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FIFTEENTH ANNUAL WESTERN FOREST INSEGT WORK CONFERENGE

The Fifteenth

March 9-11, 1964

Anmmual Westeri Forest Insect Work G'énfefence convened

at 9:00 a.m. in the Solarium, Cascade Hotel, Banff, Alberta.

M, G.H.L. Dempster, Superintendert, ‘Banff Natienal Park, and

I.aboratory at Galgary, welcomed the Conference memberse

" Dr. Brian Hock:.ng, Head, Entomology Department, University of

Alberta, delivered

the keynote speech, "Tongues in Trees," dealing

with some of his entomological exper:n.ences in Asia and east Africa.

The following
intreduced:

Dr.
Dro
Dr.
-Dr.
'Dro
Dr.
Dr.
DI‘.
Dr.

visitors and new participants of the conference were

Brian Hocking, Edmonton, Alta.

Jock Clark, Fredericton, N.B,

Bud McG:Lnn:.s, Lethbridge, .Alta.
Lorne Ebell, Victoria, B.C.

He. Brix, Victoria, B.C. .

Ed Clark, Durham, N.C,

Frank Webb, Winnipeg, Man.

G.W.K. Stehr, Sault Ste. Marie, Ont.

John Simeong, Syracuse, N.Y. -«

Dick Goyer, HMoscow, Ida. =
Jack Robins, Galgary, Alta.
Gerry lLanier, Berkeley, Galif,

Dr.

B.M. MeGugan, Ottawa, Onte

J oM. Whitéside, Washington, B,C.
Wo Dean NMcGlanahan, Washington, D.C.
L.Fs Pettinger, Portland, Ore. -
Bruce Roettgering, Juneau, Alas,
Richard Brenton, Edmonton, Alta.

MINUTES OF THE INITIAL BUSINESS MEETING ‘

March 9s 1964

"The Gha:i.rma.n called the initial busifess méeting to order at
11:00 #emo., March 9, 1964, in the Solarium, Cascade Hotel, Banff,

Alberta.

Minutes of the final business meeting of the Fourteenth Annual
Western Forest Insect Work Conference at Portland, .Oregon were approved
as printed in the Proceedings.




The Treasurer!s report was approved as read. The balance on hand,
as of March 1, 1964, was $292.01.

. The Secretary-Treasurer outlined the recommendatlons agreed upon
at the Executive Committee meeting held March 8, 196 . Actions 'and
recommendations arising from this meeting were as-follpws: '

l. The registration fee was set at $3.00 for members. Students
free.

2. A Nominating Committee consisting of N. E. Johnson, Chairman,
John Chapman and Walter Cole was appointed to nominaté candidates’ for
Chairman, Secretary-Treasurer, and Counciloer to replace N. E. Johnson.

3. Meeting sites for 1965, 1966, and 1967 were suggested as
followss ' -
' 1965 - Denver, Colorado
1966 - Vietoria, B.C. ' ' N
1967 - Salt Lake City - Ogden, Utah areas.

4e Two suggested themes £or the 1965. meetlng are "Pasticide
Hazards to Wildlifé and Other Forest Organisms" and "Economics of Direct
Gontrol", __The Executive feels.the use of workshops is desirables .

5. A joint meeting with the Central Intermational Forest Insect
Work Conference has been set for the Denver meeting In 1965, persuant
. to members wishes. The Executive recommends that the 1965 Program
Committee work with the CIFIW in formulating the program.

6. The Executive recommends that the possibilities of a joint
meeting with pathologists of the Western Forest Disease Work Gonference
at Victoria in 1966 be explored. -

7. The Executive recommends that the Unpublished Reports Committee
be dissolved with thanks to its Chairman, R. E. Shepherd, for a job well
done.

8., The Executive feels that survey and control subjects have been
and will continue to be adequately covered. No revision in Conference
format is necessary.

9. The Executive announced the appintment of a committee to
study the impact of the revision of the germs Dendroctonus with instruc-
tions to report to the members at the final business meeting. The _
. comnittee appointed consisted of Calvin Massey, Chairman, George Hopping
and Phil Johnson, members.

10. The Executive recommends that the need for a clearinghouse
of foreign translations be determined.




Chairman Ken Wright then discussed the Executive Committee recom-
mendations with the Conferees.

Don Schmiege, Juneau, Alaska, extended an invitation to the Confer-
ence to hold a future meeting at Juneau.

R.W. Stark suggested that the proposed theme for the 1965 meeting
be broadened to "Egonomics of Control®, Walter Cole suggests that
fluctuation of insect populations be: diseussed coneurrently with the
economic aspects of controle

R.W. Stark and others suggested that the 1965 joint meetings with
the Western International Forest Insect and Disease Work Gonference be
a full four days to allow for full coverage of mutual-interest subjects.

The program topics should be of a general nature dealing with
nmaterial problems and broad principles. '

P.C. Johnson moved and N.E. Johnson seconded that the Western
Forest Insect Work Conference meet jointly with the Western Forest
Disease Work Conference at Vietoria; B.C. in 1966. Carried.

Galen Trostle moved and G.L. Massey seconded that the Unpublished
Reports Committee be dissolved with thanks to Roy Shepherd for a good
ijc Ga.rriedc

H.J. Heikkenen moved and R.W. Stark seconded the appointment of a
committee to explore the need for establishing a clearinghouse for
foreign translations. Carried.

A standing committee will be app01nted if the need and de51rabllity
is established.

The following are reports submitted by the standing committees:

Commorn Names qugittee

P.C. Johnson; Chairman, read the following report:

Minutes of the Committese's 1963 anmual meeting at Portland, Oregon
on March 4, 1963 were read and approved at the final business meeting
of the 14th Conference on March 6, 1963 at the Portland-Sheraton Hotel,
Portland. S '

Several Committee actions were taken as directed by the Conference
Executive Committess '




l. From experience as a member of the Common Names Committee of the
Entomological Society of America during the past year, the
Chairman of the Conference Common Names Committee recommends that:

"The Confersnce Executive Committee, and not this Committee
should initiate with the Executive Board of ESA whatever action
is deemed necessary to {a) assure a permanent position on the
ESA Common Names Committee of a forest entomologist from ome of
the several forest insect work conferences throughout the United
States, (b) recommend a makeup of the ESA Committee which would
assure systematic representation from the several branches of
economic entomology, and (c) revise rules for approval of common
name proposals by the ESA Gommittee and by the ESA membership-at-
large®.

2+ The Chairman of this Committee has within recent weeks contacted
the chairmen of the Northeastern Forest Pest Council (Mr. E.B.
Walker, Forest Advisory Services, Pemnsylvania State Department of
Forests and Waters, P.O. Box 1467, Harrisburg, Pas) and of the
Southern Forest Insect Work Conference (Dr. Lloyd O. Warren,
Department of Entomology, University of Arkansas, Fayetteville, Ark.)
concerning the desirability of joining with this Conference in
(a) giving greater backing to common name proposals for forest
insects, (b) gaining a permanent place for a forest entomologist
on the ESA Common Names Committee, and (¢) exploring possible
changes in the procedures of the ESA Committee in approving
common name proposals. Replies are awaited as of this date.

The Gommittes's form for proposing common names of western forest
insects was revised and multilithed. Supplies of these were sent on
February 11, 1964 to 19 locations in the western United States and
Ganada representing governmental agencies, universities, and private
corporations engaged in forest insect research, surveys, and control
activities. A copy of the revised form is attached.

A new form was approved by the Committee to facilitate records of
common nsme proposals. 4 copy of this form, currently stocked at Missoula,
is attached.

Several Gommittee members are currently engaged in restating the
justification of common names proposed for the following forest insectss

Barbara colfaxiana Douglas-fir cone moth
Zelleria haimbachi Pine needle-sheath miner
Ergates spiculatus Glant softwood borer
Pseudohylesinus grandis Silver fir beetle
Pseudochylesinus granulatus Fir root beetle

Platypus wilsoni Wilson ambrosia beetle

—ly=




The above proposals; rejected early 1n 1963 by the ESA Gommittee,
will be resubmitted shortlyo

One common name proposal was received during the year, but it
was subsequently withdrawn by the proposere. '

The annual meeting of the Gommon Names Cemmittee will be held at
5300 pem., March 9, 1964, Cascade Hotel, Banff, Alberta.

N.E. Johnson moved and David McGomb seconded that the Common Names
Committee report be acecepted as read. OCarried.

Fducation Committee

Chairman R.W., Stark reported that Gommittee activities during the
year consisted of his review of Dana and Johnson's book "Forestry
Education in America ~ Today and Tomorrow". Stark then read his review .
The Education Gommittee agreed to.consider Stark's review at their ammual
meeting at 9300 peme, March 9, 1964. Their findings will be reported to
the final business meeting.

Unpublished Reports Gommittee

The main work of indexing reports which have accumulated in files
previous to 1957 has been completed. Two stations, Portland and
Berkeley, have not been able to index these old r.eports and have
indicated that; with their present resources, this is not feasible.

- A1l stations have been indexing current reports and these are completed
from 1958 to 1962.

Index " Supplements
North. Forest Exp. Sta. up to 1957 1958-60, 61-62
Int. For. Expt. Sta. Missoula up to 1958 subsequent reports included
' . with QOgden.

Int. For. Expt. Sta. & Forest up to 1959 1960-62
Pest Control, Ogden '

Pac, N.W. Exp. Sta. Portland none 1959-60, 61, 62, 63
Forest Pest Control Portland 1961-62
B.Ock'y Mtn. Exp. Sta.
Albuguerque up to 1958 1959-60, 61=62
Fort Gollins 1935=1953 195462
Forest Pest Control Denver 1961-62
Pace S.W. Expt. Sta. Berkeley none '

Forest Pest Control _1961-62
San Francisco :
Forest Ent. and Path. Lab.

Victoria - up to 1957  1958-62
Vernon up to 1956 195762
Calgary up to 1957 1958, 59, 60, 61, 62

~5-




In 1962 indexes were obtained from the Forest Pest Gontrol Group
in the Division of Timber Management but it was realized that their
reports were of limited value to the membership and are only to report
on new techniques and developments in the future. (14th Proceedingss 2-#8)_

Ethical Practices Gommittee

W.E. Cole and R.W. Stark were appointed to work with Tom Silver
in finding a suitable candidate for 1965. This august Gommittee will
function throughout the Conference. W.E. Gole pointed out that this
Committee is promising something really, really big for its 10th
anniversary celebration in 1965,

The Forest Entomologist.Directory was discussed. H.J. Heikkenen
asked for the Gonference endorsement of the project. It was suggested
. that members consider this project for decision at the final business
meeting.

R.L. Furniss reminded the Conference that the Annual Meeting of
the Entomological Soeiety of America will be held in Portland, Oregon
in 1966. Conference members are encouraged to participate to the
fullest.

The retirement in 1964 of charter members George Hopping and Ralph
Hall was announced. _

Charlie Eaton's serious iliness was mentioned.

Meeting adjourned 1:50 pem.-

TONGUES IN TREES - SUMMARY COF KEYNOTE ADDRESS
by . :

B+ 'Hocking
Entomology Department
University of Alberta

Edmonton, Alberta

"And this our life, exempt from public haunt,
Finds tongues in trees, books in the running brooks
Sermons in stones, and good in everything®.

A number of examples of hypopharyngeal "tongues™ in a variety of
forest crops was given. Firstly, a problem in the bamboo crop in
India during wartime conditions was discussed. This involved the
activities of a rumber of species of Bostrychid beetles in bamboos both

-6~




during seasoning, in storage and in use and the dependence of these
insects on the carbohydrate content of the bamboo. Some discussion of
an experimental evaluation of a number of preventive procedures followed
. which indicated that under normal peace-time conditions the standard
_native practices of seasonmal activity in harvesting and storing the
bamboo crop would im itself prevent the problem from ever arisinge.

A brief picture was then given of the numerous insect associations
with several spécies of Acacis in East Africa extending from the ants
of the genus Crematogaster inhabiting the gall-like swellings at the
base of the stipular thorns of this plant to butterflies and various
beetles and bugs which mimic the ants and even a preying mantid which
mimics the galls themselves. All of these were sbundantly found in
association with these trees. A brief discussion of the significance
of these associations to the growth and development of the tree was
given.

An illustration of circumstances in which termites, normally
considered to be pests of trees and forests, proved to be essential
to the very existence of trees was presented.

The talk concluded with & few illustrations of extremes of growth
of trees and of forest types and a reference to the importance of
bearing in mind the hazard of two-legged forest pestse




8.
PANELS

INFLUENGE OF INSECT ATTACK UPON FOREST TREES
A. Defoliators | Panel ¢hairman, V.M. Garolin, Jr.)

Defolintors and"Defoliation
_ by
~ Jo Clark, Guest Panelist

Neither estimates of insect populations nor of total defoliation are
enough in themselves to explain the interactions of a complex of factors
affeetlng damage. The insect-tree relationship is of prime importance and
it is essential to investigate all the physiological processes involved,
both in the insect and in the tree. Tree physiological processes disturbed
by defoliation include loss of photosynthesizing tissue, upset of water
relations within the treey, and with young leaves, at least, temporary disturb-~
ance of endogenous growth regulating substances.

In the case of conifers, where there are probably significant physio-
logical differences with age of leaves, it is necessary to know how these
age groups are distributed in the tree crown. In white spruce and balsam fir,
there is no difference in retention time of needles. However, spruce has a
greater percent of foliage in"the TA! crown sector (upper erown quarter),
much of it new needles; fir has more foliage iIn its 'C' erown-sector, largely
made up of 2-7 year old shade needles. A specific pattern of follage dis~
tribution appears to exist in mature balsam fir, and a_similar pattern has-
been found by Silver for Douglas-fir. In all three species, the five youngest
needle ages make up 87=91.percent of the total foliage, and new and l=-year
0ld needles constitute 50 percent or more of the foliage.

The photosynthetic efficiency of leaves in relation to their age and
position in the crown is of the utmost importance. Changes in light or
temperature or moisture result in rather large differences in the rate of
apparent photosynthesis. Except during the early growth of new needles,
there is a general decrease of photosynthetic activity with needle age.

When photosynthetic rates and foliage distribution data are combined, it is
possible to estimate the contribution made by each age of folliage to the

total photosynthetic capacity of the tree. Early in the season the new growth
contributes little or nothing; foliage older than six years contributes
practically nothing to the net assimilate. If the tree's respiratory require-
ments are considered (estimated as 10 percent of the total assimilate), even
the six-year and five-year-old leaves do not contribute toward the surplus
carbohydrates necessary for growth and for food storage. In spruce the 4 to

9 year inclusive needles, and in fir the 5 to 9 year needles, synthesize
scarcely enough carbohydrates to maintain life in the tree.

Defoliating insects, when at high population levels, do not feed
exclusively on one age of foliage before tackling another. Natural prefer-
ences for new or old foliage are subordinated by population pressures, thus
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causing scarcity of the preferred food, with the result that defoliation then
progresses through the srown, sector by sector, more or less. Heavy infesta-
tions of the spruce budworm tend to defecliate balsam fir from secter A )
(upper crown) towards D (lower crown), For each crown sector, combining the
photosynthetic rate for each age of foliage with the percentage quantity of
each age of foliage shows approximate contributions by crown sectors to the
total photosynthetic capacity of the tree. These estimates; after adjustment
for light intensity variations, show that the less shade tolerant spruce
contributes more from the upper half of the crown. In the shade tolerant

fir, not only do the upper and lower halves comtribute equally, but so also
do the A and D sectors.

This approach is believed to be useful for dealing with severe and
widespread outbreaks of defoliators that call for damage estimates or recovery
predictions in the stand or over a large area. Loss of photosynthetic capacity
is no doubt one of the most important effects of defoliation, but not the only
one., Artificial defoliation experiments have provided indirect evidence that
internal moisture and growth hormone relations are probably disturbed too.

Matched, fully=-crowned spruce and fir trees were artificially defoliated
by sectors, removing ‘whole branches. Trees were prepared for dial gauge
dendrometer measurements at breast height the previous winter. Radial growth
measurements were made during three successive growing seasons, 1959=61.
Curves from pruning trees in sectors A and D are quite similar and agree with
estimated photosynthetic contributions; growth rate is not reduced much below
that of control trees. However, when about 50 percent of the photosynthetic
capacity is lost, the effects on radial growth become significant and the
severity of damage depends on where in the crown the defoliation took place.
It is clear that the upper half of the crown is of much greater importance to
the tree's continued growth. Indeed it appears to be the upper guarter of
the crown that spells the difference between death and life, and the eventual
recovery of previous radial growth.

To get the overall picture of total growth, these trees were felled in
November 1961 and annual ring measurements made at various heights from the
stump to nearly the top of the main stem. Total growth corresponds rather
well with growth rates shown for breast height. Again, the A sector of the
crown is conspicuously necessary for the growth and recovery of the tree.
These results cannot be explained entirely on the basis of lost photosynthetiec
capacity; water uptake and hormone balance are undoubtedly affected as well.
Indirect evidence indicates that effects may be extremely localized. For
ingtance, defoliation of the penultimate twig of fir during the winter has
no effect on the next yeart's shoot growth. Removal of a similar amount of
foliage from the ultimate twig, however; has a pronounced effect on the growth
of the new shoot.

Evidence in regard to moisture relations was obtained by comparing
defoliated and transplanted spruce. The effects-==short shoots and short
needles~--are identical, and presumably the causes are too. The only differ-
ence is in the mamner in which moisture relations were disturbed. Another
example of this sort of relationship is shown in the grafting of conifers.

A scion that is not overtopped by foliated shoots on the stock plant will, in
most cases, not 'take!;, while a side-grafted scion will in most cases become
a successful graft. This suggests water, rather than hormonal, relationships
are at work.
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Probably indirect evidence for the action of growth hormones alone is
seen in flowering balsam fir. In nature, heavy flower production is followed
by reduced shoot growth. 4 possible reason is that the millions of pollen
grains are each supplied with a hormone for the growth of the pollen tube.
With the shedding of pollen, a large fraction of the existing supply of
growth hormone in the twigs is lost at a time of year when replenishment
camot be quickly overcome. That this probably does happen can be demon-
strated by artificial methods. If needles are carefully taken off the
flowering branch in December and Jamuary, leaving the male flowers,
practically no shoot growth takes place in May and June. If male flowers
are carefully removed in December or Jamiary, the shoot growth in May and

June is better than in the ordinary flower-and-foliage=bearing control
branch.

Artificial defoliation of trembling aspen and beech had some interesting

results. Groups of trees 6-=10 feet in height were completely defoliated

once a year for three consecutive years. The defoliation of different groups
was done at intervais, two weeks apart, on or about the same dates each yeare.
- A1l aspen withstood the three-year's defoliation remarkably well; except

for those defoliated in August, all of them refoliated each year. Radial
growth was, however, greatly reduced. Leaves on the refoliated crown were

of quite different shape from those removed earlier in the season.

About half the beech suffered heavily from the repeated defoliation
and in a rather peculiar seasonal pattern. All trees defoliated before mid-
July bore a second set of leaves before the end of the season. Two or
three of the trees defoliated in the third week of July produced a few
small leaves often on epicormic shoots before the end of the summer, but
in most the buds took on the characteristic spindle shape of dormant beech
buds. Trees defoliated in August never showed any inclination torefoliate
or to develop epicormic shoots and the buds were scarcely different from
normel dormant budse.

A hypothesis is proposed, to show that the young leaves are a heavy
drain on the stored food, contributing little to the total photosynthate,
and that early season defoliation removes the leaves before repayment to the
stored food is made. Production of even a sparse second crop of leaves
taxes the already depleted reserves to the limit. Defoliation later in the
season gives the leaves time first to re-pay, in part at least, the reserve
food used for their production. No further drastic withdrawal is required
from the reserves because refoliation does not occur. Therefore, the
photosynthetic period has merely been shortened after the food reserves have
been partly replenished.

In eonclusion, the assessment of damage by defoliating insects is not
simple because the nature and severity of the damage depend on many inter-
acting factors concerned with the insect, the tree, and the season. To
begin to understand these interrelationships, a great deal more knowledge
of tree physiology is necessary. I trust that the examples given will provide
food for future thought.
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Feeding Patterns of Defoliators

by
R.E. Stevens

Defoliators operate in many ways, producing many different kinds of
effects on their host trees. Let us review their feeding patternse-=how
and when the insects feed and how their action varies under different
conditions. With these patterns in mind, we might consider some of the
problems involved in relating studies on foliage complement and artificial
defoliation to what happens in the real world.

According to feeding hablts, defoliators can be lumped into the following
classes: (1) "open feeders® or Mclear feeders", (2) needle miners, (3) bud
miners, and (4) "wasteful feeders". Open feeders include defoliators, such
as the Douglas-fir tussock moth, Hemerocampa psuedotsugata, which feed
readily on new and old foliage alike and others that feed wholly or mainly
on the old needle growth. . Needle miners, such as Recurvaria milleri and
R. Starki, feed within the needles, hollowing them out., Bud miners, such
as the spruce budworm and black=headed budworm, often show diversity in
habits. larvae characteristically enter the new vegetative buds and feed
within them; as the foliage expands they feed between the new needles. A4s
development continues, older foliage may be eaten. The wasteful feeders
are insects that chop off or destroy much more live material than they use
for foods The pine needle-sheath miner, Zelleria haimbachi, is an outstanding
examples The Zelleria larva chews its way through the needle sheath into a
bundle of newly developing needles, and feeds on the tender growing point
within. In effect, the entire bundle of needles is destroyed.

How defoliation occurs within the tree is of considerable importance.
We can visualize species that tend to operate first and most severely in
the upper part of the crom. A greater proportion of the foliage on the
upper corown is new growth. This is probably the commonest situation encount-
ered with defoliators, and the one in which top-killing is an early manifest-
ation of damage. Spruce budworm, Douglas-=fir tussock moth, and the silver=
spotted halisidota, Halisidota argentata, are examples.

On the other hand, populations:of the white-fir sawfly are concentrated
in the lower portions of crowns when it occurs in dominant and codominant
trees. This; coupled with the species! preference for older foliage, results

in it not being particularly destructive with respect to growth reduction

and tree mortality.

Variation in habits at different stages of the life cycle should also
be considered. The spruce budworm commonly acts as a needle miner in the
earliest feeding stage and sometimes as a pollen feeder, in addition to being
a bud miner; then an open-feeder. The pire needle-sheath miner spends two
and g half of its five larval instars as a true needls miner; however the
mine is so small that it is eon51dered to be of no consequence so far as tree
damage is concerned.
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Variation in feeding patterns also occurs with increased population
den51ty. The pine butterfly is a good example; ordinarily the larvae feed
only on the older needles, but under outbreak conditions they eat old and new
needles alikes

When defoliation occurs--=-time of attack---is important. Defoliation
in May, for instance, can be expected to have a different effect than
the same amount and kind of defoliation in August. Among the array of
defoliators we find species that feed early and late. Some extend their
feeding over long periodse.

To show the problems in relating artificial defoliation studies to
natural conditions, I would like to briefly consider one example. The
lodgepole pine needle miner in California has a two-year life cycle.
During the first feeding season larvae commonly mine old needles, starting
in mid~July, and by October have moved to and mined four new ones. Then
in the flight year an additional needle, sometimes more, is destroyed
before the larvae pupate. While some of the mined needles remain on the
tree, an abscission layer is formed in many of them, and these needles
fall to the ground.

This illustrates that defoliation is a complicated process. The
experimenter must take into account the progressive nature of the feeding;
a simple removal of needles in the case of the pine needle miner would
hardly be sufficient. The pattern of defoliation within the tree---top
to. bottom=~-would have to be dealt withe So would the condition of
tree---whether the infestation was & recent one or one of several years!
standing. The observer has to recognize all these things and deal with
them if he is going to attempt to simulate the insects' effects.




Defoliation and Host Tree Reactions

by
_V.M. Carolin

. Tree host reactions to defoliator attack or damage may have a
direct or indirect bearing on the course of further damage. In some
cases the reaction is in response to injury; in other cases the reaction
is coincidental. Host reactions usually appear to be of advantage to
the host; however, the opposite may apply and in some cases the reaction
may have no real bearing on tree survival. The important question to
foresters is whether, with a particular insect on a particular host, the
course of damage can be reversede.

Kinds of reactions include refoliation from normal vegetative buds,
production of adventitious buds, shedding of leaves, resin production,
and peculiarities in flowering habit. Reactions vary primarily with
the species of host tree, but the feeding pattern of a defoliator may
qualify the intensity of the reaction. Some tree species are 'weak
sisters', while others are moderately or well qualified genetically to
cope w1th defoliator damage.

Refoliation from normal vegetative buds occurs every spring with
deciduous trees, including larch. These trees, compared with those
having persistent leaves, have an obvious advantage in coping with defoli-
ator populations. A second crop of leaves during the season that damage
occurs may have considerable significance, since some immediate benefit
in food reserves may acerue. The timing of refoliation is important;
Dr. Glark has already cited a case where refoliation depletes the food
reserves. Larch refoliates early in the season following damage from
spring feeding by the larch casebearer, Coleophora laricella. Produetion
of this second erop of needles is tied in with intensity of spring damage,
and mumbers of needles are half that of the first crop. After five or
six years, the length of needles of both the first and second crop of
needles is much reduced. Trees continue to survive and it is problematical
how many years they can withstand such heavy defoliation, without a respite
to build up food reserves. (Data from R.E. Denton, U.S.F.S.)

Some interesting results of defoliation of larch, under severe attack
by the larch sawfly, have been shown by Lejeune (1951). After three to
four consecutive years of severe infestation, trees produce so little
foliage that few larvae can be supported. Simultaneously the number and
length of terminal shoots decreases. Because sawfly adults lay their eggs
only on new shoots, populations cannot be maintained in their absence.

Production of adventitious buds is usually stimulated by the loss of
vegetative buds and shoots, caused by feeding of bud-miners such as
spruce budworm. The result is to maintain the capaeity of the tree to put
on new growth the following spring. The ability of Douglas-=fir to
produce adventitious buds under severe defoliation by the spruce budworm
appears much greater than that of white fir., Although production of
adventitious buds has been recorded for ponderosa pine, larch, and western




hemlock, the ability of western'tree'Speéies to sustain adventitious bud
production over a period of time is not well-known.

Shedding of partially consumed leaves often occurs as a reaction to
damage. Sometimes the shedding takes place while insects are feeding,
and is beneficial to the tree. For instance, some of the mined needles
of firs attacked by the spruce budworm contain living larvae when needles
are shed. Shedding of damaged new growth of conifers at the end of the
feeding period seems to have little significance. However, shedding of
0ld growth needles only partially damaged by feeding appears disadvantage-
ous: to the tree. In the case of hemlock looper on western hemlock, many
needles are only lightly fed upon, but are shed along with more seriously

damaged needles. This results in maximum loss of foliage for the amount
of needle tissue devoured.

Resin production of conifers---amount and time of production---may
have a significant bearing on damage caused by leaf-miners and bud-miners.
Bennett {1954) found that pines with large numbers of resin canals in the
needles were scarcely acceptable to larvae of a pine needle miner,
Exoteleia pinifoliella., In studies of the European pine shoot moth,
Harris 219605 demonstrated that success of initial larval attack on buds
of pines varied with stage of development of resin canals in the buds,
and with differences in resin production between tree species.

In summary, host tree reactions must be carefully considered in
damage studies. Since it is not usually known whether tree reactions will
gffect the course or amount of damage, defoliation estimates should be
obtained both before and after the host reacts. Amount of refoliation and
acceptability of this food to the defoliator must be considered. Indirect
effects of defoliation, such as discovered by Lejeune for the larch sawfly,
should not be overlooked. '
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Defoliation and Tree Mortality C

B. E. Wickman

The following comments.on defoliation and subsequent tree mortality
will be limited to several of the currently important western forest insects
attacking conifers; namely the lodgepole needle miner, spruce budworm,
western hemlock looper, Douglas=fir tussock moth, white fir sawfly, pine
butterfly, and pandora moth. The objective is to indicate, for the
different insect species listed, the smount of defoliation necessary to
kill a host tree and the type of trees most susceptible to this mortality.

There are many complicating factors involved: Usually the concent-
ration of large numbers of weakened trees attracts and breeds tremendous
numbers of bark beetles and other cambium-mining insects. These insects
attack trees which might have died from defoliation alone, or kill trees
which might have survived defoliation quite easily. Consequently, some
of thé mortality figures included here should be considered as at least
partially beetle caused.

Any defoliator, even those considered of minor consequence, has the
potential by sheer numbers or an extended feeding period to overcome even
the healthiest tree. ILuckily for entomologists, though, most important
defoliators have attack and feeding habits which can be correlated with
host reaction, allowing us to make at least educated guesses concerning
the amount of damage likely to occur. The feeding habits reported by
Bob Stevens are a most important factor in making predictions of subsequent
tree mortality.

The spruce budworm, a feeder on new foliage, has probably caused
more tree mortality in Canada than in the western United States. Some
of this may be due to a difference of hosts. As a rule Douglas-fir and
true firs, defoliated of only new foliage, take 4 or 5 years of repeated
feeding before the needle complement is reduced enough to cause tree
mortality., lLarge firs with slightly over 25 percent total foliage reduction
usually have tops killed and can be classified as dying, even though
actual death might take up to 5 years. Similar damage to Douglas=-fir
results in no mortality; with 50 percent or more defoliation being necessary
to kill small trees. Here we definitely see a difference in host reaction.

Second t0 be considered are three insects which concentrate their
feeding on old foliage. The white fir sawfly during its 1951=54 outbreak
in northern California killed only 1 percent of 1,000 trees examined.

Mortality was confined to suppressed and intermediate trees, and none was

- ¢aused by bark beetles. The pandora moth has caused devastating mortality
of ponderosa, Jeffrey, and lodgepole pines, but effects of defoliation have
been masked by subsequent bark beetle outbreaks. The insect has a 2-year
life cycle and usually terminal buds are spared, so it usually takes 4
yoars before serious tree mortality occurs. Mature and overmature trees
seem to be more susceptible to feeding and subsequent mortality. The
lodgepole needle miner, which has a 2-year 1life cycle, is a tree killer
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in Galifornia. In the 1909-17 outbreak, Patterson ascribed none of the
mortality to defoliation alone, but rather to a subsequent outbreak of
mountain pine beetle. In the present outbreak, studied by Struble, after
six years of heavy feeding entire stands of lodgepole pine were being
killed by defoliation, in some cases without any aid from bark beetles.

The first trees to die were usually the overmature. After 10 years
Struble found in one area that 19 percent of the trees over 10 inches
d.b.he. and 14 percent of the trees under 10 inches had been killed by
defoliation.

Finally, we can examine mortality caused by defoliators which feed
on old and new growth throughout the crown. The pine butterfly has
caused serious amounts of mortality in Washington and Idaho. Evenden
reported 26 percent of the stand on 27,000 acres was killed, 12 percent
by defoliation alone, in the 1922-23 outbreak. The insect can cause
almost complete defoliation in one generation, with mortality of mostly
overmature trees occurring by the second year. Ihe Douglas-fir tussock
moth, with help from bark beetles, has caused spectacular losses in white
fir in the Sierra Nevada by the second year of feeding. In the 1934-37
outbreak, at least 12 percent was attributed directly to feeding. In
the 1955=56 outbreak, only 0.5 percent of the timber loss could be
attributed to defoliation alone. However, defoliation did cause 34 percent
of the trees under 6 inches d.b.h. to be killed. Mortality increased with
amount of defoliation and most mortality occurred in trees over 70 percent
defoliated. Trees under the 10-inch d.b.h. class, or the suppressed and
intermediates, were most susceptible to death by defoliation alone.
The hemlock looper has caused extensive damage in coastal forests. Kinghoran
found that the first year after collapse of the outbreak tree mortality
was light, and only totally defoliated trees died. During the second and
third years after the outbreak, mortality increased considerably, but by
the fifth year had declined. In hemlock, fir, and spruce, larger trees
suffered a higher mortality percent for all defoliated classes than
smaller trees. Mortality increased with percent. defoliation. In Douglas-
fir, mortality was higher in smaller treese.

Expected tree mortality after defoliation by these principal insect
pests has been summarized in table form for purposes of this talk. As
foresters aim toward more intensive forest management, they will expect
more sophisticated predictions of tree mortality after insect defoliation.
We are unable to do this now for many insect-host combinations.
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Damage Symptoms as Related to Growth

by
C. B. Williems Jr.

The purpose of this paper is to show the close relationship between
the various external damage symptoms exhibited by spruce budworm attacked
trees and the concomitant reductions in tree growth.

A total of 101 dominant and codominant grand fir, Engelmamn spruce
and Douglas-fir trees, whose d.bsh.'s ranged from 8.0 to 16.0 inches,
were seleeted for study from forest stands recently attacked by the
spruce- budworm. The trees were first classified on the basis of the nmumber
of damage symptoms they exhibited and their de.bshe's measured, then the
trees were felled and sectioned. Disks obtained from these sections
provided material for amnual radial and volume increment analyses. Total

height, amnual height increment (1941-1958), and length of dead top was

measured on each felled tree. The impact of budworm feeding on radial,
height, and volume increment was shown by a comparison of tree growth

- during the 1946-1956 outbreak (damage period) and a predamage period of

equal length in years (1935=1945).

Radial inecrement illustrated the annual and cumulative effects of
budworm feeding more clearly than height and volume increment. This was
determined through graphical examinations, covariance, and multiple range
tests. Generally, reduction in radial increment between damage ratings
was significant at the .05 level. Spruce budworn feeding affected height
growth more than radial or volume growthe. Top-killing oceurred frequently
among moderately damaged trees, particularly grand fir.

Analyses repeatedly showed that the various damage symptoms exhibited
by trees attacked by the spruce budworm are closely related to reductions
in the increment. These external damage symptoms can be grouped into '

several damage classes and used in damage surveys of budworm-attacked
forest stands. :
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ABSTRACT
Effects of artificisl defollatlon of pine on
subsequent shoot and needle growth
H.M. Eulman )
(Read by G.T. Silver)

Red pine, Pinus resinosa Alt., trees in a five-year-old plan=-
tation were artlflcially defoliated in July, 1959. In order to
simulate insect defoliation, the needles were clipped off at the
distal end of the facicle. The treatments consisted of the removal
of the 1959, 1958, 1957, 1959 + 1958, 1959+ 1957, and 1958 + 1957
needles. Subsequent measurements of needle and shoot-length growth
wore made in the fall of 1962. Three of the 6 treatments resulted
in a significant reduction in shoot-length growth of 10 to 40 per cent
in the first growing season after defoliations Treatments involving:
the removal of current (1959) needles resulted in a significant re-
duction in shoot=length growth of 38 to 63 per cent in the second
' season after defoliation. Treatments in which the current year's
needles were removed resulted in a signiflcant reduction of 19 to 32
per cent inm the length of needles produced in the following season.
111 three treatments in which the current year's needles were removed
resulted in the production of significantly longer (9 to 42 per cent)
needles in the second season after defoliation. Significant shoot
and needle~length reductions were also obtained in smaller studies
using Scotch pine, Finmus sylvestris L. The shoot reductions are
discussed in relation to the effects of defoliation on the availability
of needles as storage organs and producers of photosynthate for the
following season's shoot elongation. Needle length changes are dis=-
cussed in relation to the effects of defoliation on the availability
of needles to produce photosynthate.at the tlme of needle primordia
formatlon and needle elongation.
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Panel Chairman, N.E. Johnson

Growth Regulating Substances in Trees

by
Dr, J, Clark

Some ten years ago I became interested in the balsam woolly
aphid, Adelges piceae; because of the nature of damage caused to
the trees. Certain responses to the insect's feeding such as drooping
of shoot tips, suppression of bud development, swellings or 'gout’
due to cortical hypertrophy and hyperplasia, and formation of wide
rings of compression-like xylem ‘'rotholz', strongly resemble growth
- abnormalities that have been produced experlmentally in other plant
species by the application of synthetic growth regulating substances
and herbicides. At that time I was occupied with other work and
could indulge my interest in the physiological aspects of the aphid
problem, only by carrying out simple field experiments and observa-
tions. These strengthened my conviction that the symptoms of aphid
attack were somehow related to unbalanced growth hormones in the
tree, but it was only three years ago that I finally found the time
and the opportunity to embark on full-scale research into the problem.

I soon became aware that, in general, there was really very
Iittle known about growth hormones in trees per se, and practically
nothing was known about those in coniferous trees in particular. It
was obvious that investigation of normal healthy fir trees would
first be necessary to determine the nature of growth substances
and the mechanisms of growth regulation in Gymnosperms. Only then
would investigations of the abnormal condition, the aphid infested
trees, become meaningful. It is mainly the first stage, the studies

of healthy trees, that I wish to describe today. However, I would like to
tell you also about preliminary work I have done with infested trees if,

for no other reason, but to open up avenues for discussion at this
Gonferences

I do not intend to subject you to the plethora of technological
details inherent in studies of plant growth hormones. However, a very
brief outline of the combined use of chromatography and growth bioassay
techniques will help to clarify the significance of the graphs and
tables on slides that follow.

Ether extracts of the plant tissues were purified, concentrated,
and applied quantltatively on the start line of chromatographs. Two
types of chromatographs were prepared; (1) Twenty-inch sheet on which
a large amount of extract was applied as a uniform dense start
line; from these, pleces of any appropriate width were later cut out
for use in the biocassay; (2) Slotted sheet on which accurate serial
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dilutions of extract were applied as starting spots; from these,
pieces the entire width of the strip were cut out for biocassay. The
two types of chromatographs were related quantitatively; 10 inches
of starting line in (1) contained exactly the same amount of extract
as the undiluted starting spot in (2). The papers were equilibrated
in the vapours of, and irrigated in a solution of, isopropancl-ammonia-
water (8:1s1 V/V) until the front of the partitioning solvent
reached a previously marked distancs (usually 10 inches) from the
start. TWhile these operations progressed over a:72-hour period,

oat seeds were germinated and grown in the dark for use in a growth
biocassay; in this case the '"Avena first interncde straight growth
bioassay!, which is one of the many standard procedurss for assaying
plant growth substamses. To each culbure tube was added 1 ml. of
buffered nutrient solution, 10 Avena internode sections, and a piece
of the dried chromatograph which had been divided into equal sections
of the Rf scales. Certain sections would thus contain auxins, others
inhibitors (if present) and the remainder various unknown inactive
substances extracted from the tissue. Control tubes contained
clean paper. The tubes were rotated in the dark for 18 hours at
259C, then the Avena sections were measured. The average length

of internode sections in a tube indicated the presence of an auxin
if the length was significantly greater than that of controls, or
the presence of a growth inhibitor if the length was less than that
of controls. This outline gives a deceptively simple account
because all these operations must be carried along on a strictly
timed schedule; a slip-up in any one upsets the entire sequence and
complete repetition becomes necessary.

From the literature it appeared that plant growth hormones are
produced by the buds, and therefors the best place to start my
investigations would surely be in the buds early in spring. I did
exactly this, despite certain observations I had made earlier, while
studying defoliation of fir, which suggested that there were possibly
other sites of hormone production. Anyway, unopened buds, year old
needles, and twigs, were used at first then, after buds opened, the
current shoots were included too. Extracts from all these tissues
showed some growth stimulation at one time or another but the results
were inconsistent, due I believe, to great quantities of gums, pig-
ments, and resins that were not removed entirely by the purifica=-
tion procedures and their residues then interfered with the flow of
the partitioning solvent in the chromatographs. These less than
successful analyses were carried on for about two months, by which
time shoot elongation was completed yet new buds were still poorly
developed. At this point, about late June, I decided to take from
the trunk a sample of the inper bark and cambial zone because, I
argued, radial growth rate should be just about its pesk then and
auxins ought to be there. This was immediately successful, not only
did the bioassay results show clearly defined zones of growth
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promotion and inhibition but there was a suggestion of a shromogenic
reaction when these chromatographs wers sprayed with Salkowski's

reagent for indolic compounds. The extracts of imner bark were much
freer of gummy impurities than those of buds; twigs, and needles.
Fortunately too, from the aspect of the aphid studies, the activity of
the cambial meristem was probably of greater importance than that of the
terminal meristem, From that time on, all samples were from the immer
bark half way up the trunks of mature trees. All resultg that follow
pertain to analyses of trunk bark. )

Row that the existence of growth regulating substances was
knomn, qualitative and quantitative studies on a seasonal basis were
necessarys Various experiments, each designed to furnish a specifie
kind of information about these growth substances, were repeated as
often as possible throughout the year. - The collective results
indicated that both the auxin ([1AA) and the inhibitor (which is probably
inhibitor BZcomplex) wore present in the bark in all seasons and
essentially in the game guantities. This was indeed = surprising
development because, as I already mentioned, auxing were supposed to
appear in the buds in spring, move basipetally initiating cambial activ-
ity as they went, then disappear in the fall of the year! As a check,
.the seasonal anslyses were continued for another full year. In
additiony, advantage was taken of the bark=peeling season to look for
possible changes in the location of auxin within the bark (and here I
use 'bark! in the sense of everything external to the xylem).

Previously unsuspected lateral movement of auxin was actually found.

It has been suggested (Wort) that the tissues adjoining the
dormant cambium contain a reserve of auxin and an increase in tempera-
ture triggers the liberation of free auxin from these stores of inactive
hormones.

Our results lend support to this hypothesis. This might
explain too why trees occasionally commence radial growth before the
buds swell and burst.

Goming back to the seasonal analyses of 'bark' (middle, inner,
cambial zone, and cambium inclusive):-.we note that auxin and inhibitor
are present every month. The results sbove are for 2% wide strips of
chromatograph, in most instances these provide over-optimal amounts of
auxin in the bioassay media as can be seen from the increased activity
in the results below for 4% wide papers, i.e., 1/4 the concentrations
above. Inhibition was more pronounced with the 2W%W-wide papers. The
apparent downward trend in auxin activity from February to December is
not real but, as we now know, is due to changing response of Avena to
1AA with the season.
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If large seasonal changes in the auxin were taking place, the
peaks in these activity curves would shift to the right or to the left
depending on where the optimal concentration for growth happened to be
gt that time.

It is apparent that when these substances are bioassayed separately,
one promotes, the other inhibits, grewth of oat internodes. But in
nature they do not exist separately; therefore, it was necessary to
investigate their combined effects on growth. Early experiments were
'purely qualitative but clearly showed that the inhibitor had a pronounced
effect on growth whether or not the auxin was present. Substituting
authentie 1AA for natural auxin gave similar results. These semi~-
quantitatlve experiments suggested that grawth responded more to
variations in concentration of irhibiter in the mixture than to varia-
tions in the 1lAA concentration. In additiony; extremely low concentra=-
tion of inhibitor in combination with optimal 1AA, enhanced the growth
response beyond that dus to 1AA alone==in other words there was a
synergistic effect. Combining the natural:aukin and inhibitor in various
mixtures brought out an interesting feature.

Here one unit of inhibitor suppressed growbth just as much in the
presence as in ths absence of auxin, whersas .1 units seemed to be
just about critical; neither inhibition nor promotion oecurred. However
the dilution series here was too coarse to detect what really went on,
so refined inhibitor dilutions close to the critical point were combined
with wide dilutions of 1AA. But first let us see the relationship of
these dilutions to the activity curves for authentic 14A, natural
auxin and inhibitor when biocassayed separately.

the that peak 14A and auxin activity oceur at the same place
in the dilution series as the 'eritical'point' of inhibitor. Now,
instead of the wide range of inhibitor dilutions, a very narrow range
sbout the critical point are combined w1th the wide range of 1AA
dilut10ns-=th15 is what happens.

Here the extremely sensitive control of the inhibitor over the
l1Aj-induced growth shows up clearly. It almost appears as if the auxin
plays a passive role. This raises an interesting point. If the amounts
of auxin and inhibitor remain relatively comstant in the bark throughout
the year, then the controlling factor becemes a question of dilutions,
and of course the quantity of solvent, water, would be of paramount
importance. There is scarcely any change in the auxinw-induced growth
over this narrow range of near optimal congentrations whereas congsent-
rations of inhibitor over the same range, completely suppress auxin
induced growth at one end and allow its free expression at the other.
This concepty, that moisture content of the immer bark might play some
part in eontrolling cambial activity, is not entirely new, it has been
suggested before (Priestley 1930, Zahner 1963) I do not consider it
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to be the only controlling factor, undoubtedly there zre others. However,
: we do know that bark moisture varies greatly during the year and moisture,
rather than temperature, etec., seems to be closely correlated with certain
well-known features of radial growth in trees, for example:

l. The spring commencement and autumn cessation of cambial
activity. (Dilution concentration respectively of the
growth inhibitor),

2o Narrow growth rings during dry years. {Again concentration of
inhibitor). ,

3. False or double rings during a good growing season that has
been interrupted by a brief but intense drought, or by
defoliation. (Again concentration, followed by dilution, of
the inhibitor})

One might add to these such abnormalities as, short tufted shoots
due to defoliation or root damage through transplantation (reduced water
causing concentrated inhihitor solution), the succulent luxurious growth
of sucker; laminas and coppice shoots supplied with water from a fully
developed root system suddenly deprived of its large crown by disease or
mochanical injury (here is the opposite effect--oxtreme dilution which
possibly allows not only optimal growth, but even the synergistic
effect already mentioned, to take place).

Growth regulators in other tree species

Up to this point I have dealt only with balsam fir, but reference
to your program will show that I am supposed to cover "hormone relation-
ships in unattackéd trees and plants®. Well, out of curiosity, I
actually did a few analyses of other. species, using exactly the same
techniques as already deseribed for fir.

The same pattern as for balsam fir occurs here again almost
exactly, and probably the same growth regulators are involved. Strangely
enough, aspen, the only broad-leafed species tested, gave results like
the conifers. '

Interesting experiments were carried out récently (by Westing 1960)
with red pine. He staked young trees over sideways then, as the leéaders
began to bend upwards, he bioassayed the 'upper! and "lower! halves of
the curvatures for auxin and found greater activity in the !lower!
portions. Though he failed to identify the active substance, its.
characteristics agreed in almost every respect with the auxin found in
balsam fir and tentatively identified as indole-3-acetic acid.




The Woolly Aphid and Growth Hormones in Fir

Studies of the aphid itself and of aphid-infested trees have so
far been of an exploratory nature because, first, I have besn almost
fully occupied investigating the normal situation in healthy trees and,
secondly, heavy infestations of the aphid are becoming quite hard to
find in the vieinity of Fredericton and this means travelling consider-
able distances to collect material. Therefore the results that I give
here today should bes considered as purely prelimindry, entirely open
to question and eriticism, and will probably require extensive revision:
in the light of future investigatioms,

A few extractions were made of aphid eggs, crawlers, adults and
wool (mixed) and bioassayed for possible plant growth regulating sub-
stances.

Gollections from Chipmaen and Campobello Island showed good auxin
activity near the Rf of aunthentic 14A, and probably another active
substance at BF .85, No growth inhibition occurred. Though these’
samples consisted of materials of imsect origin, it is possible that
the activity wes due to the presence of bark auxin either inside
the feeding adults or in their woolly secretions. Another attempt,
using crawlers only, gave absolutely no growth promotion; however,
this sample was extremely small-=fewer than 50 crawlers crushed
directly on the start spot of a chromatogram.

Another line of investigation was to bioassay the bark extractions
from gouty twigs and heavily infested stems and compare these with
the normal pattern for healthy tissues.

This was not done quantitatively--the bark from twig nodes was
stripped off until about the same fresh weights of gouty and healthy
material were obtained. However, the results suggested that a
change had taken place in gouty tissue, inhibition seemed to be stronger
and this led to similar, but quantitative, analyses of stem bark,

In the upper graphs there appears to be much greater growth inhib-
ition by infested than by healthy bark but part of this inhibitien
(Rf ol=o5) could be due to greatly over-optimal concentration of 1A4 -
(if present). In the lower graphs dilution of healthy bark extract
enhances auxin activity but similar dilution does not show growth
promotion in the extract of infested barke. Therefore, it seems that
the pattern for infested bark was different from that of healthy bark
in several wayss (1) the usual B-complex inhibition was stronger and
more extensive; (2) the auxin (1l44) was either missing entirely, or in
such high concentration that even the diluted form was still-oever-
optimal, (very unlikely) or the auxir activity was completely suppressed
by a new !inhibitor® (Rf .2-.5) that had never appeared before in
analyses of healthy bark.
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Apbout that time my colleague, Dr. Bonga, was successfully culturing
spruce bark in connection with his studies of dwarf mistletoe. We-
decided to try the same tissue culture technique with fir bark as a
possible means of testing growth reguiating substances on the same
kind of tissues as they were originally extracted from. Small patches
of bark were removed aseptically and grown in mutrient agar media to
which were added (or omitted) authentic 1AA, fir bark auxin (144), and
fir bark inhibitor (inhibitor B-complex). Addition of authentic 144 in
physiologically suitable concentrations did not affect the growth or
success of the cultures, indicating that the necessary amounts of
auxin required for growth were contained in the bark patches or produced
by them from precursors. But addition of inhibitor, especially in very
high concentrations, did affect the growth and in a most interesting
manners

This slide will help to refresh your memories on what the general
anatomy of normal healthy bark looks like, as well as the relation
and juxta position of one tissue to another. The labels identify
various tissues or elements as followss

(a) zylem

(v) cambium

(¢) sieve tubes

(d) phloem parenchyma cell
(e) phloem ray cell

(£) resin duct

(g) cortical cell

(h) phloem parenchyma

Note particularly the orderly arrangement of the phloem elements.
When high concentrations of inhibitor were added to the mutrient agar,
the culture blocks became obviously different from the controls;

(1) the amount and extent of normal callus (proliferation of cambial
end end ray cells) was less and (2) a swelling developed just above
the agar surface. Sectioning of the blocks showed these swellings
were of internal origin caused by hypertrophy of phloem parenchyma and
phloem ray cells (p and q) which distorted and displaced the sieve
tubes (r).

Here you can see part of the swollen region and, in higher magni-
fication, the hypertrophied parenchyma cells and distorted sieve tubes.
Note normal and hypertrophied phloem parenchyma cells at § and p
respectively.

The effects of the inhibitor are evigent in these sections of bark
cultured over lengthening periodss

A. Normal orderly arrangement of phloem during first few days.

B. Hypertrophy well advanced at 2=3 weéks.

C. Extreme hypertrophy of phloem parenchyma and phloem ray
cells at 5-6 weeks.
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Since these are all at a magnification of . 2100 the over-gll result is
quite apparent; in B, the diarrangement of the sieve tubes g into
isolated bundles has commenced and the phloem sclerenchyma h T} has been
pushed to the left; in G, eomplete disorganization of sieve tubes has
left only a few small bundles within the field, the remainder, as
well as the phloem sclerenchyma, have been pushed far to the left
beyond the limits of the photomicrograph. By measurements on both
trensverse and longitudinal sections it was calculated that enlargement
of cells ‘due to hypert*ophy must be in the ordér of 40 to 60 times,
all of which took place in about 6 weeks, This Hypertrophic growth
produced in the phloem of fir bark eultires by massive doses of the
inhibitor appears very similar anatomically to localized swellings,
described by Baleh (1952) and more recently by Oschssler (1962), that
develops in the phloem of various species of Abies fed on by Adelges
8PPe

This raises a question and suggests a word of caution. OCan this
substance rightly be called a growth inhibitor (as I have done today)
solely due to its effects on the elongation of oat segments, when it
behaves also as a& hypertrophic stimulant in balsam fir bark cultures?
It is rash indeed to make gencralizations @beut the growth regulatory
properties of a particular substance on the basis of any one biological
test °
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It is the rule rather than the exception in biological research
that new leads come from accidental findings and these leads, when
followed, channel the investigation into a new direction. Our fortui-
tous discovery of the hypotrophic properties of this substance might well
be the lead that will help to unravel some of the intricate mechanisms
involved in the woolly aphid~balsam fir relationship. On the other
hand it might well lead up a blind :alley.



Influence of Balsam Woolly Aphid Upon Hormone Relationships,
Tree Growbth, and Mortality

by
Dr. R.G. Mitchell

Ar attack by the balsam woolly aphid is a double-barreled one which
is hard to separate in terms of which causes the most damage. In one,
the aphid attacks the main stem, influencing the xylem, which carries
mter to the crowni the phloem, which contains sieve cells for transe-
portation of elaborated foods; and the phloem parenchyma, which functions
vitally in food storage. In the second type of attack, the aphid infests
the tree crown and prevents new growth by inhibiting bud development.

Stem Infestations

Aphid infestations on the main stem of North American Abies cause
the trees to produce annual rings with abnormally large amounts of
dark; reddish wood. This aspect of damage was studied cooperatively
by the U.S. Forest Service and Oregon State College.

Angtomical investigations of the xylem tissue of grand, subalpine,
and Pacific silver fir revealed that in sbnormal wood the cdllls were
circular rather than rectangular in cross-section; secondary cell
walls were abundantly marked with microscopic checks; the proportion
of thick-walled, summerwood-like tissue was greatly increased; and there
were an unususl proliferation of traumatic resin canals. Other dis-
tinguishing characteristics of the abnormal wood were: Gell walls in
the springwood were about 50 percent thicker than normal; tracheids
weré some 40 percent shorter; fibril angle was two to three times
greater; and the number of rays per unit area was nearly doubled.

These effects of woolly aphid attack occur in all three species
and in about equal proportions, suggesting the reaction between aphid
and host as being fundamental in nature and independent of tree species.
The initial site of reaction in the tree is not readily apparent, nor
is it clear whether the initiating agent functions as an inhibitor or
stimulant. Some characteristics suggest that host reaction may occur
in the cell differentiation stage rather than in the cambium; other
characteristics indicate the vascular cambium as being the primary site
of action.

28,
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It is possible that the abnormal, aphid-affected rings affect
wmter-conduction. Some symptoms in aphid-infested trees, such as
drooping leaders and positive sap pressures in mid-summer, suggest
some kind of stress in the functional part of the xylem. Uther obser-
vations on the transport of dye in infested trees also suggest that the
patterns of water transport in the main stem differ somewhat from
normale

Effect of the Aphid on thg Crown of Grand”Fir

Grand fir may survive balsam woolly aphid infestations as long as
15 years. The tree is therefore a good Species for determining the
effect of infestations on normal needle complement. The U.S. Forest
Service and Weyerhdeuser Company worked cooperatively on this aspect
of aphid damage, as well as the factor of growth reduction.

The first signs of crown deterioration appear after 4 to 6 years
of stem infestation, but only the new growth is affected, and this
mostly at the bottom of the crown. After 6 years of infestation there
is no detectable reduction in the amount of o0ld needles but a 55%
reduction in the number of new needles. As the period of infestation
increases, the number of new needles drops precipitously. A loss of
10 percent of the 0ld needles and 85 percent of the new needles can be
expected after 10 years of infestation. Then the number of old needles
drops sharply. After 14 years of infestation, the needle loss measures
about 80 percent for the old and 95 percent for the new. At this stage,
the remaining foliage is concentrated largely in the upper third of the
crown. '

Effect of_Infestatigns on Growth of G;and F;;

Height Growbth: The first indication of loss of height growth appears
after 3 to 7 years of stem infestation. Once the tree begins to' react to
the infestation, the loss in height growth is wsually precipitousz First
. year, 20-60%; second year, 40-70%; third year, 60-804; fourth year 65-80%;
and a gradual loss each year thereafter until the eighth or ninth year
when height growth is nil. Also, in about half the infested grand fir,
the top snaps out after 3 to 7 years of infestation. A lateral limb
does not take over to replace the lost leader.

Diameter Growth: The first effect of balsam woolly aphid infestation
on radial growth is acceleration of growth in the immediate area of” the
infestation. On grand fir this begins at the bottom of the bole and
moves gradually upward. Within 3 to 4 years after an iﬁfestatipn begins,
its effects can be detected by a decrease in radial growth in the upper
part of the stem. Decreased growth is most noticéable in fast-growing
treess 50»55% in the first year, 65-80% in the second year, 90-95% in
the third year, and 95-99% thereafter, until the tree dies. Because of
the accelerated growth in the lower stem and simultaneous decreased growth
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above, the form class (in this case diameter at 4-1/2 feet divided into
diameter at 20 feet) of the afflicted trees differs markedly from normal

trees, ranging from.O. 80 in nonwlnfested trees to 0.35 in trees infested
14 years.

Mortalitz

Anount of mortalily due to the balsam woolly aphid can be severe
in all three tree species, but is generally most spectacular in subalpine
fir. It is least noticeable in grand fir, For Pacific silver fir it
was found that the better the site,,the more.stem infestations there are;
and the more stem infestations there are, the greater the mortality.
The relationship between heavy mortality and good growing site is'also
“apparent with subalplne fir but is not too evident with grand fir. However,
for all three species, in any stand; it is the large-diametered trees
which are first attacked and killed by the balsam woolly aphid. The reason
for the the relatlonshlp between susceptiblllty and thrlftlness of stands
and individual trees is a mystery.




THE_EFFECT_QF APHIDS ON THE HOST PLANT
by
Norman E. Johnson

Aphids are known for their effect on the grommh and form of many
plants.  ILeaf curling, rolling, ecrumpling, ehlorosis and galling are
gommon effects of aphid feeding. Atrophy as well as hypertrophy is in-
volved. - Intéraslly, marked histological abnormalities accompany such
éymptoms. Carter (1962) says that the severity of the symptoms depends
on” (1) the severity of the infestation, (2) durationd feeding activity
and (3) spe¢ific plant reaction to the stimulus of the insest secretion.
Aphids may affect their host by sucking too much plant sap and thus devit-
alizing the host, secretion of a toxic or growth stimulating or retarding
substance into the plant, introduction of virus or more generally a
combingtion of these. In most cases the tissue abnormality is limited
to a localized area of feeding. In other cases the toxic secretion may

actually be systemic and symptoms develop at 31tes removed from the area
of feeding.

' The "associations of insects with galls has been known for centuries.
Aphids are among the many groups of insects capable of causing galls. The
galls may or may not seriously affect the host plant. Little is known
about the physiological and chemical factors associated with gall formation
in the case of true aphids. With Phylloxera and Adelges, it appears that
the gall may be initiated by indoleacetic acid.

The amount of plant sap that aphids remove from the host can be
considerable. Through their stylets having food canals of O.5u the aphid
may be able to extract lul per hour. Thus a million aphids would extract
a liter of plant sap per hour. Many small Douglas~fir trees will have a
thousand aphids on their stems Three year old Douglas=fir have a total
displaced volume of only about 250 cec. Only a small portion of this will
be phloem sap. A thousand aphids would remove lmle. per hour.

‘What is the effect of aphid feeding on forest trees? There are many
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virus diseases of broadlea: 'ed trees that are undoubtedly insect transmitted.

Phlosm necrosis of elm may be one of these according to Baker. Virus

diseases of walnut ashy; locust, birches and so forth may well be transmitted

by insects including aphids. There is only one record of suspected virus

disease on a conifer. This was reported by Smolak in 1948 om Picea excelsa.

Aphids feeding on the infected tree were suspected of transmitting ting the

virus. Blattny (1956) was able to transmit the suspected malady experiment-

ally'wlth aphidse.

Among the aphids infesting conifers, the spruce aphid, is probably one
of the most serious. This insect has killed millions of board feet of
Sitka spruce along the tidelands of the Oregon and Washington:coast (Keen,
1952). - This insect is also destructive to spruce stands in Europe.
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The Sprucé aphid, through its feeding activity, causes chlorotic spots
on the needles, which later turn entirely yellew then brown or violst just
prior t0 the death of the needle which soon falls from the steme The
aphid, according to Kloft and Ehrhardt (1959)_inserts its stylet bundles
through the stomata on the under or upper side of the needls, intercellu-
larly or intracellularly through the mesophyll tissue—-the area where
assimilation of food takes place, through the endodermis and then through
the transfusion tissue and sucks in the lumen of the phloem cells near the
heart of thé needle. Even before there is noticable change of color of the
needle, the aphid eausss a destivction of ‘the choloroplasts, apparently
from some material injected into the cell by the aphid. There is consider-
able increase in respiration and decrease in assimilation in needles affected
by the aphid.

Nearly every species of conifer is infested by a spscies of the gemus
Cinara. Graham (1939) states that when aphid infestation on young trees
is heavy, the resultihg damage can be great--usually in the form of
reduced growthe.

REDUCED GROWIH OF DOUGLAS-FIR SEEDLINGS ASSCCIATED WITH INFESTATIONS OF
CINARA SPEGIES (HCMOPTERA: APHIDARE)

By Norman E. Johnson

Mbstract

Aphids of the gemus Ginara are capable of causing serious growth
reduction of Douglas-fir seedlings. Growth of infested seedlings may be
only one-fourth to one~half that of uninfested seedlings. The aphids are
easily controlled by injecting demeton arocund the base of the seedlinge.
The presence of ants to clean up excessive honeydew is shown to be bene-
ficial for the aphids. S
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MEALYBUG INFESTATIONS ON FOREST TREES

By
R.g. Tashburn

I dare say most of you have never encountered widespread epidemic
populations of & mealybug in your coniferous forests. Soms of you may
question that mealybugs can become an economic forest pest.

The fact is, after a rather exhaustive review of text and references
‘commonly used by forest entomology students; it must be concluded mealy-
bugs have not been considered a significant forest pest. An equally
“exhaustive review of technfcal papers and references on mealybugs for
the most part reveals littls more than some mealybugs have as their
host forest trees.

Actually at least 25 known species in 11 genera feed upon forest
trees in North America north of Mexico. Hosts for these mealybugs includs
nearly all of the western conifers as well as a good many of our decidious
trees.

The only recent published record of damaging mealybug infestations
on forest trees 1 could find ‘was by H.E. WMilliron in the August 1958
Journal of Entomology. 1In this paper he discusses an infestation of
Dysmicoceus obesusg damaging fifteen year old loblelly pine in Delaware.

Dr. Ross recently sent me a copy of an article to appsar in the
Canadian Bi-Monthly Progress Report on a Puto cupressi outbreak discovered
last fall near Princeton, British Golumbia. This is a first record of
mealybug damage in interior British Columbia. The same species, however,
has been recorded on Douglas=fir in Alberta. In fact the collection was
.made about 30 miles from Banff.

It is, of course, possible some of you may know of mealybug infest-
ations or published reports that I am not aware of. If so, I would cer-
tainly appreciate hearing from you before this conference adjourns.

The purpose of this paper is to discuss the mealybug infestations
we have in the Intermountain Region, to bring out their mode of attack,
damage symptoms, extent of damage, and damage impact. In addition, I
hope my little discussion will stimulate your awareness . te the potentlal
demage that can be caused by some mealybugs.

We have been plagued with serious infestations of a speeies of
Puto in high altitude Engelmann spruce stands in southern Utah for a
good many years. We have recently completed the description of this
species and have given it the name, Puto sandini. The mamuscript has
been submitted to the Entomological Society for publication in the Annals.

Epidemic infestations of this pest were first discovered on the
Fishlake National Forest in 1939, and had obviously been epidemic for
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several years prior to its discovery. The infestation has persisted and now
covers about 10,000 acres which is the total acreage of spruce on the
mountain. .

A Second, and much larger infestation, was discovered in 1953 on
the Aquarlus Plateau of the Dixie National Forest. This infestation
‘eovers over 50,000 acres. Both infestations occur between 10,000 and
11,200 feet elevatlons,

Briefly, the life history is as followss Puto sandini has a four-
year 1ife cycle with progeny being produced ovovivparously by mature
femiales under the bark flakss on the bole of Engelmann spruce trees. Young
- are born in late August or early September.

- Production of young appears to be tied to daily accumulation of
temperature above 42° F. Progeny do not appear before thé accumulated
temperature reaches approximately 6500, but may not appear until daily
accumulated temperature reaches 800°, The females die after progeny
production is completed. Young remain under bark flakes until late

- SBeptember when they migrate to the base of the tree where they over-
winter in the duff.

The young crawlers migrate from the duff sometime in May long
before the winter's snow has melted. They move up the bole of the tree
“and onto the branches to feed on the needles. Feeding continues until
sbout mid-July when the crawlers start to migrate back to the bole of
the tree. Crawlers on seedlings migrate to the duff. Sometime in
September the erawlers migrate back to the needles and feed. However,
during this peried feeding is intermittent and some crawlers can be found
on the bole under bark flakes. In the latter part of September they again
migrate down to the duff where they overwinter.

The next year, feedlngg migration, and overwintering pattern is
identical to the previous year.

Migration in May from the duff to the foliage is repeated the
third year. However, feeding 1s discontimued the latter part of June.
Females migrate to the Bole of the tree and form a transparent pupae
‘case that is not fastened to the bark. The females emerge about July 1,
nearly 30 days earlier than the males. Male pupation occurs near the
first of July. The pupae case is a conspicuous white cottony elliptical
pod .open at the posterior end. Pupae occur singly or in masses and can
be found under bark flakes, along dead branches, and near the fascicle
of older green needles. Males remain as pupae for approximately 30 days.
:Several days prior to emergence; wing tips and wax tails protrude from

“the open end of the pupae case. Winged males emerge near the first of
August, seek out females, mate, and die.
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By the first of September many of the females migrate to the needles
and feed. The latter part of September they migrate to the duff, over-
winter, and the following May crawl frauthe duff, migrate to the needles,
and feed. In mid-June the gravid females migrate to the bole of trees and
_rest under the bark flakes. The young are born sometime in late August
or early September, thus completing the life cycls.

Migration back to the bole of the tree for three of the four years
starts between the 12th and 17th of July and is completed in 15 days.
This migration is not related to daily accumulated temperature, but
may be related to length of daylight and intensity of sumlight and/or
temperature. Temperature records show maximum summer temperatures
occur in mid=-July.

Several years of successive feeding by epidemic populations of
mealybugs can cause tree mortality. In addition, growth loss, crooked
terminals, and limb mortality mey be widespread in epidemic infestations.

" The first visible indication of feeding by the spruce mealybug is
copious sap flow from the branches during the summer of the second year
of feéding. During the third year of feeding the needles turn
yellow. _ By the end of the third feeding seascon the trees become

conspicuous due to the yellow needles scatiered throughout the infested
trees.

In persistent epidemics a majority of the limhs and twigs become
black from the formation of black sooty mold. The mold does not seem to
form on the peedleso

Our efforts to assess the damage caused by this mealybug are
somewhat sketchy. For example, we know that many thousands of trees
less than four inches DBH have been killed but we do not have accurate
counts of this loss. On the other hand, we can show a decided decrease
in increment production has occurred as a result of the mealybugs
feeding within the epidemic on the Dixle National Forest.

The normal healthy spruce stands on this forest &t 10,000 feet
altitude contain 8,640 bd. ft. per acre. Growth loss due to the
mealybug feeding equals 1,570 bde ft. per acre for the thirteen years
we calculate the infestation has been epidemic. On the total area
infested on the Dixie National Forest, growth loss equals l.4 million
bd. fte

Growth loss per acre per year amounts to 121 bd. ft. This may not
seem like much to you who come from real timber producing areas, but
within the highest commercial forest in the western hemisphere this
loss nearly equals the average annual growth per asre. In addition to
the volume loss in saw-timber there is outright mortality of seedling and
small trees plus the deformity of young, growing stocks
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Unfortunately we do not have similar data from our Fishlake National
Forest infestation. In this infestation, logging was started shortly
after the discovery in 1939, While logging did utilize a lot of infested
sawtimber, it resulted in a much greater concentration of mealybugs in the
leave blocks and small trees, particularly the seedlings, since the mealy-
bugs readily move from fresh fallen trees to nearby standing trees.

‘The follownng slide should give you some idea of how this loss through
mealybug feeding is manifesteds This slide shows the accumulated growth
for the period 1950 through 1963 DBH classes. The green bar represents
the check or noninfested area, and the red bar represents the infested
area.

The next slide shows the difference in growbth between infested and
noninfested by years. As you can see the six to eight inch DBH trees are
more seriously affected than the larger diameter trees. That is -~ the
difference in increment width between infested and noninfested was the
greatest. The larger diameter classes were less affected and their curves
are somewhat similar,

Our other major mealybug infestation occurs near McCall, Idaho in
the northern portion of our Region. The méalybug here is Puto eupressi
(Colemsati). This is the same beast recently reported by Doug Ross to be
infesting a mixed conifer stand near Princeton, British Columbia.

In our area, Puto supressi has been epidemic since 1957. The preferred
host is alpine fir; however, white bark pine, and to a lesser degree,
Engelmarmm spruse and lodgepele pine are also attacked. The outbreaks have
followed & pabttern of developing in a drainage, persisting for two or more
years, then almost dying oult, only to reappear in an adjacent drainage. -
Whenever heavy mealybug populations have persisted for three or four
consecutive years, someé alpine fir trees have been killed. At present,
slightly more than 14,000 acres are infested.

The life history and mode of attack of this mealybug is considerably
different than for Puto sandini.

Unfortunately there is much we do not know about Puto cupressi, but
we do know they lay eggs instead of giving birth to living young, and have
one and possibly more generations per year. In August, eggs are deposited
in small cirdulasr cottony masses and are generally attached at the junetion
of twigs or at the base of the needles. Damage is caused by direct feeding
and by black sooty mold that forms on deposits of the liquid sugary dis-
charge of the mealybugs. Sooty mold is a fungus that forms over the
surfaces of the needles. The mold is not a true parasite since it does not
penetrate the cells of the. plant but lives entirely on the surface and
derives its nourishment from the secreted ®honey dew".

The combination of mealybug feeding and black sooty mold causes the
following damages
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General loss of tree vigor.

" Atrophy of leaders.

Deformity of branches or main stems of small trees.
Crown thinning = twig and branch mortality, and finally after several
years of successive feeding by epidemic populations, outright tree mortality.

Most of the trees killed in our infestations have been alpine fir and
mortality has been greatest in trees under eight inches DBH.

These last two slides illustrate that not all of our mealybug
problems are on forest trees. This infestation is seriously affecting
elephant ear cactus, an aesthetic attraction in Zion National Park.

I suppose the logical guestion that should arise at this point
would bes What can be done t¢ minimize the damage caused by mealybugs?
First, of course, the outbreaks need to be discovered in their early stages
and their potential to increase, spread and do damage determined by
careful biological evaluations. The task may be relatively simple or it
may involve an unknown species that might require considerable investi-
gation.

Bhat about control? For the spruce mealybug, we have felt all
along the introduction of insect predators and parasites would be our
best bet. First, I should state that to the present, we have not found
any native insect predator or parasite of the spruce mealybug. There
are several avion predators but their controlling influence against
epidemic populations have been nil,

After considerable investigation and assistance from specialists
dealing with mealybugs on citrus, we imported a small colony of Brumus
saturalis, a coccinellid native to Pakistan and other countries of of the
Far East. They were released in = large cage encompassing an eight-foot
infested spruce. They readily fed upon the mealybugs but did not make
it through the winter. "We have explored the transfer of local colonies of
Hippodamia convergens, but their habits were so well established, they
quickly moved off the mountain. Our efforts in this field were very
limited and ended in failure. Nevertheless, I am convinced the intro-
duction of entomophagous insects offer real promise. It has certainly
proved its value against mealybugs infesting citrus and other fruit trees.

Speaking of the spruce mealybug, we considered the most promise in
direct chemical control would be through the use of systemics. Presently,
however, systemics tend to be too toxic and expensive to use on forest
infestations.

We did conduct some limited tests with the systemic, Thimet, using
two metheds of applicationss tree injection and surrounding the tree with
a ring of the gramiles. Evaluation of the effectiveness of the material
was confounded by the migration habits of the mealybugs. Nevertheless;,
there was a significant population decrease on the treated trees for two
consecutive years after treatment. However, until less toxic systemiecs
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are developed and more effective means to apply these materials over forest
areas are devised, the information has little more than academic value.

As mentioned in my discussion on the Fishlake infestation, some
attempt has been made to reduce loss through logging. However, several
hazards are connected with lcgging. The main ones ares OGoncentration
of the mealybug infestation om the residue stand, especially the young grow-
ing stock, and the hazard of dissemination to uninfested stands. In
fact, on the Dixie National Forest, sawlogs from the infested areas are
not permitted to be moved thrbﬂgh'noninfested spruce stands. Unfortunately,
vhen I transferred from Research to the Detection and Evaluation Section,
research in mealybugs was terminated in our Region. GCertainly much more
needs to be done.

In summary, I would like to stress these pointss Iittle is known
about mealybug inféstations in our forests. Some species can build
to epidemic populations, persist and cause extensive damage. Damage is
usually quite subtle, and for that reason,. infestations and resultant
damage can be easily overlookedo

Introduction of insect predators and parasites may be the best
way to control these pests. Logging, thinning, or other culture approaches
to control should be investigated to determine adverse side effects before
being attempted. Gontrol through the use of systemics holds promise, but
several problems need to be overcome before they can be used as a suppress=

‘ive measure over widespread forest areas.

Finally, I would be amiss if I did not proclaim the timeworn, but
justifiable claim that much more research is needed.




INFLUENCE OF MITES. ON FOREST IREES;/
Dr. David G. Fellin
Introduction. |

‘There have been at least four outbresks of the spruce spider mite
in the Rocky Mountains in the last. 40 years, and all of them have been
associated with the use of ingecticides to control some other forest
pest, in one case a combination of a sawfly and the pine tube moth,
once the Douglas-fir tussock moth, and twice the spruce budworm. In
the first instance lead arsenate was used and in the latter three the
insecticide used was DDT. An interesting spruce spider mite outbreak
occurred in shortleaf and loblolly pine in southern Arkensas and
northern Louisiana in 1959. The infested area eovered 10 million acres
and was not associated in any way with the use of insecticides.

Fortunately all known mite outbreaks in forest trses have been
short-lived. The largest known outbreak in the Rocky Mountains, that
in Montana in 1957, covered about 800,000 geres in 1957 and was already
down to 170,000 acres the following year. The one in the southeast
apparently lasted only a year or so. :

The general outward appearance of the foresta'the tree, and the needles
by mite feeding.

At the onset of mite feeding, affected conifers acquire an overall
unthrifty appearance due to the removal of material from the needles by
the feeding mites. Foliage of infested evergreen, as well as other
types of vegetation, loses its deep green lustre and turn a dingy yellow,
gray, dull rusty brown, or russet or bronzed color. Foliage generally
appears dessicated; twigs are often so dry they can be broken with -
little pressure.

Often, whole stands of both large and small trees take on a browmn
sickly color but most often, as with other insects; there is quite a
difference between trees and especially between larger and smaller trees
in the general appearance of the tree following mite feeding.

It is of interest that older needles are often the first to be
attacked. Injury is often first noticeable on the lower branches of
the tree and evidence of injury spreads progressively towards the top.
Interestingly enough, the same is true in cotton. The lower leaves are
attacked first and the infestation spreads upward. If not checked, the
entire plant may be defoliated but if the progress of the pest is
checked, the health of the foliage is frequently restored and only a
few leaves may be shed,

1/ This paper is essentially a literature review; only a very small
part of it represents original work. In the interest of space a section
on cited literature is not included. Nevertheless, nmumerous authors of
both published and unpublished work must be acknowledged for the majority
of the data herein.
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Each insertion of the mite stylet causes a discoloration, yellow-
*ing or chlorosis of the needle in the immediate area of penetration.
Thesa chlorotic or bleached and discolored spots are often interspersed
with the normally green needle surface and present a stippled appearance
often referred to as salt and pepper mottiing. With only scattered
feeding punctures the needles will apparsently recover. However, when
mite populations are heavy and chlorotic spots become more mumerous
and many cells are killed the needles will usually dehydrate and drop
off, leaving the twigs and branches bare. In the 1959 outbreak on pines
in the southeast it was reported that many irees lost most or all of
their foliage as a result of mite injury. However, nsedles on other
trees turned various shades of grayish-brown but apparently didn't
drop.

A few observations on 30 Douglas=fir, 10 each at 3 locations in
Montana over a 3=year period (1957-1959), may illustrate the progressive
change in needles as a result of mite feeding. Relatively heavy feed-
ing in any one year ssemed to set off a change in foliage color which
often ended with the needles dropping from the trees

1., HNeedles that ware green in any one year were usually yellow
to straw-colored the following year.

2s TReedles that were yellow to yellow-orange to straw- or rust-
coloréd in sny one year were nearly always brown to red-brown or even
_absent the following year. Some persisted even gnother year but many
had dropped off by the second year.

3. By 1959 needls drop was severe on many sample trees. It was
almost like being in the rain to stand beneath some trees and vigorously
shake the limbs overhead.

The general appearance of conifer nesdles as a result of mite
feeding is more or less the same as the appearance of leaves of various
other plants after mite feeding. QOligonychus bicolor feeding on the
upper surfaces of red oaks in Nova Scotia caused leaves to develop a
speckled grayish color due in part to molt skins and webs. On cotton,
each incision by mite stylets eventually cause a blackish spot and after
much feeding the leaf becomes highly spotted beneath. At first, the
spots are yellowish then blood=-red to crimson, and later, if heavy
feeding continues, the entire leaf turns rusty red, then brown and dries
upe. On various ornamentals, light mite infestations appear as a stippled
pattern on the leaf. Later, the individual spots run together, the leaf
becomes grayish-green in color, then yellowish, finally turns brown and
drops prematurely. Both adults and nymphs of a tetranychid feeding on
the under surface of soybean leaves cause speckling, stippling, bronz-
ing, and, finally, abscission.
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The general effect, ecytologically and histologically to the needles of

coniferous trees by mite feeding

I have found no reference to studies on the internal damage to
needles of forest trees by mites. Since the symptoms are very similar
to mite damage on broad leaves, and the mites generally belong to the

same family, Tetranychidae; perhaps one can assume that the internal
damasge is at least similar,

Mite injury to plant leaves generally is quite like that done by
piercing insects. The spruce spider mite and other tetranychids, feed
by ifiserting their stylet-like mouth parts into the epidermal, palisade
and mesophyll cells of the needles or leaves and extract the chlorophyll
and various cell material,

Most often, on breocad leaves, the feeding is done from the underside
of the leaf. The primary damage often occurs in the palisade layer,
beneath the upper epidermis. These paremthyma cells are punctured and
ruptured, the contents of the cells are partially or completely with=-
drawn and the cells become shrunken, distorted; and collapsed. Only the
cell walls are left, which appear as a disorganized mass. One difference
here between the generalized structure of a broadleaf and conifer needle
must be mentioned. A generalized broadleaf contains essentially 4
layers=-from top to bottom, an upper epidermis, a layer of palisade
parenchyma, a layer of spongy mesophyll and a lower epidermis. GCompare
this, then, with the structure of a generalized conifer needle--from
outside inward, an epidermis, a hypodermis {interpreted by some as a
palisade 1ayer§, an area of spongy mesophyll, and a endodermis which
encloses a mass of transfusion tissue and the vascular bundles.

We can only assume, then, that mites feeding on conifer needles
puncture the epidermis and do most of their feeding in the spongy
mesophyll. Whether they penetrate the endodermis and feed also on cells
in the transfusion tissue is not known. Nor is it known whether or not
they feed on phloem cells in the vascular bundle.

In some cases observed damage by the feeding mites is confined to
cells actually penetrated by the stylets, there being no loss of turgor
in cells adjacent to those which had their entire contents withdrawn.

.In other cases; however; cells near the puncture are also affected.

In some tetranychids, the pharynx acts as a pump and is provided
with musclés the contraction of which form a vacuum which results in
the inflow of plant cellular contents. Under the scope, the appearance
of these mites feeding is a discontinuous green stream of protoplasm
moving up through the leaf tissue into the pharynx. This sucking action
by the mite is probably aided by the turgor pressure of the cells
which would cause an exudation of cell contents at the point of puncture.
A tetranychid feeding on bean leaves can puncturs and suck the contents

from 18«22 cells per minute but this is apparently influenced by age of
leaves and temperaturs.
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The average area of bean leaf surface punctured by one mite in
2/, hours was as followss

Young leaves Qld leaves
2456 0. 50mm> 0033mn®
26 0.66mz? 0.flun®
32% 00 85mn 07 4mu”

The chlorosis {or reduction of green color) can probably be eszen-
t1a11y attributed to ths destruction of chloroplasts, minute bodies (4=
6 microns in diameter), often shaped like biconvex lenses. These
chloroplasts are found especially in the cell cytoplasm of the assimila-
‘ation and photosynthetic palisade parenchyma but also and most character=
istically in the prinecipal photosynthetic tissue, the mesophyll of Ileaves.
They also occur in other green parts of the plant,

These chloroplasts contain the chlorophyll pigment, much protein
and 30-40 percent of the leaf nitrogen. Hence, the needle suffers a
loss of chlorophyll ard a concomitant reduction of pigmentation, re-
duction of protein and a nitrogen defieciency, through the destruction
and removal of the chloroplasts.

These factors, plus a certain amount of mechanical damage in turn
affect the physiological functions of the needle. On bean leaves in-
fested with Tetranychus telarius, injured areas often showed increased
transparency, transpiration was greatly accelerated in comparison with
water intake, dissimilation was increased and photosynthesis to a

greater or lesser extent, inhibited. Respiration is often increased as
well.

Needle chlorosis caused by the feeding of some sucking insects,

" notably aphids, is often attributable to the secretion of saliva and

its injection into the needle. This probably complements the removal

of material from the msedle resulting in the chlorosis. Only one
reference was found which reported that, through the use of radioactive
tracers, a species of tetranychid mite was found to inject material into
the plant tissue during feeding.

Do spider mites on forest trees, confine their feeding to the
needles? Some adelgids, for example, feed largely on parenchyma tissue
but they do apparently tap some phloem elements in young growing shoots.
‘Thether this occurs with mites on forest trees is not known.

Stomatal entry has been reported for at leasttwo aphids on conifer
needles though aphids apparently rarely use this pathway. The pattern
of damage and chlorosis, at least on Douglas-fir, indicates mites

probably also only rarely use this as a means of entry to the needle
mesophyll.



In general, then, what happens to coniferous trees following damage
by spider mites as just discussed? Partial foliage loss no doubt causes
a reduction in growth. In Montana in 1957 and 1958 the tree volume lost
as a result of the mite outbreak was probably far more important than
actual outright tree killing although some tree mortality may have
occurred as a result of combined mite and budworm damage. Older trees
may be able to withstand more feeding than younger ones. In instances

of severe attack older trees may become severely injured and unsightly
but may live for several years before deterioration is complete and the
plant dies. Young trees or new transplants may be killed in a single
seagon if the attack by the mites is severe enough. Right here in
Alberta,for example, C.E. Brown reported the'spruce spider mite

caused serious damage to seedlings.in nurseries in the late 1950's. In
seed and transplant beds, heavy mite infestations so reduced the vigor
of ‘seedlings that they had to be left additional years in the beds to
prevent high mortality once transplantede.




WQRKSHOPS ON SPEGIFIC FOREST TI INSEGT PROBLEMS

Wbrkshop No. 1-

SEED AND CONE IﬂSEGﬂS -
Ghairman:_J.A. Schénk

The 1964 coneé and seed workshop began with a short discussion
of the bi-annual cone and seed newsletter. It was generally agreed
that the newsletter did serve a useful funstion and should be continued.
In the opening discussion of sampling procedures, # waz suggested that
researchers should continually ¢heeck thelr work areas in order to locate
any "bad spots® that might influemse sampling data. Population fluctu-
ations of Conophithorus montlcolae, Eucosmg rescissoriana, and seed
midges (Contarinia sp. o) Woks very briefly mentioned also. It was
generally agreed that physical factors such as temperature extremes
were quite effective in insect control and that work with potentiometers,
eogo the "Rubicon® potentiometer made by Minneapolls-Honeywell Go., be
encouragede

In discussion of current studies and new species and ecological
observations, the presence of Choristoneura fumifersns on cones of
lodgepole pine was mentioned by Lorne Ebell. It was also noted by
. J oMo Schenk that Conophthorus monticolae enters at the base of the first
group of cone scales and then continues up the cone axis rather than
entering the base of the petiole as other species of Conophthorus.

' Increased feasibility of systemic insecticides was discussed
along with the general concensus that dye studies had very limited use
in cone and seed insect studies. The concluding discussion centered

on the benefits derived from ladder trucks and other apparatus in speeding
up cone collecting.




Workshop No. 2

BARK BEETLES
Chairman: W.E. Cole

Gole opened the workshop urging the participants not to review
projects as such but to brainstorm the theories, philosophies, and
problems in their approaches and procedures. Rob Reid was then called
on to lead off with his work on the biology of the mountain pine
beetle.

Ies McMullen brought out that the Douglas-fir beetle in his region
is probably going through a 2=-year generation. R.I. Washburn reiterated
his experience in the same situation in southern Utah. In the latter
case, the infestation c¢ollapsed during the second winter,

The longest discussion centered on predisposition factors of the
Host Relations Seetion. Many entered in, each with his study and assur-
ance of host attraction. In this Chairman's opinion, and in light of
Stark!s work, seasonal, and in particular daily, oleoresin pressures
fluctuate so greatly that the theory of random fluctuations of cycles
seems more fitting than host selections. In this theory oseillations
determining population size (or attack density) need only be about as
regular as would be expected of a random variable. Thus, the chance
of any one tree being attacked is purely a matter of chance-~that is,
all factors occur coincidentally.

Nutrition was a short~lived but interesting discussion. Ed Clark's
technique for rearing southern pine beetle was discussed--a lower
humidity seemed to be the important factor. Nutritional requirements
for minimum, optimum, and maximum brood development were suggested but
little light could be shed. However, nutrition was believed to be of
importance in the intra-specific competition for food and/or spaces

J.M. Powell's bioclimatic study was disecussed. The results might
effect population dynamics and epidemiology. However, in Powell's
absence no conclusions could be reached.

Bill Nagel's work with predators--especially evaluating the effecte
iveness, was brought out. This work is not far enough along for a full
discussione. '

Wygant presented Knight's work on woodpeckerse--gstimates of numbers
and as a controlling factor.

Discussions on evaluations were short but lively. Washburn presented
sampling by stages or months to develop life tables and when and how
much mortality has taken place--Wygant favored a single sampling time.
Roy Shepherd and Gole presented their respective sampling planse



Workshop NQ;;E

 DEFOLIATCRS

Chairmans G.T. Silver

The informal workshop on defoliators wis attended by about 15
persons including J. Clark and He. Brix. The’ presence of two tree physio-
logists presented an excellent opportunity to discuss the physiological
aspects of defoliation. As few notes wére taken during the workshop,
the comments were summarized from memory. .

The relationship between foliage complemert and photosynthetic
activity of different ages of foliage raised the possibility of evaluating
defoliator outbreaks by the relative value.of foliage lost rather than
per cent defoliation. In this way the lossy; expressed as a decrease of
photosynthetic capacity, would theoretically be more closely related to
the effect on the trees J. Clark agreed that this would be an ideal
method, but believed that it was too early to put into effect until more
work had been dons on the numerous factors involved, especially foliage
distribution in crowns by species. It is obvious that a species such as
red pine with a complement of three years! needles would have a completely
different distributional pattern than say balsam or Douglas fir with
eight or more years needles. Another problem is estimating the per cent
loss of foliage; ocular estimates currently in use are a good indication
of defoliation which has occurred, but such estimates could be crude
if applied to photosynthetic activity by age of needles. Crown levels
must also be considered; Sector A (the top 1/4 of the crown) is more
important than the other sectors for recoverye. Trees often recover
rapidly even if Sectors B, G, and D are severely defoliated so long as
Sector A is not seriously affected. Conversely, defoliation of the upper
half of the crown has an immediate effect on radial growth and a rather
lasting effect on tree vigour. Persistent defoliation of this kind
generally kills the tree. It appears that several factors, other than
the loss of photosynthetic capacity, are involved here. Clark believes
that water uptake is badly disturbed which leads to partial drying out
at the apex of the crown. Also, he feels that growth hormone production
and distribution is severely affected by this type of defoliation. In
general, growth substances seem to move downwards, seldom or at best
very slowly upwards. Hence the defoliated apex receives less than its
share of growth hormones.

" The pattern of defoliation which apparently has a considerable effect
on tree mortality and recovery is therefore related to the feeding pattern
of the insect involved. Some species, such as the spruce budworm and the
black-headed budworm normally cause severe top defoliation which results
in heavy damage. An insect such as the saddle-backed looper, which feeds
from the bottom up in such a pattern that there is complete defoliation
in the lower crown sectors but the top sector is only lightly defollated,
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could be helpful to tree recovery and the loss of 80 = 90% of the foliage
less serious than if the feeding pattern was from the top down. The time
of defoliation, e.ge.; early or late in the growing season, and the

. duration of defoliation, one year or five years for example, are also
important factors, but the effect on tree survival varies between tree
species.

H. Brix presented the theory that severe defoliation resulted in
serious root damdge, and this was indeed found so in studies carried out
on spruce budworm defoliated %trees in New Brumswick. Brix suggested that
the degree of defoliation or damage to tree might be determined by root
examination, the theory being that the number’ of root hairs and small
absorbing rootlets would be appreciably reduced on heavily defoliated
trees.

The physiologists presented a logical theory for delayed tree
mortality. When a tree is severely defoliated there is usually a large
reduction in radial increment as well as deterioration of the root system.
Reduced radial growth and root damage may cohtinue for several years.
After the defoliator outbreak subsides the trees attempt to recover by
refoliating, often putting out large crops of new leaves for several
consecutive years. The sudden increaséd amount of leaf surface with
subsequent transpiration and other requirements are too great for the
damaged root system to supply. If the inbalance between crown and
roots becomes too great, tree mortality occurs. The role of increment
loss which reduces the amount of conductive wood in the tree is not
thoroughly understood, but could be a factor. Another important factor
is weather conditons; hot dry’ summers inecrease the amount of transpiration,
and if the smount of water lost is' greater than what can be absorbed by
the damaged roots, death will occure

In summary it was agreed that much could be gained by entomologists
and tree physiologists working more closely together on common problems.
If the physiologists know more about the field entomologist's problems,
‘some of the answers could be obtained by small changes in existing
projects. A starting point could be studies of the photosynthetic value
of foliage of different ages for different tree species, and the effect
of defoliation on root systems. Entomologists could assist by obtaining
basic information such as the relative proportion of foliage by age for
the different tree spescies, and by carrying out more intensive and '
extensive post infestation studies to obtain accurate data on tree recovery
and mortality. There is no doubt that some of the problems in evaluating
defoliator outbreaks can only be solved by understanding more about the
tree itself.
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Workshops Nos. 4 & 5

DAMAGE APTRAISALS AND APPLIED CONTROL

Chairmens G.C. Trostle -
RpEe Stevens

The workshop panels eoneernlng "damage appraisals® and "dgpplied con.troln

were combined.

There were about fifteen members in attendance. The

following topics were discusseds

EERSON

Terrell

Ross

Scott

Robbins

Roettgering

Wicknman

Stevens

Lauterbach

Trostle

DISCUSSION

Methods of measuring damage by casebearer and spruce
budworm.

Damage appraisals of Engelmann spruce beetle and Douglas-fir
beetle.

The use of Thiodan to control Contrarinia on Christmas trees.

Use of Malathion for control of spruce budworm. Use of

®Micronair® (small amount of concentrated 1nsecticlde) for
insect control.

Problem of extensive surveys in areas of widespread damage--

5,000 to 10,000 square miles of needleminer damage.

Control of needleminer with Dimethoate.

Control of black-headed budworm with one=quarter pound DDT.

Effects of DDT on aquatic insects. Use of recorder during
aerial observations. ‘

Damage to Douglas=fir by other insects following defoli-
ation by tussock moth.

Use of Lindane in control of bark beetles in Ponderosa pine.

Use of color photos for aerial photo plots for determining
damage. Both current and over an extended period.

:UEe of BHC to prevent attacks in heavy use areas.

Several other topics were discussed which added to the general know-
ledge of specific problems in local areas and the solutions which have been

appliede.




INFLUENCE OF FOOD QUALITY AND QUANTITY UPON INSECTS

Panel Ghairmané JsA. Chapman

Insect Nutrition

by
A.J. McGinnis

There is little doubt that knowledge of human nutrition has bene-
fitted mankind. Should it not be possible, therefore, to use knowledge
of the mutrition of pest species to the detriment of the insects? 4s the
problems associated with insecticide usags imerease, the need for natural
forms of resistance to insect pests becomes more pressing. Some forms
of resistance may be detectable through mutritional and biochemical
investigations. While such forms of resistance individually may not be

. adequate, by combining these factors in new varieties higher levels of
. resistance should be obtained,

Dr. R.H. Painter at Kansas State University, a pioneer in the field
of plant resistance to insect attack, has classified the phenomenon
under three main headings, tolerance, preference, and antibiosis. We
are concerned primarily with antibiosis which he defines as "the adverse
effect suffered by insects because of feeding on particular host plants".

Whet factors are involved in antibiosis? In our work three inter-
related factors have been considered, deficiency, toxins, and balance.
Deficiency is the absence or insufficient supply of a dietary component
that is required by the insect. Toxins are natural components in the
plant tissues that adversely affect the insect parasite (this type of
resistance is best illustrated by the work of S.D. Beck and co-workers
on the corn borer at the University of Wiscomsin). The third factor,
balance, is less easily defined. For both humans and farm animals, the
importance of the proper balance between protein and carbohydrate has
been well documented. More recently the importance of more specific
balances such as those existing among amino acids in the diet has been
demonstrated. Indeed, we have shown that by adding an excess of the
essential amino acid leucine to an otherwise satisfactory diet, cutworm
development was inhibited and mortality was highe

The problems of studying insect mutrition are mumerous. Indeed
rearing a new insect under laboratory conditions often constitutes a
major challenge. Once the insect can be reared for even part of its
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growth period in the laboratory, nutritional investigations become practical.

We have found the following three techniques extremely useful in our
investigationse.

1) Plant tissues that have been lyophilized and ground form the basis

of good diets for some insects. Diets prepared from lyophilized
tissues have the advantage of year-round availability, day-to-=-day
uniformity, and offer the opportunity for altering the diet by either
supplementation or extraction.
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2) Most pest species cannot be reared on chemically defined diets, which
is: a prerequisite for determining the essentiality of dietary components
by the ¢lassical deletion procedure. An alternaiive method employing a
radicactive substrate such as glucose=U=Cl4 has been successfully employed
with several insect species and has provided information on their needs
for both amino acids and fatty acids.

3) It is frequently difficult to determine whether lack of growth and
" development results from too little food being consumed or from a
nutritional defect im the diet. A procedure adapted from studies with
large animals offers an indirect means of measuring utilization with
insects such as cutworms and grasshoppers. The method employs an inert
index compound such as Grp03, which is uniformly distributed in the diet
at a concentration of aboult / percent. Consumption and utilization can
be determined by measuring the concentrations of Grp03 in the food and
excreta and making some simple calculations. This indirect method has

been compared with the classical gravimetriec procedure and offers a number
of advantages. :

There is little doubt that both quality and quantity of food have
a definite effect upon insect development. While this paper has concen=-
trated on nutrition of insects of agricultural importance, most studies
of insect nutrition have certain problems in common regardless of the
species under investigation. PFPerhaps some of the methods used and
results from studies with agricultural pésts can be of value in nutritional
studies with forest insects. '




5ls

Butrition of Defoliators

by
F.H. Schmidt

Insect nutrition is a breoad subject; which, in its broadest sense,
includes factors which lead to the selecticn of sultabls food material
by insects, factors which determine whether or not a particular food or
a portion of it can or will bs utilized by them, factors which determine

the minimum nutritional requirements for insect growth, development,
-reproduction and other special needs, and factors which determine the
efficient utilization of availgble nutrients, or the degree of success-
fulness of an insest on a given food containing at least all rof the
minimum nutritional requirements. This breakdown applies to the nutrition
of defoliators, or leaf-feeding insects, as well as to the mutrition of
any other group of insects. Since a consideration of all aspects of the
nutrition of defocliators would be too vast an undertaking in the time
and space available on the panel, I have desided to restrict my remarks
to the nutritiom of defoliators as viewed from the aspect of host
selection or specificity, and to make a few suggestions on how a forest
entomologist can contribute not only to a solution of the cause of the
host specificity of defoliators but to the utilization of this informa=-
tion in research on stand resistance to them.

Defoliators can be conveniently subdivided into three feeding
groups, depending on whether they are more or less discriminating in
their selection of host plants. Some, such as the hemlock and larch
sawflies, will attack comparatively few host species, and may, therefore,
be regarded as monophagous. Others, such as the spruce budworm and the
lodgepole needle miner, will attack several but not a great number of
species of hosts, and may be regarded as oligophagous. Still others,
such as the hemlock looper and several species of tent caterpillars will
attack a wide selection of different host species, and may be regarded
as polyphagous. It is generally agreed that the cause of monophagy,
oligophagy, and polyphagy - or host specificity « is largely due to
chemical substances inherent to plants, which cause them to be either
accepted or rejected by feeding insects. The result is that the insects
.are more or less restricted to the hosts on which they are usually found.

There are presently two extreme schools of thought on the basis of
host specificity among phytophagous insects. Both of these agree that
host specificity has, for the most part, a chemical basis. The point
of divergence of the two hypotheses occurs when considering whether the
fundamental basis of the specificity is attributable to primary plant
substances or attributable to secondary plant substances. Primary
substances are those found in large quantity (e.g. various sugars,
proteins, "free® amino acids, vitamins etc.), are relatively few in
number, have little smell or taste, and appear to be present in all leaves.
Secondary substances are those found in small quantities (e.g. alkaloids,
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essential oils, specific glycosides, tamnins, organic scids, ets.) are
very numerocus (thought to be in exsess of 50,000} with a wide variety
of chemical strucstures, have a distinet odor or taste usually, and are
not present in-all plants but are, rather, characteristic of plants of
a certain genmus, family or group.

One extreme school, that of Kennedy and his associates in England,

" believes, essentially, that host selssction ig based strictly on the
presence of adequate primary substances within a plant. The factor
determining which Individual host is selected is the existence of a
eritical ratio of one primary substance to amnocther, given other suitable
conditions.

The other exbtreme school, that of Fraenmksl and his associates in
" I1llinois, believes that host selection is based strictly on the presence
or asbsence of secondary substances within a plant. These are regarded
as either "attractant® or repsllent principles, but have very littls,
if any, other nutritional value. They express their principles in two
distinet ways in their extreme cases. Either an attractant (or excita-
tory) principle can be present in all normal host plants, or a repellent
(or inhibitery) primciple can be present in all rejected plants. Inter-
mediate conditions involsying near threshold consentrations of these
substances or mizxborss of these substances, one effecting a masking of
the other under certain econditions, are conszeivable.

Workers in both extreme groups have presented convincing evidence - -

in support of their views, particularly those supporting Fraenkele The
- importance of many secondary plant substances in resiricting certain

insects to certain hosts is unquestionable. However, it is also unques- "'
tionable that all individuals within a population do not respond homo=-
geneously to olfactory and gustatorial stimuli. This is due, in large
part, to their being in variable physielogical states, which is, in turn, i
greatly influenced by nutrition. It is probable that the basis for host '
specificity in most cases will fall between the two extreme explangtions
mentioned above, an inscct being influenced in its selewtion of host
plant by the presence or absence of secondary substances as well as by l
a given level of sugar or other primary substances.

What does this do to the defoligtor problems that we as forest 1
entomologists encountsr every day? It means that the study of insect '
nutrition can offer some very real and important leads in developing
itisect resistant forests of the future. A study of the nutrition of
Jeaf=-feeding insects should not only tell us what substances are necess-
ery for their growth and development and what eencentrations and pro=~
portions sre reguired, but it could glso tell us why certain insects
are restricted tc certain hosts and not to otherse.

The presence or absence of all chemical plant substances among the .
various plants is governed by genebiz prineiples. These principles i
also govern the concentrations of thess substances found among plants
within a species. Ounce wo know what these chemical substances are that ‘
we are lcoking for and the concentrations necessary to bring about a
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given offect, these traits could therefore be genetically selected fors
In the case of defoliators, the result will be the selection for foliage

which will be more or less rejected by the insect pest with which we
are concerned.

The detailed laboratory study of the specifie nutritional require-
men.ts9 both of primary and secondary plant substances, is still necessary
for more or less obvious reasons. However, many of us can make signifi-
cant contributions in this area without having a highly specialized
background in insect physiology, nutrition; or biochemistry. A keen
observer with a little knowledge and imagination could recognize a tree
or limb that is more resistant to defoliator atiack, and make use of this
Usport®", in horticultural jargon, as breeding stock in varietal develop-
mente Or he could eall it to the attention of a geneticist. Ome of
the most efficient ways to determine the nutritional basis of resistance

to insect attack is through the use of resistant and susceptible "isogenic®*
pairs.

Another important contribution that many of us can make to the
question of host specificity is to determine the potential range of
host plants for a glven defoliator in a mamner similar to that of
Yamamoto and Fraenkel (1960. Ann. ent. Soc. 53: 503-507) and Chin (1950.
Pfijdschr. Plantenziékten 56s 1-88). By force-feeding larvae under
certain coéntrolled conditions and by foreing adult females to oviposit
on Yexotic® plants, much indirect information could be gleaned as to
the basis of specificity for the defoliator in question.

The goal of any program in the mutrition of defoliators should be
the development of tree varieties that are resistant to insect attack,
which must have been in the mind of R.E. Balch when he wrote in 1958,
BPrevention is better than cure and the ideal solution is the creation
of (insect) resistant forestse"
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Gurrent Status and Future Of Nutritional Studies

With Bark Beetles
by
Dr. W.D. Bedard

When seen from an ecological point of view, the future of nutritional
studies with bark beetles looks very promising. '

The present status of chmical nutritional studies with bark
beetles can be grouped into three classess 1) studies dealing with
the identification of digestive enzymes; 2) technique studies.aimed
at developing a controlled enviromment, eventually a chemically defined
diet; and 3) studies dealing with feeding stimulents or feeding
preferences. The first group of studies show that beetles may be
able to utilize most of the foods available to them except cellulose.
These tests did not attempt to identify all the enzymes present nor
did they attempt to evaluate symbiotic microorganisms as a source of
the enzymes identified. In the second group of studies, chemically
defined diets have been developed which are suitable for some adult
feeding only. Diets for larvae still contain yeast (chemically
undefined) and the more artifieisl diets produce low yields. In
the third group of studies; sugars appear to act as token stimuli
in the feeding of both the adult zand larval bark beetles studied.

Past and present studies on the gross nutrition of bark beetles
have shown thats 1) two qualities of host material may influence
brood survival, water content and risk class; 2) quality of host
material can influence the production of attractant; 3) beetle growth
and development takes place in the absence of extracellular microorgan-
isms which can be both harmful and beneficial to beetles in artificial

enviromments; and 4) survival at low temperature is enhanced by feeding
and food quality. _

In the future, studies on the chemical mutrition of bark beetles
eould yield knowledge of what is optimal and tolerable chemical

mtrition (including feeding stimulants etc.) for each stage of the
beetles

Once this information is available, we can investigate the role
nutrition plays in determining variations in the biology and ecology
of bark beetles. More specifically, we might be able to determine
the influence of food quality and quantity on: 1) production of attract
antss 2) attack density; 3) survival ratios (of both parent adults
and brood); 4) developmental rate (of both parent adults and brood);

5) quality of offspring; and 6) associated organisms (both beneficial
and harmful to the beetles).
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Rearing Techniques and Artificial Diets For

Dendroctonus frontalis and Ips galligraphus

by
Dr. E.W. Clark

‘When commenclng any intensive 1aboratory research on insects a
requisite is effective handling and rearing techniques. The Forest
Insect Physiology laboratory at Durham, N. C., has developed or
adapted collecting and handling techniques for these two beetles
(Dendroctonus frontalis and Ips calligraphus), five rearing techniques
utilizing either pine bolts or sections of inner bark and two artificial
diets with accompanying rearing techniques.

The most important collesting-handling procedure exploits the bark
beetles?' strong phototaxis. Emergence collectors are made from trash cans
or 50-pound lard cans by alding a Mason jar at the base of the cane
Infested material is placed in the g¢ollector, all light is excluded except
for that passing in the jar; and the beetles are collected as they mature
and emerge. Tissue paper placed in the jar serves as support, footing,
and concealment thus minimizing mutually inflicted injuries and also aids
in handling the beetles.

The simplest rearing technique utilizes transparent, plastic bread-
boxes. Infested material can be placed in these boxes for development
and procurement of adults, or beetles can be reared by confining adults in
boxes containing fresh bolts. Another technique that has proved quite
useful for observational studies is the clamping of sections of inner bark
between plastic plates.

Two short=bolt techniques have been extremely valuable. In one
-technique a pair of beetles is impriscned in a gelatin capsule cemented
to a bolt and is used in such studies as behaviour, fecundity, and
inbreeding vs crossbreeding. In the other technique 6-12 pairs of
beetles are confined to a chamber constructed over the end of a bolt.
This technique furnishes the laboratory with a constant source of eggs
and young larvae which is of upmost importance in our nutritional studies
and other physiological researche

Of major importance is the development of a continuous laboratory
mass rearing technique for these two species, particularly for the
southern pine beetle. In this technique adults are confined to the
previously mentioned, modified, trash can which contains fresh pine
bolts, hence rearing and collecting manipulations are combined for
efficiency. To avoid excessive moisture a small amount of air is con-
tinually passed through the container. These beetles have been continuously
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cultivated at our laboratory for 18 months or about 15 generations with an
average yield of 9 brood adults per 1 parent adult. The southern pine beectle
culture has served the dual purpose of supplying all the beetles required

in our research and simultaneously adding to our knowledge of this species
through accurate detailed records, observations, and continual experimenta-
tion. ) )

Two artificial diets have been develeoped, the first of which is composed
of blended inner pine bark supplemented with yeast, carbohydrates, fatty
acids, and protein source, and other ingredients. The second is a variation
in which powdered cellulose has been substituted for bark. Bark bestles,
flatheaded borers, and roundheaded borers, all have been successfully reared
on the pine bark diet. In general growth, development, and life history
have been normal. To date no oviposition has been obtained on these media
either by freshly paired adults or older gravid females.

The carbohydrate requirements of the southern pilne beetle on
artificial media led us to start analyses of pine bark. At present
carbohydrate, amino acid, and inorganic analyses are being conducted. This
research on the natural diet has Just begun and will take a considerable
number of years to complete. We are not interested just in the nutritional
constituents but in the interrelationships between the insect and its
enviromment, the host and its enviromment, and how changes in one affect the
other.

R




57.

PREDISPOSITION OF TREES TO INSECT ATTAGK

R.W. Stark, Panel Ghalrman

TERMS OF REFERENE. -- K. Grahan (read by R.W. Stark)e

We are interested in the pred1spos1t10n of trees to attack for
three practical masonss

l. Criteria of predisposition provide bases for identifying
trees that have a high probability of being attacked--
so that (a) they may be selectively removed, or (b) vigi-
lance increased to keep insects down artificially if re-
moval is not immediately practiqalu

2, Knowledge of predisposing causes and conditions provides
guldelines for controlling or av01d1ng ‘the risks of attack
that come with stress caused by (a) erowding (= lack of
thinning) or {b) exposure from ovérthinning or site deter-
ioration or from (c) age. Also, knowledge of predisposing
causes may serve protection by increasing vigilance when
causes cannot be controlled.

3. Enowledge of specific susceptibilities provide the criteria
for forest genetics to select for those specific chemical,
physical, and biological factors which make a tree less sus-
ceptible tc specific insects or groups of insects.

-In the broader sense of tree physiology, the term #predisposition®
may pertain not only to (a) inherent and induced attractiveness, but
also to (b) easy invasibility, and (¢c) inclination to.morbid respomse.
Since our interest is largely practical, we must include ibi and ici
'in the definition. In the ecological and silvicultural sense we
must recognize also as factors in predisposition, the role of circum-
gtances which increase the probability of insects converging on certain
individual trees. The role played by circumstance must be recognized
gs a pitfall in the interpretation of experimental evidence, inasmuch as
errors of interpretation could frustrate the purposes which we initially
defined above. Certain trees may thus be more severly affected, not
only because of characteristics within, but also because of non-tree
-factors which affect the distribution pattern of insects. Disparities -
in intensity of insect attacks may be simply the result of random
distributions. Also, departure from the expectations of a random
distribution; such that some trees are more and others less heavily
attacked than randomness would produce, may be the result of aggregative
factors causing statistical contagion. The recognition of these causes
of differences in attack then bears directly on the choice and validity
of criteria for assessing predisposition.
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' With these few remarks to intreduce the topic we will present
examples from current work which we hope will demonstrate some aspects-
of Wpredisposition.?

Douglas=fir bgetleo =-— L, Munllen.
" "The following is a resume of some of the factors or incidences
of prédisposition of Douglas-fir leading to attack by the Douglas=fir

beetle";n Briti§h Columbia." ' '

Douglas~-fir beetle populations built up following severe winter
injury during 1952-53 ih the British Columbia interior region. o
Weather conditions during Jammary, 1953 fluetuatéd widély within the
tange - 36°F t6 34°%. Du¥ing the first foir days of February maximam
temperatures reached the high 60's, with minimums in the 40's. This
was Followéd by normal temperatures (max. 30%s; mins, 10-20's), =
Heavy attack by the Douglas=fir beetle occurred during the warm spell
in February. The explanation for similar damage during early spring
thaws has been that excessive transpiration occurred with little or
no water available from the frozen soil and/or water conducting ele-
ments in the bole, predisposing the trees to attack in a manner similar
to that caused by summer drought. Perhaps also the warm period was
enough to initiate physiological activity in terms of spring growth
with consequent reduced resistance after return to normal weather con-
ditions.

Weather can also provide a population pressure which is capable
of overcoming trees which might otherwise escape attacke. This may
occur when climate affects duration of development and concentrates
the -emergence period of the beetles.

Windfall can act in various ways to affect the surrounding stands.
For exampley it can attract large populations of the insects, and also,
populations can build up in the windfall,

Defoliation by the hemlock looper appears to be a factor pre =
disposing Douglas-fir to bark beetle attack. A hemlock looper outbresk
on Vancouver Island from 1944-=46 resulted in tree mortality. Douglas-
fir mortality occurred only in severely defoliated stands and in many
cases had regained their full complement of needles before dying.
However, in these heavily defoliated stands, trees with defoliation
comparable to that in less severely defoliated stands died. All Douglas=-
fir trees killed contained Douglas-fir beetle. The beetle population
probably built up in the most severely defoliated trees to the point
where it was later successful in overcoming the recovering trees.

Finally, sudden environmental stress can cause serious stress to
trees. Logging operations can change soil moisture relationships
of trees along margins and roads, Moreover, the opening of the stand
" must have other direct effects on the trees.




The European pine shoot mothe == Ho.J. Heikkenen.

This study explores the possibility that the resistance of red
pine (Pinus résinosa Ait.) to- attack by the European pine shoot moth
(Rhyacionig buolisna (Schiff.)) is proportionate to site quality as
measured by soil water factors. Since the introduction of this in-
sect, red pine has been the most seriously damaged host. Entire
plantations of this important tree species have been ruined.

Variations in tree damage have been observed. In this study
these variations gould not be attributed to the oviposition habits
of the insect, as counts showed large numbers of eggs on adjacent
lightly and severely damaged trees. The dating of old attacks re-
vealed annual differences in the intensity of attack. Outbresaks
appeared to vary in place and in time, associated with droughty sites
and hot, dry summers, respectively.

The susceptibility of red pine to shoot moth attack was con=-
sidered to be associated with the internal moisture stress of the
tree. The possibility was investigated in Ottawa and Wexford
Counties, Michigan. Tree growth, insect damage, and the accumulative
soil water deficites were determined in 65 young red pine plantations
growing on sandy soils. The data were analyzed by a step=wise
multiple regression.

Reductions in the mean ammual number of branches per whorl and
the percentage of stem deformities were significantly associated with
soils where the accumulative percentage of the available water capa=
eity within the root zone dropped to approximately 40 per cent or
‘less in July.

The amount of available soil moisture is influenced by the water-—
holding capacity of “the root Zone, precipitation, and evapo-transpira-
tion. This study found the water-holding capacity of the root zone
t0 be associatéed with the depth of rooting, which can be predicted if
the degree of erosion, presence of a cemented hard pan, level of the
water table, and the presence of texture-gravel bands are known. The
water-holding capaclty of thé root zone determines where aamceptible
host condition can ocecur. Shoot moth outbreaks do not occur where
the root zone has a water=holding capacity of more than six inches.
Perernial damage to the tree occurs on sites of less than two inches.
Betweern two and six inches of water-holding capacity, outbreaks of the
shoot moth éan océur only when spring and edrly summer temperatures
are above normal and precipitation below normal for two consecutive
years.

59.
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The conclusion is drawn that when the needles of red pine are
subject to moisture stress, éarly ihstar larvae are ‘able to complete
the needle-mining &tage and theén™ attack the buds.  Thus the majority
of damage occurs during the summer on poor, droughty sites. Red
pine should not be planted oh soils where the root zone will hold
'less than four inches of water. This eondition occurs on soils-
eroded to the “CY horizon or the ro6t zone is restricted to 18 inches
by a hard pan, bed¥ock, of Free witér. Red pine will be occasionally
damaged on soils where the root zone can store less than six inches
of water. Damage ¢an be avoided oh these sites By not planting red
pine where the rcots will reach a depth of léss than 78 inches.
Shallow rooting ocecurs where a fluctuating water table is within
§ix Feet of the surface and texture-gravel bands do not occur within
10 feet of the surface. Whére red pine is not recommended, more
resistant species such as Jack pine should be planted.

The western p;ne beetlea_we R W. Stark

There are’ undoub e&ly many factors which predispose host trees
to attack by the western pihe Beetle. ~Bacaise 6f time limitations
I would like t¢ discuss only one of "the manj--namély the role of
oleoresin exudation préessuré {0.8.p.) In tree Viilherability. Vul-
nerability is used in the strictest sensea-llablllty %o injury - (if
attacked) which condition may arise from various predisposing factors.

It has béen postulated by various workérs that a tree=--ponderosa
pine in this example--with a high oc.e.p. (100 PeSsle oOr greater) is
relatively invulnerable and one with a 1ow 0.e«po '{less than 60 pesei.)
vulnerable to beetle attack. Invulnerability in this case depends
on the dbstacles the béetle facés~-large amounts of resin under
pressure. Other characteristics of resin are Fecognized as being’
as important as or more imporfant than pressire alohe, Such include
rate of crystallization, viscosity and t0xicity of resin vaporsp

The data I wish to present deals only with the role of pressure
and is the result of three years' study in westside Sierra second-
‘growth ponderosa pine stands. ~Thé pressures of about 700 treés were
measured several times a year since 1961 and monthly and daily in

1963,

Pressures were’ arbltrérily”dlv16ed into four classes: 0-5;

6-59; 6099, and 100+ pss.i. The first data from 1962 presented show
that in May almost 74 per cent of the trees were in the lower two
c¢lasses; in July this percentage dropped to 38 and in August rose to
49 per cent.” The trees in the lower two pressure categories in Angust
1961 was 50 per cent. These data were substantiated in 1963 when the
following results were obtained. The percentages of trees in the less
than 60 p.s.i. classes were: May, 87 per cent; June, 53 per cent;
“July, 42 per cent; September, 47 per cent; December, 100 per cent.
These illustrate a difference from earlier postulates and has an
“important bearing on the suitability of pressure measurement as a
criterion for measuring stand vulnerability.
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_ During the course of the study over 100 study trees were killed

by the western pine beetle. These vietims were classified according

to the pressure reading taken prior to beétle attack. Almost 39 per

¢eht of the trees killed were in the 60+ p.s.i. group. About 29 per

cent were in the greater than 100 pesels class. This apparently
‘contradicted the postulate that high pressure trees were resistant.

However, because of the large seasonal variation in pressure it was

thought that daily pressure might also vary greatly.

The pressure of selected high pressure trees was measured over
a 2/=hour period each month. It was found that diurnal pressures
did fluctuate markedly and this may be a critical factor in inmsect
attack. For examples

At 6800 a.m. tree A read 110 pe.S.i.; at noon, 17 p.S.i.; at
- 6300 the following day, 80 pes.i.

Tree B read 109 pesei. at 6:00 acme; 14 peseis in mid-afternoon,
and 134 pes.i. the following morning.

‘There were many such examplese The point that this illustrates
is that the usual early morning measurement doés not demonstrate the
actual pressure state of the tree at a time when the beetles are
active. The lowest pressures occur in mideafternoon when beetle
flight is usually at a peak and a "high-pressure tree" may be in a
villnerable state, "low pressure", when attacked by the western pine
bestle.

I have deliberately avoided any discussion of the governing
Ffactors of resin pressure. As these are associated with the water
relations of the tree many of the findings reported here could be
anticipated. The magnitude of the fluctuations was surprising in
view of previocus work and is of considerable importance if pressure
were to be considered in some type of stand vulnerability rating.
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MINUTES OF FINAL BUSINESS MEETING
Mareh i, 1964,

_The Chairman called the meeting to order at 1°30 peite in the Solarium,
Cascade Hotel, Banffg Albertao : :

PoG. Lauterbach moved that reading of the 1n1t1a1 business meeting be
dispensed with. Seeonded° Garrlﬁd.

Chairman K.H. Wright briefly disecussed the items of business arising
from the initial business mesting, as fOJLOWSa

le Meeting sites

1965 = Denver, Colorado
1966 = Vietoria, B.Co.
1967 = OgdenQSalt Lake City area

An invitation to hold the 1968 Work Conference at Juneau, Alaska
‘was extended to the members by Don Sﬁhmiegeo :

2o Méeting theme

Topics suggested for the 1965 meetlng at Denver were: (1)
Effects of pesticides on wildlife and other forest organisms,
and (2) Economics of control, or & combination of these two
themes. "Some members felt these topics were too restrictive
for a joint meeting but all agreed that they would serve as a
broad framework for the 1965 Program Gommittee. '

3. Joint meeting with Centra¢ Internatlonal Forest Insect and Dlsease
;Ebrk Conference = 1 : -

Chairman Wright outlined the proposal for a joint meeting and
‘subsequent follow=up. F.E. Webb asked that our group make the
initial program proposal to the CIFIDWC. He urged that the program-

me theme be of general interest and practical in scope. Liberal
use of the workshop format is urged by the Executive.

By lengthening the program to four days at the Denver meeting,
more time could be allowed for personal communication. The
1965 Program Committee will decide if the additional time is
necessary.

4o Joint meeting with the Western International Forest Dlsease
Work Conference

Plans for this joint meeting at Victoria, B.C., in 1966 -were
discussed. The Chairman of our group is directed to correspond
with the pathologists to inform them of our decision and to arrange
details of program and planning.
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P;pggam format i

Discussion of the workshop technique followed. Concurrent
sessions should be kept to a minimum. However, fewer workshops
mean larger groups. Limit size of workshops. Perhaps a panel

- approach might be followed by a discussion session in large

worksh0ps.

Foreign translations

A committee consisting of M.M. Purniss, Chairman, J.A. Schenk

and J.A. Chapman, members, was appointed tc explore the need
and desirability of procuring translations of foreign works

 dealing with forest entomology. The committee will report at

the 1965 Work Conference at Denver.

Standing committeas

8. Gommon Names Committee

Chairman P.C. Johnson reported that the Committee is still
undecided as to what to do about common names for newly
erected members of the genus Dendroctonuss Until such time
as it receives direction from the Executive, this Committee
will continue to operate under the Executive's instruction
to postpone action on Dendroctomus for the present.

The Committee recommends that the Conference Chairman appoint
two new members to replace V.M. Carolin and N.E. Johnson whose
terms expire with this meetlng. 3

P.C. Johnson advised the members that his Committee has drawn
‘up a new form for the proposal of a common name. He also urged
that members be aware of the need and method of suggesting a
common names. '

be Eduéation GCommittee

The Committee recommends that Ron Stark's review of Dana
and Johnson's book entitled, "Forestry Education in America
Today and Tomorrow," be published in the Journal of Forestry

or other suitable periodical. Editorial comments on Stark's
 review are solicited. No action was takene.

¢« Ethical Practices Committee

The report was given by the outgoing Chairman, G.T. Silver.
Many new members were considered for chairmanship and the
hard choice was made=-Don Dahlsten for his admirable per-
formance with Bison bigson bistn in the paddock.
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Speclal commlttee report

' A speclal commlttee was constituted at the 1n1t1a1 business
‘meetlng to study the impact of SoLo_WOOd'S revision of the
- genus Dendroctonus. The Committes, composed of C.Lo Massey,

Chalrmang,P.Q Johnson and GQR. Hopplng, members, reports

. as followso

#In the opinion of the Committee, Wood's monograph of the genus
,Dendroctonus must be cohsidered walid. It is also the opinion
“of the CommitEes that it is the prerogative of individuals
;worklng with the’ ‘Insects of this. group to disagree with the™

species concepts as put forth by Dre Wbod, but that the burdeh
of ‘proof rests with these individuals and that the changes which

they propose must be published with documented proof of their
validity."

BoM. McGugan reported that J.B. Thomas® work on imméture'fqrmé
ofthe genus Qendroctonu largsly confirms. S‘L; Wbod's specieSh

R.E+ Stevens moved acceptance of the speclal committee reports

?,S'econded° Carrlede

Dlrectorz of forest entomologlst

Ko Ho E&lght reV1ewed the background on the proposal to compile
a directory of forest entomologists in Canada and the United
States. H.J. Heikkener agked the Chairman to determine the
Gonferencé members wishes. In diseussion that followed it was
pointed out that this dlrectory woild duplicate some others
and was, therefore; unnecessary and a great deal of works

B.Hs Wilford moved that the Western Forest Insect Work Gonference

‘g6 on record as disapproving in principle the establishment of

such a directory of forest entomologists in Canada and the
United States. Seconded. 14 yeas. 18 nays., Hotion lost.

.To bring the matter to a héad N.E. Johnson moved that the
'Western Forest Insect Work Gonference does not support in
'prlnciple the establishment of a directory of forest entomologists

in the United States and Canada, but the Conference does not

object to members completing forms if some agency sponsors compil-
ation of the directory. Seconded. Garriedg




The Nominating Committee reported the selection of the following
slate of candidates:

Chairman = = = = = = =J,M. Kinghorn
Secrétary-Treasurer - A.F. Hedlin
Councilor = 1966 = = F.M. Yasinski

No nominations from the floor. B.H. Wlford moved nominations be
closed. Seconded. Carried. '

The candidétes were elscted by acclamation.

Move to Tescind a 1963 motion to continue binding and distributing
survey reports made by HoW. Orr. Seconded. Carried.

Dr. J.B. Simeone assessed the 196/ Work Conference. He felt the
breadth and depth of the papers and workshops were good. He
thanked the Conference for the invitation to this Conference and
expressed hope that he would be able to attend future Work Confer-
ences.

B.M. McGugan discussed the FAO meeting to be held at Oxford
University following the Entomology Congress at London this summer.
The program will deal with pathological and entomological subjectse.

F.E. Tebb expressed his appreciation for having been invited to the
15th Annual. Work Conference and stated the Central International
Forest Insect and Disease Work Conference looks forward to the joint
meeting in Denver in 1965.

The fine work done by the calgary group in arranging the 196/ Work
Confersnce was recognized by Chairman K.H. Wright. Special acknow=-
ledgement was given Roy Shepherd for the program; Rob Reid for
arrangements; Cliff Brown for finances; and George Hopping for
transportations

Meeting adjourned 2:45 peme
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(To the tunes Mocking Bird Hill )

66s

1, There are men in this country 2. If you want to seée Hopping

3.

Who study the bugs

The bugs in the tree stumps
Not the ones in the rugs

They travel all over

8eeing what they can find

And try to discover

Where the bugs all have dined.

Choruss

Tra la la tweedle dee dee - dee
They act just like thlgves

And ‘when they get real hungry

They chew off the leaves

Tra la la tweedle dee dee des

They come to the park

And then they get all settled

And chew off the barke

Just hopping gbout-

The five spined engraver

Can make him fair shout

There are all kinds of beetles
"Ask Ray, Mac and Mike °

-And ‘moths’ too are plenty
'They do meke a sight

There's a thing called the looper 4o There's a worm called the budworm

‘Just ask Mr. Clark
It attacks the big Hemlock

A1l over the park
Val Carolin tells

They come in the Spring
And chew them to pieces

Which has a black head
And g guy named Tom Silver

'Wishes they were all dead
us There are flatheaded borers.

And then they take wing.

Roundheaded ones too
They get on the 1eaves and

bore holes

‘Through and through.

Chorus: Tra la la tweedle dee dee dee

Te must 4o our best

To send these .awful crltters
Right out of the West

Tra la la tweedle dee dee dee
If everyone {ries

We'll make our stately forests
As bright as the skies.

‘bbmposéd and sung at W.F.I.W.C. annual banquet, Banff, Alberta, 1964, by
the "Choral Belles" of Calgary.

o Gtaveomes -
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MEMBERSHIP ROSTER

WESTERN FOREST INSECT WORK CONFERENCE

Notes Active members registered at the Conferencé in Banff,
Alberta, March 9 = 11, 1964, are indicated by an asterisk (w)

USFS REGION 1 (Missoula)
and REGION 4 (Ogden)

BARR, Dr. W.F.
(Professor)
University of Idaho
Moscow, Idaho

CAHILL, DONALD B.
(Entomologist)
U.S« Forest Service

" Missoula Equipment DeVelopmént Center

Missoula, Montana 59801

¥ COLE, WALTER E.
(Entomologist)
Intermountain Forest and Range

Experiment Station
Forest Service Building
Ogden, Utah 84403

COX, ROYCE E.
(Forester)
Potlateh Forests, Inc.
Lewiston, Idaho

DAVIS, Dre. DONALD 4.
(Assoclate Professor)
Dept. of Zoology end Entomology
Utah State University
Logan, Utah

DENTON, ROBERT E.
(Entomologlst)
Intermountain Forest and Range
Experiment Station
Forest Service Building
Missoula, Montana 59801

¥ FELLIN, DAVID G.

(Entomologist)

Intermountain Forest and Range
Experiment Station

Forest Service Building

Missoula, Montana 59801

FURNISS, MALCOM M.
(Entomologist)
Intermountain Forest and Range
Experiment Station
Forestry Sciences Laboratory
P.0, Box 469
Moscow, Idaho 83843

% GOYER, RICHARD A. _
College of Forestry,
University of Idaho
Moscow, Idaho

GROSSENBACH, PAUL A.
(Foresters
U.S. Forest Service
Forest Servies Building
Ogden, Utah 84403

HARTMAN,HOMER J.
(Forester)
U.Se. Forest Service
Federal Building
Missoula, Montana 59801

% JOHNSON, PHILIP C.
(Entomologist)
Intermountain Forest and Range
Experiment Station
Federal Building
Missoula, Montana 59801



REGIONS 1 and 4 Continued

KNOPF, JERRY A.E,
(Entomologist)
U.S. Forest Service
3320 -Americana Terrace
Boise, Idaho 83706

KNOWLTON, Dr. GEORGE F.
(Professor of Entomology)
Utah State University
Logan, Utah '

MANIS, DPre HoGo
(Head)
Dept. of Entomology
University of Idaho
'Moscbwb-ldaho

MbGREGQR, M.Do
(Entomologist)
U.S. Forest Service
Forest Service Building
Ogden, Utah 84403

PARKER, D.E.
(Chief)
Div. of Forest Insect Research

‘Intermountain Forest and Range -

Experiment Station
Forest Service Building
Ogden, Utah 84403

¥ SCHENK, Dr. JOHN A.
(Associate Professor)
University of Idaho
Moscow, Idaho

¥  SCHMITZ, RICHARD F.

' (Entomologist)
Intermountain Forest and Range
~ Experiment Station
Forest Service Building
Missoula, Montana 59801
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' SGOTT, DAVID O.

“(Forester)

U.8+ Forest Service
Federal Building
Missoula, HMontana 59801

TERRELL, TOM T.
‘(Entomologist)
U.Se Forest Service
‘Federal Building
Misscula, Montana 59801

TROSTIE, GAIEN G«
(Entomologist)
U.Ss Forest Service -
Forest Service- Bullding
Ogden, Utah 84403

TUNNOGK, SCOTT
(Entomologist)
U.S. Forest Service
Federal Building, -
Missoula, Montana 59801

* WASHBURN, RICHARD I.

(Entomologist)

UeSe+ Forest Servics
Forest Service Building
Ogden, Utah 84403




USFS REGION 2 (Denver)
and REGION 3 (Albuquerque)

BAILEY, WILMER F.
(Forester)
U.S. Forest Service
Denver Federal Center, Bld.,85
Denver, Colorado 80225

BALDWIN, Dr. PAUL
(Zoologist)
Department of Zoology
Colorado State University
Fort Collins, Colorado

BORDEN, TOM B.
(state Forester)
Colorado State Forest Service.
Colorado State University
Fort Collins, Colorado

CHANSIER, JOHN F.
‘(Entomologist)
Rocky Mountain Forest and Range
Experiment Station
P.0. Box 523
Albugquerque, New Mexico

GERMAIN, Charles J.
221 Forestry Building,
CSU, Fort Collins
Colorado, 80521

HESTER, D.A.
(Forester)
U.S. Forest Service
Denver Federal Center, Bldg. 85
Denver, Colorado 80225

LANDGRAF, AMEL E., Jr.
(Forester)
U.S. Forest Service
Denver Federal Center, Bldg. 85
Denver, Colorado 80225

LUCHT, DONALD
Federal Building
517°Gold Ave., S.W.
Albuquerques
New Mexico 87101
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¥ MASSEY, Dr. CALVIN L.

(Entomologist)

Rocky Mountain Forest and Range
Experiment Station

P.0. Box 523 o

Albuquerque, New Mexico

McCAMBRIDGE, W.F.
(Entomologist)
Rocky Mountain Forest and Range
" Experiment Station o
Colorado State University
221 Forestry Building
Fort Collins, Colorado 80521

MbKNIGHT MELVIN E, -
(Entomologlst)
Rocky Mountain Forest and Range
" Experimesnt Station ’
Colorado State University
221 Forestry Building,
Fort Collins, Colorado 80521

MESO, STANIEY W., Jr.
(Forestar) o
UeS. Forest Service .
Denver Federal Center, Bld. 85
Denver, Colorado 80225

MOGREN, Dr. E.W.
(Associate Professor)
College of Foréstry and

Range Management
Colorado State University
Fort Collins, Colorado

NAGEL, ROY Ho.
(EntOmologlst)
Rocky Mountain Forest and Range
- Experiment Station
Colorado State University
221 Forestry Building
Fort Gollins, Colorado 80521

% PIERCE, D.A.
(Entomologist)
U«Se Forest Service
Federal Building
517 Gold Ave., S.W.
Albuquerque, New Mexico
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REGIONS 2 and 3 Continued'
PILLMORE, RICHARD E. ’ IAﬁINSKI, F.M. : |
(Res. Biologist-Pesticids - Proaect) - -(Entomologist)
Bureau of Sport Fisheries and ‘UeSe Forest Service -
‘Wildlifs

Federal Building E
Denver Research Center 517 Gold Ave., S.W, '

Denver Federal Center, Bldg. 22 Albuquerque, New Mexico |
Denver 25, VGolorado _

STELZER, MILTON J.
(Entomologist) S
Rocky Mountain Forest and Range . _ ‘
“Experiment Station
P.0. Box 523
Albuquerque, New Mexico ' }

THATGHER, Dr. T.0. |
{Professor) 1
Dept. of Entomology ° '
Golorado State University '
Fort Collins, Colorado

THOMPSON, Hugh E, :
Dept. of Entomology : !
Kansas State University : l
Manhattan, Kansas

WERNER, Dr. F.C. ﬁ
Dept. of Entomology
Uhiversity of Arizona
Tucson, Arizona |
w MLFORD, Dr. B.H. e ' .
(Entomologist ) ' '

Exper;l.ment Station, ‘
Colorado State University o
221 Forestry Building’ |
Fort Collins, Colorado 80521

+ W{GANT, Dr. NCEL D.

(Chief) -

Div. of Forest Insect Research

Rocky Mountain Forest and Range »[
‘Experiment Station : |

Colorado State University

221 Forestry Building o

Fort Collins, Golorado 80521 .



USFS REGION 5 (Berkeley)

AVERELL, J.Le
(Forester)
U.S. Forest Service
630 Sansome Street
San Francisco, California 94111

% BEDARD, Dr. W.D.
(Erttomologist)
Pacific Southwest Forest and
' Range Experiment Station
P.0. Box 245
Berkeley, California 94701

% BERRYMAN, ALAN A.
“(Student)
Dept. of Entomology and
" Parasitology
University of Galifornia
Berkeley 4, California

BUSHING, R.Wo
(Laboratory-Technician)
Dept. of Entomology and

“Parasitology
Agriculture Hall
University of California
Berkeley 4, California

¥ DAHISTEN, Dr. D.L.
(Assistant Entomologist)
Div. of Biological Control
University of California
1050 San Pablo Ave.
Albany 6, California

DeMARS, C.d.
(Bntomologist)
Pacific Southwest Forest and
Range Experiment Station
P.0. Box 245
Berkeley, California 94701

¥ DOrTA, DANIEL D.
" (Forest Technician)
California Div. of Forestry
‘State Offisce Bldg. No. 1.

Room 354
Sacramento 14, California

e e e o T Ty
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DOWNING, GEORGE L.
(Entomologist)
Pagific Southwest Forest and
Range Experiment Station
P.0. Box 245
Berkeley, California 94701

FLESCHNER, Dr. C.A.
Dept. of Biological Control
University of California
Riverside, California

HALL, Dr. RALPH C. (Entomologist)
U.S: Forest Service
630 Sansome Street-
San Francisco, California 94111

KEEN, F.P.
105/ Cak Hill Road
Iafayette, California

KCERBER, T.W.
(Entomologist)
Pacific Southwest Forest and
Range Experiment Station
P,0. Box 245 ' '
Berkeley, California 94701

v LANIER, GERRY
(Student)
Depts of Entomology and
Parasitology =~
University of California -
Berkeley, California 9470/

LAUCK, Dr. DAVID R.
(Associate Professor)
Humboldt State College
Arcata, California

LYON, DFe R.Le
(Entomologist) -
Pacific Southwest Forest and
‘Range Experiment Station
P.0, Box 245
Berkeley, California 94701



_R_E_ION" 5 ‘contim;ea

MAHONEY, JOHN

" (Gh:r.ef Forester)
Natiohial Park Service, Re=l,
180 New Monﬁgomery Street
San Francisco, Galifornia

MARSHALL, KNCX

© Western Pine Association
1100 Tenth Avemue '
Sacramento 18, Californis

MOORE, Dr. A.D.
(Ent omologls‘b)
Pacific Southwest Forest
and Range” Experiment Station
P.0, Box 245
Berkeley, Galifornia 94701

¥ OTVAS, IMRE
{(Student)
. Dept. of Entomology and Parasitology
University of California -
Berk__e ley, California 94704

PIERCE, JoRe
(Entomologist)
"U.S. Forest Service
630 Sansomée Street,
Sa_n Franelsco, Cal:Lforn:La 94111

SCHAEFER, br. C.H.
' Shell’Development Co.,
P.0. Box 3011 ~
_Mode_sto, California

SMITH, Dr. RICHARD H.
(Entomologist) - B
Pacific Sputhwest Forest and

‘Rangé’ Exper:unen‘b Sta‘blon
P.0. Box 245
Berkeley, California 94701

W STARK Dr. ReWo
‘-(Assoclate Professor)
Depto of Entomology and
‘Parasitology”
University of California
" Berkeley 4, California

724

'W STEVENS, RCBERT. E.
ntomologist) ;
Paclfic Southwest Forest and
Range Experimen‘b Station
Berke.Ley, California 94701

: STRUBIE s GeRo
(En‘tomologist)
Paclflc Southwest Forest and

Range Experiment. Station
Ps0. Box 245
Berkeley, _California 94701

,“STURGEON, bre. E.E.

" Division of Natural Resources
“Himboldt State College
Arcata, California’

SWAIN, KOMO -
“(Entomologist)
‘¢/o San Bernadino National For.
Ps0. Box 112, ‘
$an Bernardlno, California 92401

YITE' Dr. JEAN PIERRE
.T I. For. Research Iaboratory
_P,0. Box 1119
‘Grass Velley, California

-W WICKMAN, BOYD E,

' (Efitomologist)

Pac:l.fic Southwest Forest and
~ Range Experiment’ S'ba'b:l.on

P.0. Box 245

B_erkeley, California 94701

wocn, Dre D.Le
" {Assistant En‘bomologlst)
Dept. ‘of Entomology and
‘Parasitology :
University of California
‘Berkeley by Gallfornia.




USFS_REGION 6 (Portland)

ALIEN, Dr. GEORGE A.
(Director)
" Weyerhaeuser Research Center
P.0. Box 420
Gentral;a, Washington 98531

‘BUFFAM; P.E,

(Entomologlst)

U.S. Forest Seérvice
P.0. Box 3623 =~
Portland, Oregon 97208

CAROLIN, V.M., Jr.
(Entomologist)
Pgcific Northwest Forest and
‘Range Experiment Statlon
P.@. Box 3141
Portland, Oregon 97208

CHAMBERLIN, Dr. W.J.
3320 Chintimini Avenue
Corvallis, Oregon

CORNELIUS, ROYCE O,
(Managlng Forester)
Weyerhaeuser Company
Tacoma Building'

Tacoms 1, Washington 98401

COULTER, WILLIAM K.
{Ehtomoblogist)
Paclflc Northwest Forest and
‘Range Experiment Statlon
P.0. Box 3141 ’
Portland, Oregon 97208

DOLFH, ROBERT E., Jr.
(Entomologist)
U.S. Forest Service
P.0. Box 3623
Portland, Oregon 97208

FINK, CLIFFCRD R.
{Forester)”
'U.S. Forest Service
P.0, Box 3623~ o
Portland, Oregon 97208

73.

FURNISS; Ro'Lo .
{Chief)

Div. of Forest Insect Research
Pacific Northwest Forest and
Range Experiment’ Statlon

P.0. Box 3141
Portland, Oregon 97208

GUY, W.C.
(Photographer)
Pacifié Northwest Forest and
~Range Experiment Station
P.0. Box 3141 '
Portland, Oregon 97208

HEIKKENEN, Dr. HERMAN J.
(Professor of Forest Entomology)
University of Mashington
Seattle, Washington

HOWARD, BENTON
(Forester)
U.8. Forest Service
P.0. Box 3623
Portland, Oregon 97208

JAENICKE, A.J.
2941 Mulkey Street
Corvallis, Oregon

JQHNSON ‘Dr. N.E.
(Entomologlst)
Weyerhaéuser Research Center
P.0. Box 420
Qentralia, Fashington 98531

LARSEN, "A.T.
(Dlrector)
Insect and Disease Control
State Dept. of Forestry
P.0. Box 2289
Salem, Oregon 97310




BEGION 6 Gontinned

LAUTERBACH, PAUL G.
(Résedrch Forester)
Weyerhaeuser Research Center
P.0. Box 420 &
Centralia, Washinton 98531

McGOMB, DAVID

- (Entomolégist)
U.S. Forest Service
P.0. Box 3623 o
Portland, Oregon 97208

MITCHELL, Dr. RUSSEL G.
(Entomologist) o
Pacifi¢ Northwest Forest and

Range EXperlmev‘t Statlon
P.0. Box 3141
Portland; Oregon 97208

NAGEL, Dr. W.P.
(Associate ‘Professor)
Dept. of Entomology ~
Oregon State University
Corvallis, Oegon 97331

CRR, P.W.
(Entomologist)
U.S. Forest Service.
P.0. Box 3623
'POr’oIand, Oregon 97208

PEARSON; ERNEST
(Forsster)
State Dept. of Forestry
P+0. Box 2289 -
Salem, Oregon 97310

PETTINGER, IEON F.
(Entomologist)
U.S. Forest Service
P.0, Box 3623 ’
Portland; Oregon 97208

RITGHER Dr. PAUL O.-
(Heads
‘Dept. of Entomology
Oregon State Unlversity
Corvallis, Oregon 97331

¥ RUDINSKY, Dr. JULIGS A.

(Professor)

Depte of Entomology
Oregon State University
Gorvallis s Oregon 97331

RYAN, Dr. ROGER

(Entomologist)

Pacific Northwest Forest and
~ Range EXperiment Station -
3200 Jefferson Way -
Gorvallis, Oregon 97331

SARTWEIL CHARLIES Jr.
‘ (Entomologlst)
Pacific Northwest Forest and
‘Range’ Experiment Statlon
P.C, Box 3141 '
Portland, Oregon 97208

SCHMIDT, FRED H.
(Entomologist) i
Pacific Northwsst Forest and
" Range Experiment Station
3200 Jefferson Way-
Corvallis, Oregon 97331

TEIFQR.D Dr, HORAGE S,
(Cha:n.rma.n) '
Depte. of Entomology '
Washington State University
Pullman, Washington

THOMPSON Dr. C.G.
(Entomolog ist)
Pacific Northwest Forest and
" Range Experiment Stat:.on
3200 Jefferson Way
Corvallis, Oregon 97331

WEAR, .J.oF_o
(Research Forester)
Pac:.f:.c Northwest Forest snd

"Range Experiment Station -
P.0. Box 3141

“Portland, Oregon 97208

The




w

REGION 6 Gontinued

WILLIAMS, Dr. CARROLL B., Jr.
{(Reseéaréh Forester) ’
Forestry Sciences” Laboratory
3200 Jefferson Way -
Gorvallis, Oregon 97331

¥ WRIGHT, KENNETH H.

(Entomologist)

Pacific¢ Northwest Forest and
‘Range Experiment Statlon

P.0. Box 3141

' Portland, Oregon 97208

WITTIG, Dr. GERTRAUDE C.

(Microbiologist)
Pacific¢ Northwest Forest and

" Range Experiment Station
3200 Jefferson Way:
Corvallis, Oregon 97331

75.

USFS REGION 10 ‘Juneau)

GROSBY, DAVID

(Entomologist)

U.S. Forest Service
Box 1631 '
Juneau, Alaska 99801

ROETTGERIN3 'BRICE

(Entomologlst)

U.S, Forest Service
Bex 1631

Juneau, Alaska 99801

ROSE, W.E.

(Entomologist) .
Northern Forest Ex;eriment
Station. L

Box 740
Juneau, Alaska 99801

¥ SCHNWIEGE, Dr. DONAID E.

 (Entomologist)
Northern Forest Experlment
- Station -

Box 740
Juneau, Alaska 99801

EERNER, Dr. RICHARD A..
(Entomologist)
Northern Forest Experiment
Station
Box 740
Juneau, Alsska 99801




WASHINGTON L2 D DC L]

Bm, WQLO
(Assistant Director)
Div., of Forest Insect Research
U.S. Forest Service
Washington, D.C. 20250

BEAL, Dr. J.A.

(Director)
"Div. of Forest Ingect Research

U.S. Forest Service '~
Washington, D.C. 20250

BENEDICT, WeV.

(Director)
Div. of Forest Pest Control

U.S, Forest Service
Washington, D.C. 20250

BONGBERG, J.W.
(Chief)
Br. of Forest Insect Surveys
U.S. Forest Service
Washinton, D.C. 20250

CARLSON, S.T.
(Chief)
Br. of Park Forest and
Wildlife Protection
National Park Service
Room 244, Interior Building

Washing‘bon 259 D.Cs

¥  JcCLANAHAN, W. DEAN
(Forester) -
Br. of Park Forest and

Wildlife Protection
National Park Service
Washington 25, D.C. -

W WHITESIDE, J oMo
(Assistant Director)
Div. of Forest Pest Control
U.8. Forest Service
Washington, D.C. 20250

764

GANADA_{Galgary)

¥ BROWN, C.E.
(Forest Entomologist)
Forest Ent. and Path. Laboratory
Department of Forestry
102 - 1lth Avenue, East
Calgary, Alberta

CEBEZKE, Dr. HERBERT F.

(Entomologist)
Forest Ent. and Path. Laboratory

Department of Forestry -
102 - 1lth Avenue, East
Calgary, Alberta

¥ HOPPING, GEORGE R.
Forest Ent. and Path. Laboratory

Department of Forestry
102 = 11lth Avenue, East
Calgary, Alberta

¥ REID, ROBERT WILLIAM
"~ (Entomologist)
- Forest Ent. and Path. Laboratory
Department of Forestry
102 - 1l1lth Avemue East
Calgary, Alberta

¥ ROBINS, JACK
(Ranger Supervisor)
Forest Ent. and Path. Laboratory
Dept. of Forestry
102 =~ 11lth Avenue E.,
Calgary, Alberta

A sms:m&:m:, RoFo
(Forest Entomologist)
Forest Ent. and Path. Laboratory
Department of Forestry '
102 = 11th Avenue, East
Calgary, Alberta

v STEVENSON, R.E.

(Entomologist)
Forest Ent. and Path. Laboratory

Department of Forestry
102 - 1lth Avenue, East
Calgary, Alberta




CAIGARY (Continued)

¥ THOMAS, Dr. G.P.
(Officer-in-Charge)
Forest Ent. and Path. Laboratory
Départment of Forestry
102 = 1llth Avenue, East
Calgary, Alberta

CANADA (Edmonton)

¥ HOCKING, Dr. BRIAN
(Head)
Dept. of Entomology
University of Alberta
Edmonton, Alberta

C AN ADA (Lethbridge )

% McGINNIS, Dr. A.J.
Cahada Dept. of Agriculture
Research Station =
Lethbridge, Alberta

CANADA (Fredericton)

¥ CLARK, J. '
Forest Ent. and Pathe. Laboratory
‘College Hill =
Fredericton, New Brunswick

CANADA (Nenaimo)

RICHMORD, H.A.
(Consulting Forest
‘Entomologist)
Lofthouse Road
R.R. #2
Nanaimo, B.GC.

77.

CANADA ( COttawa ]

FETIES,; Dr. J.Jd.
(Head, Chemical Control Section)
Forest Ent. and Path. Laboratory
Department of Forestry
Central Experimental Farm
KW Neatby Building, .
Ottawa, Ontario

McGUGAN, Dr. B.M.
(Assoc. Director:) .
Forest Ent. and Path. Branch
Department of Forestry
Room 226, Motor Building
238 8parks Street
Ottawa, Ontario

PREBBLE, Dr. M.Le.
" (Director)
Forest Ent. and Path. Branch
Department of Forestry
Room 226, Motor Building,
238 Sparks Street
Ottawa, Ontario

CANADA (Sault Ste. Ma’r.ie)

STEHR-’ Dro GQWQKQ‘
Forest Insect Laboratory
Depte of Forestry,
Box 490
Sault Ste. Marie, Ontario

CANADA (Vancouver)

GRAHAM, Dr. KENNETH
(Prof. of Forest Entomology)
Department of Zoology
Biological Sciences Building
University of British Columbia
Vancouver 8, B.C.




CANADA (Vernon)

¥ ROSS, Dr. D.d.
(0fficer=in=Charge)
Forest Entomology Laboratory
Department of Forestry,
Box 1030
Vernon, B.C.

CANADA (Vietoria)

ATKINS, M.D. -
(Forest Entomologist)
Department of Forestry _
Forest Research Laboratory
506 W. Burnside Road,
Victoria, B.C.

¥ BRIX, Dr. HOIGER
(Plant Physiologist)
Department of Forestry
Forest Research Laboratory
506 W. Burnside Road,
Victoriay; B.C.

¥ CHAPMAN, Dr. JOHN A.
(Forest Entomologist)

Department of Forestry
506 W. Burnside Road,
Victoria, B.C.

¥ CONDRASHCFF, SERGEI F.
(Forest Entomologist)
Department of Forestry
Forest Research Laboratory
506 W. Burnside Road
Wictoria, B.C.

DYER, E.D.A.
(Forest Entomologist)

Department of Forestry
Forest Research Laboratory
506 W. Burnside Road
Vietoria, B.C.

¥ EBELL, Dr. LORNE
(Plant Physiologist)
Department of Forestry
Forest Research Laboratory
506 W. Burnside Road
Victoria, B.C.

78.

EVANS, D. |
(Forest Entomologist)

Department of Forestry
Forest Research Laboratory
506 W, Burnside Road,

Vietoria, B.C.

HARRIS; Dr., JOHN W.E.
(Forest Entomologist)
Department of Forestry
Forest Research Laboratory
506 W. Burnside Road,
Vietoria, B.C.

HEDLIN, A.F.
(Forest Entomologist)

Department of Forestry
Forest Research Laboratory
506 W. Burnside Road,
Vic‘boria, BoCc

KINGHCRN, J.M.
(Forest Entomologist)
Department of Forestry
Forest Research Laboratory
506 W. Burnside Road,
Victoria, B.C.

IEJEUNE’ RoRo
(Officer-in-Charge)
Department of Forestry
Porest Résearch Laboratory
506 W. Burnside Road,

Wictoria, B.C.

MATHERS, W.G.
(Administrative Officer)
Department of Forestry
Forest Research laboratory
506 W. Burnside Road,

Victoria, B.C.

McKINNON, F.S.

-(Chief Forester)

Department of Forestry
Forest Research Laboratory
506 W. Burnside Road,
Victoria, B.C.

EDWARDS, Dro D.K.

" (Forest Entomologist)
Forest Research laboratory,
Department of Forestry,
506 W. Burnside Road,
Vietoria, B.C.




Victoria (Continued)

¥  McMULLEN, Dr. L.H.
(Forest Entomologist)

Department of Forestry
Forest Résearch Laboratory
506 W. Burnside Road,
Victoria, B.C.

MORRISg Dro OoNe
(Insect Pathologist)
Department of Forestry
Forest Research Laboratory
506 W. Burnside Road,
Viectoria, B.C.

¥ SILVER, Dr. G.T.

( Forest Entomologist)
Department of Forestry
Forest Research Laboratory
506 W. Burnside Road
Victoria, B.C.

SMITH, D.N.
(Forest Entomologist)

Department of Forestry
Forest Research Laboratory
506 W. Burnside Road
Victoria, B.C.

SPILSBURY, R.H.
(Forester=in-Charge)
Research Division
B.C. Forest Service

Vietoria,; B.C,

RELLINGTON, Dr. W.Go
(Forest Entomologist)
Department of Forestry
Forest Research Laboratory
506 W. Burnside Road
Vietoria, B.C.

CANADA (Winnipeg)
¥ WEBB, Df. Frank
(Officer-in=Charge)
Forest Entomology Laboratory
P.0. Box 6300 '
Winnipeg, Manitoba

MEXTCO

Ing. Humberto Moreno Noriega .

Jefe del Dpto. de Sanidad
Forestal

Direeccion de Proteccion
Forestal

Aquiles Serdan 28

Tercer Piso

MeXicO Zp’ D.F.

Ing. Raul Rodriquez lara
Seccion Entomologia
Instituto Nacional de

Investigacionea Forestales
Progresso No. 5
Coyaocan, D.F., Mexico

ENTOMOLOGISTS OUTSIDE GECGRAPHIGAL
BOUNDARY OF W.F.I.W.C

¥ CLARK, Dr. EDWARD W.

. (Entomologist)

Southeastern Forest Experiment Stn.
PoOo Box 886 '
Durham, N.C. 27702

COYNE, JACK
(Entomologist)
Southern Forest Experiment Stn.
Po0. Box 122 ,
Gulfport, Mississippi 39503

KNIGHT, Dr. FRED B.
{Associate Professor)
School of Natural Resources
Department of Forestry
University of Michigan
Amn Arbor, Michigan

MERKEL, ED P.
(Entomologist)
Southern Forest Experiment Stn.
P.0. Box 3
Olustee, Florida 32072

¥ SIMEONE, Dr. JOHN B.

(Chairman)
Dept. of Forest Entomology
New York State College of Forestry

Syracuse, New York 13210



80.

ENTOMOLOGISTS OUTSIDE GEOGRAPHICAL
BOUNDARY OF W.F.I.W.C (Con't.)

THATCHER, ROBERT G.
(Entomologist)
Southern Forest Experiment Stn.
¢/o Stephen F. Austin College
P.O. Box 345, '
Nacogdoches, Texas 75962




APPENDIX : 8l.

Western Forest Insect Work Conference 4(a)

PROPOSAL FOR GOMMON NAME

Date

The undersigned recommends the aGOption'by the Conference Committee on Common
Names of TWestern Forest Insects of the common name hereinafter proposed (see

WNOTEY)?

1. Proposed common name

2, Scientific name of the insect

Order $ Family

3, General reasons for proposing this common name:

a. Economic importance de Already in general usage
b. Striking appearance e+ Other (explain)
¢+ Abundance

4. Proposed by (Dr., Mr., Mrs., Miss)

5, Address

INFORMATION SUPPORTING THE PROPOSAL

6. Metamorphic stage(s) to which the proposed common name applies:

% Characteristic appearance of the stage(s) to be named, if proposed common

neme is b0 be based on this appearances

B THabits of the stage(s) to be named, if proposed common name is to be based

on these habits:

NOTE: Before submitting this form, the proposer is urged to familiarize himself

with the following references:

WETCALF, C. L. 1942. Common names of insects. Jour. Econ. Ent. 35(5):
795797, (editorial).

ANONIMOUS. 1953. An appeal for a clearer understanding of principles con-
cerning the use of common names. Appendix to the proceedings of the 64th amnual
moeting of the American Association of Economic Entomologists, Philadelphia,
Pern., December 15-18, 1952. Jour. Econ. Ent. 46(1)s 207-211.

LAFFOON, JEAN L. 1960. Common names of insects approved by the Entomological
Society of America. Bul. Ent. Soc. Amer. 6(4): 175-211. :

FURTHER INSTRUCTIONS: Complete this form in duplicate. Send to Conference
Secretary OT to Common Names Committee Chairmane.

one Form 1 (1/1/64)
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Western Forest Insect Work Conference 4(b)

NAVE

'RECORD COF ACTION ON PROPOSAL FOR COMMON

82.

Common name proposed

Scientific nams of insect

Order 3 Family

Proposed by

Address

__VOTING REGORD OF COMMITTEE MENMBERS

Proposal | Proposal
Committee Members approved | rejected
FINAL AETION__' —
Approved | Rejected Date

WFIW, Committee on Common Names

WIW, Membership at large -

ESA, CGommittee on Common Names

WIW Committee Chairman

CNG Form 2 (1/1/64)

Date



