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CANADIAN FORESTRY SERVICE 

STU DY STATEMENT 

1981 - 8 2  

Responsibil ity C entre: NORTHERN FOREST RESEARCH CENTRE 

NOR-I-02 6 

Date: January 27, 198 1 

1 .  Pro ject: Detection and appraisal o f  tree pests and v egetative 
disturbances. 

2 .  Titl e: Fo rest tree rusts o f  western No rth America. 

3. New: Cont. : X 

5. Study Leader: Y .  Hiratsuka 

4. No . :  NOR-I-0 2 6  

6.  Key Wo rds: Cronartiwn, Pucciniastrwn, Peridermiwn, Me lamps ora , 
Chrysomyxa, cyto lo gy ,  mo rpholo gy ,  taxono my ,  U redinal es, 
ino cul atio n  experiment, patho genicity . 

7. Locatio n o f  Wo rk :  Edmo nto n (l abo rato ry ,  greenho use and mycological 
herbarium) , Western No rth America with particular 
emphasis o n  No rthern Regio n  (f ield) . 

8 .  Pro bl em: 

Rust fungi are kno wn to attack vigo ro usly gro wing plants rather than 
weakened o nes because o f  their o bl igate parasitism. Damage caused 
by this gro up o f  f ungi tend to be increased by intensive cul tural 
practices as ev idenced by such cases as, white pine bl ister rust in 
No rth America, po plar rusts in Euro pe, co mandra bl ister rust o f  hard 
pines in southeastern No rth America, and wheat stem rusts and co f f ee 
rust in many parts o f  the wo rld.  

An estimate o f  the lo sses attributabl e to fo rest tree rusts in the 
regio n has no t been o btained but signif icant gro wth loss and mo rtal ­
ity o f  several majo r fo rest tree species, including lo dgepole pine, 
jack pine, white spruce, black spruce, bal sam f ir and subal pine f ir ,  
have been suggested. I n  addition,  several rust species endemic to 
the regio n  have been reco gnized as serious patho gens in o ther areas 
where f o restry practices are mo re intensiv e. 

Our kno wl edge o f  western fo rest tree rusts has been inadequate to 
solv e present and future pro bl ems which are and will be caused by 
this gro up o f  f ungi. and studies o f  this group o f  f ungi o n  identity , 
l if e  histo ry , ho st range, cytolo gy ,  mo rpho lo gy ,  distributio n and 
patho genicity are necessary . 
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9 . ·  Study Objectives: 

General: 

To acquire a comprehensive knowledge and to improve diagnostic 
capability on the forest tree rusts of western North America 
with particular emphasis on the Northern Region in terms of 
identity , host ran ge, life history , distribution and patho­
genicity .  

Specific: 

To study aspects of cytology , taxonomy , life history and 
host- parasite relationship of conifer needle rusts, pine stem 
rusts, and poplar-conifer rusts of the region, and related 
species in the world . 

10 . Resources: 

a. Starting date: 196 8 Projects A-232 and A-2 5 4  (196 5 )  were 
combined and redesigned in 196 8.  

b.  Estimated year of completion: Continuing 
c. Estimated total Prof. man- y ears required: 
d. Essential new major equipment items for 19 81- 82 with costs: Nil 
e.  Essential new major equipment items bey ond 19 82 with costs: Nil 
f. 19 81 -82 man- years Prof. 0 . 2  (Y . Hiratsuka) 

Supp. 0 . 3  (P. J. Maruy ama) 
Casual 

11 . Progress to D ate: 

Total 0 . 5  

1 .  D istribution, damage, and life cycle of pine stem rusts of 
the region were investigated and reported in three journal 
publications. 

2 .  Comprehensive studies of cytology and morphology of pine stem 
rusts in the region resulted in new method of determining the 
type of life cycles of pine stem rusts by simple germination 
technique. This new method has been successfully applied not 
only in North America but also in Europe and Asia. Thirteen 
journal publications have been prepared on the related s ubjects . 

3 .  White spored variety of Cronartium co Zeosporioides was dis­
covered in 1960 in a small area in Banff National Park and 
annual observations were commenced in 196 3 . Occurrence of this 
form and results of the annual observations of canker growth 
and tree mortality were published in two journal publications . 

4 .  Morphology and life cycle of several conifer needle rus ts 
including Puccinias trum sparsum, P. goeppertianum and 
P. epi Zobii have been studied and results have been reported 
in six journal publications . 
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5.  Signif icant amount of inf or mation on hy per para sitic f ungi and 
insects on pine stem r usts ha ve been obtained. Five jour nal 
publica tions have been published on the subject. 

6 .  A ma jor publication entitled "Pine stem r usts of Canada" was 
published. This f ully illustrated publication discusses 
a spects of identif ica tio n, hosts, distr ibution, mor phology , 
lif e cycle, cytology , damage, epidemiology,  a nd contr ol of 
all pine stem rusts which occur in Canada. 

7. Ba sed on the studies of f or est tree r usts of the r egion, 
ter minology of spor e states of r ust f ungi wer e discussed in 
two jour nal publications. 

8. Repor ting of f ur ther r esults fr om a ter minated study (NOR-8-094 
Aecr obiology of C oma ndra blister r ust - J.M.  Powell) f r om 1974 
has been a ssigned to this study . 

9 .  M ycoparasites of pine stem r usts wer e studied a nd r epor ted in 
f ive jour na l publications. 

12.  Goals f or 19 80- 81:  

1.  A journa l pa per "Mor phology of spermogonia a nd taxonomy of r ust 
f unti" will be published a s  a par t of the pr oceedings mentioned 
in 2 .  below. 

2 .  Edit and coor dina te the publication of sy mposium pa pers on 
taxonomy of rust f ungi. The pr oceedings will be published 
fr om the Tottori M ycological I nstitute (Japan) . 

3. I f  time per mits, complete ana lysis of data a nd the f ir st 
dra f t  of a pa per on pine stem rusts plot study with 
Dr. A. Van Sickle (PFRC ) and Dr . J.M.  Powell (NFRC ) .  

4 .  Thr ee jour na l pa per s will be published with Dr. A. Tsuneda 
(NRC Visiting Fellow) on hy per para sites of pine stem r usts. 

5 .  C ooperate with Prof essor W. Ayer (Dept. of C hemistr y ,  Univer sity 
of Alberta) on f ungal metabolites and publish a paper. 

6. C o-a uthor a cha pter in a book entitled " The Rust Fungi" with 
Dr. S. Sato. The book will be published by Academic Pr ess. 

7. Help r evise a book entitled "I llustrated Genera of Rust Fungi" 
with Dr. G. B. C ummins (University of Arizona ) . 
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Goals Added: 

8 .  Supervise two small contract projects on the pine stem rusts 
at the Pine Ridge Nursery with the fund made available by the 
Alberta Forest Service and submit reports to AFS. 

13 . Accomplishments in 1 980-8 1 :  

1 .  A journal paper entitled "Morphology of spermogonia and taxonomy 
of rust fungi" was published. 

2 .  Edited and published a group of symposium papers presented at 
the Second International Mycological Congress from the Tottori 
Mycological Institute. 

3 .  No progress has been made to publish the results of pine stem 
rusts plot study with Drs. Powell (NFRC) and Van Sickle (PFRC) . 
Part of the information has been used in a paper on rodent 
damage on pine stem rusts prepared by D r. Powell and pertinent 
data have been used to answer several important inquiries f rom 
B. C. Forest Service. 

4. Two journal papers were published with Dr. A. Tsuneda (NRC 
Visiting Fellow) and another paper under review.  

5.  Cooperated with Dr. W.  Ayer (D ept . of Chemistry, University of 
Alberta) on fungal metabolites and published a paper in 
Canadian journal of Microbiology . 

6. A chapter of a book entitled " The Rust Fungi" was prepared and 
sent to the editor. 

7. Cooperated with Dr. G. B. Cummins (University of Arizona) to 
revise a book entitled "Illustrated Genera of Rust Fungi" . 

8 .  Supervised two small contract projects on the pine stem rusts 
at the Pine Ridge Tree Nursery with the f unds made available 
by Alberta Forest Service. Two reports were submitted to AFS. 

14. Goals for 1981-8 2 :  

1 .  Publish a paper on a new species of f ungi isolated f rom a pine 
stem rust with Dr. A. Tsuneda. 

2 .  Help revise a book entitled "Illustrated Genera of Rust Fungi" 
with Dr. G . B. Commins (University of Arizona) . 

3 .  Complete analysis of data and the f irst draf t of a paper on 
pine stem rusts plot study with Dr. A.  Van Sickle (PFRC) and 
D r. J.M. Powell (NFRC) . 
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4. Publis h a paper on rodent damage of pine s tem rus ts (Powell) . 

15. Publications: 

Up to 1980 

Journal articles : 31 
Information reports , notes etc. : 6 
File reports: 0 

1980-81: 

Journal articles: 

Hirats uka, Y .  and N. Hirats uka, 1980. Morphology of s permogonia and 
taxonomy of rus t fungi. Rep. Tottori Mycol. lns t. 18:257-268. 

Ayer, W. A. , S . D .  Lee, A. Ts uneda and Y .  Hiratsuka. 1980. The 
is olation, identification, and bioassay of the antifungal 
metabolites produced by Monoci Z Zium nordinii Om. J. Microbiol. 
26: 766-773. 

Ts uneda, A. and Y .  Hirats uka. 1980. Paras itiz ation of pine s tem 
rus t fungi by MonociZ Zium nordinii. Phytopathology 
70: 1101-1103. 

Tsuneda, A. , Y .  Hiratsuka and P. J. Maruyama 1980. Hyperparasitis m 
of Scyta Zidum uredinicoZa on wes tern gall rus t, Endocronartium 
harknessii . Can. J. Bot. 58: 1154-1159. 

Information reports , notes etc. : 

Traquair, J. A. and Y .  Hirats uka. 1979. Tropical, rus t on imported 
plants . Proc. Can. Phytopathol. S oc. 46:72. 

File reports: 

Hirats uka, Y .  and E. Allen. 1980. Pine s tem rus ts survey at the 
Pine Ridge Tree Nurs ery , S moky L ake, Alberta. File report 
prepared for the Alberta Fores t Service. 

Hirats uka, Y .  and T. Evans . 1980. A s urvey of pine s tem rus ts on 
nurs ery s tock at Pine Ridge Tree Nurs ery , S moky L ake, Alberta 
1979. File report prepared for the Albetta Fores t S ervice. 
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16 . Signatures: 
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� .......... � �nager Progra 
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I) (fct (-�(-�-AA-:i. DD" Kii1 A/Director 
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CANADIAN FOREST RY SERVICE 

STUDY STATEMENT 

1981 - 82 

Respon sibil ity C entre: NORT HERN FOREST RESEARC H CENTRE 

NOR-l -033 

Date: January 2 7 , 1981 

1. Project: Detection and appraisal of tree pests and vegetative 
d isturbances. 

2 .  T itle: Forest in sect and d isease survey. 

3 .  New: C ont.: X 4. No. NOR-I -03 3  

5 .  Stud y Lead er: Y .  Hiratsuka, H. C erez ke and B. Moody 

6. Key Words: Detection ,  appraisal , d istribution , parasites, hosts, 
damage, pred ators, biol ogical control , haz ard , 
susceptibil ity, stabil ity, management, parks, 
recreation , symptoms, d amage, effl uents, easement 
atmosphere. 

7. Location of Work: Throughout region .  

8. Probl em: 

Forest insects and diseases ann ually d estroy or d egrad e l arge 
quantities of otherwise usabl e wood f ibre. They cause important 
d amage to nursery pl antations, shel terbel ts and park pl antin gs 
which have high aesthetic or shel ter val ues. The rel ations between 
in sects, diseases and their hosts are compl ex and often obscure. 
Man y of the probl ems conf ron tin g resource managers have their origin 
in insect or d isease activities, but in other instances unsuspected 
factors may be respon sible f or the damage , and the insects or 
d iseases are of second ary importan ce. C orrect d iagn oses therefore 
require a highl y train ed technical and professional staf f .  

The data coll ected by the Survey provid e essential inf ormation on 
l if e  cycl es, ecol ogy, n atural control agen ts, d istribution and 
general abundance, which is of val ue to research entomol ogists, 
pathol ogists and other biol ogists. Man y of the species reported 
by the Survey have a wid e d istribution , and the regional d ata are 
part of a l arger bod y of data coll ected by this and other regions. 

The gatherin g  of background inf ormation on the d istribution and 
abundance of in sect and d isease pests in the Prairies Region has 
l argel y  been compl eted . We know which pests are important, and 
where they are most l ikel y to occur. The need f or routine d etection 
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surveys has therefore d ecreased and , since management agenci es 
are much cl oser to the problem than we are, they are of ten abl e 
to report any suspected d amage. Al thou gh we will continue to 
monitor outbreaks of i mportant pests, we d ropped routine d etecti on 
su rveys and now concentrate our eff orts on extensi on entomol ogy 
and pathology, emphasizi ng i mpact and appraisal aspects. T o  
f acili tate this work we have establ ished and strengthened contacts 
with provinci al and f ederal agenci es, and have initiated a nu mber 
of traini ng programs i n  the f orm of field tri ps, lectu res or 
seminars, that are ai med at i mprovi ng the capability of personnel 
in these agenci es to di agnose the more com mon probl ems themsel ves. 
We will i nvesti gate any reported probl ems, provid e id entifi cati on 
servi ce and give ad vi ce on control opti ons and procedures. This 
approach, we beli eve, will make best use of avail abl e limi ted 
resou rces and should i mprove the service that we are. abl e to 
provid e to management agenci es concerned wi th probl ems invol vi ng 
shade and f orest trees. 

9 .  Study Objectives: 

1 .  T o  gain an i mproved knowl ed ge of f orest insects and di seases 
i n  the region f or the pu rpose of mi ni mizing d amage to trees 
and shrubs attributable to these organi sms and to provide an 
ad visory service to management agenci es and the pu blic,  and 
to contri bute to FIDS nati onal overview of i mportant pest 
conditi ons. 

2 .  Provide management agenci es wi th di agnosti c i mpact and 
apprai sal services rel ating to eff ects of insects, diseases, 
cli matic i nfluences and pollutants on trees and shrubs and 
other types of vegetati on. 

10 . Resources: 

a. Starting d ate: 1941 - Winni peg and I ndian Head , 1952 - C al gary 
1970 - Ed monton 

b. 
c. 
d .  
e.  
f .  

Esti mated year of compl eti on: C onti nuous 
Esti mated total Prof . man-years required :  
Essenti al new major equi pment 
Essenti al new major equi pment 
19 81-82 man-years Prof . 0 . 4  

0 . 2 
0 . 5  

Su pp. 1 . 0  
1 . 0  
1 . 0  
1. 0 
1 . 0  
0 . 2  

T otal 6 . 3 

items f or 19 81 -82 
items beyond 19 82 

(Y . Hi ratsuka) 
(H . C erez ke) 
(B. Mood y) 
(J. Petty) 
(F. J. Emond ) 
(G . N .  Still )  
(R. C .  Tid sbury) 
(M. Grand maison) 
(H . Gates) 

with cost: 
wi th cost: 

Nil 
Nil 
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11. Progress to Date: 

I nf estations of major f orest insects and disease outbreaks have 
been monitored and reported on, including the f orest tent cater­
pillar, large aspen tortrix, spruce budworm, jack pine budworm, 
mountain pine beetle and dwarf mistletoe. Special surveys have 
been conducted on a variety of problem insects and diseases 
throughout the three Prairie Provinces such as regeneration and 
nursery pests, Scleroderris canker, western gall rust, Hypoxylon 
canker, and elm bark beetles. T he tree pest extension unit has 
responded to about 2,000 requests annually. Lectures and talks 
have been presented to many client agencies on insect and disease 
problems and representation has been provided on various provincial, 
regional and national pest advisory committees. 

12. Goals f or 1980-81: 

1. Aerial and ground surveys to monitor major pests will be 
conducted in the three Prairie Provinces (Petty, Still, 
T idsbury, Ranger-vacant) . 

2. Provide pest extension service to various client agencies 
(Emond) . 

3 .  Special surveys f or particular pests or of designated areas 
will be conducted. Some examples of special surveys which 
will probably be carried out in 1980 are: 

a. C onduct reconnaissance surveys in selected areas, 
especially western Alberta to assess and identif y 
present and potential insect and disease problems 
in man-made and man-assisted f orests (Hiratsuka, 
C erezke) . 

b. Mountain pine beetle surveys in southern Alberta 
including C ypress Hills (Petty, C erezke) . 

c. Scleroderris canker--Detection surveys will be 
conducted in Banff and Jasper National Parks and 
in red pine plantations in Manitoba (Hiratsuka) . 

d .  Pine stem rusts--A f ollow-up survey of pine stem 
rusts at Pine Ridge T ree Nursery will be conducted 
(Hiratsuka) . 

e. Spruce budworm impact survey--Assessment of damage 
and impact will be conducted in western Manitoba 
(Cerezke) . 
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4. Prepare a report on the mountain pine beetle i n  southern 
Alberta summarizing i nf ormation on d istribution, aerial 
and ground surveys--1979,  biological observations, and a 
pred iction f or 1980 (Cerezke, Petty) . 

5 .  Inf ormation collected d uring 1980 f ield season will be 
collated i nto an i nf ormation report (Hiratsuka, Petty, 
Cerezke) . 

6 .  Initiate an i nf ormation series "Pest Report". T hi s  i s  a 
simple timely reporting f ormat to i nf orm CFS head quarters, 
other regional establishments, cli ent agenci es, and news 
media about i mportant and i nteresting pest problems as 
they occur. 

7. Follow-up on "FIDS T ask Force Implementation Plan", as 
f ollows: 

a. Contribute to "Working Groups" as d esignated 
(d ead line April, 1980) : 

Western bark beetles, d warf mi stletoe (Cerezke, 
Hiratsuka) 
Rots, Sclerod erris, DED (Hiratsuka) 

b. Prepare two "fi le monographs" on the two most 
i mportant regional pests, bri nging together existing 
i nf ormation on i nci dence, d i stribution, d amage, etc . 
(d eadline April 1 , 1981 ) (Cerezke, Hiratsuka) . 

c . ·  Make eff ort to establi sh and fill two positions, FO 
(d amage apprai sal) and a ranger. 

d .  In collaboration wi th provi ncial agenci es, apply best 
avai lable d epleti on f ac tors to provid e general estimates 
of losses caused by major f orest pests of economic and /or 
social i mportance. 

e. Assign one ranger d uri ng the f ield season i n  Manitoba. 

8 .  Prepare and present lec tures and talks on f orest insects 
and di seases to various c lient agenc i es as requ ested . 

Add ed Goal: 

9 .  Partici pate i n  the NFRC open house. 
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13 . Accomp li shments f or 1980-8 1 :  

1 .  Aerial and ground surveys to monitor three major f orest pests 
(jack pine budworm, f orest tent caterpillar, and spruce 
budworm) were conducted i n  the three Prairie provinces and a 
spruce budworm survey was conducted i n  the N orthwest T erritori es. 
Extent and i ntensity of outbreaks were recorded and predictions 
f or the 1980 season were made (Petty, S ti ll, Grandmai son, Gates, 
T idsbury) • 

2 .  Provided pest extension service to various client agencies 
(provincial f orest services, provincial agricultural 
representatives, f orest i ndustries, and munici palities) 
and to the general public. More than 2 , 000 samples and 
i nquiries were handled i ncluding many on- site i nspections 
(Emond, a student assistant) . 

3 .  T he f ollowing special surveys were conducted: 

a. A scleroderri s canker survey i n  Jasper National Park 
revealed two new localities for the disease i n  the park. 
(Hiratsuka, Maruyama� S zlabey, Allen) . 

b. Elm bark beetle detection surveys were conducted with 
trap logs and sticky pher01llone traps but .no beetles were 
detected in southern Alberta. S urveys were conducted 
with the staff of Alberta Agriculture (Emond) . 

c .  An i ntensively managed Christmas tree f arm west of 
S undre was examined. Root weevi l, Armillari a root rot, 
terminal weevil and stem rusts were i dentified as mai n  
pest problems (Cerezke) . 

d. Eighteen regeneration plots in mechanically thinned stand 
near Edson were surveyed (Cerezke, Gates) . 

e. Conducted various surveys of mountai n pine beetle 
i ndependently or with personnel f rom Alberta Forest 
S ervice, Alberta Parks and Parks Canada i n  southern 
Alberta and southern S askatchewan i ncluding Cypress 
Hills and Rocky Mountain N ati onal Parks (Petty, Gates 
S ti ll, Cerezke, Grandmaison) . 

f .  T rue color aerial photography of mountain pine beetle 
i nf ested areas of Cypress Hills Provincial Park was 
taken (36 line miles) to be used as a base f or locating 
beetle-killed trees. (Petty, Hall) . 
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4 .  A report on mountain pine beetle with da ta to 1 9 79 has been 
compiled a nd ready to be published addi ng the 1980 data 
(Cerezke, Petty) . 

5 .  An i nformation report summarizing pest condi tions of the 
region for 198 0 a nd predictions for 1981 i s  under prepa ra ti on 
a nd wi ll be published before Apri l 1 98 1 .  Draft copy will be 
sent to Ottawa FIDS coordi nator before 3 1  January, 198 1 ,  
for national compila ti on (Hiratsuka. Petty, Cerezke, Still) . 

6 .  An i nformation series "Pest Report" wa s not i ni tiated in view 
of the new publication seri es "Forest Management Note". An 
a rticle on jack pi ne budworm was published i n  the new seri es. 

7. Followi ng are accomplished accordi ng to "FIDS Task Force 
Implementation Plan" 

a .  Contributed to ''Worki ng Groups" 

Western bark beetle and dwarf mi stletoe (Cerezke, Hira tsuka) 

b. No imput wa s requi red for fi le monographs. 

c. Two new positions (a damage a pprai sal officer and a ranger) 
were established and filled. 

d.  No pest damage and depleti on figures were requested. 

e. One ranger (Tidsbury) was sent to Ma nitoba for the field 
sea son. 

f. FIDS contact persons were designated for each provi nce and 
"Federal Provincial Pest Survey Review a nd Pla nni ng Meeting" 
wa s successfully conducted. 

8 .  Following lectures a nd talks were given to vari ous client agencies 
as requested: 

a .  Presented a n  eveni ng lecture on i mportant shelterbelt a nd 
shade tree pests to acreage owners (Cerezke, Emond) . 

b. Gave two lectures on Dutch elm di sease at the Uni versi ty 
of Alberta a s  a pa rt of a forest pathology course '(Hiratsuka) . 

c. Gave a lecture and conducted a field tour to a group of 
Junior Forest Rangers i n  Whitecourt area (Cerezke) . 

d. One and a half day semi nar on importa nt forest i nsects and 
di seases with field tour wa s conducted for wardens and 
naturalists at the Pri nce Albert Nationa l  Pa rk (Hira tsuka , 
Cerezke) . 
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e. Gave talks on tree and shrub pests at Alberta Agriculture 
Tree Pruni ng Course (Olver, Brooks, Fairvi ew, Ponoka) 
(Emond, Still, Petty) . 

f. Presented a seminar at the Botany Departmen t of the 
University of Alberta on pine stem rusts (Hiratsuka) . 

g. Gave a talk at Forest Training School at Lac La Biche 
on forest pests (Emond, Grandmaison) . 

Added Accomplishments: 

9 .  Participated actively i n  the open house at NFRC . Five rooms 
of di splay were organized and attended by FIDS staff i ncluding: 
Insect Reference Collection, Disease Reference Collection, 
Pest Extension, Major Forest Insects and Forest Mycology 
Research. 

14 . Goals for 1981-8 2 :  

1 .  Aerial and ground surveys to monitor major forest pests will 
be conducted in the three prairie provi nces and the Northwest 
Territori es (Petty, Still, Grandmai son, Tidsbury, Gates) . 

2 .  Provide pest extension service to various client agencies 
(Emond) . 

3 .  Speci al surveys for particular pests or of designated areas 
will be conducted. Some examples of speci al surveys which 
will be carried out i n  1981 are: 

a. Mountai n pi ne beetle surveys i n  southern Alberta and 
southern Saskatchewan i ncludi ng Cypress Hi�ls and Rocky 
Mountai n National Parks (Petty, Still, Grandmaison) . 

b. Repeat true color aeri al photography i n  Cypress Hills 
Provincial Park (likely joi nt cost-shared with Alberta 
Parks) and cover additional areas not covered in 1980-8 1  
(Hall, Petty) . 

c. Schleroderri s canker detection surveys will be conducted 
i n  Banff and Jasper National Parks and i n  red pi ne 
plantations i n  eastern Manitoba (Hiratsuka) . 

d. Data on i nsect and disease i ncidence and tree mortality in 
mechanically thinned plots nea r  Edson will be summarized 
i nto a report (Cerezke) . 

e. Elm bark beetle surveys will be conducted in Alberta with 
personnel from Alberta Agriculture (Emond) . 

4. Compile and publish an i nformation report on the forest pest 
situations i n  the region for 1981 and make predictions for 
1982 . Draft copy of the report wi ll be sent to the FIDS 
coordi nator (Ottawa) by the end of January, 198 2 .  
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5 .  Organize a nnual Federal - Provi ncial forest pest review a nd 
planning meeting i n  March of 1981 with representatives from 
provincial forest services a nd Parks Canada . 

6. Prepare and present lectures a nd tal ks on forest insects and 
di seases to various client agencies as requested. 

7. Contribute several articles to "Forest Mana gement Notes" 
a s  required. 

8 .  Review a nd evaluate survey methods used elsewhere for major 
forest i nsects and di seases, a nd work towards the production 
of a standard survey methodology manual suitable for the 
region (Moody) . 

9 .  A report on mountain pine beetle i ncorpora ti ng data up to 1980 
will be prepared a nd published possibly as an i nformati on 
report (Cerezke, Petty) . 

10 . Pest depletion estimates by major forest pests for 1976-81 
will be made and will be i ncorporated in the National Forest 
Resource Data Program (Moody) . 

15 . Publica tions: 

Up to 1980 (from 1970) 

Journal a rticles: 10 
Information reports, notes etc. : 3 0  
File reports: Numerous 

1 98 0-81 : 

Journa l  articles:  Nil 
Informati on reports, notes etc. : 

Hira tsuka, Y . , H. Cerezke and J. Petty. 198 0 .  Forest Insect and 
Disea se conditions of Alberta, Saskatchewan, Manitoba,  and 
the Northwest Territories i n  1979 a nd predicti ons for 1 98 0 .  
Northern Forest Research Centre. Information Report 
NOR-X-22 S. 

Sti ll, G. 198 0 . Jack pine budworm outbreaks i n  Saskatchewan 
collapses. Forest Management Note. No. 3 .  Northern 
Forest Research Centre, Canadia n Forestry Service. 

Fi le Reports: 

Still ,  G.N.  198 0 . Jack pi ne budworm i n  Saskatchewan, 198 0 .  
File Report. 
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Van Sickle, G. A. , H .  Cerezke, Y .  Hiratsuka , L .  Safra nyik, a nd W. Wai.  
1980 . Survey procedures for western bark beet1es a nd dwarf 
mistletoes: Report by FIDS Working Group #2 . 

Petty, J.  1980 . Mountain pine beetle in Cypress Hills Provincia l  
Park, Alberta . File Report. 

Petty, J. 198 0 .  Mountain pine beetle in Ba nff, Yoho a nd Kootena y 
National Parks, Ma y 1980 . File Report. 

Still, G . N .  1 98 0 . Jack pine mistletoe, Arceuthobium americanum, 
a nd wildfire in the Athabasca Forest, 1980. File Report. 

Emo nd, J .  198 0 .  Detection survey of native elm bark beetle in 
Alberta.  File Report. 

Tidsbury, C. 198 0 .  Other noteworthy insects a nd diseases in 
Manitoba 1 980 . File Report. 

Still, G.N. , M. Grandmaison, H. Gates, J. Petty a nd C. Tidsbury , 
198 0 .  Forest tent caterpillar defoliation forecasts for 
1981 , Central Alb erta . File Report. 

Still, G . N. 1980 . Forest tent caterpillar defoliation forecasts 
for 1981,  Sa skatchewan. File Report. 

Still, G . N .  198 0 .  Trembling a spen defoliation in Sa skatchewa n, 
1980 . 

Tidsbury,  R. C.  198 0 .  Forest tent caterpillar infestations in 
Manitoba , 1980 . File Report. 

Still, G.N.  1980 . A post hatch survey of the forest tent 
caterpillar. File Report. 

Still, G . N . , H. Gates a nd J. Petty . 1980 . Forest tent caterpillar 
defoliation forecasts for 198 0 ,  Alberta . File Report. 

Tidsbury, R. C. 198 0 .  Spruce budworm infestations in Manitoba , 
1980 and forecasts for 1981 . File Report. 

Petty, J. a nd G. Still. 1980 . Spruce budworm survey, Slave River 
area , Northwest Territories, July 1980 . File Report. 

Emond, F. J.  1 98 1 .  Tree pest extension report - 1980 . File 
Report. 

Emond, F. J.  1981 . Insect and disea se survey Saskatchewan Provincia l 
Tree Nurseries. File Report. 



16 . Signatures: 

Investiga tor � 

1� 
- 10 -

A/Director A. D. Kii l  
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CANADIAN FORESTRY SERVICE 

STUDY ST ATEMENT 

1981 - 82 

Responsi bility Centre: NORTHERN FOREST RESEARCH CENTRE 

NOR-I-0 58 

Date: January 2 7, 1981 

1 .  P roj ect: Detection and appraisal of tree pests. 

2 .  Title: Sawfly systematics. 

3 .  New: Cont. : 4 .  No. : NOR- l-0 58 

5. Study Leader: H. R. Wong 

6 .  Key Words: T enthredi noidea, Nearctic Region, distri buti on, hosts, 
keys, li fe history ,  morphology ,  new genera, new species, 
biogeography , revision, Symphyta, evolution, phylogeny . 

7 .  Locati on of Work: Edmonton, Alberta. 

8 .  Problem: 

Sawflies cause seri ous damage to forest and shade trees in Canada. 
Until sawflies are identified, they cannot be discussed or treated 
i n  a scientific way .  Accurate i dentification of pest speci es can 
determine thei r area of spread and assist i n  confining their damage 
to a restricted area. Systemati c studies can provide the means of 
making predicti ons and generalizations about probable habits, 
distri bution, future i mportance of newly di scovered species, and 
clues on possi ble methods of control. It i s  the means by which an 
orderly system i s  provided for storing i nformation about sawfli es 
and is an important retri eval devi ce. 

Success i n  thi s study is excellent provi ded ti me, funds and technician 
assistance are availahle. Since I am the most experienced of two 
people in Canada at the present ti me, acti vely engaged i n  the systemic 
study of sawflies, any results obtained would add to the knowledge 
of this group of i nsects i n  Canada, and their role i n  our envi ronment. 
Such knowledge would also aid certai n biological and ecological 
studi es in North America. 

The material is made avai lable by a number of agencies requesting 
identi fication services, in particular the Forest Insect and Di sease 
Surveys across Canada. Speci es identificati on i s  generally based on 
the microscopic examination of the extracted genitalia, which are 
mounted on slides. After comparison with available types, any new 
species are described and i llustrated together with other pertinent 



20  
- 2 -

informati on on host, life history , distribution, immature stages, 
phylogency , etc. Key s are constructed to assist i n  future 
identi fication. 

9 .  Study Objecti ves: 

1 .  T o  make biosystematic studies of the sawfli es of Canada and 
maintain taxonomic expertise in this group of insects at 
the nati onal and i nternational level. 

2 .  T o  separate the various sawfly species i n  thei r mature and 
immature forms by means of keys, descri ptions and i llustrations. 

3 .  T o  study the evolution and biogeography of the more i mportant 
sawfly genera leading to their revision i n  North America, 
North of Maxico. 

4.  T o  study the external and i nternal morphology of the more 
economic sawfly species. 

1 0. Resources: 

a. Starting date: 1950 
b. Estimated y ear of completion: A continuing project revi sed 
c. Estimated total Prof. man-years required: Indefinite 
d. Essential new major equipment items for 1981-82 with costs: Nil 
e. Essential new major equipment items beyond 1982 with costs: Nil 
f. 1981-82 man-years Prof. 0. 5 

11 . Progress to Date: 

Supp. 0. 0 
Casual 0. 0 
T otal 0. 5 

Over thirty scientific papers have been publi shed i n  this study . 
T he subject matter and the species or genera treated are indicated 
in previ ous study statements. 

1 2 .  Goals for 198 0-81 :  

1 .  Identify sawflies for research personnel, instituti ons and 
laboratori es. 

2 .  Obtain additional information on the life history of Nematus 
fuZviarus Provancher, i f  populations are available. 

3 .  Determine the species of Pristophora that are new to science 
i n  North America and determine their phylogenetic relati onshi p. 
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13.  Accomplishments in 1980-81 :  

1 .  (a) Identified over 400 larval and adult sawflies for the Forest 
Insect and Disease Survey .of the Northern Forest Research 
Centre, Canadian National Collection, regional clients and 
in- service personnel. 

(b) Reviewer. Sawflies from George Lake, Alberta. Questiones 
Entomological. 

(c) Reviewer. Sy mphy ta of Sri Lankc. P roc. Ent. Soc. Washington. 

2 .  P opulation of Nematus jUlvicrus continued to decline and no 
larvae were available for study in 1980 . Recent taxonomic 
studies in Washington has disclosed Nematus aalais Kirby is the 
name for Nematus jUZviarus P rovo 

3 .  T wenty seven new species of Pristiphopa have been discovered. 
Several from Alaska, Yukon and Northwest T erritories. T he 
phylogenetic relationship of these species has been deduced. 

14 . Goals for 198 1-82 : 

1 5. 

1 6. 

1 .  Identify sawflies for research personnel, institutions and 
laboratories. 

2 .  P repare descriptions of the 2 7  new species of Pristiphopa for 
a monograph on the Evolution, Classification and Biogeography 
of the genus Pristiphopa Latreille with a catalogue of the. 
world species (Ny menoptera: T enthredinidea) . 

3 .  Find morphological characters in larvae of the coniferous 
feeding sawfly of the family Diprionidae to separate the 
different genera in North America. 

P ublications: 

Up to 1 980-81 

Journal articles 2 7  
Information Reports etc. 8 
File Reports 0 

1 980-81 

Nil 

Sin�natures: 

� "l Investigator 

A/Director A.D. Kiil 
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CANADIAN FORESTRY SERVICE 

ST UDY STATEMENT 

1 9 8 1  - 8 2  

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

NOR- l-1S3 

Date: January 2 7. 198 1 

1.  P roject: Detection and appraisal of tree pests and vegetation 
disturbances. 

2 .  Title: 

3 .  New: 

Forest diseases: Diagnostic and taxonomic services. 

Cont. : X 4 .  No. : NOR-I-IS 3 

5. Study Leader: Y .  Hiratsuka 

6. Key words: Mycology. herbarium. culture collection. nomenclature, 
identification. 

7. Location of work: 

8 .  P roblem: 

Accurate and prompt diagnosis of tree diseases and identification 
of causal organisms are essential to the pest extension services, 
damage appraisal studies. environmental assessment studies, and 
consideration of possible control me asures of tree diseases. 
Besides. non pathogenic fungi in forest ecosy stems also play 
important roles in nature. P roper identifications of mycorrhizal 
fungi. decomposing fungi and hyperparasitic fungi in the forest 
are important to many research studies and provide better 
understanding of forest ecosy stems. 

Taxonomy and nome nclature of fungi are constantly being revised. 
Chan ges in the concepts and limits of species and application of 
new or different names for the same organisms often cause confusion. 
P roper applications of up- to- date information of taxonomy and 
nome nclature are necessary whenever name s  of the organisms are 
used in reports or publications. T o  provide satisfactory taxonomic 
and nomenclatural service, a highly trained technical and professional 
staff is required. 

To maintain and improve diagnostic and taxonomic service capabilities. 
it is necessary to maintain a high quality disease reference collec­
tion. a fungus culture collection and a reference literature 
collection. The disease reference collection of the centre contains 
more than 20.000 catalogued specimens of forest fungi and it is the 
biggest collection of forest fungi in the P rairie P rovinces. The 
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fungus culture collection includes more than 500 live cultures 
of major forest fungi. The centre maintains all major taxonomic 
literatures of the fungi. 

9 .  Study Objectives: 

1 .  To provide diagnostic and taxonomic service of tree diseases 
and other forest fungi. 

2 .  To maintain and improve diagnostic and taxonomic service 
capabilities of tree disease pathogens and other forest 
fungi in the region . 

3 .  To prepare check lists of forest fungi of important areas 
(e. g. national parks, provincial parks, etc. ) ,  diagnostic 
key s for identification, and other related publications. 

10 . Resources: 

a.  Study date: 1 9 76 (included as a part of NOR- l-03 3  until 19 75-76) 
b. Estimated year of completion: Continuous 
c. Estimated total P rof. man-years required: 
d. Essential new major equipme nt items for 1981-82 with costs: Nil 
e.  Essential new major equipment items beyond 1982 with costs: Nil 
f. 1981-8 2  man-years P rof. 0 . 4 (Y . Hiratsuka) 

Supp. 0 . 7  (P . J. Maruy ama) 
Casual 

1 1 .  P rogress to Date: 

Total 1 .1 

Diagnostic and identification service of forest tree diseases has 
been provided for CFS personnel, outside agencies and the general 
public. The identification service has been closely coordinated 
with the pest extension service (NOR- l-0 3 3 )  and supported by an 
extensive disease reference collection and a fungus culture 
collection. The two collections have become the best and the 
most extensive depository of forest disease specimens and cultures 
in the P rairie P rovinces. An annotated checklist of tree and 
shrub diseases in the P rairie P rovinces and several minor mycological 
papers were published. Several papers on DED with the cooperation 
of Dr. Takai (GLFRC) have been published. 

12 . Goals for 19 81-8 2: 

1 .  P rovide diagnostic and identification service of tree an d 
shrub diseases. 

2 .  Maintain and upgrade the Mycological Herbarium and a fungus 
culture collection. 

3 .  P ublish a journal publication on a new leaf spot fungus on 
poplar. 
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4 .  Complete the first draft of an i nformation publi cation on 
major tree diseases of the P rairie P rovinces. 

5 .  Cooperate with Dr. S .  T akai (GLFRC) on the study of DED 
especially on the aspect of SEM examinations. 

6. T wo pest leaflets (western gall rust and silver leaf) will 
be published. 

13 . Accomplishments for 1980-81: 

1 .  P rovided diagnostic and identification service of tree and 
shrub diseases for provincial forestry personal, district 
agriculturists, and general public mainly through pest 
extension service. 

2 .  About 200 new specimens were deposited i n  the Mycological 
Herbarium and several cultures were sent on request. 

3 .  A journal publication on a new leaf spot fungus on popular 
i s  under review. 

4 .  Due to other commitments no progress has been made to complete 
the first draft of an information publication on major tree 
diseases of the P rairie P rovinces. 

5. Cooperated with Dr. T akai (GLFRC) on the study of DED by taking 
SEM pictured. 

6 .  T wo pest leaflets (western gall rust and silver leaf) have been 
written and ready for review. 

14 . Goals for 1981-8 2 :  

1 .  Complete the first draft of an information publication on 
major tree diseases of the P rairi e P rovinces by the end of 
1981 to be able to be published i n  1982-83 fiscal y ear. 

2 .  A journal paper on a new poplar leaf spot fungus will be 
published. 

3 .  T wo pest leaflets (western gall rust and silver leaf) will 
be published. 

4 .  P rovide diagnostic and identification service of tree and 
shrub di seases. 

5. Mai ntain and upgrade the Mycological Herbarium and a fungus 
culture collection. 



26 
- 4 -

6. Cooperat e with D r. S. T akai on t he study of Dutch elm disease 
especially on the aspect of SEM examination. 

7. Cooperat e wit h Dr. W. Ayer of t he University of Alberta on the 
study of metabolit es of forest fungi. 

15 . Publications: 

Up t o  1980 

Journal art icles: 3 
Information reports, notes etc . : 4 
File report s: Nil 

1980-8 1 : 

T akai, S. and Y .  Hiratsuka. 1 980 . T oxicity of cerato-ulmi (CU) to 
white elm. Proc. APS-CPS Annual Meeting, Minneapolis. p. 116. 

Hirat suka, Y .  1 980 . "Fungi". In: A Nature Guide to Alberta. Hurtig 
Publ. Co. 

1 6 . Signatures: 

� 
Invest igator p rogr'#jt;;== 

A/Director A. D. Kiil 



CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

198 1  - 82 

Respons ibility Centre : NORTHERN FOREST RESEARCH CENTRE 

NOR-1-1 54 

Date : January 27, 1981 

1 .  Project: Detection and apprais al of tree pests . 

2 .  Title: Forest Insect Diagnostic and Biosys tematic Services . 

3 .  New : Cont. : X 4 .  No. : NOR-1-154 

5 .  Study Leader: H. R. Wong 

6. Key Words : Ins ects , larvae, damage, hos ts ,  paras ites, biological 
control, galls , s eas onal occurrence, distribution, 
nomenclature, taxonomy ,  identification, reference 
collection, insectary ,  life history . 

7 .  Location of Work : Edmonton, Alberta. 

8 .  Problem: 

Insects play a very important role in the fores t ecosys tem. They 
attack every part and s tage of living and harves ted trees . Prompt 
and accurate identification of the adult and larval s tages is 
neces s ary to determine the economic s tatus of the different s pecies , 
kind and ty pe of chemical or biological control necess ary to combat 
them and the bes t time of application. A reference coll ection of 
mature and immature ins ects , which is an es sential prerequisite to 
diagnos tic and biosys tematic work, mus t be maintained and upgraded 
each year. 

Since mos t of the damage is caus ed by the immature s tages and 
ins ect identification is based mainly on the adult s tage, a 
rearing program is a neces s ity . The rearing program not only 
provides adults for the identification of the larvae, but als o 
information on s eas onal occurrence, hos ts ,  parasites and dis eas es .  
It als o s upplies material for the adult and larval reference 
collections . 

Difficulties are often encountered in diagnos ing s ibling s pecies 
or thos e clos ely res embling one another either in the adult or 
l arval s tages . Life his tory s tudies are initiated when the 
opportunity aris es to gain biological information, which will 
ass is t  in s eparating these and other s pecies in central Canada. 
The s uccess of the diagnos tic and biosys tematic s ervices are 
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excell ent provided experienced pers onnel , good ins ect reference 
collections (adul ts , l arvae and damage) and major taxonomic 
l iterature are avail abl e.  Cons iderable time must be devoted 
to keeping abreast of the l ates t entomol ogical l iterature and 
changes in nomenclature. To facil itate prompt and accurate 
diagnos is , keys mus t be devised not only to the adul t and 
immature forms , but als o  to ins ect damage in the Canadian 
Prairies . 

The material is provided by pers onnel of the Fores t Ins ect and 
Dis eas e  Survey and by the inves tigator. The immature ins ects 
are reared in the l aboratory at Edmonton and in the fiel d. The 
adul ts obtained are s ubmitted to s pecial is ts in Ottawa or else­
where in North America or Europe for identification and the 
l atest nomencl ature. All adults identified by s pecialis ts and 
l arvae and damage ass ociated with thes e adults are pl aced in 
the reference coll ection. 

9 .  Study Objectives : 

1. Provide diagnos tic and biosystematic s ervices to cl ients , 
in-s ervice pers onnel , outside agencies and s cientis ts 
engaged in biol ogical and taxonomic research on ins ects . 

2 .  Maintain and improve the regional coll ection of insects 
and mites . 

3 .  When the opportunity aris es , initiate biol ogical and 
ethological s tudies to improve the diagnos tic and bio­
systematic services . 

10 . Res ources : 

a .  Starting date: 1976 
b. Estimated y ear of compl etion : A continuing project. Revis ed. 
c .  Es timated total Prof. man-years required : Indefinite 
d .  Ess ential new major equipment items for 19 8 1-82 with cos ts : Nil 
e .  Ess ential new major equipment items beyond 1 9 8 2  with cos ts : Nil 
f .  1981 -8 2  man-years Prof. 0 . 5  

11 . Progress to Date: 

Supp. 1 . 0  ( D.  Szl abey) 
Cas ual 0 . 0 
Total 1 . 5  

Recorded formerly in NOR-I-0 33. 

1 2 .  Goals for 198 1 -8 2: 

1 .  Provide diagnos tic and biosys tematic s ervices for the more 
difficult determinations on mature and immature ins ects 
damaging fores t and s hade trees . 
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2 .  Maintain and improve regional reference collection of 
insects and mites. 

3 .  Provide information and specimens to scientists engaged 
in taxonomic and biological studies. 

Goals added in 1980 : 

4 .  Make surveys in Eastern Manitoba and Western Alberta for 
the European pine shoot moth, larch case bearer and the 
European spruce sawfly. 

5. Determine damage caused by an outbreak of a pill beetle in 
spruce and jack pine nursery beds, Big River Sask. 

6.  Review manuscripts submitted to scientific journals and 
information reports of the Northern Forest Research Centre. 

7.  Prepare displays and discuss the role of the Diagnostic 
Services for the "Open House" at the Northern Forest Research 
Centre in October 1 980 . 

8 .  Attend and prepare a report on the meeting of the Entonological 
Society of America in Atlanta, Georgia. 

13 . Accomplishments in 1980-8 1 :  

1 .  Determined several thousand insect specimens in the mature and/ 
or immature stages submitted to the Northern Forest Research 
Centre and handled over a thousand enquiries for in-service 
personnel, clients, outside agencies and scientists. 

2 .  (a) Over one hundred specimens determined by specialists in 
Ottawa and by myself have been incorporated into the Insect 
Reference collection. 

(b) Over three hundred immature insects were reared and about 
one hundred and fifty overwintered to obtain biological informa­
tion and specimens for the reference collection. 

(c) About two hundred specimens were pinned, spread, labelled 
or preserved for the reference or store collections. 

3 .  Biological information and/or specimens were provided to the 
following: 

Dr. P. T. Dang, Biosystematics Research Institute, Ottawa, Ontario. 

Dr. J. A. Garland, Macdonald College, Ste-Anne-de-Bellevue, Quebec. 

Dr. K. Benes, Praha, Czechoslovakia. 



Additional Accomplishments 1980-81 : .  

4 .  Field surveys in Eastern Manitoba and Western Alberta disclosed: 

(a) The European pine shoot moth was not detected in the 
Canadian Prairies. 

(b) The larch casebearer was not detected in Alberta and 
has not spread appreciably in Manitoba. 

(c) The European spruce sawfly is not as wide spread in 
Manitoba as in previous years. 

5 .  A study of an outbreak of pill beetles in beds of spruce and 
pine seedlings in Big River, Sask. indicate that this insect 
did not damage the seedlings but fed on the moss Ceratodon 
purpureus growing in the beds. 

6. Reviewer. Qjide to the Geometridae of Canada II. 
subfamily Ennominae 3 .  Mem. Ent. Soc. Canada. 208 pp 

Reviewer. Dispersel of OZsesiaampe benefaator Hinz. 
Information Report. 59 pp 

Reviewer. Infestations and Interrelationships with Environmental 
Factors for 2 1  species of Forest Insects. Information 
Report. 2 64 pp 

7 .  For the "Open House" at the Northern Forest Research Centre 
the following were presented, 

Displays 

Talks 

(a) Insects and their damage 
(b) Methods used to identify mature and immature insects 
(c) Parts of the tree attached by various insects 
(d) Parasites of certain insects 

(a) Role of diagnostic services 
(b) The Reference Collections 
(c) Parasites and predators of insects 

8 .  Prepared a file report of the Entomological Society of America 
Meeting, Atlanta, Georgia. 
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14 . Goals fo r 1981-82 : 

1 .  Provide diagnostic and biosystematic services for the more 
difficult determinations on mature and immature insects 
damaging forest and shade trees. 

2 .  Maintain and improve regional reference collection of insects 
and mites. 

3 .  Provide information and specimens to scientists engaged in 
taxonomic and biological studies. 

1 5. Publications 

Up to 1 98 0-81 

Journal articles 3 7  
Information Reports etc. 3 0  
File Reports 0 

Wong, H. R. 198 0 .  Presidential Address. Proc. Ent. Soc. Alberta 
2 7: 2-3 . 

Wong, H. R. 198 0 . 1980 Conference of the Entomological Society of 
America, Atlanta, Georgia File Report 11 pp. 

1 6. Signatures: 

(� 4 Investigator 

A/Director A . D. Kii1 
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NOR-1 -184 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1981 - 8 2  

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 2 7, 1981 

l.  Project: Detection and appraisal of tree pests and vegetative 
disturbances. 

2 .  Title: Damage appraisal of major forest pests. ---

3 .  New: X Cont. : 4 .  No. : NOR-1- 184 

5. Study Leader: B . H. Moody 

6. Key Words: Damage, appraisal, impact, hosts, forest pests, 
management, mortality, growth loss. 

7. Location of Work: Prairie Provinces, Northwest Territories. 

8 .  Problem: 

Periodic outbreaks of major insect and disease pests have caused 
extensive damage to trees and forests of the prairie provinces 
and the Northwest Territories. The impact of these pests on the 
forest is poorly understood and quantified, and adequate informa­
tion is not available to forecast what might happen to a stand 
infested by a particular pest. 

Both a decrease in timber production and mortality of forest 
stands may have drastic economic consequencies. Therefore, 
estimates of forest losses due to pests, individually or collectively, 
are prerequisite to sound management and to allocation of research 
efforts. Losses by pests, are also a major depletion factor in the 
national forest data program. Provincial and industrial agencies 
require accurate and current records of damage to formulate their 
pest control, harvesting, reforestation and management plans. 

9 .  Study Objectives: 

1 .  To determine the significance of specific forest pests in terms 
of measured damage to the tree and forest stands. 
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2 .  To develop or modify appraisal methods for assessment of 
losses caused by forest pests; and to provide information 
on forest depletion that can be used in the national forest 
data program. 

10 . Resources: 

a. 
b. 
c. 
d. 
e. 
f. 

Starting date: 1981 
Estimated year of completion: Continuing 
Estimated total Prof. man-years required: Ongoing 
Essential new major equipment items for 1981-8 2  with 
Essential new major equipment items beyond 198 2  with 
1981-8 2  man-years Prof. 0 . 5 (0 . 5  in - 0 3 3 )  

Supp. 
Casual 
Total -o:s 

1 1 .  Progress to Date: 

New Study 

12 . Goals for 1 981-8 2 :  

cost: Nil 
cost: Nil 

1 .  Conduct preliminary surveys of established impact study plots 
and areas of known pest infestations to determine the current 
and past pest damage, and the feasibility of quantifying its 
effect on tree mortality and growth loss. Major pests 
involved would be: 

a. Mountain pine beetle in southern Alberta and Saskatchewan. 

b. Spruce budworm in Manitoba. 

2 .  Review and evaluate the literature and data on the effects 
of major forest pests on tree growth and tree mortality in 
the forests of the region. If possible, apply this 
information to quantify pest depletion estimates for the 
National Forest Resource Data Program. 

3 .  Investigate the possibility of establishing permanent plots 
in forests with known pests infestations (spruce budworm, 
jack pine budworm and dwarf mistletoes) to measure impact 
annually. 

4 .  Investigate the possibility of using remote sensing techniques 
to assess pest damage. 

5 .  Explore avenues of improved liaison with other forestry agencies 
to maximize data collection. 



1 5. Publications: 

N/A 

16.  Signatures: 

��rl 
Investigator � 
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LY- ........ � 
�V� 

A/Director A. D .  Kiil 



109 NOR- 7-114 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1981-82 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: Feburary 2 ,  1981 

1 .  Project: Reduction of damage from pollutants in the atmosphere. 

2 .  Title: Sy mptomology of atmospheric effluent effects on the forest. 

3 .  New: Cont. : X 4 .  No. : NOR- 7-114 

5. Study Leader: P. A. Addison and Vice Malhotra 

6.  Key Words: Sulphur gases, vegetation, lodgepole pine, white spruce. 

7. Location of Work: Region- wide 

8 .  Problem: 

Industrial effluents discharged into the atmosphere in a number of 
locations have a real, imagined, or potentially deleterious effect 
on adjacent trees and other plant life. Government agencies and 
the general public at all levels are expressing concern. Industrial 
groups are apprehensive as to restrictions which may be applied . 

. Regulatory agencies in many instances lack essential scientific 
information describing cause and effect relations. Provincial 
government agencies, industry and the public request involvement by 
the Canadian Forestry Service in this environmental problem in the 
form of cooperative research programs, detection and assessment 
surveys, and advisory services. 

9 .  Study Objectives: 

1 .  Develop and apply methods for measurement of air-borne pollut­
ants released from various sources as they are removed from 
the atmosphere by settlement, by precipitation and-by assimila­
tion. 

2 .  Describe vegetative sy mptom development resulting from known 
amounts of single and combined atmospheric industrial effluents, 
the sequence in which they are produced and deve op diagnostic 
techniques based on these findings. 

3.  Discern air pollutant injury thresholds and develop a species 
sensitivity index for different environmental conditions. 
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4.  Test the Federal Air Quality objectives f or air quality under 
defined environmental conditons. 

10. Resources: 

a. Starting date: 19 71 
b. Estimated y ear of completion: 1985 
c. Estimated total Prof . man- y ears required: 4 . 0 
d. Essential new major equipment items f or 1981-82 with costs: 

1 .  Humidity Sensor and Electronic Control $ 1 , 000. 00 
2. Balistic Porometer f or Conifer Needles $ 5, 000. 00 

$ 6, 000. 00 
e. Essential new major equipment items bey ond 1981 with costs: 

High volume sampling system $ 55, 000 . 00 
High speed S02 analy ser $ 4 5, 000 . 00 

f .  19 81-82 man- y ears Prof . . 5  (Addison) 

11.  Progress to Date: 

. 3  (Vice Malhotra) 
0 . 8  Total Prof . 

Supp. . 5  (Radford) 
. 5  (Ridgway) 
. 2  (Fenn) 

1 . 1 Total Supp. 
Total 2 . 0  

Descriptive studies on the pattern and impact of pollutant deposition 
in the Athabasca oil sands and Flin Flon Mining and smelting areas 
have been completed as has the baseline study in the Cold Lake oil 
sands area. Both laboratory and field studies on soils, vascular 
plants and lichens have resulted in biomonitoring techniques, some 
of which show promise f or f uture application while others need 
f urther def inition. Studies on the natural environmental and 
biotic f actors that influence pollutant uptake by or impact on 
Boreal Forest Plant Species have been initiated. Preliminary 
results indicate that f urther study is needed bef ore the capability 
to predict pollutant impact to f orest components can be reached. 

12.  Goals f or 1980-81: 

1. Write a journal article on the pattern of pollutant deposition 
in the Athabasca Oil Sands area as measured by lichen element 
content. (Addison) 

2 .  Write a journal article on the quantification of branch dwelling 
lichen communities f or the detection of air pollution impact. 
(Addison) 

3 .  Write a final report to the Alberta Oil Sands Environmental 
Research Prpgram on ecological benchmarking and biomonitoring 
f or the detection of airborne pollutant eff ects on vegetation 
and soil. (Addison) 
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4 .  Write a final report to the Alberta Oil Sands Environmental 
Research P rogram on sy mptomology and threshold levels of air 
pollutant injury to vegetation. (Malhotra, Addison) 

5. Quantif y the diff erences in the response of lichens between 
aqueous and gaseous S02 and define the mechanisms responsible 
f or these diff erences. (Addison) 

6 .  Represent Canadian Forestry Service as a member of the Regional 
Hy drocarbon Committee. (Addison) 

7. P articipate in the planning and operation of the Sixth North 
American Forest Biology Workshop. (Addison) 

8 .  Continue studies on metal phytotoxicity sy mptoms and physiolo­
gical ef f ects of metal on native vegetation. (Hogan) 

9 .  Continue studies on the impact of air-brone emissions on 
epiphytic lichens -- goal transf erred from NOR-24- l59 . 
(Malhotra) 

10 . Continue studies on the impact of air pollution mixtures on 
higher plant metabolism -- goal transf erred f rom NOR-24- l59 .  
(Malhotra and Khan) 

11 . Write up and report the f ollowing: (Malhotra) 

(a) Eff ects of S02 and other air pollutants on acid 
phosphatase activity in pine seedlings. 

(b) Final AOSERP reports on NOR- 24- l59 . 

(c) Handbook on sy mptomology of air pollutants and natural 
stresses on f orest vegetation in the Canadian P rairie 
region. 

Additional Goals 

12 . Initiate a study to determine the inf luence of vegetation 
ty pe and stand density on the concentration of S02 in 
f orests. (Addison) 

13 . Initiate a study to explore the mechanism of Sulphur uptake 
and loss by plant tissue by : 

a) Determining the impact of S02 on stomatal aperature; 

b) Determining the uptake and loss of sulphur in jack 
pine seedlings under controlled environments. (Addison) 
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14 . Write journal articles on: 

a) The effect of S 02 on sugar and free amino acid 
content of jack pine seedlings. 

b) Determination of V in jack pine needles using neutron 
activation analysis. 

15 . Investigate the impact of Industrial Air- Borne emissions 
(Waterton S hell Gas Plant) on the environment around 
Pincher Creek and Waterton Lakes N ational P ark. (Malhotra) 

1 3 .  Acco mplishments in 1980- 81 :  

1 .  A paper entitled "Deposition of atmospheric pollutants as 
measured by lichen element content in the Athabasca Oil 
S ands area" by P . A. Addison and K . J .  Puckett has been 
published in the Canadian Journal of Botany, Volume 
58 : 2323- 2334 . 

2 .  An article entitled "Quantification of branch dwelling 
lichen communities for the detection of air pollution 
impact" has been written, submitted for internal review 
and is currently being rewritten to incorporate changes 
suggested by reviewers and some added information. 

3 .  The final report to the Alberta Oil S ands Envrion mental 
Research Program entitled "Ecological bench- marking and 
biomonitoring for detection of air- borne pollutant effects 
on vegetation and soils" has been accepted and is being 
published (AOSERP Report No. 111)  by the Research 
Management Division of Alberta Environment. 

4 .  A final report by S . S .  Malhotra and P. A. Addison entitled 
"S ymptomology and threshold levels of air pollution 
injury to vegetation" has been accepted and is being 
published (AOSERP Report No. �1O) by the Research 
Management Division of Alberta Environment. 

5 .  Owing to time constraints as a result of additional 
goals, work on the reponse of lichens to aqueous and 
gaseous S 02 was not continued in 198 0 .  

6 .  As Representative for Canadian Forestry S er vice on the 
Regional Hydrocarbon Committee, I was involved in six 
projects. I nvolvement was as follows: 

1)  Beaufort S ea Oil and Gas 
2 )  Hudson Bay Leases 
3 )  Arctic P lot P roject 
4 )  Norman Wells 
5 )  Hythe- Brainard Gas Project 
6) Ghost Ri ver Gas Plant 



7.  Invol vemen t  with the planning of the Sixth North American 
Forest Biol ogy workshop (August 1980 )  was confined to the 
early stages only . 

8 .  Studies on metal toxicities on native vegetation 
(Calamagrostis neglecta , Agrastis gigantea) a re continuing. 
To date, several cl ones ha ve been examin ed for tol erance to 
copper and z in c  but no tol eran ce is evident to da te. 

9 .  & 10 . These two goals were transf erred to this study onl y  as a 
tempora ry measure until the final iz ation of the contra ct 

1 1 . 

with Alberta Government in April of 1980 . The goals were 
then transferred to NOR- 7-l82 where they are more a ppropriate 
owing to their mixed poll utant nature. The a ccompl ishments 
for these two goals a re outlined in the NOR- 7- l82 Study 
Statement in their entirety . 

a )  The pa per by S . S .  Malhotra and A. A .  Khan entitl ed 
"Eff ects of S02 and other air pollutants on acid 
phosphatase activity in pine seedlings" has been 
published - Biochem. Physiol . Pflanzen 1 75: 228-236.  

b)  The paper by S. S .  Mal hotra , and A. A .  Khan entitl ed 
"Physiol ogy and mechanisms of air-borne pollutant 
injury to vegeta tion 19 79-80" is in press - AOSERP 
Report No. 109 . 

c) The handbook on symptomology of air pol l utants an d 
natural stresses entitl ed "Diagnosis of air poilutant 
and natural stress symptoms on forest vegetation in 
Western Canada" is in p't'ess at this time. 

Additional Accomplishments 

12 . H uey sulphation plates were maintained at 6 heights above 
and within each of three plant communities (jack pine, 
aspen and black spruce) f or a period of two months. The 
resul ts in dicated that plant canopies have a dramatic 
infl uen ce on both the distribution and absolute concen­
tration of S02 in the canopy . Further work is required 
with much greater replication in order to accura tely 
a ssess the impact of the vegetation on S02 deposition . 

13 . a )  The equipmen t required to measure the eff ect o f  S02 
on stomatal resistance has been built and tested. 
Initial measurements under clean air conditions 
appea red to be a ccurate an d the val ues obtained 
corresponded to those presented in the literature. 



b) Jack pine seedlings (150 )  were placed in an environ­
ment al growt h chamber and f umigat ed wit h 0 . 20 ppm o f  
S0 2 ' Samples of 1 0  plant s were removed f ro m  the chamber 
and analysed aft er 0 ,  1 ,  2 ,  4 ,  8 ,  11 and 15 days o f  
f umigation. The gas was t hen t urned of f .  Ten plant 
samples were t hen removed aft er 1 ,  2 ,  4 ,  7, 11 , 16,  
23  and 30 days o f  clean air. I nitial result s indicat ed 
t hat bot h  one-year- and t wo- year-o ld mat erial t ake up 
S0 2 at similar rates but that while the young mat erial 
loses S gradually in clean air, t he o lder mat erial do es 
not . 

14 . Two manuscript s ent it led "Ef f ects o f  sulphur diox ide o n  
sugar and f ree amino acid cont ent of pine seedlings" and 
"Det erminat ion of v anadium in jack pine needles using 
Neutron Act ivatio n Analysis" have been published in Physio l. 
Plant . and Env .  Tech. Lett . , respect ively. 

1 5 .  Upon a r equest f rom EPS, Edmont on, conduct ed an ext ensiv e 
survey t hrough t he f orest ed and agricult ural ar eas bo th 
upwind and do wnwind f rom the Wat ert on Shell Gas Plant near 
Pincher Creek t o  inv estigat e t he impact of indust rial air­
borne emissions o n  t he enviro nment . There did not appear 
t o  be any visible injury t o  veget at io n t hat co uld be at t ribut ed 
t o  t he airborne emissio ns. The t ime of inv est igat ion was, 
ho wever, not t he best t ime to examine t he air po llut io n 
injury t o  deciduous v eget at ion as t he f all senescence had 
already set in. A file repo rt was writt en. 

14 . G oals f or 19 81-82 : 

1 .  Revise and submit a journal art icle on t he quant if ication 
of branch dwelling lichen communit ies f or the det ect io n o f  
air pollut ion impact . 

2 .  Study the inf luence of t ype and density of plant canopies 
on t he ground level concent rat ion o f  S0 2 .  

3 .  Examine t he eff ect of S0 2 ,  light and humidit y o n  the sto mat al 
resist ance of jack pine� 

4 .  I nit iat e  a paper o n  the gradient sit es in the vicinit y of 
t he Athabasca Oil Sands area. 

5 .  Represent Canadian Fo rest ry Service as a member o f  t he 
regio nal Hydro carbon Committ ee. 



1 5. Publicat ions: 

Prior t o  1980 

2 Information Report s 
9 File Report s 

1980-81 

Journals 

Malhot ra, 5 . 5 .  and A. A. Khan. 1980 . Effects of 5 02 and other air 
pollutants on acid phosphatase activity in pine seedlings. 
Biochem. Phy siol. Pflanzen 1 75 : 2 28- 2 36. 

Malhot ra, 5 . 5 .  and S . K .  Saskar. 19 79 .  Effects of sulphur dioxide 
on sugar and free amino acid content of pine seedlings. 
Physiol. Plant. 4 7: 2 2 3-228 . 

Hargesheimer, E. E . , M. J .  Apps and 5 . 5 .  Malhotra. 1980 . Determination 
of vanadium in jack pine needles u sing Neutron Activat ion 
Analy sis. Env. Tech. Lett. 1 : 2 73-282 . 

Addison, P. A. and K . J. Puckett . 1980 . Deposit ion of atmospheric 
pollutants as measured by lichen element cont ent in 
t he Athabasca Oil Sands area. Can. J. Bot . 58 : 

Information Reports 

Malhot ra, 5 . 5 .  and A. A. Khan. 19 80 . Effects of 5 02 and heavy 
metals on Pinus banksiana. Proceedings of the 11t h 
Internat ional Meeting for Specialists in Air Pollut ion 
Damage in Forests, Graz, Austria. 9 pp. In press . 

Malhot ra, S. A. , P. A. Addison and A. A.  Khan. 1980 . Sy mpt omology 
and threshold levels of air pollu tion injury to vegetation. 
Prep. for Albert a Oil Sands Environment al Research Program 
by Environment Canada. AOSERP Report No. 109 18 pp. 

Malhot ra, 5 . 5 .  and A. A. Khan. 1980 . Phy siology and mechanisms of 
airborne pollutant injury to veget ation 19 79-80 . Prep. 
for Albert a Oil Sands Environmental Research Program by 
Environment Canada. AOSERP Report No. 110 . 40 pp. 

Baker, J. 1980 . Differences in the composit ion of soils u nder 
open and canopy conditions at two sit es close- in t o  t he 
Great Canadian Oil Sands Operation, Fort McMurray , Albert a. 
Prep. for Albert a Oil Sands Environ ment al Research Program 
by Environment Canada AOSERP Report No. 9 7. 24pp. 
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Addison, P . A. 1980 . Baseline condition of jack pine biomonitoring 
plots in the Athabasca Oil Sands area 19 76 and 19 77. 
P rep. for Alberta Oil Sands En vironmental Research P rogram 
by Environment Canada. AOSERP Report No. 9 8 .  4 3 pp. 

Addison, P . A .  1980 . Ecological benchmarking and biomonitoring for 
the detection of airborn e pollutant effects on vegetation 
and soils. P rep. for Alberta Oil Sands En vi ron ment 
Research P rogram by En viron ment Canada. AOSERP Report 
No. 111 . 4 6pp. 

Malhotra, S . S .  and R. A.  Blauel. 1980 . Diagnosis of air pollutan t 
and n atural stress symptoms on forest vegetation in 
Western Can ada. Han d- Book (NOR-X-228) 84 pp. In press. 

File Reports 

Malhotra, S . S .  1980 . The impact of aiborne emissions from the 
Waterton Shell Gas P lant Ltd. on Waterton Lakes National 
P ark and other areas surrounding the P lant. File Report 
NOR- 7-114,  2 pp. 

1 6 .  S ignatures: 

In vestigator P rogram Manager 

A/Director 
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CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1981- 82 

Responsibility C entr e: NORTHERN FOREST RESEARCH CENTRE 

1.  Pr oject: 

2 .  Title: 

3 .  New: 

Da te: Febr uar y  9 ,  1981 

Red uction of d amage from pollutants in the a tmosphere. 

Impact of air pollutant mixtures on forest vegetation and 
soils. 

C ont. : x 4 .  No. : NOR- 7- l82 

5. Study Lead ers: Vice Malhotra, P. A.  Addison and J. Baker 

6.  Key W ords: Sulphur dioxid e (S02 ) ,  nitrogen oxides (NO ) ,  vanadium, 
nickel, sy nergistic, add itive, a ntagonisti� . 

7. Location of W ork: Oil sand a reas of Alberta, Northern For est 
Research C entre 

8. Problem: 

Ind ustria l emissions may have a ctual or potentially d eleterious 
effects upon forest vegetation and soils. A major portion of our 
earli er research was limited to the impact of individual air- borne 
pollutants on forest vegeta tion. Since the pollutant i mpact on 
vegetation under field conditions is a reflection of total emissions 
from a source, we a re concer ned as are other government agencies a nd 
the genera l  public, about the potentially' dangerous mixtures of 
emissions such as S02 , NO , vanadium and nickel. The effects of 
these pollutants in mixtu�es may be additive, antagonistic or 
sy nergistic. Presently , there is a lack of scientific information 
on response of forest vegetation and soils to various pollutant 
mixtures. In ord er to permit regulatory agencies to assess impacts 
through the prediction of long- term effects and institute appropriate 
action, d etailed resea rch studies on the bi ological i mpact of 
pollutant mixtures must be undertaken. Such studies must be 
cond ucted both und er contr olled environment and field conditions. 
Information arising from such r esearch will provide techniques for 
early diagnosis of air pollution inj ury to vegetation. 

9 .  Stud y  Obj ectives: 

1 .  C ond uct both contr olled and field environmental research to 
d escribe and measure the physiological and visual impact of 
pollutant mixtures on forest vegetation species. 
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2 .  Determine the impact of pollutant mixtures on native soils 
and their ability to support vegetation (effects on seed 
germination, growth and physiological processes) . 

3 .  Develop predictive capability as to the fate of forest soils 
and vegetation at the current or predicted rates of pollutant 
deposition from major industrial operations. 

10 . Resources: 

a. 
b.  
c.  
d. 

Starting date: 1980 
Estimated year of completion: 1985 
Estimated total Prof. man-years required: 4 . 3  
Essential new major equipment items for 1981-82 with 
1 .  Peristaltic Pump for I on Coupled Plasma 
2 .  Mass Flow Controllers for I on Coupled Plasma (2 ) 

costs: 
$ 1 , 500 . 00 

8 , 000 . 00 
9 , 500 . 00 

e. Essential new major equipment items beyond 1982 with costs: 
1 .  Environmental Growth Cha mber 10 , 000 . 00 

f. 1981- 82 man-years Prof. . 5  Vice Malhotra 
. 3 (Baker) 

11 . Progress to Date: 

. 5  (Addison) 
1 . 3  Total Prof. 

Supp. . 3  (Radford) 
. 5  (Ridgway) 

0 . 8  Total Supp. 
Total 2 . 1  

Soil cores have been collected from the Athabasca Oil Sands area 
and have been treated with AI , Ni, V. S04 and N03 both singly and 
in c ombination. The rate of establishment and the initial growth 
rate of jack pine grown in these cores has been determined and 
the physiological condition of established seedlings has been assessed 
through measurement of Peroxidase activity. Initial measurement 
of the concentration of the added pollutant el ements for each soil 
horizon have been made to assess the magnitude of migration of 
elements in the soil. I nitial experiments to determine the impact 
of the above pollutants on both jack pine and on the epiphytic 
lichen Evernia mesomorpha have been carried out. Several biochemical 
and physiological processes such as lipid biosynthesis, peroxidase 
activity and photosynthesis respond noticeably before the formation 
of visual symptoms. 

12 . Goals for 1980-81:  

1 .  I nitiate a study on the impact of air pollution mixtures on 
higher plant met abolism. 



2 .  Initiate a study on t he i mp act of ai r p ollution mi xtu res on 
epip hyt i c  li chens. 

3. Collect soi l p rofi le s  f rom "ai r p ollut i on i mpi ngeme nt " and 
"clean" are as (Athabasca Oi l Sands) f or ai r p ollut ant 
e nri chment studies and dete rmi ne its i mp act on see d ge rmi nat ion 
growth and p hy siologi cal p roce sses. 

13.  Accompli shme nt s i n  1980-81 : 

1.  Exp osure of jack p i ne see dli ngs t o  vanadium, nicke l and S0 2 
i ndi vi dually as we ll as i n  mi xtures i ncreased pe roxidase 
act i vi t y  and alt e re d  its i sozy me p attern. The effect on 
e nzy me act i vi ty and i t s  i sozy me p attern was studied bot h 
af ter i n  vi vo and i n  vit ro t re at me nt wit h  t he emissi on - -- - ---
e le me nts. The result s showe d t hat t he i ncre ased activity 
of the enzy me was due to synthesis of new i sozy mes and 
i ncrease d sy nt hesi s  of the e xist i ng ones. The analy sis 
of pe roxi dase appe ars t o  be ve ry p romi si ng i n  detecti ng 
ai r p ollution i njury t o  vegetation p ri or t o  visual sy mp t om 
develop ment. 

2 .  In t he epip hytic li chen Eve rnia mesomorpha, vari ous met aboli c 
p rocesses app e are d t o  be ve ry sensitive to S0 2 .  Exp osure of 
li che ns t o  0 . 34 p p m  S02 f or 2- 24 h cause d  consi derable re duction 
i n  p rotei n and lipi d  biosy nthesis and p hot osynt hesis. Such 
a re du ct i on i n  met aboli c p rocesses was stu died as a functi on 
of f requency of moi st p e ri od. The re sults showed t hat gre ate r  
f reque ncy of wetting p roduce d more p hy si ologi cal and bi oche mi cal 
i nju ry t han less f reque nt wet t i ng. It is suggeste d  t hat u nde r 
field condi t i ons, moi st mi crocli mates will be more conducive t o  
S0 2 liche n i njury t han dry one s. The p ollutant mixture stu dies 
(N02 & S0 2 )  are curre ntly unde rway . 

3 .  App roxi mately 1000 cores of a Dyst ric Bru ni sol soi l 1 5  c m  i n  
di ameter by 2 0  em deep we re colle ct e d  f rom an uncont ami nat e d  
are a  i n  t he Athabasca Oi l Sands are a. Various p ollut ant s 
i nclu di ng V, Ni , AI , S04 and N0 3 we re added t o  t he core surf ace 
eithe r  si ngly or i n  combi nati on. The amount adde d was base d 
up on measured dep osition i n  t he vi ci ni t y  of Suncor and 
rep rese nte d dep osition tot als of soluble ele me nt s f or 13 , 2 6, 
52 and 104 ye ars. Jack p i ne see ds (2 5 p e r  p ot )  were p lante d 
at a dep th of. 1 . 5 cm and ove r a p e ri od of several weeks, 
see dli ng est ablishment was re corde d and the. height of 4 
selecte d see dlings was measure d. Pe roxi dase acti vi t y  was 
measure d af ter 9 weeks and agai n at 1 7  weeks when visu al 
sy mp t oms of p lant i njury we re notice able .  



14 . Goals for 19 81-82 : 

1 .  Write annual progress report on pollutant mixture ef fects . 
(Addison) 

2 .  C ontinue studies on the influence of pollutant mixtures on 
jack pine by soil contamination by measuring plant responses 
such as photosy nthesis, peroxidase activity , growth, visual 
sy mptom development and element content. (Addison) 

3 .  Determine the magnitude and pattern of migration of pollutant 
elements and changes in soil nutrition caused by the addition 
of pollutant mixtures. (Baker) 

4 .  C onti nue the study on the impact of air pollution mixtures 
. on epiphytic lichens. (Addison) 

15 . Publications: 

Malhotra, S. S .  and A . A. Khan. 1980 . Phy siology and mechanisms 
of air-borne pollutant injury to vegetation 1979-80 . 
Prep. for Alberta Oil Sands Environmental Research 
Program by C anadian Forestry Service. AOSERP Report 
No. 110, 4 6  pp. 

16.  Signatures: 

Program Manager 

A/Director 
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CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1981 - 82  

Re sponsibility Ce ntre : NORTHERN FOREST RESEARC H CENTRE 

NOR-9-089 

Date : January 28 , 198 1 

1 .  Proje ct: Inse ct and dise ase manageme nt sy ste ms. 

2 .  T itle : Analy sis and synthesis of Forest Inse ct and Dise ase S ur vey 
histor ical data and information. 

3. New: C ont. : X 4 .  No. : NOR-9-089 

5. S tudy Le ader:  W .  G. H .  Ive s  

6 .  Key Words: Population trends, computer mapping, data re tr ie val, 
inse cts and e nvir onme nt . 

7. Location of Work: Edmonton and Ottawa. 

8 .  Proble m: 

The large body of data colle cte d by the Forest Inse ct and Dise ase 
S ur vey since its ince ption has ne ver bee n  thoroughly e xamine d to 
de ter mine what infor mation it c ontains re garding population trends 
and the e nvir onment. 

S ome of the data on ge ne ral distribution and abundance and on r ate s 
of parasitism were in re por ts or on r aw data sheets, but had not 
bee n  tr ansferred to for ms suitable for computer input. S imilarly , 
the format use d by the Me te orological Branch of the De par tment of 
Tr ansport for summarizing the ir we ather data was not suitable for 
some of the analysis, and additional sum maries had to be pre pare d. 

This study has under take n to consolidate all of the available 
infor mation on com mon inse cts and we ather re cor ds for Manitoba 
and S askatchewan into a for mat suitable for computer input , and 
to subj e ct the se data to a thorough e xamination. Writing of the 
ne ce ssary computer programs was undertake n by staff in Ottawa. 

9 .  S tudy Obj e ctives: 

To dete rmine if the lar ge amo unt of data on inse ct infe stations 
collecte d  by the Fore st Inse ct and Dise ase S ur vey during the past 
ye ars can be utilize d to he lp e xplain fluctuations in populations 
of fore st inse cts, and thus le ad to a better understanding of the 
factors contr ibuting to inse ct outbre aks. 



10 . Resou rces: 

a. Starting dat e: 1 9 69 

1 2 � 
- 2 -

b. Estimated year of completion: 1981 
c. Estimated total Prof. man-years requ ired: Nil 
d. Essential new maj or equ ipment items for 1 981-82 with costs: Nil 
e. Essential new major equipment items beyond 1982 with costs: Nil 
f.  1981--82 man-years Prof. ­

Su pp. -
Casu al­
Total -

11 . Progress to Date: 

The historic FIDS data for Manitoba and Saskatchewan have been 
summarized and plotted. Weather data have also been summarized 
and plotted. Twenty-one species of defoliating insects have been 
considered, as well as 11 weather variable, each for 7 geographical 
areas. SE Manitoba; I nterlake area; Riding and Duck mountai ns, 
NW Manitoba; Hudson Bay area; P rince Albert area; and Meadow Lake 
area. I nsufficient data were available for northern areas or 
agricultural areas. Most of the pertinent literatu re has been 
reviewed and computer manipu lation of data completed and over 
half of the manu script was drafted. 

12 . Goals for 1980-81 : 

Complete revision of ma nu script tentatively entitled " Infestations 
and interrelationships of 2 1  species of forest insect defoliators 
collected in Manitoba and Saskatchewan by the Forest I nsect and 
Disease Survey du ring the period 1 9 4 5  to 1 9 69 ". 

13 . Accomplishments in 1980-81 : 

Manuscript was completed and is now in the final editing stages. 
A Fo rest Management Note summarizing the report for forest managers 
was also prepared and is in final stages of editing. 

1 4 .  Goals for 1981-82 : 

None. Study terminated. 

1 5. Pu blications: 

1979 - 80 

Nil 
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1 980 - 81 

W. G. H. Ives. Environmental factors affecting 21 forest insect 
defoliators in Manitoba and S askatchewan, 1945-19 69 . 
Information Report (In preparation) . 

W.H. G .  Ives. Weather and Forest Insect population trends.  
Forest Management Note. ( In preparation) 

1 6. S ignatures: 

� '  

0· · W f ... � � {LL . 
A/Director A . D. Kiil 
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NOR-9-132 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1981 - 82 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 28 , 1981 

1 .  Project: Insect, disease and vegetation management systems 

2 .  Title: Chemical Controls of pests and vegetation in managed 
forests. 

3 .  New: Cont. : X 

5. Study Leader: J. Drouin 

4 .  No. : NOR-9-l32 

6.  Key Words: Efficacy, spraying toxicology, pesticides, registrations, 
residuals, formulations, herbicides. 

7. Location of Work: Prairie Region 

8 .  Problem: 

Insects and diseases cause injury and/or mortality to ornametals 
shrubs an d shade trees. These high cost plantings have caused much 
concern resulting in extensive requests for cause and/or controls 
to the C. F. S. In the early stages of this project, safe and 
efficient controls were often unkn own or not registered through 
lack of data to support Canadian registration. 

From 1972 to 1 979 the data requirements were completed for the 
majority of priority insects for the prairie region. These field 
tests, with suitable recommendations were submitted to the Plant 
Products Div. , Control Products Section, Dep� of Agriculture in 
Ottawa for registration. At completion of the numerous goals for 
insect and disease management systems and with the increasing needs 
for reforestration more emphasis was necessary on increasing research 
in herbicides, as a tool in forest management. In 1979 ,  a study 
plan was determine and select equipment and techn iques and finally 
to conduct efficacy tests in order to obtain the data requirements 
to submit suitable recommendatioRs for registration in Canada. 

Herbicidal screening trials were conducted to select the most promising 
chemicals for the control of shrubs (brush) , grasses and forbs contacts 
were established with chemical firms and with the Alberta Fore� t Service 
to assess their needs, support, and to select suitable sites for trials 
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and to ensure security . On the basis of past and current research 
in North America the poten ti al herbicide candidates most suitable 
for forestry application were selected along with the followin g  
priority rated fi eld testing needs; site preparati on bef ore planting;  
conifer release from brush competition, conifer release f rom weed! 
grass competition and chemical thinning in dense stands of conifers. 

A schematic of the organizations in relation to chemical controls 
with herbicides i s  as follows: 

Act. 
Manitoba I 
Chern .  AC t.\ 

�---�--�------- --� 
I W . c . c · p · 1  

I P. C.A. C. \ t I E . C. W .  \ 
\� 

I E. C . P. U . A. ! I------- ---� 

9 .  Study Obj ectives: 

t ---· ----· 
;> i Chemical ; i
T 

\ 
I 

t 

C. D. A. 
P. C. P. Act 

Plan t  Prod. Div . 
Control Rod. 
(Pesticides) 

Ottawa 

1 .  To develop control methods and assess n eeds on the use of 
herbicides and pesti cides as a tool in forest management. 

2 .  Conduct efficacy trials for v arious dosages, f ormulations and 
timing and to determin e percen t  mortality of host species. 

3 .  Provide data to aid registration recommendations for selected 
chemical products. 

10 . Resources: 

a. Startin g date: 1 9 72 
b. Estimated y ear of completion:  Con tinuing 
c. Esti mated total Prof. man-years required: 0 
d.  Essen tial new major equi pment items for 1981-8 2 with costs: Nil 
e. Essen ti al n ew major equipmen t  i tems beyond 1982 with costs: Nil 
f. 198 1 -8 2  man-years Prof. 

Supp. 1 
CLl sual 
Total 1 
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11 . Progress to Date: 

Implemented a via ble working unit, esta blished contacts at the 
Federal and Provincial levels, a nd with municipa l  a gencies and 
priva te industries involved in the use, manufacture a nd distribu­
tion of pesticides a nd related products. D etermined and selected 
saf ety clothing, equipment, ground spray instruments, techniques 
and methods. Esta blished a pest priority list of insect species 
requiring controls. 

From 1972 to 1979 ,  conducted effacy tests using mist blower, 
hydraulic, soil drench, bark paints and ultra low volume 
a pplication methods. As part of an ongoing program at NFRC, 
emphasis was on completing data requirements with the numerous 
insecticides to obtain registrations. These tests with suitable 
recommendations were submitted, on completion, to the Plant 
Products D ivision, Control Products Section of the D epartment 
of Agriculture, Otta wa . As a result of six years of tria ls, 
suff icient data has been submitted f or registration review of 
22 chemical products f or the control of 3 3  insect pests attacking 
2 2  species of trees and shrubs. These Canadian registrations a re 
now included on several labels of insecticides. 

These data were analysed and perf ormance reports were submitted to 
19 chemical companies; summa ry of 601 f ield evaluations to the 
Pesticide Research Report (ECPUA) Ottawa ; prepa red 3 File Reports, 
7 Inf ormation Reports, control and/or biologies on 2 5  Pest Leaf lets, 
one f ungicide report a nd 5 manuscripts on biology and chemical 
control of various insect pests; illustrated 2 1  Pest Leaf lets, 
illustrations f or 7 f ront covers NOR-X series, 1 illustration f or 
journal publication a nd 8 panels of illustrations f or an open 
house presenta tion a nd a problem ana lysis on chemical controls 
and herbicidal activities f or 1 9 79 .  

12 . Goals f or 1 98 0-81 : 

1 .  Prepare step study plan on the use of herbicides a s  a tool 
in f orest management; a ssess needs; development of control 
methods; determine and select techniques a nd equipment; 
conduct ef f icacy tests; obta in data requirements and submit 
suita ble recommendations with a view to registration. 

2 .  Participate in a study to determine importance of seed a nd 
cone insects in Pra iries Region f or seed orcha rd management; 
investigate means of minimizing these losses through chemical 
and cultural controls where needed (integrate with NOR-9-l8 l) . 

3 .  Assist W. G. H. Ives in nucleopolyhedrosis virus a erial spra y 
a pplication on f orest tent caterpillar with heavy concentration. 

4.  Review, edit, illustrate pest leaf lets, Inf ormation Reports 
and Forestry Reports. 
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Goals Added 

5 .  Insecticide spray evaluations to complete efficacy data on 2 
pyrethrins to complete registrations. 

6. Evaluate pheremone traps for N. R. C.  for Proteoteras wiZZingana & 
P. crescentana . 

7. Illustrating 7 front cover for NOR-X series, jou rnals and open 
house. 

8 .  C. F. S. representation, reporting, surveys, handling requ ests 
for information, controls surveys, consu ltations, talks, T . V. 
taping and papers were provided in 1980 to the following : 

a) WCCP 
b) P lant P roducts Division CDA 
c) P lant Indu stry Lab Alta. 
d) NRC Saskatoon, attractant studies 
e) Industry, general pu blic 
f) Herbicide use/trials/applications, Alta. Forest Service, 

Manitoba Forest Serv o National Parks, Canada, Abitibi-P rice 
Manitoba. 

g) Alberta Hort Station Brooks. 
h) Expert Committee on Weeds 
i) P eace R.  Small Fru it Growers Assoc. 
j) P roject Leader for Open Hou se. 

13 . Accomplishments in 1980-81 : 

1 .  P repared step study plan on use of herbicides in forestry, 
assessed needs, developed control methods, determined and 
selected techniqu es and equ ipment, contact established with 
chemical firms and with the Alberta Forest Service, the 
Manitoba Forest Service and Abitibi - Price Pu lp & Paper 
Mills to assess needs, policies, su pport and to select 
suitable sites for field trials and to ensu re security. 
Efficacy tests were conducted as follows: 

Conifer release from bru sh competition (aspen, willow, bir ch, 
alder etc. ) in the Forest Reforestration Project at Slave Lake 
on white spruce 1 /10 acre replicated plots with a contr ol plot 
established in a random block design. Material and dos age 
was Velpar Grid Balls ( hexazinone) at 10,  20 and 3 0  I bs/ acr e 
at 3 . 5, 4 . 5  and 6 ft. spacing applied by hand. By Sept. 8,  
repeated examination showed the grid balls had crumbled from 
the rains since application bu t were still visible. C hlorosis 
and prematu re leaf fai l was evident on birch, aspen, willows , 
other shru bs and grasses. Some browning of spruces wer e found 
on all plots where the grid ball had landed at base of the 
seedling. Evaluation will be continu ed in 1981 . 
T otal Vel par G rid Balls application = 14 lbs . 
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Conifer Release from weed and grass competition south of the 
Economy Tower Supplemental at Grande Prairie on replicated 1/10 
acre plots/treatment on random block design. Velpar L ( liquid) 
hexazinone) , applied with a Solo pack pak sprayer at 2 ,  3 and 
4 lbs/acre on 15 trees per plot. Spray applied in 2 '  circle 
around spruce seedling and identified with flagged spikes. 
Area scarified 73-74 ,  seeded in 7 5 . Assessme nt to follow in 
1981 . 
Total Velpar L application 4 2 . 4  oz. 

Chemical Thinning in dense conifer stands of lodgepole pine 
in the Edson Forest on the Hudson Bay gas road 2 9 . 2  Km south 
of highway 1 6  Hyvar X-L ( bromacil) applied undiluted with a 
metered spot gun application of 8 ml/2 " stem diameter, each 
treated stem identified with a y ellow paint spot at base. 
Area checked Sept. 22 but no evidence of chlorosis at that 
time. Evaluation to continue in 1981 and further test 
application at 4 ml/2 " stem diameter. 
Total Hyvar X-L applic ation = 6 4  oz. US. 

2 .  Participated in a Seed and Cone Workshop at P. F . R. I. , Sault 
Ste Marie. Assessed needs, reviewed existing control methods, 
obtained, collected and dissected cones for 4 24 white spruce, 
74 black spruce, 210 tamarack, and 78 balsam fir from Alberta, 
Manitoba and Saskatchewan to establish per cent seed destroyed, 
by what species and method . 

3 .  Assisted W. G.H. Ives in nucleopolyhedrosis virus serial sprays 
on Forest tent Caterpillar. 

4 .  Reviewed, edited controls and biology of 1 2  Pest Leaflets. 

Accomplishments Added: 

5 .  Completed msect[cidal spray evaluations and efficacy data on 2 
pyrethroids to complete registration data. 

6. Evaluated pheremone traps from the National Research Council 
for Proteoteras wiZ Zingana and P. crescentana . 

7. Illustrated 7 front covers for NOR-X series, 1 journal and 8 
panel illustrations for open house cube. 

8 .  C.F. S. representation, reporting, handling req uests, surveys, 
consultations, talks, T . V. taping and papers were provided to 
the following: 

a) Western Committee on Crop Pesticides (ECPUA) 
b) New and Modified Uses, Plant Product Div. , CDA, submissions, 

registrations. 
c) Plant Industry Lab, Alta Agric, clients and general public, 

industry. 
d) National Research Centre, Saskatoon, attractant studies in 

forestry .  
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e) Herb icide u se/trials/applications, Alta Forest S erv. , 
Manitob a  Forest S ervice, National P arks, Canada , Ab itib i­
P rice, Manitob a. 

f) Alberta Horticultu ral S tation, Brooks 
g) Expert Committee on Weeds 
h) Peace River S mall Fru it Growers Association 
i) Mountain P ine Beetle plots (3 ) , carbaryl sprays for 

H. Cerezke 

9 .  P roj ect leader for Open House, preparation, organization. 

14 . Goals for 1 981-82 : 

1 .  Continue evaluations with herb icides, selectio ns of herb icides, 
selection of program and proposals for grou nd and aerial 
applications of herb icides in Alb erta and Manitob a, monitor 
and assess existing trials, estab lish new test sites, a nd 
expand :to spring and summer applications of herb icides as 
follows: 

a) Conifer release from weeds/grass competition: 

- with new 5% grid b alls @ 6' spacing 
- foliar a pplication with glyhosa te (Roundup) 
- with Velpar L (hexazinone) @ 2 ,  3 ,  4 ,  lb s/acre 

a pplied in early spring. 

b )  Conifer release from Brush competion: 

- with Krenite (no common name) for site preparation 
and release 

- with gly phosate (Roundu p) 

c) Chemical Thinning in P ine: 

- with Hyvar X-L (b romacyl) @ 4 mL/2 " stem diameter 

2 .  Assist in the development of attractant (pheremone) stu dies 
with N . R . C .  S askatoon; assistance fr om H .  W ong and Su rvey 
personnel: 

continue field tests of pheremone traps for P. wi Z Zingana 
& P. crescentanato distingu ish damage larval differences, 
populations & distribution. 

set out" 6 traps in Manitob a, Alb erta, S askatchewan for 
Rhyacionia buo Ziana for distribution, populations. 

set out 6 tra ps at Devon Nu rsery to collect the northern 
pitch twig moth P. a Zbicapi tana a nd collect 100 pu pae in 
mid June for a nalysis. 

3 .  P articipate in the study of S eed and Cone insec ts in the 
prairie region b y  investigating mea ns of c ontrol th rough 
chemicals. 
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4.  Review, ed it, illustrate Pest Leaf lets, Inf ormation Reports 
and journal articles. 

5. Obtain input f rom Tree Physiologist. 

1 5. Publications: 

1978 - 8 0  

Nil 

1980 - 81 

Drouin J. A. 198 0 .  Pesticid e Field Trials o n  Shad e and Shelterbelt 
Trees in Alberta, 1979 .  Environ. Canad a, Can. For. 
Ser. , North. For. Res. Cent. , Ed monton, Alberta. 
Inf . Rep. NOR-X-22 7. 

Drouin J. A. 1980 . Summary of f ield tests 198 0 .  Pesticid e Research 
Report, Canada Griculture, Expert Committee on Pesticid e 
Uses in Agriculture, Ottawa. 

Drouin J. A. 198 0 .  Chemical Control Trials on the Northern Pitch 
Twig Moth in Alberta. Tree Planters Notes, USDA, 
Vol. No. pp 

Drouin J. A. 1980 . Annual reV1S1 on of insect pests and controls 
on Berry Crops. In WCCP Report (1980) : 5 pp 

Cerezke H . F. and Drouin J. A. 1980 .  Annual revision of insect 
pests and controls an shelterbelts, ornamental 
and shrubs. In WCCP Report (1980) : 17 pp 

Drouin J. A. 198 0 .  Report on the Impact of Herbicid es on the 
Eastern Boreal Forest Ecosystem workshop . File 
Rep. 3 pp 

Philip H .  and J. A. Drouin. 1980 . Annual Revision of insect 
pests and controls on houseplants and on greenhouse 
woody ornamentals. In WCCP Report (1980 ) 3 pp 

Drouin J. A. 1 980 . Report on herbicide uses/abuses and as a tool 
in f orest management to "Maintaining our Forests" meeting 
A. F. S. at Slave Lake. 6 pp 

I 
/ 

, 
" 

pro�-e-r--'''''''--

A/Director A. D. Kiil 
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CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

19 8 1  - 82 

Respo ns ibil ity Cent re: NORT HERN FOREST RESEARCH CENTRE 

Date: January 2 8, 198 1 

1 .  Proj ect: Ins ect and dis ease management sys tems . 

2 .  T itle: Integrat ed co ntrol o f  the fo res t tent caterp illar. 

3 .  New: Cont. : X 4 .  No . :  NOR-9-l50 

5 .  S tudy Leader: W .  G. H .  Ives, J. A .  Muldrew 

6 .  Key Wo rds : Malacosoma disstria� Sarcophaga aldrichi� Populus 
tremuloides� nuclear-po lyhedros is virus , integrat ed 
co ntrol, Baci l lus thuringiensis� chemical contro l, 
p aras it es .  

7. Lo cat ion of Work: Prairie Pro vinces and Edmo nton.  

8.  Pro blem: 

The fores t tent caterpillar, Malacosoma disstria (Hubner) , attacks 
a wide range of  hos ts ,  and p erio dically o ccurs in o utbreak numbers 
in all C anadian p ro vinces and in mos t  s t ates in the U . S . A .  In the 
Prairie Pro vinces , its p rincipal hos t  is trembling aspen, Populus 
tremuloides Michx. Outbreaks o n  this hos t  us ually o ccur so mewhere 
in the Prairie Pro vinces each y ear. In any given locality the 
interval between the s tart of  o utbreak varies f ro m  6 to 1 6  years . 
During t hese o utbreaks , pop ulatio ns o f  the fo res t tent caterp illar 
typical ly increas e  in numbers until limited by the amo unt o f  foo d  
available, and co mp lete s tripp ing of  t he foliage then o ccurs fo r a 
perio d o f  3 to 5 years . Pop ulatio ns then o f ten co llapse to a level 
where it is difficult o r  imposs ible to f ind any larvae, even during 
extens ive s amp ling. 

The defol iation caus ed by the fo res t tent caterp illar caus es a 
reduct io n in gro wt h but relatively lit tle imme diate mo rt ality , as 
the t rees are able to refo liat e and p ro duce s uff icient new fo liage 
to minimiz e t he effect o f  defoliatio n. Ho wever, t here may be a 
delayed eff ect upo n  s ubs equent s urvival. 

S ince little, if any , tree mo rtality occurs as a res ult of fo res t 
t ent caterp illar o utbreaks , the pes t  is o f  relatively littl e  concern 
to info rmed fo res t managers . Rural res idents , ho wever, are s ubjected 
to crawling mass es o f  cat erp illars and find this exp erience extreme ly 
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anno ying. To urist o per ators, in par ticul ar , ar e very vo cal 
in d emanding gover nment agencies to take remed ial actio ns. 
Al tho ugh Mal athio n (and o ther insecticid es) can provide 
satisf actory co ntrol , such chemical appl icatio n is o f ten 
d if f icul t to j ustif y when one co nsider s the pro bl em 
o bj ectivel y. 

In Canad a, mo st o utbreaks appear to be ter minated by 
unf avor abl e weather co nd itio ns, high level s o f  diptero us 
par asitism (pr imaril y  Sarcophaga aldrichi Par ker) , or 
epizoo tics of virus, particul arl y a nuclear pol y hedro sis 
vir us. These f actors may o perate alo ne or in co mbinatio ns. 
Unfor tunatel y ,  bo th the d iptero us par asites and the virus 
usual l y  reach extr emel y l o w  level s d uring endemic per iod s  
between o utbreaks, simpl y because the ho st insect is so r ar e  
that there is l ittl e  to sustain them. Co nsequentl y ,  bo th 
these f actors usual l y  require sever al year s  to increase in 
abundance befo re they beco me effective co ntrol agents. 

This pro blem presents a unique o ppo rtunity in biolo gical 
(or po ssibl y integrated ) co ntrol . If the sar co phagids and 
virus co uld be introd uced into lo cal ities with incipient 
o utbreaks, it might be po ssibl e to aver t major o utbreaks in 
these ar eas. This idea is not new, having been suggested 
by To thill in 1918 , but as f ar as we kno w has no t been tr ied 
with the forest tent cater pil l ar ,  al tho ugh a simil ar appro ach 
has been used successf ul l y  with one or two o ther insects . 
S. aldrichi is ad mirabl y suited to experimental manipul atio n 
o f  its numb ers,  as it can be reared successf ull y  and easil y 
o n  artifical media. Similarl y ,  it is pro babl e that the virus 
can eventual l y  be pro pagated o n  tissue cul tures . This has 
been do ne with o ther vir uses, witho ut lo ss o f  vir ul ence, but 
has not yet (as f ar as we kno w) been done with the forest tent 
cater pill ar , al tho ugh tissue cultures o f  this insect have been 
establ ished . I t  therefore seems pro babl e that sto ck cul tures 
o f  both the par asites and virus co uld eventuall y  be maintained 
for use in appl ied bio lo gical co ntrol as need ed . Before such 
a pro gr am is initiated , or advocated , it is essential t hat 
preliminary stud ies be und ertaken to deter mine whether or no t 
the required d ensities o f  par asites and virus can be prod uced 
and manipul ated advantageo usl y. For exampl e, it will be 
necessar y to d eter mine the d ispersal o f  rel eased par asites 
under field co nditio ns. 

9 .  Study Objectives: 

To deter mine whether or no t local iz ed incipient o utbreaks o f  
forest tent cater pillar can be prevented or their sever ity 
minimized by manipul atio n o f  natural bio tic control factors, 
par ticul arl y nuclear po l y hedro sis vir us, augmented wher e 
necessar y by chemical o r  bacter iolo gical control me asures. 
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a .  Start ing date:  1977 
b. Est imated yea r  of complet ion: 1981 
c.  Est imated t otal Prof . ma n- y ears req uired: 6 . 5 
d. Ess ent ia l new ma jor eq uip ment it ems f or 1981-82 wit h cost s :  Nil 
e. Es s ent ial new ma jor eq uip ment items bey ond 1982 wit h costs : Nil 
f .  1981-82 man- years Prof . 

11 . Progress t o  Date: 

SUpp a 
Total 

Develop ment of techniq ues f or rea ring Sareophaga aldriehi Parker 
on a rt if icia l media has been halt ed, due t o  lack of p rogress ,  
hence any f urt her work wit h t he f lies has been dis cont inued and 
efforts concent rat ed on t ests wit h t he virus . 

Prelimina ry ground s p ra y ing of aspen stands wit h virus s usp ens ions 
gave encoura ging res ult s ,  as did s p rays wit h D ip el. Virus sprayed 
on larvae in 1976 gave almost comp let e mortalit y  in one 1/2 acre 
p lot and exceeded 95% in another. D ip el, when s up plement ed by 1 oz. 
or less of S evin p er 50 gals . of sp ra y ,  gave 85 t o  75% mo rtalit y  
in I-acre p lots . Various concent rat ions of virus were applied in 
19 77 bef ore t he larva e hat ched. The t wo heaviest concent rat ions 
of p olyhedra (1 x 10 8 / mL and 1 x 10 7 / mL) caus ed mortalit y  app roaching 
100% , while a concent rat ion of 1 x 106 p olyhedra/ mL ca us ed about 
75% morta lit y .  

Aerial spraying of virus in 1978 was done under advers e condit ions . 
Weat her was uns et t led, with f req uent s howers , s ome of t hem hea vy ,  
and s y nchronizat ion bet ween f oliage and la rval develop ment was 
very p oor. The la rvae hat ched ea rly , t hen mined t he buds . Conse­
q uent ly , s ome of t he lat e- f lus hing t rees were part ia lly defoliat ed 
before t he leaves f lus hed. In a ddit ion, t he spray  p lots were 
heavily inf es t ed wit h f orest t ent cat erp illa r, and la rval mo rtalit y  
due t o  sta rvat ion was heavy on s ome plots , and nat ural virus als o 
ca us ed a cons iderable amo unt of mo rtalit y .  Nevertheless ,  the t wo 
heavies t concent rat ions (1 x 10 7 and 1 . 5  x 10 7 p oly hedrol inclus ion 
bodies p er ml )  increas ed t otal mortalit y by about 10% and 20% 
resp ect ively . 

Virus was app l�ed as p lanned in 1 9 79 ,  and weat her condit ions were nearly 
ideal. Ass es s ment of mortalit y s howed t hat app licat ion t o  t he eggs 
increas ed mortalit y by ab out 15% . Spray applied to first-instar larvae 
increas ed mortalit y by about 20% . Larvae spra y ed during t he t hird-
and fourt h- instar did not app ea r" t o  s uf f er increased mortalit y ,  but 
t here may have been an increas e in s ub-let hal mortalit y and a con­
s equent increas e in the car ry-over of v irus . 

S mall- s ca le f ield t rials of a n  NPV of t he Bruce spanworm were made 
in t he Obed area. The t rials indica t ed t hat t his is a v irulent NPV. 
A not e has been p repa red, in co-op erat ion wit h Dr.  J. C.  Cunningham,  
Forest Pest Management Inst it ut e, f or s ubmiss ion t o  t he Canadian 
Ent omoligist . 
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12 . Goals for 1 980-81 : 

1 .  Test heavy aerial application s  of forest tent caterpillar 
NPV to determine if the amoun t of additional mortality can 
be increased sufficien tly to give satisfact ory con trol. The 
actu al concentration s will depend on the amount of viru s  on 
hand. P rovision al values are 10 9 , 2 x 10 B and 10 B polyhedral 
bodies per millilitre. 

2 .  Conduct limi ted follow-up samplin g  to determine if incidence 
of viru s infection has increased in P artridge Hill plot, as 
a result of sprayin g  in 1979 .  

3 .  P repare an information report summar1z1n g  the results of 
aerial sprayin g  conducted durin g  1978-80.  

4 .  Collect late- instar larch sawfly larvae in the vicin ity of 
the P in e  Falls, Renn ie, and Seddon ' s  Corner to determin e the 
current rates of parasitism by OZesicampe benefactor an d 

Mesochorus dimidiatus . At the same time, take n ote of 
curren t  rate of defoliation , or make egg popu lation 
estimates. I f  time permits, evaluate rates of larch sawfly 
parasitism in Obed Lake area of Alberta. 

13 . Accomplishments in 1980-81 : 

1 .  Two heavy con centrations of viru s were applied by helicopter 
to forest tent caterpillar popu lation s in the Wabamun Lake 
area. Control was n ot satisfactory , even though the concen tra­
tion s were 10 9 and 5 x lO B polyhedra per millilitre. 

2 .  Follow-up samplin g  in the P artridge Hill plot indicated n o  
detectable differences in carry-over of viru s in areas 
sprayed and n ot sprayed in 1979 .  

3 .  An information report summariz in g the resu lts of aerial spray ing 
condu cted in 1978-80 is in the fin al editing stage. 

4 .  Larch sawfly larvae were collected in the Pin e  Falls and Seddon ' s 
Corner areas, and parasitism by OZesicampe benefactor and 
Mesochorus dimidiatus determined. There is some indication 
that sawfly population s in the P ine Falls area may be increas­
ing slightly .  This is to be ex pected, as OZesicampe benefactor 
parasitism in relatively low ( about 1 5% 8 Km s outh of the 
plot) . Defoliation at Seddon ' s Corner was very light, but 
will probably increase, as no O .  benefactor were found among 
the 1 50 larvae collected. Defoliation at Obed had decreased, 
but sawfly larvae were still plen tiful. P arasitism by O. 
benefactor had spread to at least 12 km east of the release 
site. Mesochorus dimidiatus was not recovered in any of 
the dissections, but on e adult emerged be fore the sawfly 
coons were placed in cold storage. 
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5. A manuscript on Olesicampe benefactor dispersal is currently 
being edit ed for publicat ion as an inform ation report . 

1 4 .  Goals for 1981-82 : 

None. Study terminated 

1 5. Publications: 

Up to 1 979-80 

Ives. W. G. R. and J. A. Muldrew. 1978 . Preliminary evaluations 
of the effectiveness of nucleopoloyhedrosis virus sprays 
to control the forest tent caterpillar in Alberta. Inf. 
Rep. NOR-X-204.  

Ives. W. G. R.  1978 .  Evaluations of effectiveness of nucleo­
polyhedrosis virus sprays to control the forest tent 
caterpillar in Alberta - 1978 trials. File Report. 
2 pp. ( plus 1 table and 1 figure) . 

Ives, W. G. R. , J. A. Muldrew and R.M. Smith. 1979 .  Evaluation 
of effectiveness of nucleopoloyhedrosis virus sprays applied 
in 1979 to control the forest tent caterpillar in Alberta 
with a follow-up assessment of 1976 and 1978 applications. 
3 pp. ( plus 2 tables and 1 figure) . 

Ives, W. G. R. and J. C. Cunningham. 1980. Application of nuclear 
polyhedrosis virus to control Burce spanworm (Lepidopter a: 
Geometridae) . Can. Ent. 112 : 741-74 4 .  

1980-81 

W. G. R. Ives, J. A. Muldrew and R.M. Smith. Experimental aerial 
application of forest tent caterpillar baculovirus in Alberta 
in 1978 ,  1979 and 1980 with assessments of areas treated in 
previous y ears. Information Report ( In preparation) . 

J. A. Muldrew. Dispersal of Olesicampe benefactor Rinz, an introduced 
parasite of the larch sawfly. Information Report ( In preparation) . 

16.  Signature: 

Investigator 

A/Director A.D. Ki1 l 
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C ANADIAN FORESTRY SERVICE 

S TUDY S TATEMENT 

19S1-S2 

Responsibility C en tre: NORTHERN FOREST RESEARCH CENTRE 

NOR-9-1S l 

Date: January 2 S ,  19S1 

1.  Project: Insect and disease management systems. 

2 .  Title: Evaluation of mortality in stands of young trees in 
plan tation s and scarified areas. 

3 .  New: C ont: X 4 .  No. : NOR-9-lS l  

5. S tudy Leader: W . G. H. I ves, K. Froning 

6.  Key Words: Jack pine, Pinus banksiana Lamb. , lodgepole pine, 
Pinus oontorta Dougl. , red pin e, Pinus resinosa 
Ait. , white spruce, Pioea glauoa (Moench) Voss, 
insect damage, tree diseases, stocking standards, 
site classes, reforestation ,  browsin g, rodent 
damage. 

7. Location of Work: Prairie Provinces and Edmon ton . 

S .  Problem: 

In recent y ears there has been an increased awareness that C anada' s 
forests are not goin g  to last forever without assistan ce from forest 
managers. Many of the areas that are harvested, or have been burned 
do not naturally regen erate themselves with the desired tree species 
and density, and require site preparation or planting in order to 
provide satisfactory stockin g levels. Whatever the procedure used, 
the operation is expensive, especially if it has to be repeated on 
the same site. S urvey s are therefore conducted in order to determine 
whether or not the area under con sideration is adequately stocked. 
However, the standards for makin g  this decision are somewhat 
arbitrary because of the tree mortality that will occur between 
the time when the survey is conducted and when the tree is finally 
ready for harvesting. At the momen t, a value of SO% stockin g is 
considered to be adequate, but this is not n ecessarily valid for 
all sites. With jack pine and lodgepole pine especially, there 
is every reason to believe that the amoun t of mortality will vary 
between sites. S ome of this variability will be related to edaphic 
factors, but some will also be due to the differin g  effects of 
insect and disease attacks on trees in various sites. 
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What seems to be required, then, is an assessment of tree mortality 
from the time of establishment until crown- closure at age 2 5  to 3 5  
years. An estimate of this mortality can be obtained by establish­
ing plots in a number of different age classes, on a variety of 
sites, and assessing the mortality for a relatively short period 
of time. This will allow a composite survival curve to be drawn 
up for each ecological site, possibly in about 5 y ears, which 
can be modified as more information becomes available. These 
curves should provide the information needed to determine what 
modifications, if any ,  of the stocking standards in relation 
to site class are required. 

Each sampling unit will be a plot of 20  trees, and as many of 
these plots will be established in each area as in practical, 
typically 40 such plots per area. Several replicates will 
be established in a number of site and age classes. They will 
then be examined periodically to determine the amount and cause 
of mortality. 

Insect and disease attack on jack pine and lodgepole pine are 
probably more important than in white spruce. Therefore , initial 
emph asis will therefore be concentrated on these two species. 

9 .  Study Obj ectives: 

To determine whether or not pine tree survival from establishment 
to age 3 5  y ears is related to site conditions, and if so, to 
prepare a set of survival curves for each site class. 

1 0 .  Resources: 

a. Starting date: 1980 
b. Estimated year of completion: 1986 
c. Estimated total Prof. man- y ears required: 7 
d. Essential new major equipment items for 1 981-82 with costs: Nil 
e. Essential new major equipment items beyond 1982 with costs: Nil 
f. 1981-82 man- y ears Prof. 1 . 0  (W. G. H. Ives) 

0. 2 (K. Froning) 
Supp. � (R.M. Smith) 
Total 2 . 2 

11 . Progress to date: 

This study was established in 1980 with a number of preliminary 
goals. It now seems advisable to concentrate on goal 2 in this 
study , and to transfer goals 1 and 3 to other studies: goal 2 
has been considerably modified. Instead of widespread survey s, 
the study will be confined to lodgepole pine in the Hinton area 
and to jack pine in southeastern Manitoba. In the Hinton area, 
most of the data will be collected from newly established plots, 
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although trees in a number of old plots will be examined if time 
permits. I n  Manitoba, activities may have to be limited to a 
re- examination of 18 plots established by DeBoo in 1 9 67, but 
new plots will be established if time and resources are available. 

12 . Goals f or 1980-81 : 

1 .  Conduct a preliminary survey of seed production plants, by 
means of personal interviews and examination of cone samples, 
in order to determine the importance of seed and cone insects 
in the production of conif erous seed, particularly white spruce. 

2 .  Conduct preliminary surveys of a number of established 
plantations in the Prairie Provinces to determine the amount 
of current pest damage and to determine the f easibility of 
obtaining quantitative estimates of its eff ect on tree 
mortality and growth loss. 

3 .  Conduct a preliminary evaluation of the available data on 
losses attributable to insect and disease attack of trees in 
the region in order to determine the f easibility of incorportaing 
this inf ormation into a Regional Data Bank on f orest production. 

13 . Accomplishments in 1 980-81 : 

1 .  Limited survey of seed production plants was conducted and a 
number of cone samples collected. Transf erred to a new study 
under J. A. Muldrew. (Study 9-18 5 )  

2 .  L imited surveys of a number of plantations were conducted, but 
nothing of value to the present approach was obtained. 

3 .  No action taken. If any action is warranted it should be 
under Dr. Moody' s direction. (Study 1-184 )  

14 . Goals f or 1981-8 2 :  

1 .  Select a number of sampling areas to represent several age 
groups and sites in lodgepole pine regeneration on scarif ied 
and planted sites in the Hinton area of Alberta. 

2 .  Establish 40  10  m2 plots in each of the above areas, recording 
the numbers of trees on each plot. A total of about 3 000 plots 
are planned (Three sites, two planting methods, six age groups, 
two replicates, 40 plots) . 

3 .  Locate the 18 jack pine plots established by DeBoo in Manitoba 
in 1 9 68 and measure height to base of current growth. Record 
numbers of living and dead trees and re-stake and re-tag trees 
as necessary. 

4.  If  time permits, establish additional plots to give representation 
in additional age groupings to those represented by DeBoo' s  plots. 
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15 . Publications: 

Nil 

1 6. Signatures: 

A/Director 

j I I 
[ ( i t l ( 

A. D. Kiil 
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NOR-9- l85 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1981 - 82 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 28,  1981 

1.  Project: Insect and disease management systems 

2 .  Title: Insects and diseases affecting seed production in the 
Prairie Region. 

3 .  New: X Cont. : 4 .  No. : NOR-9 -l85 

5 .  Study Leader: J. A. Muldrew 

6. Key Words: Seed production, seed and cone insects, seed orchards, 
white spruce, Picea g�uaa, Jack pine, Pinus banksiana, 
Lodgepole pine, Pinus contorta, Dioryctria abietivoret� 
( fir coneworm) , D.  reniau tettoides ( spruce coneworm) , 
Laspeyresia youngana ( spruce seed moth) , Hytemia 
anthraaina ( spruce cone maggot) , Megastigmus atedius . 

7. Location at work: Prairie Provinces 

8 .  Problem: 

The increased amount of reforestation that is taking place in the 
Prairie Provinces in recent years, particularly in Al berta, has 
focused attention on the amount and quality of seed available, 
particularly for white spruce. At the moment, white spruce seed 
is collected primarily during cutting operations and from 
squirrel caches. However, as reforestation progresses, and the 
intensity of management increases, this procedure will probably 
be replaced by a more selective one, either using selected 
stands or plantations as a source of seeds. T his change will be 
deS irable, from the point of view of tree improvement, but will 
also mean that the source of seed becomes more restricted. 

Seed production and quality are known to fluctuate markedly from 
year to year. In years when the cone crop is light, insect and 
disease damage is often very severe with over 90% seed destruction. 
In years when heavy cone crops occur the percentage of seeds damaged 
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is usually less than 2 0 .  There i s  a need in the P rairie P rovinces 
to assess the amount of seed damaged in various locations in 
relation to con e  production and to determine which species of 
insects and diseases are causin g  the damage. 

Systemic insecticides have effectively con trolled some seed 
insect pests but in some instan ces the gain in seed production 
due to pest mortality has been offset by even greater losses in 
seed viability due to the toxoc effect of the insecticide on 
seed developmen t. As an alternative to chemical control it may 
be possible to use biological con trol in selected cases, such as 
in seed orchards or other seed production areas. To assess this 
possibility, the curren t  role of n atural enemies of seed pests 
should be studied; both the species involved and the degree 
of mortality exerted by each. 

An opportunity exists to make an assessment of the severity of 
the problem and to determin e  potential lin es of study before 
forest managemen t  intensifies and before the use of seed 
orchards becomes a common practice. This would permit research 
to be done, and remedies to problems devised, before the seed­
collection agen cies encoun ter major problems and before forest 
managers encoun ter problems demandin g  immediate answers. 

9 .  Study Obj ectives: 

1 .  Determin e the species and abundance of cone and seed insects 
and their importance in the production of coniferous seed, 
primarily white spruce. 

2 .  To study the n atural enemy complexes of each pest species 
and the extent of mortality exerted by these n atural enemies. 

10 . Resources: 

a.  Startin g  date: 1981 
b. Estimated year of completion : 1983 
c.  Estimated total Prof.  man -years required: 3 
d.  Essential new major equipmen t  items for 1 981-82 with cots: Nil 
e. Essential new major equipment items beyond 198 2  with cots: Nil 
f. 1 981-82 man-years Prof. 1 . 0  (J. A .  Muldrew) 

Total 1 . 0 

11 . Progress to Date: 

(See Section 13 ) 
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1 2 . Goals for 1 980-81 : 

Conduct a preliminary survey of seed production plants, by means 
of personal interviews and examination of cone samples, in order 
to determine the importance of seed and cone insects in the 
production of coniferous seed, particularly white spruce. 

13 . Accomplishments in 1 980-81 : 

Preliminary studies on seed and cone insects were carried out by 
J. A. Drouin in 1 98 0 .  For white spruce the percentage of cones 
containing insect - damaged seeds ranged from 20 to 90 . The 
percentage of total seeds examined that were destroyed by 
insects ranged from 3 to 63 . The mean of destroyed seeds per 
cone ranged from 3 to 53 . For larch the percentage of cones 
with insect - damaged seeds ranged from 15 to 94 ; the percentage 
of t otal seeds examined that were eaten b y  insects ranged from 
5 to 5 9  and the mean of eaten seeds per cone ranged from 1 to 15 . 
The balsam fir cones were collected too early to count the mature 
seeds but the �centage of cones containing insect damaged seeds 
was 3 2  and the mean of insect - damaged seeds per cone was 8 .  

Arrangements were made with the Pine Ridge Nursery, Alberta to 
receive samples of cones from collections made in 1 980 and in 
subsequent years. 

14 . Goals for 1 981-8 2 :  

1 .  To contact the seed producing agencies in each of the Prairie 
Provinces to arrange to obtain samples of cones from a 
representative series of the areas in wh ich the cones are 
collected. Each sample should be between 100 and 200 cones 
and ideally should be removed from the collection before 
any seeds have come loose from the cones. 

2 .  Cones will be collected at weekly intervals at two selected 
locations near Edmonton from the time of early cone formation 
to the time of seed fall. Some cones will be dissected and 
some reared to determine the insects attacking the cones and 
seeds and the extent of the damage caused by them. 

3 .  Insect pests of cones will be dissected to study the natural 
enemies attacking them and they will be reared to obtain 
adult specimens of these natural enemies for identification. 
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15 . Publications: 

N/A 

16.  S ignatures: 

A/Director A.D.  Kiil 
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CANADIAN FORESTRY SERVICE 

STUDY ST ATEMENT 

1981 - 82 

Res pons ibil ity Centre: NORTHERN FOREST RESEARCH CENTRE 

NOR-17-l43 

Date : January 28 , 1981 

1 .  Proj ect: Reduction of damage from ins ects . 

2 .  T itle: Control and damage impact of ins ects inj urious to trees 
and s hrubs . 

3 .  New: Cont. : X 4 .  No. : N OR-17-143 

5. Study Leader: H.  F. Cerez ke 

6. Key Words : Fores t habitats, s helterbel ts, woodl ots , parks and 
recreational areas , pl antations , s eed orchards , tree 
nurs eries, pes ticides, c�ltural contro� integrated 
control, growth los s es ,  populatio n s ampl ing. 

7. Location of Work: Region wide. 

8 .  Problem: 

In the Prairie Provinces there exis ts the need to examine entomol ogical 
probl ems which aris e annually and s eas onally, often on s hort notice, 
and caus e concern in fores ted areas , park and recreational areas, 
nurs eries, s helterbel ts , private wood lots and ornamental plantings 
in urban and rural l ands capes . In mos t cas es, s uch probl ems may only 
require identification of the ins ect organis m or other caus al agents, 
and control recommendations are made according to es tablis hed proce­
dures, such as by chemical, pruning, tree removal or no controls . 
The nature of the recommendat ions are dictated by an as sess ment of 
the haz ard of the ins ect and its potential damage, and by the wis hes 
of the owner(s ) or fores t manager. Staff of the FIDS ful fil l much 
of this need as a routine extension function provided in res pons e to 
client reques ts throughout the Prairie Provinces . 

Other entomol ogical problems aris e which are us ual ly local iz ed and 
require more comprehens ive examination or s hort-term s tudies . Thes e 
may include popul ation s urveys in s pruce budworm- infes ted timber, 
bark beetle haz ard prediction, woodborer haz ard in fire-killed timber, 
identification of caus es of mortal ity and tree damage in plantations 
and natural regeneration, development of s pecial s ampl ing techniques 
to meas ure ins ect abundance and to ass is t  pre- and pos t-s pray 
application in s helterbelts, urban and park areas, life cy cle s tudies 
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to estab lish proper timing of controls and impact stud ies to 
measure growth losses, predict long- term effects on tree f orm, 
growth pattern and aesthetic value. S tud ies may also b e  
initiated which can lead to new strategies o f  control or to 
increase effectiveness of control, such as by integration of 
two or more control method s, or with use of cultural techniques, 
b iological agents, and insect pheromones. Opportunity may also 
exist to undertake field trial d emonstrations f or testing 
control proced ure and long-term eff ectiveness. NOR-14 3 study 
is specifically concerned with these kind s of prob lems. 

A prime f unction of this study also is to maintain up- to-date 
expertise and knowled ge of all major forest entomological 
implications reflected in the wise management of f orest resources 
by f ed eral, provincial, and ind ustrial agencies and the general 
pub lic. Major b enefits f rom this study will theref ore b e  in 
complementing the services offered und er NOR-0 33 and to other 
studies related to f orest resource management such as regeneration 
stocking stand ard s, forest inventory losses, seed and cone 
losses, and in silvicultural applications. Benef its will also 
extend to various f ed eral and provincial committees which 
regularly review pesticid e legislation, use, and application, 
and in the dispersal of information on insect pests of trees 
and shrub s generally throughout the prairies region . 

9 .  S tudy Ob jectives: 

1 .  To maintain up- to-d ate inf ormation and provid e technical 
and ad visory services on insect prob lems of trees and shrub s 
common to the region, l aws related to pesticid es and their 
usage, insect control method s and eff ects of pesticides on 
the environme nt. 

2 .  To provid e information on insect control, ab und ance, haz ard , 
d amage impact and d epletion losses in areas of concern to 
various clients. 

10 . Resources: 

a. S tarting d ate: 1973 
b .  Estimated y ear of completion: C ontinuing 
c. Estimated total P rof . man-y ears required : Ongoing 
d .  Essential new ma jor equipment items f or 1981-82 with costs: Nil 
e. Essential new major equipment items b ey ond 1982 with costs: Nil 
f .  1981-82 man-y ears P rof . 0 . 8  (0 . 2  in -03 3 )  

S upp. 0 . 8  (0 . 2  in -0 3 3 )  
C asual 

11 . P rogress to Date: 

Total 1 . 6 

Reporting and CFS representation have b een provid ed on the 
various f ederal , regional and provincial committees listed und er 
1 2 . A variety of consultory , ed itorial and identif ication 
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service were provided within CFS . Various contributions were made 
on entom ological problems within the region through T . V. , radio and 
newspaper media, by direct consultation with clients and through 
lecture and workshops. S pecial field studies involving data 
collection, analyses and reporting were made on woodborers , spruce 
bud worm, seed and cone insects, mountain pine beetle, jack-pine 
budworm, nursery pests and several other problems. 

12 . Goals for 1 98 0-81 : 

1 .  S elect and assemble photographs for the proposed publications 
"Common insects of trees and shrubs of the Prairies", and 
have these mounted onto plates with assistance of CFS 
photography unit. Complete first draft or text. 

2 .  Provide CFS and NFRC representation on various federal, 
regional and provincial committees as follows: 

(a) Western Committee for Crop Protection and Western Forum . 

(b) Alberta Pest Control Ad visory Committee. 

(c) S askatchewan Advisory Council for Insect Control. 

(d) S helterbelt Committee of Western Canadian S ociety 
for Horticulture. 

(e) Maintain contact with Plant Products Division, CDA, 
Ottawa. 

(f) Alberta Horticulture Advisory Committee and Environmental 
S ub- committee of AHAC .  

(g) Eastern spruce budworm committee, CAN/USA program and 
Bt committee. 

(h) Forest Pest Control Forum . 

3 .  Finalize jack-pine budworm study into Information Report: 
"Impact studies of the jack-pine budworm (Choristoneura 
pinus pinus Free. ) in the Nisbet Provincial Forest of 
S askatchewan. 

4 .  Finalize status report on spruce budworm impact in Riding 
Mountain National Park for Parks Canada spring planning. 

5 .  Prepare final report summarizing my  results of the joint 
study on control of spruce seed and cone insects for Proctor 
and Gamble Co. and prepare a publication, possibly for 
Bi-Monthly Research Notes. 
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6. Formalize report for seed workshop proceed ings as presented 
earlier at NFRC. Title of report--"The effects of insects 
on seed and cone prod uction" . 

7 .  Provid e consultory, editorial and identification service, 
and workshop--seminars on forest pests to federal, provincial 
and industrial agencies as requested. 

Goals ad d ed for 1980 : 

8 .  Prepare displays for " Open House" at NFRC, Octob er 1 980 . 

9 .  Und ertake woodb orer survey in Porcupine Provincial Forest, 
Manitoba. 

1 0 . Provide increased involvement in mountain pine b eetle problem 
involving: 

( i) preparation and attendance at provincially-sponsored 
meetings; 

( ii) provid ing ad visory services and field identifications; 

( iii) conducting literature searches and preparing reports 
and ;  

( iv) cond ucting field pheromone tests. 

1 1 .  Present talk at Annual Meeting of Central Forest Prod ucts 
Association; Winnipeg, on "Wood borers and salvage in fire­
killed timb er" . 

13 . Accomplishments in 1980-81 : 

1 .  No progress d ue to other committments. 

2 .  Provid ed CFS-NFRC representation at the following meetings 
and committees: 

- Western Committee for Crop Protection and Western Forum 
- Alta. Pest Control Advisory Committee 
- Sask. Ad visory Council for I nsect Control 
- Shelterb elt committee - WCSH 
- Pl ant Prod ucts and Quarantine Division, CDA 
- Environ mental Sub-committee of Alta. Hort. Adv. Comm . 
- CANUSA - Eastern Spruce Budworm Comm .  
- Forest Pest Control Forum - Ann. Meeting. 

3 .  Report i s  incomplete; some p rogress made in finalizing first 
d raft. Area revisited in 1 98 0  to view foliage recovery, top­
kill and presence of jack-pine budworm population. 

4 .  First draft report prepared on spruce budworm in Riding Mt. 
National Park, with in put by National Parks personnel; summariz es 
budworm situation for 1979 . Field survey s for budworm impact 
and population levels were made in 1980 and these d at a  are being 
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summarized and will be combined with 1979 data under one cover. 

5. First draft of seed and cone insect study was completed except 
for encorporation of results of a seed germinability test, 
undertaken to verify suspected inhibitory effects of the 
systemic insecticidal treatment. Germinability test conducted 
at NFRC. 

6. Goal not attempted, and since deleted. 

7. A variety of consultory, short-term studies and lectures were 
provided, including editorial review of several scientific 
papers. Att ended and participated at various meetings 
including: 

- joint Alta. /Sask. Entomological Society 
Meeting 

- FPMI program review meeting, Seed and Cone 
Insect Workshop. 

- National FIDS meeting 
- Provided lecture on seed and cone insects 

to U of A students in forestry 

Dispersed letters, reports, published material and slide material 
to over 100 client requests. 

Additional Accomplishments: 

8 .  Prepared major part of "Open House" display featuring mountain 
pine beetle and jack-pine budworm at NFRC. 

9 .  Completed a woodborer survey in Manitoba in cooperation with 
provincial forestry staff. 

10 . Provided major involvement in planning and advisory role on 
mountain pine beetle; activities included: 

- Attended and participated at 14  meetings 
with Alta. Forest Service, Alta. Parks 
and with interagencies (AFS, BCFS, Parks 
Can. and CFS - NFRC, PFRC) 

- Conducted small scale field trial with 
mountain pine beetle pheromone to 
demonstrate potential uses. 

11 . Presented illustrated talk on "Woodborers, protection and 
salvage in fire-killed timber" at Annual Meeting, Central 
Forest Products Assn. , Winnipeg . 
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1 4 .  Goa ls for 1981-8 2 :  

1 .  Complete a first d raft of text, a nd select a nd a ssemble 
photographs for the proposed publication, "Common insects 
of trees a nd shrubs of the P rairies" . 

2 .  P rovid e lead role a t  NFRC in coord ination of mountain pine 
beetle a ctivity within the region with client agenices 
(AFS, Parks Canada,  Alta.  Parks, P rivate Industry, Sask. 
Parks, Sask. D. T.R.R. ) a nd with PFRC, BCMF a nd H . Q .  as required . 

Some specific goa ls includ e: 

(i) provid e ad visory a nd information role on biologica l and 
control aspects in the mountain pine beetle infestations 
of the region as requested . 

( ii) provid e d ocumentation, with coopera tion of Alta .  Parks 
a nd FIDS , of the outbreak history a nd d istribution of 
mountain pine beetle in the Cypress Hills , for the 
purpose of eva luating control strategy now in place 
a nd its success. 

(iii) gather information on the mountain pine beetle in 
the Cypress Hills for biological assessment of tree 
attack pattern, brood survival and prod uctivity, a nd 
mortality factors. 

(iv) Encorporate the biological information into a stand 
hazard rating classification which ca n be used in the 
overall forest - park management pla n of Cypress 
Hills P rovo Parks. 

3 .  Fina lize the following rep orts or publications: 

(a) I mpact studies of the jack-pine bud worm (Choristoneura 
pinus pinus) in Nisbet Provincial Forest, Sask . 

( b) Surveys of spruce budworm populations and damage impact 
in Riding Mt. National Pa rk,  1979-80.  

( c) Control studies of seed and cone insects in mature white 
spruce trees with carbofuran near Grand e P rairie, Alberta. 

4 .  P rovid e CFS - NFRC representation on various provincial, 
regional and national committees as required . 

1 5. P ublications: 

( a) 1974 to 1980-81 : 

J ournal Articles - 3 
Information reports, Notes, etc. - 5 
File Reports -14 



(b) 1980-1981 

Journal Articles 

Nil 
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Information Reports, Notes, etc. 

Cerezke, H . F. 198 0 .  Moun�ain pine beetle - a threat to pines 
in Western Canada. Landscape Trades: 24-25 , Oct. i ssue. 

Cerezke, H . F. : J. Drouin, B. Neill. 1980 . Revision of 
recommended insecticides for control of insects on 
shelterbelts, ornamental trees and shrubs. 
(Chapter in WCCP report, 1980) ; 17 pp. 

Cerezke, H . F. 1980 . Spruce budworm in Riding Mountain National 
Park, Man. Canusa Newsletter Sep. 1980 . 

File Reports 

Cerezke, H . F. 1980 . Comments on the mountain pine beetle 
outbreak, Bow - Crow Forest, 4 pp. 

Cerezke, H . F. 198 0 .  Mountain pine beetle situation in 
Alberta and Saskatchewan, 3 pp. 

Cerezke, H . F. 198 0 .  Pheromone application to mountain pine 
beetle control programs - a review of the current 
status, 1 1  pp. 

Cerezke, H . F. 1980 . Mountain pine beetle (Dendroctonus 
ponderosae) in Alberta and Saskatchewan: an overview 
of the problem, 6 pp. Presented at Ent. Societies 
joint meeting Alta. /Sask. Abstract published in 
Proceedings. 

Cerezke, H . F. 1980 . Woodborers and the protection and salvage 
of fire-killed timber, 9 pp. Presented at Ann. 
Meeting, Central Forest Prod. Assoc. 

Edwards, I . K. and H . F. Cerezke 1980 . Canadian Forestry Service 
Report to the Environmental Subcommittee of Alta. 
Horticultural Advisory Comm. , 7 pp. 

Cerezke, H . F. and B . S. Lee. 1980 . Surveys of spruce budworm 
populations and damage impact in Riding Mt. Nat ' l 
Park, Manitoba, 1979 ; 2 9  pp. 

Cerezke, H . F. ; K. Knowles, Y .  Beaubien and H . S. Gates. 1 980 . 
Assessment of woodborers in fire-killed timber in the 
Porcupine Provincial Forest, Manitoba, 9 pp. 
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�� .-'\ . �,,� I nvestigator p rog� 

A/Director A.D.  Kiil 
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CANAIAN FORESTRY SERVICE 

STUDY S TATEMEN T 

1981 - 82 

Responsibility C entre: N ORTHERN FOREST RESEARC H CENTRE 

Date: February 2 ,  1 981  

1 .  Proj ect: Long range transport of air pollutants. 

2 .  Title: Impact of air pollutants from major regional sources on 
forest vegetation and soils. 

3 .  N ew: x C ont. : 4 .  No. : NOR- 3 2-178 

5. S tudy Leader: G .  Hogan. 

6. Key Words: P ollutant, sulphur, metals, vegetation, soils, diagnosis, 
impact, restoration. 

7 .  Location of Work: Region wide. 

8 .  P roblem: 

With the increased industrializ ation there is concern in C anada as to 
the distribution, extent of transport and impact of airborne pollutants 
on the natural environment. 

Atmospheric motions are known to cause the transport of air pollutants 
across provincial and international boundaries. For pollution control 
negotiations with the provinces and the U . S . it will be necessary to 
quantify the ecosy stem with respect to the potential for pollutant 
initiated degeneration. 

Major air pollution in this region originates from three sources; 
fossil fuel processing in Alberta, heavy metal processing in northern 
Manitoba, S askatchewan and the N orthwest Territories. A departmental 
co-ordinated program has been developed to provide information with 
respect to long range transport of air pollutants. The C anadian 
Forestry S ervice and the N orthern Forest Research C entre specifically 
have agreed to cover off the forest vegetation and soils aspects. 

9 .  S tudy Objectives: 

1 .  To determine the state of representative components of terrestrial 
ecosystems; specifically vegetation and soils for benchmarking and 
baseline purposes. 
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2 .  To determine the rate and extent of deposition (wet & dry) 
of major pollutants from point emitters within the region. 

3 .  To determine the extent to which local, medium and long range 
transport of air pollutants is degrading terrestrial forest 
systems. 

10.  Resources: 

a. Starting date: April 1 ,  1979 
b. Estimated date of completion: 1985 
c. Estimated total Prof. man- years required: 7 . 4  
d. Essential new major equipment items for 1981-82 with costs: 

Block Digestor and Controller 
Drying Oven 
Channels for rcp 
Software Package for rcp 
URAS (rRGA) 
Radioisotope Scanning Attachment for GC 

Total 

$ 5, 000 . 00 
2 , 500 . 00 
8 , 000 . 00 
6 , 0 00 . 00 

10, 000 . 00 
15 , 000 . 00 

$46 , 000 . 00 

e. Essential new major equipment items beyond 1981 with costs: Nil 
f. 1981-82 man-years Prof. 0 . 9  (Hogan) 

�(vice Malhotra) 
1 . 1  

1 1 .  Progress to D ate: 

Supp. 0 . 8  (Fenn) 
0 . 2  (Radford) 
1 . 0  

Total 2 . 1  

A network of permanent biomonitoring sites has been established in 
the vicinity of smelters in Flin Flon and Thompson, Manitoba. 
Studies have been undertaken to determine the effects of smelter 
effluents on the quality of rainfall, on forest species and on soil 
processes. Four progress reports have been submitted to the Manitoba 
Dept. of Consumer and Corporate Affairs and Environment. 

12 . Goals for 1980-81: 

1.  Report on the baseline study carried out in Thompson. (Hogan) 

2 .  Report on the baseline study carried out in Flin Flon. (Hogan) 

3 .  Publish a paper on the use of the moss bag technique and 
resultant data in Flin Flon. (Hogan) 

4 .  Publish an impact paper on the studies being carried out on 
the effects of smelter effluents on forest communities. (Hogan) 
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5. Investigate metal toxicity sy mptoms in native vegetation by 
study ing the physiological effects of metals. (Hogan) 

6. Study the germination and growth of forest species in metal 
contaminated soils. (Hogan) 

Added Goals 

7. Rephotograph lichen transplant and natural communities in the 
Thompson area. Bring samples to the lab for analysis of 
pollutants which have been accumulated during the exposure 
period. Physiological condition will be estimated if 
possible. 

8 .  C onduct lichen surveys at Kejimkujik N ational Park, Nova Scotia 
and at Lake Superior Provo Park, Ontario. The survey s  will 
be used to determine if lichen monitoring can be used to 
detect changes in lichen growth and lichen community composition 
due to acid rain impact. 

13 . Accomplishments for 1980-8 1 :  

1 .  Progress has been made with respect to the preparation of a 
baseline report on the Thompson Study.  Most of the vegetation 
and soil data synthesis has been carried out. The completion 
of the report hu wever is dependent upon receiving the synthesis 
of the forest community description data from the Province of 
Manitoba staff. A semi annual report on the 1980 field season 
progress was submitted to the Province. 

2 .  A report on the Flin Flon area baseline studies up to April 1980 
was presented to the Manitoba C lean Environment C ommission at 
a hearing which took place in Flin Flon in May 198 0 .  

3 .  A journal paper on the use of the mo ssbag technique for the 
monitoring of the deposition of metal particulates has been 
delayed until the paper covered under goal 4 has been completed. 

4 .  A journal paper entitled "Pollutant distribution and c ontainment 
within a forest system as a function of distance from a smelter 
source" is almost complete and ready for review. 

5. Studies on metal toxicities on native grasses are continuing 
(C alamagrostis neglecta Agrostis gigantea) .  To date several 
clones have been examined for tolerance to copper and z inc, 
there appears to be a potential for z inc tolerance in atleast 
once clone. Future studies will focus on z inc toxicity . 

6. Two experiments (6 months duration) have been carried to date 
using Jack Pine. 
a) The plant material from the first experiment has not been 

analyz ed because of the volume of analytical work already 
in progress. 

b) The second experiment using Flin Flon soils is underway , 
this experiment will not be harvested until March. 
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7. S tudy plots in Flin Flon and Thompson were maintained through­
out the summer precipitation samples and mossbag particulate 
traps were collected on a monthly basis from May to October. 
The analysis of the mossbag samples has been completed and the 
synthesis of the data is u nderway . pH analysis of the rain 
water is completed and shows a good correlation with event 
sampling. Metal analysis of the precipitation is not complete. 

8 .  a) S ix sites were established in the Cold Lake area. Vegetation 
was examined and a preliminary description of the stands was 
carried out. Sulphation plates were elected on all sites 
and were exposed for a 3 month period. The results from this 
network show that there is little current deposition of 
S 02 in the area. 

b) Soil sites have been described and soil and vegetation samples 
have been analyzed and a report on the work is currently in 
progress. 

9 .  Lichen transplant communities in the Thompson area were re­
photographed. Ten replicate lichen communities at ten 
biomonitoring sites were examined and were brough back to the 
lab for analysis. The lichen specimens have been exposed 
for a period of 3 yrs. and should allow u s  to document damage 
to pollutant content. 

10 . Lichen surveys were conducted at Kejimkujik N ational Park Nova 
S cotia and Lake Superior Provo Pk. , Ontario as part of the 
National LRTAP Program. Lichen species on all major trees 
were collected and attempts were made to document epiphytic 
communities. A species list for both parts i s  being produced from 
these collections by Dr. G. Robitaille, LFRC. 

14 . Goals for 1981-82 : 

1 .  Complete a report on the baseline study in Thompson. (Hogan) 

2 .  Pu blish a jou rnal article on the soil and vegetation work which 
forms a part of the Thompson study .  (Hogan) 

3 .  Publish a journal article on the lichen work which was part of the 
Thompson study .  (Hogan) 

4 .  Publish a journal article on the use of the moss bag techniqu e and 
resu ltant data. (Hogan) 

5 .  Publish a journal article entitled "Pollutant distribution and 
containment within a forest system as a function of distance from 
a smelter source. (Hogan) 

6. Continu e  to investigate metal toxicity sy mptoms and metal tolerance 
in native vegetation, (hydroponic studies) and examine the 
physiological effects of metals. (Hogan) 
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7. C ontinue to investigate the germination a nd growth of f orest 
species in metal contaminated soils f rom f ield situa tions. (Hogan) 

8 .  C ontinue to monitor the present rates of deposition of 
pollutants in Flin Flon and Thompson by collection and 
ana lysis of precipitation a nd dryfall. (Hogan) 

9 .  Carry out f ollow up sampling in C old Lake f or sulphur in 
Vegetation and soils. (vice) 

10 a)  Initia te studies to determine the impact of a ir polluta nts, 
introduced by wet a nd dry deposition on f orest soil processes. 
(Hogan) 

b) Initiate studies to examine the cycling of metals a nd sulpur 
within aff ected and control sy stems. (Hogan) 

1 5. Publica tions: 

To 1980 

File Reports: 4 

1980 - 81 

File Reports 

H ogan G.D.  & D. Wotton. A prelimina ry report on the eff ects of 
atmospheric eff luents f rom Mining and Smelting Industries 
on f orest vegetation a nd soils. Submitted to the C len 
Environment C ommission, May 1980 . 

Hogan G. D. & S. S. Malhotra . The ef f ect of emissions from the 
Hudson Bay Mining a nd Smelting C o. Ltd. on f orest 
vegetation a nd soils around Flin Flon, Manitoba 
Transcript Manitoba C lean Environ ment C ommission Hea ring 
H-04-80 held a t  Flin Flon, Manitoba May 198 0 .  

Hoga n  G. D. Semi Annual Progress Report o n  the eff ects of 
Atmospheric Eff luents f rom Mining a nd Smelting Industries 
on Forest Vegetation a nd Soils around Thompson Manitoba 
November, 1980 . 

16.  Sig natures: 

} J I  
v '  I 

Progra m  Mana ger 

A/Director A.D.  Kiil 
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CANADIAN FORESTRY SERVICE 

ST UDY STATEMENT 

1981 - 82 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 2 ,  1981 

1 .  Project: Long range transport of air pollutants 

2 .  T itle: T ransport of airborne radionuclides released during 
uranium mining and milling operations and their ef f ects 
on f orest vegetation and soils. 

3 .  New: x Cont. : 4 .  No. : NOR-32-l8 6  

5. S tudy Leaders: G. D. Hogan and vice Joshi 

6. 

7. 

K ey Words: 222 Rn, airborne radioactivity,  uranium mining and 
milling, f orest vegetation and soils 

Location of Work: Uranium City - Wollaston Lake, S ask. and 
Northern Forest Research Centre, Edmonton, Alta. 

8 .  Problem: 

Large quantities of radioactive waste f rom uranium m�n�ng and 
milling operations in Northern S askatchewan are present in the 
f ield study area. Gaseous 222 Rn radioisotope is continually being 
released to the surrounding environment f rom these mine tailings. 
A lso, signif icant amounts of other radioisotopes can become air­
borne and can, along with 222 Rn and its daughters, enter the f ood­
chain via f oliar deposition or via uptake by plants f rom soils. 
Various f ederal and provincial agencies have expressed concern 
in this regard. S ince very little is known about the potential 
eff ects of these isotopes. T he major problem in assessing the 
impact of these operations on f orest ecosystems is lack of data 
on the concentrations of various radionuclides in vegetation and 
soils and an unf amiliarity with their pathway s within these 
systems. Provincial govern ment agenci es and industry request 
involvement by the CFS in the f orm of collaborative research and 
surveys. 
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9 .  S tud y Objectives: 

a. Develop method s for the measurement of various uranium - series 
rad ionuclid es in plants and soils. 

b .  Gather baseline d ata on the dispersal of 222Rn and concentractions 
of 2 2 6Ra, 2 1 0Pb, and 2 1 0p o  in forest vegetation and soils. 

c.  S tud y pathways of d istribution and eventual fate of rad ionuclid es 
d eposited in the forest ecosystems. 

10 . Resources: 

a. St arting d ate: 1 980 
b. Esti mated year of completion: 1986 
c. Estimated total professional man-years required : 6 . 0  
d .  Essential new major equipment items for 1981-82 with costs: 

Low-level cr/ S proportional counting 
system: $30 , 000 

�particle spectrometry system: $ 20 , 000 

Total $50 , 000 

e. Essential new major equipment items beyond 1981-82 with costs: 

f. 1981-82 man-years: 

Professional: 

Total 

1 1 .  Progress to Date: 

Nil - New S tud y 

12 . Goals for 1980-81 : 

Ge(Li) d etector with lead 
Castle: $ 25 , 000 

Minicomputer-based spectral 
data analysis system: $ 5 5 , 000 

Total $ 80, 000 

1 .  ° vice Joshi 
0 . 1  (G. D. Hogan) 
1 . 1  

1 .  Conduct a survey of existing literature on topics related to 
airborne rad ioactivity and plants and soils (Joshi) 

2 .  Organize a conference of experts to d iscuss the enviornmental 
biogeochemistry of uranium series rad ionuclides.  (Joshi) 

3 .  Develop contacts with appropriate fed eral and provincial agencies, 
ind ustry, and universities with a view to define CFS ' s  role in 
rad iological stud ies. (Joshi) 

4 .  Initiate the setting-up of rad ioactivity laboratories at NFRC. 
(Joshi) 
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13 . Accomplishments for 1980-8 1 :  

1 .  The literature survey was completed and the information gathered 
is being compiled for reporting in the form of a review article. 

2 .  The conference was organiz ed in December in Ottawa. More than 
20 experts from across the country participated. Th e. conference 
was very useful in developing contacts and in defining the future 
role of CFS in radiological matters. 

3 .  A number of contacts were developed with the scientists and 
management of several organisations. In most cases the 
facilities were also visited in order to gain first-hand 
information on ongoing research. The organizations include: 
Atomic Energy of Canada Limited (Pinawa) , Saskatchewan 
Environ ment, Saskatchewan Geological Survey , Saskatchewan 
Research Council, Geological Survey of Canada, University 
of Ottawa, Canada Centre for Mineral and Energy Technology, 
Eldorado Nuclear Limited, and University of Saskatchewan. 

4 .  A 222Rn counting sy stem was selected and purchased. The duties 
were assumed as NFRC Radiation Safety Officer. The NFRC 
Radioisotope Licence was updated and submitted to AECB for 
renewal. 

14 . Goals for 1981-8 2 : 

1 .  Set-up laboratories and develop methods for the determination 
of 2 2 6Ra• 2 1 0 Pb, and 2 1 0 p o  in plants and soils. 

2 .  Collect various plant and soil samples from the study area 
and analyz e these for 22 6Ra• 2 1 0Pb and 2 1 0 Po. 

3 .  Determine the soil-plant radionuclide transfer coefficients 
and the fluxes of 2 1 0Pb soils. 

4 .  Complete a review article on airborne radioactivity and plants. 

15 . Publications: 

New Study 

16 . Signatures: 

Investigat Program Manager 

} 
Investigator A/Director A. D. Kiil 


	Detection and appraisal of tree pests and vegetative disturbances

	NOR 1 026 - Forest tree rusts of western North America

	NOR 1 033 - Forest insect and disease survey

	NOR 1 058 - Sawfly systematics

	NOR 1 153 - Forest diseases: Diagnostic and taxonomic services

	NOR 1 154 - Forest Insect Diagnostic and Biosystematic Services

	NOR 1 184 - Damage appraisal of major forest pests


	Reduction of damage from pollutants in the atmosphere

	NOR 7 114 - Symptomology of atmospheric effluent effects on the forest

	NOR 7 182 - Impact of air pollutant mixtures on forest vegetation and soils


	Insect and disease maangement systems

	NOR 9 089 - Analysis and synthesis of Forest Insect and Disease Survey historical data and information

	NOR 9 132 - Chemical Controls of pests and vegetation in managed forests

	NOR 9 150 - Integrated control of forest tent caterpillar

	NOR 9 181 - Evaluation of mortality in stands of young trees in plantations and scarified areas

	NOR 9 185 - Insects and diseases affecting seed production in the Prairie Region


	Reduction of damage from insects

	NOR 17 143 - Control and damage impact of insects injurious to trees and shrubs


	Long range transport of air pollutants

	NOR 32 178 - Impact of air pollutants from major regional sources on forest vegetation and soils

	NOR 32 186 - Transport of airborne radionuclides released during uranium mining and milling operations and their effects on forest vegetation and soils





