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MINUTES OF THE INITIAL BUSINESS MEETING

February 27, 1959.

The chairman, R.W. Stark, opened the meeting at 9:25 a.m, in the
Board Room of the Forest Industrieg Building in downtown Vancouver.

A one minute silence was obssrved in memory.of.Mr;lSO'Mﬁrray,Sager;

- Dr. K. Graham introduced Dean G.S. Allen of the University of
British Columbia's Faculty of Forestry. Dean Allen briefly, but warmly
welcomed the group and stressed the walue of this, and similar informel
technical meetings.

Mr. H,A., Richmond then introguced Mr. H,S. Hepher, Chairman of the
Pest Control Committee of the B.C. Loggers' Association. Mr. Hepher
welcomed the group on behalf of the forest industries of British Columbia.
He then ocutlined the formation and functioning of the Pest Control Committee
and gave some detail of the blsck-headed budworm survey and control project
on Vancouver Island. The problem of gpray hazerd to fish was stressed.

E,C, .Clark moved the adoption of the mimutes of the last meeting as
presented in the 1958 Proceedings. Sesconded by R.B. Lejeune. Carried.

The Secretary-Treasurer read the Secretary's Report and the Financial
Statement for the period since the last meeting. A resume of the executive
meeting held the previous evening was then given.

In compliance with the wishes of the last meeting,‘the group approved
Ogden, Utah, as next year’'s mesting place through a motion by R.R. Lejeune
and seconded by N.D, Wygant.

A diseussion of the place and theme for the 1961 conference left the
decision for the 1960 gathering. Whether or not Ogden should be ineluded
in the Yecentral triangle" of the conference area was debated, and the con-
sensus of opinion was that a decision should be withheld pending the
attendance at the 1960 meeting in that city.

Following the suggestion of the exeeutive, P.C. Johnson moved that
the theme of next year's meeting be "Criterie for Control Decisions'.
Seconded by H.A. Richmond. Carried.

The report of the Committee on Indexing of Reports and Publications
was read by the Chairman for G.R. Hopping (see Appendix). K.H. Wright moved
the adoption of the report. Seconded by Silver. OCarried.

The chairman declared that there would be meetings of the Common Names
Committee and the Education Committee in the evening., P.C. Johnson was

appointed Chairman of the Nominating Committee assisted by R.R. Lejeune and
R.L, Furniss. One councilor for a three-year term is to be nominated.

It was announced that Joseph Chamberlin’s "Seoclytidae of the Pacifie
Northwest" had now been released by the 0.5.C, Press.

Conferees introduced to the group were:

H.S. Telford J.E, Harris E.D.A. Dyer
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It was announced that a. tour of the new Forest Products. Laboratory at
the University of British Columbia had been arranged for Saturday afternoono

Upon a motion by BoRo Lejeune, the meeting was adjourned at 10:10 a.m.

_REVIEW.OF .CURRENT FOREST INSECT CONDITIONS IN THE
WESTERN. UNITED STATES OF AMERICA AND CANADA
Feb. 26, 10:00 -~ 11:00 a.m. ~ G. T. Silver

There was no broad over-all trend apparent in insect conditions through-
out western North Ameriea in 1958. Of the eight regions two reported
increases, two decreases, one no.change,.and three made no general statements
regarding inseect outbreaks. Fifty insects were reported upon of which 17
were bark beetles, _ _ B _

Spruce budworm. - The spruce budworm was reported from New Mexico to the
Great Slave lake in the Northwest Territories. The area
of all outbreaks exceeded 6,000,000 acres.

Medium to heavy defoliation occurred along the Slave River in Alberta
for 100 miles between Fort Smith and Great Slave Lake, and for 15 miles
along Muddy River. In British Columbia. the 2-year-eycle. spruce. budworm out-
break at Babine Lake inereased in area to 1,300 square miles from 1,000
square miles in 1956. The area of the oufbreak in the Lillooet and Fraser N
River region increased. Oregon and Washington reported only 315,000 acres
defoliated in 1958 compared with 830,000 acres in 1957. Total area infested
in New Mexico was 324,000 acres; the largest buildnup here was on the Carson
and Santa Fe National forests. Budworm defollation in the Intermountain
region totalled about 4,000,000 acres,

In Oregon a total of 818,000 acres were sprayed at a cost of $.70 per
acre, and IO, ,000 acres were spreyed in Arizona on the North Kaibab Plateau.
Mortality in both operations was about 96 per cent. No control operations
are planned for 1959. '

Spruce budworm populations in the National Parks in Alberta decreased
in 1958. Egg counts in the 2-year-cycle outbreak at Babine lLake increased,
but similar counts of the l-year-cyele budworm in the Lillooet-Fraser River
area were not significantly less than in 1957. Decreases are expected in
Oregon and Washington, and increases are expected in New Mexieco, Colorado,
and in some sections of the Intermountain Region,

Black-headed budworm. - The black-headed budworm wes reported from Oregon
and the Intermountain Region north to Alaska. The
heavy outbreaks on northern Vancouver Island, British Columbia, and in
Washington, Oregon, and Montana have all collapsed or are on their way out.
The eollapse of the outbreaks which are now subsiding completes a series
of more or less contimuous outbreaks which started in Alaska and worked
south. Infestations were reported in Alagks in 1948, Portland Canel 1950,
Queen Charlotte Islands 1951, Bella Coola and northern Vancouver Island
1954, and Washington, Oregon, and Montana, 1956. It is therefore of con-
giderable interest that the black-headed budworm is inecreasing in the
Ketchikan area of Alaska and in the Queen Charlotte Islands in 1958,
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Douglag-fir beestle. - The Douglas-fir beetle was reported from all regions
execept Alberta and Alagka. With the exception of

Arizona and New Mexico which reported a decreasing trend, increases in mumber

of attacks and damage were general from Gelifornis morth into British Columbia.

: .Although Arizona and New Mexico reported a decrease based on area,
1ossea in 1958 were 245 million.bd. ft. compared with only 96 million bd. f’t
-in 1957. In California the outbreaks in the Grider Greek,drainage continued
Distinet upward trends were noted in Reglons 4 and 1 in 1958, but the inerease
An Oregon.and Waghington was mest. striking, 931,000 acres»lnfestgd eompared
with only 18,400 acres in 1957, The Deuglas-fir beetle wag one of the most
destructive insects in the Central Kocky. Mounteing, killing 4.8 million bd.

- £to on 41,330 acres. A.general inerease was observed in British Columbia,

but was most noticeable in the Cariboo region., The higheat inecidence of .

atback was in.areas of greatest sawmill eoncentration and logging aetivity.

.. Engelmann spruece bestle. - It is noteworthy that the Engelmann spruce beetle

populations are decreaging or remaining static in
undisturbed areas. Ontbreaks or increases in intensity of existing outbresks
have nearly all been associated with logging operations or blowdown.

The Engelmann spruce beetle is epi&@mle in several stands in Golorado,
all adjacent to timber salss. A total of 7,970 infested trees on Missionary
Bidge, San Juan National Foreat, will either be logged or.treated in 1959.
Thousands of cull logs will also be treated in several areas., A decline is
reported in Region 1, but increases were noted in Region 4 in widely scattered
areag in or pear recent, scattered logging operations. Control action,
. started in 1958, will be continued in some areas in 1959. A decrease in
area infested was noted in Oregon, Washington, and British Columbia.

. ..Mountain pine beetle. - Mountain pine beetle populations appear to be

' fluctuating by tree species. Dowmmrd trends were
noted on lodgepole pine in some areas, while infestations on western white
pine and ponderosa pine are static or inereasing.

A total of 22 infestations on lodgepole pine were reported. in Region 4,
ranging in gize up to 90,000 trees infested in the Wasatch National Forest.
Six thousand ponderosa pine trees were removed or cut and burned in the
- Crystal Bay area, Nevada. Outbreaks on lodgepole pine in British Columbia
decreased. = In the Babine Lake area about 28 million cu. ft. have been killed .
since 1955. A general increase was noted on white pine in the Nelson Distriet.
Oregon and Washington reported 268,160 acres infested compared with 212,000
acres in 1957, Increases were in young ponderosa pine stands, decreases were
noted on lodgepole pine., Increases wers noted in lodgepole pine stands in
three areas in California and in the Windy River District in the Rocky
Mountain Region. Treatment of 11,810 trees in the Shoshone River Area in
1957 and 1958 has stabilized the popwlation in that region.

. Blagk hills beetle. = Control measures on the Dixie National Forest and Bryce
' Canyon National Park, Intermountain Region, resulted
in a decrease in the outbreak on ponderosa pine. The 1957 outbreak on :
17,000 acres in the Carson National Forest, New Mexico, was successfully con-
trolled by treating more than 500 infested 'trees with a water emulsion and
ethylene dibromide. A 4-fold inerease in ares infested was reported in
Colorado and Wyoming. Control operations im the Black Hills will be continued
in 1959,
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Western pine beetle. - Oregon.and Washington reported an upward trend in the
_ _ Ochoca.-National Forests and Warm Springs Indian
Reservation. .There was a statewide decresse in California, and the beetle
remained at a low level in Regiong 1 and 4.

Pine bark beetles. - An association of Ips and Dendroctonug spp. killed =

pine on 534,860»acre$ in Arizons and New Mexico. The
initial attack was usually made by Ips in the upper crown with the Dendroctonus
spp. filling in bensath. The damage is decreasing in intensity.

Balsam woolly aphid. - A decrease in the intensity of damage by the balsam
woolly aphid was noted in Oregon and Washington with
the exception of attacks on subalpine fir stands in the Cascade Bange. This
wag the firgst decrease since 1954. Heaviest damsge occurred in drainages in
the Gilford. Pinchot National Forest. The. insect was discovered in Mt, Rainier
Netional Park for the first time. Six imported species of predators were
releaged in 1958 of which at least two are temporarily eatablished.

The balsam woolly aphid was discovered in British Columbis in the
greater Vancouver area. Amabilis fir is the major host. . Tree mortality has
been light to date but 80 per cent of the amabilis fir in the infested
-atands are atitacked.

Aspen leaf-miner. - Many patches of dead aspen, ranging in size up to 10 = _

aeres, are appearing on four National Forests in Western
Wyoming, and south-eastern Idaho where the aspen leaf-miner has been in epi=
demic status for about 10 years. The inseet caused heavy mining to trembling
aspen leaves throughout most of the range of the host tree in British
Columbisz.

Lodgepole needle-miner, - Lodgepole needle-miner outbreaks are present

throughout most of the Cassia Divigion of the
Sawtooth Nationsl Forest in Idaho, and in 50,000 acres in Yosemite National
Park in California. Experiments in Californis indicate that the needle-
miner can de controlied with mailathion sprays applied by helicopters if large
erough volumes of spray are put on,

Deuglas-fir tussock moth. = A 10,000 acre outbreak in gottthern Idaho was
practically eliminated by virus disease. A
sharp increase in population was noted in Arizona and New Mexice where three
new outbreaks were found in 1958. Total area infested is 19, 000 acreas.
About 100 aecres were treated in June with 1 1b, DDT in 1 galo of fuel oil
with limited effectiveness. .

Larch sawfly. -~ An outbreak of larch sawfly was discovered in Missoula

Co., Montana, in 1958, the first record in the’ rorthern
Rocky Mountains since 1944. The insect also caused light to severe damage
over a large area in Alberta from Calgary north to Fort Smith in the North-
west Territories,

Ient caterpillarg, - Malacogoma digstris was abundant and increasging in

Alberta, and Regions 1 and 4. M. fragilig defoliated
131,000 acres in Colorado, and 1,180 acres of aspen were classified as dead
as a result of continued defoliation for nine years. Area of defoliation
in Arizons and New Mexico decreased in 1958 to 223,620 acres from 250,690
acres in 1957, Control by parasites and virus disease was recorded only
in the Intermountain region.
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Noodiprion sawflies. - Outbreaks or high populations of Neodiprion sawflies
were recorded from Alaska, British Columbia, Oragon
and. mashington, New Mexico, and the Roecky Mbuntain region.

Spear-marked black moth., -~ .This moth was prevalent over 5,829,000 acres of

- , . paper birch . in Alagks in 1958, Heavy defoliation
_cceurred on 333,000 acres. . A decreage in population as a result of parasites
-and. & virug disease is expeeted to eontinue,

wSeed“andmcanewinse@$s;‘mﬂwSeed,and”conewinseets destroyed about 75 per cent
.of a good Douglag-fir cone crop in California.
Jeffrey and ponderosa pine cones also suffered heavy losses.

Mites. - The outbreaks of the spruce mite in Montana following spraying of
gpruce budworm persisted in 1958, Without exception mite populations
were ingignificant in areas that were not sprayed.

Loopers. - Papulations of the hemlock looper and green-siriped forest looper
, were noted in British Columbia in 1958. An incresse is expected
in 1959.

Discussicn:_

_gﬁllans.per 8CTe. uas.applied.WLth helicopter agalnst the needie miner.
Malathion in .cil eaused excessive needle drop. Silver replied to Furniss that
2 mathod was not available for detecting low infestations of Chermeg.

_Johngon supported. the.continuance of the insect outbreak reports and
.suggﬁsted that they should be. publicized more widely. s suggested thal each
region include a map with its summary. Hepher suggested that the material
be given to trade magazines for publicity. .Stark thought a committes could
be struck to investigate ways and means of furthering publicity. On the
other hand, Furniss recalled that the earlier policy of the work conference
wag 1o leave pub?ir*ty and control support to action groups. He astressed
that excursions into the field of publieity would be outside the responsi-
bilities of the work conference. Wygant mentioned that at least one journal
(The Timberman) does print outbreak information gathered independently from
the work conference summaries. Furnigg, supported by Richmond, agein urged

that the conference refrain from the type of work being undertaken by“regional
action committees.

I. DEFINITIONS AND SCOPE OF PROGRAM
Feb, 26, 11:00 - 11:20 a.m, K, Greham

Graham opened the first session of the theme by defining the scope of
the subject "Biotic and Biological Comtrol™, In the more limited sense,
biological control simply means the use of one organism to combat another.
But this field really includes in addition to parasite introductions and
redistributions, also manipulations of the enviromment that affeet paraszites
and predators as well as the host. For example, direct control often governs
the extent of biotic control. Similarly, silvieultural control affect: the
functioning of the parasite-host complex through chenges in the environment.

In connection with chemical control, he mentioned that sprays applied
as an emergency measure, may have subsequent, as well as immediate effectz
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on_the pest population by inflnencing the efficiency of density dependent
factors,  The subsequent effect.may be beneficial if the proportion of para-
~ .gites to frogt is nobl. reduced. .Excessively intense chemical control can
aiheoretically_be.disadvantageous-in environments favoring chronic outbreaks;
.under this condition the parasite is reduced by host searecity while the host
igs free to increase in a favorable enviromment.

Selective chemical methods offer an approach to control that may leave

. the parasite and predators relatively unharmed, while at the same time reducing
_the pest population. Often use of highly selective poisons may be limited

by economic factors., For example, a universal poison such as DDT is so
inexpengive, that it may be more economical to use than a more efficient, but
‘highly expensive pesticide.

The envirorment may also be changed by cutting and planting practices.
..This may still be a relatively unknown spere, but it is fairly obvious that

. .inseet populations remain gtabilized in mixed stands compared with vielent
fluctuations that frequently occur in pure stands. Another case where changes
in the environment influence biotie control is where flood levels in larch
-stands affect the well-being of predaceous smell mammals. When flood level

is favourable to the small mammals, effective control is exercised on the
larch sawfly.

As yet, the field of breeding parasites and predators with superior
-characteristics of gelectivity and adaptability has not been given much atten-

tion. Selection of strains of insect pathogens for virulence appears to be a
distinet possibility.

In summary, therefore, the scope of the program encompesses any manipu-
lation that changes host-biotie¢ agent relationships, either through environ-
mental change, direct control, or restraint of direct control.

ITI. EVALUATION OF THE EFFECTS OF BIOTIC AGENTS

Feb, 26, 11:20 = 12:00 noon
1:15 = 2:15 pom. Discussion Leader: R.W., Stark

This section of the program has been divided into three parts: Methods
of evaluation, theories involved in expressing mortality, and comsiderations
of instigating introduction of biotic agents. Because of the broad scope of
all of these sections we have been forced to speak generally rather than
particularly and hope that we have left enough time for particulars, either
question or example, to be raised from the floor.

(1) Methods of Evalumtion (R.W. Stark)

Biological control, whether natural or manipulated, usually includes
control by parasitic, predatorya and pathogenie organisms. My remerks on
methods of evaluations are, therefore, fitted into this frame.

(2) Paragites Endo- and ecto-parasites differ from our point of view
only in that the ecto parasites are visible and hence their numbers ean be
measured mors easily and more often. Most endoparasites, like those in the
needle miner parasite complex, are not visible until the larval period of the
host is nearly completed. This means that we can measure only the surviving
population of parasites and have no easy way of determining parasite mortality.
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Egtimeting parasite populations is usually directed at their immature
.ghages and is also usually a by-product of measuring host populations. With
this in mind, there are several pitfalls we must keep in mind when determining
parasite population figures.

_ First, a sempling system derived for the host is designed to yield a

_”gapulation‘estimate within certain error limits for the host population. It

does. not necessarily follow that the same error limits will apply to the

- parasite population, .If the distribution of the parasite is identical to
~that of the hest, and if the wariation in numbers is the same, then the sample
will give a trme picture of the parasite-host number relationshipa Too often,
these conditions are not met, as for example the difference in distribution
of Apanteles and Glypta on spruce budworm within the tree crown.

Second, .there are variations in timing to be considered. BEach species
of parasite behaves in a different manner; some parasitize the egg while
still in the host, some when it is laid and others throughout the develop-
..mental period. Others as mentioned above, are invisible until some later
host stage such as the meture larve or pupa. These stress the importance of
_knowing the bionomics and behaviour of all species of parasite involved.
Unless practicable techniques are developed for determining the hidden stages
of parasites only a minimal estimate is possible.

Third, hosts vary considerably in their life eycles and often two or
even three different sampling systems are necessary. A good example is the
larch sawfly which requires different sampling treatment for eggs, larvae
and pupae, These difficulties maturally are transmitted to parasite sampling.
In fact, they by their behaviour may introduce further complications.

Fourth, are the paragites host specifie, or is thsir effect scattered
over a wide variety of hosts? Some parasites have been overcome by host
resistance which adds another complication. Presence of the parasite may
not be lethal, For example, the larch sawfly is able to encist Meseleus
parasites.

These are a few of the difficulties involved in assessing parasite
populations. I hope they will bring to mind others. Some workers have made
estimates of adult parasite populations by various trapping methods (e.g.
DeBack in California)., While these are of value in giving seasonal trends
of numbers of adult paragites, they cannot reflect the host-parasite relation-

ship unless the parasites efficiency and the biology of both parasite and
host are thoroughly known.

Several workers have shown in the past few years that parasites are
not always as effective control agents as formerly believed. Their claimed
success was largely due to inadequate sampling and, I am sure, innocent
misrepresentation of mortality data., Mr. Shepherd will discuss the latter,
but I would like to say that the time has either come, or is near at hand,
when we must attempt to sample parasite populations in a mamner similar to
that becoming popular for hosts -~ in a periodic, systematic way such as
used for life table compilation.

(b) Predators The evaluation of the effects of predators is far more
complex than that of parasites. Predators generally are birds, smsll
mammals, insects and possibly others such as lizards. Their effects are by
and large sporadic, unspecifie and unpredictable, Again we must know
thoroughly the biology of the predator with respect to the host population.
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Is the predator host-specific, relying only on the insect for its food? How
much does it eat? What are its feeding habits with respeet to host distri-
bution? The effect of a predator gorging itself in a small niche of a large
outbresk is liable to be negligible. Also, predators are considered to be
inefficient in their choice of prey and may actually have a detrimental
effect on parasite populations, which are conceded to be more efficient
control agents. We have one notable exception to this, where small memmals,
shrews and the like, are able to distinguish between parasitized snd unpara-
gitized cocoons. Unfortunately most predators are not so clever or disecrimi-
nating.

The problems of measuring the actual loss bo an insect population by
birds eating moths on the wing are great, much more so than that of
measuring the loss due to predators which lsave visible evidence of their
work such ag some small mammals, and predatory insects.

Most are familiar with the work done outside of this group, I am sure.
Various methods have been used -- counting of caches of cocoons and pupae by
various small mammals, analysis of stomach contents of feeding mammals and
birds, estimation of predator populations by trepping, marking, releasing
and retrapping, straight observations by spotters, particularly of birds
and so on,

One further comment is that action of predators contributes to the
variability of the host population, including parasite and disease populations,
thereby increasing sampling difficulties. Predator action accentuates the
patchiness of host distribution.

Digcugsion:

Comments on bird predation of spruce budworm were given by Carolin who
cited some of Morris' work. The direct numerical response of bird predators
is given by a survey of the number of nesting pairs per acre, but the
functional response must take into account the per cent of total food that
the budworm represents. The number of nesting pairs is determined by census
lines which must be run yearly over the budworm outbreak period. Bird species
are identified by their songs. Three bird species have a direct numerical
response to the increase in budworm populations. After a slight delay of
about one year, the bird population could not keep pace with that of the
inseect. At low population levels, the consumption of budworm may represent
a considerable effect. One nest of warblers may destroy 15,000 budworms,
although the inseet represents only 40 per cent of the birds' food.

Wilford, citing work by Enight and Baldwin, outlined census methods
for woodpeckers preying on the Engelmann spruce beetle., Three species are
common: the Downy, the Hairy, and the Northern 3-tip woodpeckers. Wood-
pecker predation was eliminated by hardware c¢loth cages placed at intervals
up the boles. Muslin ecages were also used to prevent insect parasites and
predators from reaching the beetles. Continuous monthly census of bark
beetles were obtained in some outbreak areas. Woodpecker census was
obtained in 25-chain plots. At 5-chain interwals, woodpeckers were surveyed
by listening and watehing for the birds. Bird species were identified by
ocular observation. The heaviest woodpecker work occurred on trees heavily
infested by bark beetles. In these trees, woodpeckers exerted a much higher
percentage of control than in lightly infested trees. It is felt that wood-
peckers have been highly effective in curbing small spruce beetle outbreaks
in the Rocky Mountain Region. Woodpecker effectiveness is reduced on down-
trees. To a question by lejeune, Wilford replied that woodpecker work is less
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An trees on the ground partly because of snow cover, but mostly because the
birds are wary of venturing close to the ground where they are more susceptible
to predation.

Stark commented that ocular estimates for woodpeckers are satisfactory
since there is little chance of recounting the same bird.

Wygant mentioned that a graduate student in his region recently tested
several bird census techniques,

A.D, Telford re-emphasized the fact that a census of the numbers of
birds alone does not adequately assess their effectiveness because the pest
ingect may constitute a higher proportion of the birds'® total food as the
outbreak progresses.

(¢) Pathogens About diseases little can be said except that estimates
of disease effectiveness are arrived at in the same way as for internal para-
sites, by examination of the samples taken for estimating host population.

The difficulties here lie in determination facilities are not available for
identification and determination of diseases. Algo, 8o little is known of
forest insect diseases that it is not possible to determine whether a pathogen
is lethal or not. A further difficulty in estimating effect is that while a
disease may not have a lethal effect, it may have a profound effect in
reducing fecundity -- e.g. as found in some spruce budworm populations in
Eagtern Canada.

Another compliecation arises from host resistance to disease. That is,
the insect may develop a method of overcoming, or become resistant to, the
toxicity of a disease, '

A1l of these considerations complicate the job of assessing the effectiwn
ness of biotic agents. With diseases, in partieular, we can assume mortality
only when the insect shrivels and dies with our present state of knowledge,
unlike parasites we cannot conclude that presence of a disease in a living
larva or pupa means death.

One concluding remark to add to the confusion is how do you rate the
effectiveness of a parasite which permits the organism to complete its life
eycle and wreak its damage before doing it in? Its effect on the succeeding

generation is obvious but from a striectly economic point of view it seems
rather inefficient. :

Nematodes are a problem which has recently become of importance. Again
so little is known of their effects that it is not certain vwhether they act
as a control factor or not. It appears they affect fecundity in some insects
but are not in themselves lethal. Egtimates of presence would have to be by
disgection and of effect by much more detailed studies.

I hope that this very broad outline of the problemsinvolved will stimu-

late discussion and particularize specific problems., If anyone wishes to
elucidate on techniques which they have found useful now is the time.

(2) Theory Involved in Expressing Mortality (R.F. Shepherd)

Percentage mortality figures by themselves do not adeguately indieate
the degree of control caused by a mortality factor. Such figures depend upon
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the method of calculation, and the interpretation of the results dependé o
upon the knowledge of the distribution, abundance, and biology of the insect,
as well as other mortality factors affecting the insect.

The percentage mortality is sometimes calculated as the number of
insects killed over the number of insects at the beginning of the stage in
which the mortality took place. For example if factor b is compared with
the number of live larvae the apparent mortality is _200 x 100 = 20%. (See
accompanying tables.) 1000

If this was an experiment in biological control where factor b is a
predateor that is actually being released, then you would want to know how
much additional mortality you have caused by introducing the predator., The
amount of predation could be determined by the difference between two
samples, which took place one before and one after predation tock place. 1In
this case a control plot could indiecate the natural control due to other
factors than the predator. If in this plot, 50 larvae die out of 1000 due to
other factors during the period predation was effective, then the control due
to predation would be 950 - 800 x 100 = 15.79%.

' 950
Both of these figures express immediate reduction in population before and
after the mortality faetor becomes effective. If one is interested in the
effect of the mortality on the whole generation, then the number of insects
killed is compared with the number of eggs at the beginning of the generation.
If, for instance, the 1000 larvae in the previous examples came from 1,500
eggs then the reduction of the whole generation caused by the predator is
950 = 800 x 100 = 10%

1500
Many people prefer to measure the effectiveness of a mortality factor by the
change that would have occurred in the surviving population if that mortality
factor had not been present. In this example, if factor b was absent we
would have obtained 72 adults instead of 2,. The reduction in the generation
due to factor b would be 72 -« 24 x 100 = 3.2%.

1500

If one is interested in the changes of population from generation to
generation this change in the number of surviving adults is more significant.
This mortality factor results in an adult population which is only
24 x 100 = 3% of what it would have been if the factor had been absent. In
72 life table work this has been called the index of population trend
and is ealeculated as the ratio of the number of insects of a certain stage,
usually the egg, in consecutive generations expressed as a perecentage. If
the same number of eggs is present in two generations then the index is 100.
In our example if factor b is operating then the index is 1200 x 160 = 80%.

1500
If it is not operating then it is 3600 x 100 = 240%.
1500

The importance of a certain mortality percentage camnot be judged by
itself, but must be compared with the potentiasl increase or fecundity of an
insect. With an ingeet which has a low fecundity of say 10 eggs per female,
then any increase in the total generation mortality above 80 per cent would
lead to a decrease in the population. On the other hand, with an insect
which has a fecundity of 200, mortality would have to surpass 99 per cent
before any reduction would take place.

The importance of a mortality factor in causing fluctuations in
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numbers over & long period of time depends, not on the amount. or per cent of
mortality, but upon the variation of that mortality from generation to genera-
tion. Thus a mortality of 90 per cent is unimportant to the fluctuations if
‘it is constant. However, when considering the addition or change in mortality
.the level at which that change takes place is very important. If, for instance,
the total larval mortality inereases by 1 per cent from 90 to 91 per cent, the
. change in the number of surviving adults is a reduction of 2.4. But if the
mortality of eggs increases by 1 per cent from 33 to 34 per cent, the
resulting change in the surviving adults is a reduction of 0.3. Thus even

_ though there are 10 insects or 1 per cent mortality involved in each case,
that which wag added to a 90 per cent mortality of a given stage produced a -
reduction eight times that which was added to a 33 per cent mortality. By the
seme inference, an increase in total mortality from 98 to 99 per cent would
produce the same result in numbers as a 50 per cent reduction in fecundity -
that is a change of from 100 to 50 eggs per female., When mortality factors
act at the same time on a certain stage of an insect then the importance of
emall changes in the mortality of one depends upon the accumulative level of
all these factors providing, of course, that there is no interference between
faetors, i.e. if factor b increases from 20 to 21 per cent it would have the
effect of a factor changing from 90 to 91 per cent as this is the total
mortality of all the factors affecting the larwal stage.

This relationghip between the ultimate effect on the population and the
level at which changes in mortality takes place depends upon one agsumption
which is not always met, particularly with mortelity due to parasitism. The
above condition holds only when the per cent mortality of the factors in the
rast of the life eyele remain the same. That is they are able to remove 31
per cent or 45 per cent of the population regardiess of the number involved.

.. If; however, the mortality factors whiech follow a change remove the same
-number of individuals each time, their per cent mortality will shift and the
change in the generation mortality will be the same no matter at what level
it occurs., But in this case another factor is important. If the mortality
in the egg stage is inereased by 1 per cent to 34 per ecent the ultimate
decrease survival to adult is 10, If we increase the mortality of the pupal
stage by 1 per cent to 32 per cent the change in survivel is only 1. Thus
there is a tenfold difference between equal changes in per cent mortality
depending upon the order in whiech the factors act. An early factor has a
much greater effect upon a surviving population than a later factor.

In summary we can say that:

Percentage mortality figures can be presented in many different ways,
but unless the basis of such figures are given they mean very little., Such
figures can only be interpreted properly if we have a good knowledge of the

biology and fecundity of the insect as well as the other mortaiity factors
involved.

If most of the mortality factors remove the Bame percentage at all
population levels then their effect is the seme regardless of the order in
which they act. But the effectiveness of variations of these factors are
closely related to the level around which these variations revolve. Small
changes in factors which cause a large mortality are much more important
than the same c¢hanges of factors causing a small amount of mortality.

If the mortality factors remove the same number of individuals at all
population levels then the effect of small variations is independent of the
amount of mortality during the stage, but is dependent upon the sequence in
which mortality occurs. Small echanges of factors aeting early in the life
gycle are much more important than those aeting later.
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Level important
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CONSTANT NUMBER KILLED

level not important

Order important

1500 1500
500 33% 510 34%
1000 990
20% 200 20.1%
300 30% 300 30.3%
410 _4;% 400 40.5%
91 90.9%
90 90
26,9 31% 31 34 4%
40.5 45% 45 50.0%
Adults 22,6 Adults 1
1500 1500
510 34% 500 33%
990 1000
198 209 200 20%
297 30% 300 30%
396 _40% 400 40%
90% 90%
99 100
30,7 31% 32 32%
bl 6 45% 45 50.0%
Adulte 23.7 Adults 23
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Number of insects Apparent
Stage -~ Mortality present at the Kumber mortality
factor beginning of the died of that
stage stage
eggs 1500
a 500 33%
larvae 1000
b 200 20%
e 300 30%
d 400
90%
pupae 100 _
o 31 317
£ 45 455
76%
adults 2%
50: 50 Sex ratio.
Number of females 12
Fecundity 100/%
Eggs of next generation 1200

(3) Considerations of instigating introduction of biotic sgents (D.E. Parker)

Webster states that to instigate is to goad or spur--especielly to evil
or wiekedness. So the title gives me the right to goad this dignified and
serious group to evil or wickedness. If that is all 1 had to do it might be
eagy--it also might be fun. It is unfortunate that there was not time to
assign a substitute on the panel. Ron asked that I prepare something to get
the stage set for discussion on introduction of biotic agents.

There are many facets to the problem of introducing biotic agents in our
battle with forest ingsects. We are confronted with two primary considerations
--are the pests native or introduced? They are separate problems. Having
had some experience with forest inseets from foreign lands established in
eastern areas of the United States, it might be well to discuss some of the
problems that arose in considering introduetion of parasites and predators.

One of the first phases to be studied concerns the primary host itself.
What natural enemies-—parasites, predators, disease--may have accompanied the
introduced pest? What parasites or predators that are present locally on
other hosts may be attacking the newly arrived pest?

Before considering the introduction of biotic agents we should have quite

complete knowledge of all that are present in the area and what they are doing
to control the host.,

What are the problems of establishment of natural enemies in the case of
an introduced pest? They are many and diverse. There are organizations that
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can.obtain natural enemies in the native home of such pests. This is relatively
simple to arrange. However, it is not just a matter of receiving ghipments
and colonizing parasites. Special facilities must be available for handling
.material to insure. that parasites or predators are free from harmful insects
or.possibly diseases. It may be necessary to conduct rearing under controlled
.conditions to insure that pure cultures are available for eolonization. It
.may. be adviseble to establish rearing procedures to increase numbers of
~individuals before colonization is attempted. I recall an instance where 19
.mated females of a parasite of the satin moth served as a source of all
calonies in the northeastern states for several years. It was possible to
.rear. the paragsite on.a different host in the laboratory-—a host that could

be handled more easily than the satin moth, This emabled us to maintain
breeding stock and continue eolonization with ease.

..Regearch is necessary to determine habits and life-history of individual
species. Is the life cycle synchronized with that of the host? Is it a
multiple~brooded creature that must depend upon an alternate host? 1Is it a
speeies that attacks a wide range of alternate hosts? One of the tachinid
parasites of the gypsy moth introduced from Europe proved to be very non-
gelective. As a result it multiplied and spread far beyond the limits of the
area infested by gypsy moth attacking a wide range of other lepidopterous
species.

One might assume that environmental factors of the native source must
compare with those in the area of introduction. I do not believe that this
is necessarily true. I believe that some parasites can adapt themselves to

areas that seem quite different in character from the habltat to which they
were collected,

A word on hyperparasitism and eompetition. Hyperparasitism is a common
occurrence. Thus in dealing with imported parasitic species to be introduced
to combat a pest that may have come from foreign lands, there is need for
extreme care. Some of the species that act as primary parasites also act as
hyperparasites. Decisions must be reached after careful evaluation whether
these species should be liberated or not. Mistakes can and will be made.

What appears to be a mistake can take on the form of a blessing at times. One
introduced Pteromalid in the northeastern states proved to be quite destruc-
tive to a primary parasite of the gypsy moth while the parasite was in the
cocoon stage. There was considerable feeling that a painful mistake had been
made in allowing the establishment of this particular species. Later, however,
it appeared as an effective parasite of larvae of the satin moth. While it
acts adversely in one case it is very beneficial in the second.

When a pest is subject to attack by a series of parasites competition
results, There are several feelings regarding the introduction of as many
species as can be found., Some feel that fewer of the more effective species
might accomplish more by reducing competition; others feel that the more the
merrier. I have a feeling that we need to know more about meaguring the
actual effectiveness of individual species and concerted action by groups of
species before we can make statements that carry much aumthority.

In the case of colonization of parasites or predators one is faced with
making a choice of distribution. Should he put all of his eggs in one hasket
or gscatter his supply. There are advantages in both schemes. Setting up
one colony furnishes an opportunity to gather data on ability of the species
to spread and allows considerable opportunity to conduct studies where the
initial stocking is known. On the other hand, scattering of colonies lessens
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the chances of failure of establighment by allowing wider selection in
environments.

Perhaps I have spent an unreagonable time in econsidering imported pests
and introduction of biotic agents. In the West we are concerned mostly with
native ingects at present. However, we do have the larch casebearer in
Idaho at the present time. It came from Europe originslly many years ago.
. Until it was discovered in Idaho in 1957, it was believed that it occurred
no further west than the leke States. The smaller European scolytid
associated with Dutch elm disease has spread westward rapidly in recent
years. The balsam woolly aphid is another example of an imported pest now
quite active in Oregon. I feel we may find more introduced species in the
West as time goes on.

What are the chances of introducing biotic agents in the case of our
native species? Obviously, they appear less favorable than in the csse of a
new pest in the area. Many people feel that there is little oppertunity of
increasing the complex of biotic agents in the cage of native pests. I do
not feel that this is necessarily true.

First, it is my impression that we do not know all we should about the
complex of biotic agents now present and active in the case of cur native
pests, Thus, the first step is obviougs~~get the information as rapidly as
possible.

What are the chansces of building up parasites or predators now present
at extremely low levels? My experience has been that it might as well be
forgotten. Simple mathematical caleulation often reveals that there are more
individuals present even at these extremely low levels than could be reared
by the most efficlent methods for liberation. There could be possibilitiess,
however, that widespread and isolated populations of some of our native
insects may not have the seme serles of parasites and predators. If so,
colonization might be effective.

By this time all of you are aware that my remarks have been confined to
parasites and predators and in the cage of predators primarily insect
predators. We have others, of course. We know that birds are sometimes
effective - woodpeckers often being extremely important in bark beetle
epidemics. Rodents and other mammals can be quite important at times hy
destroying pupae or hibernating forms in the soil. Unfortunately, they also
destroy puparia of dipterous parasites in the soil. Not being too familiar
with the birds and the animals, I leave it to capable individuals in the
group to expand this item. However, since the topie involves introduction
of biotic agents, I want nothing to do with colonizing skunks to root out
pupae in order to control an outbreak.

The field of insect diseases 1s one in which I have had 1ittle experience.

I feel, however, that we can expand our activity in the field to great
advantage. Work done in Canada and the northeastern states with Neodiprion

ertifer, a sawfly on red pine,shows what can be done utilizing a virus
applied by airplane in control of this pest. The Douglas-fir tussock moth
in the West is subject to infeetion by e virus. We believe that while the
virus eventually will develop in most of our outbresks and reduce the popu-
lations, 1t might be possible to speed the rate of control. Often the
insect causes considerable mortality before the virus overcomes the popula-
tion, By dissemination of virug earlier in the eyele of an outbreak it might
be possible to prevent some of the mortality. '
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Based on our limited experience with disease organisms it appears that
their use with our native species could reduce the need for widespread -
application of insecticides, Aerial spraying with insecticides requires
care in swathing and thoroughness in application to avoid misses, ete. With
virus on tussock moth or Great Bagsin tent caterpillar, for example, it might
even be advisable to spray only every other swath and let the virus spread
on its own and infect larvae in between swaths. Survivors might be beneficial
by carrying over virus in a light residual population. There are men here
today who can diseuss this phase better than I.

I would summarize my feelings on the introduction of biotic agents as
follows:

1. Let us determine what we have now working on each of our serious
pests.

2. Let us improve our measurement and interpretation of the effective-
ness of biotic agents—a low percentage at the right time might be
decisive.

3, Let us expand our research on the complex interrelationships that
exist between hosts; primary parasites and predators, disesses,
environmental factors - in fact every ecological happening that
constitutes a part of the biology of our pests.

4. Let us use biotic agents whenever we determine that they will help
in reducing populations. It may not be as striking as using insecti-
cides, but they may be more beneficial in the long run.

My rambling remarks have only touched lightly on a few of the many facets
of the problem. I hope that it will satisfy one objective--that of stimula-
ting all of you to continued discussion of the subject.

IIT. PROSPECTS AND PROGRESS IN BIOLOGICAL CONIROL
OF MAJOR FOREST PESTS
Feb, 26, 2:00 - 5:00 p.m. Discussion Leader: R.R. Lejeune
Lejeune introduced the following general considerations to serve as a

framework for discussion of specific pests. These remarks apply primarily
to native insects,

a) A thorough knowledge of the biological control complex might serve as
a useful indicator of the status of an outbreak.

b) Assessment of degree of control exerted by biological agents useful in
determining if supplementary control measures are needed.

¢) Effect of sprays on parasites and predators.
d) Modify enviromment to favour parasites and predators.
e) Breeding programs to improve adaptation of biological control organisms.

f) Diseases offer a fertile field for investigations but there have been
important limitations to their successful use. Their two big advantages
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are that they are self-multiplying and avoid the toxicity of insecti-
cides.

{1) General Discussion

Stark. Cited an instance in Germany where a phagse difference between a
parasite and its bark beetle host caused a release of the host population.

Clark. Attempts to increase cold tolerance of a parasite of a seale on
c¢itrus by inducing mutation with radiation were described. Apparently it
is very difficult to obtain both cold and heat tolerance together.

McGugan., The Forest Biology Division is making several approaches to
increasing the pathogenicity of insect disease organisms. At Sault Ste. Marie
viruses attacking sawflies have been studied with an interest in their
specificity and the possible effects of transfers etec. More recently it has
been hoped that miero-organisms might be found or produced, by mutation or
genetic selection, which would be more pathogenic or have a wide range of
pathogenicity to insects. It has been necessary, however, to explore the
fundamental basis of microbial pathogenicity towards insects. Besides
elucidating some of the enzyme actions involved, an alkali-resistant strain
of bacterium has been developed by selection which appears better sble to
withstand the high pH values of the mid gut of most Lepidoptera.

Another worker has obtained some interesting preliminsry results using
various chemicals asg additives in virus sprays. These chemieals are thought
to either influence cell metabolism in the host or stimulate the pathogen
itself. The end result in either case is a much higher host mortality.

The Forest Insect Survey is also on the watch for evidence of high
disease mortality in field populations in the hope that highly pathogenie
organisms may be obtained.

Massey. There is a difference in pathogenicity of disease organisms of
Malacosoma. An increase in pathogenicity was obtained by transferring the
organisms from one species of Malacosoms to another.

A.D, Telford. Described work being done in California to rear viruses out-
side of the host insects on tissue cultures.

(2) Digcugsion re Bark Beetles

Magsey. The main parasites and predators of bark beetles are woodpeckers,
Coeloides and nematodes. Two earlier workers, Thorne on D. montieolae and
agsociated nematodes, and Fuchs, realized the importance of nematodes but did
not evaluate their effects on the beetles. In a2 recent paper in 1955 Massey
described his own work on assessing their importance and listed one new

species, Sphaerularia dendroctoni, and Aphelenchulus reversus, a species
described by Thorne, _

The technique of ewvaluation was as follows. Twenty-five logs were used
per test. To the logs he added pairs of beetles and after egg laying was
completed the beetles were examined for nematodes. He found an average
reduction in fecundity of 50 per cent in females infested. With Ips, the
eggs laid per beetle averaged 12.6 per infested beetle and 26 per uninfested
beetle. A higher percentage of the brood was infested by nematodes when the
female or both parents were infested than when only the male was infested.
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The most common nemic parasites of bark beetles fall into the following
genera:

Parastadhelenchus, Aphelenchulug, Parasitylenchus, Sphaerularia,
and Rhabditisg.

~ .Massey had hoped to obtain a correlation between percentage occurrence
of nematodes and the trend of bark beetle populations but was not able to
establish this.

Atking. Mentioned nemic associates in relation to flight. Nematodes do not
interfere with the flight response or the flight capacity of the Douglas-fir
beetle, although the latter study is not yet complete. In earlier studies
internal nemas appeared to increase the wing-beat frequeney but in recent

. .studies this has proved false. The nematodes do not seem to affect the wing-
beat amplitude but clumps of mites on the tips of the elytra act as a wing-
loading deviee. Nematode complex (10 genera, 18 species) make studies dif-
ficult since adults do not identify immature stages present.

Thomag. Outlined a research program on diseases of bark beetles which he is
developing. Broad objectives are to determine what organisms affeect bark
beetles, to isolate the organisms, to determine whether or not they are
pathogens, to determine pathogenicity and mode of infeetion, and to test
their effect on a population. To date 35 bacteria, 5 yeasts and 4 fungi
have been isolated. In one instance a2 pathogen, still unidentified, wiped
out 80 per cent of a D. monticolae brood.

Advantages of disease as control agents were outlined:

(1) Harmless to other organisms even at high doses.

(2) Highly specific - no harmful effect on beneficial associates.

(3) Reared inexpensively on artificial media.

(4) Sprayed as dusts, ete., thus requiring no special equipment.

(5) Could be permanent, thereby reducing frequency of application.

(6) Can be used along with chemicals or other control agents.

The pathogens could be applied as bark sprays (spores), by releasing inoecu-
lated adults, or by releasing imoculated parasites, predators or scavengers
agsociated with bark beetles,

Graham, Reported on a severe infestation of the Douglas-fir beetle on
Vancouver Island that collapsed without the presence of the usual parasites

and predators. However, he found a high incidence of a protozoan in the
larval population,

Furniss. Requested information on attempts to vary the environment to increase

parasite-predator populations. No one. could report on a satisfactory assess-
ment of such attempts but the following suggestions have been made.

(1) Leave stumps of pine because that area is favoured by Clerids
(Bedard).
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(2) Leave thin-barked slash to allow the parasite Coeloides to build-up
- its population on the Douglas-fir beetle and other secondary bark
beetles (Atkins and McMullen).

(3) Increase sites for small mammals to prey on beetles hibernating in
the duff (Reid).

Discussion re defoliators

Carolin. For the l-year-eycle spruce budworm there are about 60 known primary
parasites recorded in North America; in the Pacific Northwest and in most
other regions the complex consists of about 30-35 primary species. Predators
are not well explored. In our area they are important in attacking over-
wintering larvae. A clerid, carabid, and a neuropteron are known to kill a
fair number of budworms. In light infestations about 30 per eent of the over-
wintering larvae have been killed by predators, whereas in heavier infestations
the average has been about 15 per cent. These values may prove useful as
indicators. The role of spiders is difficult to assess. True bugs have been
listed ag predators but appear to be of minor importance.

Digeage has been largely overlooked in field studies in the Northwest.
From one collection in Oregon it was determined that 20-24 per cent of the
budworms were infected with polyhedral and capsule virus but this is regarded
as normal and not particularly damaging to a population. Fungl (particularly
Beauveria bassiana) are important in some locations.

Introduction of parasites of the western spruee budworm into infestations
in the Northeast was attempted during the period 1944~49. The liberations were
made mostly in eastern Canada, although three species were liberated in
New York and Maine. The success of these is in doubt at this time.

McGugan. The results of the bilologieal control efforts against the spruce
budworm in eastern Canada may be of interest. None of the parasites of Telatec
budworms in Europe that were liberated have ever been recovered. Slight
evidence has been obtained for the limited survival of three of the species
relocated from British Columbia, HNone of these have had any measurable effect
on the spruce budworm outbreaks in eastern Canada.

It should be realized that biological control attempts begir long before
specimens are liberated in the field. The search for, colleetion, and shipment
of parasites and predators from other parts of the world is a costly and
difficult business that deserves the interest of those faeing the primary
problem at home. There still remains an argument as to how a biological. control
program is best econducted. Some recommend the importing in guantity of any
agents known to attack the pest on the premise that a direet trial is the best
test possible. Others feel further study of the potential predator and
parasite complex is most desirable so that only those elements that appear
suited to the new environment need be selected for collection and liberation.
Efforts in Canada to date have been largely of the first type and the secore
for successes is quite low. However, it may be argued that the few successes
more than eompensate for the many failures. Current planning is directed
toward an intermediate course of action; a reasonable amount of study and

experimental liberations prior to attempts at wholesale collection, ecolonization,
and liberation.

Shepherd. On the 2-year-cycle budworm larval parasitism is only 2-3 per cent.
There is a higher incidence of disease in non-outbreak areas, believed to be
due to the higher precipitation and relative humidity in these areas.
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Larolin., Forty species of inseet parasites have been recorded from the black-
- headed budworm. Parasitism is usually light in the early stages of an out-
break, increasing in the later stages. Few data are available on the action
of gpiders and birds. There is often a high incidence of disease during out-
_breaks, leading to their collapse. A polyhedral virus waes cited by Prebble
and Graham as the most important factor in terminating an outbreak on Vancouver
Island in 1944, while MeCambridge stated that a fungus, Empusa grylli was
instrumental in ending the outbreak in Alaska. A microsporidian disease was
found at the end of a recent outbreak in western Washington. In this out-
break parasites accounted for twice as many larvae as disease in the sample
plots.

The chances of successfully introducing or manipulating biological control
agents appears more promising in the case of the black-headed budworm than
for the spruce budworm. It is possible that another inseet such as the fall
webworm may act as an alternate host for one of the black@headed budworm
diseases.

Silver. In the recent collapse of the black-headed budworm outbresk on
Vancouver Island there was no evidence of disease. The decline was attributed
to a prolonged cool wet spell during the late-larwval period.

Wright. Balsam woolly aphid now infests 4 - 1 million acres in Washington and
Oregon. The three main hosts are native species of Abies plus 11 additional
exotics. Heaviest damage has been in commercial-gize mature Pacific silver
fir stands, although very heavy killing hag also occurred in subalpine fir of
non-commereial value, but of considerable importance for watershed and recre-
ation use. There is presently no silvicultural or chemical control so that
the main hope is being placed on the introduction of predators.

There is a need to establish predators to reduce bole infestations below
tree~killing density, and others to attack aphids on twigs to prevent gout. A
complex of predators is desirable due to the long period of activity of the
aphid - about 9 to 10 months in Oregon.

Desirable characteristics of predators are:

(1) adaptation to extremes of climate,

(2) synchronization with the aphid,

(3) high fecundity and rapid bui¥d-up,

(4) searching ability for original establishment and malntenance,
(5) prefers the aphid but should have host flexibility.

The aphid doesn't cause much damage in Europe, largely due to host resistance.

A large number of predator introductions have been made in North Ameriea.
Since 1933 in eastern Canada 11 species have been brought in, 4 Coleoptera,
5 Diptera and 2 Neuroptera. Three of the 11 are established at leagt locally

and 1 dipteron is present throughout the range of the aphid on the Canadian
mainland and Maine.

One coleopteron, Laricobius erichsonii, and 1 dipteron, Neoleucopis
obscura, are fairly successful in reducing tree killing due to bole infesta-
tion, but being poor searchers, twig infestations and gout still ocecur.

Several introductions have been made in Washington and Oregon:

1) 1957 = 2,000 individuals of a dipteron, Aphidoletes thompsoni, released.
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2) 1958 - 6 species from Europe and 1 from Japan, 13,000 individuals of
3 coleopterons and 3 dipterons released.

In 1957 some dipterous larvae were found and in the summer of 1958 large
numbers of the fly were seen., In 1958 there was pogitive recovery of 2
(Laricobius and Aphidoletes) and possibly 3 (Cremifania nigrocellulata)
predators. .The effects of predation by the first two named on heavy bole
infestations are quite spectacular. So far there has been no evidence of
perasitism of the introduced Diptera.

Stark. Detailed life-table records have been kept over a number of years for
the lodgepole needle miner. Both the host and parasites appear to fluctuate
with climete and parasitism does not appear to be related to host density.

IV. METHODS OF BIOLOGICAL CORTROL
Feb. 27, 8:30 = 10:00 a.m, ' Discussion lLeader: E.C, Clark

Carolin discussed the general problems involved in parasite introduction pro-
grams, At each stage in the program, transportation into the area of intro-
duction, laboratory propagation to increase numbers, and colonization, there
are a variety of elternative procedures aveilable, and selection has to be
mede according to the requirements of the speeifie problem.

Transportation problems have often required the design of special containers
to provide some control over humidity and temperature conditions. Appropriate
arrangements for special handling of air-ghipments ecan reduce the time involved
to minimize exposure to adverse condition. There is an advantage to shipment
in a non-active stage wherever possible to avoid physical injury.

Propegation in the laboratory to increase numbers for field colonization
can involve very interesting problems in the insectary handling of parasites.
The rearing of a matural host for parasite production may in itself be very
difficult or inefficient and altermative or unnatural hosts may prove
advantageous. Artificial media for entomophagous insects would be a very
valuable asset in parasite introduction programs, and some research is being
carried out in thig field, In addition to a suitable food source, suiteble
equipment and methods to obtain mating, oviposition, and for handling the large
numbers of progeny must be developed. In particular it was noted that sterili-
zation of handling equipment may be required to avoid high mortality.

Golonization of the parasite on a field population of its host may often
be best accomplished with mated females. The minimum number of females to
initiate establishment is an important question. In some cases 200-500 mated
females has been regarded as a minimum. Transportation of parasites across
country for field colomization may require retardation or acceleration of
parasite development to ensure synchronization.

Washburn reported on a current research project in Utah on developing more
adequate control of the spruce mealybug, Puto sp. The insect is presumed to
be a native, but no native predators or parasites are known. The insect is
typically a high altitude species and interest is currently centered on exotic
coccinelids native to high altitude habitats.

Mitchell discussed the methods in use in a program of introduction of
predators of the balsam woolly aphid into Oregon and Washington. The program
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is eooperative with the Division of Forest Biology, the Pacific Northwest
Experiment Station, and Oregon State College involved. Predators such as
the coccinilid, Pullus impexus were collected in Europe by caging chermid
infested trees. Adults were shipped to North America. HNore fragile insects,
guch as the Diptera, were sent in the immature stage. Since 1951, all
predators have been transported by air. As little time as five days has been
reguired to move parasites from eastern Europe to Portland. High mortality
in some shipments from Japan has suggested that it may be necessary to use
pressurized aircraft for shipments.

In Oregon, insects have been colonized in the field either freely or caged
with their hosts. The method used depended upon how fast the inseet dis~
persed or other individual characteristies of the species. Generally beetles
are released free and flies caged. An attempt is made to separate release
areas enough to permit studies on dispersal. A rule of thumb used in eastern
Canada is 50 miles between release points.

The question of economic feasibility of recolonization has been open to
some digcussion. The advantages appear to prevail. The most important
advantage is that adults do not have to be handled because of the absence of
hyperparasitism. :

Probably the most difficult problem of all is that of evaluating effec-
tiveness. The method used by the Portland station, photographic records, is a
variation of the method devised by the New Brunswick laboratory.

McGugan pointed out the interesting policy question on predator intro-
duction projects, whether there should be a genersl introduction of all
primary parasites and predators found or introduction of only those species
for which detailed studies in the arsa of origin suggest a high probability
of success. Actual figures on the results of general introduction for forest
insects in Canada are: 140 species have been introduced or distinctly
relocated in projects against 42 pests; 38 species have been established on
17 or 18 pest species for which they were intended, and have also been
recorded on more than 100 native species; effectiveness in control by the 38
species established has ranged from 2 or 3 quite dramatic, a few modest and
some very little. Better fundamental ecological information and greater
support for preliminary studies may make a high degree of selectivity
possible,

Clark reported on methods of distributing disease-causing mieroorganisms
in eontrol, Production of large volumes of the infectious agent is still a
problem in many projects. There is now available for experimental use a com-
mercially produced preparation of a bacterium, Baeillus thuringiensis Berliner,
pathogenic for insects.

Tests with the virus of tent caterpillars conducted in 1956 and followed
through 1957 suggest that the virus was established in a disease-free area
and increased heavily the following year.

‘Meggey described more extensive tests of application of the same virus as
in 1958. The use of sugar in the water suspension of the virus apparently
resulted in an important reduction in eveporation loss. Fairly high mortality
was achieved during the year of treatment.
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V. EFFECTS OF DIRECT CONTROL ON BIOTIC CONTROL

Feb, 27, 10:00 = 12:00 a.m.
1: 30 = 5:00 pom. Discussion 1eader. Philip C. Johnson

Dlscuss1on leader Philip C. Johngson introduced the topie of the effects
of direct control on biotic control with some general remarks coneerning
problems stemming from direct control treatments of forest pests.

There have been increasing applications of direct control treatments
against forest pests in the United States and Canada since World War II. For
the first time chemicals could be sprayed efficiently from airplanes for the
control of a number of defoliating insects. In many instances single direct
control treatments were effective in reducing epidemic outbreaks so that _
damage resulting from them was either limited or reduced to tolerable levels.
In other instances, however, control treatments were less successful and some
of these are currently the cause for some concern by entomologists and others
engaged in forest pest control work.

It is suggested that treatments which probably show the greatest effective-
negs may have been directed against short-lived outbreaks or against outbreaks
whose cycles were either at a peak or on the decline. Examples of these
suceessful treatments are those against the Douglas-fir tussock moth in Idaho
in 1947, recent black-headed budworm outbreaks on Vancouver Island and in
Glacier National Park, Montana, the mountain pine beetle in lodgepole pine
forests in Montana, and the spruce budworm in Douglas-fir forests in eastern
Oregon and Washington.

Other direct control treatments, however, appear to have run into difficul-
ties, In some, the mortality of the pest has not been adequate. In others
there has been a rapid resurgence of pest populations following the treatment.
In still others the pest has been replaced by other pests of equal or greater
economic importance. Iurther complicating the picture has been some adverse
gide effects on other forest fauna direetly or indirectly associated with the
control trestment, I think most of you are familiar with some of the more
outstanding examples. Aerial spraying in the northern Rockies, for instance,
has not achieved lasting control of the spruce budworm and rapid resurgence
of budworm populations has been a frequent occurrence. The same spraying has
also caused extensive outbreaks of the spruce spider mite and, in one instance,
seemingly replaced the budworm with a species of Dioryctria which hag
established itself as an economic pest of some prominence., We are all familiar,
too, with the effects of aerial spraying in recent years on both salt and
fresh water game fish and stream bottom arthropods.

In our zeal to control major forest insect pests with new tools we are
constantly outrunning research findings and running headlong, instead, into
problems dealing with the bionomics of forest pests. We are finding that
direct control of forest pests is turning up some of the same problems which
have long confronted those engaged in econtrol of agricultural pests. In
addition, forest entomologists are finding other problems unique to the
forest environment.

It is our purpose today to discuss some of the problems arising from
direct control treatments, particularly those affecting biotic eontrol of the
pests involved. Each of the panel members is prepared to discuss certain
aspects of this overall topic. It is hoped that discussion will bring out
some of the ways in which direet control can complement natural control or
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where it can at least be accomplished without serious adverse effects on
biotic control agents.

A.D, Telford then summarized the effects of pesticide application upon
densities of beneficial arthropods and the overall control objective.

In essence, the discussion of this topic involves the problem of pest
regurgence following pesticide application. Pest resurgence due primarily to
the harmful effects of pestieides upon beneficial arthropods is currently a
problem in other phases of agriculture, The suspected resurgence of mites
following applications of DDT for the spruce budworm in Montana may indicate
that forest pests c¢an react in the same manner. In an effort to prevent
further resurgence problems, forest sntomologists must develop methods of
their own which may be based upon the experience of agricultural entomologists.
Some fundamentals of combating the resurgence problem are:

a) An adequate knowledge of the bionomics of forest pests and their
natural enemies,

b) An ability to determine whether or not matural enemies can effectively
reduce specific pest populations or prevent secondary pest outbreaks.

¢) When biotic agents do not normally maintain sub-economic pest densi-
ties and there is no danger of secondary pest resurgence, the control

effort mey be directed toward 100 per cent kill with the best available
pesticide,

d) When natural enemies are essential to a lasting pest reduction, the
control effort must be directed toward the restoration of & favorable

pest-natural enemy ratic at a pest density below the economic threshold
~-n0t localized eradication.

e) A1l available methods of integrated control should be combined to
achieve this end. The proper choice of insecticides and the manner in
which they are employed is of prime importance. Selective pesticides
should be used whenever they are available. When non-selective
materials must be used, beneficial species may be spared by correct
dosage, formulation, method of application and timing.

Whether forest pests might inerease by developing resistance to pesticides
is not debated here. However, it should be made clear that although resistance
and resurgence both result in pest increase, they are motivated by very dif-
ferent mechanisms. The development of resistance may take repeated exposure
to pesticides over a considerable period of time-~resurgence may be initiated
by a single pestieide application.

Carolin reviewed a more specific instance of the effects of pesticide
application on beneficisl arthropods by discussing the effects of spraying on
spruce budworm parasites and associated defolistors.

Extensive studies on the effects of spraying in Oregon and Washington were
initiated in 1951, Because of a general scarcity of biological information
prior to spraying, these studies wers based chiefly on a comparison of sprayed
and unsprayed areag. General findings were that, in the sprayed areas,

(1) parasites attacking hibernating larvae exerted equal or greater effects on
the host, "(2) parasite species attacking full-grown larvae were reduced in .
number, with those species recovered generally exerting a reduced effect on
the host, and (3) no resurgence of budworm populations has occurred, where
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control was properly applied, for a period of 7 to 8 years.

- ..Intensive studies were initiated in 1958 to obtain information on effects
of spraying where. biological date had been obtained for a period of years
previous to.spraying. Three plots were involved - a check plot, one-half
mile outside the spray area, and two widely separated plots in the spray
area. .Population counts and collections were made for larvae attacking the
-buds and. full-grown larvee, and collections only, for pupae. In addition a
comparison of survival on paired small trees of pine and fir was made.” The
use of the check plot ag planned was nullified by direct deposit of spray late
during the spraying period; however, studies were transferred to a part of the
check area subject only to light spray drift.

The general findings are as follows: -

1. Many of the larvae surviving until 10 days after spraying gubsequently
died from delayed effects of the insecticide.

2. Many of the larvae surviving sPraying produced parasites which had
attacked hibernating larvae. The ratio of surviving parasite adults
to surviving budworm adults was much in favor of the parasites.

3., Parasites attacking full-grown larvae were greatly reduced in effec-
tiveness. Three species - Phytodietus fumiferanse, Ceromasia
auricaudata, and Madremyia saundersii wers recovered in the sprayed
area, all exerting less than 1 per cent parasitism.

4o Comparison of 69 foot fir and ponderosa pine showed much higher sur-
vival of spruce budworm on the pine.

5. Parasitism of pupae, obtained from collections of budworm on pine,
was comparable with pre-spray records of parasitism on fir.

6. Two species of associated defoliators, Griselda radicana and
Argyrotaenia dorsalana, appeared to be unaffected by the spraying.
Tentatively, it appears that Acleris varians and Zeiraphera griseana

suffered somewhat less mortality from the spraying than did the spruce
budworm.

The studies will be continued in 1959 to determine actual survival the
year following spraying.

Scott discussed the effects of spruce budworm spraying in Montana on a
possible latent defoliator--Dioryetria sp. He also briefly reviewed an
administrative study condueted by the Forest Service in Montana in 1958 to

gtudy the effect of insecticide-miticide formulations on spruce spider mite
populations. ,

Administrators working on insect control projects make many general obser-
vations while they are in the field. All of us realize that many of these
observations are known faets to research workers. However, there are some
that apparently have merit and should be reported. For example, many admini-
strators believe that a foliage feeding Dioryctria is inereasing in some of
our Douglas-fir forests following a budworm spray project. Field collections
in several sprayed areas indicated that Diorystria moths outnumbered spruce
budwerm about 10 to 1 the year following the spray job. Another example of a
general observation which indicates a Dioryetris population buildup after a
spray project was a mass flight of Dioryctria moths in Butte, Montana, on
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August 12, 1958, Of 30 small moths collected off the top of my sedan at
4:30 that morning, only four were spruce budworms, while 20 were Dioryctria
moths. The remaining six I did not identify. A check of other cars along
the same street indicated about the same percentage of Dioryetris moths to
spruce budworm moths., .Although this flight was not as large in totel
mimbers as the spruce budworm flights that I have witnessed, it may indicate
this is a latent pest important enough to warrant control. If this is so,
we would like to kill both the budworm and Dioryetria with the same spray
application. The question is, can this be done?

In August, 1957, Phil Johnson detected a spruce spider mite inféstation
near Helena, Montana. Extensive surveys followed. They indieated over
750,000 acres of the control units sprayed in 1956 were infesgted with the
.spruce spider mite. Administrators became gravely concerned and decided
the 1958 spray program would be limited to an administrative study. The
purpose of which would be to determine if a miticide added to the DDT formu-
lation being used could prevent a mite buildup after spraying.

With this in mind, six spray blocks of approximately 2,500 acres each
were laid out in Deep Creek on the Helena Nationsel Forest. Two control areas
were also established., These blocks were systematically selected so that
different treatments could be tried on two different aspects and at two dif-
ferent elevations.

The Missoula Forest Insect Laboratory recommended the miticide, Genite.
Thus, two blocks were established to be treated with the DDT formulation
only, two blocks were treated with the DDT plus one pound of technical grade
Genite, and the remaining two blocks were treated with the DDT plus one-<half
pound of Genite. An aerial observer followed the spray plane and plotted
the line of flight on the mosaie map board, checked height of flight and
recorded air temperatures at spray height. Spray deposition was determined
by sensitized cards placed at right angles to the line of flight, oil spots
on indicator plants, and death webs that shrouded the sprayed trees. Control
percentages as determined by mortality lines were within acceptable limits
for spruce budwerm spray jobs.

Fellin then reviewed in detail some of the general remarks made by Scott
concerning the administrative study condueted in Montana to study some
effects of spraying on spruce spider mite populations.

Almost 800,000 acres of Douglas-fir timber in Montana became infested
with the spruce spider mite in 1957 following aerial spraying with DDT to
control spruce budworm infestations on these lands in 1956. As a result of
these mite infestationsg an administrative study was conducted by the Forest
Service in 1958 on a 20,000-acre tract of budworm-infested Douglas-fir
timber on the Helena National Forest in Montana.

The objectives of the study were three, to determine: (1) mortality of
spruce budworm populations with varying dosages of insecticide-mitieide
formulations, (2) natural population abundance of the spider mite, and
(3) mortality and/or prevention of spruce spider mite populations with the
ingecticide-miticide formulations.

The study was designed as a randomized block experiment with four treat-
ments and two replications. The 20,000-acre tract was divided into eight
2500-acre blocks, two each of which received one of the following treatments:

(a) 1# DDT
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(b) 1# DDT, 1# Genite 923
(¢) 1# DDT, 3# Genite 923
(d) eehek, no spray

_Al1l three treatments employed fuel oil solutions which were dispersed from a
DC-2 aireraft. Spraying commenced in a given block as soon as 60 per cent of
the developing budworm larvae in that block were in the 5th and 6th instar.
Spraying began on June 26 and ended on July 2.

Two of the study objectives were achieved in 1958. We found that all three
Angeeticide-miticide formulations were equally effective in killing spruce
budworm larwvae. Acceptable spruce budworm mortality was achieved on all spray
blocks. Mortality ranged from 94.6 to 99.6 per cent on individual spray
blocks and averaged 97.7 per cent for the entire study. We were also able to
determine natural populations of the spruce spider mite from periodie sampling
in the cheek blocks during the summer. There were approximately 0.03 mites
per linear inch of Douglas-fir foliage on these unsprayed check blocks.

No significant changes were found in spruce spider mite or predaceous
mite populations on any of the spray or check bloeks between the last day of
spraying on July 2 and the completion of sampling on September 2. The ratio
of spruce spider mites to predaceous mites during this sampling period was
approximately 1:1. Full effects of the spray treatments on the spruce spider
mite and predaceous mites will not be fully known until the end of the
summer of 1959.

In addition to the administrative study deseribed above, another study was
made by the Missoula Forest Insect Laboratory to determine spider mite popula-
tion densities on Douglas-fir forests sprayed in 1956 and 1957 for the control

of the spruce budworm and to compare these populations to those on adjacent
unsprayed forests.

Some of the more significant results of this study are as follows:

1., Without exception, no appreciable mite populations were found during

this study outside of areas sprayed in 1956 and 1957 for spruce
budworm control.

2, Predaceous mites of the families Phytoseiidse and Trombidiidae were
those found most commonly associated with populations of the spruce
mite. They were found to be more abundant on sprayed areas than they
were on unsprayed foresta.

3. On areas sprayed both in 1956 and 1957, populations of the spruce spider
mite were from 20 to 30 times as large as predaceous mite populations;

however, on unsprayed areas spider mite and predaceous mite populations
were found to be about equal.

4o Although it is not certain at the present time how many spruce spider
mites on any area, tree, or unit of foliage consititute an epidemic,
there is an indication that when the number of mites on a 1l5-inch branch

sample reach 0.1 per linear inch of foliage that damage to the host
tree will be visible.
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VI. EFFECTS OF FORESTRY PRACTICES ON BIOTIC CONTROL
Feb. 28, 8:30 = 9345 a.m, Discugsion leader: H.A. Richmond

. The discussion leader called upon Benton Howard to open the topic. Man,
as a blotic factor, is a predator in the forest and therefore by his influence
may indirectly adjust pest population. Man is now a major factor in the forest
who hag the opportunity to adapt or change the environment. It should be
recognized that biological conflicts in the forest constantly oceur, so that
the expression "balance of nature" is largely meaningless and should not be
used, Many of man's influences on the forests are neither helpful nor harm-
ful to pest populations. Man's intervention can be very helpful in reducing
pest problems, but it is necessary to determine what changes in the biological
complex are wrought by certain actions. It ig imperative that scientists
determine what these forest influences are, in order for administrators to
integrate these with other management factors.

Richmond stated that important logging management problems such as
allowable euts, logging methods and schedules, and fire control, often pre-
clude actions that eould reduce pest hazards. Leads from entomologists are
necessary, and these must be fitted into the overall picture.

. Lejeune reviewed Buckner's work on the effects of changes of the environ-
ment on small mammal predation of the larch sawfly. In 1952 and ensuing
years plots were established in larch stands to study the small mammal
complex. Populations of shrews were about 5 per acre. In the plots studied,
about one-quarter of the forest floor was covered with water. Sorex
cinerioug predominated. When the water level was lowered three feet by a
drainage ditch, an immediate change started to take place in the composition
of the shrew population, Sorex arcticus soon replaced S. cinerious as the
predominant species. Both shrews are insectivorous, but S. arcticus destroys
twice as many larch sawfly cocoons as S. cinerious. The result was a notable
drop in the sawfly population. -

Richmond called for discussion of the effect of slash, and slasgh dis-
posal on pest, paragite and predator populations. ILauterbach stated that
immediate problems resulting from slash in the northwest coamstal region are
not great. TIrostle in speaking of pine engraver beetle problems, noted
that California is divided into five districts that have different slash
laws. They, however, are more for fire, than for inseet control. ILittle is
known about characteristics of parasite and predator populations in slagh
infested by engraver beetles.

Graham reported an example of a complex of organisms on Frager River
islands where Cryptorhymchus lapathi is attacking plantetions of exotic
hybrid poplars. Voles which may be detrimental to the weevils, also are
damaging the trees by stripping the bark. If the voles are killed with &
rodenticide such as endrin, the weevil population may be released.

Richmond noted that large ambrosia beetle populations in the coastal
region of British Columbia contrast with the apparent lack of the problem
on the coast of Washington and Oregon. Furniss, in reply, agreed that
ambrogia beetles in his region do not cause particular concern. Perhaps the
difference in apparent abundance is due more to climatic variation rather
than to differences in parasite or predator effects.

Wygant observed that heavy loss of beetles occurs during the flight
periods. Although birds are suspects, he enguired of specific cases.
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Chapman and Atking noted birds feeding on Trypodendron lineatum during spring
flight and attack of the beetle. The instance was recorded in one place and
only in one year; it seemed likely that cool weather that spring deprived the
birds (mainly robins and whiskey-jacks) of their more usual foods.

Graham quoted a U.B.C. ornithologist as saying that birds will not tire
of one food, and that they will readily switch their diet to the most common
food available. He also mentioned that mixed stands are less susceptible to
devastating insect outbreaks than pure stands. Perhaps the difference is due
to higher, and more varied bird and other predator populations in the mixed
stands, Carolin told of a study line in northern Maine that crossed a pure
balsam stand into a mixed balsam-hardwood stand. Percentage parasitism of
budworm was higher in the mixed, than in the pure stand.

Finally, in a discussion of the effect of flooding on pest insects,

Lejeune spoke of heavy larch sawfly mortality when the larvae dropped into
pools on relatively wet lard.

MINOTES OF THE FINAL BUSINESS MEETING
February 28, 1959.

The chairman, R.W. Stark, called the meeting to order at 10:15 a.m. in
the Board Room of the B.C. Lumberman's Building, Vancouver, B.C.

Minutes of the initial business meeting on February 26 were read by the
Secretary. G.C. Trostle moved adoption of the minutes as read. Seconded by
M.D, Atkins. Carried, -

Discussion of the program and outbreak reports brought out the followings

D, MeComb recommended that time be allocated in the program for summaries
of current research projects.

R.R. Lejeune suggested that an excellent speaker be obtained to get the
program off to a good start. It was moved by E.C. Clark that the program

committee obtain one outstanding speaker for the next meeting. Seconded by
K. Graham. OCarried.

Ro.L, Furniss urged that the program committee formulate plans for the
next meeting well in advance so that chances for obtaining a good speaker and
better contributions would be ilmproved. He also asked for an airing of the
merit of slide sessions. The meeting favoured the idea, and R.I. Washburn
suggested that outstanding black and white photographs could also be displayed.

The Chairman instructed the Secretary to continue binding the outbreak
reports, G.T. Silver suggested that maps be included with the summaries.
The Chairman approved the suggestion and asked if a map showing U.S. Regions
and National Forests could also be inecluded. B.H. Wilford volunteered to
provide such a map.

P.Wo Orr urged that all strive for greater uniformity of the outbreak
reports, and suggested that each summary include a2 set of standards describing
the meaning of infestation intensity designations.

The Chairman called for committee reports.
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R.L, Furniss reported for the Common Names Committee. Common names for
41 species of forest insects have been submitted to the Common Names Committee
of the Entomological Society of America for approval. About one~-half of
these were rejected for various reasons. The committee's work has dealt
with the large back-log of insects that urgently required approved common
names. Work in the future will probably be restricted to specific cases as
~the need arises. No names were received in response to a request by the
comnittee for suggestions, but the opportunity to submit propesals will he
kept open. P.C. Johnson was appointed new chairman of the commlttee to
replace retiring chairman R.L. Furniss.

R.W, Stark reported for the Education Committee as follows:

Slight changes in approsch have been decided upon in view of various
developments. It was not possible to evaluate the summary of the Education
Committee's views prior to this meeting.

It has been decided that the views of the committee will be prepared in a
manner suitable for publication and will be published in as many sources as
possible to meet as wide a range of interested people as possible.

The Soeiety of American Foresters will be contacted as they are at
present conducting a review of the forestry training program in the United
States. We will attempt to determine their stand on the place of forest
entomology in the forester's curriculum and present our opinions to them for
our use.

Also, to determine the attitude within the profession of forestry towards
forest entomology training, it is proposed that we conduct a poll of practieing
foresters, This work is being organized by E.CG, Clark and I urge all members
to attend to the matter immediately if they are asked to aid in this work.

We shall attempt to have the questionnaires for the poll ready for the spring
meetings of various branches of forestry associations throughout western
Canada and the western United States. Further details will be forthcoming.

The report of the Committee on Indexing of Reports and Publications is in
the Appendix.

Due to an outstanding performance, W.E. Cole was appointed new chairman
of the Ethical Practices Committee. He was presented with a brief memento
as a reminder of the responsibility of his position.

The Nominating Committee report was given by P.C. Johnson. G.T. Silver
was nominated to a 3-year term of councilor. No response was received to a
call for nominations from the floor, so the Chairman declared G.T. Silver
councilor by aeclamation,

The Chairman appointed D.E. Parker and R.I. Washburn program co-chairmen
for the 1960 meeting.

H.A. Richmond asked that the Secretary be instructed to write a letter of

appreciation to the British Columbia Manufacturers® Assoeciation for use of
the Board Room and other facilities.,

Upon a motion by H.A. Richmond the meeting was adjourned.
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APPERDIX

WESTERN FOREST INSECT WORK CONFERENCE

Report of the Committee on Indexing of Reports

and Publications

Six of ten regional laboratories have now completed indexing of reports.
The following is the present status of indexing as given earlier and at the
current meeting:

Alagka - Index has been completed up to April, 1958.

Calgary - LI " " " ¥ Deec., 31, 1958.
Vernon - LI " " " " Dec. 31, 1956,
Victoria - owooow 1 n won Feb; 15, 1958,
Missoula - noon u H % Jan. 31, 1959.

Portland - No progress to report.

Ft, Collins -~ No progress to report.

Ogden - Index now In Press.
Berkeley - No progress to report.

Albnguerqus ~ Index has been completed up to March, 1958,

G.R. Hopping,
Chairman.
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WESTERN FOREST INSECT WORK CONFERENCE

Note: Active members registered at the conference in Vancouver, British
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Intermountain Forest & Range

Experiment Station

U.S, Forest Serviee
Federal Building
Missoula, Montena

. U.8: Forest Service
Regional Office
Denver Federal Center
Denver, Colorado

CARLSON, S.T.
(Forester)
National Park Service
Region 3’
Sante Fe, New Mexico

CHILDS, F.
National Park Service
Omaha, Nebraska

CRAVENS, J.
U.S. Forest Service
Regional Office
Albuquerque, New Mexico

DURKIN, J.J.
Dept. of Entomology
New Mexico A. & M. College
State College, New Mexico

HESTER, D.A.
(Forester)
U.S. Forest Service
Regional Office
Denver Federal Center
Denver, Colorado

KNIGHT, F.B.

(Entomologist)

Forest Insect & Disease
Laboratory

Rocky Mountain Forest & Range
Experiment Station

South Hall

Colorado State University

Fort Collins, Colorado

LANDGRAF, AMEL E., Jr.

(Entomologist)

Forest Inseet & Digease
Laboratory

Rocky Mountain Forest & Range
Experiment Station

South Hall

Colorado State University

Fort Collins, Colorado
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REGIONS 2 and 3 USFS (FORT COLLINS)

(eont'd)

MeCAMBRIDGE, W.F.

(Entomologist)

Forest Insect & Disease
Laboratory

Rocky Mountain Forest & Range
Experiment Station

P.0. Box 523

Albuquerque, New Mexico

% McOOMB, DAVID

(Entomologist)

Divigion of Timber Management
Regional Office, Region 3
U.S. Forest Service
Albuquerque, New Mexico

McKNIGHT, M.

(Entomologist)

Forest Insect & Disease
Laboratory

Rocky Mountain Forest & Range
Experiment Station

South Hall

Colorado State University

Fort Collins, Colorado

% MASSEY, Dr., C.L.

(Entomologist)

Forest Insect Laboratory

Rocky Mountain Forest & Range
Experiment Station

P.0. Box 523
Albuquerque, New Mexico

PIERCE, D.A.

(Entomologist)

Forest Insect & Disease
Laboratory

Rocky Mountain Forest & Range
Experiment Station

P.0. Box 523

Albuquerque, New Mexico

RIVAS, A.

(Entomologist)

Forest Insect & Digease
Laboratory

Rocky Mountain Forest & Range
Experiment Station

P.0O. Box 523

Albugquerque, New Mexico

THATCHER, T.O.

(Professor)

Dept. of Entomology
Colorado State University
Fort Collins, Colorado

WERNER, Dr. F.G.

Dept. of Entomology
University of ArizZona
Tucson, Arizona

P.0. Box 523
Albuquerque, New Mexico # WILFORD, Dr. B.H.

(Entomologist in Charge)

MOGREN, E.W. Forest Insect & Disease
(Agsistant Professor) Laboratory
Dept. of Forest Management and Rocky Mountain Forest & Range
Utilization Experiment Station
Colorado State University South Hall

Colorado State University

Fort Collins, Colorado
Fort Collins, Colorado

MAGEL, R.H.
(Entomologist) # WYGANT, Dr. Noel D.
Forest Insect & Diseage Labora- (Chief of Division of Forest
tory Insect Research)

Rocky Mountain Forest & Range Rocky Mountsin Forest & Range

Experiment Station Experiment Station
South Hall 221 Forestry Building,

Colorado State University Colorado State University
Fort Collins, Colorado Fort Collins, Colorado

OSTMARK, H. EUGENE
(Entomologist)
Forest Insect Laboratory
Rocky Mountain Forest & Range
Experiment Station
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REGIONS 2 and 3 USFS (FORT COLLINS)
(Cont'd)

YASINSKI, F.M.

(Entomologist)

Forest Insect & Disease
Laboratory

Rocky Mountain Forest & Bange
Experiment Station

P. 0. Box 523

Albuguerque, New Mexico

REGION 5 USFS (BERKELEY)

AVERELL, J.L.
(Forester)
U.S. Forest Service
630 Sansome St.
San Franciseo 11, Calif.

BEDARD, W.D.
(Research Assigtant)
Dept. of Entomology & Para-
sitology
Agriculture Hall
University of California
Berkeley 4, California

# BUSHING, R.W.

(Entomologlst)

Division of Forest Insect
Research

Pacific Southwest Forest &
Range Experiment Station

P.0. Box 245

Berkeley 1, California

¥* DAHLSTEN D.L.
(Research Assistant)
Dept. of Entomology & Para-
sitology
Agriculture Hall
University of Californis
Berkeley 4, California

DEMARS, C.J.

(Entomologist)

Division of Forest Insect
Regearch

Pacific Southwest Forest &
Range Experiment Station

P,0, Box 245

Berkeley 1, California

DOTTA, DANIEL D.
(Forest Technician)
Californis Division of Forestry
State Office Bldg. No. 1
Room 354
Sacramento 14, California

EATON, CHARLES B.

(Chlef)

Division of Forest Inseet
Research

Pacifie Southwest Forest &
Range Experiment Station

P.0. Box 245

Berkeley 1, California

HALL, Dr. RALPH C.

(Entomologist)

Division of Forest Insect
Regsearch

Pacific Southwest Forest &
Renge Experiment Station

P.0. Box 245

Berkeley 1, California

HARPER, Dr. R.W,
(Chief)
Bureau of Entomology
Calif, Dept. of Agriculture
1220 N, Street
Sacramento 14, California

KEEN, F.P.
1057 Ozk Hill Rd.
Lafayette, Calif,

KOERBER, T.W.

(Entomologist)

Division of Forest Insect
Research

Pacific Southwest Forest &
Range Experiment Station

P.0, Box 245

Berkeley 1, California

LYON, R.L.

(Entomologist)

Division of Forest Ingect
Regearch

Pacifiec Southwest Forest &
Range Experiment Station

P,0. Box 245

Berkeley 1, California



REGION 5 USFS (BERKELEY) (Cont'd)

McKENZIE, H.L.
(Systematic Entomologist)
Dept. of Entomology & Para-
- sitology
University of California
Davis, California

PIERCE, J.R.
(Entomologist)

36—

¢/o Supervisor, San Bernardino

National Forest
P.0., Box 112
San Bernardino, Celifornia

RUCKES, Dr. HERBERT, Jr.
(Assistant Entomologist)
Dept. of Entomology & Para-

gitology
Agriculture Hall
Univergity of California
Berkeley 4, California

SMITH, Dr. RAY F.
(Chairman)
Dept. of Entomology & Para-
sitology
Agriculture Hall
University of California
Berkeley 4, California

SMITH, RICHARD H.

(Entomologist)

Division of Forest Insect
Research

Pgeific Southwest Forest &
Range Experiment Station

P.0, Box 245

Berkeley 1, California

STARK, Dr, R.W.
(Assistant Professor)
Dept. of Entomology & Para-
sitology
University of California
Berkeley 4, California

STEVENS, ROBERT E.

(Entomologist)

Division of Forest Insect
Research

Pacific Southwest Forest &
Range Experiment Station

P.0. Box 245

Berkeley 1, California

#*

STRUBLE, GEORGE R.

(Entomologist)

Divigion of Forest Insect
Research

Pacific Southwest Forest &
Range Experiment Station

P.0. Box 245

Berkeley 1, California

TELFORD, A.D. _
(Assistant Entomologist)
Dept. of Biological Control
Univergity of California
1050 San Pablo Avenue
Albany 6, California

THOMAS, G.M.

(Entomologist)

Division of Forest Insect
Research

Pacifie Southwest Forest &
Range Experiment Station

P.0. Box 245

Berkeley 1, California

/
VITE, Dr. JEAN PIERRE

B.T.I. Forest Research Laboratory

P.0. Box 1119, Grass Valley
Californis

WICKMAN, BOYD E.

(Entomologist)

Division of Forest Inseect
Research

Pacific Southwest Forest &
Range Experiment Station

P.0. Box 245

Berkeley 1, Californis

WOOD, D.L.
(Research Assistant)
Dept. of Entomology & Para-
sitology
Agriculture Hall
University of Californis
Berkeley 4, California

REGION 6 USFS (PORTLAND)

ALLEN, DON G,
(Entomologist)
Oregon Forest Lands Research

Center
P.0, Box 571
Corvallis, Oregon
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BEGION 6 USFS (PORTLAND) (Cont'd)

BERRY, DICK
(Director) :
Oregon Forest Lands Research
Center
P,0. Box 571
Corvallis, Oregon

BROCKMAN, Dr. C. FRANK
(Professor of Forestry)
College of Forestry
University of Washington
Seattle, Washington

BUCKHORN, W.J.
(Entomologist)
Div, of Forest Insect Research
Pacific Northwest Forest &
Range Experiment Station
P.0. Box 4059
Portland 8, Oregon

¥ CAROLIN, V.M.

(Entomologist)

Division of Forest Insect
Research

Pacific Northwest Forest &
Range Experiment Station

P.0. Box 4059

Portland 8, Oregon

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

CHAPMAN, ROBERT
Weyerhaeuser Timber Company
P.0, Box 420
Centralia, Washington

CORNELIUS, ROYCE O,
(Managing Forester)
Weyerhasuser Timber Co.
Tacoma Building
Tacoma 1, Washington

COULTER, WILLIAM K.
(Entomologist)
Div. of Forest Inseet Research
Pacific Northwest Forest &
Range Experiment Station
P.0. Box 4059
Portland 8, Oregon

# FURNISS, R.L.
(Chief)
Div. of Forest Insect Resgearch

Pacific Northwest Forest &
 Range Experiment Station

P.0. Box 4059

Portland 8, Oregon

HOPKINS, DONALD R.
(Assigtant Supervisor)
Division of Forest Management
State Dept. of Natural Resources
Box 110
Olympia, Washington

HOWARD, BENTON
(Forester)
U.S. Forest Service
P.0. Box 4137
Portland 8, Oregon

JAENICKE, A.J.
(Professor)
School of Forestry
Oregon State College
Corvallis, Oregon

JOHNSON, N.E.
(Entomologist)
Weyerhaeuser Timber Company
P.0. Box 420
Centralis, Washington

KLEIN, WILLIAM H.
Division of Forest Inseet
Research
Pacific Northwest Forest &
Bange Experiment Station
P.0. Box 4059
Portland 8, Oregon

KOLBE, E.L.
(Forester)
Western Pine Association
Yeon Building
Portland 4, Oregon

KRYGIER, J.T.
School of Forestry
Oregon State College
Corvallis, Oregon

LARSEN, A.T.
(Forester-Pilot)
Oregon State Board of Forestry
2600 State Street
Salem, Oregon
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REGION 6 USFS (PORTLAND) (Cont'd)

# TAUTERBACH, PAUL G. WEAVER, HAROLD

(Research Forester)
Weyerhseuser Timber Company
P,0, Box 420

Centralia, Washington

MITCHELL, RUSSEL G.

(Entomologist)

Division of Forest Insect
Research

Paeific Northwest Forest &
Range Experiment Station

P.0. Box 4059

Portland 8, Oregon

ORR, PETER W.
(Entomologist)
Div. of Forest Insect Research
Pacific Northwest Forest &
Range Experiment Station
P.0. Box 4059
Portland 8, Oregon

PEARSON, ERNEST D.
Oregon State Board of Forestry
Salem, Oregon

REDISKE, J.H.
Weyerhaeuser Timber Company
P.0. Box 420
Centralia, Washington

RITCHER, Dr. PAUL O.
(Head)
Department of Entomology
Oregon State College
Corvallis, Oregon

RUDINSKY, Dr. JULIUS A.
(Associate Professor)
Entomology Department
Oregon State College
Corvallis, Oregon

RYAN, ROGER
¢/o Entomology Department
Oregon State College
Corvallis, Oregon

WEAR, J.F.
(Research Forester)
Div, of Forest Insect Research
Pacific Northwest Forest &
Range Experiment Station
P.0. Box 4059
Portland 8, Oregon

(Area Forester)

Bureau of Indian Affairs
P.0. Box 4097

Portland 8, Oregon

WILLIAMS, CARROLL B., Jr.

(Research Forester)

Pacific Northwest Forest &
Range Experiment Station

P,0. Box 4059

Portland 8, Oregon

# WRIGHT, KENNETH H.

(Entomologist)

Div. of Forest Insect Research

Pacific Northwest Forest &
Range Experiment Station

P.0. Box 4059

Portland &, Oregon

REGION 10 USFS (JUNEAU)

* DOWNING, GEORGE L.

(Entomologist)

U.8. Porest Service
Box 740

Juneau, Alasks

WASHINGTON, D.C.

# BAKER, W.L.

(Assistant Director)

Div. of Forest Insect Research
Porest Service

Washington 25, D.C.

BEA.L, Dr. J-Aa
(Director)
Div. of Forest Insect Research
Foregst Service, U.S.D.A,
Washington 25, D.C.

BENEDICT, W.V.
(Director)
Division of Forest Pest Control
U.S. Forest Service
Washington 25, D.C.

BONGBERG, J.W.
(Chief)
Branch of Forest Insect Surveys
Forest Service
Washington 25, D.C.



WASHINGTON, D.C. (Cont'd)

HARFER, Dr. V,L.
(Assistant Chief)
Forest Service, U.S.D.A,

Washington 25, D.C.

KNIPLING, Dr, E.F.

(Director)
Division of Entomology Research

Agricultural Research Service
Waghington 25, D.C. :

POPHAM, Dr. W.L.
(Assistant Administrator)

Regulatory Programs
Agricultural Research Service
U.S.DLA,

Washington 25, D.C.

¥ YWHITESIDE, J.M.
(Assistant Director)
Division of Forest Pest Control

U.S, Forest Service
Waghington 25, D.C,

ALBERTA (CALGARY)

# BROWN, C.E.
(Associate Forest Biologist)

Forest Insect & Disease Survey
Forest Biology Laboratory
102 - 11 Avernue East

Calgary, Alberta

COOK, J.A.
(Associate Forest Biologist)

Forest Biology Laboratory
102 - 11 Avenue BEast
Calgary, Alberta

HOPKIES, Mrs. J.
(Assistant Forest Biologist)
Forest Insect & Disease Survey
Forest Biology Laboratory
102 - 11 Avenue East

Calgary, Alberta

HOPPING, GEORGE R.
(officer-in-Charge)
Forest Biology Laboratory
102 - 11 Avenue East
Calgary, Alberta

MeGUFFIN, Dr. CLAYTON
(Forest Biologist)

Forest Biology Laboratory
102 - 11 Avenue East
Calgary, Alberta

REID, ROBERT WILLIAM
(Associate Forest Biologist)
Forest Biology Laboratory
102 - 11 Avenue East
Calgary, Alberta

* SHEPHERD, R.F.
(Associate Forest Biologist)

Forest Biology Laboratory
102 - 11 Avenue East
Calgary, Alberta

BRITISH COLUMBIA (VICTORIA AND VERNON)

# ATKINS, M.D.
(Associate Forest Biologist)

Forest Biology Laboratory
409 Federal Building
Victoria, B.C.

% CHAPMAN, Dr. JCHN A,
(Forest Biologist)
Forest Biology Laboratory
409 Federal Building
Viectoria, B.C.

CONDRASHOFF, SERGEI
(Assistant Forest Biologist)

Forest Biology Laboratory
Box 1030
Vernon, B.C,

* DYER, E.D.A.
(Associate Forest Biologist)

Forest Biology Laboratory
409 Federal Building
Vietoria, B.C.

EDWARDS, D.K.
(Assistant Forest Biologist)

Forest Biology Laboratory
409 Federal Building
Victoria, B:C.

EVANS, D.
(Associate Forest Biologist)

Forest Biology Laboratory
409 Federal Building
Vietoria, B.C.
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BRITISH COLUMBIA (VICTORIA AND VERNON)
(Contd)

# PENNELL, J.T. =
c/b,Department,of Zoology
University of British Columbia

Vancouver 8, B.C.

% GRAHAM, Dr. KENNETH
(Professor of Forest Entomology)
Department of Zoology

185 Biological Sciences Building

University of British Columbia
% RICHMOND, H.A,

Vancouver 8, B.C.

HARRIS, JOHN W.E.
(Assistant Forest Biologist)

Forest Biology lLaboratory
409 PFederal Building
Vietoria, B.C.

% HEDLIN, A.F.
(Associate Forest Biologist)

Forest Biology Laboratory
409 Federal Building
Victoria, B.C.

- JEWESSON, R.S.
Foregtry Department
Canadian Forest Products Ltd.
Camp N
Beaver Cove, B.C.

% KINGHORN, J.M,
(Forest Biologist)
Porest Biology Laboratory
409 Federal Building
Victoria, B,.C.

% LEJEUNE, R.R.
(Officer-in-Charge)
Forest Biology Laboratory
409 Federal Building
Victoria, B.C.

MecKINNON, F.S.
(Chief Forester)
B.C. Forest Service
Parlisment Buildings
Victoria, B.C.

MeMULLEN, Dr, L.H.
(Assoeiate Forest Biologist)
Forest Biology Laboratory
409 Federal Building
Victoria, B.C,

MATHERS, W.G.
(Administrative Officer)
Forest Biology Laboratory
409 Federal Building
Vietoria, B.C.

(Consulting Forest Entomologist)

Lofthouse Road.
R.R. # 2,
Nanaimo, B.C.

*¥ ROSS, Dr. D.A,
(0fficer-in-Charge)
Forest Biology Laboratory
Box 1030
Vernon, B.C.

* DBILVER, Dr. G.T.
(Forest Biologist)
Forest Biology Laboratory
409 Federal Building
Viectoria, B.C,

SMITH, D.N.
(Assistant Forest Biologist)

Forest Biology Laboratory
409 Federal Building
Vietoria, B.C.

SPENCER, Prof. G.J. :
Department of Zoology
University of British Columbia

Vancouver 8, B.C.

SPIISBURY, R.H.
(Forester i/e)
Research Division
B.C, Forest Service

Victoria, B.C.

# THOMSON, M.G.
2226 West 35th Ave.
Vancouver 15, B.C,

% TOMCHENKO, SINOWY
1182 Kelowna Street,
Vaneouver, B.C.

WELLINGTON, Dr. W.G.
(Principal Forest Biologist)
Forest Biology Laboratory
409 Federal Building
Victoria, B.C.



-1~

OTTAWA

FETTES Dr. J.J.

(Head Chemical Control Section)

Forest Biology Division

Research Branch, Canada Agricul-
ture

Central Experimental Farm

Ottawa , Ontario

GRAY, D.E.

the foregoing roster.

{Assistant Director)

Forest Biology Division

Research Branch Canada Agricul-
ture

Central Experimental Farm

Ottawa, Ontario

* McGUGAN, Dr. B.M.

(Associate Director)

Forest Biology Division

Research Branch, Canada Agricul-
ture

Central Experimental Farm

Ottawa, Ontario

PREBBLE, Dr. .M.L.

{Director)

Forest Biology Division

Research Branch, Canada Agricul-
ture ‘

Central Experimental Farm

Ottawa, Ontario

INDEX OF CONFERENCE MEMBERS

Names and addresses of members are grouped by regional affiliation in

States Forest Service.

Numbered regions correspond to those of the United

Name Region Page
Allen, D.G. 6 36
Allen, H.V, 283 33
Atki;ns, Mon Bnco 39
Averell, J.L. 5 35
Baker, W.L. Wasgh, 38
Beal, J.A. Wagh, 38
Bedard, W.D, 5 35
Benediet, W.V. Wash. 38
Berry, D. 6 37
Bongberg, J.W. Wash, 38
Brockman, C.F, 6 37
Brown, C.E. Alta, 39
Buckhorn, W.J. 6 37
Bushing, R.W. 5 35
Carlson, S.T. 2&3 33
Carolin, V.M, 6 37
Chamberlin, W.J, 6 37
Chapman, J.A. B.C. 39
Chapman, R, 6 37
Childs, F, 2&3 33
Clark, E.C. 1&4 32
Cole, W.E. 1&4 32
Condraghoff, S. B.C, 39
Cook, J.A, Alta. 39
Cornelius, R.O. 6 37
Coulter, W.K. 6 37
Cox, R.G. 1&4 32
Cravens, J. 2& 3 33

Home Region  Page
Dahlsten, D.L. 5 35
Davis, D.A. 1% 4 32
DeMars, C.J. 5 35
Denton, R.E. 1& 4 32
Dodge, H.R. 1&4 32
Dotta, D.D. 5 35
Downing, G.L. 10 38
Durkin, J.J. 2& 3 33
Dyer, E.D.A. B.C. 39
Eaton, C.B. 5 35
Edwards, D.K, B.C. 39
Evans, D. B.C. 39
Fellin, D.G. 1&4 . 32
Fettes, J.J. Ottawa 41
Purniss, M.M, 1&4 32
Furniss, R.L. 6 37
Graham, K. B.C. 40
Gray, D.E. Ottawa 41
Hall, R,.C. 5 35
Harper, R.W. 5 35
Harper, V.L. Wash, 39
Harris, J.E. B.C. 40
Hedlin, AP, B.C. 40
Hester, D.A. 2& 3 33
Hopkins, D.R. 6 37
Hopking, J. . Alta, 39
Hopping, G.R. Alta. 39
Howard, B. 6 37



Name

Jaenicke, A.J.
James, M,T,
Jdewesson, R.S,
Johnson, N.E,
Johnson, P.C.

Keen, F,P.
Kinghorn, J.M,
Klein, W.H.
Knight, F.B.
Knipling, E.F.
Knowlton, G.F.
Koerber, T.W.
Kolbe, E,L.
Krygier, J.T.

Landgraf, A.E.
larsen, AT,
Lauterbach, P.G.
Lejeune, R.R,
Lyon, R.L.

McCambridge, W.F.
MeComb, D.
McGugan, B.M,
McGuffin, C.
MeKenzie, H.L,
MeKinnon, F.S,
MecKnight, M,
MCMU.].len, L.Hc
Manis, H.C,
Magsey, C.L,
Mathers, W.G.
Mitchell, R.G,
Mogren, E.W.

Nagel, R.H,

Orr, P.W.
Ostmark’ H.EG

Parker, D.E,
Pearson, E.D,
Pennell, J.T.
Pierce, D.A,
Pierce, J.R.
Popham, W.L,
Prebble, M.L,

Rediske, J.H,
Reid, R.W.
Richmond, H.A.
Ritcher, P,O.
Rivag, A.
Ross, D.A.

Region

1&4
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Ruckes, H. .
Rudinsky, J.A.
Ryan, R.

Seott, D.O. .
Shepherd, R.F,
Silver, G,T.
Smith, D.N,
Smith, R.F.
Smith, R.H.
Speneer, G.J.
Spilsbury, R.H.
Stanford, J.S.
Stark, R.W.
Stevens, R.E,
Struble, G.E,

Telford, A.D.
Telford, H.S.
Terrell, T.T.
Thatcher, T.O.
Thomas, G.M,

Thomgon, M.G.
Tomehenko, S,
Trostle, G.C.
Tunnock, 4.

Vité, J.P.
Waghburn, R.I.

Wear, J.F,
Weaver, H.

Wellington, W.G.

Werner, F.G.
Whiteside, J.M,
Wickman, B,E,
Wilford, B.H,
Williems, C.B.
Wood, D.L.
Wright, K.H,
Wygant, N.D,

Yasinski, F.M,
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Guide to Photograph of Conferees

Vancouver, B.C., February 27, 1959.

Front Bow: (L. to R.) Jim Kinghorn, Al Boyes, Norm Filmer, Horace Telford,
Bill Warren, Phil Johnson, Dick Wasghburn,

Second Row: Bill Wilford, Dave McComb, Bud Thomas, Ken Wright, Tom Silver,
Mike Atkins, Ben Howard, Blair McGugan, Ray Lejeune.

Third Row: George Downing, Hec Richmond, Jim Pennell, Dave Scott,
Julius Rudinsky, Doug Ross, Roy Shepherd, Gerry Thomson,
Galen Trostle, Dave Fellin, Paul Lauterbach, Walt Cole,
Noel Wygant, Roger Ryan, Jack Whiteside.

Back Row: Don Dahlsten, Dave Wood, Cal Massey, Russ Mitchell, W.L. Baker,
Bob Furniss, John Chapman, Ron Stark, Ed Clark, Biff Telford,
Val Carolin, Pete Orr.






