruce.

Istribution.—Not fully known. Probably throughont the range
of white apruce.
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EF-197hH
Frouvar 13.—Lavvae of the fir-seed gull wmidge in pockels on grand fir cone
seales, 2,

Damage.—aAlthough Tripp found this speeies the most prevalent
gall midge in white spruce cones, the fact that it primarily infests
the cone scales rather than the seed woull indicaie that it is not
of much economic importance,

Life history—The seasonal history, worked out by Tripp (77)
is of interest in that it illustrates chavacteristies of this genus:
“The eggs are deposited in lots of 2 {o 3 on the scales when
the cones are open for the acceptance of pollen, which usually
oceurs about mid-Mayv. The stickiness of the scales at this time
holds the eggs firm'y in place. Tn 1951, a sample of 10 cones
averaged 137 eggs per cone. Although nearly all eggs hateh, anly
a few larvae survive.

“Newly hatched larvac are inconspicuous and often difficult to
locate. They hurrow through the seed wings and in a few weeks
small swellings appear on the inner surface of the scales. Each
swelling indicates the presence of a single cecidomyiid larva. As
the larva increases in size, the gall pocket is enlarged and the sur-
rounding tissue hecomes hard. By July, the gall is plainly visible
from both sides of the scale. Tt is ablong in shape with its long
axis directed along the long axis of the seale. About mid-July, the
larva makes a small exit hole at the upper end of the gall. After
sealing this opening with silk, it spins a lightly woven cocoon
and passes the winter in this condition. Pupation oecurs in late
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April or early May and about mid-May the adult emerges through
the exit hole made the previous autumn. The pupal skin generally
remains in the cocoon but is sometimes found protruding from
the exit hole.

“In common with most other white spruce cone insects, Dasy-
newra canadensis was observed to undergo diapause. Several larvae
from 1950 cones failed to pupate until 1952.”

Dasynenra rachiphaga Tripp spruce cone-axis midge

This species, which makes small gall pockets in the rachis of
white spruce cones, was described by Tripp (77) in 1955.

Description.—Small dark midges about 2.20 mm. long ; antennae
normally with about 17 segments, stemmed in the males and
sessile in the females; third vein of wing (R.) neariy straight,
meeting costa slightly before the apex. Larvae yellowish orange
about 3 mm. long when full grown and without breastplate, similar
to Dasyneura canadensis, but found in the axis of cones where they
form a white papery cocoon before pupating (fiz. 14).

1A =576
Ficure 14-—Sproce gall midges, probably Desynewra rachiphaga,
In papery cocoons in pith of Engelmann spruce cones.

Hosts.—Picea glauce. A species of exactly similar larval habit
is found in the axis of cones of P. engelmanni and P. sitchensis,

Distribution.—~I'rom eastern Canada westward through the
range of white spruce into western United States, Canada, and
Alaska. The species of similar habit in Engelmann spruce and
Sitka spruce cones is found in Celorade, Montana, Washington,
Oregon, and Galifornia.

Dumage.~No appreciable damage to seeds was noted.

Life history.—According to Tripp the life eycle of this species
s similar to Dasyneuras canadensis but theve is a difference in
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larval habit. Eggs are assumed to be deposited at the extreme bases
of the cone scales, near or on the rachis, “On hatching, each larva
makes its way into the tissue at the extreme base of a scale
where a small eavity is forned. As it approaches maturity it makes
a small hole at the base of the scale just beneath the corresponding
bract. A thin iayer of silk covers the hole through which the
adult eventoally emerges. During the latter part of July, the larva
makes a silk-lined passage into the rachis. Here it constructs a
cocoon by simply sealing itself off in the blind end of the silken
tube. Such cocoons are readily identified even when removed from
their habifat.

“The winter is passed in the larval stage and pupation occurs
in April, Adults emerge in mid-May, slightly in advance of D.
eanadensis, leaving the pupal case in the cavity or partly pro-
truding from the exit hole.”

Parasites—A small, black chaleid Platygaster sp. was reared
from spruce cones angd is probably parasitic on this midge.

Collections represented by Hopkins U.8. Nos. 10849a, 10850h,
10859¢, 12403¢, 12509e, 12557d, 12570b, 13242a, 14284c, 14226a.

Holoneurus strobilophifus Foote

This species, recently described by Foote (24), has been reared
from cones of white fir and red fir. Probably it will be found in
cones of other firs. The adults emecrged between April 12 and
May 25 from cones maturing the previous fall. They were not
definitely associated with fhe larvae, but these were thought to
be pink larvae found loose between cone scales, where they feed
upon small patches of piteh exudation.

Fanetielia siskivou Felt Port-Orford-cedar seed midge

This species was described by Felt (22) from seeds of Port-
QOrfovd-cedar collected by H. B. Hoelner along the south fork of
the Coquille River on the Siskiyou National Forest, Oregoen, in
September 19186,

Deseription —Females with dark-reddish abdomen; length 2.6
mm. ; antennae extending to base of the abdomen; sparsely haired,
17 or 18 cylindrical segments. Larvae are moderately stout pink,
oy pale vellowish; length 1.5 mm.; breastbone reddish brown,
strongly chitinized, bidontate, the posterior extremity somewhat
obsolescent; terminal segment of larvae slightly bilobed, the lobes
broadly ronnded.

Host.—Chamaecyparis krsoniana cones,

Distribution.—Southwestern Oregon and northwestern Cali-
fornia through the range of lhe host tree.

Dumage—Cones of TPort-Orford-cedar were collected by the
writer from a tree at Waldo, Oreg., in August 1914. The Hopkins
No. 123445 states: “A large number of cones weyre examined with
nnly a very small percentage of infestation. A pink cecidomyiid
Iarvae with a very short, blunt Y-shaped sclerite and without anal
tubercles was vesponsible for the entive damage. It was found
in small pockets between two seeds closely fastening the seeds
together and ruining both of them.”
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Life history—Very little is recorded concerning the biology of
this species. Apparently larvae develop in the fall of the year
as the seeds mature. Emergence of aduits takes place the following
spring, in April or May.

Parasites.—A black chalcid parasite Platygaster sp. was found
in the gall pockets parasitizing the midge larvae. A species of
Tetrastichus emerged in large numbers from cedar cones placed
in rearing, but its host was not specifically determined.

Lestodiplosis taxiconis Foote

This species of midge (24) was reared from cones of Douglas-fir
collected near Ashland, Oreg., in 1914 and 1915. Emergence of
adults occurred from April 20 to June 28 in the year following
maturity of the cones. Larvae and adults were not definitely asso-
ciated but it was thought that the larvae live loose among the
cone scales and are possibly predaceous.

Mycodiplosis conicola Foote

Adults of this species of midge {24) were reared from white fir
and red fir cones from northern California and southern Oregon,
Adults emerged from April 12 to May 25 the vear after cone
maturity. They were small red midges with short abdomens; third
vein (R,) of wing simple at base, widely separated from costa,
nearly straight, meeting and terminating costa at the wing tip.
The larvae and adults were not definitely associated.

Mycodiplosis coryloides Foote

This species of midge (24) was reared from cones of white fir,
red fir, and Douglas-fir in northern California and sonthern Ore-
gon. Adult emergence occurred from January through the spring
of the year following maturity of the cones. The larvae were not
recognized, but they probably occur loose in cones where they feed
on fungus.

Phytophaga carpophaga Tripp
: This species, which attacks the seeds of white spruce in Canada,
was named in 1955 (77).

Description.—Small midges with body length about 2.4 mm,;
antennae with 16 or 17 segments; tarsal claw simple; third vein
of wing (R.) slightly curving at posterior and meeting costa
slightly before the apex. Pink larvae about 3 mm. long; breastplate
absent.

Hosts.—Cones of Picea glauca. Same species identified by
R. H. Foote as occurring in Pieeq sitechensis and P. engelmannt,
who states “it seerns fo be widespread on Picew spp.”

Distribution—Apparently following the range of white spruce
in Canada, and on other spruces in Colorado, Montana, Oregon,
and California.

Damage~Injurious to spruce seeds, but degree of damage not
estimated.

Life history—According to Tripp, “Its life-cycle is similar
to that of the Dusynewra species in the (spruce) cone. Eggs are
deposited in late May, larvae spin cocoons in July, pupate in April,
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and adults emerge in early May. Some larvae remain in diapause
over the second summer,

“¥ x % agpg ¥ ¥ ¥ ypay be identified by their position near the
ovule micropyles. Upon hatching the larvae work their way
through the micropyles into the ovules, In a few weeks these ovules
exhibit an abnormal swelling and are pale green while normal
ovules are streaked with red at this stage. Gradually, as the larvae
mature, the infested ovules become shiny brown, brittle, and mis-
shapen. As they are somewhat larger than normal seeds, they
are held more firmly by the scale and thus do not drop to the
ground during normal seedfall. The cocoons of this species, when
removed from the seed, may be distinguished from those of the
other species in the cone by their larger size.”

Riibsaamenia Leeni Foote cone resin midge

This resin midge (24) is common in the cones of many species
of western coniferous trees, where it feeds on small patches of
resin bhetween the cone scales,

Deseription.—Adults are small light-pink midges, third wing
vein (R,;) forked at base, curved, meeting costa at or slightly
before the wing tip; vein Cu, present to base of wing; male with
12-24 pedicellate antennal joints, female with 10-26 joints. Larvae
are bright red or brilliant pink, 3 mm. long when full grown; faint
I-shaped breastplate and two chitinized anal appendages.

Hosts—Cones of Abies concolor, A. grandis, A, magnifica, A.
magnifice vay. shastensis, Picea engelmanni, Pseudotsugg menzi-
esit, Pinus ponderosa, P. contorta, P. lambertiana, and probably
gther trees. Larvae thought to be this species were also noted in
cones of Abies lasiocarpa, Picea glauca, P. sitchensis, Pinus coul-
terd, P. feffreyt, and Tsuga mertensiona.

Distribubion.—Probably throughout the western coniferous
forests.

Damage.—Although these resin midges are very plentiful in the
cones they do little apparent damage, They may cause a small
amount of resin to be formed and feed upon this, or possibly abort
cones. Where they are abundant they inflict some damage by
preventing the seeds from falling to the ground.

Life history.—Not completely known. Larvae are plentiful in
eones during June, July, and August. In September when mature
cones are placed on sheets to dry, the larvae fall from the cones
hy the millions. The larvae travel by coiling and then snapping.
Normally they leave the cones about this time to go into the
ground to pupate. Pupae have been found only in April of the
vear after the maturing of the cones, but it is evident that some
of the larvae pupate in the fall because some emergence has been
noted at that time,

In firs, adults emerge from maturing cones from the latter part
of August to the last of October and again the next spring from
March and April until the latter part of August.

In pines, larvae are found in cones during August, September,
and October. Adults emerge during August and September of the
first year and then again in March, April, May, and June of the
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next spring. Thus there appears to be one complete annual gen-
eration and a partial second one.

Walshomyia juniperina Felt

Description.—Adults are 1.5-2.0 mm. long with dark reddish-
brown abdemens; 16-19 antennal segments; 1 papal segment and
simple tarsal claws; third vein of wing (R,) meeting costa a little
before the apex. This is the onily known species in this genus.

Note.—This unique species was described by Felt in 1908 (19);
he stated “Bred June 18, 1884, from fruit of Juniperus californica
taken at New Indria (sic) {probably New Idria} Calif"” In 1916
(20) in redescribing this species he stated “Both sexes of this
species were reared June 19, 1BR4 from the fruit of Jwniperus
californica taken at New Indria, Calif. The gall from which this
species was reared is nearly 1 cm. in length, 0.5 cm. in diameter,
purplish brown, holiow, the free end with 3 or I conspicuous
diverging lobes.”

In Key to American Insect Galls (21) Felt lists this species
in his key as “Reared from slightly enlarged fruit of Juniperus
californica, J. monospernum, and also from a conical, purplish,
apical bud gall, with 3 or 4 diverging lobes when mature, length
1 em., diameter 3 mm. Itonid. Juniper berry midge, Wealshomyia
Juniperana Felt.”

This gall midge has recently been reared by the writer from
purplish-brown, globose, ‘urn-shaped’, thick walled, hollow galls,
1 em. long and nearly 0.8 cm. wide, with 3 or 4 diverging lobes
at the free end when mature, collected from Juniperus californic
near Idria, California in March 1956. The species was identified
by Dr. Richard H. Foote of the United States National Museum.
These galls are commeon on juniper and might have been mistaken
for the fruit. It is unlikely that the midge makes this gall and
also deforms juniper berries. T strongly suspect that it does not
attack the fruit as first reported hy Felt,

A number of Itonididae larvae were found in various cones,
but either the adults were not reared or not definitely associated
with the larvae. Some of these are worthy of mention.

Gall Midges in Fir Cones
Species A-3
Long cigar-shaped pink larvae without a breastplate were often
found abundantly in wet cones of various firs. These may have
heen larvae of a fungus gnat rather than a gall midge. Adulis
were not associated with the larvae.

Gall Midges in Tncense-Cedar Cones

Several species of Itonididae were found galling the foliage of
incense-cedar and one species infesting the pistillate buds.

Species I~1 _

Deseription.—Larvae ave light straw-yellow with an kshaped
breastplate. Last abdominal segment rounded with a pair of nipple
projections; other segments also with a pcm of nipple projections.
Adults were not noted.
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Damage—Larvae galled the center of pistillate buds, with 1-6
larvae in each gall. Infestations as high as 15 percent of pistillate
bads were found.

Life history.—Not determined, as rearing of aduits was un-
successful.

Coliections represented by IHopkins U. 8. Nos. 12596a, 13207a,
13210=.

Gall Midges in Pinyon Cones

According to Little (50) “Destruction of (pinyon) pine cones
of first yvear is caused principally by larvae of unidentified gall
midges (Itonididag). The cones are attacked after pollination and
killed when less than one-half inch long. Eggs were found in a cone
early in July. The white larvae, less than one-eighth inch long,
are active in July and August but were found as late as September.
They feed on the voung seeds and soft tissues at the base of the
cone scales. The infesled cones usually die in August, shrivel
slightly as they dry, and fall of when touched. When examined
they are usually hollow and show no evidence of insects.

“A less common type of insect damage is that of abnormally
swollen cones caused also by larvae of gall midges (Itonididae). In
August or the Jast of July a few cone scales begin to grow more
rapidly than the others and produce an asymmetrical cone with the
larger scales protruding one-sixteenth to one-eighth inch, A
whitish larva about one-sixteenth inch long develops at the bhase
of the enlarged scale and feeds upon the seed and scale.”

Gaull Midges in Douglas-fir Cones

Besides the common resin midge found loose between cone scales,
pink gall-forming lavvae were found in small galls at the base of
cone scales.

Species D-2

Description.—Adults ave small red midges, with third vein (R,)
of wing simple at base, widely separated from margin and meeting
the costa at apex, not curved; Hifth vein forked. Larvae are small,
red maggots found in galls at base of cone scales. This species
may be one of lhe new species deseribed by Foote (24).

Host.—Psendotsuga menziesii,

Distribution.—Probably throughout the range of the host tree.
Reared {rom Ashland, Oreg., and vieinity.

Damage—These midges form large galls on the cone scales
{fig. 15) and oflen include the sceds in their work. Practically
every fime the cone scale is so galled, the seeds do not mature.
The galls contain many little cells, each with a midge larva.

Life history.—Not completely known, Galls were formed during
the growing season of the new cones. Aduits emerged during April,
May, and June from cones maluring the previous year,

Parasites.—These midges were parasitized by probably two
species of chaleids. One chaleid, Tetrastichus sp., was reared in
quantities from these galls. A spezies of Platygaster also appeared
to be parasitic.
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F1GURE 15.—Gall midge larvac in pockets of
aborted cone scales of Douglas-fir.

Gall Midges in Western Redeedar Cones
Two collections of cones from western redcedar from Wind
River, Wash., and Tillamock, Oveg., showed larvae of Itonididae
“in papery cocoons in cone scales,” and hetween the scales where
the seeds normally form (fig. 16). These larvae were credited with
having destroyed about 90 percent of the seed. Several parasitic
Hymenoptera were reared from these cones, hut no adult midges

emerged ; therefore, the species was not determinable.

P e it

EPQ=373d
Figure 18.—Gall midges in cones of western redeedar.

FAMILY LARVALEVORIDAE (TACHINIDAE)

Members of the Family Larvaevoridae are for the most part
parasitic on other insects, Quite a few of these beneficial flies
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were reared from cones, but the host was seldom determined. Many
of the species have not been determined and probably quite a few
are still undescribed.

Exorista sp. (probably a species of Zenillia)

Two adults emerged in September from ponderosa pine cones
of the current year’s crop which were collected in August. Nothing
is known of the habits, but since these cones were infested with
DHorycetrie and Laspeyresic it was assumed that the species was
parasitic on cne or both of these moths. (Hopkins U.S. No.
13251f-2.)

Goliathocera setigera (Thom.)

‘The adults are small black flies 3.5 mm. long.

One adult emerged in May from a lot of mountain hemlock
cones which matured and were collected 2 years previously from
Mt. Ashland, Oreg. Seven adults emerged from white fir cones
from the middle of June to the Middle of August of the vear after
cones reached maturity. As these cones ‘were infested with cone
moths, it is assumed that this species of Goliathocera was para-
sitic on the lepidopterans. One fly was reared from a vial con-
taining a pupa of Dioryctria abietella, so is probably parasitic on
this moth.

Hypostena sp.

One adult emerged from Sitka spruce cones collected at Crescent
City, Calif. Nothing is known concerning its habits. {Hopkins
T.8. Ne. 12557k.)

Myilophasia atra (R.D.)

This fly, about the size and general appearance of a housefly,
was reared in quantities from the acorns of California black cak
coliected at Ashland, Oreg., in August 1916. The fies emerged
the next year between June 23 and July 25. They are known to be
parasites of the acorn weevils. In this case, the acorns were in-
fested with Curculio uniformis Lec. and these flies were undoubt-
edly parasitic on this species. (Hopkins U.S, No. 14279].)

Lydellohoughia sp.

{Incorrectly identified by C. T. Greene as Tachinophyto flori-
densis (Tns.).)

Adults of this species, about 5 mm. long, are similar to small
houseflies, They emerged in June, July, and August from cones
of white fir and Douglas-fir. The host on which they were parasitic
was not determined, but is probably one of the cone moths.
{Hopkins U.8. Nos. 14201j, 12535d-2.)

Other Larvaevoridae

Several other species of Larvaevoridae were reared from cones
but their host and identification were not learned, {Hopkins U.S.
Nos. 12529h, 13274g, 13295g, ete.)
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FAMILY LAUXANIIDAE
Minettia flaveola {Coq.)

Description—The adults are peculiar light-yellow flies about
4 mm. long, with large mesothorax covered with sparse long black
hairs, small abdomens, and wings longer than the body.

Hosts.—Cones of Abies concolor.

Notes.—Not very much was learned concerning the habits of
this species. The larvae apparently feed on decaying plant material,
and were found in cones feeding on decaying scales and braets,
Sapromyza spp.

These are light-yellow flies with long clear wings. The larvae
apparently feed on decayving cones, eating the scales and bracts.
Adults emerged during May and June from ponderosa pine cones
which had lain overwinter on the ground under the snow. Nothing
else was learned of their habits,

FAMILY LONCHAEIDAL

The adulis of the Family Lonchaeidae are smali shiny black
flies, the auxiliary vein entive and the tibia without preapical
bristies, The larvae live in plants and decaying vegetation and
some may he predaceous.

Earomyia spp. fir seed maggots’?

The maggots of this group of flies are one of the most abundant
and important fir seed destroyers.

Description.—Adults {fig. 17) are rather small metallic shiny
hlack flies; bodies 4 mm, long, wings much longer than abdomen,
5 mm. long; auxiliary vein of wings distinct, basal cells present;
front rather narrvow, with single orbital bristle.

The larvae (fig. 18) are white, footless maggots about 8 mm.
long and 1 mm. wide when full grown; body composed of 12 dis-
tinctly consiricted segments, all roughened by very small bristles,
tapering to head; anterior spivacles fan-shaped with 12 jobes on
tip; head with two large black hooks or mandibles attached to
cephalopharyngeal skeleton, which is also black, and plainly visible
through the skin; posterior end without prominent apical spines,
hut with twe prominent chitinized blunt anal tubercles.

Puparia are dark ved and coarctate, 5.5 mm. by 1.75 mm.; finely
annulated: anterior end with two projections, remnants of the
anterior spiracles; postervior end more or less rounded with two
prominent hlunt projections, remuants of the anal tubercles. These
puparia differ from those of the large dipteran by their small size
and by having the two promineni anal projections; also by the
fact that they are always found in the soil

7 Tn the early rearings ab Ashland, Oveg., fvom Abiex cones from California,
Oregon, Washington, and Celorado, it was thought that only one species of
Lonchaea was represented. This species was varviously misidentified as
Lonchaea viridana Meig,, L. vufitarsis Macq., L. albitarsis Zett., and L. polite
Sav. Reeently MeAlpine {52) has reviewed this group, placed them in the
genus Fuyoniyia Zett,, and deseribed five new species. Since these species were
not recognized earlier, the notes vefer {o a composite of this group, and the
individual habits cannot now be separated.
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B~ 2477
Figrrie 17.- -Adults of fir seed mageols, Krronigin spp., X 4.

g Lo
THN 18—Tarvae and pupae of fir <eod magEols, rom-
monly destruetive o cones and seeds of white fir, » 2.3

Eggs are white, long (1.3 mm.), narrow, gourd-shaped, with
one end smailer than the olhoer.

Character of damage —Upon hreaking open a4 white fr cone
in August and September, one may see the white, footless maggots
wriggling out of the seed near the point of attachment. They seem
to feed entirvely within the seed and hore through the cone seales
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only to reach the seeds. Seeds mined by these species are flat and
limp, generally almost black in color and show the exit hole of the
emerging larva.

Damage by these species differs by locality and year. The
maggots often destroy from 1 teo 2 percent of fir seeds where they
are present and may destroy up to 25 percent of the seeds in
single cones.

Hosts—Cones of Abies concolor, A. grandis, A. magnifica. 4.
magnifica var, shastensis, end A. lasiocarpa. '

Distribution.—California, Qregon, Washington, British Colum-
bia, Alberta, and Colorado; probably throughout the range of
western true firs.

Seasonal history and habits—Females ovipositing on white fir
cones were first observed by the writer on June 18, 1915, With
their heads toward the tip of the cone. thev felt around until
they found a suitable place, usually at the juncture of {wo cone
scales; then they backed over the place and inserted the spear-
shaped ovipoaitor under the edge of the conc scale. Several jabs
were made with the ovipositor apparently laving an cgg with
geach jah. From 1 to 4 eggs were found in & group. The female
then removed her ovipositor and wiped it oft with her two hind
tarsi and moved to another spot. One female was noticed to spend
morve than an hour on one cone, laying eggs on every part of it.
Oviposition continued until July 23.

Eggs may be found under the cone secales, with the tips of the
egrs protruding. from early June to the end of July,

The small maggots {fig. 19) hatch from the cggs within a few
dayvs and then enter the cone and scarch out the seeds. First larvae
were observed on June 24 On July 18, small l-mm.-maggots were
found completely within the aceds. During the summer they hore
in the seeds, rarely destroving more than two seeds per larva.
By the middle of September most of the larvae reach full growth,
leave the cones, and drop to the ground to pupate.

Puparia are formed in the ground from the middle of Septembey
until eold weather: the maximum pupation oceurs about the first of
Qctober. Some larvae may still be found in the cones in December.

A few adults emerge the next spring in March, April, May, and
June; most of the hrood remain in the soil as puparia and emerge
the second spring. A few may emerge after the thivd winter season.
The maximum emergence occurs about the first of April; thus,
there appears to he one biennial generation and a partial annual
generation of this flv, an adaptation to the variable cone crop and
food supply.

Parasites.—No parasites have been reaved from this species,

The new species set up by dMeAlpine (3.2) consist of the fol-
Iowing five.

Earomyia abietum MeAlpine

This species “has yellow tarsi, dark calyptral fringes, a cluster
of stigmatal bristles, and a hairy sternoplevron. Tt can be sepa-
rated from most species in the group by ils hairy eyes and its
wide cheeks” (52},
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ErQ—TH" =

TieeRE 19 ~Mappots of Eurowyin =pp. which emerveld in Lorpe
quantitio- from white fr cones.

Hosts.—Western Abiex including A, «mahilis, A, eoncolor, A.
grandis, and A. magnifica.

Distriiding —Calilornia, Oregon, Washington., Dritish Co-
lumbia, and Calorado,

Life history ond habits.—MeAlpine reporled: “The rearing
records Lor abictum sugeests that the species usually passes two
winfers in the pupal stage. However, as evidenced by three speci-
mens reared Trom cones ol Aldes amehilis in British Columbia, 1he
series reared from sAbics grandis in Dritish Columbia by W
G. Mathers and the majority of the specimens rearved from Abies
cancofor, Topking U, 8, No. 11130, in California, i sometinies
emerges after spending only one winter in the puparia,

"According fo the reaving records a fow lonchaeids energed
from lots hearing Hopkins U 8, Nos. 125387 and 1238 le aftor the
third winter season. Specimens of ahic bum were roared (rom hoth
these lots and some may have remained 3 vears in the pupal stage,

“Whether these Irregularitios ocewr in the field is not known,
Rearing techniques may huve adversely affeeled the natural train
of events connected with diapause and cmorgence; but it is not
impossible that a fraction of each generation emerges annually
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over a period of 3 years. This would ensure the continuation of
the species through years that few or no cones are produced.”

Earomyia harbara MeAlpine

McAlpine stated: “The species has the following combination
of characters: Tarsi yellowish, calyptrae dark, eves bare, one to
severa! stigmatal bristles, sternoplueron haired on the disc, and
notopleuron bare except for the usual two bristles. It is the smallest
species discussed in this paper and, in the larval stage, the most
general (apparently not the most abundant) pest of cones.”

Hosts.—Abies concolor, A. magnifica, Picea engelmanni, P,
glawen, Pinus ponderosa, Pseudotsuga menziesii, and Tsuga mer-
tensiana.

Distribution.—California, Oregon, British Columbia, Alberta,
and Colorado.

Life history and habiis—According to McAlpine: “All of the
type material reared from cones of Douglas-fir emerged the spring
following collection. This seems fo indicate that on this host in
British Columbia and Oregon the species completes its lite eyele in
1 year. The same is true of specimens rveaved from cones of
ponderosa pine {Hopkins U. 8. No. 13231j) in Oregon, But, in
view of the limitations of the data concerning Hopkins U. 8.
material from cones of Abies concelor, A. magnifica, Piceq engel-
manni and Tsuga mertensiona, and because a number of species
are involved in each of these experiments, nothing very definite
can be deduced about the length of the life cycle of these specimens.
However, since some specimens in these lots emerged over a period
of 3 vears, the possibility vemains that sometimes barbara may
spend more than one winter in the puparia.”

Earomyia hrevistylata McAlpine

McAlpine stated that this species “has yellow tarsi, dark
calyptral fringes and several stigmatal bristles. Characters that
distinguish it from other similar species are: Bare eves, narrow
cheeks, and hairy sternopleuron.”

Hosts.—Daimly from cones of Abies concolor and, in limited
numbers, from cones of Abies magnifea.

Distribution.—California, Oregon, and Colorado.

Life history and habits—Acecording to McAlpine: “Rearing
records of brevistyluta indicate that the species usually remains in
the pupal stage for two winters. However, under lahoratory con-
ditions a few adult specimens emerged after only one winter from
Hopkins U. 8. lots 11430a, 12538], 12560e, 13223d, 13298d, and
14200f. Because of this and the limitations of the Hopkins rearing
records there is no way of heing certain that some of these speci-
mens are not brevistylete adults. In one case, Hopkins T. 8. lot
12564e, emergence occurred after the puparia passed three winters
* * * 1L seems probable that each generation of the species
emerges over a period of several years—the majority appearing
after the second winter.”

Earomyia longistylata McAlpine
McAlpine stated: “Longistylata is a large, hairy, anthemyid-like
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species with orange-yellow metatarsi, dark-brown calpytrae and
fringes, hairy eyes, numerous stigmatal hairs and elongated ah-
domen, It is so named because of its very long ovipositor.”

Hosts.—"“The preferred host seems to be the cones of Abies
magnifica, it has also been reared from cones of Adbies grandis,
and Abies conecolor.”

Dristribution.—California and Oregon.

Life history and habits—"“Information from the Hopkins rec-
ords indicate that longistylata usually completes its life cyele in
I year, i. e, adults emerge each spring after passing 1 winter, only,
in the pupal stage. It should be noted, however, that the rearing
experiments from which specimens of longistylata were reared,
vielded adults over a 2-year period. In spite of the fact that most
of the flies which emerged the second spring can be traced to
other species, some of them may be longistylata” (52).

Earomyia aquilonia McAlpine

This species was not included in any of the rearings from cones
taken in the United States and appears to be restricted to Canada.
McAlpine reported: “E. uquilonia is an entively dark species,
apparently with a northwestern distribution. The following char-
acters distinguish it from all other Earomyia species known to me:
Tarsi entirely dark brown to black, calyptrae and fringes blackish,
wings brownish-fumose, eyes pubescent, several or more stigmatal
bristles; disc of sternopleuron with numerous stiff hairs; body
velvety black, especially in the male.”

Hosts—Abies lasiocarpa, Psendotsuge menziesii, and Larix
laricina.

Distribution.—British Columbia and Alberta.

Life history und habits.—DMecAlpine, quoting R. W. Reid, Forest
Zoology Laboratory, Calgary, Alberta, stated: “* * * it seems
rather certain that the species has a 1-year life cycle.

“Frequently 4 or 5 larvae were found burrowing throughout
the cone, feeding on cone tissue and seeds. When removed from
the cone and placed on a flat plane, they often curled up, locking
the anterior and posterior segments together. Release was sudden,
and spring-like, moving the larva 1 or 2 inches.”

FAMILY LYCORIIDAE
Bradysia coprophila (Lint.)
The tiny, black midges were reared from the acaorns of Cali-
fornia white oak and the seeds of Oregon ash in California and
southern QOregon. No information was obtained on the larval

habits, but most of this famiiy are fungus feeders. (Hopkins U.S.
Nos. 32246, 32317.)

Bradysia paaciseta (Felt)

Adults were reared from Douglas-fir cones in intevior British
Columbia, according to a note from D. A. Ross of the Forest
Biology Laboratory, Vernon, British Columbia.

Bradysia spp. (==Sciara spp.)
Other undetermined species of this genus were reared from
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cones of white fir at Ashland, Oreg. Emergence occurred from
April 12 to June 8 from cones of the previous season. {Hopkins
U. 8. No. 12560y.)

FAMILY MUSCIDAE

Hylemya (Pegohviemyia} abietis Huckelt
larger white-fir cone maggot

Description—The adults {fig. 20) are large, shiny black or
brownish-black flies, 8-9 mm. long, partly dusted with gray and
covered with scattered long, black bristles: wings 7 mm. long,
clear, light brown, grading to yellow at the base; halteres yellow
cells of wing widely open at apex (38).

EIQ-5700
F1GURe 20.— Larvae, pupae, and adult of the
Im‘;.;e_r white-fir cone magot, Hilemye abielis,

3.5.

Eggs are long (about 1.7 mm.), narrow, and pearly white,
gourd-shaped with one end smaller than the other,

The larval body is white, composed of 13 segments, § mm. long,
to 2.5 mm. wide tapering to the head, which has 2 great hooks;
anterior spiracles with 18 lobes.

The puparia are dull yellowish-red to brown coarctate; 6.5 mm.
by 2.5 mm. Old anterior spiracles remaining as two large anterior
projections; posterior end more or less blunt with numerous small
projections representing the larval apical spines; body slightly
annulated. This puparium is often found within the cone, embedded
in resin in its gallery. It differs from puparium of Faromyia by
its large size and duller color, and by the absence of the two
prominent ana) tubereles possessed by the Faremyia.

Character of damage.—The large white maggots of this species
bove through the scales and seeds in the heart of white and red
fir cones leaving a mass of pulverized material in their waite, The
damage is often considerable but varies from vear to vear and also
by localities. It may run as Lugh as 30 percent of the seed. Other
times cones may be hored, but less than 2 percent of the seeds
damaged. Galleries are distinguishable from those of the cone
moths by thelr very ragged margins, caused by the tearing action
of the two great hooks carried by the larvae.

Hosts.—Cones of Abies concolor. Similar larvae found in cones
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of Abiss magnifice var. shastensis. Probably occurs in other fir
cones in its range.

Distribution.—Southern Oregon and California south to Quiney;
probably occurs over the wider range of the host trees.

Seasonal history end habits.—OQviposition of this species was
first observed in the field near Ashland, Oreg., by the writer on
June 22, 1915, The female performed in much the same manner
as Faromyic. With head pointed toward the tip of the cone,
she backed up and inserted the tip of the ovipositor under a cone
scale, remaining in this position from 30 seconds to 2 minufes.
Several eggs were laid in each cone. On July 17 oviposition was
at a maximum and was observed until July 23, 1915.

Egps were found under cone scales from June 22 to July 23.

First larvae weve observed hatching July 17 (fig. 21). The
small larvae follow aleng the surface of the cone scale feeding
superficially. On reaching the center of the cones they feed upon
seeds (fig. 22), and as they develop they bore through the scales
from one seed to snother, forming tortucus burrows throughout
the cone. It is common to find 4 or 5 of these larvae in an infested
cone. Seme cones wete killed as early as June 25, and on July 23
contained full-grown larvae. Prepupal larvae in pupal cells in the
cones were observed as early as August 12.

EP{-7661
FIGURE 21—Hatching eggs of the ju ger white-fir cone maggot,
uneer bracts of white fiv cone, 3 8.

The first puparia were found October 7, and during this month
and November most of the larvae pupated. Most of the larvae
formed their puparium inside the cones embedded in pitch in
their galleries; many of them left the cones and formed the
puparium in the soil.
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Figure 22.—Larva of larger white-fir cone maggot in
its gallery in a white fir cone,

Some adult flies emerge from puparia from April 25 to June 7
in the year after their attack on cones, but an even larger number
appear o remain as puparia for another year and emerge in the
second spring. By this retardation, the species is protected from
extermination by a cone-erop failure.

Parasites.—None specifically recorded.

Hylemya ( Pegohylemyia ) anthracina (Czerny)
hemlock cone maggot

Another species of Hylemya very similar to H. abietis but
considerably smaller was reared from mountain hemlock cones.
Aduls emerged from cones of the 1914 crop between April 6
and 28, 1915. Larvae were not observed. The habits of this species
are similar to the above as reported by Kangas and Leskinen in
1943 (41},

Flies identified as near this species were reared from cones
of Bitka spruce from Crescent City, Calif. Adults emerged between
April 28 and May 14 from cones of the previous year's crop.
(Hopkins U.S. No. 14266¢.) Tripp (75) reported a species close
to this working in cones of white spruce in southern Ontario.
“Eggs are deposited between the cone scales about mid-May,
usually during the pollination period when the scales are open.
They hatch in 4 to 5 days. The maggots tunnel spirally about
the radius, eating through the bases of the scales and destroying
the seeds. In June, after about 3 weeks feeding, they tunnel their
way out of the cone and drop to the ground. They overwinter ag
pupae and emerge in early May.” Tripp found that this species
had ouly 2 larval instars, as contrasted with a normal of 3 for
most anthomyiid species.
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FAMILY PALLOPTERIDAE
Palloptera sp.

This small, light yellow fly, 8 mm. in length, with long wings
emerged in May from white fir cones of the previous year’s crop
at Ashland, Oreg. Nothing is known of its habits. (Hopkins U. 8.
No. 13228v.)

FAMILY PIQOPHILIDAE

Mycetaulus sp. (near costalis Mel.)

The adults are small flies, 2.5 mm. long, with light yellow
thorax and dark abdomen. The larvae are long, slim, and white
with black line markings on anterior body. The larvae were found
March 19 feeding on the scales and seed bracts of wet sugar pine
cones which had been killed by cone beetles the previous fall, and
which had lain on the ground over winter. Emergence of 18 adults
occurred in June. (Hopkins U, 8. No. 14285B.)

FAMILY SPHAEROCERIDAE
Leptocera spp.

These are small black flies, 1.5 mm. long, with prominent bedy
bristles and eclubbed antenna with prominent arista., Adults
emerged during late April and through May from cones of white
fir and pondercsa pine, and seeds of bigleaf maple. The habits
were not determined. {(Hopkins U. 8. Nos. 14203e¢, 13228p,
14423¢.)

ORDER HEMIPTERA BUGS
FAMILY ANTHOCORIDAE

Anthocorus sp. pirate bugs

The adults are small, 3-4 mm. long, flat, clear-winged bugs
with sharp pointed heads, and light-brown wings. One or more
species were reared from the cones of Sitka spruce, the adults
being found between the cone scales from August through October.
They were probably predaceous on aphis or scales not noted in
the collections.

Triphelps tristicolor White

The adults are small, 1.5-2 mm. black pirate bugs which are
found commonly in the western States feeding on scales, aphis,
and mites. Adults emerged from one lot of Oregon ash seeds in
Qctober. The host was not determined.

FAMILY PENTATOMIDAE

Elasmostethus cruc atus (Say)

One large stink bug of this species with yellowish-green thorax
and wings emerged from one lot of sugar pine cones in February.
It was probably a stray.
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More than 100 species of Hymenoptera were veared from cone
and seed insects at the Ashland Laboratory. Most of these were
parasitic on destructive cone and seed pests, a tew were phyto-
phagous, and some were hyperparasites and inquilines. Qf the
seed-feeding groups, the most important are the seed chaleids of
the genus Megastigmus. Other destructive forms are included in
the families Cynipidae, Diprionidae, and Eurytomidae. A large
number of the parasitic species discussed here were named from
series reared in connection with the Ashland cone- and seed-insect
rearings. Notes as to biology, host, and distribution are not yni-
form, but go only so far as the material at hand justifies.

The nomenclature is that established by Muesebeck ef al. in
their comprehensive synoptic catalog of the Hymenoptera of North
America (62). The reader is referred to this catalog for citations
of original descriptions and synonyms. Some additional references
to economic literature are given in the following notes. These
notes are arranged in systematic order by Superfamilies, but
alphabetically by family, genus, and species under each Super-
family,

Superfamily Megalodentoidea

FAMILY XYELIDAE
Xyela spp.

Small yellowish-white larvae of this genus have been collected
many times in great abundance as they drop from staminate coneg
of ponderosa pine to enter the soil to pupate. Repeated efforts to
rear the larvae through to aduits have invariably ended in failure,
so that adult and larval forms have not been definitely associated.

The larvae have subeylindrical bodies, with short, conic, fune-
tionless thoracic feet and no abdominal feet. The color is yellowish
waxy white, with transparent skins. Head small, rounded, same
color as body except faintly brownish around mouth and with
very small black eyes. Length about 8 mm.

The larvae feed in the pine catkins in early spring and reach
maturity at the time the catkins mature, about the middle of May
(15). The larvae then drop to the ground to pupate, where they
probably remain until adults emerge the next spring. One genera-
tion a year is assumed.

The species apparently does very little damage to the catkins,
for even infested ones produce pollen in abundance. Collected
from California and Oregon. {Collection: Hopkins U. 8. No. 33746a
and others.)

This or another species about three sixteenths inch iong has been
reported by Little (50) as abundant in the staminate cones of
pinyon just before maturity.

Superfamily Tenthredinoidea

FAMILY DIPRIONTDAE
Adugomonoctenus libocedrii Rohwer incense-cedar cone sawfly
Adult sawflies are thick-set, shining blue-Llack, with the abde-
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men brick-red or orange, except for the last three tergites. Length
5-9 mm.

The sawfly larvae, with seven pairs of prolegs, were found
feeding in cones and on twiglets of incense-cedar near Siskiyom,
Oreg., September 18, 1915, by P, D. Sergent. Cocoons were formed
in November 1915, attached to the walis of a cage in which the
collected material was confined and beneath the soil on the bottom
of the cage. The larvae remained in cocoons until they emerged,
from June 28 to July 2, 1917. The species was named from this
one collection. No further biological information has been obtained,

Superfamily fchneumonoides

FAMILY BRACONIDAE

Agathis nerebasidis (Cushm.)

The adult has a black thorax and large goiden yellow abdomen,
It was reared from California black oak acorns at Ashland, Oreg.,
emerging June 3 from acorns matured the previous fall. Its insect
host was not determined.

Agathis nucicoln (Mues.)

This is reported by Dohanian (14) as an important parasite
of Melissopus latiferreanus in acorns and Andricus galls in Cali-
fornia and Oregon.

Allorhogas n. sp.

These small dark brown braconids with amber legs, 2 mm. long,
emerged from ponderosa pine cones which had heen killed, but
were no longer infested by cone beetles, Various species of insects,
including Frunobius species, emerged from these cones. The host
insect was not determined. A few adults emerged in December
1918, and 61 adults emerged from June 2 to July 17, 1914, from
cones of the 1912 crop. Collections represented by Hopkins U, 8,
Nos. 10832ba and 10887g.

Apanteles californicus Mues.

This species, which was originally described as a parasite of
the lodgepole needle miner in California, was reared from the
cocoons of Fucosma bobhana in cones of Jeffrey pine in southern
California. Adults emerged in Aupust.

Apuanteles laspeyresiae Vier.

The adults are very dark brown braconids. Length 3.5 mm.

They are important primary parasites of the larvae of the pine
cone moths Luspeyresia piperana, L. miseitate. and Hedulia in-
7ectiva in ponderosa and Jeffrey pine cones in California, Oregon,
and Idaho. When mature, the larvae spin a thin, membranous,
silky cocoon in the galleries of the host. Pupation oceurs in the
spring from April 15 to June 15, and emergence oceurs from April
15 to June 23 in the year after cones mature. There appears to
be one annual generation,

Apanteles spp.
Other species of Apanteles emerged from cones of white fir
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(Hopkins U. 8. Nos. 12560w, ww and 12571a), limber pine
(13249d), Douglas-fir (13295d), and acorns of California black
oak {14279f). In each case, only 1 to 4 adults emerged.

Aphidius bifasciatus Ashm,

This species was reared from a lot of Douglas-fir cones from
Ashland, Oreg. Five adults emerged between April 22 and May 5.
The genus is normally parasitic on aphids (Cinare spp.), but in
this case the host was not determined {Hopkins U. 8. No. 142347 ).

Blacus spp.

Three adulfs of this genus emerged in May from Shasta red fir
cones of the previcus year’s crops, near Ashland, Oreg. (Hopkins
U. 8. No. 14200h). Five adults of this genus emerged between
March 15 and Fune 26, 1915, from Douglas-fir cones of the 1914
crop near Ashland, No information was obtained as to insect hosts.

Bracon erucarum {(Cushm.)

These small hraconids emerged from one lot of Douglas-fir
cones collected at Ashland, Oreg., in November 1913, which were
infested with Barbare colfeaiana. Bight adults emerged between
February 17 and June 12, 1914. The host was not specifically
determined. Muesebeck et al. (62) records it as distributed in
Colorado, Utah, Arizona, Idaho, and Qregon.

Bracon rhyacioniae {Mues.}

The adults are small brown braconids with nearly black heads
and thorax, bright vellow abdomens marked with brown dorsally,
and with smoky brown wings. Length about 4 mm. The species
was deseribed from adults found parasitizing Rhyacionie sp. on
ponderosa pine in Nebraska. It has alsoc been reared from cones
of white fir, from cones of Douglas-fir infested with Barbare
colfaxiana and Diovyciria abietella, from Engelmann spruce cones
infested only with Laspeyresic youngane, and from twigs of
Coulter pine infested with Dioryctria sp. In these cases the host
was not specifically determined. Emergence occurred from April
27 to July 8, but mostly in May from cones of the previous season.
Probably found throughout the West, as it was reared from
California, Oregon, Colorade, and Montana, and recorded by
Muesebeck (62) from Idaho, South Dakota, and Nebraska,

Bracon xanthonotus Ashm.
Syn, (Bracon (Habrobracon) hopkinsi Vier.)

These are small, dark-brown wasps 2.5-3 mm. long, with
cloudy iridescent wings, black thorax, and light-colored abdomens.
They have been found to be parasitic on a number of lepidopterous
hosts from California, Oregon, and Washington east to Colorado
and New Mexico (57). They were reared from Douglas-fir and
ponderosa pine cones from Ashland, Oreg., but the specific hosts
were not determined,.

Chelonus sp.
Two small black braconids of this genus were reared from
berries of western juniper from Hilt, Calif. The host was not
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determined, but is presumed to be some lepidopteran. (Hopkins
U. 8. No. 12513a-4.)

Coeloides scolyti Cushm,

These parasitic wasps atre variable in size, from 8 mm. long
for the males to 7 mm. long for the females, The heads and ab-
domens are orange yellow, the thorax dark brown, and the wings
dark smoky brown. This species is commornly parasitic on Scolytus
from California, Oregon, and Washington east to Colorado (72).
It emerged in May from singleleaf pinyon cones in southern
California which were infested the previous year with Cone-
vhthorus monophyllae and Ernobius montanus. It was presumed
to be parasitic on the Conophthorus.

Doryctes pacificus {Prov.)

This species was reared from old persistent cones of knobcone
pine from McCloud, Calif. The cones were infested with the cone
borer Paratima conicole. On March 31, a D. pacificus pupa was
found in the pupal cell of the host, and the adult emerged June
21. It is distributed from northern California through Oregon,
Washington, and British Columbia.

Eubadizon new species

Several new species of Fubadizon (Brachistes) were reared
from cones, the most important of which was one from cones of
ponderosa and sugar pines.s

Species A.—These are small black-bodied braconid wasps, 4
mm. long, which were reared in considerable numbers from
ponderosa and sugar pine cones, from California and Oregon,
Emergence occurred from January to July, but mostly in April
and May from cones of the previous year’s crop. Some adults
emerged the second spring. The wasps were presumed to be
parasitic on either Conophthorus or Evrnobius, as species of these
beetles were common to practically all lots from which this parasite
was reared. Collections: Pinus ponderose, Hopkins U. 8. Nos.
10832g, 10875b-6, 108701, 108767, 11472d, 12539L, 132051, 13302¢,
14224g. Pinus lambertiane, Hopkins, U. 8. Nos. 10833d, 108714,
10872d, 10878h, 10890e,

Species B—Two collections of a Fubadizon were made from
singleleaf pinyon cones in southern California. Both collections
were infested with Evnobius sp., and one with Conophthorus sp.

Species D.—One adult emerged in April from cleaned seeds of
red fir from the Tahoe National Forest, Calif., collected 2 years
before. This may have been a stray. The only other insects present
were Megastigmus spp.

Species F.—Eight adults emerged August 26 to October 1, 1915,
from the 1914 crop of cones of Sitka spruce from Crescent City,
Calif. These adults were solid aniber vellow in color; female 5
mm. long with 6 mm. long ovipositor. The cones were infested

8 Two of these new species have been named and described by C. F. W,
Muesebeck in FOUR NEW SPECIES OF EUBADIZON NEES FROM WESTERN UNITED
‘iﬁ‘ATES (HYMENOPTERA-BRAGONIDAE). Brooklyn Ent. Soc. Bul 52 (2):51-586.

957.
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with several different inseets, including Laspeyresic sp. and
Henricus sp. The host of this parasite was not determined. (Hop-
kins U. 8. No, 12557£.)

Spectes Y.—A large dark braconid, with clear wings, red legs,
and a light streak on the lateral portions of the abdomen, was
reared from several lots of Douglas-fir cones, from the coast of
Oregon to Elliston, Mont, Adults emerged in Iay and June from
cones of the previous year’s crop and from 2 years previously.
The host was not determined. {Hopkins U. §. Nos. 12502e, 142114,
13260d.)

Species Z.—0ne adult of Bubadizon emerged June 23, 1917,
from acorns of California black oak of the 1916 crop at Ashland,
Oreg. The host was not determined. (Hopkins U. 8. No. 14279h.)

Macrocentrus aegeriae Rohwer

This smail, black braconid has rufous legs and iridescent wings,
length 8 mm., ovipositor 8.75 mm. It is parasitic on a large
number of lepidopterous hosts and is found throughout the United
States except in the southern tier of States. It was reared from
cones of white fir and Shasta red fir, in which it wag presumed to
be a parasite of Barbara colfuxionn siskiyouang. Pupae were
found in cocoons on cone scales in April, and emergence occurred
from April 19 to May 22 in the year following cone maturity. It
is also reported as a parasite of Laspeyresia cupressanc.

Macrocentrus ancylivorus Roliwer

This species of braconid, which is feund throughout the United
States, was veported by Dohanian (74) as parasitic on Melissopus
latiferreanus in Oregon and California. It was reared from
California black oak acorns at Ashland, Oreg., which were in-
fested with this and other species. Adults emervged June 28 to
July £ the year after acorns matured.

Meteorus indagator (Rilev)

These medium-sized yellow braconids were found to be parasites
of Dieryctrie auranticelle in cones of knobcone pine at Patricks
Creek, Calif. Larvae and pupae were found in the pupal cells of
the host on July 1. Emergence occurred from July 16 to 20. The
species is recorded from the Atlantic to the Pacific, parasitizing
a wide variety of lepidopterous hosts.

Microtypus dioryetrine Rohwer

This yellow braconid, length 5.5 mm., was found to be parasitie
on Dioryetrie auranticella in cones of knobeone pine from Patricks
Creek, Calif. Larvae and pupae were found in pupal cells of the
host on July 1. Emergence occurred befwean July 8 and 20, 19186,
This was the type material from which the species was described.

Orgilus dioryetrine Gahan

This large dark braconid was found to be parasitic on Dieryeciria
awranticells in cones of knobeone pine from Patricks Creek, Calif.
Larvae and pupae were found in the pupal cells of the host on
July 1. Emergence occurred hetween July % and 29, 1916. The
species was described from this material,
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Phanerotoma ervthrocephala Rohwer

Adults of this wasp have orange-colored heads and basal parts
of abdomens. Thorax and tip of abdomens are dark brown. Length
5 mm. The type series was reared from ponderesa pine cones,
Glenwood Springs, Colo., which were infested with ponderosa pine
cone moths Laspeyresia piperana (ervoneously called L. toreuta).
Others were reared from Jeffrey pine cones from California,
infested with the same species or its near relative Hedulia injec-
{ive. Both times the cones were infested only with these pine cone
moths; so it can be reasonably presumed that this wasp is parasitic
on these species. Emergence occurred during June in the year
following the attack «n the cones.

Phanerotomu fasciata Prov.

This species, which is widely distributed through the United
States and Canada, was bred at Ashland, Oveg., from acorns of
California black oak. Adults emerged from May to mid-July from
acorns of the previous year's crop. Muesebeck (62) reported it is
parasitic on Melissopus latiferreanus.

Phanerotema laspeyresive Rohwer

The adults are black swith clear wings and orange-yellow legs.
Length 5 mm. They were found to be parasitic on the pine cone
moths Laspeyresic piperane, L. miscitata, and Hedulic injectiva
in ponderesa and Jeffrey pine cones from California and Oregon.
Pupae were found in the pupal cell of the host on April 11. Adults
emerged from April 19 to July 1 in the year after moth attack on
the cones, and some emerged during the same period in the second
year, indicating a 2-year diapause. According to a note by S.
A. Rohwer of April 21, 1914, “This belongs to a group where the
egg of the parasite is laid in the egg of the host, although the
parasite kills the larva after the cocoon is spun.”

Phaneroioma tibialis (Hald.}
This species was reporied by Dohanian (74) as a parasite of
the filbert worm Melissopus latiferreanus in Oregon and Wash-

ington. The species has been reared from other lepidopterous hosts
from the Atlantic to the Pacific.

Spathius californicus Ashm.

These small, light-brown braconid wasps, 3 mm. in length,
emerged from one lot of sugar pine cones of the 1918 crop col-
lecied at Ashland, Oreg., February 14, 1914. Emergence of nine
adults occurred the same year from April 9 to June 19. The insect
host was not determined. The species was described from the
Santa Cruz Mountains of California.

FAMILY ICHNEUMONIDAE

Caolliephianltes comstockii (Cress.) (=Ephinltes)
Deseription—This is a very common species of ichneumon.
The adults have black heads and shiny black bodies with reddish-
to-yellow legs ; wings clear with iridescent green and red splotches:
stigma consisting of black triangular splotch on anterior margin
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of forewing. Males with bodies about § mm., Iong; abdomen with
10 segments; underside of second to seventh segments white with
a black longitudinal mark oix the side; antennae with 28 eylindyieal
sessile joints; labial palpi 5-jointed, rather short, white; maxil-
lary palpi 5-jointed, white, shorter than the labial palpi. Females
similar to males with bodies 10 mm, long, and avipositors 12 mm.
long; maxillary palpi black. Larvae white, 6 mm. long, 2 mm. wide,
tapering to both ends; body composed of head and 13 segments.
Antennae consisting of two small bristles.

Hosts.—Larval parasite of Barbere colfaxiena varieties ecol-
faxiana, taxifolielle, and siskiyouana common; also Laspeyresia
piperana, L. miseitata, and Hedula injectiva; Dioryetrie auranti-
cella, Frolocera sp., and probably other cone moths. Also reared
from material containing Laspeyresia cupressane and L. youngana.
Reported in the literature from other species of Lepidoptera and
from Pissodes.

Notes.—Adults emerged in September and October from cones
of the current year’s crop and again in March, April, and May
of the next spring. Maximum emergence occurred from the middle
of April to the middle of May. In general males emerged about
2 weeks ahead of the females. Apparently there are two genera-
tions annually. About 25 percent of the Douglus-fir cone moth
broods were parasitized by this species.

Calliephialtes nucicola Cushim,

This species was reported by Dohanian (74} as an important
parasite of Melissopus latiferreanus on filberts in Orvegon, Cali-
fornia, and Washington, It was reared in April at Ashland from
fhe previous year’s crop of bigleaf raple seeds infested with
Prolecteras aesculana.

Calliephialtes spp.

A species of this genus was reaved from the cones of Engelmann
spruce from Manitoun, Colo. The pupae were found in April in
the galleries with the vemaing of Laspeyresia youngana lavvae.
Adults emerged May 16-1% from cones of the previous year.
(Hepking U, 8. No. 12408bx.)

Another species was reared from Sitka spruce cones from
Crescent City, Calif. It emerged in May from the previous year’s
cones. (Hopkins U. 8. No. 13231¢.)

Another species was reared from mountain hemlock ccnes at
Ashland, Oreg, Two adults emerged in May 1916 from cones of
the 1914 erop. (Hopkins U. 8. No. 12559h.)

Campoplex argyresthive (Rohwer)

The adults are small, black-bodied wasps with the wventral
portion of the abdomen and legs light yellow. Length 4.5 mm.

This species was reared from the cocoons of Argyresthic lbo-
cedrelie infesting the cones of incense-cedar, at Ashland, Oreg.
Adults emerged from April 12 fo May 28 in the spring following
maturity of the cones, from May 8 to 31 in the second year and
from May 30 to June d of the third year. The type was describad
from this collection,
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Campaoplex conocola (Rohwer)

The adults are jet black ichneumons with red legs; length
7.5 mm. The species was described from adults reared from
isolated pupae of DHoryctria cumbiicoln (Dyar), found infesting
twigs and buds of Coulter pine at Julian, Calif. Other adults were
reared from larvae and pupae in cells of Dioryetria auranticelly
in cones of knobcone pine and from cones of white fir and
Douglas-fir infested with Dioryetric abietellec and other cone
moths. The species appears to be primarily a parasite of Dioryctria
spp. in California, Oregon, and British Columbia. Emergence
occurred in September and October from cones of the current
year and in April to July of the next year, thus synchronizing with
the two annual generations of Dioryctria spp.

Campoplex laspeyresiae (Rohwer)

Description.—The adults are of medium size, with black thorax,
dorsal pertion of abdomen black, ventral portion white to light
yellow, and legs yellow fo orange. Length 7.5 mm. with short
ovipositors (2 mm.).

Hosts.—FProbable parasites of Luspeyresie piperane, L. misci-
tate, and Hedulie injectiva, in cones of ponderosa pine.

Distribution.—California, Oregon, and Colorado.

Adults emerged in May and June from cones infested by cone
moths the previous year. Some held over and emerged in the
second year.

Campoplex milleri (Rohwer)

This small ichneumon, length 4.5 mm., was reared from sugar
pine cones of the 1913 crop at Ashland, Oveg., hetween March 4
and May 9, 1914. The cones were infested with Dioryetric abie-
tella, and this moth was assumed to be the host. (Type collection;
Hopkins T. 8, No. 10833d-3.)

Campoplex spp.

Other members of this genus, or possibly one of the named
species, were reared from ponderes: pine cones from Glenwood
Springs, Colo., and from Jeffrey pine cones from central California.
Adults emerged in May and June from cones of the previous year’s
crop. They were presumed to be parasitic on Laspeyresic spp.
(Collections: Pinus ponderesa Hopkins U. 8. No. 10857e; Pinus
feffreyi Hopkins U. S. Nos. 10831ca, 11477bb.)

Coelichnenmon brunneri (Rohwer)

Deseription.—Adults are large, slender, black ichnenmons with
black legs; head and front tibia marked with white. Length 9-12
mm.

Host.—Dioryetria curanticelle in ponderosa pine cones.

Distribution.—Rocky Mountain region, Idaho, Montana, Calo-
rade, and Utah.

Notes.—Adults emerged in Novembher from the pupae of a
DMoryctria infested in August. Most emergence occurred in May
from pupae parasitized the previous year. Several adults emerged
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from one lot of cones in which the only recorded moth was
Laspeyresia miscitate, but it was not ascertained whether this was
the host species.

Dicaelotus pacificus { Ashn.)

One of these ichneumon adults emerged in December from
ponderosa pine cones collected at Ashland, Oreg., the previous July.
No information was obtained as to its insect host, and it may have
been hibernating in the cone. (Hopkins U. S. No. 12532£-2.)

Dicaelotus prob. n. sp.

A few adults were reaved from Douglas-fir cones at Ashland,
Oreg. Habits unknown, {(Hopkins U. S. Nos. 13209hd-3, 6, 7.)

Exochnus evetrice Rehwer

These small ichneumons, length 6 mm., were reared from the
pupae of Barbare colfaxiana siskiyowena in the cones of of white
fir and from Barbare colfaxiane colfaxiana in the cones of Douglas-
fir in southern Oregon. Larvae were found in the pupae of the
host in September and emerged the next year as adults in March,
April, and May. These rearings represented the type material.

Gelis tenellus (Say)

This widely distribuled species was reared from one lot of
ponderosa pine cones collected at Ashland, Oreg. It emerged in
March from cones of the previous year's crop. Nothing was deter-
mined concerning its biology.

Glypta evetriae Cushm.

Description.—This was a very common parasite collected from
white fir and Douglas-fir cones. The adults (fig. 23) are black
with ventral surface of abdomen white and with orange-red legs,
and wings without an aerolef. Length 8 mm., antennae 6 mm., ovi-
positor 6 mm,

Era-7is
Figure 23—Pupae and adults of Glypla evetrive, & common parasite of the
Douglas-fir cone moth.
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Hosts—-Barbare colfaxiane, probably all varieties; also Hol-
COCETE Sp.

Distribution.—California, Oregon, Washington, Montana, and
Colorado, )

Notes—Larvae were found in the pupae of the host as early
as July and a few adulis emerged in August. These represented
the fall portion of the brood. Others overwintered in the pupal
cases of the host, pupated in March, and emerged in late March,
April, and May. There appears to be one and a partial second
generation each year,

Glypta rufiscutellaris Cress,

This species was reared from Melissopus latiferreanus larvae
by Dohanian (14) from hazelnuts in California, Oregon, and
Washington.

Horogenes spp.

Several species of this genus were reaved from cones, mostly
as single individuals.

¥From white fir cones at Ashland, Oreg., one adult emerged
April 3, 1915, from 1914 cones. (Hopkins U. 8. No. 12560x.)

Also at Ashland, one small ichneumon of this genus was found
among ponderosa pine cone scales in December {Hopkins U, 8. No.
12532i), and one emerged in May 1914 from sugar pine cones
collected in September 1913.

One adult emerged in June from acorns of California black oak
collected at Ashland the previous fali {Hopkins U. 8. No. 13294f).

From mountain hemiock cones collected at Mt. Ashland, Oreg.,
one adolt was reared from the pupa of Fupithecic spermaphaga
Dyar, emerging July 12, 1916, from cones of the 1914 crop.
{Hopkins U. 8. No. 12559ix.}

Lioplectis evetrine Vier. (=Itoplectis plesia Rohwer)

Deseription—The adults are small black ichneumons with short
ovipositors, yellow legs, with tibia and tarsi on hind leps handed
with white and black. Length 8 mm. Ovipositor 2 mm.

Hosts.—Barbara colfaviana varieties in Douglas-fir and white
fir cones. Reported from Rhyucionie and Diorycirie spp. Also
reared from Oregon ash seeds.

Distribution.—California, Oregon, Washingion, Montana, and
Alaska.

Notes.—Larvae and pupae of this species were found in the
cocoons of Barbare colfarviane. Adulis were found in cocoons in
December, but emergence occurred mostly in April and May in
the spring foliowing infestations of these fir-cone moths. There
appeared to be one generation a vear.

Ttoplectis sp.

Two adults of this pgenus emerged from Monterey cypress
cones coliected at Pacific Grove, Calif., in Qctober 1914. The
host was not determined. (Hopkins U. 8. No. 12579k.)
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Mesostenus gracilis Cress.

The adults are pale yellowish-rufous, with head, antennae; and
mesothorax black varied with white. Length 7 mm. Widely dis-
tributed through United States. One adult emerged July 8, 19186,
from a pupal cell of Dioryctric aur inticelle in the 1916 cones of
knobeone pine collected at Patricks Creek, Calif. (Hopkins U. 8.
No. 14265hx.)

Neoxorides horealis {Cress.)

Dcscrzphon —The adults of this species of ichneumon have
long legs, the forelegs and femora yellowish-red, the hind tarsi
and tibia black. They hold their abdomens at an upward angle.
Length 10-12 mm. Antennae 8 mm.

Hosts—Commonly found in cerambycid and buprestid larvae.

Adulta emerged in May from Jeflrey pine cones of the plevlous
vear's crop at Xybwrz, Calif., containing Hedulia injective (“Las-
peyresie toreute”), but whethel the ichneumon swas pavasitic on
these cone moths was not determined.

Phacogenes sp.

Adults of this genus have been reared from Douglas-fir cones
in southern Qregon. They emerged in May and June from cones
of the previous yea1’s crop. The host was not determined. (Hop-
kins U. 8. Nos. 12510bb and 12535ta.)

Phacogenini Genus? Species?
One adult of an unknown genus of this tribe was rearved from
the pupa of Laspeyresia cupressuia mfe%tmg Monterey cypress

cones at Point Lobos, Calif. It emerged in December from cones
collected the previous August, (Hepkins U. S. No. 13264fx.)

Pimplopterus conocola (Rohwer)

Deseription.—The adults ave black with reddish legs, the pos-
terior tibia and tarsi dusky, wings hyaline with venation dark
brown. Length about 7 mm.

Host.—Barbara colfaxiane in cones of true fivs and Doufrlas fir,

Distribution —~California and Oregon.

Notfes—Layvae were found in the pupal cells of the host insect
in the fall of the year, and the adult parasites emerged from
March 27 to May 15 the uext year, Maximum emergence occurrad
about April 10,

Pimplopterns dakrumae (Ashm.) (=Lissonota dioryctriae Rohwer)

The adults are dark ichneumons, with a red spot on the dorsal
thorax, and with red legs. Length 5 mm.

J. M. Miller and J. I, Patterson found this species parasitizing
Dioryetria auranticells in cones of knobecone pine at Patricks
Creek, Calif, June 9, 1916. Larvae and pupae were found in the
pupal cells of the host insect on July 1; emergence occurred
between July 8 and 10, 1916. This species was also found para-
sitizing Melissopus lafiferrennus in acorns of California black oak.
Pupae were found in February, and adults emerged in April.
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Pimplopterus evetrice {Rohwer)

The adults are black, except for white patches on legs, with
posterior tibiae and tarsi reddish; wings hyaline iridesecent with
dark brown vepation. Length 5 to 6.5 mm.

This species was reaved from Douglas-fir cones, all from Chey-
enne Mountain, Colo. In four lots of material it was found para-
sitizing the larvae of a cone moth, Holcocera sp. Larvae were
found in parchmentlike cocoons within the host cocoons of Hol-
cocere sp. in December and January. Adults emerged early the
next summer from May 16 to June 20. Unfortunately, the material
sent to Rohwer for naming was labelled a parasite of “Evetria
tawifoliella,” A search of the original records failed to indicate
any instance where it was actually reared from this host, that is,
Barbara colfaviang taxifoliella, although it may be a parasite
of this species. All lots of material showed P. erefriae to be para-
sitiec on Holeocera sp.

Pimplopterus inconstans (Cushm.)

This species has been reported by Dohanian (14) as a parasite
of Melissopus latiferregnus in filbert nuts in Oregon and Cali-
fornia. It probably will also be found parasitizing this moth in
oak acorns.

Pimplopterus spp.

Several unidentified species of this genus were reared from
fir cones. The host was not determined. (Collections: Hopkins

U. 8. Nos, 12538n2, p2, 13297c from Abies concolor; 13296e from
Abies magnifica shastensis.)

One new species of this genus was reared from the moth
Fucosma recissoriane from lodgepole pine cones.

Poemenia americana {Cress,)

The aduits are black, anterior coxae and legs white, their femora
yellowish behind, poscerior legs honey-yellow, abdomen with venter
whitish, ovipositor shorter than abdomen. Length 9.4 mm,

This species of ichneumon, identified by S. A. Rohwer in 19186,
wag veared from cells of Paratimia comicole in knobcone pine
cones and from gallevies of Laspeyiresic piperana and Hedulia
tnjectiva in cones of Jeffrey pine. In Jeffrey pine this species
may nol have been actually parasitic on the cone moths. Pupae
were found in November, and emergence oecurred the next spring
from March 24 to May 18.

This species is listed by Muesebeck (62) as distributed only in
)Ehe East, and the present species may be a closely related western
orm.,

Scambus ephialtoides Cushm.

The adults are small, black ichneumons 7 mm. long, with yellow
legs, antennae 5 mim., and ovipositor 9 mm.

This species was reared from cones of white fir, Sitka spruce,
Englemann spruce, and blue spruce, from California, Oregon,
Colorado, and Montana. In the fir cones it was found parasitizing
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the larvae of Berbare eslfaviana siskiyouana, Larvae were found
in the cocoons of the moth in November from which adalts
emerged the following spring. The species was reared from spruce
cones infested with Laspeyresia youngene and was presumed to
be parasitizing this species. Adults emerged from April 1 to May
20 the year after infestation by the cone moths.

Scamlius prterophori (Ashm.)

This species is reported by Muesebeck (62) as transcontinental
in distribution, parasitizing many species of Lepidoptera including
Proteoteras cesculana. From one lot of bigleaf maple seeds infested
with Protenteras aeserlana which were collected at Ashland, Oreg,,
i Qctober 19186, a species of Seqmbus emerged in June 1917, No
other information was obtained concerning it. (EHopkins U. 8.
No. 14296¢.)

Seambus sp.

Another species of this genus emerged in July 1919 from moun-
tain hemlock eones of the 1917 crop collected at Yosemite National
Parl, Calif. (Hopkins U. 8. No. 13344c.}

Syrphoctonus spp.

Single adults of this genus emerged from cones of white fir
and Shasta ved fir in April and May following maturity of the
cones. The host was not determined, but the genus is known to
parasitize Diptera. {Collections: Abies concolor, Hopkins U. S,
No. 12577k; 4 bies magnifice var. shastensis, Hopkins U. 8. No.
14200h.)

Saperfamily Chelcidoidea

FAMILY ENCYRTIDAE
Copidosoma sp.

The adults ave tiny black wasps, 1.5-2 mm. long, with irides-
cent green and blue prothorax; antenna with 9 Joints; abdomen
sharp-pointed. Larvae are small white footless grabs, 2 mm. long;
hody composed of 14 segments, tapeving toward both ends.

Many colonies of these amall chaleid wasps were often found
parasitizing completely the larvae and pupae of Dioryctria, Bar-
bara, and Eupithecie cone moths (fig. 24.) As many as 936 adults
emerged from 9 larvae. Emergence occurred from March 22 to
May 25 in the year after their parasitizing of the larvae, from
cones of white fir, Shasta red fir, and meuntain hemlock. (Collee-
tions: Abies econcolor, Hopkins U. 8. Nos. 12538kx, 12560kk,
13290ix, 13298ii; Abies magnifica shastensis, 14200m ; Tsuga mer-
tensiang, 13344d.)

Pentacnemus sp. (close 1o bucculatricns Howard)

Adults of this genus emerged from larvae in cocoons of Argy-
resthig [bocedrelle from cones of incense-cedar, from March 4
to May 6 in the year after maturity of the cones. Cones collected
at Julian, Calif. (Hopkins U. 8. No. 13280fx} ; and at Ashland,
Oreg. (Hopkins U, 8. No. 125658, gg).
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Ficure 24.—Lavvae of a pavasite, Copidosoma up., filling the larval skin of
Digryetrin abietella lavvac.

FAMILY EULOPHIDAE

Elachertus glacialis Ashm,

These tiny wasps, 1.5 mm., were reaved from cones of white
fir, acorns of California black oak, and seceds of bigleaf maple
from southern Oregon and eastern Colorado, where it parasitized
various lepidopterouns caterpillars. Tn white fir, large numbers of
pupae were found in the cocoons of Barbara colfariana sigliyoun-
ene in September. Adults emerged from these cocoons from
March 29 to May 1 the next year. In oak acorns, adults were
reared from the pupal cells of Melissopus latiferreanus, emerging
from March 4 to June 3. Apparently, the species is widely dis-
tributed in the West from Colorade to Oregon and Alaska.

Elachertus spp.

Other species of this genus were veared from cones of white
spruce, knobcone pine, lodgepole pine, Coulter pine, and Douglas-
fir. In the lodgepole cones, collected at Yosemite National Park,
Calif., black pupae were found in the pupal cells of Ewucosma recis.
soriena, and with the remains of the host larvae in March. Seven
naked parasitic pupae were taken from one pupal cell of the
host. This parasite is evidently an external feeder, as the host
larval skin was intact and parasitic pupae were lying adjacent
in the pupal cell. This species was mixed with Euderus sp. in the
rearings. (Hopkins U. 8. No. 13375bx.)

From Coulter pine cones collected at Julian, Calif., in September,
three adults emerged the next July. The host was not determined,
(Hopkins U. 8. No. 13278h.)

Frntedon sp.

Two adults emerged in November from recently matured
Jeffrey pine cones collected at Pine Valley, Calif., in August, The
host was not determined, hut this may be parasitic on Ernobius
sp. (Hopkins U. 8. No. 13276h.)
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Euderus sp.

Six adults emerged in May or June from lodgepole pine cones
collected at Yosemite National Park, Calif., the previous fall,
along with many Elachertus sp. These may be parasitic on Eucos-
ma recissoriana. (Hopkins U. S. No. 13375bx.)

Hyssopus evetriae (Girault)

These are very minute chaleid flies which were reared from
a vial containing a pupa of the cone moth Buwrbara colfaxiana
from near Ashland, Oveg. Emergence occurred in December 1915
from Douglas-fir cones of the 1914 crop coliected near Colestin,
Oreg., on June 30, 1914. They were assumed to be parasitic on the
cone moth,

Deohanian (14) reported the species as parasitic on Melissopus
tatiferreanys. H. J. Rust, at the Coeur ’Alene, Idaho, Forest
Insect Laboratory, reared the species in quantity from the pon-
derosa pine cone moth Laspeyresic miseitale. Execept for the
emergence record, nothing was determined concerning its biology.

Hyssopus sp.

Adulls emevged March to June 1916 from the 1915 crop of
acorns of California black oak at Ashland, Oreg., from the pupal
cells of Melissopus latiferreanus. (Hopkins U. S. No. 14218ex.)
Hyssopus thymus Givault

Adults are very minute dark chalcid flies. A colony of pupae
were found July 1, 1916, in the pupal cell of, and with the larval
remains of Dioryctria auranticelle in green cones of knobcone
pine collected al Patricks Creek, Calif,, June 9, 1916, by J. M.
Miller and J. E, Patterson. Fourteen adult fies emerged between
July 8 and 20, 1916. This species is also parasitic on Rhyacionia
in Nebraska, Virginia, and Connecticut.

Paracrias sp.

Two males emerged in October 1916 from seed of the 1916
crop of Oregon ash at Ashland, Oreg., and many more energed
in June of the next year. The host was not determined. {Hopkins
U. 8. No, 14295¢.)

Teirastichus chrysopae {Cewfd.)

Black pupae of these tiny parasites were found in November
in the galleries of Melissopus {utiferrveanus in acorns of California
black oak at Ashland, Oveg. Adults emerged from May 29 to
June 3 the following year. They were presumed to be parasitic
on the acorn moth. The species is widely distributed from the
Atlantic to the Pacific.

Tetrastichus strobilus Burks

Adults are minute, metallic blue-black flies with sharp-pointed
abdomens, and clear wings except for a stigma below the anterior
margin of the forewing. Length 1.5-2.2 mm.

The type sevies of this species was reared from Douglas-fir
cones of the 1938 crop collected at Jenny Creek, Oreg., by J. E.
Patterson, November 26, 1938. The cones were infested with fir
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cane moth Barbarae colfaviena. Thirty adults emerged from De-
cember 23, 1938, to May 3, 1939. They were assumed to be para-
sitic on the cone moth,

Tetrastichus spp.

Hundreds of small adults of Teiraiiciius spp. were reared from
various lots of cones, but only a few host insects were defermined.
Most of these Teirastichus have not heen specifically identified,
or named if they were new.

One species was found parasitizing a gall-forming Itonididae
midge, Janetiella siskiyon, in seeds of Lawson cypress. One hun-
dred and two adults emerged in September from cones maturing
that month. (Hopkins U, 5. No, 12544bx.)}

A few to many small black adulfs emerged from two lots of
cones of Monterey cypress collected at Cypress Point, Calif,,
by J. M. Miller. Emergence occurred in May and June from
cones that matured the previous fall. The host was not defermined.
(Hopkins U. S. Nos. 108641, 133131.)

Several collections of ponderosa pine cones near Placerville,
Calif., were found to have a species of Teirastichus, apparently
parasitizing the seed chaleid Megastigmus albifrons. Larvae and
adults were found It March in hellow seeds which had been
infested with the larvae of Megastigmus. Larvae, pupae, and new
adults were found in seeds in April and May; by the middle of
May nearly all were adults. One seed was found fo contain as
many as 35 aduolt parasites. (Hopking U. 8. Nos. 14218dx, 11462ax,
11468h.) .

One species of Telrastichus was rearved from cones of bigeone
- Douglas-fir from Figuerc Mountain, Calif. {Hopkins U. 8. No.

31974b.)

A species of Tebrastichus was reaved very abundantly from
cones of Douglas-fir collected frum California, Oregon, Montana,
and Colorado. This species was parasitic on the fir cone moth
Barbara colfaziane taxifolieliq. Larvae were found in the pupal
cells of the host and emergence oceurred both in the spring, from
April through June, and in the fall. As many as 83 adults emerged
from 2 host cocoons. {This species is represented by a large
number of collections from Douglas-fir, including Hopkins U. S.
Nos. 10848c, 16898b, 11475¢, 12536r, 12638¢cx, 13202k, 14211e, and
14292d.)

Other species of Tefrastichus were reared from cones of western
redcedar (Hopkins U. S. Nos. 13256h and 21664) and from moun-
tain hemlock cones (Hopking U. 8. No. 13344e}.

Another similar species of Tefrastichus was rearved from the
white-fir cone moth Barbare colfaxiana siskiyouana from cones of
white fir (fig. 25). (Hopkins U. 5. Nos. 1252942, 12538¢2,
13228m.)

FAMILY EUPELMIDAE

Eupelmus sp. {near limnerize Howard)

Thesge are very small metallic green wasps about 3 mm. long.
They emerged July 1-3, 1914, from pondeross pine eonrs of the
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FPQ=57543
Figure 25.—Larva of a parasite, Tetrasiichus sp., of the white-fir
cone moth, Barbare coflfariona siskiyouany, in a layval gallery
of an infested white fir cone.

1912 crop collected December 14, 1913, which were infested with
the ponderosa-pine seed moth Laspeyresic piperana. (Hopkins
U. 8. No. 10870e.)

Other species of this genus emerged from white fir cones
(Hopkins U. S. No. 1256640) ; and from cones of Douglas-fir col-
lected at Quiney, Calif, (Hopkins U. 8. No. 14292¢).

Many adults of this genus emerged in April, May, and June
from seeds of Oregon ash which matured the previous fall. These
seeds were collected at Ashland, Oreg., and were infested with a
weevil and chaleid larvae. (Hopkins U. S. No. 14202f.)

FAMILY EURYTOMIDAE

Seme members of this family are phytophagous, feeding in seeds
and plant galls. Others appear to be parasitic.

Eurytoma sp. near juniperina Marc.

The adults are shiny jet-black tiny wasps with pointed abdomens
and clear wings except for small brown stigma in forewing.
Length about 2 mm.

The larvae of this species infest juniper berries, forming cells
in the seed. Berries of the 1914 crop of western juniper were
collected by P. D. Sergent at Hilt, Calif.,, May 20, 1914, when
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larvae and pupae of this species were found in cells in the seed.
Thirty-nine adulfs emerged between May 30 and June 13, 1914,
About 25 percent of the 1913 crop was infested by this species.
(Hopkins U, 8, Nos. 12513a%, 108440¢.)

Eurytoma spp.

Many other species of Furytoma were reared from cones, and
a few of these appeared fo be definitely phytophagous. The most
important of these was a species reaved from the seeds of Douglas-
fir. The larvae were found feeding, developing, and pupating in
the seeds, in every way similar to the behavior of seed chalcids.
Adults emerge in April, May, June, and July of the year after
cone maturity, but an even larger number were found emerging
late ir. the spring of the second year. (Collections: Hopkins U. 8.
Nos. 10808h, 10874g, 11475b, 12535m, 13202m, 14292f.)

Another seed-feeding species was reared from the seeds of
Oregon ash at Ashland, Oreg. Nine hundred and eighty-six adulis
emerged from March to July 26 from one lot of seed that matured
the previous fall, and 509 adults emerged in Qctober from seeds
of that year’s crop. It was estimated that 15 per cent of the
seeds were infested. (Hopkins U. S. Nos. 14202¢, 14295f.}

A few adults of FEwrytoma were reared from cones of white
fir (Hopkins U. 8. No. 12503b), ponderosa pine (Hopkins U. 8.
No. 10875b,), and western redcedar {Hopkins U. 8. No. 13256¢).
Nothing was learned concerning their habits.

FAMILY PTEROMALIDAE

Aceracephala atroviclacea (Crwfd.)

The aduifs are small black wasps, smooth polished, with long
flaf heads and strong mandibles; abdomen with a purple luster,
the thorax above with bluish and greenish luster; nine antennal
Joints, smoky wings with stigmal club close to margin. Length
3 mm.

The type of this species was reared from pinyon cones at Las
Vegas, N. Mex. The cones were infested with Conophthorus edulis.
It was also rveared from pinyon cones from El Paso County, Colo.
Each time this species was assumed {o be parasitic on the cone
beetle. The species has also been reared from limber pine cones
from Colorado, where pupae were found in the pupal cells of
Conophthorus flexilis on Janaary 27, and in San Diego County,
Calif., from Coulter pine branches infested with Magdalis, Pity-
ophthorus, and Cylindrocopturus. Pupae were found in January
in the pupal cells of the host insect, and aduits emerged from
the middle of June to July & from cones of the previcus season.

Amblymerus verditer (Norton)

Adults are small wasps with head and prothorax green, thorax
and base of abdomen blue-green; apex of abdomen purple-bronze:
antennae 13-jointed, with 4 basal joints yellow; coxae green,
remainder of legs yellow; apical tarsal joints blackish ; males with
veliow band about middle of abdomen. Length 0.12-0.13 inches
(8.0-3.3 mm.}. This species was veported by Muesebeck (62) as
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a parasite of Barbara colfaviana colfaziena. It was also reared
by H. J. Rust from the ponderosa-pine seed moth Laspeyresia
miscitate at Coemr d’Alene, Idaho, in 1935 and 1936. The species
was not identified from the numerous Amblymerus spp. reared
at the Ashland Laboratory.

Amblymerus spp.

These small chalcids are often metallic green with bronze refiee-
tions, yellow legs, and red eyes; 1 to 3 mm. long; sharp-pointed
abdomens; and clear wings with a single stigmal club. A large
number were reaved from fir and spruce cones, and may have
been parasitic on Megastigmus spp.

From white fit cones, adults emerged from October to mid-
November in the year of cone maturity, and again the next spring
from mid-April to mid-June. The host was not determined. Cali-
fornia and Oregon. (Hopkins U. 8. Nos. 12538s-2, 13228g, and
14201k.)

From red fir cones, larvae were found attached to the larval
skin of Megastigmus pinus in January. One adult emerged in
June. Calitornia. (Hopkins U. 8. No. 14209hx.)

From Shasta ved fir cones of the 1915 crop, 89 adults emerged
from April 21 to June 16, 1916. Qregon. (Hopkins U. 8. No.
14200g.)

From Douglas-fiy cones, many small chaleids of this genus
emerged from March 23 to June 3 in the spring following cone
maturity. They had metallic-green hodies with bronze reflections;
yellow legs and red eyes. The host was not determined. Oregon and
Colorado. (Collections: Hopkins U. 8. Nos. 10834g, 13295, 14211b,
14234i.)

From Engelmann spruce cones from Colorado, adults emerged
in June after cones reached maturity. (Hopkins U. 8. No. 10849j.)

I'rom Brewer spruce cones from Oregon, adults emerged in the
lahoratory from QOctober 15 to February 16. The host was not
determined. (Hopkins U. 8. No. 18836B.)

From western redcedar cones from Oregon, three adults
emerged. No host was noted. (Hopkins U. 8. No. 31664c¢.)
Caenacis sp.

Adults are metallic green or bronze, with yellow legs and large,
clublike stigma in their forewings, Length 2 mm. One adult was
collected from ponderosa pine cones at Ashland, Oreg., in Decem-
bey, and one emerged the following June. The host was not deter-
mined. (Hopkins U. 8. Nos. 12532g, 133024d.)

Habrocytus spp.

Several of these small hronze or metallic green chalcids emerged
from cones or seeds, Two adults emerged from one lot of extracted
seeds of whitfe fir from central California. They were presumed to
be parasitic on the seed chalcids Megasrigmus spp. (Hopkins
U. 8 No. 11418d.) Six adults emerged from extracted seeds of
Shasta ved fir from southern Ovegon which were heavily infested
with Megustigmus pinus. The Habroeytus appeared to be para-
sitic on the seed chalcids. (Hopkins U, 3. No. 81666B.) About 150
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adults emerged in October 1916 from the 1916 crop of Oregon
ash seeds collected at Ashland, Oreg., and many more emerged
the following June. The host was not determined. (Hopkins U. 8.
No. 14295¢.)

Hypopteromalus spp.

Several species of this genus were reared from cones and seeds.
One adult emerged from extracted seeds of white fir from the
Sierra National IForest, Calif. {Hopkins U. S. No. 11418¢.) One
adult emerged July 31 from isolated seeds of Shasta rved fir col-
lected in southern Oregon the previous September. These seeds
were infested only with the seed chaleid Megastigmus pinus.
{(Hopkins U. 8. Ne. 14205hx.) Some 272 adults of this genus
emerged from April 29 {o July 26 from seeds of Oregon ash
collected at Ashland, Oreg., in October of the previous year. These
seeds were infested with the ash seed weevil Thysanocnemis sp.
(Hopkins U, 8. No. 14202¢.)

Psychophagns omnivorus (Walker)

These small chaleids, which are commonly found parasitizing
many species of Lepidoplera in the Eastern States, were rearved
from ponderosa pine cones Trom Palmer Park, Colo. They emerged
in the iall from cones collected the previcous fall, The insect host
was not determined, hut was probably Dioryctrie awranticella,
which was infesting these cones, since this species of chaleid is a
general parasite of Lepidoptera.

Rhopalicus pulchripennis (Crwid.)

These small (2-3 mm. leng) bright, metallic green chaleids,
with bronze abdomens and bright red eyes, are known to be para-
sites on variouy small bark beetles and weevils, such as Cylindro-
copiwiusg, Pissedes, Dendroctonus, Polygraphus, and Scolytus. In
the cone rearing, they emerged from sugar pine cones from Coles-
tin, Oreg., which had been killed by attacks of the cone beetle
- Conaphthorus lwonberiianae and had fallen to the ground at an
early date. Cones woere ¢allected on July 18, and two of these chal-
cids emerged July 30 and August 2. They may have been para-
sitizing the cone heetles. This species is widely distributed.

Systasis sp.

Two adults of this genus emerged in November from matuving
cones of Coulter pine collected at Julian, Calif. (Hopkins U. 8.
No, 13279, g.)

Zacalochiora milleri Crwid.

Desceription —The adults are small, coppery-green wasps with
sharp-pointed abdomens which are longer than head and thorax
combined, legs reddish-honey-colored, eyes red, wings hyaline;
antennae 18-jointed with ring joints, the titird subqguadrate, the
last 3 forming a elub which ig slightly eniarged. Length 8 mm.

Hosts—Cones of white fir, blue spruce, Coulter pine, Jeffrey
pine, ponderosa pine, and Douglas-fir, where it was found para-
sitizing Laspeyresia spp.
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Distribution.—California, Oregon, and Colorado,

Notes—The species was described from Yreka, Calif., where
J. M. Miller found it parasitizing the pupae of the Jeffrey-pine
seed moth Laspeyresic piperane and Hedulia injective, or both.
Several individuals were found in each parasitized pupae. Since
this record, the species has been reared many times from Laspey-
resiq spp. In various cones, and may possibly be parasitic on
other insects, but ity parasitism on other hosts is very uncertain
and needs further checking.

Some emergence has been noted in the fall of the year from
cones of the current year’s crop. Possibly this is the emerpence
of pavent adults. Larvae have been found in larval chambers
of Laspeyresic and with remains of the host Jarvae in November
and December (fig. 26). Pupae have been found in the pupal
cells of Laspeyresia from December through April, and emergence
has followed from January 2 fo July 3. Maximum emergence
occurs during May and June. Many adulis have been found
hibernating among cone scales in December.

ErQ=7710
Ficgre 26.—Larvae of a pavasite, Zaculochlora
wftlerd, in Jarval galleries of the pine seed moth,
Laspeyresin piperana, in the axis of a ponderosa
pine cone.
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This is one of the most common parasites emerging from cones
infested with Lespeyresia spp.

FAMILY TORYMIDAE

Genus Megastigmus seed chaleids

The larvae of this genus are for the most part phytophagous,
living and feeding within the seeds of various plants (69).
Several species are seriously destructive to the seeds of conifers,
particularly Douglas-fir, true firs, and spruces. Only one named
species is found in pine (M. albifrons in ponderosa pine}. Recently
another species, as yet undetermined, was rearved from Pinus
montezumae var. rudis from near Mexico City.

The adults are small, antlike, subglobose wasps with clear wings,
except for a dark, well-defined, clubbed stigma below middle
anterior margin of forewing; the females with a long, eurved
ovipositor about as long as, or longer than the body, which varies
from 2.5 mm. to 6.5 mm. in different species. Colors vary from
black te brown or lemon yellow.

The eggs, described by Crosby (10), are “white, smooth, and
spindle-shaped, with a very long pedicel at the anterior end and
the vestige of one at the opposite end.”

The larvae are small, up to 6 mm. long, yvellow-white, footless
grubs, with strongly arched bodies tapering towards each end,
with small rigid head eapsnle, and the body with 14 distinct seg-
ments; mouth parts slightly differentiated with chitinized man-
dibles with three sharp teeth in the inner surface of each. The
larvae are always completely enclosed in normal-appearing seeds,
and there is no danger of infestaticn spreading from seed to seed
in storage.

Biology.—The life history and habits of the coniferous seed-
infesting species are very similar. Eggs are deposited directly
into the soft, embryonic seeds by the female ingerting her ovi-
positor through the cone scales and into the seeds at a time when
the young cone is small and soft (60). Although several eggs
may be deposited in a single seed, only one larva develops inside
each infested seed. The larva absorbs the inner part of the seed
and leaves the outer coat intact. Growth of larvae keeps pace
with growth of the seeds, and the larvae reach maturity at the
time in the fall, about September, when the seeds normally reach
maturity. Pupae of most species form in the seeds during the next
year, in Ifebruary, March, and April. Pupae of M. albifrons form
in October and November and the new adults emerge in April,
May, and June in time to infest the new crop of cones, On emerg-
ing, they leave a neat, round hole in the seed coat. A safeguard
against extinetion of the species in years of cone-crop failure
is that a certain percentage of the brood is retarded and carries
over 2 secomd or even a third season before emerging.

Parasites.—Parasites of Megustigmus were very scarce. Several
reeords indicated that a species of Tetrastichus was parasitic on
Megastigmus spp. Other suspected parasites included Ambly-
merus sp., Hypopteromul s sp., Habrocytus 8p., and Torymus sp.
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Control—Control of seed chalcids under forest conditions has
not heen successfully developed as yet. At its Clemons Tree Farm
in Washington, the Weyerhaeuser Timber Co. carried out some ex-
perimental spraying in 1954, using a 214-percent DDT water emul-
sion applied to small trees with ground equipment. The results
looked promising (77).

Hussey (39) has suggested that in seed orchards “it might
prove feasible to spray the forest floor with a residual insecticide
such as LDT during the fortnight in which the Megastigmus
adults emerge from the seed.” However, if an effective spray is
found, it might be better applied by airplane to the tops of trees
and young cones at the time of chaleid mating and before oviposi-
tien, to protect the young cones from infestation.

Chronology of the more important references on Meguastigmus.—

1906, MacDougall (58). 1929, Hoffmeyer (33).
1909, Croshy (10). 1930, Hoffmeyer (84).
1913, Crosby (11). 1931, Laidlaw (48).
1913, Rohwer (69). 1949, Milliron (61).
1914, Miller (58). 1952, Hanson (29).
1916, Miller (60). 1954, Hussey (39).

Megastigmus albifrons Walker pine seed chaleid

Description—Adults are dull yellowish to vellowish-brown and
black wasps, 6.0-6.5 mm. long. Female with ovinositor sheath
4.7 mm.

Hosts—S8eed of Pinus ponderosa.

Distribution—Found only locally in the Sierra Nevada of
California, from Eldorado County south to Fresno County.

Damage—Heaviest damage was noted at Placerville, Calif., in
1912; 25 percent or more of the seed were infested. Owing to a
seed crop failure in this locality in 1913, the chaleid almost
disappeared, It recovered slightly in 1914 and to a considerable
extent in 1915.

Seasonal history.—TIt was not determined when eggs are de-
posited, but they probably are laid in the voung, soft, first-year
cones in March or April as soon as the cone buds open, and do
not complete their development until the second fall when the
pine cones matore. On May 16, 1947, cones were bagged on the
Eldorade National Forest hy . T. Righter, of the Institute of
Forest Genetics, to control pollination. When these cones were
collected on October 25, 1948, 118 chaleid-infested seed were
found, indicating that oviposition must have eccurred before the
cones were bagged. It is also logical to assume that these seed
chalcids with short delicate ovipositors would he unable to pene-
trate second-year cones bnt could penetrate the soft immature

* In this publieation Milliron veviews the genus, redeseribes the species,
and gives & comprehensive account of their binlogy. Anyone who wishes to
Eo further into the ehavacter and hahits of this genus than is possible in
this publication should consult Millivon’s manograph, The monograph alsa
contains a more extensive list of references.
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first-year cones. IPull-grown larvae are commonly found in the
fall of the year in fully mature seeds (figs. 27 and 28).

Bl TODL
Fisurs 27—~Larvae and pupac af the pine seed chaleid, Megastiy-
s wlbifrons, i sceetioned cone of ponderosa pine.

Pupae form in October and November in the seed, and adults
emerpe from February through April, mostly in Mareh, A small
percentage of the brood, probably less than 1 percent, are retarded
and emerge the second spring.




EP=véofd, 3536
F1GURE 28.—A, Larvae, pupae, and adults of the pine
seed chaleid, Megastignus albifrons, X 5; B, drawing
showing method of oviposition in seed of ponderosa
pine {drawing by Edmonston),

Parasites—A. species of Tetrastichus has been found several
times in seeds formerly infested with the pine seed chalcid and
is presumed to he parasitic,

Megastigimus lasiocarpae Crosby alpine-fir seed chalcid

Description—The adults are jet black and yellow, length 3.7
mm. in the female with ovipositor sheath 3.1 mm., male 2.3 mm,

Hosts.—Abies lusiocarpe and A. emabilis.

Distribution.—Colorado, Washington, and British Columbia.,
Probably will be found through the range of its host trees.

Notes.—This is a relatively uncommon species which was
not reared at the Ashland Laboratory. It probably has a 1-year
life cycle synchronized with the development of the seed of its
host trees.
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Megastigmus ‘milleri Milliron Millers seed chalcid

Deseription.—This species is jet black with greenish to golden-
yellow markings. Female 4.2 mm. with ovipositor sheath 3.8 mm.
Male 3.3 mm.

Host.—Reared from Abies grandis at Crescent City, Calif,,
and on Vancouver Island, B. C. Milliron records it as occurring
in Abies mognifice var. shastensis.

Notes.—This species is very similar to M. pinus and has been
confuged with it. The type series were reared from the 1914 crop
of grand fir cones coliected by J. M. Miller at Crescent Gity,
Calif., on August 18, 1914, Less than 10 percent of the seed were
infested, but 750 adults were reared from the cones. These emerged
from April 1 to May 6, 1915, the males coming out about a week
in advance of the females. The heaviest emergence of males
occurred on April 19 and the maximum emergence of females
on April 26.

Megastigmus picene Rohwer spruce sead chaleid

Description.—This is one of the smallest species of seed chalcids.
The adults are mostly black with a few brownish and yellow
markings. Female, length 2.7 mm. with ovipositor sheath 2.3
mmn. ; male, 2.4 mm. (84).

Hosts.—Seeds of Picea sitchensis, Picea engelinanni, and Picea
DURGENS.

Distribution.—Reared from Crescent City, Calif., and several
points in Colorado and Alaska. Probably will be found throughout
the range of host trees.

Damage~—Heaviest damage was found in Engelmann spruce
seed from Benlah, Colo., in 1913, when about 8 percent of the
seed were infested. In blue spruce the heaviest damage was about
3 percent; in Sitka spruce damage was very light.

Seasonal history.—Larvae develop in the seed during the sum-
mer and fall. One record indicates that they overwinter as larvae
and pupate in the spring. Adults emerge in April, May, and June
of the following vear. Records indicate that about 30 percent of
the brood in Engelmann spruce seed and about 5 percent of the
brood in blue sprrce are retarded and emerge the second spring.

Parasites.——None found.

Megastigmus piceae vax. montana Milliron
Deseription.—This variety is similar to M. piceae. However, the
“dorsum of the pronotum is black except for two large, triangular,
bright-yellow spots on the posterior margin, side of the pronotum
nearly entirely yellow. Females, length 2.4 mm., ovipositor sheath
2.0 mm. ; males, length 1.9 mm.
Host.—Piceo engelmannt seeds.
Distribution.—Reeognized only from Montana.
. Note.—This variety was not recognized in the Ashland rearings.

Megastigmus pinus Parfitt fir seed chaleid

Description.—Adults of this species are variable, but generally
jet-black with orange and yellow markings, the pronotum with
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a rectangular reddish-orange spot on the dorsal surface. Females
(fig. 29}, length 5.1 mm., ovipositor sheath 5.6 mm.; males, 4.4
m. in length. Eggs are pearly white, long, slim, unsculptured,
spindle-shaped, peinted at both ends and at one end have a long,
taillike process; length 2 mm. The larvae are yvellowish-white,
footless, up to 8 mm. long when full grown, tapering to both ends,
surface smooth with hairs very sparse and microscopic in size;
brown mouth parts, the inner margin of the mandibles with three
sharp teeth. Pupae are yellowish-white, female with ovipositor
curved over back reaching to about the middle of the therax;
fength 8—-4 mm.

FIGURE 29.—Seeds of red fir damaged b:rl %htgg?ir
seed chaleid, Megastigmus pinus! larva, male,
and female of this species.

Hosts.—Seeds of Abies spp. Reared at Ashland from Abies
concolor, A. magnifica, A. magnifica var. shustensis, and A. pro-
cera. Reported by Milliron (61) also from A. grandis and 4. lasio-
carpe, by Crosby (11) from A. amabilis, and by HEssig (17) from
Abies bracteate.®

Damage—The seed infested by this species and its associate
Megastigmus rafni in white fir cones varies from 1 to 60 percent
of the seed crop, but usually averages about 8-10 percent. The
heaviest damage was found nesr Colestin, Oreg. (in the Siskiyou
Mountains), where the 1914 crop of white fir seeds was 60 percent
destroyed by seed chaleids.

Distribution.~—California (type), Oregon, Washington, British
Columbia, Idaho, Nevada, and Colorado.

Habits and seasonal history.—The oviposition of this chalcid
as it normally oceurs in nature was observed for the firgt time
on June 18, 1915 by the writer from a vantage point in the top
of a 125-foot white fir tree near Ash® ‘nd, Oreg. The young cones
were about 60 mm. long and 17 m»  a diameter. Upon alighting

* The type material was probably fro.. Abies bractegie. Parfitt (64}
records it as Picen bractenta, bub refers to “pine cones.” This tree was first
recorded as Pinus bracteaia D. Don; synonyms = Pinus venuste Dougl. =
Abies venusta {Dougl) K. Koch = Abie. bractesia (D. Don) Nutt, There is
no other native conifer in California (the type locality) except this to which
the name Piceq bracieata might conceivably apply.
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on a cone, the female first wandered over it feeling about with
her antennae for a suitable place. After several minutes a favor-
able spot was selected. Then the head was pointed down ifowavd
the stem end of the cone, the abdomen was lifted, and at the
same time the tip of the abdomen was doubled under so that the
sheath and its enclosed ovipositor was brought forward between
the legs until the tip rested on the surface of the cone scale directly
beneath the head, and at the juneture of two cone scales. The
sheath was then removed and assumed its normal position, the
ovipositor was sunk slowly into the cone, and the abdomen lowered
until it was on a level with the rest off the body. Almost the entire
ovipositor was sunk into the eone. In this position the female rested
for a minute; then the ovinositor was withdrawn and returned to
its sheath. Cones on which the female was killed while in the
act of ovipositing were sectioned. The course of the ovipositor
was traced through the cone scales to its tip, sunk into a newly
formed seecd. Thus, the female lays her eggs directly in the seed,
and the larvae on halching are bountifully surcvounded with food.

Eggs were dissected from the center of seeds. By July 18, very
small larvae, I mm. in length, were found in sectioned seed. These
develop with the seed and consume the seed contents ahout as
tast as formed. However, the seed coat of infested seeds continues
to grow to full size. These seeds cannot be distinguished super-
ficially from fertile seeds. Larvae develop within the seeds during
July, August, and September, and overwinter in this position.

Pupation oceurs the following Mareh and April. This period
lasts about 30 days.

Adults then emerge in April and May. A round exit hole is bored
in the seed. The males are first to emerge. They come out from
April 1 to June 1. The females appear about April 11, and both
sexes reach a maximum emergence about the first of May. Not
all the seed chalcids emerpe in the first spring: from 25 fo 50
percent ave refavded as larvae within the seed until the second
or even the third year. Thus, the species is adapted to the irregu-
larity of good eone erops, and is not made extinet by a cone failure.

Parasites—These appear to e very scavee. One record indicated
that Zucalochlora milleri was parasitic on this host.

Megastiginus rafni Hollmeyer fir yellow seed chalcid

Desceription—The adults ave light to brownish (or greenish)
yvellow with hrown or black markings. Females, 4.2 mm, long,
with ovipositor sheath 4.7 mum. Males 3.0 om. long ¢33). The
adults arve very similar to Af. spermotrophus and were confused
with it in the Ashland reavings. The females are easily separated
by the ovipositors being muoch longer than the body in M. rafni;
their eolor i also hrighter yvellow te brown or greenish and more
shining,

Hosts.—Seeds of Alvies (fig. 30). Reaved at Ashland from Abies
concolor, . grandis, A. magnifica, and A, magnifice shastensis.

Distribution.—California, Oregon, Washington, British Colum-
bia, Colorado, Avizona, and New Mexico. Probably throughout
the range of the host trees. Also introduced into Scotland (48).

o o]
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Ficure 30.—Laxrvae of Llhe fir yvellow seed chalcid, Megus-
tignes rafiui, in seeds of white fir.

Damage—In combination with M. pinus up to 60 percent of
seed destroyed in some areas and some years. Damage not
separated betiween these two species.

Seasongl hdstory—The seasonal history for this species is
very similar to that of M. pinus and M. spermotrophus. Emergence
occurs slightly later than for M. pinus, from April 18 to July,
with the maximum from May to June 16. One lot of material
from Beulah, Colo., continued emergence through July and August
to September 24. As in M. pinus, the males come out about a week
before the females.

On December 13, 1916, J. M. Miller wrote to Dr. A. D. Hopkins
for the attention of S. A. Rohwer, the following note concerning
the biology of this species:

“In Abies concolor, the emergence of Megastigmus spermotro-
plues (rafni) always seems to follow that of M. pinus. The habit
of emergence of M. spermotrophus (rafni) from white fir differs
from that of the species from Douglas-fir on the Pacific Coast, the
maximum occurring about a month later in Abies concolor than
in Pseudotsuga under the same conditions. The lots of Douglas-fir
from Colorado are an exception to this as emergence in lots
from this locality oceurs nearly as late as from 4. concolor.

“In the Pacific Coast region I do not believe that the adults
which emerge from A. concolor attack the Douglas-fir cones for
the reason that by the time emergence is completed the Douglas-
fir cones have hardened beyond the condition suitable for attack,
while the white fir cones at that time are quite immature and
suitable for oviposition. This difference applies between other
species of Abizes from which we have reared M. spermotroplus
(rafni) and Douglas-fir.” (Mr. Miller was correct in recognizing
that the Abies-infesting species was biologically distinct from M.
spermotrophus.)
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This species also retards, and emergence occurs in the second
and third years.
Parvasites—None reared.

‘Megastigmus spermeotrophus Wachil Bouglassfir seed chaleid

Description.—The females of this species are brownish yellow
or orange, 2.8—4.3 mm. long. with ovipositor sheaths 2.5-4.6 mm.
long. Males are lemon yellow with some black on the head; length
2.7-3.7T mm.

Host.—Seeds of Pseudotsuga menziesii.

Distribution.—California, Oregon, Washington, British Colum-
bia, Idaho, Colorado, and New Mexico. Probably throughout the
range of Douglas-fir. Introduced by seed into Great Britain, New
Zealand, Germany, and western Europe (29, 48, 53).

Damage~—Destruction of Douglas-fir seed by seed chaleids
varies by localities and years, and often ranges between 2 and 10
percent of the seed crop. Heaviest damage vecorded was 50 per-
cent of the 1913 seed crop near Ashland, Orveg. The most serious
damage occurs in years when the seed crop is normally light ¢35).
In some areas of Great Britain and in some seasons infestation
of sound seed has reached 100 percent (39).

Seasonal history.—Mating is reported by Hussey (39) as taking
place on the needles, after which “the females cease to hover
around the apices of the flushing shoots and remain settled for
long periods on the cones.” He states that the female can lay
fertile eggs without fertilization but that all the adults from
such parthenogenic eggs are males.

Miller (60) recorded in detail the act of oviposition, both in
cages and in the field. This was essentially the same as just de-
scribed for M. pinus. Again the female rested on a cone scale
with its head pointed toward the base of the cone, drove her
ovipositor down through the cone seales, and laid an egg in a
young seed. Since Dougrlas-fir cones are pendent, this placed the
female in an upright position, The time required for oviposition
varied from 2 to 5 minutes.

Oviposition occurs late in April and throughout May in imma-
ture cones from 2 to 3 weeks old. Probably most of the oviposition
in the field occurs in May (at elevations around 3,000 feet) and
at the higher elevations in June. Hussey (39) reported that sus-
ceptible cones are from 114 to 8 inches long, with exposed parts
of bracts from one-half to three-quarters inch long and held
tightly against the surface of the cone. Younger or older cones
are safe from attack.

Eggs are smooth, white, and minute, with an oval body and
“taillike process or pedicel. The body of the egg is about 0.2 mm.
in length and with its stalk about 1.5 mm. in overall length.
According to Hussey (89), “normally only one egg is laid in each
seed, but where the insects are numerous, and where there is
considerable competition between the laying females for suitable
seed, as many as 7 eggs have been found in 1 seed. When several
eges ave laid within the same seed, only one larva develops to
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an adult, the rest dying from starvation’” or eannibalism. Eggs
hateh in about 3 to 5 days.

Larvae develop in the seed during July, August, and September.
They pass through 5 instars, which take from 6 to 8 weeks, during
which time they consume the interior of the seeds they infest.
The winter is passed in the larval stage within the seed, which
has dropped to the forest floor, Pupae form in the seed the
following Iebruary, March, and April. Adults fromn these pupae
emerge in April, May, and June,.

About an equal number of males and females emerge, but the
males begin emerging and reach a peak of emergence a few days
to a week or move ahead of the females. At Ashland, Oveg., eleva-
tion 2,500 feet, maximum emergence in laboratory-stored seed
occurred from April 23 to May 11 in 1914 and from April 20
to May 2 in 1915. Under outdoor conditions, maximum emergence
occurred hetween May 1 and 16 in 1916, Miller (60) reported that
at elevations of 3,000 to 4,000 feet the emergence occurred during
the latter part of May, and above 4,000 feet much of the erergence
occurred in June. Less than 10 percent of the brood retard as
larvae and emevge as adults in the second or third spring.

Paresites.—None recognized,

Megastigmus spermotrophus var. nigrodorsatus Milliron

Description—This variety is similar to M. spermoirophus
except for a black coloration on the dorsum of the males, and a
deeper amber color and slightly larger size of the females (5 mm.
or more long).

Host.—Seeds of Pseudotsuge MACTOCAr P,

Distribution—Southern California mountains.

Notes.—I'rom the seven collections made of this species by the
Berkeley Labovatory staff, it appears that this species has the
same life history as M. spermotrophus. Adults emerge in April.

Pqrasite—A species of Tetrastichus was reaved from seeds
containing this seed chalcid and was presumed to be parasitic on
this host.

Megastigmus tsugae Croshy mountain-hemlock sead chalcid

Description.—This is a small black species with yellow mark-
ings. Length of female 2.5 mm., ovipositor sheath 1.8 mni. ; males
2.0 mn.

Host.—Tsuga mertensiona.

Digtribution.—Western United States, probably following the
range of the host tree.

Note.—This is an uncommeon species which was collected only
twice from Oregon and Washington trees by the Ashland staff.
Emergence occurred between April 29 and May 16 in the year
after maturity of the seeds.

Megastigmus tsugae var. heterephyliae Millivon
weslern-hemlock seed chaleid
This variety is similar to M. tsugae, but even smaller. It is
reporsed by Milliron (61) as occurring in sceds of western hem-
lock from British Columbia. It was not reared at the Ashland
Laboratory.
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Torymus (Callimome) spp.

The adults are bright-metaliic blue, green, or bronze chaleids,
the females with long ovipositors. They have been reared from
Douglas-fir, spruce, and western redcedar cones, and oak acorns,
Milliron (67) reports a species of this genus as parasitic on
Megastigmus. Other species are known to be parasitic on gall
wasps.

In the seeds of Brewer spruce collected i1 Oregon, chaleidlike
larvae were found, and it was presumed that these were a species
of Megastigmus. When adults emerged in October, they proved to
be a new species of Torymus. It was not determined whether these
were phytophagous or parasitic on a Megastigmus seed chalcid.
(Hopkins U. 8. No. 18836a.)

Adults of another species of Torymus emerged in May 1916
from the 1914 crop of Engelmann spruce cones callected in Colo-
rado. (Hopkins U. S. No. 12570d.) Other species of Torymus
emerged from white spruce and Sitka spruce cones.

Many Torymus sp. adults emerged during April and May from
Douglas-fir cones of the previous year's crop. From one lot of
cones collect:d in California and Oregon, 355 emerged. Their
habits were not determined. {(Hopkins U. 8. Nos. 10852h-6, 11475e,
13202k.)

Torymus sp. near coloredensis Huber were reared from cones
of western redcedar collected in Oregon. (Hopkins U. S. Nos.
13262h, 31664h.)

Some 66 adults of Torymus sp. emerged in September and Octo-
ber from the current erop of California black oak acorns, at
Ashland, Oreg. They were suspected of being parasitic on eynipid
gall wasps infesting these acorns. (Hopkins U. 8. No. 125661e.)

FAMILY TRICHOGRAMMATIDAE

Trichogramma cvanescens Westwood and Trichogranima minutum

Riley

These minute yellow parasites, about 0.3 mm. long, which are
commonly found parasitizing eggs of many species of insects
throughout the United States and Canada, were reported by
Thompson (74) as egg parasites of Melissopus latiferreanus (14).
They were not reared from eggs of other cone and seed insects at
the Ashland Laboratory.

Superfamily Cynipoidea
FAMILY CYNIPIDAE GALL WASPS

Enmayria eldoradensis {Beul.) (.ﬁindricus)

Description—The adults are brown, rounded-bodied cynipid
wasps about 2-5 mm. long. The larvae form hard cells in the
kernel and on the inner shell of oak acorns, sometimes completely
filling the interior.

Hosts.—Quercus agrifolia, Q. kelloggit, Q. wislizenii, and prob-
ably other oaks in Oregon and California.
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Notes—Larvae were found in hard gall pockets in the kernel
of acorns and on the inner shell, during November; 4-8 larvae
were In each infested acorn. Adults emerged in September and
October from newly matured acoins, and in March of the second
year, none coming out in the first year after acorns matured.
Sometimes only a few acorns were found infested by this cynipid,
but other times 60 percent or more of the acorns were infested.
Acorns often are dwarfed or stunted, but sometimes they do not
appear to be seriously injured by the galls. A green chaleid,
Torymus sp., issued abundantly from the infested acorns and
was evidently parasitic on the cynipid lavvae, Parasitic larvae
were alse found in the galls.

FAMILY FIGITIDAE

The Family Figitidae include mostly secondary pavasites.
Sarothres spp.

Six adulis of this genus emerged July 17, 1919, from mountain-
hemlock cones of the 1917 crop collected in Yosemite National
Park, Calif. Their habits were not determined. (Hopkins U. S.
No. 13344b.)

Another species of this genus emerged from cones of Sitka
spruce collected at Crescent City, Calif. Two black adults emerged
on May 1, 1916, from cones of the 1915 crop. L. ¥I. Weld stated

in a letter that these are dipterous parasites. {(Hopkins U. S. No.
13231d.)

Superfamily Proctotrupoidea

FAMILY GASTERUPTIIDAE

Aulacostethus californicus Townes

The adults are large, black, ichneumonlike wasps with black
heads and thorax; brownish-red abdomens and fore and middle
legs; hind legs brown; forewings with dark spot below the stigma.
Length about 10 mm. The species was described from adults
which were found parasifizing the roundheaded cone borer Pura-
tomiq conicola in knobeone pine cones collecied at Patricks Creek,
Calif., September 14, 19186, by J. E. Patterson. Larvae were found
in the pupat cells of Paratimia on September 20 and pupae were
found in pupal cells on November 29. Emergence occurred on
March 24 and April 24.

Aulacostethus editns {Cress.)

Deseription.—The adulis arve large, ichneumonlike wasps with
black heads and thorax and ved abdomens and legs: forewings
witheut spots. Length about 10 mm. This is a vather common
parasite of a number of cerambycid and buprestid beetles. It has
been reared from Melanophila drummeondi under the bark of fir,
Douglas-fir, and hemlock; from Buprestis airulente in lodgepole
pine; from Poecilonate fraseri in willow; and from Poaratinia
conicole in knobeone pine cones,

Distribution.—California, Pacific Northwest, and British Colum-
bia.
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Notes.—Pupae have been found in the pupal cells of the host
on various dates from January through May and again in August
and September, Adults emerge in June and July and again in
September. Apparently there are two generations a year, and
the gpecies overwinters as larvae or pupae in parchmentlike
cocoons in the galleries of the host insect.

FAMILY PLATYGASTERIDAE

Members of this family are tiny wasps which, for the most
part, are parasitic on Diptera. Many of those rearved from cones
and seeds were parasitic on Itonididae gall midges.

Platygaster gahani Fouls

Adults are tiny, shiny black wasps (fig. 31}, 1.5-2.0 mm. long,
with clear wings, 11-jointed antennae with the second joint much
longer than others, and sharp-pointed abdomens with short ovi-
positors. This species was named from specimens reared from
one lot of white fir cones of the 1915 crop collected at Quiney,
Calif,, by F. P. Keen, September 20, 1915. Sixteen adults emerged
2 years later, from April 26 to May 5, 1917. Usually adults emerge
from the middle of April to the first of June in the year after
the cones mature. The species has also been reared from grand
fir cones from Crescent City, Calif., where it was found parasitiz-
ing a gall midge (Itonididae) in a gall pocket of the cone seales.
Adults were found in August in the larval skins of the midge.

Platygaster lucida Fouis

This small black wasp, 2 mm. leng, was named from 2 collection
of Engelmann spruce cones of the 1916 crop collected by J. H.
Pollock at Mt. View, Colo.,, September 5, 1916. Eight adults
emerged June 238, 1917. They were probably parasitic on the gall
midges {Itonididae) infesting these cones, the adults of which
emerged at the same time. It has also been reared from cone gall
midge larvae from Sitka spruce at Crescent City, Calif., emerging
in late April and early May from cones of the previous year.

Platygaster roluveri Fouts

This species, 1.3 mm. long, similar to P. lucida, was reaved from
sugar pine and white fir cones from northern California and
southern Oregon. They were parasitic on gall midges Itonididae,
and emerged from infested cones from May 9 to June 10 in the
year following maturity of the cones.

Platygaster shastensis Fouts

These small black wasps, 2.6 mm. long, similar to the preceding
gpecies, were reared from Shasta red fir cones of the 1915 crop.
The cones were collected from Palmerlee’s Ranch, Oreg., by J. E.
Patterson, September 8, 1915. Most of the adults, 123, emerged
from June 1 to 5, 1916. Three more emerged the next year, June 9,
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Figure 31.—A gall midge parasite, Platygaster gahani; puparia and
' adults in gall midge pockets in seeds of grand fir, x 2.25.

1917. The host was not definitely determined, but was presumed
to he Itonididae midges.

Platygaster spp,

Many species of Platygester were reared from cones of fir, pine,
and spruce, When the host was determined, it proved to be gall
midges (Itonididae). The species were not always determined.
Some may have been the species listed here or other, as yet unde-
seribed, species, The seasonal histories for all were much the same.

Superfamily Scolioidea

FAMILY FORMICIDAE ANTS

Camponotus sp. carpenter ants

In November 1913, P. D. Sergent found a colony of carpenter
ants making their abode in the center of a hard, dry knobcone
pine cone near Mount Shasta City, Calif. (Hopkms T. 8. No,
10868e¢.)
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Superfamily Sphecoidea

FAMILY SPHECIDAE

‘Passaloecus melanognathus Rohwer
: This species of thread-waisted wasp is solid black, about 12 mm.
ong.

Pupae and adults were found in the pupal cells of Paratimic
eonicolu in knobeone pine cones during October and January. One
adult emerged in May from a lot of Douglas-fir cones.

These predatory wasps were undoubtedly only using the cones
as a convenient nesting place and cannot be considered as eone-
infesting insects,

Spilomena alhoclypeata Bradly.

One specimen of this species was reared from Douglas-fir cones
at Ashland, Oreg. Nothing was determined concerning its biology.

Superfamily Apoidea
FAMILY MEGACHILIDAE

Osmia sp.

A species of these leaf-cutting bees was found making a nest
in the galleries of Paratimie conicola in cones of knobeone pines
at Monumental Pass, Calif. (Hopkins U. 8. No. 10856b.)

Osmia coloradensis Cress.

Ruckes (70) reports finding a three-cell gallery of this bee in
the pith of a Jeffrey pine cone in Los Angeles County, Calif,, in
October 1955,

ORDER LEPIDOPTERA MOTHS

The caterpillars of several species of moths are among the most
-destructive inseets found in cones and seeds of western trees.
They usually feed on scales, bracts, and seeds of tender growing
conhes. Besides dwarfing and deforming the cones, they kill a large
percentage of seed. Their work is characterized by larval tunnels
within the cones and an opening at the surface through which
larval castings, and sometimes resin, exude.

Control of cone moths has not been attempted, but might be
possible throngh aerial application of DDT before egg laying
begins or before the small larvae hatch.

Moths affecting cones and seeds of western trees are discussed
in alphabetical order by families, genera, and species in the
following section. Owing to the lack of a comprehensive catalogue
for Lepidoptera, refevences to original deseriptions are usually
“given.

FAMILY BLASTOBASIDAE

Larvae of the family Blastobasidae have variable habits. Some
bore in cones, nuts, and seeds. Others are scavengers following
-other primary insects. Some prey on scale insects.
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Holcocera augnsti Heinrich

Description—The adult moths are pale, dull-golden yellow, the
forewings shading slightly darker near apex but without mapk-
ings; hindwings and cilia a $rifle davker than forewings, shading
to pale fuscous. Alar expanse 17-19 mm. (80, p. 70). The eggs
are pearly white, cylindrical obleng 34 by 34 mm., surface very
rugose; not securely attached to outer and inner surface of cone
bracts and under edge of scales; tuvning pink toward maturity
and to deep crimson. The larvae are pink to deep red or reddigh-
brown in color, 12 mm, long, with dark-brown heads, and withgut
anal shield. ‘

Host—Pseundolsiga menziesii.

Distribution—Southern Oregon, northern California, and Brit-
ish Columbia.

Notes.—The larvae feed in cones of the current vear’s crop
during the summer and fall, and adults emerge during April,
May, and June of the next vear. If was not specifically determined
whether this species actually is primary in feeding on cone and
seed tissues, is secondary to Barbara and other cone moths in
acting as a scavenger, or is actually predaceous. It was found a
couple of times feeding on the pupae of Barbare and appeared fo be
predaceous, but may have been acting as a scavenger because
the pupae may have previously died.

Holcocera spp.

Several undetermined species of Holcocere were reared from
cones. The description of their work varied.

In Douglas-fir cones {fig. 32}, larvae were described as pinkish,
reddish, or brownish, 11 mm. long, feeding between the scales
in the fall of the year, entering coccons in late September, pupat-
ing the next spring, and emerging in May and June.

Material collected from Colorado was described as having larval
habits very similar to Dioryciria abietelle and causing heavy dam-
age to cones and seeds. In the fall of the year these entered flat-
tened, cirenlar cocoons covered with dry frass or pebbles, on the
surface of the cones or in the ground. In these cocoons, the pre-
pupal larvae overwintered. Pupation oecurred in May of the follow-
ing year and emergence in June. The adults of this species are
the same size as H. cugusti but are gray in colon,

During June, moths of this species were liberated in a cage
containing fresh green cones of Douglas-fir. Eggs were laid on
July 8, attached to both sides of cone bracts and on cone scales.
Fresh eggs were pearly white, cylindrical oblong, 34 by 34 mm.
in size. Eggs turned deep crimson as they approached ineubation,
within 10 days. One first instar larva 314 mm. long was found
on a scale. It was pinkish in color and very active. {Collections:
Hopkins U, 8. Nos. 13263d, 183270a, 13283a, 13295a.)

Parasites.—Ichneumonidae: Pimplopterus evetriae {Roh.). In
white fir cones collected from Mt. Manifou, Colo., the writer noted
“grayvish-brown larvae found in galleries of DHoryciria abietella
and one in a pupa case of Barbara colfaxiena siskiyouwana. They
are predaceous on these moths.,” Aetually they may have been
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Figure 32— Damage by lavvae of Holcucers sp- to cones of Douglas-fir.

scavengers feeding on dead larvae or pupae of these cone moths,
(Collection: Hopking U, §. Nes. 11459h, 142124.)

Other Holvocera spp.

Other species of Holcocera were reared {rom cones of Monterey
cypress (Hopkins U. 8. Nos. 132644, 18313]), Jeffiey pine (Hop-
king U. 3. No. 132763), and bigleaf maple (Hopkins U. §. No.
12548c¢}. Further investigations are needed on the hahits of these
species.

Vealentinia glandulelln (Riley) acorn moth

Desceription—The adults are light, smoly brown moths with
narrow wings, more ov less powdery and mottled. Hind wings
much yvellower, olive gray. Alar expanse 15 to 25 mm. (63, p. 216},
The larvae are grayish-while or vellowish with blackish darsal
marks, and the cervical and anal shields are brownish.,

Host—Oak acorns, but also chestinuts and hickory nuts (27,
». 310). Reaved from Quercus kelloggii in southern Oregon.

Distribution—IFFrom the Atlantic to the Pacilic.

Character of Damage—The larvae Teed on the oak acorn kernels
which have previously been attacked hy the acorn weevil Ciurenlio,
Its activity appears to be dependent upon that of the weovil. Hoyw.
ever, Craighead (%) reports that Carl Heinrich found it in 1915
attacking perfectly healthy acorns.

Seasonal Listory—Egus probably are deposited by the fomales
on the acorns or in the exit holes made by the acorn weevil. The
larvae feed on the remaining portion of the kernel during the
late summer, mature in September and October, and then enter
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the ground to pupate. Some pupate in the fallen acorns. Adults
emerge in June and July of the following year. There appears
to be only one brood annually.

Parusites.—None reared from this host.

FAMILY COSMOPTERYGIDAE
Ithome sp.

Deseription.—The adults are dark bronze moths with a wing
expanse of 8-10 mm. The larvae feed through the seed coat of
juniper berries and penetrate the seeds, which they completely
hollow out, leaving only the larval castings in the seed. Exit
holes were noted in the field on old berries,

Host—Jumiperns ealifornice.

Distribution.—Collected at Jacumba, Calif. Probably more wide-
ly distributed through the range of juniper.

Life cyele—Lavrvae feed in berries during the summer. Pupa-
tion occurs in white silky cases attached to the leaves in late
Angust and September. Adults emerge from September 1 to
December 9. (Hopkins U. S. Neo. 14219g.)

FAMILY GELECHIIDAE
Chionodes periculella (Busck) (=Gelechia)

Description—Adults are small brownish black moths; face
iridescent fuscous; torewings with a purple sheen and scattered
white scales, a zigzag white line at the apical fourth; hind wings
dark fuscous; abdomen yellow tipped; alar expanse 16-22 mm.

Hosts.—Cones of Pinus ponderose, P. edulis, and Pseudotsuga
menziestt. Probably in other cones.

Distribution.—California, Oregon, and Colorado. Probably more
widely distributed.

Note.—The active, rose-colored larvae appear to be secondary,
in that they feed on the trash left from the work of other cone-
infesting insects and on decaying cones that have dropped from
the trees. Adult moths emerge in June, July, and early August
from cones which matured the previous year. Thus there appears
to be an annual life cycle.

Chionedes sp,

Larvae gimilar to C. periculella were found doing similar work
in cones of knebcone and sugar pines. Adults were not reared and
hence identification was not complete.

Celechia or Stomopteryx sp.

Full-grown larvae of an unidentified species of Gelechidae were
found on April 27, 1916, by P. D. Sergent at Wagner Springs,
Oreg., feeding in the axis of ponderosa pine catkins. The larvae
abort and twist the catkins, but do not seem to cause any damage
to the pollen. On May 4 the larvae were found leaving the catkins,
and on May 30 prepupal larvae were found in pebble-covered
cocoons in the earth and on the floor of the cage. Aduits emerged
in July. The species has not been identified. (Hopkins U. 8. No.
14255a.)
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FAMILY GEOMETRIDAE

Eupithecia albicapitata Packard

Deseription.—Moths with brown and gray markings; reddish-
brown crossbands on forewings; alar expanse 15-18 mm. (55,
p. 658). Larvae are reddish-tinged, with six vagne longitudinal
stripes on.upper portions of body.

Host.—Cones of Piceg engebmennt, P. glauca, and Pseudotsuga
menziesii; one record from Adelges gall on Picea glauca.

Distribution.—British Columbia and Yukon Territory, and
across Canada following the spruce belt,

Note.—Rearing records were furnished by Dr. D. A. Ross of
the Forest Biology Laboratory, Canadian Department of Agricul-
ture, Vernon, British Columbia.

Eupithecia colnmbrata McDunnough

The larvae of these moths, as reported by McDunnough (54,
P. 40} have been found feeding in the cones of Pacific silver fir
in British Columbia and Washington (55, . 660,.

Eupithecia spermaphaga (Dyar) fir cone looper

Deseription.—Adults are moths with body reddish-brown; fore-
wings gray, marked with irregular reddish-brown band near hase
and tip of wings, bordered near costa with narrow black line;
hind wings gray speckled with brown and bordered with broken
black terminal line, Alar expanse 20-25 mm. (16, p. 68; 54, v. 40,
55, p. 660). Larvae are pale greenish, gray, or brown; typical
geometrid larvae with 2 pair of prelegs at the vear end: 20 mm.
long when full grown. Pupae are reddish in oblong silky cocoons
on surface of cones or on ground.

Hosts.—Cones of Abies econcolor, A. magnifica, A. magnifica
var. shastensis, Pinus ponderosa, P. monticola, Pseudotsuga men-
ziessi, Tsuga mertensiona,; and from cones of Abier amabilis in
British Columbia,

Distribution.—California, Oregon, British Columbia, Arizona,
and Colorado; probably throughout range of western firs and
Douglas-fir.

Character of damage—The larvae bore large galleries through
cones, destroying seeds and scales. About 20 percent of the fir
cones are infested with this species, and 10 percent of the seed
is destroyed in infested cones.

Life history.—Larvae develop in cones during June, July, Aug-
-ust, and September. Pupae form during October and November,
-and the gpecies hibernate in this stage in silky cocoons either
on the cones or in the ground. Adults emerge in May, June, and
July in time to lay eggs on new cones. There is one brood annually.

Parasites.—Encyrtidae: Copidosoma sp.; Rulophidae: Flacher-
tus glactalis Ashm. ; Ichneumonidae: Horogenes sp.

FAMILY HYPONOMEUTIDAE

Argyresthia libocedrella Busck incense.cedar tip moth

Description.—The adulls are silky, light-golden moths with two
dark narrow bands across the forewing. Alar expanse 8 mm.
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‘g 4, g 158). Larvae are small green caterpillars with red dorsal
ands,

Host.—Libocedrus decurrens. Also reported (12) from Chamuae-
cyparis lawsoniana,

Distribution.—California and Oregon; probably through range
of incense-cedar.

Character of damage.—The larvae of this species mine the
tender, green cones, seeds, and leaflets (fig. 33). Infestation fre-
quently destroys 10 percent of the cone crop; all seeds in infested
cones are eaten by the larvae, Sometimes practically all of the
cone crop is destroyed,

. Erg-2141
Froure 33.—Caterpillavs of the incense-cedar tip moth, Argyresthia lboce-
drelle, feeding in cones of incense-cedar. A parasitic larva in cone o the

right, X 3.

Seasonal history.—The lavvae feed and develep in cones during
July, Angust, and September. Pupae form during October, Novem-
ber, and December. These hibernate in papery cocoons in the soil.
Adult moths emerge from the middle of March through May.
‘There is one generation amnually, and delayed emergence in the
second and third years.

Payasites.—The species is parasitized by an ichneumon, Campo-
plex argyrestivice (Roh.), a braconid, Bracon n.sp. near laemosaeci
Mues., and a species of Enecyrtidae, Pentacnemus sp. {close to
bucculatricus Howard).

FAMILY OLETHREUTIDAE

Genus Barbara fir cone moths

This genus as established by Heinrich ¢37) includes five varie-
ties or forms of a single species, B. eolfazicena (Kearfott), which,
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. .a8 larvae, feed in the c.ones of Douglas-fir and true firs. Another
-.-Species found in Engelmann spruce cones, was named in 1941
- (see page 135) . The five forms include the following:

Barbara colfaxiana colfaxiana (Kearf.) (18)

Host - Pseudotsugae menziesti,

Distribution.—California, Oregon, Washington, and British
:Columbia.

Type locality.—Colfax, Placer County, Calif.

" .Barbara colfaxiana taxifoliella (Busck)

Host.—Pseudotsuga menziesii.
Distribution.—Montana, Washington, and British Columbia.
Type locality.—Missoula, Mont,

-Barbara colfaxiana coloradensis (Heinrvich) (30)

Hosts—Pseudotsuga menziesii and Abies concolor.
Distribution.—Colorado,
Type locality—Mount Manitou, Colo.

‘Barbara colfaxiana siskiyouana (Kearf.) (44)

Hosts.—Abies concolor, A. magnifica, and A. magnifica var.
shastensis.
Distribution.—California and Qregon.
Type locality.—Siskiyou County, Calif,

Barbara ulteriorana (Heinrich) (56)

Probably an aberrant form of B. colfaviana.
-Host,—Pseudotsuge menziesis.

Distribution.—Oregon.

Type locality.—Waldo, Oreg.

Heinrich’s key to the species of Barbara (21 ) is as follows:

. Hindwing very dark brown, almost black, concolorous with dark aveas
of forewing; pale markings on forewing iridescent lead-gray. .ulteriana
Hindwing pale or dark smoky fuscous, not blackish; paler than dark
areas of forewing; pale markings on forewing gray, suffused with
) whitish, ocherous or pale greenish scales
. Head ferruginous ocherous
Head blackish or fuscous, more or less dusted with white
- White geminations on outer half of costa repeated on underside of
forewing as short, very thin dashes colfawiana (typical)
White costal geminations repeated on underside of forewing as spots
about 2s broad as long .coloradensis (part)
Pale areas of forewing partially suffused with ocherous taxifoliella
Pale areas of forewing tinted with pale greenish
. Cilia of hindwing whitish; hindwing very pale ccherous fuscous
coloradensis {part}
Cilia of hindwing dark smoky fuscous; hindwing dark-brown fuscous
siskiyonana

~ In the biological.work at Ashland only two species were recog-

nized: The form in Douglas-fir and the form in white fir and
. -other true firs. Accordingly, the following notes will be so divided.
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Barbara sp. (Douglas-Er form) Douglas-fir cone moth*

Mostly Berbara colfaxiana vars.

Description—Adults are grayish-brown moths with. wings
transversely marked with irregular bands of gray, silver, and
brown, and with fringed margins (fig. 34). The variety which
infests Douglas-fir cones from Montana, Washington, Oregon, and
northern California is smaller and of darker eoloration; alay
expanse 15-21 mm. The variety from Colorado is larger and
lighter in color, with alar expanse of 19-22 mm. Except for color
and size, the moths of all varieties are scarcely distinguishable.

A |

EFQ=53701, 5TET

FIGURE 34d.—4, Adults of the Douglas-fir cone moth, Burbare colfaxiana,
X 2; B, larvae, ¥ 2,

The pupa is reddish brown in color, about 7 mm. long and 2 mm.
in diameter. It is enclosed in a papery cocoon encased in a mass
of resin within the host cone between scales near the axis,

The full-grown larva is approximately 14 mm. long, pinkish
or yellowish in color (often with a brownish tinge)}; the color
of the head is brown, mouth parts black, thoracie and anal shields
blaek, true legs black, and body hairs browin. The dorsal part
of the body is yellowish to brown shading to cream on the ventral
parts. The spiracles are brown.

The egg is pearly white in color; oblong and flattened; 115 by
1 mm. It is attached to the outer surface of a protruding cone
bract by a narrow flange which extends entirely around the egg.
As the embryo develops it imparts a creamy to pinkish eolor to
the eggr.

Host.—Cones of Pseudotsuga menziesii.

Distribution.—Throughout the range of Douglas-fir in the Pacif-
ic Coast States, British Columbia, and Rocky Mountains.

Y Adapted from a manuseript report prepared by J. M. Miller and J. E.
Pattersen, June 1, 1918,

Although this species was not named by W. D, Kearfolt until 1907 {48},
it appavently was first discovered by R. A. Cooley in Montana in the spring
of 1900. Caoley prepaved a bullatin on “The Douglas spruce cone moth™ (&)
in 1908 from his studies on this species. In this bulletin the species was
identified as Cyedin psendoisngane Kearr, (£2). The writer is reasonably
certain that the species was wrongly identified and that Cooley's bulietin is
the first dealing with the Douglas-fir cone moth, Berbare colfaviune vars.
(8See Keen, F. P, 1853, “Correction of the identity of the Douglas-fir cone
moth” (47).)
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Character of damage.—The damage done to the cones and seeds
of the Douglas-fir by the Douglas-fir cone moth consists of tor-
tuous food channels excavated by the larvae feeding within the
cones (fig. 35). These food channels or burrows start at a peint
on the surface of the cone seales where the young larvae attack
the cone. At the point of entrance they are almost indiscernible,
but they gradually become larger as the larvae deveiop. Terminal
parts of burrows excavated by full-grown larvae are about 2.5
mm. in diameter. Average length of feeding burrows is 45 mm.
At the terminal end of the burrows, between two scales, near
the axis of the cones, are found the pupal cells, which are usually

EFQ-5786

TFigure 35.—Cones of Douglas-fir damaged by the Douglas-fir
cone moth, Barbare colfaxicne colfuxiune; cone on left shows
pitch and larval castings on exterior of cone, and cone on right
has been opened to show larva and its mines in the interior,
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somewhat larger in diameter than the food burrows. The wound
to the cone is heavier here than elsewhere, and it results in a
large flow of vesin which encases the larval cocoon in the pupal
cell. The larvae do not seem to prefer one part of the cone over
another, for they feed indiscriminately through scales, braets,
and seeds.

Cones containing only 1 or 2 larvae do not appear to be appre-
ciably damaged, and unless attacked by other insects they develop
and mature like normal ones. If the infestation is heavier, with
three or more larvae in individnal cones, the resultant damage
is more noticeable: the cone is aborted and withers prematurely,
Attacked cones, vegardless of the degree of infestation, remain
on the trees and fall with the normally developed ones. Immature
cones infested with the larvae of the Dounglas-fir cone moth are
quite easily determined. The characteristic resin exudation, almost
always present on the surface, denotes the active larvae within.
Sometimes, frass thrown out by the larvae from the food burrows
adheres to the surface of the cones and assists in identifying the
infestation as that of Berbure sp. Damage follows, both as a
divect and indirect result. Directly, larvae eat the seeds encoun-
tered in extending the food burrows spirally avound the axis of
the cones through the basal part of the scales; indirectly, the
seeds fail to mature in heavily infested cones as a resulf of pre-
mature withering.

Percentage of infestation and amouat of damage.—In 7 repre-
sentative lots, 30 to 100 percent of the cones were infested ; seeds
destroyed vanged from 17 to 38 percent in 4 of these lots (table 1).

From extensive sampling in British Columbia, Radcliffe (65)
reported “that a single caterpillar within an average-sized cone
destroys approximately 45 percent of all the seed in a cone, 2
larvae account for about 75 percent of the seed, and 3 or more
insects feeding within the cone will destroy the entire seed con-
tent.” [From 10 samples of cones on Vancouver Island, Radeliffe
found the yield of cleaned seed to he 87.9 grams (0.08 pounds)
pes 100 cones, wheteas insect-damaged samples vielded only
15.7 grams (0.03 pounds) of cleaned seed per 100 cones. The
difference represented a loss of 58.5 percent.

Radcliffe (67) also found that cones damaged by the Douglas-
fir cone moth “onty produced 41.5 percent as much seed as sound
ones” and that “germination tests showed a slightly poorer
viability of seed from damaged cones when compared with seed
trom sound cones.”

Isaac (40) reported that the Douglas-fir cone moth and seed
chaleid “have destroyed up to 75 percent of the season’s (seed)
crop.”

Hofmann and Willis (36) found that “insects are worse if the
crop is small for the locality, for their attacks are then concen-
trated.” They also found that “they are worse in the warmer
places where the crop is normally large” and least troublesome
in the higher and colder parts of the tree’s range.

Life history.—The emergence and flight of cone moths oecurs
from about March 25-May 5 at elevations ranging from 2,000 to




TABLE 1.—Percentage of infestation and sced of Douglas-fir desiroyed by the Doigias-fir cone moth?

s Insécts Seed
Hopkins lot No. Date Stage Cones Cones Insects per per Seed destroyed ffgg

and locality g of i Seed . :
collected ‘ examined insect examined infested found cone mggf‘!éed destroyed ir{)st:’::t destroyed

Insects

Number | Number [Number | Percent | Number | Nuwmber | Number Number Nunber Percent

Hopk. 12535 July 18,1914 Larvae. 40 1,700 19 47.5 37 0.92 1.95 555 15.0 '32.65
Colestin, ‘Oreg.

Hopk. 12507; July 7, 1014 do 306 | 100.0 1.33 1.38 d 11.6 30.39
- Ashland, Oreg. |

Hopk. 12584 Nov. 25,1914 | Pupne . 2,250 50.0 . 1.40 0.22
‘Mistletoe, Oreg.

Hopk. 14220 Dée. 2, 1915 do 2 ; 1.1%
Ashland, Orey, .

Hopk. 12536 July 17,1914 do
Ashland, Oreg. ‘

Hopk. 108745 | Dec. 29, 1913
Emigrant Creek,
Oreg.

Hopk. 10896 ; Mar. 22, 1914
Missoula, Mont.

?Data obtained from cutting tests. Only the seeds actually eaten by the larvae were counted. The lots. of cones were not especially selected; .they represent
the average infestation.
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4,000 feet nmear Ashland, Oreg. From rearing material kept at
elevations ranging from 4,000 feet to the limit of occurrence of
the host tree, emergence has been recorded as late as the middle
of July (fig. 36). Occasional stragglers come out earlier and
continue later, but they in no way vepresent the main part of the
breoods. Emergence and Aight also can be correlated very closely
with the appearance of the pollen on Douglas-fir, sometimes pre-
ceding it by a few days. Emergence was found at its height just
about the time the pollen was falling, and it preceded the appear-
ance of the new cones on which the eggs were deposited by a few
days or a week. The full bloom of the pollen on Douglas-fiv seems
a fairly reliable indieation that the cone moth is flying in the
locality.,

Pupae in Hiberastion®
Adults i Flight
and hiposition
I
approx, 40 Doys
€995
15-20 Days

Larvoe

Approx. 45 Days

Pupoe tn Hibaraotion®
Appros, 260 Days

“Aetorded Broad - 270 yeqp Emergence — £25 Days
° Retorded Brood — 379 Yeer Emergence — $90 Days
I3 1 1 i i 1

Jan feb Mar May Jne Jiy g

Frevnn 36.—Seasonal history of the Douglas-fir cone moth.

Data on copulation and oviposition were secured by collecting
adult males and females which emerged between the dates of
March 25 and 31 from insectary rearing cages, and by liberating
them in specially constructed screened cages containing young
living cones of the Douglas-fir. Strips of blotting paper saturated
with sugar solution were placed in the cages and the moths were
observed feeding on these at various times. Copulation cccurred
at intervals for a few days after the moths were liberated in the
cages.

Oviposition was not observed, but must have cecurred during
the earlier hours of the evening, for egys were found on the cones
in the eariy morning before the moths became active. A single
cone may bear several eggs, but only one egg is deposited on a
cone bract. Oviposition in the field under natural conditions {fig.
37) has resulied in 3 and 4 and occasionally as high as 5 larvae
in each infested cone. 'The number of eggs laid by a single female
was not determined, but it is veasonable to suppose that each
female deposits a large number because the caged cones were
quite heavily infested.
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FiGURE 37.—Adulf of the Douglas-fir cone moth,
Barbura colfaxinng, laying eggs on a young
Douglas-fir cone.

In the field, eggs are deposited on the protruding cone bracts
of young cones almost as soon as they appear.:®

The egg stage {(fig. 38) lasts between 15 to 20 days, and develop-
ment within the egg progresses slowly. At the end of the fifth
or gixth day the outline of the larva shows distinctly, and the egy
at this stage assumes a pinkish tinge. Development continues
gradually from this stage until hatching, when the color varies
from yellow tc brown. A few days before hatching, the larva
within the egg may be seen distinctly, the black thoracic shield
and the true legs being plainly visible. The embryo, which up
to this time has been curled within the egg, now straightens out
and bursts the eggshell. The following record of embryonic devel-

12 The cones of Douglas-fir mature in one year. At the lowest elevations
and in the warmer localities within its range, the first cone buds open the
latter part of March. Elsewhere buds open through April and May, depending
on local climate. The cones develop rapidly, reaching full size in 6-8 weeks.
They vipen early in August and by September begin to open and shed thejr
seeds. Many of these matuved cones fali fiom the trees during the fall and
winter, but often a considerable percentage remains attached to the branchlets
until the following spring and later.
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Ely -5
Figure 38.—Fgus of the Douglas-fr cone molh on cone beacls, » 2.5,

opment of the Douglas-fir cone moth was prepared from observa-
tions of eggs collected in the field and incubated in an inscetary:

Createliiaw o f e mdienge
Date:
Apeil 5.0 0 Fygs, fresh pearly white.
.. 1o,
R, Peos turning pinkish,
2oL [,
W Lwps tarning yellow.
Lo,
Outline of larvae showing,
e,
I,
I.m'\*Iut- distinet, ega- twening hrown.
lo,
Larvae developing, legs distinetly ~cen.
[a.
Divelopment more enmplete.
[,
Legs aned thoraeie ~hicld plainly discernible.
Tin.
Larvae Fully grown, shield and legs fully formed.
Do,
Lavvae straightening in vges.
Larvae leaving ego-hells,

May

-t
TR SR B

The newly hatched Tarva immediately bores through the sup-
porting bract and enters the cone through the seale divectly below
the bract to which the egg was attached. The larva grows rapidly,
increasing in length from about 2 mm.—4 mm. within the first
3 or 4 days. When newly hatched, the larva is wide, flattened
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in front, constricted behind, with the true legs plainly discernible,
and the thoracic shield sclerotized and black, covering the dorsal
part of the first thoracic segment. The color of the young larva
ranges from fawn to brown.

The first result of cone attack is a flow of resin from the wound
that the entering larva makes in the scale. The resin flows un-
checked as the larva continues to develop and bores deeper into
the cone, the mass growing from a minute tear to a large glohule
that entirely covers the entrance and fills the food burrow through
its length. This probably protects the larva from birds and para-
sitic enemies. -

The larval stage lasts about 45 days: during this time the
larva is never quiescent. It extends the food burrow through all
parts of the infesfed cone, feeding on scales, tissues, and seeds.
In the fall the iarvae complete their development and form pupae
which become embedded in resinous channels near the axis of the
cones,

The moths remain dormant in the pupal stage for about 260
days, or from July to March or April of the following spring.
Then adult moths emerge and flight begins just before the advent
of the new cone crop.

It is a peculiarity of this insect that not all of the overivintersd
pupae transform and emerge as adults the first spring (table 2).
Some of the brood continues in diapause through the spring, sum-
mer, and winter of the second year. The majority of these refarded
pupae emerge at the normal time during the second spring. In one
lot of breeding material some of these retarded pupae remained
dormant during the third summer and winter and finally emerged
the third spring, after a dormant period of 2i4 years—nearly
3 years after the beginning of development.

TaBLE 2.—Fmergence and rveturdation of broads of the Douglas-fir cone molh?

Hopking ot No.
nnd loecality
coliecied

Third yenr
emergence

First year Second year

eRETen

" Cone
Coerap

THile
eollecled

Hopk. 10508 ; Mur, 17-25,

Ashland, Oves.

Hepk, 103 1;
Ashiand, Ores,

Hopk. 10382 ;
Ashhind, Oreg.

Hopk, 11454
Moful Greek,
Calir,

Hopk, 12562 ;
Eliiston, Mont,

Oct. 2. 1013 |

Sept. 21973
i

¢ Fan, 24,0000

Feb. 4, 1813
!

! Apr. 18, 1014 ;

1

" Mar. 20-Apr. 15,
21014, 12 imangos,

. Mar. 2i-Apr. 13, ¢

T B3 imnyos.

1
'

1935, 3 imagos.

Mar, 18-Anr. 2,

LAMG, Jd imagus.

r
¢ Mar. 20-June 24,
1924, 215 imakos.

|
i
t

Fely. 13-Apr. 17,

1914, 28 imagos, -

Apr, 1815,
1914, 2 imngos.

i

Mur. 15-Apr. T,

]
|
emeryrence 1}
!
I
P
3
I

1915, 15 imagas,

Mar. 18-Ape, 21,

1914, 9 jmnyros.,

U Mar, 16-32,
CAEIE ¥ Emngos.

Mar. 20, 1815,
| image.

!Based on 5 lots of cones. About [0 percent of (he broods in these lots retarded as pupse.
Table prepured from sctott! rewrings; parasitism und other influenves not considered.
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Radeliff (66) found 6.8 percent of the 1950 brood in diapause,
and more in wet sites (11.0 percent) than in dry sites (3.4 per-
cent). He also found a higher percentage in diapause where pupae
overwintered in cones on the ground (9.2) than where they
overwintered in cones on the trees (4.1). Pupae overwintering
in cones on the ground were not molested by mice or shrews.

No records were obtained of the longevity of the adult moths
under normal outdoor conditions. Adults that emerged Marcn 27
and were liberated in rearing cages lived for about 3 weeks,
the last one dying April 17.

Parasites.—The natural enemies of the Douglas-fir cone moth
are numerous and an important factoer in the control of the species.
In several lots of material, parasitism was determined to vary
from 31 to 83 percent. The following primary hymenopterous
parasites have been reared from larvae and pupae of this moth:

Braconidae

Brueon ericarum {Guslim.)

Eulophidae

Hyssopus evelrine (Girault)
Tetrastichus strobilus Burks {Prob.)
Tetrastichns sp.
Ichneumonidae
Callicphialies comstockii (Cress.)
Campoplen connenie. (Roh.) (Proh.).
Exoelns evetrine Roh.
Glypta evedrive Cush.
Ttoplectis evetrice Vier.
Pimploplerus evelriae {Roh.)
Pteromalidae
Amblymerns verditer (Norton)
Zucalochlora milleri Crawf.

Control—Where intensive forestry methods ave applicable, as
in Douglas-fir seed orchards, the value of the seed crop may
warrant special measures of protecting cones from damage. Aerial
spraying with a residual DDT spray, at the time of moth flight
and egg laying may prove to be effective as a control measure.

Barbara sp. (true fir form) white-fir cone moth

Mostly Barbare colfenviana siskiyowana (Kearf.).

Description.—Adult moths are gray with forewings speckled
with black and tipped with brown (fig. 39). Alar expanse 21-24
mm. Boedy 6 mm. (44, p. 77) (81, p. 28).

Pupae are dark reddish-brown to black, 8 mm. long.

Larvae are yellow-white, 11 mm. long to 2145 mm. wide when
full grown; head dark brown to black with chitinized plate extend-
ing back under first thoracic segment; body with 14-16 scattered
short yellow bristles on each segment.

Eggs (fig. 40) are pearly white, oblong, flattened, about 114
by 1 mm. in size, and are attached to upper surface of cone bracts,
slcl)metimes on very tip, by a flange which extends entirely around
the egg,
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Fiqure 39.—Lasrvae, pupae, and adult of the white-fir
cone mwoth, Burbora colfaxiona siskiyouana, X 3.

Hosts.—Cones of Abies spp.; reared from Abies concolor, A,
grandis, A. magnifica, and 4. magnifica var. shastensis.

Distribution.—California, Oregon, and Washington, and Celora-
de (B. colfaziana coloradensis). Probably throughout the range
of western Abies.

Character of damage.—This is one of the most destruetive pests
found in white fir and red fir eones. The larvae attack the cone
while it is quite young and either stop its development altogether,
or, by boring tortuous channels through seales and seeds, cause
one side of it to die. This causes an abortion of the cone and
& general curved appearance. A considerable flow of resin sticks
the scales together and prevents the eone from opening (fig. 41).
From 1 to 12 larvae may be found boring through infested cones.
Damage varies, in different years and localities, from 2 to 46
percent of the seed crop.

Life history.—The life cyele is completed in a single generation.
From the first of April to the latter part of May, the adult moths
deposit their eggs upon the young, tender cones. The cones then
are only three-quarters of an inch fo 115 inches long, and the
cone bracts ave not yet covered by the growing scales. Upon hateh-
ing, the young larvae bore between the cone scales into the heart
of the cone (fig. 42). Here they feed upon scales and seeds, making
a torturcus, resinous burrow. The larvae reach full growth by the
middle of July, and in the center of the cone, among the resin-
matted scales, they form a papery resin-coated eocoon in which
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EFQ—5702

Ticrre 40.—gg of the white-fir cone moth, Barbare celfusione siskiyouana,
an bracts of veung white fiv cone, ¢ 4.

Eirg-211y

Ficure 41.—Conex infesled with the white-fir cone moth show pitch exudations
. and deformity.
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EPQ—3785
FIGURE 42.—Larva of white-fir cone moth, Bar-
bare colfexiena siskiyouana, boving within a

L
iy’ e
. . . BPQ—?BGi'
FiGURe 48~-Pupae of Barbare colfasiane siskiyouana i
cocoons among resinous white fir cone scales,
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they transform to-pupae (fig. 43). In this condition they pass

the winter, emerging as adult moths the following spring during

‘March, April, and May. There is evidence that a small percentage -
-of the brood is retarded, remains as pupae for apother year, and

emerges the second spring. Thus there is one complete generation

annually, and a retardation which takes 2 years to complet_q a

generation. There may even be some retardation until the third

spring, as was noted for the Douglas-fir cone moth.

Parasites and predators.—This species probably has all the
natural enemies recorded for the Douglas-Ar cone moth. Those
reared from this species include:

Parasites

Eudophidae
Blachertus glocialis Ashm.
Tetrastichus sp.
Ichneumonidae
Culliephialtes comstockii (Cress.)
Ceampopiex conocole {Roh,)
Ewochus evetrize Roh.
Glypie cvetrive Cush.
Ttoplectis guelrive Vier.
Pimploptarus eonocola (Roh.)
Scambus ephicltoides Cushm.
Predators
Enoclerus humeralis Schaff.

Barbara mappana Freeman

This species of Barbara. was named by Freeman in 1941. The
forewings are gray ahove, reticulated with numerous black, wavy
lines offen narrowly bordered with light brown; wing expanse 15
mm. It was reared from cones of Engelmann spruce from Trinity
Valley (near Vernon) British Columbia.

Epinotia albangulana Wishm, alder catkin moth

Description.—The adults are small reddish-brown moths; fore-
wings with wavy reddish-brown band at base followed by lighter
band, splashed with white near apex of wing; hind wing light
brown with white scales. Alay expanse 14-16 mm. (31, p. 212).

Host.—Alnus rubrg in pollen catkins and on foliage.

Distribution.-—California, Qregon, Washington, Idaho, and Brit-
ish Columbia. Type locality Mendocino County, Calif.

Parasites.—An undetermined species of ichneumon.

Notes.—The larvae feed in the center of pollen catkins during
the late winter and early spring months, By April they start spin-
ning cocoons in the outer end of dry catkins and on other objects.
Pupation occurs in cocoons during early May and adults emerge
from the middle of May to the middle of June. -

Epinotia hopkinsana (Kearf.)

Deseription.—Adults are small moths with light tan bodies and
forewings mottled with brown and green scales; hindwings uni-
formly light brewn. Alar expanse 16-19 mm. (43, p. 86). Larvae
are reddish with large thoraeic shield.

Hosts.—Piceq sitchensis and Pinus radiata.

Distribution.—California, Oregon, Washington, and British Col-
umbia.
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Notes—This species was found feeding in the terminal shoots
and foliage buds of Sitka spruce by J. E. Patterson. It caused a
‘moderate amount of damage. Heinrich (21, p. 206) reports it as
ifeeding in the cones on seeds of spruce and pine. Our one collection
-was from the foliage and not from cones. Emergence occurred
early in July.

Epinotia hopkinsana cupressi Heinrich

Description.—The adults of this variety are similar to E. hopkin-
sana, but according to Heinrich (31, p. 207) are “much darker
green in color of thorax and primaries, which are a decided
absinthe rather than pale bluish or verdigris-green shade.” The
hindwing is dark smoky fuscous.

Host.—Cupressus maerecarpa.

Distribution.-—Monterey County, Calif.

Note.—The pinkish larvae develop in cones during August,
September, and October, feeding mostly on scales but destroying
some seed. Pupation occurs in cells in the cones. Adults were
found emerging in January, February, March, and April, and
again in October and November, therefore the species may have

two broods a year. The larvae also feed under the bark on limbs
and branches.

Eucosmea bobana Kearf, pine cone moth

Deseription.— The adults are tan moths with bands of rust-red
markings on forewings, and pale portions yellow; hindwings light
tan brown. Alar expanse 17-28 mm. (43, ». 26; 81, p. 103). The
eggs are similar to those of Barbara. The larvae are pinkish, about
15 mm. long when full growi, and have a distinet dorsal shield
on the first thoracic segment widely separated from the head.

Hosts.—Pinus ponderosa, P. jeffreyi, P. monophylla, and P.
attenuaie. Reported from Pinus edulis by Little (50, p. 248).

Distribution.—California, Oregon, Colorado, Montara, Utah,
Arizona, and Texas.

Character of damage.—The larvae feed through young green
cones in their second year, doing a moderate amount of damage
to scales and seeds (fig. 44).

Seasonal fiistory.—Eggs are deposited on the very tip of cone
scales, well up against the spines, during June and July. Incuba-
tion period is about 15 days. Larvae attack the cones through
the tip of the scales, mine out the scales, and feed and develop in
the cones through the summer and fall. Pupation oceurs in Sep-
tember and October in parchmentlike cocoons, either in the cones,
or_in trash on the ground. They hibernate as pupae. Emergence
of moths occurs the next year during May, June, and July. At
low elevations emergence may occur as early as March 27 and
continue through April and May. There is one brood annually.

Fucosma rescissoriana Heinrich lodgepole cone moth

Deseription.—The adults of this moth are similar to E. bobena
except for color markings. Heinrich (20, p. 58) stated: “Thorax
dark rust-red on forward part, beavily dusted with silver-gray
scales behind. Ground color of forewings rich, dark, brick-red,
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FIGURE 44.—Larvae of Fucosnie bobung feeding in cone scales and on
seeds of Jeffrey pine.

with a faint sprinkling of black scales; a narrow indistinet faseia
of silver-gray scales near the base.”” Also two bands of orange-
vellow scales bordered by a thin line of white and silver scales,
Alar expanse 23 mm.

Host.—Pinus contorte var. latifolia.

Distribution—QOregon and California.

Notes.—In late July and August, new green cones will show
infestation by this species by an exudation of fine reddish-brown
frass issuing from small holes in the cones. Small, dirty white,
very active larvae with yellow heads, 13 mm. long by 2 mm. wide,
feed through the cone scales and seeds. By late August, these
leave the cones fo pupate and form silken cocoons in which the
dark brown pupae, 8 mm. long, occur. Adult moths emerge in
April of the following year. The species is fairly destructive to
lodgepole cones from Yosemite north through eastern Oregon.

Parasites—Eulophidae, Elachertus sp. and Euderus sp.; lLeh-
neumonidae, Pimplopterus sp.

Laspeyresia bracteatana (Fern.) (= L. pallidibasalis Hein.) (30,
p. 60) fir seed moth

Description.—Aduits are small, metallic-brown moths, with
face and palpi very pale ocherous; head and thorax pale grayish
drab; forewings deep lustrous brown with a grayish-drab basal
patch and band of white scales across the middle, with five white
costal dashes. Hindwings dark, lustrous brown. Wing expanse
11-14 mm,

Larvae are variable in size, from 4 to 12 mm. when full grown:
light-pink body with darker pink stripes on anterior dorsal half
of segments; 13 segments back of head, with 8 pairs of true
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‘legs on the thoracic segments and prop legs on the 3d to 6th and
‘10th abdominal segments; 16-18 long yellow bristles arranged
on each segment; head with chitinized plate extending back under
upper half of first thoracic segment, Very active when disturbed.

Host.—Cones of Abies bracteatn. A. concolor, A. magnifiea, and
probabiy other Abies; Pseudotsuge menziesii (rare); and Piceq
sitchensis.?

Distribution.—California, Oregon. (One specimen from Doug-
las-fir in Colorado—Hopkins U. 8. No. 132631.) Probably through-
out the range of Abies in the Western States, and British Colum-
bia. (Type locality Jolon, Calif., from cones of bristlecone fir.)

Character of damage.—The active small pink caterpillars of
this species seem to damage the cones both by boring through the
scales and seeds and by feeding upon the seeds directly (fig. 45),
They enter the cones by boring between the scales, then hore
along the cone axis as they go. They also bore directly into the
seeds, near the point of attachment, eat the contents, and then
withdraw through the same hole, or sometimes bore out through
the opposite end. They are nearly as destruective as the white-
fir cone moth. Counts of seed damaged by Laspeyresie in 1914
and 1915 showed a range from 4 to 46 percent. Commonly, from
10 to 15 percent of white-fir seeds are destroyed by this species.

Seasonal history.—Eggs were not found but are probably laid
on the young cone bracts in June and July soon after the moths
emerge. The caterpillars feed and develop during July, August,
and September. By the first of October they are fully grown and
start preparing for the overwintering period. Some spin silky
cocoons ahout themselves within the cones, generally between
the seed wing and the cone scales ; others leave the cones and form
their cocoons in bark crevices or in the ground, where they remain
until the following May. Pupae form late in May, and moths
emerge from the first of June to the middle of July. Most of the
brood emerges in the first year, but a few may retard and emerge
in June of the second year.

Parasites.—Numerous parasites were reared from white fir
cones ; some probably preyed on this species, but none were specifi-
cally determined.

Note—The original description of this species was Ly Fernald
from three specimens reared from hristlecone fir cones from Jolon,
Calif., which emerged in September 1880 (22, p, 265). It i strange
that these moths should have emerged in the fall, for we have
had no such emergence from many lots of rearing material.

Larvae of this species have been eollected from bristlecone fir
cones in the fall of the year a couple of times by entomologists
of the Berkeley Forest Insect Laboratory. These larvae have
overwintered in silky cocoons, as is typical of this species, but
moths failed to develop.

"W, G. Mathers of the TForest Biology Labovatory, Vernon, British
Columbia, reared specimens from Piver gitchensis cones Trom Queen Charlotte
Islands, British Columbia. These were designated as a variety of L. brae-
teatone by MeDunnough (1937 and 1338), Heinrieh apreed with Me¢Dunnough
that the specimens “are best placed as bructeatana.”
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FIGURE 46.—Larvae of fir seed moth, Laspeyresia braeteatana. A,
Larva feeding in seed through point of attachment; B, prepupal
iarga farming cocoon on cone scale; €, larva feeding on seed;

Laspeyresia cupressana (Kearf.) eypress bark moth

Description—Adults are small dark smoky brown moths (fig.
46}, with antemedian bands on forewing grayish ocherous, only
slightly paler than basal band and median areas, and bounded
by narrow copper-metallic bands; hindwings uniformly dark
brown. Wing spread 12-16 mm. (43, . 54; 82, p. 56).
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EAM~3085
Frouur 46.—Pupae and adalt of the cypress bavk moth, Laspey-
Fesie cupressana, o4,

Larvae are similar o other Laspeyresic larvae; slender, gray-
white, and about 12 mm. long when full grown; first thoracic
segment and tenth abdominal segment slightly chitinized dorsally.
Eggs ave oval, reddish, 1 mm,

Hosts —Cupressus moecrocarpe (tvpe), €. goveniana, other
species of Cupressus, Chamaecyparis, and Cryptomerie within its
range.

Distribution.—Coastal California from San Diepo County north
f{o San Francisco and probably favther north. Mostly collected
from Monterey peninsula in native groves of Monterey cypress.

Characier of damaye—Larvae extend galleries through cones,
destroying hoth seed and scales. Clusters of infested cones are
often matted topether by webbing material spun by larvae. The
frass thrown out of infested coney by the larvae adheres to this
web and forms a mass completely concealing the larvae within,
Often about 50 percent of cones are infested, but the percentage
of seeds destroyed is small, Probably 25 percent of attacked cones
die before maturing (3, . 3¢8).

The caterpillars of this species also bore in the bark of branches
and the main trunk, causing a vough, enlarged growth and a con-
siderable How of vesin, The larvae apparently do not mine in the
cambinm, but wander through the phloem tissue, occasionally
striking the cambium. They apparvently cause sufficient injury
so that a fungus can complete the destruction of the phloem and
cambiam. Successive broods of caterpillars work in the bark
vear after year, and often paris of the free or the entire tree
dies.

Seasonal history—The seasonal history has not been acceurately
determined. Larvae overwinter in the cones or mined bark of
trunk or branches. Sometimes moths may be found flying as
early as IFebruary. Normally, pupation does not occur until mid-
March, and emergence occurs from March to July. From eggs
found in May, larvae and pupae developed by August and moths
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emerged in Septeniber. Apparently at least two generations and
considerable overlapping of broods occur each year, for almost
every stage may be found from March to November,

Pargsites and predators—Ichneumons and a braconid reared
from cones containing this moth were considered to be parasitic
on it. These were -

Bracenidae

Macrocentrus aegeriue Roh.

Tehneumonidae

Calliephinlies comsitockii (Gress.)

Phaeogenini—New genus (Hopkins 1J. S. No. 132641x),

Laspryresia piperana (Kearf.) pine seed moths
Laspeyresia miscitate Heinrich
Hedrlia injective Heinrich

Biologically these three species are indistinguishable and hence
must be treated together since coliections and reavings often
included all three. In the early collections, these species were
referred to as Laspeyresia toreutn, (Grote) which is an eastern
species (32, p 62-66).

Description.—Adults are dark-brown moths, some with three
rows of bronze scales across the forewings; hindwings solid dark
brown. Hedulie is similar to I. piperana but darker, with white
hindwing cilia and bicolored hindwings, and is distinguished by
its having hairy vestiture of abdomen and legs. Alar expanse
16-20 mm. L. miscitata appears to be a hybrid between L. pipe-
rene and Hedulia injective, partaking of the characters of both.

Eggs (fig. 47) are whitish, oblong, nearly cylindrical 0.75 by
0.580 mm., opaque, smooth on surface though not glossy. They

are attached rather insecurely to the surface of the cone scales,

Hi'q*‘?ﬂﬁ'ﬂ'
FiguRE 47 —FEggs of z pine seed moth, Luspey-
resie piperand, on the surface of pondevosa pine
cone scales, enlavped.

Larvae are found in axis of pine cones, or in seeds; head tan,
partially retractable; prothoracic shield usually indistinet; body
dirty-white or pale tan; small cireular tan spiracles; ventral
proleg crotehets in complete oval; body setae minute; length 9-14
mm. when full grown. Pupae are light vellow, 9 mm. long.
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icuni 48.—Jeffrey pine cones infesied with a pine seed mzt{‘;,n{;;';‘b-
ably Hedulie fnjeciive. Lovvae working through the pith into the
seeds. Pupa in cell neay tip of cone,

Hosts.—Cones of Pinus ponderose and P. jeffreyl. L. piperang
favors P. ponderosa. L. miscitata is found in both pines. Hedulia
injective favors P. jeffreyt.

Distribution.—California, Oregon, British Columbia, and Colo-
rado. Probably throughout the range of host trees.

Character of damage.—The larvae bore through seeds, cone
seales and cone axis (fig. 48). They are the most destructive cone
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insects of Jeffrey pine, destroying as much as 43 percent of the
seed crop. In ponderosa pine from 12 to 100 percent of the cones
are infested, and up to 50 percent of the seed deatroyed by this
species, On the average, about 25 to 30 percent of the seed is
destroyed by this species.

Seasonal history.—On May 1, 1916, a pair of maths were ob-
served copulating while settled on the walls of a screened cage.
The tips of abdomens were connected and heads pointed in opposite
directions. At 4:00 on the same day one female was observed
ovipesiting on a green ponderosa pine cone. The abdomen was
extended about 8 mm. beyond the tip of the wings and reached
to the bottom of the crevice formed by the juncture of two cone
scales. The moth remained in this position about 8 minutes.

Eggs are laid soon after the cone starts its second year of
growth and hatch in about 12 days. Larvae enter the cone by
boring through the young secales to the seed, which they mine
out, passing from seed to seed and feeding on the kernels until
nearly full grown (fig. 49). Larvae develop during May, June,
July, August, and September. When nearly full grown they enter
the pith of the cone axis and excavate silken-lined pupal cells
with emergence fubes, also silken lined, extending into the mined
seeds.

T i ) EFQ-7508
Fioure 49.—Characteristic damage to seeds of ponderosa pine by larvac of
a pine sced moth, Laspeyresia piperana.

Pupae form during September, October, November, and Decem-
ber in celis in the pith of cones and usually hibernate in this
stage or as prepupal larvae. Pupae usually emerge part way from
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.cones-to allow adilt emergence. Adilts emerge during February,
March, April, May, and June. There is 1 annual generation, but
about 35 percent of the brood retard as larvae and, with the excep-
tion of a small percentage, emerge the second year; this amall
percentage retard until the third year.
Parasites—Several species of hymenopterous parasites have
been reared from these species. These include—
Braconidae
Apanteles laspeyresiae Vier,
Phanerctoma erythrocephale Roh.
Phanerotoma luspeyresine Roh.
Eulophidae
Hyssopus evetrine (Gir.)

Ichneumonidae
Culliephialtes comstockii (Cress.)
Compoplex laspeyresice (Roh.)
Poemente americane (Cress.)

Pteromalidae
Amblymerus verditer (Noct.)
Zaculechlora wmilleri Crwid.

Laspeyresia youngana (Kearf.) spruce seed moth

Deseription.—The adults are small, dark-brown moths speckled
with silvery scales; head smoky-black; forewings shiny bronze-
brown, crossed at middle by a pair of shining bluish-white fasciae,
and 2 similar pair in outer third of wing ; hindwings smoky-brown.
Alar expanse 8—11 mm. (44, 9. 1; 9, p. 478; 76). Larvae are slender
creamy-white, with brownish to black heads, partially retractable;
found mostly in the axis of cones. Lengths up to 10 mm. Pupae
are light-amber brown to nearly black; found in cells in pith of
cone axis and extending inte seeds; 7 mm. long.

Hosts.—Cones of spruce. Reaved from Picea engelmanni and
P, sitchensis. Reported trom cones of P. glauca, P. rubens, and
cones of other spruce in Canada and Eastern States (25, p. 893).

Distribution.—Throughout the Northern States and Canada,

 Colorade, Montana, and on the Pacific Coast from California to
Alaska, coinciding with the distribution of host trees.

Character of damuge.—The larvae bore tortuous food burrows
through cone scales near axis of cones, destroying both scales
and seeds. Often the galleries run through the pith of the cone
axis and out into the seeds through their point of attachment
(fig. 50). A cone may have from 1 to 5 or more larvae. Heaviest
damage was noted in cones collected near -Corlett, Mont., in 1914,
where about 60 percent of cones examined were infested and
20 percent of the seed‘in the infested cones was eaten by these
larvae.

Seasonal history.—Eggs are laid between the cone seales in
March, April, and May. They hatch in about 10 days, larvae work
through the cone during the summer months and until September.
In October and November, the full-grown larvae enter the axis of
the cone and excavate pupal cells in the pith. Pupae form in
silken-lined cells in the pith during winter months. Hibernation
occurs as prepupal larvae and pupae. Adults emerge in March,
April, and May. Approximately 40 percent of the brood retards,
as prepupal larvae in cells in pith of cones, and emerges as adults
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Ficure 50.—Larvae of the spruce seed moth, Laspey-
resue youngana, in the pith of Engelmann spruce
cones.

the second spring. Thus the life cycle is typieally 1 year and 2
years for those remaining in diapause.

Heinrich (82, p. 52) stated that there are fwo generations
annually, adults appearing in April-May and in August-September.
Rearings at the Ashland Labovatory do not confirm this.

Parasites.—Ichneumonidae: Calliephialtes sp.

Melissopus latiferreanus (Wishm.) filbectworm

Description.—Adults are brown or reddish-brown moths with
2 median band of shining coppery or darker brown across the
middle of the forewing and another near the tip; hindwings
smoky-brown. Alar expanse 11-20 mm. The species is extremely
variable with seven varieties recognized. The lavrvae are active
white caterpillars with red heads and measure up to 15 mm.

Hosts—Acorns and galls of Quercus kelloggii, Q. garrayana,
Castanopsis chrysophylle, and Lithocarpus densifiorus. Dohanian
(13) reports it from Corylus both native and cultivated, Juglans,
Prunus, Castanea, Fagus, and many other hosts.

Distribution.—General from Atlantic to Pacific,

Damage.—The greatest economic damage done by this species
is to filberts in the Northwest. Qak acorns have been found from
B to 80 percent infested by this species, which hollows out the
kernel and leaves a mass of webbing. (fig. 51).

Life cycle—Egps ave Iaid singly on the acorn cup bracts or on
the acorn daring June and July. These hatch within about 10
days and the larvae penetrate the young acorns and feed on the
kernel for about 8 weeks, when they are ready for hibernation.
Larvae are usually found on the acorns daring August and Hep-
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Frcure 5l.—Larvae of the filbert-
worm, Melissopus latiferreanus,
in a California black oak acorn.

tember. The larvae mostly leave the acorns in the fall and over-
winter in papery cocoons in trash on the ground, under the soil,
in crevices of bark, roiled leaves or in the acorn. Pupation occurs
the following apring and adults emerge in June, July, and August.
There appears to be one annual generation in the northern part
of its range and a partial or full second generation in the southern
part.

Parasites.—The following hymenopterous parasites are reported
from this species, mostly by Dohanian (13, 14/.

Braconidae

Agathis nucicole {Mues.)
Macrocenirus ancylivorus Roh.
Phanerotoma fasciato Prov,
Phanerotoma tibialis (Hald.)

Eulophidae

Elachertus glactalis Ashm.

Hyssopus evetriae {Girault)

Tetrastichus chrysopne (Crwid.}
Ichneumonidae

Calliephialtes nucicola Cush,

Glypta rufiscuteliaris Cress.

Pimplopterus dakrumae {Ashm.)

Pimplopterus evetrice (Roh.)

Pimplopterus inconstans (Cushm.)
Trichogrammatidae

Prichogreamma evenescens Westwood {Eggs)

References—There are many references to this species in the
literature, and further information can be had from the Index of
American Economic Entomology.

Palychrosis piceana Freeman

Adults are small brown-winged moths with silvery-gray and
tan crossbands on the forewings; wing expanse 8-11 mm. The
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species was originally deseribed from moths reared from black

spruce in Quebec. According to a note furnished by Dr. D. A. Ross

of the Canadian Forest Biology Laboratory at Vernon, British

Columbia, one adult was reared from cones of Engelmann spruce

and one from Douglas-fir in British Columbia. :

An insect teniatively identified as this species was reported

by the Canadian forest insect survey of 1949 as having destroyed

17 to 88 percent of the Sitka spruce cones in one locality of Queen

tharlotte Island, “greatly disturbing the commercial seed industry

there,”

Polychrosis sp.

Adult moths are small bronze olethreutids, with a broad, tan
band of scales across the middle of the forewing, and with a
narrow band of dark-brown scales and a band of silver scales
forward of this. Alar expanse about 14 mm. Larvae are white,
about 12 mm., and very active. Larvae feed in the cones and seeds
of incense-cedar in July, August, and September, usually 1 to 2
larvae per cone. Moths emerge from May 13 to June 21 in the
following year. (Hopkins IJ. 8. No. 125651.)

Proteoteras aesculana Riley maple seed moth

Description—Adults are small, olive-green moths, more or
less mottled with yellow and gray and with some hlack marking,
Alar expanse 11-18 mm.

Host.—Acer macrophyllum. Recorded from other species of
maple and horse chestnut (68, p. 821, 63, v. 655; 80, ». 133).

Dnstribution.—Widely distributed through the Eastern, Middle
West, and Pacific Coast States.

Damuge—-Larvae bore in the seeds, seed stalks, and terminal
twigs, causing them to wither and die. Bigleaf maple seeds have
been found 7-50 percent infested.

Notes.—The larvae work in the seeds in September and Octoher.
They then abandon the seeds in the fall and hibernate in cocoons
on the ground. Pupation oceurs the following year and moths
emerge in April and May.

Parasites—Ichneumonidae: Calliephialies nucicoln Cush. and
Scambus pterophori (Ashm.).

FAMILY PHALONHODAE

Henricus fuscodorsana (Keart.) (—=Commophila) (5)

Description.—Adults are strikingly marked moths, with white
faces; palpi and thorax white; forewings with basal quarter light
reddish-brown and a reddish-brown band below the middle, the
remainder of wings splotched with white. Alar expanse 16-18
mm. (42, p, 141). Larvae are reddish-green.

Hosts.—Picea sitchensis, Picea pungens, Pseudotsuga menziesii.
{D. A. Ross of the Forest Biology Laboratory, Vernon, British
Columbia, reports having reared this species from the cones of
Larix occidentalis in British Columbia.)

Distribution.—California, Oregon, Colorado, British Columbia.

Damage—The growing larvae feed by boring irregular chan-
nels through cones, destroying both scales and seeds. Examination
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-of alimited number of infested cones indicate considerable damage
was caused by this species—an estimated 10 percent of the seed
-destroyed. :
- Life -history.—Eggs were not noted but are probably laid on
. “the young cones. Larvae develop during July and August (prob-
:ably June also). Pupae form during the fall months, probably
in ‘October and November, Adults emerge the next spring from
‘the first of May to early in July. There appears to be only one
‘brood annually,
Parasites.—None reared from this host,

Henricus mucrocarpana (Wlshm.)

Deseription—Adults are showy light-brown moths splashed
with white, especially along the margins and apex of the fore-
wings; faces and palpi white, thorax gray, mottled with whitish.
Ajar expanse about 22 mm. (79, ». 489). Larvae are large (14
mm.}, greenish, greenish-red, purplish, or reddish-brown cater-
pillars.

Hosts.-—Cupressus macrocarpe, C. goveniang.

Distribution.—Locally from Monterey cypress groves in Mon-
terey County, Calif.,, and central California.

Character of damuge—Infested cones are usually held together
in clusters by weblike material spun by the larvae; the frass
thrown out of the infested cones adheres to this web and with
‘the cones forms a mass completely concealing the larvae within.
The larvae feed on cones by extending galleries through scales
and destroyving some seeds. About 50 percent of the annual cone
crop may be infested, but the percentage of seed destroyed is small.
Probably 25 percent of infested cones die before maturing, and
seeds do not mature.

Life history.—The life cycle has not been accurately determined.
Larvae have been found working in cones from August through
January. Pupae have been found from October through February.
Adults have emerged in March, April, May, and June, but mostly
between May 15 and June 22, A few moths have emerged in
October and November, indicating that in central California this
species may have two generations a year.

Puarasites.—None specifically reared from this moth.

FAMILY PHYCITIDAE

Dioryetria abietella (D. & 8.) fir conaworm

Deseription.—Adults {fig. 52) are bluish-gray moths, dusted
with white, mottled with dark brown, with two narrow light-tan
zigzag lines across the forewings alternating svith dark brown
wider bands. The hindwings are unifermly dusky white with a
darker border near the margin. Alar expanse 20-30 mm., body
12 mm.

Pupae are dark reddish brown, 11 mm. long, terminal segments
" ‘broadly rounded, bearing 6 thin spines; usually in silk-lined papery
.eocoons encrusted with dirt.

Larvae (fig. 53} are long, smooth, nearly naked caterpillars
.of variable coloring, 17-20 mm. long, to 2.5 mm. wide; upper




CONE AND SEED INSECTS OF WESTERN FOREST TREES 149

RiIQ-1016

Figure 62.—Adults of the fir coneworm Dioryciria abietelln.

RPQ =376

Figure 53,«-—1._;}1_‘\*;1, prepupal larva, pupae, and pebble-covered cocoons of
Diovyetria abietelin from Douglas-fir cones, X 2.5.
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half of body iridescent green and red to amber brown, with faint
-mid-dorsal and broader subdorsal stripes, venter flesh-colored;
18-20 long yellow bristles on each segment, more than 5 times
-as iong as the diameter of the spiracles; head shiny brown with
cervical shield paler; anal shield large and dull brown; § pairs
of prolegs on 6th to 9th and 12th segments; very active.

Eggs (fig. 54) are oval, 1 by 0.65 mm., pink, with red spots
‘on surface.

EIQ—5707
Ficure 54 —Egg of
Dioryetria abietelle on
Douglas-fir cone bract,
X 3

Hosts.—A wide variety of conifers, including Abies, Pinus,
Pseudotsugs, and Picea. Reared from Abies concolor, A. grandis,
A, lasiocarpa, A. magnifica var, shuastensis, Pinus attenuaia, P.
coulteri, P. flexilis, P. lambertiana, P. contorta var. latifolia, P.
ponderose, and Pseudotsuga menziesit. Reported by D. A. Ross
of the Forest Biology Laboratory, Vernon, British Columbia,
as also having been reared from Abies lasiocarpa and Picea engel-
mannni cones and found boring in the bark of Pinus monticola
and in Cronartic galls on Pinus contorta.

Distribution.—Pacific Coast and Rocky Mountain region, East-
ern States, and in Eurcpe. Appears fo be distributed throughoat
the range of the genus Pinus in the Northern Hemisphere. Often
confused with the spruce coneworm D. reniculelle (Grote) (63,
p. 854).

Character of demage.—According to Carl Heinrich (¢, p. 451),
“The larvae of D. abietella have a variety of habits. They are
both primary and secondary. They bore into new and etherwise
uninfested terminals and into terminals that have been attacked
by Rhyacionia buoliana (Schiff.). They attack both healthy and
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diseased cones of pine, spruce, and Douglas-fir. They bore into
and feed in the cambium of smooth bark on the trunk and branches
of all species of pine and Douglas-fir; and they also feed in galls
on any part of the tree”

In discussing the comparative habits of D. ubietelia and D. reni-
cuiella, McKay (56) showed that D. qbictella normally feeds in
young green cones and occasionally on the foliage and buds of
nearby twigs, and at the base of young white pines.

In the cone and seed work at Ashiand, Oreg., D. abictella was
found to be a commonly destructive species in fir cones. In white
fir cones it was rated the third most destructive species. It was
found less frequently in pine cones. Its other reported habits were
not observed.

The larvae of this moth bore through the center of cones,
making cireular holes indiscriminately through scales and seeds.
Its presence in the cones can generally be detected by the large
holes (fig. 55). Its tunnels are round and clean cut and its castings
usualily free from piteh, in contrast to the work of Bgrbara which
causes much flow of resin. Heaviest damage was noted near Ash-
land, Oreg., where 50 percent of the 1914 crop of Douglas-fir
cones was infested, and 11 percent of the seed in infested cohes
destroyed. The extensive larval galleries often stop full develop-
ment of cones and result in infertile seed,

Seasonul history—The life cyele appears to be somewhat com-
plicated and diflerent in fir than in pine cones. In fr there seems
to be one annual generation and a partial second. Larvae develop
from June through September in the new growing cones, Pupation

is two-staged. About 50 percent of the brood pupate in July,

Figure §5.—Damage by larvae of the fir coneworm, Dioryetria abietella, to
cones of Douglas-fir.
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August, and September in sillky cocoons in the ground, and emerge
in August and September., The remaining part hibernate as
prepupal larvae in circular pebbie-covered ecocoons in the ground,
pupate during March, and April, and emerge as adulis during
May and June. Eggs deposited in the fall probably overwinter
in this state.

In pines, the larvae develop in Z-year-old cones during May,
June, and July. They, bore large open galleries through the cones
and destroy both scales and seeds. Pupae form in spavsely lined
pupal cells in and on the surface of cones during July and August.
Adults emerge during July, August, and September. The species
probably hibernates as eggs deposited on twigs, or as young larvae.

Parasites.—Emncyrtidae, Copidosoma sp.; Eulophidae, Hyssopus
sp.; Ichneumonidae sp.; Tachinidae sp.

Dioryetria athovitella (Hulst)

The moths have light tan forewings with scattered white scales
and a narrow dark zigzag band of scales near the apex; body
reddish-brown, Alar expanse 23-30 mm. Larvae of this species
were found burrowing in the cones of singleleaf pinyon near
Topaz Lake, Nev., in July 1939. Pupation tock place in cells in
the attacked cones. Aduits emerged in August. Referringto this
reaving fvom singleleaf pinyon cones, Carl Heinrich, of the United
States National Museum, stated: “As far as I knoew this is the
first rearing record for this species.”

Dioryctria anranticelln (Grote) pine coneworm

Description.—Adults (fig. 56) are reddish-tan moths with
darker reddish-brown bands across the fovewing and one narrow
light-tan band zigzag across wing near the tip; hindwings light
silky tan. Alar expanse 27-33 mm. Pupae ave reddish brown, 11-14
mm., and form in sparsely lined pupal cells in cones,

Large larvae ave reddish green to dark brown, up to 25 mm,
long, similar to D. abigtella, head reddish brown to black, hlack
prothoracic shield; suranal plate and civcular spot on eighth
abdominal segment pale tan with narrow black border; small,
brown pinaculae; hairs on body are short, weak, and ravely over
twice the diameter of spiracle in length. The hooks on the prolegs
are of one type and form a broad single-rowed oval. Eggs are
creamy white, oblong, about 1 by 0.75 mm.

Hosts—Pinus atienuaia, P. ponderose, P. radiate, and probably
other pines.

Distribution.—California, Oregon, Washington, British Colum-
bia, Arizona, New Mexico, Utah, Colorado, Idaho, Montana, and
Nebraska. Probably throughout the range of ponderosa pine (7,
D 244 ),

Cluracter of danage—The [arvae bore large, fortuous, civeular
food ehannels through the young cones and destroy both seed and
seales (fig. 57). Heaviest damage was noted fo the 1915 crop of
knobeone pine cones near Gasquet, Calif. Here, about 50 percent
of the crop was infested, und, as all the seed in infested cones
was destroyed, the damage was severe. Also, heavy damage was
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Froees 36, Adult: of the pine coneworm, Dinryelria caranticelle % 2
) £, full-grown larvae; x 1.4,
noted to the 1913 crop of ponderosa pine cones near Missoula,
Mont. Some cones contain 4-6 larvae of this species. The larvae
also work in {erminal twigs.
~ Seasonal history—TLarvae develop in cones during May and
June. Pupae form during July in sparsely lined pupal cells in and
on the surface of cones. Adults emerge duving July and August
and deposit eggs on the outer surface of cone scales. So far as
is known, there is only one brood annually, but like D. abietella,
this species may have a partial second brood.
Parasites.—Quite a few hymenopterous parasites were veared
from this species, including the following:
RBracenidae
Meteorus indugnater (Riley)
Micralypns divryelriae Noh,
Crgilus dioryelrine Gahan
Rogas sp.
Bulophiclae
Hyssopus thynois Giraulg
Ichneumonidace
Culliephialtes comstockil (Cross,)
Cumpmfer conocolu (1loh,)
Eoochus (") atrecowalis Cress.
Coelichitewmon briwneri (Doh.)
Mesostenns groeilis Cress.
Pimplopterus difrinae {Ash.)
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Distribution.—From northeastern United States and Canada
through the Lake States, central Saskatchewan, southern Mani-
toba, and westward into Colorado, Montana, interior British Co-
lumbia (2), Washington, and California.

Damage—The larvae of this species feeds primarily on the
folinge of terminal shoots, on tender terminal growth, and also
mines young cones. It is also reported as predaceous on the jack
pine budwerm (56).

Seasonal history—It probably overwinters as young larvae
because larvae are active in the spring, feeding on the new tender
terminal growth and young cones. They cause the young cones to
curl and cone scales to separate from the axis of the cone. Full
grown larvae are Tound in late June und early July, and pupation
ocewrs Irom June 6 {o July 22. Moths emerge 6 to 10 days later.
There is one generation a year. This seasonal histary, reported
by McKay (56), coincides with the seasonal history found at Ash-
land, Oreg., for the pine-feeding form of 1. abictelic.

Ephestiodes gilvescentella Rag.

Adulf moths arve light grayish-tan moths with irregular bands
of brown scales across the middle of the forewings and near the
apex, Alar expanse 12-16 mm. Three of these moths emerged
from July 20 to August 5, 1916, from 2 lot of Shasta red fir cones
collected near Ashland, Oveg., Seplember 8, 1915. Nothing was
determined as to the Jarval habits.

ORDER NEUROPTERA NERVE WINGS
FAMILY RAPHIDLIDAE

The peculiarly long-necked insecis calles “rubber-necks,” Ra.-
pliidia sp., emevged from several lots of cones of ponderosa and
sugar pme. They were presumed to be predaceous on cone insects,
but their habits were not determined.

CONTROL OFF CONE AND SEED INSECT%

The ultimate objective of these studies of cone and seed insects
was the development.of methods of prevention or control. But
we needed {o know what insect species eaused damage of economic
importance and how they worked Lefore we could expect to find
clues to methods of suppression. The early worlk from 1913 to
1917 concentrated on studies of damage and of the biology of the
more Important species. Little thought was given to the develop-
ment of control methods, since there seemed to be so )ittle that
could be dene in vast areas of inaccessible forests.

Natural Control

Nature provides checks and balances, so that no destruetive
species continues in epidemic numbers nor accelerates in destruc-
tiveness indefinitely. Sooner or later, natural contral agencies
bring 1t in check. Parasites, predators, and disease seem to be
the more important agenecies in bringing cone and seed insect
damage under control. Of these, hymenopterous and dipterous
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parasites and entomophagus fungi appear to be most prevalent.

Ancther limiting factor is the periodic failure of cone crops.
When cone and seed crops fail, insect species that depend upon
them for food would bhe exterminated were it not for diapause.
Most insects dependent upon cones and seeds for sustenance do
not completely emerge from winter hibernation. Some hold over
and emerge the second year, and a few even hold over and emerge
the third vear. Thus the species survives.

Because of these natural enemies, cone and seed Insects do not
threaten extinction of {ree species. Damaging insect populations
fluctuate, and in some years trees will produce an abundant seed
erop. It is unneecessary—probably futile—to attempt extermina-
tion of an insect specics. Survival throngh diapause and wide
distribution of the ingect make extermination economically hope-
less.

Applied Control

What can be expected from applied contrel then? The answer
is to so reduce destructive insect populations at a given time and
place as to assure a veasonably satisfactory seed crop. How this
can be done has been given some thought but very little experi-
mentation,

Before powerful residual insecticides such as DDT were devel-
cped and aerial spraying worked out, there was little hope of
economic applied control of econe and seed insects. The only
proposal was to control sugar-pine and ponderosa-pine cone beetles
by raking and burning cones where a geed crop was badly needed
{59) but this method was never tried.

When regidual insecticides became available, the idea was ad-
vanced (46} that these chemicals might be applied from the air
to conirol cone and seed insects. One experimental project fo
conirol the sugar-pine cone beetle by applying DDT by helicopter
was undertaken by the Forest Service in California in 1953 but
was inconclusive {p. 54).

The first attempt Lo develop a control program for Douglas-fiy
cone and seed inseets was an experiment undertaken by the Weyer-
haeuser Timber Co. on ita Clemons Tree Farm in Washington in
1954 (71}, Four groups of 15- fo 26-year-old Douglas-firs, with
1G trees per group, were sprayed with a 2145 percent DDT water
amulsion. The spray was applied from the ground at the rate of
2 gallong per tree. The frst group of 10 trees was sprayed 4
times: On May 7, May 21, June 18, and July 23. The first spray
on May 7 was about 2 weeks after opening of the reproductive
buds. The second group veceived 3 sprays, sfarting May 21; the
third group reccived 2 sprays on June 18 and July 28; and the
fourth group received 1 spray on July 23. Control appeared fo
be most effective on the frst group of trees.

One of the problems of applied control for cone and seed insects
is the lack of indicators of the degree of infestation before damage
occuvs. Since conirol needs Lo be applied before damage has started,
the only sclution is to develop a program under which seed
orchards or cutover areas will be sprayed every year in which
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a seed crop meeds to be assured. Control therefore should be
planned as a protective measure, and applied before the need
is apparent.

Since the control of different groups of cone and seed insects
presents special problems, it is advisable to consult the notes
for different species and genera (pp. 47, 54, 103, and 131 ).

Treatment of infested seeds

Mosl cone- and seed-infesting insects have completed their
destruclive work by the time cones are mature, so little can be
gained by fumigating or treating cleaned seed. The damage is
not likely Lo increase because cone and seed insects do not migrate
from one seed to another while in storage. Also, the treatment
is not likely to reduce insect infestations in the forvest signifi-
cantly,

When seeds are being shipped to forcign countries or to forest
areas free of infestalion, however, there may be reason to destroy
the intestation.

Larvae in stored seeds may be killed by any of the common
grain fumigants. These fumiganis will not reduce germination,
provided the moistuwre eonlent of the seed is not over 12 percent
and exposures are limited to 24 hours. Fumigation sehedules are
too variable {o be given in detail here. Recommended dosages
per 1,000 bushels of seed ave 15 pounds of caleium cyanide, or
3 gallons of enrbon disulfide, or 6 gallons of 3-to-1 mixture of
cthylene dichloride and carbon tetrachloride. Methyl bromide
also has been successfully used as a fumigant. Recommended
ttosage per 1,000 cubie Teet is 1 pound of methyl bromide for an
exposure of 24 hours at temperalures between 700 and 90° |
or 4 pounds for 2 hours at 70 F. under 27- to 29-inch vacuum.
All of these fumiganls are dangerous and must be handled with
expert care,

Insecls in sced may also be destroyed by heating at 140° F.
for 10 minutes without reducing germination, unless the seed
is of low vigor or its moisture content is high. Hussey (39) stated
that “tests have shown that Megastigmuns larvae ean be killed by
exposure {o a temperainve of 120 F. (49~ C.) for more than 4
hours. LI temperatures in the seed extraction kiln are adjusted
therefore 1o this level, and the cones are heated for § to & hours
to allow the temperature within the seeds in the cones to rise
sufliciently, the larvae will be killed, without the viability of the
uninfested seeds being impaived. The storage capacity of seed
extracted at this temperature is not affected, but it should be
noted that the actual treatment can only safely be done at the
extraction time.”

SUGCESTED NEEDS FOR FURTHER STUDY
It must be realized that this report on cone and seed insects
of western forest trees is not the definitive treatise on this subject.
It is merely a digest of what is now known of these insects and
the torvestry problems they raise, as a starting point for further
gstudy.
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Investigations are needed of the biology of the various destruc-
tive species as modified by latitude, longitude, elevation, and
locality throughout the range of the host trees. More study is
needed of phenology to define the relation between events in the
life cycle of the insect, climate, and life events of the host tree
or other plant indicators. This information is important in timing
control to correspond exactly with emergence or attack of the
damaging insect species.

The entire field of applied control is open for much needed
study ; practical, economic methods have not been developed. The
possibility of controlling damage through modifying silvicultural
practices should not be overlooked. We may be able to duplicate
the best conditons for natural control to assure an ample seed
source for future timber crops.

i iion ot ol
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Acerocephale atroviolncen, 19, 49, 98
Achorules, 5
Agathis
acrobagidis, 29, 82
nucicole, 82, 146
Allorhogas, 24, 82
Amblymerus, 6, 7, 8, 13, 14, 28, 30,
29,102
veridiler, 25, 28, 95, 131, 144
Andricus, See Frmayrin,
Angita. Sec Horogenes.
Anobiidae, 31
Anthicidae, 35
Anthicus, 26
nittidulus, 11, 24, 27, 26
Anthoecoridae, 80
Anthocorus, 16, 80
Ants, 1156
carpenter, 115
Aeoplus, 17
Apanteles, 5,19, 28, 29, 42
cnhformun 2(} 82
faspeyresiae, 20 24, 82, 144
Aphidius btfrtscmms 38 83
Aphodins, 24
Apion poresicolle, 11, 42
Apoidea, 116
Aprosiocetus, 14, 16, 28
Argyresthia, hbocedlf!la
iz
Augomonoctenus Hboeedrii, 12, 81
Aulucosfethus
culifornicus, 17,39, 113
editis, 17, 39, 112
Bulaninus. See Curculio.
Burbara, 93, 117, 121,122, 123,131
ccifmzmm VTS, .J, G, 27, 28, 83, 87,
00, 91, 95, 96 121, 123
eoffarinna co:‘fﬂ vigne, 87, 89, 99, 122
colfoxiann enfor adcusls, 122
colfaxionn siskiyonana, 3, 5, 6, 7, 8,
4], 8a, 87, 89, 93, 9—1-, 96, 117,
122, 134
colfariona tarifolictle, 87, 92, 96,
122
wreppeng, 1d 1.5
ulteriorane, 122
Beetles, 31
cone, 46, 58
Anpache-pine, 48
limber-pine, 49
lodgepole, 48
Monterey-pine, 58
mountain-pine, 55
pinyon, 48
ponderosa-pineg, 55
singleleaf pinyon, 35
sugar-pine, 49

12, 87, 03,

Beetles—Continned
death-watch, 31
lady, convergent, 42
powter-post, 51
spider, white-marked, 46
Blacus, 8, 28, 83
Blastobasidae, 116
Bover
Aatheaded cone, 36
roundheaded cone, 38
Bostrichidae, 36
Brachistes. See Fubadizon.
Brucon, 12, 18, 22, 25, 28, §3, 121
erucerim, 28, 57, 131
ftopkingi. See Brucon manthonotus.
rhiracioniae, 5, 14, 28, 82
wanthionetus, 24, 28, 83
Eraconidae, 82
Brodysia, b, 76
coprophtite, 11, 76
peucisela, 28, 76
Bugs, 80
Buprestidae, 36
Caenaeis, 25, 99
Calliephialles, 14, 15, 26, 31, 87, 144
caomstockit, 6, 7, 8, 14, 19, 20, 24, 28,
N, 131, 135, 141, 144, 153
nieicola, 9, 87, 146, 147
Callimone, See Torymus.,
Caniponotus sp., 17, 115
Campoplegini, 1‘), 16
‘anpnpler, 20, 25, 88
urgyresthice, 12, 87, 121
coizoco%a, 6, 17, 18, 28, 88, 131, 135,
157
laspeyresiae, 25, 88, 144
mitleri, 21, &%
Cecidomyiidae. See Itonididae.
Cerambycidace, 38
Chaleidoidea, 93
Chaleids, 93
seed, 102
alpine-fir, 105
Doupglas-fir, 110
fir, 108
fir yellaw, 108
Milters, 106
maeuntain-hemlock, 111
pine, 103
spruce, 104
western-hemlock, 111
Chamaemyiidae, b9
Clelonus, 12, 83
Chionoedes, 16, 21, 11
periculelin, 19, 23,
Chlaropidae, 59
Chrysomelidae, 40

2
24,287,119

165
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Chrysophana placide conicoln, 17, 18, FEaromyia, 8, 4, 5, 6, 7, 8, 13, 24, 71,
77,78

36, 41
Cky?omya, 18, 59
Ghymmyldae, 59
Cinara, 83
Cleis picta var. contexta, 24, 27, 41
Cleridae, 40
Coccinellidae, 41
Coelichnemon brunneci, 25, 88, 153
Coeloides seolyli, 22, 54
Coleoptera, 31,
Commophila. Sea Henticus.
Coneworm
fir, 148
pine, 152
spruce, 154
-Conophthorus, 18, 19, 31, 46, 58, 84
apuchecae, 47, 48
contoriae, 18, 48
edulis, 19, 18, 98
fewilis, 19, 49, 98
lambsﬂmnae, 21, 22, i9, 100
monophulice, 2-,o 5,84
monticolue, 22 55
ponderosae, 20 23 47, 48, 55, b8
radiatoe, 26 4:,
scopulorwm, 28, 25, 47, 57
Conots achehcs, 18, 42
Contarinia oregonensis, 28, 60
Copidosonia, 5, 8, 30, 93 120, 152
Corticaric, 24, 27, 45
Cosmoptmygzdae 11%
Crypitophagidae, 12
Cryptophagus br emmhs‘ 8,42
Curcitlio, 10, 12, 42, 43, 118
aurives tzs, 43
pardus, 29
untformis, 12, 29, 43, 70
Culcuhﬂnldae
Cynmtodc?m 1"
ovipeanis, 8, 17, 20, 24, 28, 39, 40
Cynipidae, 12, 81 112
Cympoxdea, 112
Dasynewra
abicsemie, 4,5, 6,7, 8, 9, 60
canadensis, 14, 61, 68
rachiphage, 18, 14, 15, 68
Diabrotica mtdeum}nmctat& 11, 40
Dicaelotus, 28, 35
p(w:ﬁcns, 25 89
Dieryetria, 7, 9, i8, 19, 20, 28, 25, 26,
70, 83, 88, 90, o5
abzetclm 3, 5, 6 7, 8,13, 14, 16, 18,
i9, 20 21, 23, 25, 27, 70 83 88,
117 148 152 153, 154, 158
albowttclz’ra, 23 152
aurgnticella, 16 17,19, 28, 25, 26, 85,
87, 88, 91, 95, 100 152, 154
cm.!abmcola 88’
eaJthmpasr& 21, 154
renienlella, 18, 14, 15, 154
wanthoenobures. See D, anraniicella.
Diprionidae, 81
Diptera, 12, 22, 59
Dirvotognathus, 27, L4
Doryctes pacificus, 17, 84

abzetum, 4,5,8,7,73

agquilonia, '?, 27,76

barbare, B, 7, 14, 24, 27, 30, 75

b emsty!ata,, 5 ’?, 75

fongistylata, 5, 6,7,75
Elachertus, 15, 17, 18, 28, 94, 95,

glacialis, 5, 9, 29, %4, 120, 135,
Eluchiptere costain, 24, 59

. Elasmostethus cruciatus, 21, 80

Encyrtidae, 93
Enoclerus
cupressy, 11, 40
extmins, 17, 39, 41
huwmeralis, 5, 11, 16, 24, 28, 41, 135
Entedon, 20, 94
E'phestoides gilvescentella, 8, 155
Eplialtes, 15, 16. Also see Calliephial-
tes.
Eainotia
athanguluna, 185
hoplkinsana, 41 185
hopkinsanag cu;m -essd, 10, 11, 41, 186
Epitrine subermita, 11, 40
Ernobius, 16, 21, 23, 24 25, 28, 27, 31,
38, 82, 34, 94
conicola, See B. cupressi.
cupressi, 10, 11, 83, 41
mentanus, 18 20, 22, 23, 33, 34
metdlitarsis, 21, 23 33, 35 54’
punctulams, 17 23 26 27 25
Eubadizen, 18, 18, 21, 22, 24, 28, 29,
54, 84
Eucosma
bobana, 16, 19, 20, 22, 28, 82, 186
recissoriana, 18, 92, 94, 95, 136
Eudecatoma, 29
FEuderus, 18, 94, 95, 137
Eulophidae, 25, 94
FEwmayria eldoradensis, 29, 112
Eupelmidae, 96
Fupelmus, 5, 11, 28, 96
nr. Mmneriae, 24, 96
Eupithecia, 93
atbicamitata, 14, 27, 120
columbrate, 4, 120
s;aew:mpiwqa, 3, 4, b, 7, 8, 22, 23,
27, 36, 31, 90, 120
Ewrylome, 6,7, 11, 24, 28, 30, 98
nr. junipering, 12, 97
Eurytomidae, 81, 97
Erochus
atrocomalis, 153
cvelrige, 6, 28 88,131, 135
Egorista, 24, 70
Figitidae, 113
Filbertworm, 145
Flies, 59
Formicidae, 115
Gasteruptiidae, 113
Crelechin, 29, 119. Also see Chionodes.
Gelechiidae, 119
(relis tenellus, 25, 8%
Geometridae, 120
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Glypta
evelriae, 6, 28, 89,131, 135
rufiscutelloris, 90, 146
(Goligthocera, 14, 16
setigera, 5, 30, 70
Grasshoppers, 12
Habrobracon, See Bracon.
Habroeytus, 6, 8, 11, 99, 102
Hulticoptera, 25
Hedulia injectiva, 19, 20, 23, 82, 86, 87,
88, 91, 92, 101, 141
Hemiptera, 80
Hemiteles, 9
Henolicus californicus, 5, 26, 27, 42
Henricus, 85
fuscodorsana, 13, 14, 15, 27, 147
wacrocurpana, 10, 11, 41, 148
Hippedamia convergens, 24, 27, 42
Holcocere, 5, 8, 11, 20, 27, 87, 90, 92,
117,118
augusts, 29, 117
Holonewrus strobilopliius, 5,7, 64
Horogenes, 6, 21, 25, 29, 81, 9¢, 120
Hylemya, 8, 30
alietis, 8,5, 77
anthracing, 14,15, 78
Hymenopters, 81
Hyponomeutidae, 120
Hypopteromalus, §, 8, 11, 100, 162
Hypostena, 16, 70
Hyssopus, 15, 29, 85, 152
evelrive, 28, 95, 181, 144, 146
thymus, 17, 95, 153
Ichneumonidae, 17, 86, 152
Ichneumonocidea, 82
{thome, 11, 118
Itonididae, 5, 9, 12, 14, 19, 22, 25, 26,
30, 60, 114
Ttoplectis, 11, 980
evetrine, 6, 11, 28, 90, 131, 135
plesia. See 1. gvetrie,
Junetielle siskiyon, 10, 64, 96
Larvaevoridae, 69, 70
Laspeyresia, 18, 22, 24, 25, 27, 41, 70,
85, 88, 100, 101
bructeatana, 3, 4, 5, 6, T, 8, 15, 27,
187
cupressana, 10, 11, 41, 85, 87, 91, 182
miscitala, 20, 23, 82,86, 87, 88, 89,
95,99, 141
pullidibusalis. See L. bracteatana.
piperana, 20, 23, 25, 40, 82, 85, 87,
88, 92, 97, 101, 1471
toreuta. See L. piperana, ete.
youngane, 13, 14, 15, B3, 87, 93, 144
Latiridiidae, 45
Lathridius protensicollis, 24, 45
Lauxaniidae, 71
Lepidoptera, 116
Leptocera, 5, 9, 24, 3¢
Lestodiplosis taxiconis, 28, 65
Leucopia, 25, 59
Lissonola dioryctrice. Sec Piplop-
terus dukrumas.
Lonchaea. See Earomgic.
Lonchaeidae. 71

Looper, fir cone, 120
Lycoriidae, 76
Lydellohoughia, 5, 28, 70
Macrocentrus
aegerive, 5, 8, 85, 141
ancylivorus, 29, 85, 146
Madiza. See Oscinella.
Maggots
fir seed, 71
heinlock cone, 79
larger white fir cone, 77
Mepachilidae, 116
Megalodontoidea, 81
Megustigmus, 7,8, 81,99, : - ~12, 157
albifrons, 23, 25, 95, 102, -
lusiocarpae, 4,7, 105
milleri, 6, 8, 106
piceas, 18, 15, 108
monlana, 13, 106
pinus, 3, 4, 5, 6, 7, 8, 9, 99, 100, 106,
108, 110
rifni, 4, 5, G, 7, 8, 108
spermolrveophus, 27, 1068, 109, 110,111
nigredorswlus, 111
tsugae, 30, 111
helerophyltive, 30, 111
Melanophthalme distinguenda, 9, 45
Metissopus letiferreanus, 19, 12, 29,
82, 85, 86, 87, 90, 91, 92, 94, 95,
112, 145
Mesastenus graetlis, 17, 1,158
Meleorus tndagator, 17, 85, 153
Micvobracon. See Bracon.
Mierogramme arge, 30, 46
Microlypis diovyetrive, 17, 85, 153
Midges
bract, spruce, 61
cong-axis, spruce, 63
gall, 60, §7
fir-seed, 60
resin, 60
cong, 66
seed, Port-Orford-cedar, 64
Minettie floveola, 5, 71
Monodontomerinae, 15
Moths, 116
acorn, 118
bark, cypress, 138
catlin, alder, 135
cone, 121
Douvglas-fiv, 123
fir, 121
iudgenole, 136
pine, 13§
white-fir, 131
seed
fir, 137
maple, 147
pine, 141
spruce, 144
tip, incense-cedar, 120
Muscidae, 77
Myecelunlus, 21, 8¢
Al yeediplosts
¢onicola, b, 7, 65
coryloides, 5,17, 28, 65
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Myiophasie atra, 29, 70
Neomvorides borealis, 20, 91
Nerve wings, 155
Neuroptera, 155
Notoxus constrictus, 9, 11, 24, 27, 86
(Hethreutidze, 121
Qile ebdominalis, 24, 42
Orgilug dioryctrice, 17, 85, 158
Oscinella, 16,19, 21
conicola, 4, 5, 8, 20, 24, 52
Qgmia, 17, 116
colovadensis, 20, 116
Othnius lugubris, 16
Pachyceras, 15
Palloptera, 5, 80
Pallopteridae, 80
Paraerias, 11, 95
Paratimia conicola, 17, 18, 38, 40, 41,
84, 92,113, 116
Passﬂ%.ecus melanognathus, 17, 28, 39,
Pegohylemyia. See Hylemya.
Pentacnemus
nr. buceulatricus, 12, 95, 121
Pentatomidae, 80
Perisievoly, 24 28
Phaeogenes, 28 , B
Phaeogenini, 11, g1, 141
Phaloniidae, 147
Phanerotoma
erythrocephale, 20, 24, 25, §6, 144
fasciata, 26, 56, 146
laspeyresice, 20, 24, 36, 144
tibials, 86, 146
Phycitidae, 148
Phymatodes nitidus, 10
Plytophaga carpophaga, 13, 14, 15, 65
Pimploplerus, 6. 8,18, 92
conocela, 6, 8, 28, 91 135
dakmm(te, 1'7 29, 91 146, 153
evetrice, 28, 92 11.' 131 146
inconstiuns, 42, 146
Piophiiidae, 80
Pipiza, 14
Platyguster, 7, 15, 16, 61, 64, 65, 68,
115
yahani, 6, 114
Iucide, 14, 16, 114
rolrwert, 6, 21, 114
shastensis, 8, 114
Platygasteudae, 114
Poemenia wmericana, 17, 20, 39, 92,
144
Polychrosts, 12, 147
piceanc, 14, 15, 27, 146
Proctotrupoidea, 113
" Pyotleoteras uescnlmm 9, 8%, 93, 147
Psychophagis omnivorus, 25, 100
Psyliobara viginli- —macniite var.
taedete, 27, 42
Pteroma]idae, 98
Ptinidae, 46
- Ptinus fur, 9, 24, 25, 30, 46

Pyralidae, 13
Raphidia, 21, 24, 155
Raphidiidae, 165
Rhopalicus 7mlc!mpenms 21, 190
fhyacionia, 83, 90, 9
Rogas, 17, 153
Rubsamuem(.-, keeni, 4, 5, 6,7, 8,13, 14,
15, 18, 20, 21, 23, 24 25 27 30 66’
Sa.p-l'om,yza, 24, 71
Supyoe prwile, 17
Serothrus, 16, 31, 118
Sawily, incense-cedar cone, 81
Seanbus, 9, 31, 23
ephialtoides, 6, 14, 15, 16, 52, 135
pteraphort, 83, 147
Setara. See Bradysia.
Secolioidea, 115
Scolytidae, 46
Scolytus, 84
Spathimeigenia, 11
Spathius, 54
eatifornicus, 21, 86
Sphaeroceridae, 80
Sphecidae, 116
Sphecoidea, 116
Spilomene wlboclypeaia, 28, 116
Stephanopuehys sobrinus, 22, 36
Stomeopteryr, 119
Syrphoctonus, G, 8, 92
Systasis, 18, 100
Tachinidae. See Larvaevoridae,
Tenthredinoidea, 81
Tetrustichus, 5, 10, 11, 15, 186, 25, 28,
, 31, G5, 68, g6, 102, 105, 111,
131, 185
chrysopae, 29, 93, 146
strobifus, 28, 95, 131
Thysanocnemis, 11, 44, 100
Torymidae, 102
Torymus, 13, 14, 15, 16, 28, 29, 30, 102,
112,118
Trichogrommo
evanescens, 112, 146
minwinm, 112
Trichogrammatidae, 112
Triphelps trizsticelor, 11, 80
Valenlinia glandulella, 29, 218
Wulshiompic juniperiong, 67
Wasps, 81
gall, 112
Weevils, 42
acorn, 42
ash seed, 44
filbert, 43
ntit, 42
AXyela, 10, 23, 24, 81
Xyelidae, 81
Zaealochilora, 16
snillert, 6, 15, 18, 20, 25, 28, 100, 108,
131, 144
Zagloba ornata, 26
Zenillin. See Exorista.
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