
·S T U D Y S TAT E MEN T S 

1 9 7 7 - 7 8 

NORTHERN FOREST RESEARCH CENTRE 

CANADIAN FORESTRY SERVICE 

MAY, 1977 



PROJECT 1 

NOR-l-026 

NOR-1-033 

NOR-1-058 

NOR-1-089 

NOR-I-110 

NOR-1-153 

NOR-1-1S4 

PROJECT 2 

NOR-2-0l6 

NOR-2-llS 

NOR-2-l67 

PROJECT 3 

NOR-3-123 

INDEX TO STUDY STATEMENTS 

Detection and appraisal of tree pests and 
vegetative disturbances. 

Forest tree rusts of western North America. Y. Hiratsuka 

Forest insect and disease survey. W.G.H. Ives 
Y. Hiratuska 
H. R. Wong 
R. A. Blauel 

Sawfly systematics. H. R. Wong 

Analysis and synthesis of forest insect and W.G.H. Ives 
disease survey historical data and 
information. 

Dutch elm disease detection and diangosis. V. Hildahl 

Forest diseases: Diagnostic and taxonomic 
services. 

Forest insect diagnostic and biosystematic 
services. 

Improved forest land inventory and 
classification methods. 

Study of soil moisture and temperature in 
relation to topography, soi~vegetation 
and climate. 

Climatic zonation for the forested areas 
of the Prairie Provinces. 

Forest types and their relationships to 
soil series in the P-6 Forest Management 
Unit. 

Development of economic guidelines for 
allocati,ng resources for resource 
management and research. 

An assessment of the forest-based economy 
of the Prairie Provinces. 

Y. Hiratsuka 

H. R. Wong 

G. L. Lesko 

J. M. Powell 

G. L. Lesko 

Vacant 

i 

Page 

1 

2 

9 

20 

25 

28 

32 

36 

40 

41 

45 

51 

54 

55 



PROJECT 4 

NOR-4-008 

NOR-4-009 

NOR-4-045 

NOR-4-075 

NOR-4-l02 

NOR-4-122 

NOR-4-163 

NOR-4-164 

NOR-4-165 

PROJECT 5 

NOR-5-037 

NOR-5-128 

i.'WR-5-130 

NOR-5-l3l 

INDEX TO STUDY STATEMENTS 

Improved growth and yield of managed stands. 

The effect of spacing on the growth of 
lodgepole pine. 

Growth and yield of lodgepole pine in the 
foothills section of Alberta. 

Growth and development of three native 
conifers in treated and untreated stands. 

Mathematical stand growth models for aspen. 

Transformation and movement of applied 
nitrogen in selected lodgepole pine stands. 

Fertilization of established lodgepole pine 
stands. 

Assessment of regeneration stocking 
standards in Alberta 

Juvenile growth rates for pine and spruce 
in Alberta. 

Survival and growth after logging of 
alpine fir, black and white spruce 
residuals and advance growth. 

Reduction of losses by improved fire 
suppression methods. 

Fire retardant and air tanker evaluations 
and application. 

Assessment and development of fireline 
systems. 

Initial attack strategy and resources in 
fire suppression operations. 

Evaluation and planning of fire detection, 
surveillance and communications systems 
and methods. 

W. D. Johnstone 

W. D. Johnstone 

1. E. Bella 

1. E. Bella 

J. Baker 

W. D. Johnstone 

1. E. Bella 

W. D. Johnstone 

W. D. Johnstone 

R. G. Newstead 

D. Quintilio 

D. Quintilio 
D. Kiil 

J. Niederleitner 

ii 

Page 

58 

59 

63 

66 

73 

78 

82 

85 

90 

93 

96 

97 

107 

112-

120 



PROJECT 6 

NOR-6-086 

NOR-6-l68 

PROJECT 7 

NOR-7-ll4 

NOR-7-l62 

NOR-7-l70 

PROJECT 8 

NOR-8-044 

PROJECT 9 

NOR-9-06l 

NOR-9-132 

NOR-9-l43 

NOR-9-l50 

INDEX TO STUDY STATEMENTS 

Evaluation and rating of fire behavior 
and effects in forest ecosystem. 

Fire behavior in boreal forest fuels. 

Evaluation of the role of fire in forest 
and intermingled vegetation in the prairie 
provinces, Rocky Mountains and far north. 

Reduction of damage from pollutants in 
the atmosphere. 

Symptomology of atmospheric effluent 
effects on the forest. ' 

Effects of atmospheric effluents on 
forest soils. 

Effects of atmospheric effluents from 
mining and smelting industries on 
forest vegetation and soils. 

Reduction of damage from disease 
causing agents. 

Z. Chrosciewicz 

D. E. Dube 

R. A. Blauel 
S. S. Malhotra 
J. Baker 

J. Baker 

G. Hogan 

Reduction of losses from canker and dieback. H. Zalasky 

Reduction of damage from insects. 

Larch sawfly biological control. 

Controls for pests of shade, shelterbelts 
and ornamental trees and shrubs. 

Control and damage impact of insects 
injurious to trees and shrubs. 

Integrated control of the forest tent 
caterpillar. 

J. A. Muldrew 

J. A. Drouin 

H. F. Cerezke 

W.G.H. Ives 
J. A. Muldrew 

iii 

l'age 

129 

130 

137 

144 

145 

152 

156 

159 

160 

166 

167 

173 

186 

193 



PROJECT 10 

NOR-IO-039 

NOR-10-III 

NOR-IO-135 

NOR-lO-136 

NOR-lO-137 

NOR-lO-152 

NOR-IO-155 

NOR-lO-l56 

PROJECT 12 

NOR-12-050 

NOR-12-05l 

PROJECT 13 

NOR-13-0l7 

NOR-13-082 

NOR-13-083 

INDEX TO STUDY STATEMENTS 

Improved regeneration methods for 
commercial tree species. 

Nursery operations. L. W. Carlson 

Outplanting trials of the BC/CFS plugs H. J. Johnson 
and RCA sausage containers in Alberta. 

Nursery soil fertility and seedling growth. I. K. Edwards 

Effect of chemical amendments on I. K. Edwards 
salinization. 

Seedling root regeneration. 

A reconnaissance to determine the stocking 
status of high quality sites in eastern 
Saskatchewan. 

Storage of winter reared containerized 
conifer seedlings. 

Prep1anting conditioning of containerized 
conifer seedlings and field performance. 

Genetic improvement of commercial forest 
species. 

L. W. Carlson 

W. J. Ball 

H. Za1asky 

H. Za1asky 

Provenance tests for coniferous species. J. I. Klein 

Breeding jack pine for the Northern Region. J. I. Klein 
I. First selection cycle. 

Maintenance and improvement of water 
yield and quality. 

Research coordination in the Alberta 
Watershed Research Program; Marmot, 
Streeter, Deer Creek, Tri-Creeks, Cache 
Percotte, Spring Creek Experimental Basins. 

Potential energy available for snow 
evaporation in winter along the east 
slopes of the Rocky Mountains in Alberta. 

Disposition of water in forest soils. 

R. H. Swanson 
D. L. Golding 

D. L. Golding 

G. R. Hillman 

iv 

Page 

198 

199 

210 

213 

219 

222 

227 

230 

234 

239 

240 

248 

254 

255 

264 

268 



NOR-13-084 

NOR-13-103 

NOR-13-141 

NOR-13-161 

PROJECT 14 

NOR-14-104 

NOR-14-121 

NOR-14-138 

NOR-14-139 

PROJECT 17 

NOR-17-068 

NOR-17-071 

NOR-17-113 

,INDEX TO STUDY STATEMENTS 

Measuring transpiration of individual 
trees in situ. 

Runoff patterns resulting from 
differential snow accumulation and 
ablation as influenced by mass and energy 
relationships in small forest openings. 

Infiltration and erosion as influenced 
by land use. 

Water quality and roadside soil erosion 
and sedimentation at logging road-stream 
intersections. 

Impact of c1earcutting on the forest 
environment. 

Changes in chemical and physical water 
quality following forest harvesting 
and related land disturbances. 

Quantitative evaluation of the effects 
of pulpwood harvesting in western Alberta 
on water yield, physical water quality 
and streamflow regime. 

The climate of c1earcut forested areas. 

The effect of the microclimate of c1earcut 
areas on survival and growth of conifer 
regeneration. 

Liaison and technical advisory services 
in forest managemen t. 

Technical and advisory services re insect 
pests and diseases. 

Liaison and technical advisory services -
Winnipeg Sub-office. 

Liaison and technical advisory services 
in Saskatchewan. 

R. H. Swanson 

D. 1. Golding 
R. H. Swanson 

T. Singh 

v 

Page 

274 

280 

287 

Vice R. L. Rothwell 292 

298 

T. Singh 299 
Vice R. L. Rothwell 

G. R. Hillman 306 

J. M. Powell 314 

R. E. Stevenson 321 

326 

V. Hildah1 327 

K. Froning 332 
1. D. Nairn 

W. J. Ball 337 



NOR-17-1l8 

NOR-17-142 

PROJECT 20 

NOR-20-043 

NOR-20-149 

PROJECT 21 

NOR-21-145 

NOR-21-146 

NOR-21-147 

PROJECT 22 

HOR-22-144 

PROJECT 23 

NOR-23-148 

PROJECT 24 

NOR-24-157 

NOR-24-159 

INDEX TO STUDY STATEMENTS 

Liaison and technical advisory services 
in Alberta/Territories. 

Remote sensing and technical advisory 
services. 

Public Awareness Program. 

Working plan, Kananaskis Forest Experiment 
Station. 

Public Awareness Program, Kananaskis 
Forest Experiment Station. 

Scientific, technical and public information. 

Technical information. 

Scientific information. 

Public information. 

Evaluation of earth resources technology 
satellite (LANDSAT). 

Evaluation of Land~at for resource 
inventory, damage assessment and land 
use planning in the Northern Region. 

Land and vegetation resource inventory of 
Banff and Jasper National Parks. 

Land and vegetation resource inventory of 
Banff and Jasper National Parks. 

AOSERP: Effects of S02 on vegetation. 

Symptomology and threshold levels of air 
pollutant injury to vegetation. 

Physiology and mechanisms of S02 injury. 

H. J. Johnson 

C. L. Kirby 
P. 1. Van Eck 

H. J. Johnson 

L. G. Brace 

R. M. Waldron 

P. Logan 

B. R. Hill 

C. L. Kirby 

W. D. Holland 

S. S. Malhotra 
P. A. Addison 

S. S. Malhotra 

vi 

Page 

344 

352 

359 

360 

365 

369 

370 

374 

383 

388 

389 

395 

396 

405 

406 

409 



NOR-24-l60 

PROJECT 25 

NOR-25-l5l 

PROJECT 26 

NOR-26-166 

PROJECT 27 

NOR-27-169 

PROJECT 28 

NOR-28-l71 

INDEX TO STUDY STATEMENTS 

Ecological benchmarking and biomonitoring 
for the detection of air pollution effects 
on vegetation and soils. 

Arctic Terrestrial Environment Project. 

Landform, vegetation and permafrost 
relationships. 

Reclamation of lands disturbed by strip 
mining and associated activities. 

Assess research needs in reclamation of 
lands disturbed by strip mining for coal 
and associated activities. 

Biogeoclimatic ecosystem classification 
of the Province of Alberta. 

Biogeoclimatic ecosystem classification 
of the Province of Alberta. 

Environmental Impact Assessments. 

Impact of development on the terrestrial 
environmen t • 

P. A. Addison 
J. Baker 

S. C. Zoltai 

1. G. Brace 

S. Kojima 

S. C. Zoltai 

vii 

Page 

414 

419 

420 

430 

431 

436 

437 

440 

441 





NOR-l-026 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 25, 1977 

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

2. Title: Forest tree rusts of western North America. 

3. New: Cont.: X 4. No.: NOR-l-026 

5. Study Leader: Y. Hiratsuka 

6. Key Words: Cronartium3 Pucciniastrum3 Peridermium3 Melampsora3 

Chrysomyxa3 cytology, morphology, taxonomy, Uredinales, 
inoculation experiment, pathogenicity. 

7. Location of Work: Edmonton (laboratory, greenhouse and mycological 
herbarium), Kananaskis Forest Experiment Station, 
Western North America with particular emphasis on 
Northern Region (field). 

8. Problem: 

Rust fungi are known to attack vigorously growing plants rather than 
weakened ones because of their obligate parasitism. Damage caused 
by this group of fungi tend to be increased by intensive cultural 
practices as evidenced by such cases as, white pine blister rust in 
North America, poplar rusts in Europe, comandra blister rust of hard 
pines in southeastern North America, and wheat stem rusts and coffee 
rust in many parts of the world. 

An estimate of the losses attributable to forest tree rusts in the 
region has not been obtained but significant growth loss and mortal
ity of several major forest tree species, including lodgepole pine, 
jack pine, white spruce, black spruce, balsam fir and subalpine fir, 
have been suggested. In addition, sev~ral rust species endemic to 
the region have been recognized as serious pathogens in other areas 
where forestry practices are more intensive. 

Our knowledge of western forest tree rusts has been inadequate to 
solve present and future problems which are and will be caused by 
this group of fungi and studies of this group of fungi on identity, 
life history, host range, cytology, morphology, distribution and 
pathogenicity 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 range, life history, distribution and pathogenicity. 

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: 1968 Projects A-232 and A-254 (1965) were combined 
and redesigned in 1968. 

b. Estimated year of completion: continuing 
c. Estimated total Prof. man-years required: 
d. Essential new major equipment items for 1977-78 with costs: Ultra

microtome 
e. 
f. 

Essential new major equipment items beyond 1978 with costs: 
1977-78 man-years Prof. 0.5 (Y. Hiratsuka) 

Supp. 0.7 (P.J. Maruyama) 
Casual 
Total 1.2 

11. Progress to Date: 

Nil 

1. Distribution, 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 subjects. 

3. White spored variety of Cronartium coZeosporioides was discovered 
in 1960 in a small area in Banff National Park and annual observa
tions were co~enced in 1963. 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 rusts including 
Pucciniastrum sparsum~ P. goeppertianum and P. epiZobii have been 
studied and results have been reported in six journal publications. 
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5. Significant amount of intormation on hyperparasitic fungi and 
insects on pine stem rusts have been obtained. Five journal 
publications have been published on the subject. 

6. A major publication entitled "Pine stem rusts of Canada" was 
published. This fully illustrated publication discusses 
aspects of identification, hosts, distribution, morphology, 
life cycle, cytology, damage, epidemiology, and control of 
all pine stem rusts which occur in Canada. 

7. Based on the studies of forest tree rusts of the region, 
terminology of spore states of rust fungi were discussed in 
two journal publications. 

12. Goals for 1976-77: 

1. Arrange a rust taxonomy symposium at the Second International 
Mycological Congress in 1977. 

2. Continue morphological and inoculation studies of pine stem 
rusts especially of Cronartium ribicoZa. 

3. Prepare the first draft of the "Check list of Uredinales in 
Alberta". 

4. Give advice to and consult with specialists on taxonomy, 
nomenclature and cytology of rust fungi especially of forest 
tree rusts. 

5. Cooperate with Dr. S. Sato (Tokyo) to complete morphological 
and taxonomical study of ?ucciniastrum vaccinii and P. 
goeppertianum. 

6. Try to obtain information of tree rusts in continental China 
and Siberian region of U.S.S.R., especially of pine stem rusts. 

7. Re-survey pine stem rusts plots established by Mr. Baranyay 
in 1965-68. 

13. Accomplishments in 1976-77: 

1. Organized a symposium on rust fungus taxonomy for the Second 
International Mycological Congress to be held in Florida in 
August 1977. Seven speakers representing six countries have 

'been arranged. 

2. Positive infections of Cronartium ribicoZa on previously unknown 
alternate hosts CastiUeja and PedicuZaris have been reconfirmed 
by inoculation experiments. The results will be important in the 
revision of taxonomy of pine stem rusts in intercontinental basis. 
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3. Index cards for all species of rusts reported in Alberta have 
been prepared for proposed "Check list of Uredinales in Alberta". 

4. Gave advise and/or identified rust speciments for scientists 
including, Kaneko (Japan), Ramachar (India), Hennen (U.S.A.), 
Davidson (Canada), Mims (U.S.A.), Buristica (Columbia), Sato 
(Japan), La (Korea), and Savile (Canada). 

5. Discussed with Dr. Sato (Tokyo) on the possible journal publica
tion regarding taxonomy of several species of Pucciniastrum (see 
8) • 

6. Made contact with Dr. Agbukina (U.S.S.R.) and received some 
information on the rust fungi of Siberian region of U.S.S.R. 
Communicated with Mr •. Prentice (Ottawa) regarding possible 
exchange of information on forest diseases expecially on pine 
stem rusts between Canada and the People's Republic of China 
as a part of the ongoing scientific exchange program between 
the two countries. 

7. Coordinated and conducted field surveys of pine stem rust study 
plots which were established by the late Joe Baranyay around 1965. 
Final re-surveys were made of plots in five different locations 
in Alberta and N.W.T. Dr. Van Sickle (PFRC) and Dr. Powell (NFRC) 
also participated in surveys of a few plots. Data has been analyzed 
by a computer at PFRC and joint publication with Van Sickle and 
Powell is being planned. Few plots may be considered for future 
observation. 

8. Added Goal: Invited to the 20th Anniversary Meeting of the 
Mycological Society of Japan and presented a paper entitled 
"Two species of Thejiosora on Tsuga" with Dr. S. Sato (Tokyo 
Univ. of Education, former visiting scientist at NFRC) at the 
special symposium on species concepts of rust fungi. 

9. Added Goal: Contributed significantly to the reV1S10n of a 
mycology textbook entitled "Introductory Mycology" by Alexopoulos 
and Mims by supplying illustrations and making comments on the 
text especially on a chapter dealing with the rust fungi. 

14. Goals for 1977-78: 

1. Present a paper entitled "Morphology of spermogonia and taxonomy 
of rust fungi" at a symposium on taxonomy and phylogeny of rust 
fungi at Second International Mycological Congress in Florida 
in August 1977. Prepare a MS for journal publication on the same 
subject based on the paper presented at the symposium. 

2. Continue inoculation experiments with Cronartium ribicoZa on 
different alternate hosts. 
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3. Prepare "Check list of Uredinales in Alberta". 

4. Analyse and examine data from inoculation experiments of 
Endocronartiwn ha:r>knessii on five different pine species for 
for a possible journal publication. 

5. Cooperate with Dr. Sato (Tokyo) to organize a journal publica
tion on taxonomy and morphology of 'several species of Puccinia
strum. 

6. Try to obtain information and specimens of tree rusts in 
continental China and Siberian region of U.S.S.R., especially 
on pine stem rusts. 

15. Publications: 

Up to 1976-77 

Powell, J.M. and W. Morf. 1965. The occurrence of Tuberculina 
~ma Rost. on Cronartiwn rust infected trees in Alberta. 
Can. Dept. For., For. Ent. and Path. Br., Bi-mon. Prog. 
Rep. 21(1):3. 

Powell, J.M. 1966. A white spored Peridermiwn stalactiforme in 
Alberta. Plant Disease Reporter, 50:114. 

Powell, J.M. and W. Morf. 1966. Temperature and pH requirements 
for aeciospore germination of Peridermium stalactiforme 
and P. ha:r>knessii of the Cronartium coleosporioides complex. 
Bot. 44:1597-1606. + 1 plate. 

Hiratsuka, Y., W. Morf and J.M. Powell. 1966. Cytology of the 
aeciospores and aeciospore germ tuber of Peridermiwn 
harknessii and P. stalactiforme of the Cronartiwn coleo
sporioides complex. Can. J. Bot. 44:1639-1643. III plates. 

Hiratsuka, Y. and E.J. Gautreau. 1966. Occurrence of Cronartiwn 
comptoniae in Alberta and the Northwest Territories. Pl. 
Dis. Reptr. 50, 419. 

Hiratsuka, Y., L.E. McArthur and F.J. Emond. 1967. Clarification 
of the ident'ity of two needle rusts fo alpine fir, 
Pucciniastrwn geoppertianwn and P. epilobii in Alberta. 
Can. J. Bot. 45:1913-1915. 

Hiratsuka, Y. and P.J. Maruyama. 1968. Identification of Peridermiwn 
ha:r>knessii in eastern Canada on the basis of nuclear condition 
of aeciospore germ tubes. Pl. Dis. Reptr. 52:650-651. 

Hiratsuka, Y. and P.J. Maruyama. 1968. Nuclear condition of the 
germ tubes of feridermium ephedrae. Mycologia 60:437-438. 
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Hiratsuka, Y. 1968. Morphology and cytology of aeciospores and 
aeciospore germ tubes of host alternating and pine-to
pine races of Cronartium j1accidum in northern Europe. 
Can. J. Bot. 46:1119-1122. IV plates. 

Hiratsuka, Y. and J.M. Powell. 1969. Cytology and taxonomy of 
autoecious pine stem rusts. (Ab.). XI International 
Botanical Congress. Seattle, Washington, A1stracts: 91. 

Hiratsuka, Y. 1969. Endocronartium3 a new genus for autoecious 
pine stem rusts. Can. J. Bot. 47:1493-1495. 

Powell, J.M. and Y. Hiratsuka. 1969. Nuclear condition and germina
tion characteristics of the aeciospores of Cronartium 
comandrae and C. comptoniae. Can. J. Bot. 47:1961-1963. 
2 plates. 

Hiratsuka, Y. 1970. Identification and morphology of the aecial 
state of Pucciniastrum sparsum in northwestern Canada. 
Can. J. Bot. 48:433-435. 

Hiratsuka, Y. 1970. Emergence of theaeciospore germ tube of 
Cronartium coleosporioides (Peridermium stalactiforme) 
as observed by scanning electron microscope. Can. J. 
Bot. 48: 1962. 

Krebi1l, R.C. and Y. Hiratsuka. 1971. Possible life cycle and 
nuclear condition of Peridermium ephedrae. Southwestern 
Naturalist 16:431-459. 

Powell, J.M. 1971. Occurrence of Tuberculina maxima on pine stem 
rusts in western Canada. Can. Plant Dis. Surv. 51(2): 
83-85. 

Powell, J.M. 1971. Additional records of Mycodiplosis larvae 
(Diptera:Cecidomyicdae) feeding on rust fungi. Can. 
Plant Dis. Sum. 51(2):86-87. 

Hiratsuka, Y. 1971. Spore surface morphology on pine stem rusts 
of Canada as observed under a scanning electron microscope. 
Can. J. Bot. 49:371-372. 6 plates. 

Hiratsuka, Y. 1973. Sorus development, spore morphology, and 
nuclear condition of Gymnosporangium gaeumanii ssp. 
albertense. Mycologia 65:137-144. 

Hiratsuka, Y. 1973. The nuclear cycle and the terminology of spore 
states in Uredina1es. Mycologia 65:432-443. 
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Hiratsuka, Y. 1973. Nuclear cycle, taxonomy, and nomenclature of 
autoecious pine stem rusts in North America and Europe. 
Rep. Tottori Mycol. Inst. 10:243-248. (In Japanese with 
English summary.) 

Powell, J.M. and Y. Hiratsuka. 1973. Serious damage caused by 
stalactiform blister rust and western gall rust to a 
lodgepole pine plantation in central Alberta. Can. Dis. 
Surv. 53:67-71. 

Hiratsuka, Y. 1974. Proposal to conserve the generic name Peride~ium 
(Link) Schmidt and Kunze with a conserved type species 
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Aecidium eleatinum Alb. and Schw. (Fungi Imperfecti Uredinearum). 
Taxon. 23:428-429. 

Powell, J.M. 1974. The role of natural biological agents in controlling 
a pine stem rust (Cronartium comandrae) Blue Jay 32:75-79. 

Hiratsuka, Y. 1974. Spore morphology, nuclear cycle and terminology 
of rust fungi. Proceedings of Post-Congress (lAMS) Myco
logical Meeting, Tottori. p. 5. 

D.M. Henderson and Y. Kiratsuka. 1974. Ontogeny of spore markings 
on aeciospores of Cronartium comandrae and peridermioide 
teliospores of Endocronartium harknessii. Can. J. Bot. 
52:1919-1921. 

Powell, J.M. and L.S. Skaley. 1975. Arthropods from forest litter 
under lodgepole pine infecteq with the comaulra blister 
rust. Information Report NOR-X-130. 33 p. 

Powell, J.M. 1975. Additional note on the incidence of Cronartium 
coleosporioides f. album on lodgepole pine. Pl. Dis. 
Reptr. 59:32-34. 

Hiratsuka, Y. 1975. Recent controversies on the terminology of rust 
fungi. Rep. Tottari Myco1. Inst. 12:99-104. 

1976-77 

Hiratsuka, Y. and J.M. Powell. 1976. 'Pine stem rusts of Canada. 
Department of the Environment, Canadian Forestry Service, 
Forestry Technical Report 4. 106 p. 

Hiratsuka, Y. and P.J. Maruyama. 1976. Castilleja miniato, a new 
alternate host of Cronartium riticola. Pl. Dis. Rep~r. 60:241. 

Hiratsuka, Y. and S. Sato. 1976. Two species of Thekopsora on Tsuga. 
Proceedings of 20th Anniversary Meeting, Mycological Society 
of Japan, 10-12. 
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NOR-l-033 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 25, 1977 

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

2. Title: Forest insect and disease survey 

3. New: Cont.: X 4. No.: NOR-l-033 

5. Study Leader: W.G.H. Ives, Y. Hiratsuka, H.R. Wong, R.A. Blauel 

6. Key Words: Detection, appraisal, distribution, parasites, hosts, 
damage, predators, biological control, hazard, 
susceptibility, stability, management, parks, recrea
tion, symptoms, damage, effluents, easement atmosphere. 

7. Location of Work: Throughout region. 

8. Problem: 

Forest insects and diseases annually destroy or degrade large 
quantities of otherwise usable wood fibre. They cause important 
damage to nursery plantations, shelterbelts and park plantings 
which have high aesthetic or shelter values. The relations between 
insects, diseases and their hosts are complex and often obscure. 
Many of the problems confronting resource managers have their origin 
in insect or disease activities, but in other instances unsuspected 
factors may be responsible for the damage, and the insects or diseases 
are of secondary importance. Correct diagnoses therefore require a 
highly trained technical and professional staff. 

The data collected by the Survey provide essential information on 
life cycles, ecology, natural control agents, distribution and 
general abundance, which is of value to research entomologists, 
pathologists and other biologists. Many of the species reported by 
the Survey have a wide distribution, and the regional data are part 
of a larger body of data collected by this and other regions. Requests 
for surveys and advisory services in environmental pollution problem 
areas are being directed with increasing frequency to the Canadian 
Forestry Service. The Forest Insect and Disease Survey (FIDS) can 
handle many of these requests. 

09 



- 2 -

The gathering of background information on the distribution and 
abundance of insect and disease pests in the Prairies Region 
has largely been completed. We know which pests are important, 
and where they are most likely to occur. The need for routine 
detection surveys has therefore decreased and, since management 
agencies are much closer to the problem than we are, they should 
be able to report any suspected damage. Although we will continue 
to monitor known outbreaks, we have decided to drop routine detec
tion surveys and to concentrate our efforts on what might be called 
extension entomology and pathology, emphasizing impact and appraisal 
aspects. To facilitate this work we are establishing and strengthen
ing contacts with provincial and federal agencies, and are initiating 
a number of training programs in the form of field trips, lectures or 
seminars, that are aimed at improving the capability of personnel in 
these agencies to diagnose the more common problems themselves. We 
will investigate any reported problems, and give advice on what the 
organism is and on control procedures, if available. This approach, 
we believe, will make better use of available resources and should 
improve the service that we are able to provide to management agencies 
concerned with problems involving shade and forest trees. 

9. Study Objectives: 

1. To gain an improved knowledge of forest insects and diseases in 
the region for the purpose of minimizing damage to trees and 
shrubs attributable to these organisms and to provide an advisory 
service to management agencies and the public. 

2. Provide management agencies with diagnostic impact and appraisal 
services relating to effects of insects, diseases, climatic 
influences and pollutants on trees and shrubs and other types 
of vegetation. 

10. Resources: 

a. Starting date: 1941 at Winnipeg and Indian Head 
b. Estimated year of completion: Continuing 
c. Estimated total Prof. man-years required: 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.3 (W.G.H. Ives) 

0.1 (Y. Hiratsuka) 
0.3 (R.A. Blauel) 

Supp. 1.0 (J. Petty) 
1.0 (V.B. Patterson) 
1.0 (F.J. Emond) 
1.0 (R.M. Caltrell) 
1.0 (A.E. Campbell) 
1.0 (G.N. Still) 
1.0 (R.C. Tidsbury) 

Casual 
Total 7.7 

10 



- 3 -

11. Progress to Date: 

Infestations of all the major forest irisects have been assessed 
since the inception of the survey and more recently a large 
amount of information on diseases of the region has also been 
obtained. Much of this information ha$ been stored on magnetic 
tape or punch cards for easy analysis and retrieval. Life cycles 
and other biological data have been obtained for most of the 
major insects and diseases within the region. Numerous impact 
and appraisal surveys have been carried out in response to special 
needs. 

12. Goals for 1976-77: 

1. In the summer nf 1976, one man will be stationed at Winnipeg 
and will conduct special and routine impact and appraisal 
surveys in Manitoba. Two men will be stationed at Prince 
Albert during the summer and will be engaged primarily in 
extension work on insect, disease and pollutant problems in 
Saskatchewan. Two men will be stationed in Edmonton, and will 
engage in similar activities in Alberta. Two men will be 
assigned to special tasks as the needs arise, and will assist 
Prince Albert and Edmonton extension officers during peak work 
loads. 

2. Provide a field diagnostic and pest extension service to client 
agencies and the public concerning the cause and control of 
problems of trees and shrubs attributable to insects, diseases 
and pollutants. When positive identification of the cause is 
impossible in the field, specimens will be referred to specia1-
ists--Study NOR-1-1S4 for insects, NOR-1-1S3 for diseases and 
other specialists as required. 

3. Monitor known outbreaks of defoliating insects as required: 
forest tent caterpillar in the three Prairie Provinces; eastern 
spruce budworm in Manitoba and northern Alberta; jack pine bud
worm in southeastern Manitoba; and fall cankerworm along the Red 
and Assiniboine rivers in Manitoba. 

4. Limited detection surveys will be conducted in Manitoba, partic
ularly in parks and high-value fibre producing areas. 

5. Training seminars or courses will continue to be given to staff 
of as many provincial and federal agencies as possible, in order 
to better acquaint them with common insect and disease pests of 
their area. 

6. Available information on insect and disease pests will be collated 
into an annual report outlining known pest problems in the region. 

11 
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7. A limited number of photographs of insect and disease pests 
will be taken, to complete the illustrations for the brochures 
being prepared. Assistance will also be given in searching 
the literature when required. 

8. A pre-season forecast of anticipated insect and disease pro
blems for the summer of 1976 will be made. 

9. Conduct limited detection surveys of Scleroderris canker and 
Dutch elm disease in Saskatchewan, Alberta and adjacent areas 
of B.C. A note will be prepared for publication on the added 
distribution of Scleroderris canker in Alberta and B.C. with 
Dr. Funk (PFRC). (Hiratsuka). 

10. Limited evaluations of suspect pollution damage will be made 
when the situation warrants such action. 

Possible areas are: Flin Flon and Prince Albert. 

11. The following reports will be completed (Blauel): 

The Forest Condition and Ecological Bench Marking in the 
Athabasca Tar Sands Area. 

Survey of a Forest Community near a Cement Production Industry. 

12. An advisory service concerning the impact of air and landspill 
pollutants on forest ecosystems will be provided (Blauel). 

13. Accomplishments in 1976-77: 

1 & 2. Extension work was conducted out of Winnipeg, Prince Albert 
and Edmonton. About 255 calls were handled in Winnipeg, 628 
in Prince Albert and 1240 in Edmonton. Some of these inquiries 
could be answered on the basis of submitted samples, but many 
required on site inspections to determine the nature of the 
problem. 

3. A number of surveys to monitor known outbreaks were conducted 
in 1976: 

a) Forest tent caterpillar - Aerial and ground surveys were 
carried out in Manitoba, Saskatchewan and Alberta to monitor 
extent and severity; 

b) Jack pine budworm - Aerial and ground surveys were conducted 
in Manitoba, ground surveys in Saskatchewan. 

12 
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c) Spruce budworm - Ground and aerial surveys Wl'n' conduclt'd 
in Manitoba. H. Cerezke conducted surveys in the Ft. 
McMurray area of Alberta. 

d) Fall canker worm - Limited ground surveys were conducted 
in Manitoba and Saskatchewan. 

4. General detection surveys in Manitoba were less extensive than 
in 1975, due to the pressure of other work. An aerial survey 
along the Manitoba-Ontario border was made at the request of 
Sault Ste. Marie (mostly for spruce budworm and forest tent 
caterpillar) and a report submitted. 

5. A number of training seminars were given to staff of other 
agencies as follows: Alberta 15; Saskatchewan 1, Manitoba 2. 

6. Available information on known pest conditions in 1976 is 
currently being collated. 

7. Additional photos of insect and disease organisms were obtained. 

8. A pre-season forecast of anticipated insect and disease problems 
was prepared. 

9. Surveys of SaZeroderris canker have been conducted at several 
locations in Jasper National Park, Hinton area and adjacent 
parts of B.C. but the disease was not found in new locations 
except wider areas in the original,site in Jasper National 
Park. Together with information on two isolated incidences 
in B.C., a note has been published with Dr. Funk (PFRC). 
Dutch elm surveys have been conducted on three different 
occasions in Saskatchewan with negative results. 

10. Several limited evaluations were made of suspect pollutant 
damage situations. These evaluations benefited the agencies 
making the inquiry but also served to broaden the knowledge 
of NFRC staff. Among these were: 

a) 

b) 

c) 

d) 

Establishment of five permanent vegetative response and 
soil plots around the Prince Aibert Pulp Mill to allow 
continued evaluation of the forest condition. 

A follow up field evaluation of the catalyst disposal 
method at the Hudson Bay Brazeau Gas plant. Soil toxicity 
and tree foliar accumulation aspects were examined. 

Examination of vegetative impacts resultant from an anhydrous 
amonia release near Milk River, Alberta. 

Field evaluation of vegetation and soils subjected to salt 
water releases in the Medicine Hate and Silver Creek areas 
of Alberta. 

13 
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e) Field survey of forest impacts resultant from a sour 
gas well blowout and fire near Windfall Alberta. 

f) Evaluation of four sites in the vicinity of the Exshaw 
cement plant to determine possible soil contaminations. 

Other short examination were made of limited stress situations 
including small oil and gas release incidents, salt water spills 
and residential ornamental tree and soil contamination problems. 
Brief file reports on the field aspects of these evaluations 
are completed. 

Regarding the review of the Environmental Code for the proposed 
Mackenzie Valley Gas Pipeline the following were conducted and 
completed: 

A general review of fourteen relevant documents and reports pro
viding background to the environmental code development; Detailed 
review and written comment on two initial draft copies of the 
environmental code; Participation in the Mackenzie Valley Environ
mental Code workshop where each section of the document was examined 
and discussed on a line review basis and where review comments were 
consolidated and integrated into draft copy; and finally a review 
was made of the complete draft consolidation. 

11. The reports entitled "Forest Conditions as Benchmarked in the 
Alberta Oil Sands Area prior to 1976 by Northern Forest Research 
Centre ll and "Survey of a forest community near a cement production 
industry" were completed. 

12. An advisory Service concerning the impact of air and landspill 
pollutants on forest ecosystems was provided. 

During 1976-77 the following advisory services were provided: 

a) The planning of a forest environmental impact assessment of 
a crude oil spray incident near Sturgeon Lake, Alberta - for 
Alberta Forest Service. 

b) Review and discussion of forest impact assessment relevant 
to the natural gas processing industry in Alberta - for 
Alberta Energy Resources Conservation Board. 

c) Advice concerning the evaluation and reclamation of salt 
spill and condensate release effected forest areas - for 
Environment coordinators of Amoco Canada Ltd. and Alberta 
Gas Trunk Pipeline Co. Ltd. 

d) Provision of forest impact assessment procedures and possible 
amelioration processes regarding oil and gas well blowouts 
and flow backs - for Shultz International Ltd. and Epec Con
sulting Western Ltd. 
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e) Organization and provision of materials on forest pollutant 
problems for use in the Advanced Land Use Course at the 
Hinton Forest Training School (Alberta Forest Service). 

14. Goals for 1977-78 

1. In 1977, two men will be stationed in Winnipeg (one for summer 
months only) to handle extension calls and to conduct special 
impact and appraisal surveys in Manitoba. Two men will be 
stationed at Prince Albert during the summer and will be engaged 
primarily in extension work on insect, disease and pollutant 
problems in Saskatchewan. Two men will be stationed in Edmonton, 
and will engage in similar activities in Alberta. One man will 
be assigned to special tasks as the needs arise, and will assist 
Prince Albert and Edmonton extension officers during peak work 
loads. 

2. Provide a field diagnostic and pest extension service to client 
agencies and the public concerning the cause and control of 
problems of trees and shrubs attributable to insects, diseases 
and pollutants. When positive identification of the cause is 
impossible in the field, specimens will be referred to specialists 

'--Study NOR-l-lS4 for insects, NOR-l-lS3 for diseases and other 
specialists as required. 

3. Monitor known outbreaks of defoliating insects as required: 
Forest tent caterpillar in the three Prairie Provinces; eastern 
spruce budworm in Manitoba and northern Alberta; jack pine bud
worm in southeastern Manitoba and central Saskatchewan; and fall 
cankerworm along the Red and Assiniboine rivers in Manitoba and 
in eastern Saskatchewan. 

15 

4. Limited detection surveys will be conducted in Manitoba and Alberta, 
particularly in parks and high-value fibre producing areas. 

5. Training seminars or courses will continue to be given to staff 
of as many provincial and federal agencies as possible, in order 
to better acquaint them with common insect and disease pests of 
their area. 

6. Available information on insect and disease pests will be collated 
into an annual report outlining known pest problems in the region. 

7. Conduct limited survyes of ScZeroderris canker in Alberta and 
adjacent areas of B.C. (Hiratsuka). 

8. Conduct limited surveys of Dutch elm disease in Saskatchewan and 
Alberta. Coordinate and contribute to DED advisory committee in 
Saskatchewan which is headed by Dr. Duczek (Saskatchewan Agriculture). 
(Hiratsuka). 
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9. Limited evaluations of suspect pollution damage will be made 
when the situation warrants such action (Blauel). 

10. An advisory service concerning the impact of air and landspill 
pollutants on forest ecosystems will be provided (Blauel). 

15. Publications: 

Up to 1976-77 

Anon. 1975. Guidelines for the environmental assessment of the 
proposed Mackenzie Delta development. File report by 
the Mackenzie Delta Working Group. 

Blauel, R.A. 1974. Survey field problem definition regarding 
forest pollutant occurrences. File Report. 

Blauel, R.A. and D. Hocking. 1974. Air pollution and forest 
decline near a nickel smelter. NOR-X-115. 

Blauel, R.A. and D. Hocking. 1974. Problems of chloride and heavy 
metal contamination. In: Proceedings on reclamation of 
disturbed lands in Alberta. NOR-X-116. 

B1aue1, R.A. and D. Hocking. 1974. Impact of an ammonia release 
on trees. File Report. 

B1auel, R.A. and G.J. Smith. 1974. New Norway well site examination. 
File Report. 

Blaue1, R.A. 1975. Guildelines for the Mackenzie Delta gas develop
ment system. A first draft. File Report. 

Blauel, R.A. and G.L. Lesko. 1975. Condensate release impacts on 
a forest area. In: Proceedings on "conference on the 
environmental effects of oil and salt water spills on 
land". November 1975. 229-239 pp. 

Caltrell, R.M. and J.C.E. Melvin. 1974. Forest insects collected 
in Elk Island National Park 1948-1971. NOR-X-Ill. 

Drouin, J.A. and H.R. Wong. 1975. Biology, damage and chemical 
control of the poplar borer (Saperda calcarata) in the 
junction of the root and stem of balsam poplar in western 
Canada. Can. J. For. Res. 5:433-439. 

Edwards, I.K. and R.A. Blauel. 1975. Effects of salt water spills 
on forested land. In: Proceedings on the "conference on 
the environmental effects of oil and salt water spills on 
land". November, 1975. 38-80 pp. 
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Edmond, F.J. et al. 1974. Forest insects and diseases in eight 
western Canadian parks, 1973. 17 p. NOR-X-90. 

Edmond, F.J. and G.N. Still. 1974. Forest insect and disease 
conditions in Manitoba provincial parks, 1973. 17 p. 
NOR-X-9l. 

Gautreau, E.J. and J.C.E. Melvin. 1974. Forest insects collected 
in Waterton National Park, 1948-1971. NOR-X-120. 

Gautreau, E.J. and J.C.E. Melvin. 1974. Forest insects collected 
in Kananaskis Forest Experiment Area, 1948-1971. NOR-X-88. 

Hocking, D. 1974. Preliminary survey of the forest condition near 
the Transmountain Pipeline Pumping Station. File Report. 

Hocking, D. 1974. Effects on the forest of sulphur dioxide from a 
sulphur fire near Edson, Alberta. NOR-X-139. 

Hocking, D. 1974. Interim report on long-term impact on the forest 
of emissions from a sulphur extraction plant. 

Hocking, D. 1974. Decline of the forest in the Pine Point area, 
N.W.T. File Report. 

Hocking, D. 1974. The forest impact of sulphur dioxide fumes from 
underground combustion of sulphide ores near Kimberly, 
B.C. File Report. 

Hocking, D. and R.A. B1aue1. 1974. Supplementary information for 
the Manitoba Clean Environment Commission on air pollution 
and forest decline near a nickel smelter. Appendix to 
NOR-X-115. 

Ives, W.G.H., J.J. Lawrence and J.K. Robins. 1974. Important 
forest insects and diseases (in the) Prairies Region. 
In: Forest insect and disease survey annual report, 1973. 
70-77 pp. 

Ives, W.G.H., J.J. Lawrence, J. Petty and J.K. Robins. 1975. 
Important forest insects and diseases in the Prairies 
Region. In: Forest insect and disease survey annual 
report, 1974. Forestry Service, Environment Canada. 
75-81 pp. 

Mortenson, K. et al. 1974. Forest insects collected in Prince 
Albert National Park, 1948-1971. 40 p. NOR-X-108. 

Patterson, V.B. 1974. Regeneration mortality survey in North 
Western Pulp and Power Lease at Hinton. 14 p. NOR-X-80. 
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Patterson, V.B. et aZ. 1974. Forest insect and disease conditions 
in Alberta Provincial Parks, 1973. 14 pp. NOR-X-93. 

Patterson, V.B. et aZ. 1975. Annual district reports: Forest 
insect and disease survey, Prairies Region, 1974. 
NOR-X-125. 

Petty, J. et aZ. 1974. Forest insect and disease conditions in 
Saskatchewan provincial parks and Trans-Canada camp 
grounds, 1973. 31 p. NOR-X-95. 

Petty, J. and R.C. Tidsbury. 1974. Shelterbelts in the Regina 
Plains area. File Report. 

Robins, J.K. et aZ. 1974. Annual district reports: 
and disease survey, Prairie Region, 1973. 

Forest insect 
55 pp. NOR-X-73. 

Robins, J.K. and J.P. Susut. 1974. Red belt in Alberta. NOR-X-99. 
July 1974. 6 p. 

Smith, G.J. and R.A. Blauel. 1974. Vicary Creek Valley well site 
re-examined. File Report. 

Smith, G.J. and J.C.E. Melvin. 1974. Forest insects collected in 
Yoho National Park, 1948-1971. NOR-X-I05. 

Smith, G.J. and M.C.E. Melvin. 1974. Forest insects collected in 
Kootenay National Park, 1948-1971. NOR-X-I10. 

Still, G.N. et aZ. 1974. 
Park, 1948-1971. 

Forest insects collected in Banff National 
37 p. NOR-X-104. 

Still, G.N. et aZ. 1974. Forest insects collected in Riding Mountain 
National Park, 1948-1971. NOR-X-I06. 

Susut, J.P. and J.C.E. Melvin. 1974. Forest insects collected in 
Jasper National Park, 1948-1971. NOR-X-107. 

Wong, H.R. and J.C.E. Melvin. 1974. Insects of aspen catkins in 
the Canadian Prairies. Northern Forest Research Centre, 
Edmonton, Alberta. 27 p. NOR-X-76. 

1976-77 

Anon. 1976. Draft of an Environmental Code for the proposed 
Mackenzie Valley Pipeline. September, 1976. File Report. 
Environment Canada Working Group. 

Blauel, R.A. 1976. Review of the initial drafts of the proposed 
Mackenzie Valley Pipeline Environment Code. June, 1976. 
File Report. 
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Blauel, R.A. 1976. Appendum: Comments on the revised draft of 
the proposed Mackenzie Valley Pipeline Environ. Code. 
August, 1976. File Report. 

Blauel, R.A. 1976. Examination of forest vegetation for impacts 
from emergency flaring procedures. File Report. 

Blauel, R.A. 1976. Forest vegetation and soil survey Flin Flon, 
Manitoba. File Report. 

Blauel, R.A. and D. Hocking. 1977. Forest conditions as bench
marked in the Alberta Oil Sands Area prior to 1976 
by Northern Forest Research Centre. File Report. 

Blauel, R.A. 1977. Survey of a forest community near a cement 
production industry. File Report. 

Hiratsuka, Y. and A. Funk. 1976. Additional records of GremmenieZZa 
abietina in western Canada. Pl. Dis. Reptr. .60:631. 

Hocking, D. and R.A. Blauel. 1976. Progressive heavy metal accumula
tion associated with forest decline near the nickel smelter 
at Thompson, Manitoba. Information Report. NOR-X-160. 

Ives, W.G.H., and J. Petty. Important forest insect and diseases 
(in the) Prairies Region. In: Forest insect and disease 
survey annual report, 1975. Forestry Service, Environment 
Canada (In press). 

Petty, J. et aZ. 1975. Annual district reports, forest insect and 
disease survey, Prairies Region, 1975. NOR-X-154. 30 pp. 

16. Signatures: 

Investigator Program Manager 

'~p~ 
Investigato Director G. T. Silver 
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CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977-78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 25, 1977 

1. Project: Detection and appraisal of tree pests. 

2. Title: Sawfly systematics 

3. New: Cont.: X 4. No.: NOR-l-OS8 

5. Study Leader: H.R. Wong 

6. Key Words: Tenthredinoidea Nearctic Region, distribution, hosts, 
keys, life history, morphology, new genera, new species, 
biogeography, revision, Symphyta, evolution, phylogeny. 

7. Location of Work: Edmonton, Alberta. 

8. Problem: 

?O 
.~ , 

Sawflies cause destructive damage to forest and shade trees in Canada. 
Until sawflies are identified, they cannot be discussed or treated in a 
scientific way. Accurate identification of pest species can determine 
their area of spread and assist in confining their damage to a restricted 
area. Systematic studies can provide the means of making predictions and 
generalizations about probable habits, distribution, future importance 
of newly discovered species, and clues on possible methods of control. 
It is the means by which an orderly system is provided for storing informa
tion about sawflies and is an important retrieval device. 

Success in this study is excellent provided time, funds and technician 
assistance are available. Since I am only one of two people in Canada, 
at the present time, actively engaged in the systematic study of saw
flies, any results obtained would add to the knowledge of this group of 
insects in Canada, and their role in our environment. Such knowledge 
would also aid certain biological and ecological studies in North America. 

The material is made available by a number of agencies requesting 
identification services, in particular the Forest Insect and Disease 
Surveys across Canada. Speci~s identification is 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 illustrated together with other pertinent 
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information on host, life history, distribution, immature stages, 
phylogeny etc. Keys are constructed to assist in future identification. 

9. Study Objectives: 

1. To make systematic studies of the sawflies of Canada, noting their 
mature and immature forms, distribution, host, seasonal occurrence, 
importance to forestry, subspecies, strains and phylogenetic rela
tionships. 

2. To separate the various sawfly species by means of keys, descript
ions and illustrations. 

3. To study the evolution and biogeography of the more important 
sawfly genera. 

4. To study the external and internal morphology of the more economic 
sawfly species. 

10. Resources: 

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

Starting date: 1950 
Estimated year of completion: a continuing project Revised: 
Estimated total Prof. man-years required: indefinite 
Essential new major equipment items for 1977-78 with costs: 
Essential new major equipment items beyond 1978 with costs: 
1977-78 man-years Prof. 0.5 

SUpPa 0.0 
Casual 0.0 
Total 0.5 

11. Progress to Date: 

Nil 
Nil 

Twenty seven scientific papers have been published in this study. 
The subject matter and the species or ~en~ra treated are indicated 
in the list of publications. 

12. Goals for 1976-77: 

1. Publish: American species of Pristiphora south of the United 
States. Journal. Pristiphora species of southeast Asia 
(Hymenoptera: Tenthredinidae). Journal. 

2. Determine the life history of a willow shoot-boring sawfly, 
Euura atra (Jurine) in Alberta. 

3. Identify sawflies for research personnel, institutions, 
laboratories and the Canadian National Collection. 

13. Accomplishments in 1976-77: 

1. 1. Results published in Ann. Ent. Soc. Am. 
2. Results in press in Can. Ent. 
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2. Results in press in Tree Plant Notes. 

3. Identified nearly 400 sawflies for the Forest Insect and 
Disease Survey of the Northern Forest Research Centre, Canadian 
National Collection. U.S. National Museum, Ishikawa Agricultural 
College, Japan and California Academy of Sciences. 

14. Goals for 1977-78: 

1. Publish: FaZZocampus:A new sawfly genus for the Nearctic species 
of PZatycampus Schi~dte(Hymenoptera: Tenthredinidae). 
Journal. 

2. Determine the distribution and parasites of a willow shoot-boring 
sawfly in Alberta through field collection and rearings. 

3. Identify sawflies for research personnel, institutions, laboratories 
and the Canadian National Collection. 

15. Publications: 

Up to 1976-77 

Lejeune, R.R. and H.R. Wong. 1949. Distribution of larch sawfly in 
Manitoba and Saskatchewan. Canada, Dept. Agric., For. Biol. Div., 
Bi-monthly Prog. Rept. 5(6):2. 

Wong, H.R. 1950. Sawfly larvae of the subfamily Nematinae attacking 
conifers in the forests of the Canadian Prairies. Master thesis. 
Michigan State University: 1-33. 

Wong, H.R. 1951. Cocoons of some sawflies that defoliate forest trees 
in Manitoba and Saskatchewan. Ann. Rept. Ent. Soc. Ontario 
82:62-67. 

Wong, H.R. 1954. Common sawflies feeding on white birch in the 
forested areas of Manitoba and Saskatchewan. Can. Ent. 86:154-158. 
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Wong, H.R. 1955. Nearctic larvae of the genus AnopZonyx 
Can. Ent. 87:224-227. 

(Tenthredinidae: 
Hymenoptera). 

Wong, H.R. 1956. Preliminary notes on intersexes and gynandromorphs 
of the larch sawfly. Can. Ent. 88:545. 

Wong, H.R. 1956. Common Tenthredo larvae feeding on deciduous trees 
in the Canadian Prairies (Tenthredinidae: Hymenoptera). Interim 
Rept. Forest Biology Lab: 19-25. 

Wong, H.R. 1957. Sawflies of the genus PZatycampus Schi~dte on 
trembling aspen in the Canadian Prairies. Canada, Dept. Agric., 
For. BioI. Div., Bi-mcnthly Prog. R~pt. 13(4):2. 

Wong, H.R. 1958. The morphology of the adult of the larch sawfly, 
Pristiphora erichsonii (Htg.) (Tenthredinidae: Hymenoptera). 
Interim Rept. Forest Biology Lab., Winnipeg 1958-1: 1-43: 
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Wong, H.R. 1958. The morphology of the ultimate larval instar 
of the larch sawfly, Fristiphora eriahsonii (Htg.) (Tenthredinidae: 
Hymenoptera). Interim Rept., Forest Biology Lab., Winnipeg 
1958-1: 1-16. 

Wong, H.R. 1960. Evolution of the sawfly genus Fristiphora. 
Doctor of Philosophy in Entomology thesis. University of 
Illinois: 1-113. 

Wong, H.R. and H.H. Ross. 1960. New Nearctic species of the 
genus Fristiphora Latreille (Hymenoptera: Tenthredinidae) 
Can. Ent. 92(3): 193-198. 

Wong, H.R. 1960. 
Abs. 21(6): 

Evolution of the sawfly genus Fristiphora Diss. 
1676. 

Wong, H.R. 1963. The external morphology of the adults and ultimate 
larval instar of the larch sawfly, Fristiphora eriahsonii (Htg.) 
(Hymenoptera: Tenthredinidae). Can. Ent. 95:897-921. 

Wong, H.R. and R.B. Benson. 
Brazil (Tenthredinidae: 

1965. A new species of Fristiphora from 
Hymenoptera). Can. Ent. 97(7): 779-782. 

Wong, H.R. 1966. A new species of AZZantus Panzer on birch (Hymenoptera: 
Tenthredinidae) Can. Ent. 98(8): 852-854. 

Wong, H.R. 1967. The Nematine genera EiteZius and Miaronematus in 
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North America (Hymenoptera: Tenthredinidae). Can. Ent. 99:1101-1104. 

Wong, H.R. 1968. 
(Hymenoptera: 

Wong, H.R. 1968. 
(Hymenoptera: 

Deaanematus~ a sawfly genus new to North America 
Tenthredinidae). Can. Ent. 100(1):84-86. 

Fristiphora geZida, a new species from Alaska 
Tenthredinidae) J. Nat. Hist. 2:185-186. 

Wong, H.R. 1968. A revision of the tribe Pristo1ini (Hymenoptera: 
Tenthredinidae) Can. Ent. 100:1049-1057. 

Wong, H.R. 1969. Reassignment of the ambigua group of Fristiphora 
to a new genus SharZiphora (Hymenoptera: Tenthredinidae). Can. Ent. 
101:332-335. 

Wong, H.R. 1969. 
(Hymenoptera: 

Fristiphora aaidovaZva, a new sawfly on willow 
Tenthredinidae). Can. Ent. 101:970-972. 

Wong, H.R. and W.G.H. Ives. 1969. The European spruce sawfly in 
Manitoba. Bi-month1y Res. Notes. 25(6):47. 

Wong, H.R. 1972. The spread of the European spruce sawfly 
Diprion herayniae (Hymenoptera: Diprionidae) in Manitoba. 
Can. Ent. 104:755-756. 

Wong, H.R. and H.E. Milliron. 1972. 
on western juniper (Hymenoptera: 
104:1025-1028. 

A Canadian species of Susana 
Tenthredinidae) Can. Ent. 
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Wong, H.R. 1974. The identification and origin of the strains 
of the larch sawfly, Pristiphora erichsonii (Hymenoptera: 
Tenthredinidae), in North America. Can. Ent. 106:1121-1131. 

Wong, H.R. 1975. The abietina group of Pristiphora (Hymenoptera: 
Tenthredinidae. Can. Ent. 107:451-463. 

Wong, H.R. 1976. American species of Pristiphora south of the 
United States. Ann. Ent. Soc. Am. 69(3):525-526. 

Wong, H.R. 1976. Chinese species of Pristiphora and their relation
ship to Palaearctic and Nearctic species (Hymenoptera: Tenthredini
dae). Can. Ent. 109: (101-106) 

Wong, H.R., J.C.E. Melvin and J.A. Drouin. 1976. Damage by a willow 
shoot-boring sawfly in Alberta. Tree Plant Notes 27: (In press) 

16. Signatures: 

Investigator Program Manager 

Director G.T. Silver 
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CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 25, 1977 

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

2. Title: Analysis and synthesis of Forest Insect and Disease Survey 
historical data and information. 

3. New: Cont.: X 4. No.: NOR-l-089 

5. Study Leader: W.G.H. Ives 

6. Key Words: Population trends, computer mapping, data retrieval, 
insects and environment. 

7. Location of Work: Edmonton and Ottawa. 

8. Problem: 

The large body of data collected by the Forest Insect and Disease 
Survey since its inception has never been thoroughly examined to 
determine what information it contains regarding population trends 
and the environment. 

Some of the data on general distribution and abundance and on rates 
of parasitism were in reports or on raw data sheets, but had not 
been transferred to forms suitable for computer input. Similarly, 
the format used by the Meteorological Branch of the Department of 
Transport for summarizing their weather data was not suitable for 
some of the analyses, and additional summaries had to be prepared. 

This study has undertaken to consolidate all of the available 
information on common insects and weather records for Manitoba and 
Saskatchewan into a format suitable for computer input, and to 
subject these data to a thorough examination. Writing of the 
necessary computer programs will be undertaken by staff in Ottawa. 
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9. Study Objectives: 

To determine if the large amount of data on insect infestations 
collected by the Forest Insect and Disease Survey during the past 
years can be utilized to help explain fluctuations in populations 
of forest insects, and thus lead to a better understanding of the 
factors contributing to insect outbreaks. 

10. Resources: 

a. Starting date: 1969 
b. Estimated year of completion: 1978 
c. Estimated total Prof. man-years required: 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.3 (W.G.H. Ives). 

11. Progress to Date: 

Supp. 
Casual 
Total ~0-.73-

Data have been placed on magnetic tape, edited and upgraded where 
necessary. These data include the FIDS historic file (for Manitoba 
and Saskatchewan) and ancillary data on weather, and infestation 
records and percentage parasitism for major defoliators. 

A program has been developed by programmers in Ottawa that will 
provide preliminary data summaries for all variables. A test run 
has been made and this is currently being checked for accuracy. 

12. Goals for 1976-77: 

1. Complete the checking of test data, and have necessary corrections 
made to any errors in the program. 

2. Obtain printouts of appropriate data summaries for 12 of the 
more common insects (there are 25 in all). 

3. If Ottawa's funding permits, obtain additional printouts 
summarizing available data for the other 13 species. 

4. Begin preliminary examination of the data to determine if any 
meaningful interrelationships can be detected. 

13. Accomplishments in 1976-77: 

1. Test data were checked and necessary changes in programs were 
made. 

2 & 3. Data for all 25 species were summarized, except for 1948-50, 
which require a separate listing, currently underway. 

4. Examination of the data is underway, but it is too soon to 
determine if any trends are evident. 
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14. Goals for 1977-78: 

1. Continue examination of the data to determine if any meaningful 
interrelationships can be detected. 

2. Moisture deficiencies and/or fire hazard ratings for a number 
of selected stations will be examined to determine if there are 
any relationships between drought conditions (or the lack of 
them) and insect population trends. 

15. Publications: 

Up to 1976-77: 

Ives, W.G.H. 1973. Heat units and outbreaks of the forest tent 
caterpillar, MaZaeosoma disstria (Lepidoptera:Lasioaampidae). 
Can. Ent. 105:529-543. 

Ives, W.G.H. 1974. Weather and outbreaks of the spruce budworm, 
Choristoneura fumiferana. Information Rept. NOR-X-118. 

1976-77 

Nil 

16. Signatures: 

Program Manager 

Director G.T. Silver 
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NOR-1-110 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 25, 1977 

1. Project: Detection and estimation of tree pests and vegetative 
disturbance. 

2. Title: Dutch Elm disease detection and diagnosis. 

3. New: Cont.: X 4. No.: NOR-1-l10 

5. Study Leader: V. Hildah1 

6. Key Words: entomology, pathology, detection, appraisal, insect 
control, disease control, tree species. 

7. Location of Work: Manitoba 

8. Problem: 

Nature of Study: 

The Dutch elm disease is a fatal disease of native and planted 
American elm. It is transmitted from diseased to healthy trees 
mainly by bark beetles. The causal fungus (Ceratocystis ulmi) 
was first found in North America in Ohio in 1930. Since then it 
has spread north and eastward into Canada from Ontario to the 
Maritime Provinces and westward in the United States to Idaho, 
Washington and California. During the past 45 years, the disease 
has affected more than 80 per cent of the natural range of 
American elm in North America and has spread to parts of the 
continent where the host tree occurs only as ornamental or shelter
belt plantings. 

In 1975, the pathogen was isolated from American elm at three loca
tions in Manitoba, namely Winnipeg, Selkirk and Brandon. The 
expansion of the disease to Manitoba is of great importance, 
espeica11y to many urban centres in southern part of the Prairie 
Provinces where American elm has been used extensively (and in 
some cases almost exclusively) for boulevard and ornamental 
purposes. 
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Benefits of Study: 

Major benefits of the study will be to reduce the impact of the 
disease in outbreak areas, thus maintaining the aesthetic values 
and pleasant environments associated with natural stands and 
plantings of American elms. In many urban centres and park areas 
throughout the prairie region American elm represents up to 80 
per cent of the tree cover. 

Probability of Success: 

Now that the disease is present, the probability exists that within 
the next few years it may spread to most parts of the southern 
prairie regions where elms occur. Early detection and diagnosis 
followed by proper recommended sanitation procedures are important 
factors in controlling Dutch elm disease. In areas where these 
practices have been emphasized elm losses have been reduced by 1-5 
per cent per year as compared to 16-60 per cent where sanitation 
measures have not been carried out. 

9. Study Objectives: 

The objectives of the study are primarily: 1) to carry out systematic 
detection and diagnostic services leading to early discovery of 
diseased trees or localized outbreaks of the Dutch elm disease in 
the Manitoba region; and 2) to provide technical advice, guidance and 
assistance to provincial, municipal and urban governments with 
respect to sanitation and chemical control procedures. 

An important advisory function pertaining to the Dutch elm disease 
study is serving as a member on a Provincial Advisory Committee on 
Tree Protection established by the Minister of Agriculture. 

10. Resources: 

a. Starting date: 1970 
b. Estimated year of completion: continuing 
c. Estimated total Prof. man-years required: 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years: Prof. 

11. Progress to Date: 

Supp. 
Casual 
Total 

Since 1970, elm disease investigations in Manitoba have involved 
ground and aerial reconnaissance. Detection surveys have been 
concentrated along river valleys, and in urban centres and rural 
areas where major concentrations of American elm occur. Since the 
study was initiated more than 9,000 suspect elms (trees with 
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characteristic external symptoms--flagging, dead branches 
or dieback in the crown) have been sampled. Laboratory 
diagnosis of material from the sample trees has indicated 
widespread but fluctuating infections of Fusarium, Verticillium 
and cephalosporium wilts. 

Aerial photography using infrared and color films was carried 
out in 1973 along the Red River as an aid to early detection 
of elm disease, especially Dutch elm disease. Two scales of 
photography were obtained as follows: high-level photography 
was taken of the area from Winnipeg to Emerson at 10,000 feet 
AGL using 3" lens and low-level photography from St. Norbert 
to G1en1ea at 1,000 feet AGL using a 12" lens. The aerial 
photography was carried out by the Remote Sensing Group, 
Northern Forest Research Centre. 

12. Goals for 1976-77: 

1. Continue detection (aerial and ground) surveys throughout 
areas of concern in southern Manitoba, and provide diagnostic 
services to cooperating provincial and municipal agencies. 

2. Continue to provide technical services to cooperating agencies 
concerned with the Dutch elm disease problem, especially in 
relation to sanitation practices and control procedures. 

3. Complete Information Report entitled "Elm Diseases in Manitoba," 
including interpretation of aerial photography. 

13. Accomplishments in 1976-77: 

1. Dutch elm disease detection and diagnostic services were 
intensified. Twelve summer students (8 by the Manitoba 
Department of Agriculture, 2 by the Manitoba Parks Branch 
and 2 by the City of Winnipeg involving 167 man-weeks) 
were provided to supplement the previous year's program. 
Direction and supervision of the students was provided by 
the Canadian Forestry Service. 

Field investigations indicated a significant increase in the 
incidence of Dutch elm disease in the previously recorded 
outbreaks at Selkirk, Brandon and in Winnipeg. In addition 
new localized outbreaks were recorded along the Brokenhead 
River, along the southeastern and southwestern shores of 
Lake Winnipeg, and west of Winnipeg in the Headingley Jail 
Forest. Approximately 2,500 suspect trees were sampled in 
these areas, of which 885 or 35% showed evidence of Dutch 
disease infection. 

2. Technical advisory services to cooperating agencies, especially 
the Manitoba Department of Agriculture and the City of Winnipeg, 
were continued. 

3. The proposed Infprmation Report "Elm Diseases in Manitoba" 
was not completed. 
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4. Added accomplishment in 1976: A one-day workshop on Dutch 
Elm Disease sponsored by the Canapian Forestry Service was 
held in Winnipeg on March 3, 1976. The workshop was attended 
by close to 100 delegates from Manitoba, Saskatchewan and 
Alberta. 

14. Goals for 1977-78: 

1. The work in this study has been transferred to NOR-17-068. 

2. Study NOR-I-110 is terminated. 

15. Publications: 

Steneker, G. A. et al. 1976. Summary of Papers Presented at 
Workshop on Dutch Elm Disease. Nor. For. Res. Cen., Env. 
Can., Edmonton, Alta. 

16. Signatures: 

jtJ~~ 
0Jnvestiga progr#"Manager 

(/ 

Regional Director 
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NOR-l-1S3 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977-78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 25, 1977 

1. Project: Detection and appraisal of tree pests and vegetation 
disturbances. 

2. Title: Forest diseases: Diagnostic and taxonomic services. 

3. New: X 4. No.: NOR-l-1S3 

5. Study Leader: Y. Hiratsuka 

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

7. Location of work: 

8. Problem: 

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 measures of tree diseases. 
Besides, non pathogenic fungi in forest ecosystems also play 
important roles in nature. Proper identifications of mycorrhizal 
fungi, decomposing fungi and hyperparasitic fungi in the forest 
are important to many research studies and provide better 
understanding of forest ecosystems. 

Taxonomy and nomenclature of fungi are constantly being revised. 
Changes in the concepts and limits of species and application of 
new or different names for the same organisms often cause confusion. 
Proper applications of up-to-date information of taxonomy and 
nomenclature are necessary whenever names of the organisms are used 
in reports or publications. To 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 
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biggest collection of forest fungi in the pra1r1e provinces. The 
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 keys 
for identification, and other related publications. 

10. Resources: 

a. Study date: 1976 (Included as a part of NOR-l-033 until 1975-76). 
b. Estimated year of completion: Continuous. 
c. Estimated total Prof. man years required: 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years 

Prof. 0.4 
Supp. 0.3 
Casual ,Nil 
Total -0:7 

11. Progress to Date: 

Reported as a part of NOR-l-033. 

12. Goals for 1976-77: 

1. Provide tree disease ,diagnostic and identification service. 
Diagnostic and identification service will be provided mainly 
for the general public and outside agencies through pest 
extension service. 

2. Maintain and upgrade the Mycological Herbarium. Exchange 
of specimens will be arranged with several institutions. 

3. Complete the reorganization of fungus culture collection. 

4. Make taxonomic investigation of a possible new fungus 
(Marssonina sp.) on balsam poplar. A short journal 
publication describing the fungus will be prepared if 
the fungus is new. 
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9. Cooperated with Dr. S. Takai (G.L.F.R.C.) to study morphology 
and morphogenesis of synnemata of Ceratoaystis uZmi using 
scanning electron microscope. Many excellent electron micro
graphs were obtained and several journal publications have been 
planned. 

14. Goals for 1977-78: 

1. Tree disease diagnostic and identification service will be 
provided for the outside agencies and for general public through 
pest extension service. 

2. Maintain and upgrade the Mycological Herbarium and the Fungus Culture 
Collection. 

3. Publish a journal publication "A new leaf spot fungus Marssonina 
balsamiferae n. sp. on Populus balsamiferae in Manitoba and 
Ontario. 

4. Publish an information report "Annotated check list of diseases 
of trees and shrubs of the prairie provinces". 

5. First draft of an information publication on diseases of trees 
and shrubs of the prairie provinces will be completed. Photographs 
will be taken to complete plates of illustrations for the publica
tion. 

6. Cooperate with Drs. Ayer and Browne (Chemistry Department, University 
of Alberta) for the study of fungus metabolites (antibiotics, toxins, 
etc.) by providing cultures of selected 'forest fungi from the 
culture collection and doing some biological assays. 

15. Publication: 

Nil 

16. Signatures: 

Program Manager 

Director G. T. Silver 
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5. Complete check lists of forest fungi collected in Prince 
Albert and Elk Island National Parks. 

6. "Annotated check list of diseases of trees and shrubs 
of the prairie provinces" will be completed for information 
report. 

7. Make significant progress towards the publication of 
an information publication on diseases of trees and 
shrubs of the prairie provinces. 

13. Accomplishements in 1976-77: 

1. Diagnostic and identification service of forest tree diseases 
was provided to outside agencies and to the general public 
through pest extension service. About 200 samples were identified 
by microscopic examinations and by cultural isolation technique. 

2. About 100 new specimens have been added to the Mycological 
Herbarium and disease specimens were exchanged with several in
stitutions including, Biosystematics Research Institute, Ottawa; 
Tottori Mycological Institute, Japan; Purdue University, Indiana; 
and Tokyo University of Education, Japan. 

3. Reorganization of fungus culture collection is completed and 
several new cultures were added to the collection. 

4. First draft of a journal publication entitled "A new leaf spot 
fungus Marssonina balsamiferae n. sp. on Populus balsamiferae" 
is prepared. 

5. Due to prolonged illness of the senior mycological technician, 
check lists of forest fungi collected in Prince Albert and Elk 
Island National Parks were not prepared. 

6. An information report "Annotated check list of diseases of trees 
and shrubs of the prairie provinces" is in the process of review. 

7. Prepared a significant amount of plates of illustrations and 
wrote rough drafts of text of about 30 of 53 selected diseases 
or disease groups for the proposed major information publication 
on the diseases of trees and shrubs of the prairie region. 

Accomplishements not in Goals in 1976-77: 

8. Served as a member of the study committee of the International 
Mycological Association on fungus nomenclature and contributed 
to the revision of a section of the "International Code of Botanical 
Nomenclature". 
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NOR-1-154 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977-78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 25, 1977 

1. Project: Detection and appraisal of tree pests. 

2. Title: Forest Insect Diagnostic and Biosystematic Services 

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

5. Study Leader: H.R. Wong 

6. Key Words: Insects, larvae, damage, hosts, parasites, biological 
control, galls, seasonal 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 forest ecosystem. 
They attack every part and stage of living and harvested trees. 
Prompt and accurate identification of the adult and larval stages 
is necessary to determine the economic status of the different 
species, kind and type of chemical or biological control necessary 
to combat them and the best time of application. A reference 
collection of mature and immature insects, which is an essential 
prerequisite to diagnostic and biosystematic work, must be maintained 
and upgraded each year. 

Since most of the damage is caused by the immature stages and 
insect identification is based mainly on the adult stage, a 
rearing program is a necessity. The rearing program not only provides 
adults for the identification of the larvae, but also information on 
seasonal occurrence, hosts, parasites and diseases. It also supplies 
material for the adult and larval reference collections. 

Difficulties are often encountered in diagnosing sibling species 
or those closely resembling one another either in the adult or 
larval stages. Life history studies are initiated when the 
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opportunity arise to gain biological information, which will 
assist in separating these and other species in Central Canada. 
The success of the diagnostic and biosystematic services are 
excellent provided experienced personnel, good insect reference 
collections (adults, larvae and damage) and major taxonomic 
literature are available. Considerable time must be devoted to 
keeping abreast of the latest entomological literature and 
changes in nomenclature. To facilitate prompt and accurate 
diagnosis, keys must be devised not only to the adult and immature 
forms, but also to insect damage in the Canadian Prairies. 

The material is provided by personnel of the Forest Insect and 
Disease Survey and by the investigator. The immature insects 
are reared in the laboratory at Edmonton and in the field. The 
adults obtained are submitted to specialists in Ottawa or elsewhere 
in North America or Europe for identification and the latest nomencla
ture. All adults identified by specialists and larvae and damage 
associated with these adults are placed in the reference collection. 

9. Study Objectives: 

1. Provide diagnostic and biosystematic services to clients, 
in-service personnel, outside agencies and scientists 
engaged in biological and taxonomic research on insects. 

2. Maintain and improve the regional 'collection of insects 
and mites. 

3. When the opportunity arise, initiate pio1ogica1 and ethological 
studies to improve the diagnostic and biosystematic services. 

10. Resources: 

a., Starting date: 1976 
b. Estimated year of completion: A continuing project. Revised. 
c. Estimated total Prof. man-years required: Indefinite. 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.5 

11. Progress to date: 

Supp. 1.0 J.C. Melvin 
Casual 0.0 
Total 1.5 

Recorded formerly in NOR-1-033 

12. Goals for 1976-77: 

1. Provide diagnostic and biosystematic services. 
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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. 

4. Publish: Biological observations and larval descriptions 
of Enargia decoZor on trembling aspen in northern Alberta 
(Lepidoptera: Noctuidae). Journal. 

13. Accomplishments in 1976-77: 

1. 1. Diagnostic and biosystematic services made several thousand 
determinations and handled over 1000 inquiries for in-service 
personnel, clients, outside agencies, scientists and 
Dr. J.E. Guthrie, Whiteshell Nuclear Research Establishment, 
Pinawa, Man. (110 samples) 

2. About 150 dead immature insects were examined to determine 
infectious diseases, and about 20 samples sent to specialists 
at Sault Ste Marie, Ontario for study. 

2. 1. Amalgamated the insect orders, Coleoptera, Hymenoptera and 
Hemiptera from the old Winnipeg and Calgary collections. 

2. Nearly 2000 insects were added to the reference collection. 
Most of these were identified by specialists in Ottawa, Ontario. 

3. Over 500 insect samples were reared and 300 overwintered to 
obtain biological information and specimens for the reference 
collection. 

4. Over 2000 insect 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. William Miller, U.S.D.A. St. Paul, Minnesota 
Mr. M. Ivanochko, C.N.C. Ottawa, Ontario 
Dr. David R. Smith, U.S. Nat. Museum, Washington, D.C. 
Mr. P.J. Martinat, Michigan State University E. Lansings, Michigan. 
Dr. H.H. Neunzig, North Carolina State Uni., Raleigh, N.C. 
Mr. M.W. MacGowan, Mississippi State Uni., Starkville, Miss. 
Dr. M.W. Hauseweart, Uni. of Minnesota, St. Paul, Minnesota 

4. Published: Wong, H.R. and J.C.E. Melvin. 1976. Biological 
observations and larval descriptions of Enargia decoZor 
(Lepidoptera: Noctuidae) on trembling aspen in 
Northern Alberta. Can. Ent. 108:1213-1220 
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14. Goals for 1977-78: 

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. 

4. Complete revision of the Information Report: some of the more 
common galls and abnormal plant grpwths caused by insects and 
mites in the forested areas of Manitoba and Saskatchewan 
in collaboration with Dr. A.M. Harper, Agriculture Canada, 
Research Branch, Lethbridge Alberta. 

15. Publications: 

Up to 1976-77 

Recorded formerly in NOR-l-033 

1976-77 

Wong, H.R. and J.C.E. Melvin. 1976. Biological observations and 
larval descriptions of Enargia decoZor(Lepidoptera: 
Noctuidae) on trembling aspeq in northern Alberta. 
Can. Ent. 108:1213-1220. 

16. Signatures: 

Investigator Program Manager 

Director G.T. Silver 
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PROJECT NOR-2 

Improved forest land inventory and 
classification methods. 
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NOR-2-016 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 1978 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 18, 1977 

1. Project: Improved forest land inventory and classification methods. 

2. Title: Study of soil moisture and temperature in relation to topo
graphy, soil, vegetation and climate. 

3. New: Cont.: X 4. No.: NOR-2-016 

41 

(including goals transferred 
from NOR-15-140) 

5. Study Leader: G.L. Lesko (resigned June 15, 1976) 

6. Key Words: Picea gZauca, Abies Zasiocarpa, Pinus contorta, forest 
types, microclimate. 

7. Location of Work: Hinton, Alberta. 

8. Problem: 

The knowledge of environmental factors and the requirements of the 
commercial trees is necessary for sound si1vicu1tura1 practice. The 
quantitative values of soil moisture and temperature in relation to 
space and time in Alberta are not known at the present although these 
are environmental factors of great biological importance. Soil mois
ture and temperature regimes directly influence the establishment and 
subsequent growth of seedlings. Therefore, this project may provide 
useful information for the regeneration of spruce-fir forests, and 
results applicable in land classification and si1vicu1tura1 practices 
in the study area. 

9. Study Objectives: 

1. To accumulate information on soil moisture and temperature condi
tions of some forest types in Alberta. 

2. To relate soil moisture and temperature regimes to microclimate, 
edaphic conditions, and floristic composition. 
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3. To relate soil moisture and soil temperature to forest produc
tivity. 

4. To find a method for the estimation and expression of ecosystem 
moisture regime. 

10. Resources: 

a. Starting date: 1967 
b. Estimated year of completion: 1976 Revised: 1977 
c. Estimated total Prof. man-years required: Nil 
d. Essential new major equipment items fur 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years: Nil 

11. Progress to Date: 

The project was initiated in 1967 with the study of forest types and 
soils within the North Western Pulp and Power Limited lease area, 
near Hinton. Vegetation, forest stand and soils were described on 
35 one-tenth acre sample plots. Ten forest types were established 
on the basis of the obtained information. These forest types cover 
an environmental range from dry lodgepole pine to black spruce swamp 
forest and included the following types: Picea mariana - Equisetum 
Zaevigatum (1» P. mariana - E. arvense (2), P. mariana - P. gZauca -
Ledum groenZandicum (3), P. gZauca - Abies Zasiocarpa - E. syZvaticum 
(4» P. gZauca- A. Zasiocarpa - Athyrium fiZix-femina (5), P. gZauca -
A. Zasiocarpa - HyZocomium spZendens (6), P. gZauca - A. Zasiocarpa -
Aconitum deZphinifoZium(7), Pinus contorta - Picea gZauca - Lycopodium 
annotinum (8), Picea gZauca - P. engeZmannii - PeZtigena aphtosa (9), 
Pinus contorta - PopuZus tremuZoides - Shepherdia canadensis (10). 
Five commercial forest types (nos. 4, 7, 8, 9 and 10) were chosen out 
of the ten for the establishment of 10 permanent plots for the study 
of soil moisture and temperature. Colman fiberglass soil moisture 
units with thermistors were installed at 10, 20, 30, 50, 70 and 100 cm 
depth at two observation points within each permanent plot. 

In the spring of 1968, five microclimatic stations were established 
in conjunction with the fire forest types under study. Data collection 
were started at the same time, including soil temperature, soil mois
ture, air temperature, relative humidity and precipitation. Air 
temperature and relative humidity were recorded continuously while 
soil moisture and temperature, and precipitation were observed once 
a week. Laboratory analyses of soil samples were also initiated in 
1968. 

Preliminary assessment of the existing data suggest that soil tempera
tures in general are lower than the optimum, and differences in soil 
temperatures between forest types are substantial during the growing 
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season. Tree growth also seems to be influenced more by soil 
temperature than by moisture deficiency. 

Moisture regime of a forest site is determined by five factors, namely 
soil moisture, soil temperature, saturation deficit of the air, solar· 
radiation and wind velocity. These external factors regulate the 
moisture tension in the trees with unknown relative importance. 
Because of many possible combinations of these factors, and their 
unknown relative importance, the comparison of forest site moisture 
regimes is very difficult and uncertain. Therefore, an effort was 
made to reduce these five factors to a single quantitative value for 
easy comparison. After much consideration "potential internal mois
ture stress" was selected as a measure of forest type moisture regime. 
This measure reflects the combined effects of all factors involved in 
the moisture regime, and is easily comparable from site to site. 

Pressure bomb measurements of internal moisture tension in white 
spruce, lodgepole pine, and in black spruce were correlated with 
saturation deficit of the air, soil moisture tension, and with soil 
temperature. Results of multiple regression analyses indicate sta
tistically significant relationships with 0.44 and 0.90 squared 
multiple correlation coefficients (R2) in different species and forest 
types. Results of the regression analysis are filed on computer out
put forms. 

Analysis of soil samples is complete a~d the other data was analyzed 
and summarized. 

12. Goals for 1976-77: 

1. Complete and publish the following Information Reports: 

Lesko, G.L. Forest types and associated soils near Hinton, Alberta. 

Lesko, G.L. Soil temperature and moisture regimes of 5 forest types 
near Hinton, Alberta. 

2. Complete and publish the following Repbrt: 

Lesko, G.L. and J. Soos. Post planting maintenance techniques and 
soil moisture conservation in amenity plantations in 
southern Saskatchewan. 

The above goal has been transferred from NOR-15-140 (now terminated 
as a matter of administrative convenience). 

Goals added 1976-77: 

1. To prepare a Progress File Report prior to resignation. 
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13. Accomplishments in 1976-77: 

1. No progress was made with these reports due to resignation of 
investigator. The microclimate and soil temperature and moisture 
data collected from seven of the ten sample plots are on computer 
cards and are stored by Dr. J.M. Powell for his possible use in 
study NOR-l38. 

2. The following report was published: 

Lesko, G.L. and J. Soos. Growth response of Wheeler poplar to 
maintenance techniques in southern Saskatchewan. 

Two further reports were prepared prior to the investigators 
resignation date. Since then these reports have been combined 
and reworked by Mr. J.D. Johnson and the new manuscript is 
presently under local review. Title of the report is "Recom
mendation for species selection and management in the amenity 
plantations of southern Saskatchewan". This report will be 
published in 1977. 

3. A Study Progress Report was completed which includes a map and 
table with observation sites, type and dates of observations. 

14. Goals for 1977-78: 

Nil - study terminated. 

15. Publications: 

Up to 1976-77 

Lesko, G.L. 1970. Considerations in the quantitative evaluation of 
ecosystem moisture regime. In Proc. 3rd Forest Microclimate 
Symp. Canadian Forest Servo Alberta Territories Region, 
Calgary, Alberta. pp. 69-75. 

1976-77 

Lesko, G.L. and J. Soos. 1976. Growth response of Wheeler 
maintenance techniques in southern Saskatchewan. 
Can.,NQrth. For. Res. Cent., Info. Rep. NOR-X-159. 

16. Signatures: 

Investigator 

poplar to 
Environ. 
July l3p. 

Director G. T. Silver 
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NOR-2-ll5 

CANAOIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 1978 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 18, 1977 

1. Project: Improved forest-land inventory and classification methods. 

2. Title: Climatic zonation for the forested areas of the Prairie 
Provinces. 

3. New: Cont.: X 4. No.: NOR-2-ll5 

5. Study Leader: J.M. Powell 

6. Key Words: forest climatology, climatic classification, bioclimatic 
zones, forest classification, statistical climate map, 
B5, B14, B15, B16, B17, B18, B19, B20, B2l, B22, B23a, 
B27, SAl, MS, Lll, L12. 

7. Location of Work: Edmonton laboratory and various districts in the 
region. 

8. Problem: 

Over the last few years it has become apparent that a climatological 
classification of'our forested regions is needed to serve as a tool 
and reference for other forestry research. Members of the Program 
Coordination Group have expressed the desirability of having climatic 
classifications developed from the forestry point of view both at the 
national and regional level (Powell 1970). In the Northern Forest 
Region it is especially needed for stand establishment studies, tree 
provenance trials, site and productivity classifications, and for 
assistance in delineating hazard areas for disease and insect orga
nisms and for fire protection. It would have proved useful for the 
Prairie forest land classification under the Canadian Land Inventory 
program. It would undoubtedly be used as background information by 
a number of Federal apd Provincial Departments undertaking resource 
of economic-social studies in the forested areas of these provinces. 
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Climatic classification maps exist for the agricultural areas of 
these provinces, but the extension of these maps into the forested 
areas is not necessarily desirable. Other more universally applied 
classifications such as Koppen, Thornthwaite or their modifications 
when applied to the Prairies rarely delineate forest regions into 
more than one or two climatic classes which is inadequate for meaning
ful forestry work. 

In Alberta, a preliminary study was started in 1969 in conjunction 
with the Canada Land Inventory program (NOR-015), with the initial 
aim to prepare a map of forest climate areas of a portion of the 
province between 53 0 and 56°N. This study employed factor analysis 
of 75 input variables of climatological data for a IS-year period 
providing a statistical climate map. The resulting boundaries were 
then adjusted or smoothed through experience gained with the operation 
of a mobile thermo-dew point recorder in selected areas of the study 
region. The findings of this study, which formed the basis of a 
master's thesis have been published (MacIver et al. 1972, 1975). The 
method will be utilized as the starting point for this study. This 
classification method is based solely on climatic variables and their 
interactions, without resorting to the inclusion of non-climatic 
variables which has been characteristic of practically all previous 
classifications. The technique which employs factor analysis followed 
by grouping analysis, has great flexibility which lends itself to 
numberous uses since the individual USer ~s presented with a series 
of groupings which can be generalized or used to give detailed delinea
tion. 

9. Study Objectives: 

To classify the climate of the main forested regions of the Prairie 
Provinces, such that areas having similar climatic regimes can be 
delineated on a map. 

10. Resources: 

a. Starting date: 1971 
b. Estimated year of completion: 1975 Revised: 1977 
c. Estimated total Prof. man-years required: 0.3 
d. Essential new major equipment item~ for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years - Nil 

11. Progress to Date: 

All climatological stations in the forested areas (excluding outliers 
such as Cypress Hills) and the adjacent predominantly agricultural 
areas in the Prairies and portions of adjacent provinces and territories 
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were considered for inclusion in the study if they had 6 or more 
years of summer (May to September) temperature and precipitation 
data during the period 1961-1970. In a few cases, stations with 
only 4 or 5 years of record were included to fill large gaps in 
the geographical distribution, especially in northern Saskatchewan 
and Manitoba. A total of 386 stations were selected for considera
tion, of which over 200 were in Alberta. Daily data was obtained 
on magnetic tape from the A.E.S. and A.F.S. A total of 300 stations 
were used for the final analysis. The other stations failed to 
satisfy the F ratio requirements after polynomial regression analy
sis to generate missing data or were not used because of static on 
the magnetic tape. A good network of useable stations was obtained 
for Alberta but coverage in northern Saskatchewan and Manitoba was 
poor. 

A decision was made to employ fewer variables than the original 
number of 75 used in the preliminary study. Initially 37 variables 
were used but this was finally reduced to 22, which included lati
tude, longitude, elevation, mean monthly temperature for the period 
May to September, total precipitation for May to September, frequency 
of days with a temperature greater than -2.20C for May to September, 
and water deficiency for the months June to September assu~ing a soil 
moisture storage level of 10 cm per year at the end of March. The 
dropped variables from those used in the preliminary study all showed 
a high dependence on some other variables in the matrix, thus we are 
left largely with a matrix composed of independent variables. 

The use of a 10-year period of record rather than a "normal" 30-year 
period has been compared and substantiated as a valid criteria for 
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this study. A Hierarchical Profile Grouping procedure has been employed 
rather than an Algorithmic Grouping procedure as used in the preliminary 
study, as this procedure indicates the optimal number of groups for 
delineating climatic groupings and also shows the linkage of stations 
in successive stages. Finally the significance of the classification 
scheme and the identification of the major discriminating variables 
between climatic groups was undertaken through use of the Wilk's 
Lambda test in the Discriminant Analysis Program. The most statis
tically significant variables were also used to aid in the positioning 
of climatic boundaries. 

Values were obtained for the mean, range, variance and standard devia
tion for each grouping of stations as an aid in providing simplified 
climatic descriptions for the climatic groupings established. The 
statistically significant climatic variables that distinguish each 
climatic grouping from another are thereby indicated. Also the major 
discriminating variables can be arranged in the approximate order that 
they characterize the climate. 
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Two reports were completed and published from the results of the 
preliminary study. Papers were published on the results of the 
Alberta portion of an early phase of the study and a summary of 
the near-final results. Papers were presented at four meetings 
reporting on the methodology and results of various stages of the 
analysis. The method of mobile thermo-dew point recording was 
published and used for a preliminary study and File Report of 
likely frost prone areas for a potential tree nursery site for the 
Alberta Forest Service. 

12. Goals for 1976-77: 

1. Prepare a Departmental or Information Report describing the 
summer climate classification of the forested areas of the 
Prairie Provinces. 

2. An assessment will be made of the study results and especially 
the associated generated climatic data to see whether it will 
be worthwhile to publish any of this artcillary data. The 
assessment will also include comparison with other types of 
classifications and recommendations for possible further work. 

13. Accomplishments in 1976-77: 

1. A paper entitled "Climatic classifications: a factorial summer 
climatology of the forested regions of the Prairie Provinces" 
was prepared as an Information Report .. This manuscript is 
currently being reviewed locally and may be divided into two 
reports. 

2. An assessment has been made of the study results and much of 
the associated generated climatic data has been included as an 
appendix in the above mentioned manuscript. No comparison has 
been made with ·other types of classifications, e.g. forest 
regions, soil types, and therefore no recommendations for further 
work have been formulated. 

14. Goals for 1977-78: 

Nil - study terminated (goals transferred to NOR-14-l38 for comple
tion of reporting). 

15. Publications: 

Up to 1976-77 

Powell, J.M. 1970. A forest climate classification for Canada -
Discussion. pp. 227-228. In: Powell, J.M. and C.F. 
Nolasco (Eds.). Proc. Third Forest Microclimate Symposium, 
September 1969. Can. For. Serv., Alberta/Territories Region, 
~a1gary, Alberta. March. 
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MacIver, D.C. 1970. A technique for thermo-dew point recording 
in northern Alberta. (Summary) pp. 188. In: Powell, 
J.M. and C.F. Nolasco (Eds.). Proc. Third Forest Micro
climate Symposium, September 1969. Can. For. Serv., 
Alberta/Territories Region, Calgary, Alberta. March. 

MacIver, D.C. 1970. Macroclimatic zonation in northern Alberta. 
Univ. Alberta, M.Sc. Thesis. 187 pp. 

MacIver, D.C., W.D. Holland and J.M. Powell. 1972. Delineation 
of similar summer climatic regimes in central Alberta. 
Environ. Can., Environ. Mang., North. For. Res. Cent., 
Edmonton. NOR-X-30. 32 pp. 

Powell, J.M. 1973. Forest climatology in Alberta. Paper presented 
to the Canadian Meteorological Society (Alberta Centre). 
Edmonton~ April 3. 

Powell J.M. and D.C. MacIver. 1974. Climatic classifications of 
the Prairie Provinces: a new classification for the 
forested areas. Paper presented at the Annual Meeting, 
Western Division, Canadian Association of Geographers, 
Lethbridge. March 16. 

Powell, J.M. 1974. Temperature traverses near a potential tree 
nursery site, east of Clyde, Alberta. Environ. Can., 
North. For. Res. Cent. File Rep. Study NOR-039. June, 
18 pp. 

Powell, J.M. and D.C. MacIver. 1975. Climatic classifications of 
the Prairie Provinces: a new preliminary classification 
for the forested areas of Alberta. pp. 99-111. In: Barr, 
B.M. (Ed.). Western Canadian Research in Geography: The 
Lethbridge Papers. B.C. Geographical Series No. 21. 
Occasional Papers in Geography. Canadian Association of 
Geographers, Western Division. 

Powell, J.M. and D.C. MacIver. 1975. A factor analytic climatic 
classification of the forested areas of the Prairie 
Provinces. Amer. Meteorol. Soc., 12th Agric. & Forest 
Meteorology Conf., Tucson, Ariz. April 14-16, 1975. 
Preprint Vol. pp. 65-66. (Also Abstract published in 
Bull. Amer. Meteorol. Soc. 56:119, Jan. 1975). 

Powell, J.M. and D.C. MacIver. 1975. A factor analytic climatic 
classification of the forested areas of the Prairie Provinces. 
Paper presented at the 12th National Agric. & For. Meteorol. 
Conf., Amer. Meteorol. Soc., Tucson, Ariz. April 14. 24 pp. 
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Powell, J.M. and D.C. MacIver. 1975. A new climatic classification 
for the forested areas of the Prairie Provinces. (Ab.) 
pp. 63-64. C.A.G. '75 May 26-30, 1975. Vancouver, B.C., 
Simon Fraser Univ., Dept. of Geography. 

Powell, J.M. and D.C. MacIver. 1975. A new climatic classification 
for the forested areas of the Prairie Provinces. Paper 
presented at the 24th Annu. Meeting, Can. Assoc. Geographers, 
Vancouver, B.C. May 26. 23 pp. 

}~cIver, D.C., W.D. Holland and J.M. Powell. 1975. An evaluation of 
mobile thermo-dew point recording in the Spring Creek Basin, 
Alberta. Environ. Can., For. Serv., North. For. Res. Cent., 
Edmonton, Alberta. Inf. Rep. NOR-X-52. May. 17 pp. 

Powell, J.M. 1975. A climatic zonation for the forested areas of 

1976-77 

Nil 

the Prairie Provinces. Environ. Can., North. For. Res. 
Cent., Edmonton. Study NOR-115. Progress Rep. 6 pp. July. 

16. Signatures: 

Director G. T. Silver 
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NOR-2-l67 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 1978 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 18, 1977 

1. Project: Improved forest land inventory and classification methods. 

2. Title: Forest types and their relationships to soil series in the 
P-6 Forest Management Unit. 

3. New: Cont.: X 4. No.: NOR-2-l67 

5. Study Leader: G.L. Lesko (resigned June, 1976); on contract November 
1976-March 1977 (J.M. Powell - Scientific Authority) 

6. Key Words: Picea gZauca, Abies baZsamea, PopuZus tremuZoides, 
boreal forest. 

7. Location of Work: P-6 Management Unit, Peace River District. 

8. Problem: 

Alberta Forest Service intends to use P-6 as an integrated forest 
management pilot area. In order to set up the most advanced manage
ment system they need to know the forest types within the area and 
their relationships to the edaphic component and forest productivity. 
Inventory work and soil classification are already completed for the 
area, leaving qnly the forest type component missing. The Alberta 
Forest Service requested our organization to supply this missing 
information. 

The probability of success, and application of the result is very 
high. 

Outline of the methods to be used: 

1. Forest vegetation will be described within soil series, already 
established by L. Knapik of Alberta Soil Survey, on the field. 

2. Site index and basal area of the stands will be measured. 

3. The forests will be organized into forest types on the basis of 
their vegetation composition. 
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4. The productivity of each forest type will be established and 
their relationships to soil series will be indicated. 

5. Soil series with similar forest types will be grouped to form 
soil management units. 

6. Management implications of soil management units will be 
described. 

9. Study Objectives: 

1. To classify the forest into forest types. 

2. To find relationships between forest types, soil series, forest 
productivity. 

3. To provide useful information to Alberta Forest Service in the 
formation of forest compartments. 

10. Resources: 

a. Starting Date: 1975 
b. Estimated year of completion: 1976 
c. Estimated total Prof. man-years required: Nil 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. Nil 

11. Progress to Date: 

Field studies were completed in 1975. Vegetation and soil were described 
on 80 sample plots and the stands were organized into forest communities 
on the basis of their floristic composition. Relationships between soil 
(subgroups and forest productivity) and between forest types and commu
nities were analyzed statistically by the analysis of variance method. 

12. Goals for 1976-77: 

1. To complete data analysis. 

2. To prepare the manuscript for the following publication: 

Lesko, G.L. Forest/soil relationship in the Peace River Region, 
west of Manning, Alberta. Inf. Rep. 

3. Terminate study. 

13. Accomplishments for 1976-77: 

1. Most of the analysis of the data was completed. 
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2. The manuscript was not prepared, however, preparation is now 
underway through contract no. KLOls-76-03l9 to Dr. Lesko with 
a completion date of March 1977. Title of report to be "Forest! 
soil relationship in the Peace River Region, west of Manning, 
Alberta" or similar title. The report will be published upon 
receipt. 

14. Goals for 1977-78: 

Nil - study terminated 

15. Publications: 

Up to 1976-77 

Nil 

1976-77 

Nil 

16. Signatures: 

Scientific Authority progr~ 

Director G. T. Silver 
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PROJECT NOR- 3 

Development of economic guidelines 
for allocating resources for 
resource management and research. 

54 



NOR-3-l23 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: April 1, 1977 

1. Project: Development of economic guidelines for allocating resources 
for resource management and research. 

2. Title: An assessment of the forest-based economy of the Prairie 
Provinces. 

3. New: Cont.: X 4. No.: NOR-3-l23 

5. Study Leader: Vacant 

6. Key Words: Sawmills, pulp mills, multiplier, linkages, benefits, 
economic impacts. 

7. Location of Work: Northern Forest Research Centre, Edmonton, Prince 
Albert, Regina, Winnipeg. 

8. Problem: 

To provide a comprehensive statistical description of some major 
economic impacts of forestry and forest-based industry to the 
provincial and local economies of Manitoba, Saskatchewan, and Alberta, 
for the purpose of more effective utilization and management of 
forest resources. 

This study will provide a statistical information base for NFRC 
management of research programs for more rational allocation (and 
management) of the laboratory's resources. In addition it will 
provide provincial forest resource administrators and managers with 
a better understanding of the benefits (~.g., income and employment) 
generated by the respective provincial forest industries. 

The probability of success in terms of achieving the study objectives 
is almost 1. The probability of the results or conclusions reached 
being put into practice or being seriously considered in policy 
formulation is not readily known as it is almost totally dependent 
upon the decisions of individuals other than the investigators. 
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The methods employed in this study can be viewed as survey methods 
in general. Data collection from government, industry and the 
general public is conducted by telephone, letter and personal 
interview. In some cases, data is collected by the use of 
questionnaires. 

9. Study Objectives: 

1. To describe the land and forest resources of the region by 
province. 

2. To identify and describe some of the major product flows from 
forest to consumer including the raw wood requirements of selected 
wood-using industries. 

3. To identify and estimate the major economic benefits and impacts 
of the forest resource and its utilization by provinces. 

10. Resources: 

a. Starting date: 1972 
b. Estimated year of completion: Revised: 
c. Estimated total Prof. man-years required: 1.0 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1977-78 man-years Prof. 1.0 (Vacant -vice Teskey) 

Supp. 
Casual 
Total 1.0 

11. Progress to Date: 

The reports for all three provinces have been completed. 

12. Goals for 1976-77: 

1. Recruit new Economist (vice Teskey). 

2. Develop new Economic Research Program in keeping with CFS/EMS 
goals and objectives. 

13. Accomplishments in 1976-77: 

1. New Economist not recruited. Open competition now in progress. 

2. n/a 

14. Goals for 1977-78: 

1. Recruit new Economist. 

2. Develop new Economic Research Program in keeping with CFS/EMS 
goals and objectives. 
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15. Publications: 

Up to 1975-76 

Teskey, A. G. and J. H. Smyth. 1973. A directory of primary wood
using industries in Alberta, Saskatchewan and Manitoba, 
1972. Northern Forest Research Centre, Edmonton, Alberta. 
Information Report NOR-X-S9. June, 1973. pp. 154. 

Teskey, A. G. and J. H. Smyth. A directory of primary wood-using 
industries in west-central Canada, 1973. Northern Forest 
Research Centre, Edmonton, Alberta. Information Report, 
NOR-X-83. May, 1974. 224 pages. 

1975-76 

Teskey, A. G. and J. H. Smyth. 1975. The economic importance of 
sawmilling and other primary wood-using industries in 
Alberta, 1972. NOR-X-14S. 

Teskey, A. G. and J. H. Smyth. 1975. Employment, incomes, products, 
and costs in Manitoba's primary wood-using industry, 1972. 
NOR-X-138. 

Teskey, A. G. and J. H. Smyth. 1975. Saskatchewan's forest industry 
and its economic importance. NOR-X-140. 

16. Signatures: 

Investigator Program Manager 

Director G. T. Silver 
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PROJECT NOR-4 

Improved growth and yield of 
managed stands. 
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NOR-4-008 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 2, 1977 

l. Project: Improved growth and yield of managed stands. 

2. Title: The effect of spacing on the growth of lodgepole pine. 

3. New: Cont. : X 4. No. : NOR-4-008 

5. Study Leader: W.D. Johnstone 

6. Key Words: Pinus contorta, thinning, stand development, stand 
density, B.19c. 

7. Location of Work: Hinton, Tee-Pee Pole Creek and McKay, Alberta. 

8. Problem: 

Although growing space has a pronounced effect on the development 
of individual trees and forest stands, little is known in Alberta 
concerning the effect of spacing on native spruce and pine. This 
situation prevails at a time when planting is being employed at 
an ever increasing rate, and when serious consideration is being 
given to the correction of over-stocking of lodgepole pine follow
ing wildfire by pre-commercial thinning. In order to determine the 
optimum thinning regime, a study was established in 1954 in a pure 
stand of 22-year-old lodgepole pine trees. The following treatments 
were carried out in each of three blocks: 

l. Single thinning to 5' x 5' espacement. 

2. Single thinning to 6' x 6' espacement. 

3. Single thinning to 8' x 8' espacement. 

4. Multiple thinning - initially to 6' x 6' then after 50 years 
reduced by 40% basal area. (This treatment was subsequently 
dropped from the experiment). 
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5. Multiple thinning - initially to 6' x 6' then every 15 years 
reduced by 30% basal area. 

6. Control, untreated. 

In addition an unreplicated 12' x 12' treatment was included. All 
trees were measured in each treatment plot in 1954 and remeasured 
in 1960 and 1969. The next thinning is due in 1984. 

In order to determine the influence of spacing on the growth of 
very young trees the study was expanded in 1963. Spruce and pine 
3-0 stock were planted on five sites at five spacings varying from 
200 to 3,200 trees per acre. In 1963 and 1964 the same espacements 
were established on three sites in dense 5-year-old pine regeneration 
on the Gregg burn. In 1966 and 1967 identical treatments were applied 
in a 25-year-old pine stand in the Tee-Pee Pole Creek area of western 
Alberta. In 1969 the planted parts of the study were abandoned 
because the very poor survival invalidated spacing comparisons. 

9. Study Objectives: 

1. To determine how spacing affects diameter, height and volume 
growth, tree form and wood quality. 

2. To determine at what age and density spacing becomes effective 
in controlling growth. 

3. To determine at what age and density trees are able to fully 
occupy the site. 

4. To determine the release potential after various periods or 
degrees of suppression. 

5. To determine the effect of single thinnings of varying intensity 
on the development of dense young lodgepole pine stands, and to 
indicate the limitations of a single thinning as opposed to 
multiple thinning regimes. 

10. Resources: 

a. Starting date: 1954 
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b. Estimated year of completion: 1985 (Spacing trials may be maintained 
longer). 

c. Estimated total Prof. man-years required: 1.8 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.4 (Johnstone) 

Supp. 0.3 (Lux) 
Casual 0.3 
Total 1.0 
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11. Progress to Date: 

McKay Thinning Trial: 

1954 - treatments introduced, all trees tagged and measured. 
1960 - remeasurement of sample trees. 
1969 - trees remeasured, treatment 5 rethinned and stem analysis 

samples collected. 
1970 - 1954, 1960 and 1969 data compiled and analyzed. Stem 

analysis samples measured on Addo-X. 

Gregg Burn (Hinton) Espacement Trial: 

1963 3-0 spruce and pine planted at 5 spacings on 5 sites. 
1963 & 1964 - 5 espacements established in 5-year-old pine on 

3 sites. 
1966 - initial measurements. 
1968 - survival measurement in planted trials. Mapping espacement 

trials. 
1969 - planted trials abandoned due to poor survival. 
1970 - plot maintenance. 
1971 - trees remeasured. 
1973 - biological agents affecting growth and survival of each 

tree identified. 
1974 - plot maintenance. 
1976 - trees remeasured and aerial photographs taken. 

Tee-Pee Pole Creek Trials: 

1966 & 1967 - initial treatments applied to 25-year-old pine stand. 
1972 - plots remeasured. 

12. Goals for 1976-77: 

1. Remeasure Gregg Burn trials and initiate analysis of data. 

13. Accomplishments in 1976-77: 

1. Gregg Burn trials remeasured and analysis of data initiated. 

2. Aerial photographs obtained of all Gregg Burn plots. 

14. Goals for 1977-78: 

1. Complete analysis of data from Gregg Burn trial. 

2. Remeasure Tee-Pee Pole Creek trial and initiate analysis of data. 

(McKay thinning remeasurement due in 1979-80). 
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15. Publications: 

Up to 1976-77 

Holmes, J.R.B. 1961. 
thinning. 
11 pp. 

1976-77 

Nil. 

16. Sisnatures: 

Investigator 

- 4 -

Development of young lodgepole pine after 
Can. Dep. For., For., Res. Br., Mimeo 61-21. 

Pro'grnager 

Director G. T. Silver 
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NOR-4-009 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 2, 1977 

1. Project: Improved growth and yield of managed stands. 

2. Title: Growth and yield of lodgepole pine in the foothills section 
of Alberta. 

3. New: Cont.: X 4. No.: NOR-4-009 

5. Study Leader: W.D. Johnstone 

6. Key Words: Pinus contorta 3 stand development, yield tables, manage
ment planning, B.19a, c. 

7. Location of Work: Foothills section of Alberta. 

8. Problem: 

There are no adequate yield tables for the lodgepole pine type in 
Alberta. Although the reduction in stand productivity with high 
stand density has been well documented in Alberta, the extent of 
the loss and the relationship between density, site and productivity 
are not well known. Yield tables are necessary therefore for rational 
sustained yield management (through the quot~ system and pulpwood 
lease agreements), and si1vicu1tura1 practice (i.e., for prescribing 
remedial stand treatments). In order to determine the effect of site 
and stand density on the yield of pure lodgepole pine, stand data were 
obtained from 865 measurements of pe~nent and single examination 
sample plots. For each plot data were obtained on the following: 
total age, site index, mean dbh and height, number of stems and basal 
area per acre, and total cu. ft., merch. cu. ft. (4.6" dbh, 4" top), 
saw10g cu. ft. (8.6" dbh, 6" top) and saw10g f.b.m. (8.6" dbh, 6" top) 
volumes per acre. Graphical and regression techniques will be used 
to prepare yield tables which expression mean stand height and dbh, 
and number of stems, basal area and volume per acre as functions of 
stand density, site, and age. The tables are to be checked against 
the permanent sample plot remeasurement data. 
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2. Study Objectives: 

1. To construct a variable-density yield table. 

10. Resources: 

a. Starting date: 1951 
b. Estimated year of completion: Orig. - cont. 

c. Estimated total Prof. man-years required: 1.7 

Revised: 1-1972 
11-1973 

111-1984 

d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.0 

Supp. 0.0 
Casual 0.0 
Total 0.0 

11. Progress to Date: 

1951, 1952 and 1953 - 141 permanent and 41 single examination plots 
established. 

1954 - preliminary yield table prepared. 
1961 - permanent sample plots remeasured. 
1964 & 1965 - AFS sample plot data obtained and combined with CFS 

data. 
1969 & 1970 - all data coded and analysis initiated. 
1974 - 85 CFS permanent sample plots remeasured and analyzed. 

12. 'Goals for 1976-77: 

Nil. 

13. Accomplishments in 1976-77: 

Nil. 

14. Goals for 1977-78: 

Nil. 

(Permanent sample plot remeasurement due in 1984). 

15. Publications: 

Up to 1976-77 

Ackerman, R.F. 
1961. 

1954. Preliminary yield tables. In: Smithers, L.A. 
Lodgepole pine in Alberta. Can. Dep. For., Bull. 127. 
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Johnstone, W.D. 1975. Variable stand density yields of natural 
lodgepole pine stands in Alberta. In: Management of 
lodgepole pine ecosystems. Symposium proceedings. 
(D.M. Baumgartner, Ed.) Wash. St. Univ., Pullman. 
Vol. 1: 186-207 • 

1976-77 

Johnstone, W.D. 1977. Variable-density yield tables for natural 
stands of lodgepole pine in Alberta. Can. Dep. Environ., 
For. Servo Tech. Rep. 20. 

16. Signatures: 

pr~ 

Director G. T. Silver 
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NOR-4-045 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 1978 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 2, 1977 

1. Project: Improved growth and yield of managed stands. 

2. Title: Growth and development of three native conifers in treated and 
untreated stands. 

3. New: Cont.: X 4. No.: NOR-4-045 

5. Study Leader: I.E. Bella 

6. Key Words: Pinus banksiana, P. resinosa, Picea gZauca, tree and stand 
growth, density, yield, stocking site, yield tables, 
thinning methods and intensities, spacing. 

7. Location of Work: Various locations in Manitoba, Saskatchewan and 
Alberta. 

8. Problem: 

Jack pine is one of the most widely occurring species in the Boreal 
Forest. It regenerates readily and grows relatively fast even on 
dry, sandy soils. Improved management of the species requires reli
able methods of forecasting growth and yield of stands of different 
density and site quality. This kind of information is also necessary 
to make decisions about density control treatments designed to increase 
merchantable yield or shorten rotation. This information is needed now 
and its use is assured as it becomes available. 

Red pine grows in association with jack pine, generally on better sites. 
White spruce is a major component of the mixedwood forest. All these 
tree species are now being the backbone of planting programs, which is 
becoming an increasingly important method of reforestation. Growth and 
yield in plantations depends, to a large extent, on spacing of the trees 
and appropriate selection of species. This study is to provide such 
needed information. 
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Methods: 

Thinning experiments. In the earlier ones, where trees were individually 
selected and cut, the intensity of thinning was defined in an arbitrary 
fashion, usually on the basis of crown class designation. In the more 
recent experiments, intensity was defined by spacing, basal area, or 
SDI. In strip thinning, intensity is the function of residual strip 
width, while the width of the cut strip is constant. Stands were 
thinned once in all but one experiment. Stand ages and site conditions 
usually differed by studies. Measurements and remeasurement: dbh to 
1/10 inch of all trees, height of selected sample trees only. In most 
selective thinning experiments, the trees on the plots were mapped. 
More recently, some short term studies have been undertaken on testing 
thinning equipments (brush saws); and analyzing two thinning-fertiliza
tion experiments inl.l.,thatwasinitiated by J. Soos. 

Spacing experiments. Establishment 1963 and 1964. Four spacings were 
used: 4 x 4, 6 x 6, 8 x 8, and 10 x 10, 49 trees (7 x 7 matrix) on 
each plot with a surround of two rows. Each spacing was replicated 
four times per species per area. Trials established for the three 
species in Manitoba were: 

Picea gZauca - at Riding Mountain on fresh till. 
- in Sandilands Forest Reserve on fresh sand. 

Pinus banksiana - Sandilands Forest Reserve on dry and/or fresh sand. 

P. resinosa - in Sandilands on fresh sand. 

9. Study Objectives: 

1. To determine the effect of different types and intensities of 
thinning on subsequent growth and yield of jack pine. 

2. To determine growth and development of three indigenous conifer 
species, Picea gZauca, Pinus banksiana and P. resinosa at various 
spacings on major site types, so that optimum spacing can be 
selected for specific management objectives in future planting. 

10. Resources: 

a. Starting date: as early as 1921. 
b. Estimated year of completion: Most of these studies generally 

extend over the life of the stand. 
c. Estimated total Prof. man-years required: 2.0 
d. Essential new major equipment items for 1967-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1977-78 man-years Prof. 0.2 (I.E. Bella) 

Supp. 0.2 (J.P. DeFranceschi) 
Casual 0.0 
Total 0.4 
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11. Progress to Date: 

1. Thinning experiments: 

a) Sample plots have been established and thinning treatment 
carried out where required. Trees on the plots were measured 
and remeasured. Empirical yield tables and interim results 
of the thinning experiments have been published. 

b) Undertook the assessment of growth response to operational 
strip thinning programs in pine--jack pine in Manitoba, 
lodgepole in Alberta--by the respective provincial government 
agencies, and published results as became available. 

c) Conducted performance trials with brush saws for thinning 
young lodgepole pine stands. 

2. Spacing experiments: 

a) The spacing trials were established in the spring of 1963 
and 1964. First year mortality was filled in the first 
spring following planting. A cursory examination to 
determine mortality trends and general health status of 
trees was done in the autumn of 1971. 

b) Spacing trials with adequate survival were remeasured in 
the late summer of 1973. (One replication of the jack pine 
trials that were located south of Sandilands on dry sites, 
were abondoned because of excessive mortality due to a 
severe drought in 1967.) An Information Report was written 
based on the remeasurement results. 

12. Goals for 1976-77: 

1. Analyse data from the thinning-fertilization study of mature 
lodgepole pine (Clearwater-Rocky Forest) and if warranted, 
initiate the preparation in information report. 

2. Remeasure strip-thinning studies inpin~. 

- jack pine (Study No.4, b and d) 10 sample plots 
- lodgepole pine in Bow Forest, 20 sample plots 

13. Accomplishments in 1976-77: 

1. Analysis of the Clearwater-Rocky nature lP thinning-fertilization 
study is nearly completed. Large variation and inconsistant growth 
results hindered the analysis. 
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2. Both the jack pine and lodgepole pine strip thinning studies 
have been remeasured. 

14. Goals for 1977-78: 

1. Write an information report or a journal article on the results 
of the Clearwater-Rocky lP thinning-fertilization study. 

2. Publish growth results from lP strip thinning as an information 
report. 

3. Remeasure selective thinning study in jP in SE Manitoba (Study #2, 
16 PSP). 

15. Publications: 

Up to 1976-77 

Wilson, G.M. 1950. Thinning 30-year-old jack pine, Nisbet Forest 
Reserve, Saskatchewan. Can. Dept. Resour. and Develop., 
Silv. Leafl. No. 52. pp.3. 

Wilson, G.M. 1952. Thinning jack pine, Nisbet Forest Reserve, 
Saskatchewan. Can. Dept. Resour. and Develop., Silv. Res. 
Note 99. pp. 24. 

Cayford, J.H. 1961. Results of a 1927 jack pine thinning in 
Saskatchewan. Can. Dept. For. , Tech. Note 107. pp. 13. 

Cayford, J.H. 1964. Results of a 1920 jack pine thinning in western 
Manitoba. Can. Dept. For. , Publ. No. 1077 . pp. 8. 

Bella, 1. E. 1966. Strip thinning jack pine thickets with a "Drum 
Chopper" in Manitoba. Information Report MX-X-3, pp. 9. 

Bella, I.E. 1967. Development of jack pine and Scots pine in the 
Spruce Woods Forest Reserve, Manitoba. Can. Dept. For., 
Publ. No. 1171. pp. 15. 

Bella, I.E. 1968. Growth of white spruce planted in the Turtle 
Mountains. Forest. Chron. 44(3):45-46. 

Bella, I.E. 1968. Jack pine yield tables for southeastern Manitoba. 
Can. Dept. Fish. For., Forest Branch, Publ. No. 1207. 
pp. 15. 

Steneker, G.A. 1969. Strip and spaced thinning in overstocked 
jack pine and black spruce stands. Can. Dept. Fish. For., 
Inf. Rep. MX-X-16. pp. 14. 
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Bella, I.E. and J.P. DeFranceschi. 1971. Growth of young jack 
pine after mechanical strip thinning in Manitoba. Can. 
For. Serv., Inf. Rep. A-X-40. pp. 20. 

Bella, I.E. 1972. Growth of young lodgepole pine after mechanical 
strip thinning in Alberta. Can. For. Serv., Inf. Rep. 
NOR-X-23. pp. 16. 

Bella, I.E. and J.P. DeFranceschi. 1974. Analysis of jack pine 
thinning experiments, Manitoba and Saskatchewan. Dept. 
Environ., Can. For. Servo Pub1. No. 1338. 21 p. 

Bella, I.E. 1974. Growth response of young jack pine to mechanical 
strip thinning, Manitoba. Can. For. Serv., Inf. Rep. 
NOR-X-102. 11 p. 

Bella, I.E. and J.P. DeFranceschi. 1974. Commercial thinning 
improves growth of jack pine. Can. For. Serv., Inf. Rep. 
NOR-X-112. 22 p. 

Bella, I.E. 1974. Thinning young lodgepole pine is faster with a 
brush saw. For. Chron. 50:151-154. 

Bella, I.E. 1974. Early results of spacing studies of three 
indigenous conifers in Manitoba. Can. For. Serv., Inf. 
Rep. NOR-X-113. 10 p. 

1976-77 

Nil 

16. Signatures: 

I II 
L' /Y/!?0-, 
Investigatoi7 pr~ 

Directpr G. T. Silver 
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Study 
No. 

1 

2 

3 

Location 

Prince 
Albert, 
Sask. 

Sand i-
lands, 
Man. 

Sand i
lands, 
Man. 

Soil and 
Site 

Medium to 
coarse sand, 
dry to 
moderately 
Dry 

Stratified 
sand and 
gravel 
outwash; 
moist 

Medium 
sand; 
fresh 

SUMMARY OF ACTIVE THINNING EXPERIMENTS IN PINE, 

1977 

Stand Date Date No. 
age at of of of 
establishment remeas. plots 

30 1949 

40 1949 

60 1949 

15 1952 

40 1958 

1954 
1964 

1954 

1954 
1964 

1957 
1962 
1967 
1971 

(1977) 

1963 
1968 
1973 

2 

2 

2 

16 

20 

Plot 
size 

(acres) 

1.0 

1.0 

1.0 

0.1 

0.1 

Method 

Regular 
Spacing 

Low selection 
thinning to 
specified 
Stand Density 
Index every 5 
years, except in 
1971 

Merchantable 
Selection 
thinning, low 
and crown. Only 
trees with dbh 

Thinning 

Intensity 

Control, no thinning 
Thinned: Heavy - 7 x 7 ft 

Control, no thinning 
Thinned: Heavy - 7 x 7 ft 

Control, no thinning 
Thinned: 

Control, 
Thinned: 

Control, 
Thinned: 

Light - 9 x 9 ft 

no thinning - 2 plots 
To 40%, 50%, 60%, 70% 
80%, 100%, and 120% 
of control SDI; 2 plots 
each 

no thinning - 4 plots 
Heavy low 4 plots 
Light low 4 plots 
Heavy crown 4 plots 

over 4" were removed. Light crown 4 plots 

, 
J-



SUMMARY OF ACTIVE THINNING EXERPlMENTS IN PINE, 1973 (Continued) 

Study 
No. Location 

Sandilands 

4 Forest 
Reserve, 
Manitoba 

5 Duck Mtns. 

6 Bow River 

Soil and 
Site 

a. Sand, fresh 

b. Sand, fresh 

c. Sand, moist 

d. Sand, moist 

e. Sandy till, 
fresh 

f. Sandy till, 
fresh 

g. Sand, dry 

Till, fresh 
Forest, Alta. to moist 

7 Hinton, Till, fresh 
Alta. 

Stand nate 
age at of 
establishment 

9 1964 

11 1967 

9 1964 

11 1967 

13 1965 

17 1966 

13 1965 

11 1948 

30 1971 

16 1973 

Date No. 
of of 

remeas. plots 

1965 
1968 15 
1973 

1969 5 
1976 

1965 
1968 15 
1973 

1969 5 
1976 

1967 
1970 10 
1974 

1968 10 
1970 
1975 

1967 10 
1970 
1974 

1968 5 

1976 20 

18 

Plot 
size 

(acres) 

.002 -

.007 

.002 -

.007 

.002 -

.007 

.002 -

.007 

.002 -

.007 

.002 -

.007 

.002 

.007 

.25 

.002 -

.007 

.025 

Method 

Mechanical 
Strip-thinning 

Mechanical 
Strip-thinning 

Mechanical 
Strip-thinning 

Mechanical 
Strip-thinning 

Mechanical 
Strip-thinning 

Mechanical 
Strip-thinning 

Mechanical 
Strip-thinning 

Selection & 
Strip 

Mechanical 
Strip-thinning 

Selective thin-
ning with a 
brush saw 

Thinning 

Intensity 

Control: 5 plots 
Thinned 1-way: 5 plots 
Thinned 2-way: 5 plots 

Thinned I-way: 5 plots 

Control: 5 plots 
Thinned 1-way: 5 plots 
Thinned 2-way: 5 plots 

Thinned I-way: 5 plots 

Control: 5 plots 
Thinned 1-way: 5 plots 

Control: 5 plots 
Thinned 1-way: 5 plots 

Control: 5 plots 
Thinned I-way: 5 plots 

----

Control: 2, Strip: 1, 
7 x 7: 1; 5 x 5: 1 

Control: 6 plots 
Thinned I-way: 14 plots 

Thinned: 6-7 ft spacing 
-.: 
t;o.: 



NOR-4-075 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 1978 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 2, 1977 

1. Project: Improved growth and yield of managed stands. 

2. Title: Mathematical stand growth models for aspen. 

3. New: Cont.: X 4. No.: NOR-4-075 

5. Study Leader: I.E. Bella 

6. Key Words: Populus tremuloides, tree and stand growth, stand 
development density-competition effects, clonal 
structure, yield, stocking, site, ecological systems, 
models, simulation. 

7. Location of Work: Manitoba and Saskatchewan, some of the analysis 
at University of British Columbia. 

8. Problem: 

A general method is needed to forecast growth and yield of aspen for 
a variety of stand conditions. Of primary interest now is the effect 
of stand density on merchantable yield both in treated and in untreated 
stands. Predicting response to fertilization is likely to be a problem 
in the near future. Such information is a prerequisite to more effi
cient forest management. Even partial success and preliminary results 
would be valuable and would be used as became available. 

The complexity of this problem, arising largely from the clonal habits 
of the species, makes it impractical to attempt a solution using con
ventional techniques only, i.e., sampling and experimentation. Systems 
modelling and computer simulation is an approach that may provide 
answers at a reasonable cost in a re1at~ve1y short time and is used in 

I 

this study. 
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9. Study Objectives: 

To forecast growth and yield of aspen stands growing under a range of 
site and density conditions using a stand growth model developed for 
this purpose. 

10. Resources: 

a. Starting date: 1968 
b. Estimated year of completion: 1973 Revised: Most of these 

studies generally 
extend over the 
life of the stand. 

c. Estimated total Prof. man-years required: 2.0 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new majo'l' equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 

11. Progress to Date: 

Supp. 0.1 (J.P. DeFranceschi) 
Casual 

Total 0.1 

74 

1. Identified major components of tree growth and mortality and devel
oped appropriate mathematical descriptions. Major features of this 
model are: (a) a new (hopefully improved) method of evaluating 
competition and description of tree spatial pattern, (b) introduction 
of a random component in growth (and mortality) and (c) prediction 
of dry matter weight production. 

2. Analyzed growth-competition relations and developed a new competi
tion model from appropriate tree growth data (various thinning and 
spacing studies) that also included information on spatial pattern 
of trees in the sample stands. 

3. Studied the effect of clonal differences on diameter growth. 

4. Pooled information from previous thinning studies (in stands over 
10 years old) on stand development in terms of tree growth and 
size distributions (living and dead), and conducted a study to 
define the effect of initial sucker density on tree growth and 
stand development. 

5. Developed a computer program for an aspen stand model and conducted 
initial test runs. 
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6. An assessment of another stand model (by Stage, USFS), somewhat 
simpler in principle, was conducted to find out if that model 
could be easily adopted for immediate use in this region. It 
was found that this model also required much further refinement, 
testing and additional local data before it could be applied in 
forest management practice. 

7. Incorporated all previous aspen thinning trials (previously under 
NOR-4-072) into this study. 

12. Goals for 1976-77: 

1. Remeasure selective thinning studies in aspen, Manitoba: 

Turtle Mountains (MS-133) 4 permanent sample plots 
Riding Mountains (MS-146) 12 permanent sample plots 

13. Accomplishments in 1976-77: 

1. Selective thinning studies in aspen in Manitoba were remeasured. 

14. Goals for 1977-78: 

1. Remeasure a selective thinning study in aspen at Pelly, Saskatchewan. 

15. Publications: 

Up to 1976-77 

Bella, I.E. 1968. Estimating aerial component weights of young aspen 
trees. Can. Fish. For., Inf. Rep. MX-X-12. pp. 36. 

Bella, I.E. 1969. Competitive Influence-Zone Overlap: A competition 
model for individual trees. Can. Dept. Fish. For., Bi-mon. 
Res. Notes 25(3):24-25. 

Bella, I.E. 1970. Simulation of growth, yield and management of aspen, 
For. Chron. 47(1):41. (Abstract of a thesis.) 

Bella, I.E. 1970. A new competition model for individual trees. 
For. Sci. 17:364-372. 

Bella, I.E. 1972. Simulation of growth: A new approach to yield 
forecasting. In: Aspen Symposium Proceedings, USDA Forest 
Service. General Technical Report NC-l. pp. 103-108. 

Bella, I.E. and J.P. DeFranceschi. 1972. The effect of logging 
practices on the development of new aspen stands, Hudson 
Bay, Saskatchewan. Inf. Rep. NOR-X-33. pp. 20. 
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Bella, 1. E. and K. Hunt. 1973. Kraft pulping of young trembling 
aspen from Manitoba. Can. J. For. Res. 3:359-366. 

Steneker, G.A. 1974. Thinning of trembling aspen (PopuZus 
tremuZoides Michaux) in Manitoba. Can. For. Serv., 
Inf. Rep. NOR-X-122. 

Bella, I.E. 1975. Growth-density relations in young aspen sucker 
stands. Can. For. Serv., Inf. Rep. NOR-X-124. 12 p. 

1976-77 

Nil 

16. Signatures: 

1 ;; 
~<~~ 
Investig' pro~ 

Director G. T. Silver 
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SUMMARY OF ACTIVE THINNING AND OTHER GROWTH STUDIES IN ASPEN 

Prepared March 3, 1975 

Study Soil and Stand Date Date No. Plot Thinning 
No. Location site age at of of of size 

establishment remeas~ plots (acres) Methods Intensity 

1 Turtle Non telluric 11 1948 1953 5 0.2 Regular spacing Control, no thinning - 2 plots 
(MS133) Mtn. mesic clay 1960 and alternate Thinned: 5'x 5',7' X 7', and 20' 

For. loam till 1965 strips alternate strips - 1 
Res. 1971 plot each 

1976 

2 Pelly, Non telluric 14 1951 1957 14 0.2 Thinned to Control, no thinning - 2 plots 
(MS155) Sask. mesic clay 1962 fixed SDI Thinned: to 120, 100, 80, 70, 60, 

loam till 1967 every 5-years and 50% of SDI of control 
1972 in 1951 - 2 plots each 

( 1977) intensity 

3 Non telluric 14 1950 1960 4 0.1 Regular spacing Control, no thinning - 1 plot 
(MS146) mesic clay 1965 Thinned: 8' x 8', 10' x 10', 

Riding loam till 1971 12' x 12' - 1 plot each 
Mountain 1976 
National Telluric 23 1950 1960 8 0.2 Regular spacing Control, no thinning - 2 plots 
Park mesic 1965 Thinned: 8' x 8',10' X 10', 

silty clay 1971 12' x 12' - 2 plots each 
loam till 1976 

4 
(MS232) Porcupine Thinning and 

Mountain pruning 
Swan River, 
Manitoba 

* Planned measurement in the coming year are in brackets 

-...:z 
-...:z 



78 
NOR-4-102 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 24, 1976 

1. Project: Improved growth and yield of managed stands. 

2. Title: Transformation and movement of applied nitrogen in selected 
lodgepole pine stands. 

3. New: Cont. : X 4. No. : NOR-4-102 

5. Study Leader: J. Baker 

6. Key Words: Ammonium-nitrogen, nitrate-nitrogen, amino sugar-nitrogen, 
amino acid-nitrogen, humin nitrogen, soil horizon, moisture 
tension. 

7. Location of Work: Edmonton, Hinton, Alberta (Edson map sheet 83F) 

8. Problem: 

Nature of Study: 

This is principally a study to determine soils response to applied 
nitrogen. It emphasizes the influence of soil properties on the 
transformation, movement, immobilization, and distribution of soil 
nitrogen. It also seeks to evaluate the modifications brought 
about within the several soil nitrogen fractions as a result of 
artificially applied nitrogen. 

Benefits expected: 

In conjunction with the growth measurements obtained in study NOR-4-
122, it is expected that information gained in this phase of the 
project will provide a base for interpretation of stand performance 
and growth response. In addition, results obtained in this trial 
will provide information important in deciding the profitability of 
artificial fertilization of forested areas dominated by these and 
similar soil types. 
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Probability of Success: 

Initial results, so far as soil responses to nitrogen applications 
are concerned, suggest that fertilization of these and similar soil 
would prove profitable. Growth and foliar analyses results will 
have to be considered also before any judgement can be made regard
ing the likelihood of success. 

Probability of Practical Application of Results: 

Should both stand and soil responses indicate the probability of 
success, it would seem reasonable that forest operators (logging 
and lumber industry) and forest managers (parks and recreation 
would be keenly interested in the practical application of results 
to increase productivity, especially so in view of the decreasing 
land base available to them. 

Method Used: 

Two phases of this study have been initiated. In the field various 
installations on treated and untreated plots (study NOR-4-122 have 
been carried out. Sampling of soils, vegetation and the various 
installations will be done on an annual basis to monitor effects of 
nitrogen applications on soil nitrogen distribution, foliar composi
tion and stand growth - initial (first growing season) and residual 
(subsequent growing seasons) effects are to be studied. 

The laboratory study is not to duplicate field conditions but to 
investigate the influence of certain environmental factors such as 
soil moisture and temperature, atmospheric temperature and humidity 
and soil type on the distribution of nitrogen in the various soil 
nitrogen fractions, on the uptake of nitrogen and its influence on 
tissue composition and the relationship between these and seedling 
growth. 

9. Study Objectives: 

10. 

To determine the influence of soil properties on the transformation, 
distribution and accumulation of the various soil nitrogen fractions, 
amonium-nitrogen, nitrate-nitrogen, humin-nitrogen, etc., resulting 
from soil nitrogen applications within selected lodgepole pine stands. 

Resources: 

a. Starting 
b. Estimated 
c. Estimated 
d. Essential 
e. Essential 

date: 1972 
year of completion: 1980 
total Prof. man-years required: 0.9 
new major equipment items for 1977-78 with costs: Nil 
new major equipment items beyond 1978 with costs: Nil 
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1977-78 man-years Prof. Nil 
Supp. Nil 
Casual Nil 
Total Nil 

11. Progress to Date: 

(Baker) 
(Caldwell) 

Soil and foliar analyses have been done on two different occasions 
since fertilization. Two reports on N-status and one on P-status 
in Coa1spur and Mercoal soil types have been completed. 

12. Goals for 1976-77: 

1. Publication of report--Effects of fertilization on phosphorus 
status in two forest soils. 

13. Accomplishments in 1976-77: 

1. The report "The reaction of two luvisolic forest soils to phos
phate fertilizer" was completely re-written and submitted to the 
Cdn. Jour. of Soil Sci. for publication. 

14. Goals for 1977-78: 

Nil. 

15. Publications: 

Up to 1976-77 

Baker, J. 1973. Nitrogen fractionation of two forest soils in 
Alberta. Inf. Rept. NOR-X-63. 

Baker, J. 1975. Soil nitrogen disposition in two Alberta forest 
soils during the second . season after fertilization. File 
Rept. 

Baker, J. 1975. Effects of fertilization on phosphorus status of 
two forest soils. File Rept., 1975. 

1976-77 

Nil. 
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~gator 

Director G. T. Silver 



NOR-4-l22 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 2, 1977 

1. Project: Improved growth and yield of managed stands. 

2. Title: Fertilization of established lodgepole pine stands. 

3. New: Cont.: X 4. No.: NOR-4-l22 

5. Study Leader: W.D. Johnstone 

6. Key Words: Pinus aontorta, B.19a, tree nutrition, nutrient 
deficiencies, nitrogen, phosphorus, sulphur. 

7. Location of Work: Hinton, Alberta 

8. Problem: 

Considerable interest is being expressed by forest management agencies 
in the use of fertilization as a means of increasing productivity, 
particularly in view of the successful commercial applications by the 
Scandinavians. No published information is presently available in 
Alberta to indicate the levels of fertilization which will maximize 
lodgepole pine growth over a range of site and age classes. In order 
to develop a general prediction relationship between fertilizer input 
and response, a study was initiated on two soil types and in two age 
classes (30 and 70 years) in 'normal' density pine stands in the Hinton 
area. The experimental design chosen was a "central composite rotatable 
second order" design expanded to include a conventional 23 complete 
factorial. Twenty-four treatment combinations were applied in each of 
three blocks in each age-soil type, amounting to a total of 288 treat
ment plots. The fertilizers applied were combinations of the following 
levels of nitrogen, phosphorus and sulphur specifically required by the 
response surface design used in the study. 

Coded Elemental lb/ac applied 
level N P S 

-1.68 0 0 0 
-1.00 68 34 20.4 

0 168 84 50.4 
1.00 268 134 80.4 
1.68 336 168 100.8 
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Prior to treatment soil and foliar samples were collected from 
each area by Mr. W.D. Holland, samples of the current year's 
foliage were collected in each plot, and a complete dbh tally 
was taken in each plot. The fertilizers were applied before 
the growing season in 1972 and samples of the current year's 
foliage were collected after the 1972 and 1973 growing seasons. 
Greenhouse fertilization trials were initiated in 1975 to provide 
data to examine the characteristics and best analytical methods for 
the response surface design used in the field experiments. 

9. Study Objectives: 

1. To predict the combination of levels of nitrogen, phosphorus, 
and sulphur fertilization that optimizes the growth response 
of lodgepole pine on each of a range of site types and age 
classes in the lower foothills region of Alberta, by means 
of estimating "a response surface". 

2. To examine the possibility of using either foliar content or 
soil characteristics, or a combination of both as a diagnostic 
tool for fertilization. 

10. Resources: 

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

Starting date: 1970 
Estimated year of completion: 1980 Revised: 1985 
Estimated total Prof. man-years required: 1.9 
Essential new major equipment items for 1977-78 with costs: 
Essential new major equipment items beyond 1978 with costs: 
1977-78 man-years Prof. 0.2 (Johnstone) 

SUppa 0.2 (Lux) 
Casual 
Total 0.4 

11. Progress to Date: 

Nil 
Nil 

1970 - Plot centres located in field, and soil and foliage samples 
taken and analyzed by Mr. W.D. Holland. 

1971 - Plot boundaries located, tree dbh's tallied for all trees, 
and height-diameter data measured. 

Pre-treatment foliage collected and analyzed. 

1972 - Fertilizers applied before 1972 growing season. 

First post-treatment foliage samples collected and analyzed. 

1973 - Second post-treatment foliage samples collected and analyzed. 
Study Establishment Report Completed. 
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1974 - Computer program to analyze study design developed in 
cooperation with CASD. 

12. Goals for 1976-77: 

1. Completion of second greenhouse fertilization experiment, 
analysis of results and reporting if approproate. 

13. Accomplishments in 1976-77: 

1. The second greenhouse fertilization experiment was completed 
but it was found that 1 of the 130 treatment combinations 
was improperly prepared. A small trial designed to remedy 
this problem was ruined when the lighting conditions in the 
greenhouse were altered. A second small trial to replace 
the missing treatment data is now underway. 

14. Goals for 1977-78: 

1. Completion of the greenhouse fertilization experiment, analysis 
of the data and reporting of the results if appropriate. 

(Field plots to be measured in 1981.) 

15. Publications: 

Up to 1976-77 

Johnstone, W.D. 1974. Fertilization of established lodgepole pine 
stands. Study establishment report. Unpubl. File Rep. 
23 ms pp. 

1976-77 

Nil. 

16. Signatures: 

Investigator 

Director G. T. Silver 
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NOR-4-l63 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 1978 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 2, 1977 

1. Project: Improved growth and yield of managed stands. 

2. Title: Assessment of regeneration stocking standards in Alberta. 

3. New: Cont. : 4. No.: NOR-4-l63 

5. Study Leader: I.E. Bella. Cooperators: C.L. Kirby, Alberta Forest 
Service. 

6. Key Words: Minimum stocking and site, post logging treatment, Pinus 
contorta var. latifolia, P. banksiana, Picea glauca, 
P. rnaI'iana. 

7. Location of Work: Alberta 

8. Problem: 

As harvesting of the forest resource increases in Alberta, it becomes 
necessary - particularly after clear-cutting - to make special efforts 
to ensure the perpetuation of forest tree cover for sustained wood 
fibre yields and other benefits. The Alberta Forest Service has to 
ascertain that cut-over areas are adequately restocked by appropriate 
tree species within a reasonable length of time. 

To define "adequate stocking" is not easy, as any relevant information 
we now have comes from old growth stands that originated after wild 
fires and usually developed from dense regeneration into dense stands, 
with high suppression mortality throughout their life. Such stands 
at harvest on the average, may contain 500 to 1,000 trees per acre. 
This means that over 95% of the original trees could have succumbed 
to mortality during the life of the stand. 

The second growth stands that follow clear-cutting will develop through 
a very different route. Initial density of regeneration is generally 
much lower, mortality is less dramatic during stand development, but 
final number of trees at harvest (and also yield) may not differ greatly 
from stands grown in a dense regime. However, below a certain level of 
stocking, the trees could not fully utilize the site and thus wood fibre 
yield would decline. 
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The minimum adequate stocking that would achieve full utilization 
of the site by trees at a given time would depend on, and vary with, 
site conditions, species characteristics and also with anticipated 
use of the tree crop, utilization standards and logging practices. 
The effects of site and species characteristics are relatively 
permanent and predictable; whereas factors relating to utilization 
continually change with time and are less predictable. Therefore 
in evaluating regeneration success on a parcel of land, the effect 
of site and the characteristics of the tree species that constitute 
the stocking should be given prime consideration. 

Benefit Expected: 

Information on adequate minimum stocking of regeneration is needed 
by forest managers to evaluate regeneration success and in decisions 
whether planting and/or other treatment should be applied to restock 
a given area. Wrong decisions can mean waste of funds, or a sub
stantial reduction of yield at harvest. 

Probability of Success: 

Probability of success for obtaining useful information is good, even 
if it has to be based, in part, on a review and synthesis of already 
published data to provide some quick, practical answers. Subsequent 
studies may refine these answers. 

Probability of Practical Application of Results: 

Very good, as the A.F.S. needs and requested this information. 

Method Outline: 

1. Define the minimum number of trees per unit area that are required 
for complete occupation of the site half way through the rotation 
(age 40) for the four study species using information gathered 
from published and unpublished sources and from field sampling. 

2. From the above minimum density at 40 years, derive minimum density 
at age 10, confirming this with tree growth information from thin
ning and spacing studies, and data collected from individual trees 
growing in relatively open stands. Also define possible sources 
and magnitude of mortality and consider its effect when estimating 
minimum density at 10 years of age. 

3. Conduct a sampling survey to develop relationships between density 
(in number of trees) and stocking percent for each study species 
and condition classes so that stocking percent can be tied to 
stand development (usually expressed in number of trees). 
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9. Study Objectives: 

To provide information needed by forest managers for efficient 
management of second growth stands, on the minimum level of 
regeneration stocking required at 10 years after logging in 1P, 
jP, wS and bS stands on different sites so as to ensure complete 
utilization of the site at least halfway through rotation (i.e., 
by 40 years) and to ensure a reasonably high merchantable wood 
production. 

10. Resources: 

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

Starting date: 1975 
Estimated year of completion: 1977 Revised: 1979 
Estimated total Prof. man-years requited: 1.6 
Essential new major equipment items for 1977-78 with costs: 
Essential new major equipment items beyond 1978 with costs: 
1977-78 man-years Prof. 0.8 (Bella) 

Supp. 0.7 (DeFranceschi) 
(Casual 0.3 + 0.3 1 summer student and 

Total 1.5 

3 assistants for May 
only, provided by AFS) 

Nil 
Nil 

(Field costs and the casuals salary in this study are supported 
by the AFS.) 

11. Progress to Date: 

1. Sampling areas were chosen to study regeneration density and 
stocking of 1P and wS on cutovers approximately 10 years old. 
A range of site and two main treatment (scarified, unscarified) 
conditions were sampled. 

2. Stem growth and crown width information was collected from 1P 
and wS (total number 75) trees growing under open conditions in 
a variety of sites, between ages 25 to 50 years. From these 
data, appropriate growth regressions were developed. 

3. Using growth regressions described above (#2) average maximum 
tree size (dbh and crown width) was estimated for different 
site classes at age 40 years. 

4. From a brief review of literature and observations in the field, 
factors of mortality and their relative importance, were assessed 
in relatively open stands up to age 40 years. 

5. From average maximum tree size, the number of trees needed at age 
40 for complete crown closure were estimated. From this, number 
of trees per acre and stocking % needed at age 10 were worked out. 
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12. Goals for 1976-77: 

1. Evaluate the relation between quadrat size and assessed seedling 
pattern (random, regular or clumped) under conditions sampled 
and after a burn (J. Soo's data), and based on this and other 
relevant data, make recommendations on desirable quadrat size. 

2. If the analyses show some weaknesses in the data, conduct 
further sampling in appropriate lP and wS stands. 

3. Complete the analysis of the lP and wS data and write report. 

4. Provide advice, as requested, to Provincial forestry services 
in Manitoba and Saskatchewan on problems relating to their 
regeneration standards and survey procedures. 

13. Accomplishments in 1976-77: 

1. Quadrat-size and seedling pattern interactions were evaluated 
from the sample and recommendations were made on suitable quadrat 
size. 

2. Further sampling was deferred. 

3. The analysis of the lP and wS data was completed and a report 
written and published. 

4. Gave a talk at the fall annual meeting of the Saskatchewan Section 
of CIF on problems relating to their regeneration standards and 
survey procedures and suggested some solutions. 

14. Goals for 1977-78: 

1. Verify the results published in Information Report NOR-X-167 with 
additional data from another area of the province, with suitable 
sample stands of regeneration to be selected in consultation with 
AFS personnel. 

Sampling should cover both regeneration (some of this, at least 
for lP, will be done from large scale aerial photos), and dimen
tional relationships of open-growing trees. 

2. Schedule large scale photography of the selected sample stands of 
regeneration for the early part of May, 1977, and also conduct 
the required ground sampling. 

3. Initiate analysis of new data and compare with previous results. 

4. Start exploring ways of using seedling location data (X-Y coordin
ates) from aerial photos for assessing and describing regeneration. 
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15. Publications: 

Up to 1976-77 

Nil 

1976-77 

Bella, I.E. 1976. Assessment of regeneration stocking standards 
used in Alberta. Can. For. Serv., Info. Rep. NOR-X-167. 
38 p. 

16. Signatures: 

pro~ 

Director G. T. Silver 
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NOR-4-164 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 2, 1977 

1. Project: Improved growth and yield of managed stands. 

2. Title: Juvenile growth rates for pine and spruce in Alberta. 

3. New: Cont.: X 4. No.: NOR-4-164 

5. Study Leader: W.D. Johnstone. Cooperating agency - Alberta Forest 
Service. 

6. Key Words: Piaea mariana~ Piaea glauaa~ Pinus aontorta~ rotation 
age, allowable annual cut, regeneration ingress. 

7. Location of Work: Alberta 

8. Problem: 

Nature of Study: 

This study was initiated in response to a direct and specific request 
made by the Alberta Forest Service. A reliable estimate of juvenile 
growth rates (Le., of regeneration) is required for judicious regula
tion of cut layout (i.e., removal of residual blocks) and cutting 
cycle (i.e., determination of rotation age and allowable annual cut). 
Present growth and yield work has generally been limited to natural 
stands older than 20 years of age. Consequently, we know little about 
the growth of our native commercial tree species from establishment 
to age 20, which is perhaps the most critical from a forest management 
point of view. 

Benefits Expected: 

Information obtained in this study will assist the forest manager in 
assessing cut layout regulations (Le., the so-called "6-8 foot" rule) 
and in determining rotation age and allowable annual cut. 
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Probability of Success: 

The probability of obtaining useful information is excellent. 

Probability of Practical Application of Results: 

The chances that the results will be applied in a positive manner 
are very good. 

Methods Used: 

This study was conducted mainly in the Hinton area although some 
samples were collected in the Peace River' Forest. At each cut-over 
location four groups of concentric sample plots were systematically 
located. Each plot group consisted of a 1/400-acre circular plot 
within a l/IOO-acre circular plot. The 4 tallest trees in each 
l/IOO-acre plot were cut at ground level and discs were collected 
at ground level, 1 ft, 2.5 ft, 4.5 ft, 6 ft, and at 2-ft intervals 
thereafter to the top of the tree. Each disc was labelled and 
taken to the lab for aging. The total height of all of the trees 
within the 1/400-acre plots were cut at ground level where a disc 
was collected for aging. All discs were aged in the lab under a 
microscope. 

9. Study Objectives: 

To determine the juvenile growth rates for pine and spruce in Alberta. 

10. Resources: 

a. Starting date: 1975 
b. Estimated year of' completion: 1976 
c. Estimated total Prof. man-years required: 0.0 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-year Prof. 0.0 

Supp. 0.0 
Casual 0.0 
Total 0.0 

11. Progress to Date: 

Height-growth measurements were taken on over 600 trees on 190 sample 
plots from 55 locations. In addition, seedling ingress was determined 
on 132 of these plots in 33 locations. These data have been coded and 
key-punched, and analysis has been initiated. Analysis completed, 
reports prepared and published. 
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12. Goals for 1976-77: 

1. Complete analysis and report results. 

2. Terminate study. 

13. Accomplishments in 1976-77: 

1. Analysis completed and two Information Reports (NOR-X-170 and 
NOR-X-17l) published. 

2. Study terminated. 

14. Goals for 1977-78: 

Nil (study terminated). 

15. Publications: 

Up to 1976-77 

Nil. 

1976-77 

Johnstone, W.D. 1976. Ingress of lodgepole pine and white spruce 
regeneration following logging and scarification in west
central Alberta. Environ. Can., Can. For. Serv., North. 
For. Res. Cent., Edmonton, Alberta. Inf. Rep. NOR-X-170. 
12 pp. 

Johnstone, W.D. 1976. Juvenile height growth of white spruce and 
lodgepole pine following logging and scarification in 
west-central Alberta. Environ. Can., Can. For. Serv., 
North. For. Res. Cent., Edmonton, Alberta. Inf. Rep. 
NOR-X-17l. 10 pp. 

16. Signatures: 

Investigator progt2ltfe7'='= 

Director G. T. Silver 
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NOR-4-l65 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 2, 1977 

1. Project: Improved growth and yield of managed stands. 

2. Title: Survival and growth after logging of alpine fir, black 
and white spruce residuals and advance growth. 

3. New: Cont.: X 4. No.: NOR-4-l65 

5. Study Leader: W.D. Johnstone. Cooperating agency - Alberta Forest 
Service. 

6. Key Words: Abies lasiocarpa~ Picea glauca~ Picea mariana, stocking 
standards, logging residuals, post-logging release. 

7. Location of Work: Alberta 

8. Problem: 

Nature of Study: 

This study was initiated in response to a direct and specific request 
made by the Alberta Forest Service. This is principally a study to 
determine the quality and growth of both advance growth (i.e., young 
understory trees) and logging residuals (i.e., old unmerchantable 
trees) in order to evaluate their potential contribution to second
growth stands. 

Benefits Expected: 

The information obtained in this study will be used by the A.F.S. to 
evaluate the advisability of including advance growth and/or logging 
residuals in the reforestation stocking standards. This is an 
immediate problem which requires a quick answer. 

Probability of Success: 

The probability of obtaining valuable inf9rmation of immediate use 
to the A.F.S. is excellent. 
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Probability of Practical Application of Results: 

The results forth-coming will be put to ap immediate practical 
applications. 

Methods Used: 

The same sampling system used to measure regeneration in Study 
NOR-4-l64 was used to sample advanced growth in this study. 
Discs were collected from advanced growth at ground level, 1.0 ft, 
2.5 ft, 4.5 ft, 6 ft, and at 2-ft intervals thereafter to the top 
of the stem. Logging residuals were cut at ground level and discs 
were collected at ground level, 1.0 ft, 4.5 ft, 8 ft, and at 8-ft 
intervals thereafter to the top. All disc measurements were con
ducted in the lab under a microscope. Discs from the residuals 
were used for full stem analyses and radial growth for equal time 
periods before and after logging were measured. 

9. Study Objectives: 

To determine the quality and growth, after logging, of alpine fir, 
black and white spruce advance growth. 

10. Resources: 

a. Starting date: 1975 
b. Estimated year of completion: 1976 Revised I: 1977 
c. Estimated total Prof. man-years required: 0 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new majpr equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.4 (Johnstone) 

Supp. 0.5 (Lux) 
Casual 
Total 0.9 

11. Progress to Date: 

Height-growth measurements were obtained from 350 advanced growth 
trees on 118 sample plots from 44 locations. Complete stem analysis 
was conducted on 61 logging residuals from 25 sample plots in 8 
locations. These data have been coded, key-punched, and analysis 
has been initiated. During 1976, complete stem analysis data were 
obtained on 150 additional logging residuals. 

12. Goals for 1976-77: 

1. Complete analysis and report results. 

2. Terminate study. 
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3. Goal Added: To obtain additional stem analysis data from 
logging residuals. 

13. Accomplishments in 1976-77: 

1. Stem analysis of the 61 logging residuals collected during 
1975 was completed. Although these data were adequate to 
demonstrate the release in diameter growth after logging 
they were inadequate for showing height-growth release. 
Consequently, it was decided to collect additional data to 
examine height response. No results were formally reported. 

2. The study was not terminated. 

3. Detailed stem analysis data were collected from an additional 
150 logging residuals (approximately 50 trees each of white 
spruce, black spruce and subalpine fir were collected). 
Sampling was conducted at much more frequent intervals near 
the top of these trees so that height-growth release could 
be detected. 

14. Goals for 1977-78: 

1. Complete analysis and report results. 

2. Terminate study. 

15. Publications: 

Up to 1976-77 

Nil. 

1976-77 

Nil. 

16. Signatures: 

Investigator prog~ 

Director G. T. Silver 



PROJECT NOR-S 

Reduction of losses by improved 
fire suppression methods. 
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NOR-5-037 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 7, 1977 

1. Project: Reduction of losses by improved fire suppression methods. 

2. Title: Fire retardant and airtanker evaluations and application. 

3. New: Cont.: X 4. No.: NOR-5-037 

5. Study Leader: R.C. Newstead 

6. Key Words: airtankers, helitankers, retardants, aerial suppression, 
airtanker accuracy, effectiveness, drop patterns, static 
testing,tank and gating systems, simulation models, 
wildfires. 

7. Location of Work: Throughout region. 

8. Problem: 

This operational research study is oriented towards the immediate 
needs and requests of client agencies, namely Provincial and 
Territorial Forest Services. The intent is to improve aerial 
suppression methods by optimizing the use and effectiveness of 
available airtankers, helitankers and retardants. Results from this 
study complement those of NOR 128, 131 and 130. Benefits accruing 
will include reductions in fire suppression costs, and areas burned 
as well as limiting damage to the forest resource by enhancing 
operational effectiveness in the control of wildfires by fire 
control agencies. 

Through continuous cooperative effort and liaison with client 
agencies the probability of application of study results will be 
high in the long run, although technological and financial 
considerations may somewhat affect the degree of utilization in the 
short run. 

Results from this study will see almost immediate use because they 
will be aligned with present client policies, needs and objectives. 
Past experience supports this assessment. 
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Methods: 

The methods associated with this study involve the use of a wide 
variety of fixed and rotary-wing airtankers normally employed in 
fire suppression operations within the region. Similarly there 
are a variety of fire retardants, both long-term and short-term 
which form an integral part of this study. Retardant drop pattern 
tests, airtanker effectiveness evaluations, and fire retardant 
mixing, quality control and effectiveness investigations all involve 
closely integrated field and laboratory study procedures. Air drop 
grids are established and calibrated to determine drop patterns 
under controlled conditions and may involve the preparation and 
supervision of contractual arrangements. Airtanker and helicopter 
retardant delivery systems are evaluated under controlled test 
conditions on the air drop grid and on wildfire operations. Retard
ant mixing and application criteria are observed and evaluated in 
the combustion laboratory and during field operations for both 
existing and new retardant products. Much related data ia accumulated 
and disseminated through cooperation with other fire operations and 
research agencies and through communication with client agencies. 

9. Study Objectives: 

1. To measure and evaluate the drop characteristics of various 
airtanker/fire retardant combinations, including helitankers. 

2. To evaluate fire retardants and determine the optimum application 
required to slow and/or stop fires burning in different fuels 
under varying burning conditions. 

3. To observe and evaluate the effectiveness of airtankers and 
helitankers using retardants during fire suppression operations. 

4. To evaluate new retardant mixing systems and their role on 
wildfire operations. 

5. To analyze and disseminate information concerning resource use 
optimization to fire management agencies through technical 
assistance, consultation, and training. 

10. Resources: 

a. Starting date: 1968 
b. Estimated year of completion: 1978 Revised: 1980 
c. Estimated total Prof. man-years required: 4.0 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 1.0 (Newstead) 

Supp. 1.0 (Lieskovsky) 
Casual 0.3 
Total 2.3 
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11. Progress to Date: 

Within the study the use of fire retardants, long-term in particular, 
has been p~omoted to regional fire control agencies and, due in 
part to that liaison development and service activity, fire retardants 
are now in common use with concomitant improvement in air drop 
effectiveness. 

Air drop patterns have been delineated for most airtankers and 
helitankers in use in the region in aid of improved aerial suppression 
throughout the region. Portable ground mixing units and retardant 
mixing systems within aircraft have been developed and are being 
utilized to good effect by fire control agencies. Work continues in 
assessing new retardants and mixing systems. 

Aerial fire suppression research has evolved into a two-pronged 
approach within the Northern region. The first involves on-site 
evaluation of fire retardants and airtanker effectiveness on 
wildfires. The second is concerned with simulation of this theme, 
using parameters determined through static testing of tank and 
gating characteristics and utilization of available retardant 
delivery and fuel related models. 

Airtanker accuracy has been investigated under simulated bombing 
conditions, however results achieved suggested that economically 
constrained sampling methods used were inadequate and statistically 
unrealiable. Numerous variables within the experiment could not be 
accounted for in the analysis of results. 

Studies of mixing and storage of long-term fire retardants in Alberta 
have demonstrated that continuous quality control in the preparation 
and storage of these commercial products is of utmost importance in 
maintaining their viability during relatively short and uncertain 
periods of demand. 

A preliminary draft of specifications for long-term fire retardants 
remains subject to continuing revision in order to incorporate user 
suggestions, up-dated technical information and potential corrosive 
and environmental damage. 

12. Goals for 1976-77: 

1. Continue to assess on-site effectiveness through experimentation 
and on-site evaluation through the cooperation of the Alberta 
Forest Service, North West Lands & Forest Service and other 
agencies as well as N.F.R.C. resources. 

99 



4 

2. Provide technical assistance to regional government and industrial 
agencies. Specifically: 

1. Evaluation of the Alberta Forest Service in-line powdered 
retardant mixer re: mixing capabilities, advantages and 
disadvantages over an alternate eductor mixer. 

2. Further evaluation of Monsanto Canada Ltd. new long-term 
retardant Phos-Chek XB regarding ability to meet certain 
retardant specifications mainly, salt content, viscosity, 
storage and efficient mixing. 

3. Preliminary screening of a new long-term liquid retardant 
submitted by ERCO Industries Ltd., Toronto, Ontario. 
Mainly, to compare through laboratory testing various 
properties of this new retardant with other long-term 
retardants presently on the market. 

4. Evaluation of the new Fire-Trol 931 liquid concentrate 
(retardant) blending and thickening system in the Slave 
Lake forest region. 

5. Training and consultation as requested. 

3. Lead further investigation towards an improved understanding 
of airtanker delivery systems through static testing. As in 
the past this type of undertaking is costly and cannot be 
continued without the full moral and financial support of both 
the cooperating agency and the owner-operators of the airtankers. 
Financial support by the Alberta Forest Service and Airspray 
(1967) Ltd. is anticipated with regard to the rental of a 
recording oscilloscope, aircraft fuel supplies plus pilot and 
engineer participation if N.F.R.C. resources are not available. 

4. Evaluate by way of simulation modelling C.E. Hardy's contract 
report on the relationship between fuel type classification, 
retardant penetration characteristics and tank and gating systems. 

5. Study leader to complete course work at U. of A. - masters pro
gram. Masters thesis will consider the development of a simple 
resource allocation model for use with initial attack air tankers 
under various demand criteria in Alberta. 

6. Complete constuction of Fire Lab retardant spray apparatus. 

7. Time and opportunity permitting appraise the effectiveness of 
various fire retardants and monitoring techniques on prescribed 
burns in the Slave Lake Forest region. 

8. No publications foreseen in 1976-77. 
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13. Accomplishments in 1976-77: 

1. The period from mid-May to mid-June was set aside for the purpose 
of working towards the goal of assessing on-site effectiveness 
of fire retardants. However, very low fire incidence during that 
period in the designated forest (Slave Lake) prevented data collec
tion under wildfire conditions. Low fire hazard during the 
period from mid-July to mid-August precluded similar observations 
under experimental fire conditions in the Slave Lake forest. 

2. Provided technical assistance to regional government and industrial 
agencies as follows: 

1. The Alberta Forest Service in-line eductor mixer saw limited 
use during the past fire season and N.F.R.C. participation 
was not requested during the brief period that it was in opera
tion. However, two days were spent in assessing the fluidizing 
characteristics of the dry retardant powder assigned to these 
eductor bases at Calgary and Lethbridge. This was accomplished 
in the company of A.F.S. personnel. 

2. This product was not used in the Northern region during the 
past fire season, therefore no further assessment was conducted. 

3. Preliminary screening of a new long-term liquid concentrate 
retardant, as submitted by Enco Industries, has been completed 
and a written statement of our observations and recommendations 
was forwarded to the company. In its present formulation, it 
was noted that the product submitted would not meet the basic 
requirements of a long-term retardant as exhibited by existing 
commercial products. 
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4. A first stage evaluation of the Fire-Trol 931 liquid concentrate 
blending anq thickening system was completed at Slave Lake. A 
file report outlining observed deficiencies of the system has 
been prepared, and a copy forwarded to the Alberta Forest 
Service. It was concluded that this equipment is not yet 
capable of maintaining consistent quality control of the mixed 
and thickened retardant. 

5. Study leader spent five days in northern Manitoba reviewing 
the present fire control program and organization of that 
region, in terms of the needs for potential research under
taking. Two days were spent with D.N.S. personnel in Prince 
Albert, Saskatchewan discussing the province's present and 
future aerial fire control program. The possibilities of 
conducting operational research programs in Saskatchewan were 
discussed also. 
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3. Static airtanker tests were conducted at Slave Lake during August 
with the PBY-SA Canso. An oscilloscope and camera were rented by 
the Alberta Forest Service for these tests while N.F.R.C. monitoring 
equipment was used. Because inaccurate results were achieved 
during these tests with a modified flow gauge, a new gauge was 
designed and tested prior to repeating the tests at the Flying 
Fireman Ltd. headquarters in Sidney, B.C. in November, using the 
recording oscilloscope recently acquired by the N.F.R.C. All flow 
data now appear to be in order and will be processed by computer 
at the Northern Forest Fire Laboratory in Missoula, Montana towards 
the end of the present fiscal year. 

4. Simulation modelling of retardant penetration and crown retention 
characteristics in boreal fuels could not be undertaken because 
of deficiencies in the computer model being developed at the 
Northern Forest Fire Laboratory in Missoula. The Hardy contract 
report on this subject is under review in terms of following 
through with an interim approach to the problem of rating air tanker 
effectiveness in relation to various fuel types. 

5. Study leader finalized course work towards completion of a masters 
program at the U. of A. In conjunction with this program a contract 
was let to Dr. M.J. Hodgson of the U. of A. to develop a computer 
routine for a simple resource allocation model. As a result a 
computerized heuristic algorithm will be employed extensively in 
the preparation of the thesis. A draft copy of an initial thesis 
chapter has been prepared and has been used as the basis for two 
conference papers. These papers consider optimal airtanker 
allocation in Alberta (see publications). 

6. Construction of the combustion laboratory retardant spray apparatus 
has once again been delayed owing to higher priority design and 
fabrication of static testing equipment. 

7. As reported in accomplisment (1) this goal was not achieved because 
of unfavorable burning conditions at the Slave Lake burns site of 
the proposed experimental burns. 

8. Publications: 

1. Hodgson, M.J. and R.G. Newstead. 1977. Location-allocation 
procedures and forest fire suppression. Paper 
submitted to Pacific Regional Science Conference, 
Vancouver, B.C. 

2. Hodgson, M.J. and R.G. Newstead. 1977. Variability in the 
location of Alberta forest fires: A suppression 
strategy. Paper submitted to annual meeting, 
Canadian Association of Geographers, Regina, 
Saskatchewan. 
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9. Accomplishment added: An extensive air drop testing program was 
undertaken at Slave Lake when low ftre incidence and unfavorable 
conditions precluded accomplishment of anticipated goals (1) and 
(7). Drop patterns for the PBY-SA Canso (Fairey conversion) 
were completed for Fire-Trol 100 long-term retardant and Tenogum 
water thickening agent. One water d.rop was also recorded and 
several drops with test mixtures of Fire-Trol 931 were also 
conducted. 

10. Accomplishment added: Three 800-gallon salvo drops of various 
concentrations of Tenogum mixtures were completed, along with 
calibration of the Tenogum injection system on board the Canso. 
The results of these tests were significant in that they suggested 
that the benefit/cost ratio of Tenogum may well be less than 
expected. This information coupled with further laboratory 
testing has been sent to several Canadian fire control agencies. 
The study leader attended the Canadian Committee on Forest Fire 
Control meeting in Ottawa in January at the request of the 
Department of Northern Saskatchewan to present this same informa
tion to other users of the product. These observations will 
appear in a forthcoming Forestry Report. 

11. Accomplishment added: Two new flow gauges were designed and 
fabricated. These were tested under lab and field conditions as 
a part of the static testing program (goal 3). The hydrostatiC 
pressure gauge was tested and rejected because of its inaccuracy 
and emphasis was shifted to a more reliable resistance wire 
gauge capable of accurately recording changing water depth in an 
airtanker delivery system, upon evacuation. 

12. Accomplishment added: Excellent cooperation by Alberta Forest 
Service bird-dog officers resulted in the accumulation of valuable 
information on airtanker operations and effectiveness through 
the completion of N.F.R.C. designed air observer forms. 

13. Accomplishme~t added: At the request of the Yukon Lands and Forest 
Service, a detailed examination of retardant samples revealed 
that the reasons for deterioration of mixed Phos-Chek retardant 
held in prolonged storage, resulted from bacterial degradation 
coupled with poor quality control at the time of mixing. 

14. Goals for 1977-78: 

1. Continue to assess on-site effectiveness of fire retardants through 
experimental and wildfire evaluation. Cooperation of the Alberta 
Forest Service and other interested regional agencies is anticipated. 
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2. Provide technical assistance to regional government and industrial 
agencies involved in fire control. Specifically: 

1. Continued evaluation of modified prototype Fire-Trol 931 
blending and thickening system at the Slave Lake tanker base. 

2. Participate in the inaugurations of the Fire-Trol 931 retardant 
base operation at Meadow Lake, Saskatchewan. In concert with 
Department of Northern Saskatchewan staff quality control 
techniques will be demonstrated and applied to the introduction 
of this retardant mixing equipment upon its arrival at the 
Meadow Lake base. 

3. Training and consultation as requested. 

3. Complete field evaluation of Tenogum in an effort to further 
quantify the effects of various concentrations on drop pattern 
configuration. Also, the influence of winds and drop height on 
thickened water drops versus plain water drops will be determined 
for the PBY-5A Canso (Lieskovsky). 

4. Conduct static tests on Field Aviation conversions of the PBY-5A 
Canso. These tests depend to a large degree upon the willingness 
of owner-operators to cooperate with aircraft availability and 
may be conducted in Saskatchewan, Alberta or the N.W.T., wherever 
desired cooperation and ease of performance permit. 

5. Complete masters thesis at the University of Alberta. 

6. Complete construction of retardant spray apparatus for use in the 
combustion laboratory (Lieskovsky). 

7. Publish article on Tenogum in forthcoming issue of Forestry Report. 

8. Let contract to modify an existing location-allocation model to 
account for short-term variability of optimal location of forest 
fire suppression resources. 

15. Publications: 

Up to 1976-77 

Grigel, J.E. 1969. Preliminary evaluation of TX-350 - A new long
term retardant. For. Br., Dep. Fish. For. Internal Rep. A-20. 

Grigel, J.E. 1969. Evaluation of the nitrogen injection system of 
mixing Gelgard fire retardant in the PBY Canso water bomber. 
For. B~., Dep. Fish. For. Internal Rep. A-2l. 
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Grigel, J.E. 1969. An injector system for mixing Gelgard fire 
retardant on land based airtanker operations. For. Br., 
Dep. Fish. For. Internal Rep. A-22. 
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Grigel, J.E. 1970. The use of airtankers for fire suppression in 
Canada. Can. For. Serv., Dep. Fish. For. Internal Rep. A-33. 

Grigel, J.E. 1970. Fire retardants and their use in Western Canada. 
Can. For. Serv., Dep. Fish. For. Inf. Rep. A-X-38. 

Lieskovsky, R.J. 1971. Drop pattern for Twin Otter Membrane Tank 
system. Can. For. Serv., Dep. Environ. Internal Rep. NOR-2. 

Grigel, J.E. 1971. Air drop tests with Fire-Trol 100 and Phos-Chek 
205 fire retardants. Can. For. Serv., Dep. ERviron. 
Inf. Rep. NOR-X-8. 

Grigel, J.E. and R.J. Lieskovsky. 1972. A comparison of the B-26 
and Thrush Commander airtankers. Can. For. Serv., Dep. 
Environ. Inf. Rep. NOR-X-17. (Replaces unpublished 
Internal Rep. NOR-6). 

Bradford, Samuel A. 1973. Corrosion of metals in fire retardants. 
Can. For. Serv., Dep. Environ. Inf. Rep. NOR-X-66. 

Lieskovsky, R.J., R. Kruger, and R.G. Newstead. 1974. Problems in 
mixing and storage of long-term retardants in Alberta. Can. 
For. Serv., Dep. Environ. Inf. Rep. NOR-X-94. (Replaces 
File Rep. NOR-Y-68). 

Grigel, J.E., R.J. Lieskovsky, and R.G. Newstead. 1974. Air drop 
tests with helitankers. Can. For. Serv., Dep. Environ. 
Inf. Rep. NOR-X-77. 

Grigel, J.E. 1974. Role of the helitanker in forest fire control. 
Can. For. Serv., Dep. Environ. Inf. Rep. NOR-X-123. 

Grigel, J.E., R.G. Newstead, and R.J. Lieskovsky. 1975. A review 
of retardant delivery systems used in fixed-wing airtankers. 
Can. For. Serv., Dep. Environ. Inf. Rep. NOR-X-134. 

In addition the following contributions have been prepared for: 

Forestry Report Vol. 1, No.1 
- Short and long-term fire retardants. 
- The B-26 airtanker. 

Forestry Report Vol. 2, No.1 
- Portable helitanker retardant systems for the Yukon. 
- B-26 airtanker air drop tests with liquid concentrate. 
- PBY Canso air drop tests with Gelgard retardant. 
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- Sikorsky S58T drop tests with Phos-Chek retardant. 
- Modification of chemical injection system in the PBY Canso airtanker. 
- Airtanker simulation model. 

Forestry Report Vol. 3, No.1 
- Recent airtanker drop tests. 
- Quality control - a must. 

Forestry Report Vol. 4, No.4. 1975 
- Determining air tanker accuracy or How to make nobody happy 

Hardy, C.E. (contract report) 1975 
- Operational assessment of the effectiveness of aerially 

applied fire retardants under wildfire operations (file report 
plus copy submitted to cooperative contractor A.F.S.). 

16. Signatures: 

Investigator Program Manager 

Director G.T. Silver 



NOR-5-128 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 7, 1977 

1. Project: Reduction of losses by improved fire suppression methods. 

2. Title: Assessment and development of fireline systems. 

3. New: Cont.: X 4. No.: NOR-5-l28 

5. Study Leader: D. Quintilio 

6. Key Words: fuel types, fire behavior, bulldozers, airtankers, 
handcrews. 

7. Location of Work: Region wide. 

8. Problem: 

The greatest percentage of the suppression budget is usually allocated 
to aircraft, bulldozers, and handcrews employed to build firelines. 
To maximize the effect of each suppression dollar by planning for 
optimum resource allocation, agencies require fundamental knowledge 
of production rates and effectiveness of the above techniques. To 
date little information exists describing line building capabilities 
of fireline systems, hence efficiency is much below acceptable levels. 
Along with assessing existing fireline systems the study will develop 
new techniques and concepts with modern capabilities. 

This work will create a data bank of productivity rates for existing 
and potential fireline systems, which will eventually be used for 
optimum allocation models. Preliminary information from this study 
and NOR 037 and NOR 131 has already been incorporated into an initial 
attack simulation model (NOR 130). 

Methods: 

1. Ground attack systems 

Major fuel types are stratified according to resistance to control. 

A time and motion study has been designed to document productivity 
of bulldozers and handcrews. 
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The use of explosives will be developed for fircline use and 
effectiveness, cost and productivity will be compared to handline 
work. 

2. Air attack systems 

Available drop patterns of air tankers and helicopters will be 
reviewed to determine fireline construction rates under ideal 
conditions. 

Wildfires will be assessed to determine deviation of fireline 
construction rates under operational conditions, i.e., drop 
accuracy, drop height and speed, actual load carried. 

An aerial ignition device for backfiring and burnout will be 
developed and tested utilizing methods pioneered in Australia. 

An aerial marking device for relocating reported fires by 
initial attack crews will be developed utilizing the low 
frequency transmitter principle of wildfire tracking systems. 

9. Study Objectives: 

1. To provide accurate productivity rates of bulldozers, handcrews, 
and airtankers for fireline building in regional fuel types. 
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2. To promote and extend research results to client agencies as required. 

10. Resources: 

a. Starting date: 1972 
b. Estimated year of completion: 1978 
c. Estimated total Prof. man-years required: 3.5 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.3 (Quintilio) 

Supp. 0.4 (Maffey) 
Casual 0.3 
Total 1.0 

11. Progress to Date: 

The study was introduced to the Alberta Forest Service and cooperative 
guidelines were formed to facilitate the initial summer's work. A 
standardized format was prepared for the data collection pertaining 
to ground attack systems. This was reviewed by AFS field personnel 
and finalized for use during 1972. CFS personnel manned spring fires 
in the Whitecourt and Slave Lake Forest Districts and the format 
was improved based on field experience. Four hundred field forms 
were distributed to selected AFS districts for 1973 use. 
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The bulldozer fire1ine assessment format was introduced to provincial 
agencies during the annual Fire Plans Course at Hinton, May 19, 1973. 
Two hundred forms were distributed to sector and cat boss personnel 
and a field exercise was conducted on the school forest. Fourteen 
fires were subsequently monitored by the Alberta Forest Service and 
data for 29 miles of fire1ine construction were received at N.F.R.C. 

N.F.R.C. personnel collected data on wildfires in Alberta and N.W.T. 
and 78 miles of bulldozer and 5 miles of handline observation are 
documented. 

12. Goals for 1976-77: 

1. Monitor selected wildfires throughout the region as a means of 
building data banks for airtanker, bulldozer and handcrew 
productivity rates. 

2. Publish the following: 

Quintilio, D. 1976. Fire control application of bulldozers. 
Inf. Rep. 

Murphy, P.J. and D. Quinti1io. 1976. 
rates in Alberta fuel types. 

Handcrew fireline production 
Inf. Rep. 

Quintilio, D., G.R. Fahnestock, and D.E. Dube. 1976. The Darwin 
Lake project, a cooperative study of fire behavior. 
Inf. Rep. 174. 

3. Goal added: Continue liaison assignments as requested. 

4. Goal added: Participate in cooperative fire research projects. 

5. Goal added: Re-inventory Slave Lake aspen plots. 

13. Accomplishments in 1976-77: 

1. No appropriate wildfires. 

2. Quinti1io, D., G.R. Fahnestock and D.E. DUbe. 1977. Fire 
behavior in upland jack pine - The Darwin Lake project. 
Dep. of Environ., Can. For. Serv., North. For. Res. 
Cent. Inf. Rep. NOR-X-174. 
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Murphy, P.J. and D. Quinti1io. 1977. 
rates in Alberta fuel types. 

Handcrew fire1ine production 
Inf. Rep. NOR-X- (In review). 

Quinti1io, D. 1977. Fire control application of bulldozers. 
Inf. Rep. NOR-X- (First draft). 
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3. Participated in a joint AES/CFS training session in Inuvik, N.W.T. 
Presented FWI and fire behavior lectures. 

Participated in a familiarization trip to Manitoba forest districts. 

4. Participated in planning of the Slave Lake black spruce burns and 
implementation of the Jasper National Park burn. 

5. Conducted a mortality inventory of Slave Lake aspen burns and 
supervised contract KL015-76-0224 for data compilation and summary. 

14. Goals for 1977-78: 

1. Monitor selected wildfires throughout the region as a means of 
building data banks for airtanker, bulldozer and handcrew 
productivity rates. 

2. Complete reports as listed: 

Quintilio, D., G.R. Fahnestock and D.E. Dube. 1977. Fire behavior 
in upland jack pine - The Darwin Lake Project. Dept. 
of Environ., Can. For. Serv., North. For. Res. Cent. 
Inf. Rep. 

Murphy, P.J. and D. Quintilio. 1977. 
rates in Alberta fuel types. 

Handcrew fireline production 
Inf. Rep. NOR-X-

Quintilio, D. 1977. Fire control application of bulldozers. 
Inf. Rep. NOR-X-

Quintilio, D. and R.L. Ponto. 1977. Spring burns in a 50-yr-old 
aspen stand. Inf. Rep. NOR-X-

15. Publications: 

Up to 1976-77 

Lait, G.R. and W.C. Taylor. 
used in the Yukon. 
Edmonton, Alberta. 

1973. Backfiring and burnout techniques 
Can. For. Serv., North. For. Res. Cent., 
Inf. Rep. NOR-X-43. 

Ponto, R.L. and G.M. Lynch. 1973. Use of electronic markers to 
relocate small forest fires. Can. For. Serv., North. For. 
Res. Cent., Edmonton, Alberta. Inf. Rep. NOR-X-6l. 

Ponto, R.L., D. Quintilio, P. Bihuniak, and G.R. Lait. 
incendiary priming and release/mechanism for 
from aircraft. Can. For. Serv., North. For. 
Edmonton, Alberta. Inf. Rep. NOR-X-75. 

1974. An 
backfiring 
Res. Cent., 
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Dube, D.E. 1973. Fire control methods in the black spruce-Labrador 
tea-C1adonia fuel complex. North. For. Res. Cent., 
Edmonton, Alberta. File Report. 

Ponto, R.L. 1974. Electronic fire marker being tested in Canada. 
USDA Forest Serv., Fire Management 35(2):15. 

Kii1, A.D. and D. Quinti1io. 
research in Canada. 

1976-77 

Nil 

16. Signatures: 

Inv tl.gator 

1975. A resume of current forest fire 
File Report. 

Program Manager 

Director G. T. Silver 
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NOR-5-130 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 7, 1977 

1. Project: Reduction of losses by improved fire suppression methods. 

2. Title: Initial attack strategy and resources in fire suppression 
operations. 

3. New: Cont.: X 4. No.: NOR-5-l30 

5. Study Leader: D. Quintilio, D. Kiil 

6. Key Words: detection, fire behavior, airtankers, simulation modelling, 
hand crews , helicopters. 

7. Location of Work: Northern Forest Research Centre. 

8. Problem: 

Fire control agencies serviced by the Northern Forest Research 
Laboratory in Edmonton spend between 10 and 15 millions of dollars 
annually on fire suppression. At least an equal amount is lost in 
the form of damage to various resources. In the past, fire control 
expenditures have been justified on the basis that fire damage must 
be reduced "at all cost". In the future, fire protection agencies 
will see greater competition for the fire control dollar. 

In the defence of future budget requests fire protection agencies 
must place a greater emphasis on planning, including resource 
valuation. Suppression strategy and allocation must then be geared 
more closely to existing resource values and fire behavior to obtain 
maximum value of fire control dollar. The fire manager urgently 
requires guidelines specifically derived for the initial attack stage 
since benefits are maximized when the fire is controlled in its early 
growth stage. 

The Alberta Forest Service is cooperating in the development of an 
initial attack simulation model for Whitecourt Forest District. It 
is designed to provide a relative assessment of initial attack 
systems and if the model proves satisfactory it will be introduced as 
an operational decision-making aid. 
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NOR 037 
Aerial 
Systems 

NOR 128 
Ground 
Systems 

NOR 131 
Detection 
Systems 

NOR 086, 980 
Fuel Burning 
Indices and 
Fire Behavior 
Prediction 
Systems 

Methods 

2 

NOR 130 
Operational 
Fire Suppression 
Systems 

Canadian 
Fire 
Weather 
Index 

Hazard Rating System 

To 
Clients 

To 
Clients 

- Review agency operations to delineate and define the problem, and 
to select a prototype forest district. 

- Construct a study team of Alberta Forest Service field personnel, 
Alberta Forest Service headquarters personnel, Canadian Forestry 
Service personnel, and systems analyst consultant. 

- Conduct weekly meetings to determine the variables for a simulation 
model. 

- Sort and transfer 10-fire and weather data to IBM-360 tape. 

- Compile line building capability of the initial attack systems. 

- Design flow chart for the intial attack model. 

- Program and run the model. 

- Analyze results and present guidelines. 
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9. Study Objectives: 

1. To develop a simulation model for assessing initial attack systems 
over a range of burning conditions. 

2. To provide guidelines for suppression strategy and optimum combina
tions of men and equipment to achieve successful initial attack. 

3. To promote and extend research results to client agencies through 
lectures and training sessions. 

10. Resources: 

a. Starting date: 1972 
b. Estimated year of completion: 1973 Revised: 1978 
c. Estimated total Prof. man-years required: 3.4 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.7 (Quintilio) 

0.9 (Kiil) 
1.6 

Supp. 0.6 (Maffey) 
Casual 0.0 
Total 2.2 

11. Progress to Date: 

An inter-agency study group was formed to develop a simulation model 
for three initial attack methods, i.e. helicopters, airtankers, and 
ground crews. Important variables were documented and ten years of 
fire and weather data transferred to IBM-360 tapes. 

Model development was completed and preliminary runs made for ground 
and aerial systems. At the request of the Alberta Forest Service 
the model was expanded to include: (1) a B-26 airtanker (2) both 
land-based and amphibious PBY Canso's and (3) a 204B helicopterw/235 
gal. bucket. 

Final results of the first generation simulation runs were presented 
to the Alberta Forest Service, Protection Branch, on January 6, 1976, 
at NFRC. 

A statistical analysis of 2000 individual AFS forest fire reports and 
35,000 fire weather observations has been completed. Results indicate 
that the Fire Weather Index and components accurately reflect key 
aspects of fire behavior and fire-fighting difficulty, particularly 
during the early or initial attack phase. 
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12. Goals for 1976-77: 

1. Update 1972-73 input parameters with current information and 
conduct second generation runs. (Quintilio) 

2. Re-design the program to allow suppression techniques, i.e., 
handcrews and airtankers, to operate simultaneously on individual 
fires. (Quintilio) 

3. Coordinate workshop sessions necessary to update model. (Quintilio) 

4. Continue FWI Task Force and liaison assignments as required. 
(Quintilio) 

5. Publish report: 

Quintilio, D. and W.A. Anderson. 1976. Simulation study of three 
initial attack systems--a progress report. Inf. Rep. 

6. Prepare draft problem analysis to identify and evaluate new 
research and technology transfer needs and requirements in 
support of fire management activities, including fire impact on 
environment, cost/benefit concerns, improved statistical base 
for management, and guidelines for implementation. (Kiil) 

7. Continue serving on the following committees: (Kiil) 

1. Western Fire Weather Committee 
2. Central Fire Weather Committee 
3. Forest Committee of the National Fire Protection Association 
4. Metric Sub-committee of the Canadian Committee on Forest 

Fire Control 
5. Development Committee - AFS/CFS Policy on Meteorological 

Services for Fire Control 
6. Regional Fire Research Committee. 

8. Prepare the following reports: 

Performance of the Fire Weather Index in relation to fire activity 
in Alberta (Kiil, Miyagawa, Quintilio). Inf. Rep. 

The forest fuel complex in four forest types in Alberta (Kiil). 
Inf. Rep. 

9. Coordinate proposed fire behavior/retardant evaluation program in 
Slave Lake Forest. (Kiil) 

IlJ 
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10. Goal added: As member of a DOE in-house task force on federal 
financial assistance for forest protection, provide updated 
statistics for task force report. (Kiil) 

11. Goal added: Serve as CFS representative on a CCFFC-appointed 
working group on fire-damage appraisal in Canada. (Kiil) 

12. Goal added: To coordinate the regional forest fire research 
program. (Kiil) 

13. Goal added: To initiate plans for a CFS-sponsored international 
symposium on fire behavior, effectsandmanagement implications in 
black spruce, to be convened in Edmonton in the fall of 1978. (Kiil) 

13. Accomplishments in 1976-77: 

1. Handcrew and airtanker productivity data were reviewed with the 
Alberta Forest Service. A second generation run is complete 
for handcrews and airtankers will be re-run following completion 
of the Slave Lake retardant effectiveness study. 

2. The growth model has been re-designed and dispatch logic for 
simultaneous operation of helitankers and handcrews is complete. 
A computer program is in preparation to account for the changes. 

3. Four workshop sessions were scheduled and conducted to develop the 
logic required for combining resources on individual fires. 

4. Participated in the national FWI Task Force meeting, April 13-15, 
at NFRC. Finalized outline for User's Manual. Supervised contracts 
KL015-6-0206 and KLOlS-6-0279. (Kiil & Quintilio) 

5. Completed. 

6. A problem analysis was initiated to identify and to evaluate new 
research and technology transfer needs in support of fire manage
ment activities carried out by the regional agencies. The current 
research and development program, aimed at satisfying the short-term 
needs of federal, provincial and industrial fire management agencies, 
has resulted in a relatively high level of implementation of 
research findings and continued support of joint cost-sharing pro
grams. Recommendations are made to guide the future development 
of the regional fire research program. 

7. Kiil continued to serve on the following committees: 

1. Western Fire Weather Committee - attended first annual 
meeting in Edmonton and outline progress in fire weather 
and fire behavior research. 
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2. Central Fire Weather Committee - attended first annual 
meeting in Winnipeg. 

3. Forest Committee of the National Forest Protection 
Association - Attended the annual meeting of this Committee 
in Houston, Texas and presented a progress report on fire 
research in the CFS. 

4. Metric Sub-committee of the Canadian Committee of Forest 
Fire Control - attended a meetingofthis committee in 
Winnipeg, to discuss conversion to metric system by 
provincial fire control agencies. 

5. Development Committee - AFS/CFS Policy on Meteorological 
Services for Fire Control - attended first annual meeting 
of Development Committee in Toronto to discuss implementa
tion of DOE policy relating to meteorological services in 
fire control. Also prepared a brief statement of services 
needed by provincial fire management agencies, including 
recommendations for improved level of service as required 
by individual agencies. 

6. Regional Fire Research Committee - acted as chairman at 
the annual meeting of this Committee in Edmonton to review 
research accomplishments and to identify new research 
needs and requirements in the region. 

8. Reports: 

Kiil, A.D., R.S. Miyagawa and D. Quintilio. 1977. 
and performance of the Fire Weather Index 
Inf. Rep. NOR-X-173 (Final editing). 

The calibration 
in Alberta. 

Kiil, A.D. 1977. The fuel complex in four forest types in 
Alberta. (First draft). 

9. Coordinated the development and field implementation of a joint 
AFS/CFS fire behavior/retardant evaluation program in the Slave 
Lake Forest. 

10. On special assignment in Ottawa, completed an updating of statistics 
for a DOE in-house task force report on federal assistance in 
forest protection. 

11. Participated in national workshop session in Toronto to identify 
and discuss needs and opportunities for research on fire damage 
appraisal. 
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12. Coordinated regional fire research program. Visited the Northern 
Fire Research Laboratory in Missoula and the Interagency Fire 
Centre in Boise to keep abreast of research and operational 
programs at these centres. Established and maintained contact 
with numerous fire control agencies in Canada and the U.S. involving 
exchange of information, development of joint projects and relevant 
research activities. Carried out administrative and supervisory 
duties as required. Participated in a week-long field trip to 
Manitoba to obtain first-hand knowledge of fire control operations 
and research opportunities in that province. 

13. Obtained approval in principle to proceed with plans for an inter
national symposium on fire behavior and effects in black spruce. 
Contacted numerous individuals and agencies and received replies 
largely in favour of the proposed symposium. 

14. Goals for 1977-78: 

1. Continue running the simulation model for new airtankers and 
he1itankers as requested (Quinti1io). 

2. Initiate a new integrated work program using simulation modelling 
as a tool for comparing the magnitude of differences between 
fire management alternatives. Develop study methodology and 
organization. Continue and expand work to develop fire spread 
and impact models for major vegetation types in the region. 
Initiate modelling work to simulate airdrop penetration through 
regional fuel types and e~and work on fire1ine construction 
predictor. (Members of fire research group). 

3. Continue to serve on the following committees and task force 
groups (Kii1). 

1. Western Fire Weather Committee 
2. Central Fire Weather Committee 
3. Forest Committee - NFPA 
4. Development Committee - AFS/CFS 
5. Regional Fire Research Committee 
6. CFS in-house task force on Federal Assistance to Forest 

Protection. 

4. Firm up plans for a CFS-sponsored international symposium on fire 
behavior and effects in black spruce, including fire management 
implications, to be held in Edmonton in late 1978 (Kii1). 

5. Coordinate and participate in a joint AFS/CFS fire behavior/ 
retardant evaluation study in the Slave Lake Forest in spring, 
1977 (Kii1 and Quinti1io). 

6. Coordinate the Fire Research Program at NFRC (Kiil). 
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15. Publications: 

Up to 1976-77 

Quintilio, D. 1975. Simulation of three initial attack systems. 
For. Rep. Vol. 4, No.4. 

1976-77 

Quintilio, D. and A.W. Anderson. 
attack fire operations 
Dept. of Environ., Can. 
Inf. Rep. NOR-X-166. 

1976. Simulation study of initial 
in the Whitecourt Forest, Alberta. 
For. Serv., North. For. Res. Cent., 

Kiil, A.D., R.S. Miyagawa and D. Quintilio. 1977. Calibration and 
performance of the Fire Weather Index in Alberta. Dept. of 
Environ., Can. For. Serv., North. For. Res. Cent., Inf. 
Rep. NOR-X-l73. 

16. Signatures: 

l/·-. ...... --J 
Investigator Program Manager 

Director G.T. Silver 
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NOR-5-131 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 7, 1977 

1. Project: Reduction of losses by improved fire suppression methods. 

2. Title: Evaluation and planning of fire detection, surveillance and 
communications systems and methods. 

3. New: Cont.: X 4. No.: NOR-5-131 

5. Study Leader: J. Niederleitner 

6. Key Words: aerial patrols, lookouts, forestry communications, weather 
data collection, storm tracking, wildfire smoke emission, 
wildfire mapping, remote sensing. 

7. Location of Work: Alberta, National Parks, Yukon and Northwest 
Territories, Saskatchewan, Manitoba 

8. Problem: 

The study consists of an analysis of fire records as well as of on
site evaluations of existing wildfire detection - mapping and 
communication systems. 

Research is done on factors influencing the performance and efficiency 
of such systems. 

The results of the study will enable user agencies to increase the 
efficiency of their fire surveillance systems thereby reducing total 
fire loses and minimizing fire suppression costs. 

Since some of the user agencies in the region are, at this time, not 
operating a fully developed fire surveillance system the study is 
bound to meet with a certain measure of success. 

Much of the results achieved in this study so far are already being 
implemented, and the prospects of further findings being put to 
practical use are excellent since most phases of the study are based 
upon user requests. 
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The following general course of action is being followed: 

1. Discussion with respective user agencies to define and outline 
the problems to be solved. 

2. On-site evaluations of existing installation and systems as well 
as analysis of available data. 

3. Formulation of objectives and arbitrary financial constraints 
to be considered with designing the new system. 

4. Design of new systems or modifications of existing systems in 
order to achieve optimal returns under given local conditions 
and accepted constraints. 

5. Assistance to user agency during implementation as well as 
research through short-term projects solving day to day problems 
that have a bearing on systems design and operation. 

9. Study Objectives: 

1. Develop plans for wildfire surveillance and communications systems 
for the Northwest Territories, and other clients, on request. 

2. Identify the most advantageous detection medium (alternative) 
for given conditions. 

3. Define and identify factors influencing the design of wildfire 
detection and communication systems. 

4. Develop effective wildfire mapping and surveillance techniques. 

10. Resources: 

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

Starting date: 1971 
Estimated year of completion: 
Estimated total Prof. man-years required: 
Essential new major equipment items for 1977-78 with costs: 
Essential new major equipment items beyond 1977 with costs: 
1977-78 man-years Prof. 0.0 

Supp. 2.0 (Niederleitner, Ogilvie) 
Casual 0.0 
Total 2.0 

11. Progress to Date: 

Nil 
Nil 

1. Yukon Territory - Inspected in the field, mapped and evaluated the 
existing detecti9n and communication system of the Yukon Territory. 
Based on extensive field surveys designed and submitted to the 
Yukon Lands and Forest Service a proposed wildf.ire detection and 
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communications plan. The plan included details of area coverage, 
location and function of each existing and proposed lookout or 
communication site, within the system as well as details and 
plans describing type and quantity of equipment, installations 
and personnel needed. 

Manning and operating rules, objectives to aim for and budgetory 
estimates were also provided. Most of our recommendations have 
been implemented. 

2. Similar plans with less emphasis on the communications aspect 
were prepared for the Northwest Territories and the Wood Buffalo 
National Park. Both agencies have made considerable progress in 
'implementing our recommendations. 

3. Experimented with the AGA Thermovision 680 and 750 infrared 
scanning systems as well as Tivicon and Vidicon television system 
to establish if either instrument could contribute to fire 
detection or intelligence. 

While the Tivicon and Vidicon systems failed to produce convincing 
results, the Thermovision 750 system established the usefulness 
of hand-held infrared scanners in fire control. In 43 missions 
flown under widely differing conditions in various provinces the 
scanner convincingly showed that it can detect more holdover fires 
faster and more reliably than all other known methods combined. 

Numerous forestry personnel and representatives of private industry 
(170) as well as pilots (6) were exposed to the pertinent field 
operating techniques developed for the purpose of detecting 
holdover fires on forest land. 

The NFRC Sony vidicon system was successfully adapted to record 
the Thermovision imagery on tape in flight. 

4. An NFRC developed 12 volt rechargeable heavy duty power supply 
unit designed to power remote sensing equipment in aircraft has 
operated trouble free for hundreds of hours during the last three 
years. 

5. In order to provide client agencies with an opportunity to gain 
first hand experience in the operation of an infrared line scanner 
a "Barnes Airborne Fire Spotter" was purchased and tested. After 
power supply and mounting problems were overcome, the scanner was 
operated for several seasons by various fire control agencies on 
routine air patrol flights over selected targets. Despite some 
success all agencies found the unit too unreliable to be of value. 
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6. A joint project with the Alberta Forest Service to test "Quality 
Technology" lightning counters was abandoned because of con
flicting results and difficulties to obtain a full complement of 
counters in time. 

7. Sets of small scale aerial photography and satellite imagery were 
secured over a study area in the Slave Lake Forest, containing 
fire scars of various vintage. It was established that 1:120,000 
aerial infrared false color photography is a suitable medium for 
mapping fire damage in a variety of forest cover. 

8. Concluded work as member of a joint AFS Detection Task Force 69-4. 
This work is summarized in: 

Joint Task Force AFS 69-4 (Korsten, R., R.S. Miyagawa, J. 
Niederleitner). 1974. Detection System Analysis. 
Unpublished report to S.R. Hughes, Head, Forest 
Protection Branch, A.F.S. 

9. Met with Saskatchewan fire control official and arranged the 
work schedule for the 1976-77 phase of the detection system 
evaluation in that province. 

10. Secured unpublished information and test results highlighting 
the fire potential of catalytic converters on vehicle exhaust 
systems and distributed this material to fire control agencies 
in western Canada. 

11. Designed and built a simple sighting device to aid air observers 
in estimating distances on the ground. Ten models of the device 
were issued to field personnel for testing. 

12. Held a one week lookoutman's training course at Whitehorse, 
Yukon Territory for three consecutive years and provided fire 
management agencies with consultation and training assistance 
as requested. 

13. Prepared the following reports: 

1. Wildfire Detection Study, Yukon Territory Telecommunications 
Supplement. (Draft of a progress report to the Yukon Forest 
Service). 

2! Intermediate Report, Wildfire Detection Study, Mackenzie 
Forest. (Draft of a progress report to the Mackenzie Forest 
Service). 

3. Interim Report, Wood Buffalo National Park, Wildfire Detection 
System. (Draft of a progress report to the Wood Buffalo Park 
adminis tr a t ion),. 

4. Infrared Scanners for Cold Trailing. (Draft of a progress 
report to the Alberta Forest Service). 
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5. Intermediate Report, Wildfire Detection Study, Yukon Territory. 

6. Completed final file report to the Northwest Territories. 

12. Goals for 1976-77: 

1. Commence fieldwork for the purpose of evaluating the detection 
system of the western forest region in Saskatchewan by: 

1. taking sets of panoramic photographs from 35 existing lookouts 

2. drawing seen area field sketches from each site and investi
gating seen area obstructions or possible alternate sites 
in the immediate vicinity of each lookout location 

3. inspect lookout installations for safety (lightning protection, 
helicopter landing hazards) and efficiency (accuracy of fire 
finder, location and state of weather instruments, available 
maps). 

2. Process field information collected in Saskatchewan: 

1. process, assemble, annotate, orient and interpret panoramic 
photographs (40 photos per lookout site - total 1400 
photographs) 

2. construct cross-section profiles for each lookout site at 
(at least) 10 0 of azimuth out to 25 miles (40 km) from each 
lookout site (minimum of 1260 cross-section profiles) 

3. compile seen area maps for each lookout based on panoramic 
photographs and cross-section profiles 

4. compile and analyze all information, prepare a progress 
report to the client agency. 

3. Complete all reporting in respect to the work done in the Yukon 
Territory, in the Wood Buffalo National Park and the Northwest 
Territories. Publish the detection/communication plan for the 
Yukon and the detection plan for N.W.T. as informatiort reports. 

4. Investigate the feasibility and develop procedures for the use 
of the ThermQvision 750 system in fire mapping, observing fire 
behavior and monitoring of airdrops through vision obscurring 
smoke. 

5. Investigate the suitability of the Barnes Airborne Fire Spotter 
as a support tool to aerial patrols over boreal forest cover. 

6. Help the Northwest Lands and Forest Service in the Wood Buffalo 
National Park administration in implementing the recommendations 
contained in the submitted reports by guiding construction crews 
to the respective sites, advise on type of installations to be 
used, etc. 

124 



6 

7. Provide fire management agencies with consultation and training 
in the field of fire detection, surveillance or communicatons 
as requested. 

8. Goal added: Investigate the possibility of using the Thermovision 
750 system as detection tool to cover strips up to 2 km wide in 
one flight for the purpose of lightning fire detection. 

9. Goal added: Conduct a comparative test between the AGA Thermovision 
750 and the Hughes Probeye to determine which instrument is best 
suited for chevarious aspects of forest fire detection. 

13. Accomplishments 1976-77: 

1. Completed fieldwork as planned in Saskatchewan, i.e.: 

1. took photographs from all lookouts located west of 106 0 

longitude (28) 

2. completed seen area field sketches 

3. inspected lookout installations. 

2. Processed field information as planned - including processing, 
assembling, interpreting photographs, profiling each site, 
determining seen area and prepared progress report to the agency. 

3. Completed final report for Wood Buffalo National Park. 

4. No work was done with the AGA Thermovision 750 in respect to 
fire mapping, observing fire behavior or airdrops because 
suitable fires were lacking in Alberta. 

5. The Barnes Airborne Fire Spotter was operated one season by the 
Yukon Forest Service. 

6. No requests for assistance were received from the Northwest Lands 
and Forest Service and the Wood Buffalo National Park's adminis
tration. 

7. Trained aerial observers of the Yukon Lands and Forest Service 
in operating the Barnes Airborne Fire Spotter. Assisted the 
Ontario Ministry of Natural Resources in detecting holdover fires 
with the AGA Thermovision 750 during their severe fire flop in 
in the Dryden area. 

Presented paper and slide shows on holdover fire detection techniques 
at the Third Infrared Information Exchange (IRIE) in St. Louis, 
Missouri , as well as to fire control personnel in California, 
the Yukon Territory, Manitoba, Saskatchewan and Alberta. Partly 
due to our efforts, hand-held infrared scanners will be used 
during the coming fire seuson by eight provinces and territories 
and some states in the U.S.A. 

125 



7 

8. Built a prototype device intended to cover a strip of terrain 
approximately two km wide with the AGA Thermovision 750. Initial 
field tests with the device were encouraging (AGA SCAN EXTENDER). 

9. Subjected the Hughes Probeye and the AGA Thermovision 750 to 
comparative laboratory and field tests. 

10. Continued to collect information on catalytic converters - a 
sort of an afterburner built into the exhaust system of new cars. 
Although these devices can get hotter than a welding torch, no 
problems have surfaced in western Canada, however, this does not 
change the fact that converters have a fire starting potential. 

11. Prepared a file report titled: "Thanks to infrared technology 
sleeper fires are finding less rest these days". 

14. Goals for 1977-78: 

1. Continue the seen area mapping for Saskatchewan by selecting 
25 lookouts in the settlement fringe area and: 

1. take sets of panoramic photographs from 25 existing lookouts 

2. draw seen area field sketches from each site and investigating 
seen area obstructions or possible alternate sites in the 
immediate vicinity of each lookout location 

3. inspect lookout installations for safety (lightning pro
tection, helicopter landing hazards) and efficiency 
(accuracy of fire finder, location and state of weather 
instruments, available maps). 

2. Process field information collected as follows: 

1. process, assemble, annotate, orient and interpret panoramic 
photographs (40 photos per lookout site - total 1400 photographs) 

2. construct cross-section profiles for each lookout site at 
(at least 10 0 of azimuth out to 25 miles (40 km) from each 
lookout site (minimum of 1260 cross-section profiles) 

3. compile seen area maps for each lookout based on panoramic 
photographs and cross-section profiles. 

4. compile and analyze all information, prepare a progress report 
to the client agency. 

3. Complete all reporting in respect to the AGA Scan Extender and the 
comparative tests of the AGA Thermovision and the Hughes Probeye. 
Publish the detection/communications plan for the Yukon and the 
N.W.T. as information reports. 
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4. Help the Northwest Lands and Forest Service and the Wood Buffalo 
National Park administration in implementing the recommendations 
contained in the submitted reports. Investigate the feasibility 
of additional lookout and communications sites for both adminis
trative areas and survey possible sites in the field. 

5. Examine the feasibility and develop procedures for the use of the 
Thermovision 750 system in fire mapping, observing fire behavior 
and monitoring airdrops through vision obscurring smoke. 

6. Provide fire management agencies with consultation and training 
in the field of fire detection, surveillance and communications 
as requested. 

15. Publications: 

Up to 1976-77 

Niederleitner, J. 1971. Remote sensing in forest fire control. 
Report on symposium June 1971, Missoula, Montana. Inf. 
Rep. NOR-I. 

Northern Forest Research Centre - Forestry Report 

Vol. 1 - 1 March 1971 - pp. 8. 
Vol. 2 - 1 July 1972 - pp. 8. 
Vol. 3 - 1 June 1973 - pp. 8 (Infrared assistance to the 

aerial observer) 
Vol. 3 - 3 Oct. 1973 - pp. 12 (Mapping burned-over forests) 

These reports described in abbreviated manner results of 
current research at NFRC in fire suppression and fire 
behavior. 

Niederleitner, J. and G.R. Lait. 1972. Tivicon television camera: 
A new fire line reconnaissance tool; laboratory trials. 
Can. For. Servo Internal Rep. NOR-IS. 

Niederleitner, J. 1972. Demonstration of AGA Thermovision System 
680 in Edmonton. Can. For. Servo Miscellaneous Rep. 
NOR-Y-16. 

Niederleitner, J. and P.Bihuniak. 1976. A heavy duty 12 volt dc 
power pack to operate airborne remote sensing systems. 
Can. For. Servo Inf. Rep. NOR-X-147. 

Niederleitner, J. 1976. Detecting holdover fires with the AGA 
Thermovision 750 infrared scanner. Can. For. Servo 
Inf. Rep. NOR-X-151. 
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Nieder1eitner, J. 1975. The fire mop-up "Shell Game". 
improved. Forestry Rep. 4(4). Dec. 1975. 

1967-77 

Odds now 

Nieder1eitner, J. 1976. A pocket fire size estimator for aerial 
observers. Can. For. Servo Inf. Rep. NOR-X-157. 

Nieder1eitner, J. 1976. Detecting low intensity sleeper fires with 
the airborne AGA Thermovision 750 infrared scanner. Paper 
presented at the Third Biennial Infrared Information 
Exchange at St. Louis, Missouri. Proceedings in press. 

16. Signatures: 

/ 

Program Manager 

/ 

Direc'tor G. T. Silver 
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PROJECT NOR-6 

Evaluation and rating of fire behavior 
and effects in forest ecosystem. 
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NOR-6-086 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 7, 1977 

1. Project: Evaluation and rating of fire behavior and effects in 
forest ecosystem. 

2. Title: Fire behavior in boreal forest fuels. 

3. New: Cont.: X 4. No.: NOR-6-086 

5. Study Leader: Z. Chrosciewicz 

6. Key Words: Canadian Forest Fire Weather Index, fire behavior, fire 
effects, danger rating. 

7. Location of Work: Various areas within the western and northern region. 

8. Problem: 

Intensive fire control management requires improved methods of 
assessing and forecasting fire danger for all major fuel types over 
a wide range of weather and site conditions. Although such methods 
would not prevent fires from occurring, they would undoubtedly 
result in substantial reduction of losses through better planning 
and implementation of various fire control measures all the way from 
preventation to suppression. 

A good start in the development of such ~eth9ds was made with the 
publication of the new Canadian Forest Fire Weather Index tables in 
1970. The main index as well as the component codes are designed to 
summarize and rate the important weather variables that affect the 
ignition and spread of forest fires. The, entire system provides 
means for daily rating of fire danger across the country. However, 
as the system uses primarily weather-dependent scales, it does not 
provide means for rating fire behavior in specific fuels. 

The second phase, then, would be the development of fire spread and 
intensity tables for important fuel types by major sites and climates 
within the Region. Studies of moisture relationships in different 
fuels will help to determine the degrees of deviation from the standard 
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curves as originally used in working out the Fire Weather Index. 
Experimental ground burns and observations of natural crown fires 
will provide data on fire behavior over a wide range of weather and 
site conditions for each of the fuels. The resulting tables will 
then relate some of the main characteristics of ground and crown 
fires to the Fire Weather Index and its component codes. This in 
turn will provide means for a more precise rating and forecasting 
of fire danger and fire effects for major fuel types within the Region. 

9. Study Objectives: 

1. To develop fire spread and intensity tables for major fuel 
complexes. 

2. To assess fire effects in terms of fuel reduction and plant 
succession over a range of burning conditions. 

3. To establish guidelines for rational uses of fire in manipulation 
of various fuel combinations. 

4. To assist fire control agencies in application of the resulting 
tables and guidelines. 

10. Resources: 

a. Starting date: 1970 
b. Estimated year of completion: 1973 Revised: 1980 
c. Estimated total Prof. man-years required: 5.0 
d. Essential new major equipment items for 1977-78 with costs: 
e. Essential new major equipment items beyond 1978 with costs: 
f. 1977-78 man-years Prof. 1.0 (Chrosciewicz) 

Supp. 1.0 (Gordey) 
Casual 0.6 
Total 2.6 

12. Progress to Date: 

Nil 
Nil 

The new Canadian Fire Weather Index was introduced to the Region in 
1970 through a series of training sessions for the user agencies. 
Since then, fire behavior and fire effects were studied by means 
of experimental burning on a number of cutover sites and in uncut 
stands. Varying in area from 0.16 to 33.35 ha, the tests included 
2 burns of black spruce slash, plus 17 burns of jack pine slash in 
Manitoba, 31 burns of jack pine slash in Saskatchewan, and 22 burns 
of lodgepole pine slash plus 2 burns of undisturbed black spruce 
in Alberta. Results are being published as they become available. 
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While this work was nearing completion, variations in moisture 
content and heat content of green conifer foliage (jack pine, black 
spruce, white spruce and balsam fir) were studied in Alberta to deter
mine their seasonal lows (moisture) and highs (heat) that may con
tribute substantially to the incidence and the spread of crown fires. 
The foliage data, along with the associated weather information, are 
now being prepared for publication. -

To study further fire behavior under undisturbed forest canopies, 
a series of O.09-ha experimental plots were established in each of 
four mature stands in Alberta (jack pine, black spruce, white spruce
aspen, and aspen). In preparation for the burning tests, inventories 
of dead fuels and live vegetation were initiated in 1975 on 16 jack 
pine plots, and these were scheduled for completion in 1976. 

Associated studies in the major forest cover types of Alberta are 
aimed at fuel appraisal for improved fire behavior predictions at 
the operational level. 

12. Goals for 1976-77: 

1. Publication of the following: 

1. Chrosciewicz, Z. 1976. 
slash disposal 
Saskatchewan. 

Large-scale operational burns for 
and conifer reproduction in central 
Inf. Rep. 

2. Chrosciewicz, Z. 1976. Jack pine regeneration following 
burning and seeding treatments in central Sask
atchewan. Inf. Rep. 

2. Submission of the following for publication: 

3. Chrosciewicz, Z. 1976. Seasonal variations in foliar 
moisture of four conifers in central Alberta. 
Can. J. For. Res. 

3. Analysis of data re.seasona1 variations in foliar heat content 
of the four conifers calorimetrically tested in 1975. 

4. Assessment of postburn conditions (plant succession and tree 
regeneration) on more recent experimental and operational burns. 

5. Completion of stand inventory on the remaining jack pine plots, 
4 for trees, ground vegetation, dead,di~ensiona1 fuels, litter, 
duff, etc., and 12 for shrubs. 

6. Setting-up a pilot test to study both fire behavior and aerial 
suppression methods through burning a lowland black spruce stand, 
2 ha in area. 
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7. Goal added: Initiation of destructive sampling for fuel-weight 
determinations on jack pine plots. 

8. Goal added: Completion of stand inventory on six black spruce plots. 

13. Accomplishments in 1976-77: 

1. Paper (1) was prepared, and it is now under review; paper (2) is 
nearing completion. They both should be ready for publication 
as Information Reports before the end of fiscal 1976-77. 

2. Paper (3) is currently in preparation, and it will be submitted 
to the Canadian Journal of Forest Research by the end of fiscal 
1976-77. 

3. Analysis of data re.seasonal variations in foliar heat content 
of four conifers was completed with good results. 

4. Assessment of postburn conditions (plant succession and tree 
regeneration) was carried out on more recent experimental and 
operational burns. 

5. Stand inventory (trees, shrubs, ground vegetation and various 
surface fuels) was completed on all sixteen jack pine plots. 

6. To study fire behavior and aerial suppression, six black spruce 
plots were established on a lowland site. 

7. Destructive sampling of various living and dead plant materials 
was initiated in the stand next to the jack pine plots for fuel
weight determinations. 

8. Stand inventory (trees, shrubs, ground vegetation and various 
surface fuels) was completed on all six black spruce plots. 

14. Goals for 1977-78: 

1. Publication: 

1. Chrosciewicz, Z. 1977. Large-scale operational burns for 
slash disposal and conifer reproduction in central 
Saskatchewan. Inf. Rep. 

2. Chrosciewicz, Z. 1977. Jack pine regeneration following 
burning and seeding treatments in central Saskatchewan. 
Inf. Rep. 

2. Preparation: 

3. Chrosciewicz, Z. 1977. Moisture variations of conifer 
foliage in central Alberta. Can. J. For. Res. 
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4. Chrosciewicz, Z. 1977. Calorific variations of conifer 
foliage in central Alberta. Can. J. For. Res. 

3. Continuation of destructive sampling for preburn fuel-weight 
assessments on pine plots in central Alberta. 

4. Experimental burning for fire behavior determinations on jack 
pine plots in central Alberta. 

5. Experimental burning for aerial suppression studies on black 
spruce plots in central Alberta. 

6. Postburn assessments of plant succession and pine regeneration 
on experimental plots in southeastern Manitoba. 

7. Processing field and laboratory data as they become available. 

B. Providing on request consultative services and conducting seminars. 

15. Publications: 

Up to 1976-77. 

Chrosciewicz, Z. 1967. Experimental burning for humus disposal on 
clear-cut jack pine sites in central Ontario. Can. Dep. For. 
Rural Develop., For. Br. Publ. No. llBl. 23 p. 

Chrosciewicz, Z. 196B. Drought conditions for burning raw humus 
on clear-cut jack pine sites in central Ontario. For. Chron. 
44(5):30-31. 

Chrosciewicz, Z. 1969. Brulage experimental afin de'eliminer 
l'humus dans les buches a blanc de pin gris en Ontario 
central. Can. Min. Peches Forets Dir. Gen. Forets, 
Publ. No. llBlF. 22 p. 

Chrosciewicz, Z. 1970. Regeneration of jack pine by burning and 
seeding treatments on clear-cut sites in central Ontario. 
Can. Dep. Fish. For., Can. For. Servo Inf. Rep. 0-X-13B. 
13 p. 

Kiil, A.D. and Z. Chrosciewicz. 1970. Prescribed fire--its place in 
reforestation. Can. Coun. Res. Min., For. Reader, Pap. 
No.7. also For. Chron. 46(6):44B-45l. 

Chrosciewicz, Z. 1971. The growth response of young jack pine to 
moderate and extreme stand densities. Can. Dep. Environ. 
Bi-mon. Res. Notes 27(1):6. 
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Chrosciewicz, Z. 1971. Silvicultural uses of fire. Can. Dep. 
For. Rep. Fish. For., Can. For. Serv., Prairies Reg. 

1(1):4-5. 

Quintilio, D. 1972. Fire spread and impact in lodgepole pine slash. 
Master's Thesis, Univ. Montana, Missoula, Mon. 69 p. 

Quintilio, D. 1972. A burning index for lodgepole pine logging slash 
with descriptive hazard chart. Can. Dep. Environ., Can. 
For. Serv., North. For. Res. Cent. Supplement NFRC-l. 4 p. 

Chrosciewicz, Z. 1973. Controlled burning in Saskatchewan. Environ. 
Can., Can. For. Serv., North. For. Res. Cent. For. Rep. 
3(1):7. 

Kiil, A.D., R.J. Lieskovsky and J.E. Grigel. 1973. Fire hazard 
classification for Prince Albert National Park, Saskatchewan. 
Environ. Can., Can. For. Serv., North. For. Res. Cent. 
Inf. Rep. NOR-X-58. 26 p. 

Chrosciewicz, Z. 1974. Evaluation of fire-produced seedbeds for 
jack pine regeneration in central Ontario. Can. J. For. 
Res. 4(4):455-457. 

Kiil, A.D. 1975. Fire spread in a black spruce stand. Environ. 
Can., Can. For. Servo Bi-mon. Res. Notes 31(1):2-3. 

Chrosciewicz, Z. 1975. Correlation between wind speeds at two 
different heights within a large forest clearing in central 
Saskatchewan. Environ. Can., Can. For. Serv., North. For. 
Res. Cent. Inf. Rep. NOR-X-14l. 9 p. 

Chrosciewicz, Z. 1975. The pill, the bomb .•. and fire behavior. 

1976-77 

Environ. Can., Can. For. Serv., North. For. Res. Cent. 
For. Rep. 4(4):3. 

Chrosciewicz, Z. 1976. Burning for black spruce regeneration on a 
lowland cutover site in southeastern Manitoba. Can. J. 
For. Res. 6(2):179-186. 

Chrosciewicz, Z. 1977. Slash and duff reduction by burning on clear
cut jack pine sites in southeastern Manitoba. Environ. 
Can., Can. For. Serv., North. For. Res. Cent. Inf. Rep. 
NOR-X-175. 16 p. 

Chrosciewicz, Z. 1977. Slash and duff reduction by burning on clear
cut jack pine sites in central Saskatchewan. Environ. Can., 
Can. For. Serv., North. For. Res. Cent. Inf. Rep. NOR-X-176. 
18 p. 
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NOR-6-l68 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 7, 1977 

1. Project: Evaluation and rating of fire behavior and effects on 
forest ecosystems. 

2. Title: Evaluation of the role of fire in forest and intermingled 
vegetation in the prairie provinces, Rocky Mountains and 
far north. 

3. New: Cont.: X 4. No.: NOR-6-l68 (Formerly NOR-5-980) 

5. Study Leader: D.E. Dube 

6. Key Words: fire ecology, fire history, fire cycle, fire type, fire 
climax, fire scar rating. 

7. Location of Work: Region wide 

8. Problem: 

Within broad climatic limitations, fire has been the most important 
single, natural influence on vegetation throughout the region for 
about the past 10,000 years. Areal and temporal patterns of burning 
have varied along with fire intensity. Fire has played a significant 
role in influencing the physical-chemical environment; in regulating 
dry-matter accumulation; in controlling plant species and communities, 
in determining wildlife habitat patterns and populations; in 
controlling forest insects, parasites, fungi, etc.; in controlling 
major ecosystem processes and characteristics such as nutrient cycles 
and energy flow, succession, diversity, productivity and stability. 
The "natural" fire regime has been obscured by man's intervention 
and the long-term consequences of fire suppression are now becoming 
clear. 

Resource management problems are developing which require an under
standing of the historical role of fire, the effects of fire on a 
variety of landscapes, the alternatives available to resource 
managers and approaches required to implement alternatives. 
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9. Study Objectives: 

1. To develop and implement fire management programs in designated 
National Parks. 

2. To document secondary plant succession in a subalpine site of 
recent fire origin. 

3. To define the needs and priori~ies of client agencies in the 
area of fire impact assessments. 

4. To describe and elucidate the natural role of fire. 

10. Resources: 

a. Starting date: 1974 
b. Estimated year of completion: 1984 
c. Estimated total Prof. man-years required: 10 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 1.0 (Dube) 

0.1 (Kiil) 
1.1 

SUppa 1.0 (Walters) 
Casual 0.0 
Total 2.1 

11. Progress to Date: 

Some client agencies have been made aware of the historical and 
natural role of fire. The implications of this heightened awareness 
has resulted in the development of programs aimed at re-introducing 
fire into areas having past-fire history. 

Several contractural studies, elucidating the historical and ecological 
role of fire in designated areas, have been completed. 

12. Goals for 1976-77: 

1. Participate extensively in planning and implementing a fire 
management program in Jasper National Park. 

2. Advise and assist in prescribed burning program in Prince Albert 
National Park. 

3. Undertake assessments of post-burn succession in the subalpine, 
Vermilion Pass, 8 years after fire. 

4. Discussion with client agencies and other C.F.S. establishments 
regarding their needs and priorities as to fire impact assessment. 

5. Participate in training sessions of client agencies and meetings 
relevant to study content. 
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6. Prepare as Information Reports: 

1. Early plant succession following fire in the subalpine forest 
of the Canadian Rockies by D. Dube. 

2. Fuel build-up and successional development of four sites in 
subalpine forests. 

3. Fuel weight of lodgepole pine crowns in trees under 4" in dbh. 

7. Goal added: Participate in reviewing and refereeing publications 
originating from N.F.R.C. as requested. 

8. Goal added: Act as liaison officer between C.F.S. and Univ. of 
Saskatchewan to ensure fulfilment of contract pertaining to 
Subarctic Ecology and Fire. 

9. Goal added: Coordinate the initiation and implementation of a 
fire-related research and services program in western and prairie 
regions of Parks Canada (Kiil). 

13. Accomplishments in 1976-77: 

1. Participated in several meetings with Park personnel to plan and 
implement a fire management program consistent with Park 
objectives and ecological considerations. 

Submitted guidelines and an operational plan for a prescribed fire 
on Henry House Prairie, Jasper National Park, including 
objectives, burning prescriptions, pre-burn preparation, ignition 
and burning techniques, manpower and equipment requirements and 
agency responsibilities. Established a weather station on site 
in June to monitor fire weather throughout the summer and autumn 
months. Conducted pre-burn vegetation sampling in July. Directed 
and coordinated a prescribed fire on September 23, 1976. Met 
with Jasper personnel in December 1976 to discuss the fire and 
future work. 

2. Reviewed, on site, the results of Spring burning in Prince Albert 
National Park. Sampled, analyzed and submitted to C.W.S. informa
tion on fuel loading of the aspen/grassland floor. Recommended 
that fire weather be consistently monitored on site. 

3. Located and re-sampled 120 permanent plots, established in 1971/72, 
on the Vermilion Pass burn. The objective is to provide a long
term record of plant succession after fire in the subalpine and 
provide the National Parks with interpretative information as well 
as providing basic ecological data to support an evolving National 
Park policy regarding fire management. 
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4. Participated in several discussions of a formal and informal 
nature with several agencies to determine needs and priorities 
relating to fire management activities. 

1. Elk Island National Park - Recommended that Park personnel 
assemble and document historical records of fire occurrence 
and define resource goals as a prelude to developing a 
realistic fire management plan. 

2. Nahanni National Park - Submitted a study proposal for the 
development of a preliminary fire management plan for the 
Park. The proposal was formally presented to Park and 
prairie region personnel in Winnipeg. 

3. Riding Mountain National Park - Discussed the feasibility of 
C.F.S. obtaining "stand origin" ,information in support of 
an Ungulate Habitat Study Proposal in 1978/9. 

4. Northwest Lands and Forest - N.W.L. & F. have requested our 
assistance in providing suitable methods to be used in 
assessing and monitoring fire impact in the Mackenzie Valley 
development corridor. 

5. Province of Alberta; Alberta Forest Service - Informal 
discussions suggest a growing interest and readiness to explore 
a broader fire mandate and alternatives in fire management 
decision making. 

6. Province of Alberta; Parks, Recreation and Wildlife - Informal 
discussions indicate an interest in exploring and developing 
fire management guidelines. 

7. Province of Manitoba - Discussions centered on information 
exchange between N.F.R.C. and Northern Manitoba, resulting 
from a one-week trip in June. 

5. Participated in training sessions of client agencies and meetings 
relevant to study content, including the following: 

1. Ad Hoc Fire Research Committee. 

2. Elk Island Park wardens and naturalist. 

3. Canadian Broadcasting Corporation T.V. documentary. 

4. Fifth Annual Prescribed Natural Fire/Prescribed Burning Work 

6. Goal not accomplished. 
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7. Accomplishment added: Reviewed and refereed three publications 
from N.F.R.C. and coauthored two of these. 

1. Stevenson, Waldron, Logan and Dube. 1977. Trees and Forests 
of Jasper National Park. 

2. Quintilio, Fahnestock and Dube. 1977. Fire behavior in 
upland jack pine - the Darwin Lake project. 

3. Klein. 1976. Survival and growth of red pine populations in 
Manitoba, 15 years after planting. 

8. Accomplishment added: Participated in four meetings, as liaison 
representative for C.F.S., with Univ. of Saskatchewan personnel 
and other federal agencies involved in funding of Subarctic 
ecology and fire program. 

9. Accomplishment added: Participated in meetings to define objectives 
and assisted in field program concerned with the initiation and 
implementation of a prescribed burning program in Jasper National 
Park. Participated in field reconnaissance of Nahanni and Elk 
Island National Parks to discuss and assess needs and opportunities 
for development of fire research programs in these Parks. Pre
pared a preliminary outline for initiating a study and assessment 
of fire management related work in Nahanni National Park (Kiil). 

14. Goals for 1977-78: 

1. Prepare as Information Reports: 

1. Early plant succession following fire in the subalpine forest 
of the Canadian Rockies by D. Dube. 

2. Fuel build-up and successional development of four sites in 
<subalpine forests. 

3. Fuel weight of lodgepole pine crowns in trees under 4" in dbh. 

2. Develop a preliminary fire management plan for Nahanni National 
Park by determining the historical role of fire, the probable 
long-term pattern of occurrence and evaluating short- and long
term impact of wildfire on biophysic~l environmental factors. 

3. Assist in the development of fire impact and assessment guidelines 
for the Northwest Lands and Forest Branch, Northwest Territories. 
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4. Advise and assist in prescribed burning program in Prince Albert 
National Park. 

5. Prepare a progress report on prescribed fire at Henry House Prairie, 
Jasper National Park and continue the development of guidelines for 
fire management planning within the Park. 

6. Participate in training sessions of client agencies and meetings 
relevant to study content. 

15. Publications: 

Up to 1975-76 

Douglas, G.W. 1974. Ecological impacts of chemical fire retardants. 
Inf. Rep. NOR-X-109. 

Fahnestock, G.R. 1974. An opportunity for fire ecology research 
in Jasper National Park. File Report. NFRC, CFS. Edmonton. 

Fahnestock, G.R. and D. Dube. 1974. Prospectus for an exploratory 
study of the natural and historic role of fire in Wood 
Buffalo National Park. File Report. NFRC, CFS. Edmonton. 

Johnson, E.A. and J.S. Rowe. 1974. Studies on vegetation and fire 
in the wintering ground of the, Beverly caribou herd. 

Rowe, J.S. and E.A. Johnson. 1974. Problem analysis and pilot 
studies of fire in the western subarctic with particular 
reference to the caribou range, N.W.T. 

Fahnestock, G~R. 1975. Fires, fuels and flora as factors in 
wilderness management: the Pasayten Case. 15th Tall 
Timbers Fire Eco1. Conf. Proc. (in press). 

Fahnestock, G.R. 1975. Suggestions for fuel management to protect 
settlements in Yukon Territory. File Report. NFRC, CFS. 
Edmonton. 

Fahnestock, G.R. 1975. Operating plan for experimental prescribed 
burning in Prince Albert National Park. File Report. 
NFRC, CFS. Edmonton. 

Heinse1man, M.L. 1975. The history and natural role of forest fires 
in the lower Athabasca Valley, Jasper National Park, Alberta. 

Johnson, E.A. and J.S. Rowe. 1975. The buried seed population in 
the subarctic forest, east of Great Slave Lake, N.W.T. 
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Fahnestock, G.R. 1975. Experimental prescribed burning in Prince 
Albert National Park. File Report. NFRC, CFS. Edmonton. 
(Progress Report No.1). 

1976-77 

Dube, D.E. 1976. Early plant succession following a 1968 wildfire 
in the subalpine zone of the Vermilion Pass, Kootenay 
National Park. Unpubl. M.Sc. Thesis, U. of A. Edmonton. 

Dube, D.E. 1976. Guidelines and operational plan for a prescribed 
fire on Henry House Prairie, Jasper National Park. File 
Report. NFRC, CFS. Edmonton. 

Dube, D.E. 1976. Study proposal for development of a preliminary fire 
management plan for Nahanni National Park. File Report. 
NFRC, CFS. Edmonton. 

Dube, D.E. 1976. Fuel weight and depth by vegetation type and 
organic layers for prescribed burn units in Prince Albert 
National Park. File Report. NFRC, CFS. Edmonton. 

16. Signatures: 

~"/)),Yd\' "--) ()t' 
Investigator Program Manager 

Director G. T. Silver 
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PROJECT NOR-7 

Reduction of damage from pollutants 
in the atmosphere. 
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NOR-7-ll4 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 21, 1977 

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

2. Title: Symptomology of atmospheric effluent effects on the forest. 

3. New: Cont: X 4. No.: NOR-7-ll4 

5. Study Leader: R. A. Blauel, S. S. Malhotra, and J. Baker 

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 
upon 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 programmes, detection and assessment 
surveys, and advisory services. 

9. Study Objectives: 

1. Develop and apply methods for measurement of air-borne pollutants 
released from various sources as they are removed from the 
atmosphere by settlement, by precipitation and by assimilation. 
(Blauel, Baker). 
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2. Describe vegetative sympton development resulting from 
known amounts of single and combined atmospheric industrial 
effluents, the sequence in which they are produced and develop 
diagnostic techniques based on these findings. (Malhotra) 

3. Discern air pollutant injury thresholds and develop a species 
sensitivity index for different environmental conditions. 
(B1aue1) 

4. Test the Federal Air Quality objectives for air quality under 
defined environmental conditions. (B1aue1) 

10. Resources: 

a. Starting date: 1971 
b. Estimated year of completion: Revised: 1980 
c. Estimated total Prof. man-years required: 2.8 
d. Essential new major equipment items for 1977-78 with costs: 

Ultraviolet Dual Wavelength Flow through photometer - $3,000 
Analytical balance (semi-micro and micro) - $4,000 
Fumigation chamber (also required for Studies NOR-24-990, 

991, 992 and 993) 
e. Essential new major equipment items beyond 1978 with costs: Nil 

f. 1977-78 man-years Prof. 

Supp. 

Total 

11. Progress to Date: 

0.2 (S. Malhotra) 
0.2 (P. Addison 
0.5 (R. B1aue1) 
0.2 (J. Baker) 
0.3 (J. Shuya) 
0.2 (J. Ridgway) 
0.4 (0. Fenn) 
2.0 

Good relations and cooperative working arrangements have been 
established with Provincial and Federal Government agencies involved 
with air pollution problems and with industry and the public in the 
field. The Canadian Forestry Service is regarded within the region 
as an important contributor of information relating to air pollution 
effects on vegetation. 

Industry-government workshops have been sponsored. 

Permanent sample plots have been located and vegetation described 
in vicinity of gas processing plants and oil sands processing plants; 
including plume impingement areas. 
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Survey on the effect of air pollutants from industrial operations 
(Thompson, Man.; Flin Flon, Man. and Prince Albert, Sask.) on forest 
vegetation and soils were conducted in response to requests from 
various Provincial Government Agencies. 

Reference collections of slides, photographs and specimens have been 
sorted and catalogued. 

12. Goals for 1976-77: 

1. Set up and calibrate the siemens microchamber and run preliminary 
fumigation trials (Co-ordinated with Study 990). (Blauel and Malhotra) 

2. Set up and calibrate the "pollution fumigation chamber". 
(Blauel and Malhotra) 

3. Clear backlog of soil and vegetation samples collected from 
Thompson, Flin Flon, Hinton and Prince Albert areas and report 
the findings (Co-ordinated with Study 990). (Blauel, Baker and 
Malhotra) 

4. Complete the color handbooks on symptomology for regional forest 
species exposed to air pollutants designed for use in the field. 
(Blauel) 

13. Accomplishments in 1976-77: 

1. The microchamber and preliminary fumigation trial runs were completed. 
Procedures and techniques were developed to document the type and 
sequence of visual symptoms produced by jack pine and white birch 
in response to sulphur dioxide fumigations. 

2. Due to the non-delivery of the "pollution fumigation chamber" these 
goals are moved to 1977-78. 

3. The backlog of soil and vegetation samples collected from the 
Thompson, Flin Flon, Hinton and Prince Albert areas were analysed 
and reports were written on the findings. 

Re Thompson: Reports and other documentations were submitted, and 
verbal presentations were made in the Manitoba Municipal Board 
Hearings regarding International Nickel Co. - Thompson Smelter aerial 
emissions. Also, a review was conducted of the International Nickel 
Co. (F.F. Slaney) Environmental Design proposal concerning 
ecosystem evaluation around the Thompson Smelter operations. A 
workshop on the proposal was attended and recommendations were made. 
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Re Flin Flon: The preliminary field survey and laboratory analysis 
of samples was conducted to benchmark forest soil and vegetation 
conditions in the F1in Flon area. An inverse gradient of zinc, 
copper and other heavy metal accumulations in soil and vegetation 
occurred distally from the smelter site. High accumulations were 
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found on soil surface and vegetation targets to some 10 km distance from 
the smelter. High levels of heavy metal contaminates were found in 
the mineral soil at 5 km and closer distances. The native vegetation 
within most of the area 5 km from the smelter has suffered severe 
deterioration. Lichen and bryophyte depletions occur to 10 km 
distance. 

These results were reported at the Federal, Provincial, Mining Co. 
triparty meeting concerning the smelter pollution abatement program 
at Flin Flon. 

Re Hinton and Prince Albert: Field and laboratory data indicate 
a build up of sulphur in soil and vegetation in the forested areas 
in the vicinity of Hinton. The amount of sulphur was found to 
diminish with distance from the town. There were no indications found 
of damage to the soil or vegetation. 

Analysis of samples obtained from the Prince Albert area were 
completed. Results were compared with those from the Hinton area. 

4. Assembly of the color handbook on symptomology for regional forest 
species exposed to pollutants is currently in progress. Recent 
assessment of audience and field use practicalities has resulted 
ina requirement for extensive condensation of the topic material 
into a more compact format. This is now underway. 

5. Other accomplishments - as an advisory service, meetings and 
discussions concerning ongoing environmental assessment programs 
were conducted with various provincial agencies. Documentations 
were provided for a hearing on problems associated in the well 
site aerial pollutant releases and vegetation toxicity. Also, a 
brief review of the "proposed Environment Impact Guidelines for 
Saskatchewan" was carried out. 

6. Trials of bioassay techniques to test the influences of pollutant 
contaminated soils on germination and growth were conducted in 
the N.F.R.C. greenhouse facilities. Small pilot scale bioassays 
were carried out on a) the germination and growth influences of 
smelter deposited heavy metal soil contaminates on a few forest tree 
species; and b) the influence of crude oil - methanol mixtures 
spilled on soil as a tree toxicity factor. 

14. Goals for 1977-78: 

1. Dependent upon the delivery of the fumigation chamber, it will be 
assembled, installed, calibrated, electronically debugged and used 
for S02 fumigation purposes this year. 



5 

2. To complete preparation of the color handbook on symptomology for 
regional forest species to pollutants in the revised condensed 
format. (Blauel and Malhotra) 

3. In order to determine the impact of air-borne pollutants on forest 
areas around Thompson Smelter, conduct a study program in 
co-operation with the Manitoba Dept. of Mine~, Resources and 
Environmental Management. The study will include: 

1. heavy metal and total sulphur analysis on selected vegetation 
and soils (LFH only). This information will indicate the rate 
of build-up of air borne pollutants at various distances from 
the semlter (field and lab). (Blauel & Baker) 

2. use of indicator species such as existing or transplant lichens 
for air pollution biomonitoring purposes (field and lab). (Blauel) 

3. histological examination of vegetation suspected of air pollutant 
injury (lab). (Blauel) 

4. the fractionation of soil (LFH and the mineral horizons) to 
follow the movement and migration of indicator ions, i.e. -
those from the smelter operation and other, throughout the 
solum. This work will help relate the presence of these ions 
in various fractions to vegetation uptake. (Baker) 

15. Publications: 

Up to 1976-77 

Loman, A.A., 1972. Atmospheric sulphur dioxide and foliar sulphur 
content. NOR-Y-48. 

Loman, A.A., R.A. Blauel and D. Hocking, 1972. Sulphur dioxide and 
forest vegetation. NOR-X-49. 

Blauel, R.A., 1972. Comments on vegetation section of the Canadian 
Petroleum Association submission to the Environment Conservation 
Authority, Alberta Department of the Environment, Edmonton 
NOR-Y-73. 

Blauel, R.A., 1973. Intervention by CFS-EPS on application by Gulf Oil 
for exemption from minimum sulphur recovery efficiency 
guidelines of the Energy Resources Conservation Board, Government 
of Alberta. January 5, 1973. File report. 

Blauel, R.A., 1975. Summary of Possible Impacts on Forests from 
Sulphur Dioxide and Other Air Pollutants. File Report NOR-114. 

Blauel, R.A., 1975. Plant selection for reclamation purposes. File 
Report NOR-1l4. 
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Hocking,D. and D. Reiter (EDS.), 1973. Proceedings of a workshop on 
sulphur gas research in Alberta. NOR-X-72. 21 papers. 

Hocking, D., 1973. Some terms for symptoms on plants exposed to sulphur 
gases. In NOR-X-72. 

Hocking, D., 1974. Effects on the forest of sulphur dioxide from a 
sulphur fire near Edson, Alberta. File Report. 

Hocking, D., 1974. Preliminary survey of the forest condition near 
the Transmountain Pipeline Co. Ltd. pumping station at Jasper, 
Alberta. File Report. 

Hocking, D. The forest impact of sulphur dioxide from underground 
combustion of sulphide ores near Kimberley, B.C., File Report. 

Hocking, D., S.S. Malhotra and R. Blauel, 1975. Environmental Stress in 
the Forest. Forestry Report Vol. 4, #2. 

Rowe, R.D., 1974. Delineation of Plume and Impingement areas from a 
Sour gas Processing Plant. 

1976-77 

Hocking D. and R.A. Blauel, 1977. Progressive Heavy Metal Accumulation 
Associated with Forest Decline near the Nickel Smelter at 
Thompson, Manitoba. NOR-X-169. 

Blauel, R.A., 1976. Forest Vegetation and Soil Survey Flin Flon, 
Manitoba (Preliminary Survey) File Report NOR-114. 

Blauel, R.A., 1976. Review of International Nickel Co. (F.F. Slaney) 
Study design Proposal Concerning Environmental Impact 
Assessment around the Thompson Smelter. File Report NOR-114. 

Blauel, R.A., 1976. Comments on the Proposed Environmental Impact 
Guidelines for Saskatchewan. File Report. NOR~114. 

Baker, J., 1976. Accumulation and Impact of Air-borne Sulphur Compounds 
on Soil and Vegetation in the Vicinity of Hinton, Alberta. 
File Report 162. 

Skorepa, A.C. and D.H. V.H., 1976. A quantitative study of epiphytic 
lichen vegetation in relation to S02 pollution in Western 
Alberta. NOR-X-16l. 
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Program Manager 

Director G. T. Silver 
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NOR-7-l62 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 21, 1977 

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

2. Title: Effects of atmospheric effluents on forest soils. 

3. New: Cont.: X 4. No.: NOR-7-l62 (Formerly NOR-7-970) 

5. Study Leader: J. Baker 

6. Key Words: Soil profile, soil horizons, grey wooded soils, phosphate 
absorption, ammonium-nitrogen, sulphur compounds, air 
pollution, heavy metals. 

7. Location of Work: Region wide. 

8. Problem: 

This study is necessitated by the fact that industrial operations 
emit various compounds into the atmosphere. These compounds react 
with the total environment and have the potential of causing serious 
damage. 

The proposed study will concentrate on sulphur emissions from the 
Aquitaine Gas Plant and Northwest Pulp & Power Plant. Both direct 
and indirect effects of sulphur and their reaction products in soils 
will be studied. Short as well as long term effects will be given 
consideration. 

Agencies, concerned with the potential hazards of air pollutants on 
the environment frequently lack essential scientific information 
describing cause and effect relationships. Information obtained 
from this study should prove beneficial in assessing both the 
immediate and long term hazards to the soil environment. 

If results show positive adverse effects of atmospheric sulphur 
pollutants on the soil environment, then regulatory agencies will be 
in possession of additional essential information to set meaningful 
and safe limits on levels of atmospheric pollutants. On the other 
hand, if there are no real serious threats to the soil, any previous 
apprehension, on the part of the various interested agencies, may 
be dismissed. 
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9. Study Objectives: 

To determine the influence of air pollutants, in the first instance 
sulphur dioxide gas, on: I} amount, form and region of accumulation 
of chemical constituents in the soil, 2) soil micro-flora, especially 
sulphur and nitrogen organisms, 3) sulphur availability in the soil 
and the effect of this on sulphur up-take by plants. 

10. Resources: 

a. Starting date: 1974 
b. Estimated year of completion: 1980 
c. Estimated total Prof. man-years required: 1.6 
d. Essential new major equipment items for 1977-78 with costs: 

Double beam scanning spectrophotometer - $7,000.00 
Recorder - $1,500.00 
Dilutor - $ 550.00 

e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.5 (J. Baker) 

Supp. 0.5 (D.G. Caldwell) 
Casual 
Total 1.0 

11. Progress to Date: 

Six sampling sites in the Strachan area were set up in the spring of 
1976. In selecting sites use was made of the information obtained 
from the Loman-Hocking work of 1974-75. The area west of Idlewilde 
Mountain to Ram Fall was considered a region of light to minimal 
S02 impingement. Areas north, south, west, east and between the two 
sulphur extraction plants (Gulf & Aquitaine) were considered as impinge
ment zones of varying intensities. 

Precipitation, foliage and soil samples were taken from each site and 
analysed for S, P, N, Ca, Mg, K, Al and Fe. The sites were: 

Radiant Ck. - Ram Falls - Control 
Aquitaine N - S02 impinged 
Aquitaine NE (between the two plants) - S02 impinged 
Gulf plant - S02 impinged 
Power Line (between and south of the two plants) - S02 impinged 
Strachan Ranger Station (N.W. of Gulf) - S02 impinged 

12. Goals for 1976-77: 

1. Soil micro-flora studies will continue but the extent and detail 
will depend on suitable support help. 

2. Sampling units similar to those used in Hinton (some modification) 
will be placed throughout the Aquitaine area. 



- 3 -

3. A report of the results of the Hinton and Aquitaine results is 
planned. No field work for the Hinton area is planned for this 
year. 

13. Accomplishments in 1976-77: 

1. Soil samples were taken at various locations throughout the 
Strachan area to estimate any influence of atmospheric S02, to 
date, on the numBers and kinds of soil organisms. Particular 
reference was made to sulphur and nitrogen soil organisms. 
Except in the vicinities of sulphur piles and in drain ways 
from sulphur piles, there was little evidence of a build-up of 
sulphur oxidizers in the soil. There was no measurable effect 
of atmospheric S02 on nitrogen organisms. To date, it would 
appear that any reduction in soil pH, increase in exchangeable 
acidity, and" water extractable constituents appears to be the 
result of acid precipitation. 

Two individual reports submitted as file reports were completed: 

1. Microbiological investigation of soils in selected areas 
west of Rocky Mountain House: Two Dam Creek, Radiant 
Creek, Gulf Sulphur Plant. 

2a. Identification of heterotrophic bacterial isolates from 
soils contaminated and uncontaminated with sulphur 
dioxide: investigation into the sulphur metabolizing 
capabilities of the organisms. 

2b. Effect of sulphur dioxide on numbers of thiosulfate-oxid
izing and denitrifying organisms in soil. 

2. Six sets of precipitation collecting apparatus were established 
within and outside the main S02 impingement areas throughout the 
Strachan area. Sulphur contents of rainfall vary accordingly 
to site location. The "control area" was consistently the site 
with least sulphur detected. 

Sulphur contents of rainfall sampled within the zone of S02 
impingement differed from location to location. Other ions Ca, 
Mg, K. Na were also found in rainfall. 

Foliar samples taken within the S02 impinged lodgepole pine stands 
contained, on the average, more sulphur and aluminum but less 
calcium, magnesium and phosphorus than those from the control area. 

Soil samples from the S02 impinged areas showed lower pH, soluble 
and exchangeable cations (except for aluminum) but higher exchange
able acidity than samples from the control area. 
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3. A detailed report on the rainfall foliar and soils data from 
the Strachan area is presently under review. A tentative 
title is, "Observations on nutrient levels in rainfall, 
lodgepole pine foliage and soils surrounding two sulphur gas 
extraction plants in Strachan, Alberta". 

14. Goals for 1977-78: 

1. Because of the trends noted in the field work, two laboratory 
studies are planned for this year. 

a) effect of aqueous - S02 on nitrification in 
soils, 

b) effect of aqueous - S02 on nutrient levels 
in soil and lodgepole pine foliage. 

15. Publications: 

Up to 1976-77 

Baker, J., D. Hocking and M. Nyborg. 1975. Acidity of open and 
intercepted precipitation in forests and effects on 
forest soils, in Alberta, Canada. Reidel Publishing 
Company, Holland. Published also by U.S.D.A. as 
Technical Report NE-23. 

1976-77 

Baker, J. 1976. Observations on nut~ient levels in rainfall, 
lodgepole pine foliage and soils surrounding two sulphur 
gas extraction plants in Strachan, Alberta. Info. Rep. 
Dept. of Environ. C.F.S., Edmonton, Alberta. 

Baker, J. 1976. Highlights of reports on the effects of emission 
pollutants on soil micro-flora under field and laboratory 
conditions (Joanne Danforth) File Rep., Dept. Of Environ. 
C.F.S., Edmonton, Alberta. 

16. Signatures: 

Investigator Program Manager 

Director G. T. Silver 
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NOR-7-l70 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: 

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

2. Title: Effects of atmospheric effluents from mining and smelting 
industries on forest vegetation and soils. 

3. New: X Cont. : 4. No.: NOR-7-l70 

5. Study Leader: G. Hogan 

6. Key Words: Heavy metals, sulphur gases, mining and smelting industries, 
forest vegetation and soils. 

7. Location of Work: Thompson--Flin Flon, Manitoba and Northern Forest 
Research Centre, Edmonton, Alberta. 

8. Problem: 

Air-borne pollutants such as heavy metals and sulphur gases emitted 
by the mining and smelting industries in northern Manitoba have a 
real, imagined, and/or potentially deleterious effect on the forest 
vegetation and soils. Government agencies and the general public at 
all levels are expressing concern. Little is known of the real impact. 
The industry is apprehensive of the environmental restrictions that 
may be applied. The major problem is lack of scientific information 
for (a) early detection of air pollutant injury to vegetation, (b) 
prediction of long-term effects of air pollutants on forest vegeta
tion and soils, and (c) establishing fair and effective ambient air 
quality standards. In order to obtain such information, the provincial 
government agencies, industry and the public request participation of 
the Canadian Forestry Service in the form of co-operative research 
and survey programs. The Province of Manitoba is providing operating 
funds not to exceed 15 k for studies within Manitoba. 

9. Study Objectives: 

1. To carry out site specific vegetation inventory in suitable forested 
areas around smelter operation (base line information). 
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2. To establish bench mark and air pollution bio-monitoring system 
utilizing selected vegetation within the forested communities. 

3. To determine the impact of air-borne pollutants (heavy metals 
and sulphur gases) on forest soil chemistry. 

4. To develop diagnostic techniques based on specific symptoms under 
controlled environmental conditions. This information will be 
utilized to confirm the existing ambient air quality standards 
or to establish new and more effective ones. 

10. Resources: 

II. 

12. 

l3. 

14. 

a. Starting date: 1977 
b. Estimated year of completion: 1980 
c. Estimated total Prof. man-years required: 3.0 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1977-78 with costs: Nil 
f. 1977-78 man-years: Prof. 1.0 

Supp. Nil 
Total 1.0 

Progress to Date: 

Nil--New Study 

Goals for 1976-77: 

Nil--New Study 

Accomplishment in 1976-77: 

Nil--New Study 

Goals for 1977-78: 

1. Establish 8 bench mark and air pollution bio-monitoring sites in 
the forest area around Thompson smelter operation. 

2. Conduct heavy metal and total sulphur analyses on selected forest 
vegetation and soils. 

3. Conduct histological examination of vegetation suspected of air 
pollutant injury. 

4. Establish precipitation traps in study plots and analyze the 
collected material for pollutant content and distribution. 

5. Conduct a lichen study (existing and/or transplant lichens) for 
air pollution bio-monitoring purposes. 
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6. Initiat~ h~avy m~ta+ study program around Hudson Bay mining 
and Sm~+tin~ operation at F1in F1on. 

7. p~v~+op 4iasnostic technique to detect symptoms of air pollution 
tnjury to vesetation. 

8. Stuqy the t~pact pi a~r pollutant contaminated soils on the 
g~rmination and growth of various vegetation species (Bio-
assay trf~p~q4~s!~~~p,,) 

" i : ," , ~ '" 

15. Publications: 

Nil-';New ~tudy 

16. S!jn~t~i~'1 

, 

,""")" ~:) -2." .<-.~J 
Investigator Program Manager 

Director G.T. Silver 



PROJECT NOR-8 

Reduction of damage from 
disease causing agents. 
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NOR-8-044 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHEP~ FOREST RESEARCH CENTRE 

Date: January 21, 1977 

1. Project: Reduction of damage from disease causing agencies. 

2. Title: Reduc~ion qf losses from canker and dieback. 

3. New: Cont. X 4. No.: NOR-8-044 

5. Study Leader: H. Zalasky 

6. Key Words: Frost burl, frost canker and dieback, bark pitch pocket, 
low temperature, hyper-and hypoplasia, interlocking and 
spiral grain, brachiate tracheids, sclereid-like cells, 
scabby bark, conifers, hardwoods. 

7. Location of Work: Region-wide. 

8. Problem: 

Studies of distribution of hosts and geographic distribution and the 
histology of the bark and wood damage by low temperature was under
taken in 1971 to define the impact and symptoms on trees of different 
species. Investigations included annual rejuvenating capability, 
development and maturation of still-living woody tissues in annual 
growth rings around the frost-canker, and freeze-killing of new 
abnormal tissues. In frost hollows and frost risk localities, frost 
cankers are perennial because of the annual monthly or seasonal 
pattern of freeze-thaw conditions. Freeze-thaw is defined as a 
drastic variation between the high temperature during the day, the 
low of the night and the high of the next day regardless of season or 
month of the year. The range in which diurnal temperatures are required 
to drop from a high to a low and rise again to effect damage in plant 
tissues is known from field observations and from cell biology 
experiments. In nature wind-chill may bring on a risk of frost even 
if the temperature is slightly above freezing such as 33° to 35°F. 

Physiographically our land mass, bordered by the cold pre-Cambrian 
Shield in the east and the Rockies in the west, rises sharply west
ward from the Manitoba escarpment. It is influenced by a cold 
Continental air mass pressure system from the Arctic and by a warm 
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air mass from the Pacific. The two systems bring about rapid diurnal 
freeze-thaws so common during the winter months along the eastern 
slopes of the Rockies with greatest turbulence and gusty winds. Risk 
of frost is also increased by radiation diurnal cooling in broad 
valleys throughout the region. Disked su~faces tend to be cold and 
raised surfaces warm; but on long slopes night frost settles at the 
bottom and top of the slopes~ and the warm layer is sandwiched in 
between. Risk of frost injuries increases from east to west and the 
eastern slopes of the Rockies have the greatest instability of 
temperature. 

In reforestation, frost risk areas should be designated for wild-life 
use rather than timber because of stand openings and successions of 
herbaceous ground cover suitable for grazing. Such designations may 
be permanent, or temporary if a complete canopy cover is established. 
But trees with deformed crowns make a useful habitat for larger 
nesting birds rather than timber for fiber use. 

Low temperature damage may have some impact on redirection of disease 
appraisal, research on regeneration by natural or artificial means, 
and on some of the cultural practices such as hardening-off of 
seedlings, pruning, thinning and selection of adaptable species. 

9. Study Objectives: 

1. To assess variability of hardiness of poplar to frost canker and 
dieback for clones under field conditions. 

2. To provide advisory services to outside agencies on establishment 
and maintenance of planted poplars. 

3. To compile manuscript on role of winter injury and process of 
dieback and target canker formation. 

4. To study similar dieback and canker condition in other hardwoods 
and in conifers affected by low temperature damage under natural 
and artificial conditions. 

10. Resources: 

a. Starting date: 1971 
b. Estimated year of completion: 1973 Revised: 1976. 
c. Estimated total Prof. man-years required: 3 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. Nil. 

11. Progress to Date: 

Frost damage in woody stems results in a dual phenomenon that of 
killing areas of the cambium and of stimulating the uninjured cambium 
to produce chimeral tissues or burl. The oblique and whorled 
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arrangement of these tissues, their disorientation from the 
longitudinal-radial arrangement of normal woody tissues, and their 
darker color characterizes the morphological features of chemiral 
bark and sapwood. The darker color is due to the gununy and 
resiniferous ray tissues most of which die and form a continuous 
overlay in the phloem and a continuous underlay in the sapwood. 
Burl sapwood is mostly cross-grained except for the upper part 
of the growth ring which may be straight grained. The phloem 
overlay of ray tissues in conifer and hardwood species investigated 
is also provided with a covering of pseudocork. 

The pseudocork has several layers of cells devoid of cell contents, 
the upper cells having dentate thick walls and recurvate lobes, and 
the lower layers of cells having angular thin walls. The rays within 
the phloem and sapwood contain two-cell types, regardless of the 
species. The dead sclereid-like cells are empty and have thick 
netted walls and the living cells are isodiametric and often have 
tube-like structures protruding from the walls. 

In cell deformities, hyperplasia and hypoplas'ia of sapwood tissues, 
the somatic deviations induced by low temperature are very similar 
to that induced by the fungi, KeissZerieZZa and RhytidieZZa. 
However, these fungi do not induce an underlay of ray tissues in 
the sapwood and the rays within differ only in the structure of 
the sclereid-like cell which does not have a netted wall. The 
fiber tracheids in poplar occur less frequently in low temperature
induced than in fungus-induced chimeral sapwood. They appear, as 
in most chimeral tissues of hardwoods, more like the vascular 
tracheids with distinct pits but with or without rounded ends. 

During cell division, chimeral meristim becomes somatically distinct 
from the normal diploid cambial daughter cells by heteroploidy and 
fragmentation of chromosomes. Differentiated cells are distinct also 
due to changes in size and shape, in the presence of composite 
structures and in the arrangement and position of perforations in 
vessels. The composite structure are due to failure of cell plate 
formation during cell division. 

12. Goals for 1976-77: 

1. To obtain pathognomic data on reconstruction of cambium, phloem 
and xylem of field treated trees in clearcut areas held by North 
Western Pulp and Power Ltd. and after treatments in the spring 
and fall of 1973. 

2. To determine duration and time of season when occlusion wood is 
formed. To be continued. 

3. To complete construction of an electronic cell and to determine 
the rate of loss and thermal diffusion from tissues adjacent to 
the target freezing area in the stem. 
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4. To evaluate multinucleation and cellular aberration during the 
production and development of burl hyper- and hypoplastic 
tissues. 

5. To complete the following manuscripts for journal publication: 

1. Zalasky, H. Low temperature induced cankers and burls 
in test conifers and hardwoods. Can. J. Botany. 

2. Zalasky, H. Cell and tissue deformities in burl and canker 
induced experimentally by low temperature. Can. J. 
Botany. 

3. Zalasky, H. Septoria canker and leaf spot in test seedlings 
of native species of poplar. Can. J. Botany. 

4. Zalasky, H. Frost damage in poplar. Forestry Chron. 

5. Zalasky, H. Structure of burl tissue~ in frost canker of 
poplar. Can. J. Botany. 

6. Zalasky, H. Hyperplastic and hypoplastic tissues evaluated 
by aberration and diversity in nucleation and cell 
groupings. Can. J. Botany. 

7. Zalasky, H. Frost malformation in woody tissues of Malus 
following experimental frost injury. Plant Sci. 

8. Zalasky, H. Frost injury in Caragana. Plant Sci. 

9. Zalasky, H. Chimeral xylem in galls of lodgepole pine caused 
by western gall rust, Endoaronartium harknessii. 

10. Zalasky, H. Abscission tissues in twigs affected by early 
autumn frost. 

13. Accomplishments in 1976-77: 

Goals 1 to 4 deleted after statement prepared. 

5. l. Published. 
2. Data combined ,with (a) in final draft. 
3. With the author. 
4. Published. 
5. Completed as File report NOR-8-044. 
6. Published. 
7. Accepted for publication with minor revision. 
8. Accepted for publication. 
9. Accepted for publication. 

10. Published. 
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14. Goals for 1977-78: 

Study terminated. Transfer goals to study 155. 

15. Publications: 

Up to 1975-76 

Zalasky, H. 1972. Ukrainian-English Translation OOENV TR159 Ottawa. 
Winter injuries to woody species in the process of acclima
tization. Ms. 14 pages. Ukrainskyi Botanichnyi Zhurnal 
Vol. 22, No.5, 1965. Co-authored by Borzakivska, I.V. and 
T.K. Maiko. 1965. 

Zalasky, H. 1973. Brachiate tracheids in deformed wood of Abies. 
Bi-Mon. Res. Notes 29, 23. 

Environment Canada, Can. For. Servo 1973. Septoria canker and leaf 
spot. Northern Forest Research Centre. Forestry Report 
3:3-4. 

Za1asky, H. 1973. Isolation and characteristics of sclereid-1ike 
cells in sapwood of Pinus PopuZus. Information Report 
NOR-X-48. 14 pp. Northern Forest Research Centre, Edmonton, 
Alberta. 

Environment Canada, Can. For. Servo 1974. Defect in poplar. Northern 
Forest Research Centre. Forestry Report 4:5. 

1975-76 

Zalasky, H. 1975. Chimeras, hyperplasia and hypoplasia in frost 
burls induced by low temperature. Can. J. Bot. 53, 
1888-1898. 

Zalasky, H. 1975. Low-temperature-induced cankers and burls in test 
conifers and hardwoods. Can. J. Bot. 53, 2526-2535. 

Zalasky, H. 1975. Frost damage in poplar. Forestry Chronicle. 
52: 61-64. 

Zalasky, H. 1976. Cytohistology of chimeral frost rib tissues in 
apple and mountain ash. Can. J. Plant Sci. 56: 501-504. 

Zalasky, H. 1976. Phragmoid cells from Northwest poplar. Bi-Mon. 
Research Notes 32(5): 25-25. 

Zalasky, H. 1976. Frost damage of poplar. Environment Canada, For. 
Servo N.F.R.C. Edmonton, Alberta. NFRC PL15-76. 
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16. Signatures: 

InvestJajior Program Manager 

Director G. T. Silver 
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PROJECT NOR-9 

Reduction of damage from insects. 



NOR-9-061 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 19, 1977 

1. Project: Reduction of damage from insects. 

2. Title: Larch sawfly biological control 

3. New: Cont.: X 4. No.: NOR-9-06l 

5. Study Leader: J .A. Muldrew· 

6. Key Words: Pristiphora erichsonii~ OZesicampe benefactor~ MesoZeius 
tenthredinis~ Mesochopus dimidiatU8~ parasites, 
encapsulation, hyperparasites, Larix~ Boreal Region "B". 

7. Location of work: Throughout Northern Forest Region. 

8. Problem: 

This study is an attempt to control the larch sawfly by the introduction 
of exotic biotic natural enemies. Tamarack is the fastest growing coni
fer in the Boreal forest. If protection from the larch sawfly could be 
obtained there would undoubtedly be an increased use of tamarack for 
pulpwood, sawtimber, piling, poles, ties, veneer, etc., and its use in 
forest plantings would increase. Moreover, with sawfly control, Larix 
spp. would be used more frequently in park, boulevard and home-ground 
ornamental plantings. The benefits from success would be reduced mortality 
of tamarack and appreciable increases in the total incremental growth 
of tamarack and western larch. The increased vigor of tamarack would 
allow it to better fulfill its role in the ecology of the forest as a 
pioneer species invading areas not previously occupied by trees. 

The project is a success to date in that host populations have been reduced 
to a low level in the areas where the parasite has been present for five 
or more years. 

Because of the success in Manitoba, releas~s of O. benefactor have been 
made in New Brunswick, Nova Scotia, Prince Edward Island, Maine and 
Minnesota and consideration is being given to making releases in 
British Columbia and in the larch plantations of southern Ontario. 
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9. Study Objectives: 

1. To achieve biological control of the larch sawfly. 

2. To contribute to the population dynamics study of the larch sawfly 
by determining the factors affecting parasite effectiveness, 
abundance and impact. 

3. To monitor the spread of OZesicampe benefactor from release points 
in Manitoba, Saskatchewan, Alberta and the Northwest Territories. 

4. To monitor the incidence of parasitism of O. benefactor by the 
hyperparasite Mesochorus dimidiatus Holmgren. 

10. Resources: 

11. 

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

Starting date: 1950 
Estimated year of completion: 1975 Revised: 1977 
Estimated total Prof. man-years required: 0.2 
Essential new major equipment items for 1977-78 with costs: 
Essential new major equipment items beyond 1978 with costs: 
1977-78 man-years Prof. 0.2 (J.A. Muldrew) 

Casual 
Total 0.2 

Progress to Date: 

Nil 
Nil 

The death of MesoZeius tenthredinis eggs in the resistant larch sawfly 
strain was found to be due to their encapsulation by host blood cells. 
The spread of the resistant strain from Manitoba almost to the limits 
of tamarack was monitored. A strain of M. tenthredinis from Bavaria 
was found to have a greater ability to avoid encapsulation in the resis
tant sawfly than had the "native" strain. Hybridization experiments 
showed this ability was transmitted as a dominant factor. Releases of 
this strain in Manitoba have resulted in lower levels of encapsulation 
and a progressively increasing percentage parasitism by M. tenthredinis. 
From 1961 to 1964, six species of parasites from overseas were released. 
One of these, OZesicampe benefactor, is well established. Parasites 
reared from hosts collected in Manitoba have been successfully relocated 
in Saskatchewan, New Brunswick, Nova Scotia and Maine. Where first 
released, parasitism reached a high level within three to four years and 
has remained high. Host densities have progressively decreased and life 
table data indicate that O. benefactor has played a key role in causing 
this. The parasite is dispersing well. Studies were completed on 
differentiating the smaller hosts parasitized by O. benefactor from the 
larger normal hosts. The hyperparasite Mesochorus dimidiatus, which 
attacks O. benefactor in Europe, has been recovered from most release 
points in Canada. Studies in cooperation with the Entomology Research 
Institute, Ottawa, revealed that the hyperparasite had a holarctic 
distribution before O. benefactor was released in America. 
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Maximum detected dispersal from the Pine Falls release point was 1.8 
miles in 1967, 8.3 miles in 1968, 45 miles in 1969 and 65 miles in 
1970. In 1971 a spectacular apparent increase in dispersal was found: 
o. benefactor being recovered at Ignace, Ontario 225 miles from the 
release point. In 1972 an extension of 50 miles beyond this was 
detected. A survey made in 1974 indicated that dispersal had not 
increased greatly over that of 1972. Possible explanations were low 
host densities resulting in low parasite densities, adverse effects 
of the hyperparasite M. dimidiatus and absence of weather conditions 
required for long distance dispersal. A marked decrease in larch 
sawfly populations occurred throughout southeast Manitoba and north
west Ontario beginning in 1972. At the Pine Falls release point 
populations decreased progressively from over 500,000 per acre in 
1964 to 871 in 1972 to 0 in 1973 and 1974. The decrease in sawfly 
populations in southeastern Manitoba occurred in spite of high rates 
of attack by M. dimidiatus on o. benefactor ego 94% at Elma in 1974; 
51% at South Junction and 96% at McMunn. Encapsulated o. benefactor 
larvae were found in 60% of 38 larch sawfly larvae from McMunn that 
had been attacked by this parasite in 1975. 

Dispersal of o. benefactor from a release made near The Pas, Manitoba, 
in 1968 was given special attention since it may prove to be a suitable 
location for future mass collections of o. benefactor. A heavy sawfly 
infestation has occurred 40 miles south of the release point for several 
years. By 1975 o. benefactor had dispersed 35 miles south of the 
release point. Parasitism was 39% 13 miles south of the release point 
but dropped off rapidly south of this point. 

Parasitism by the Bavarian strain of M. tenthredinis in the Rennie plot 
decreased from a high level in 1970 to a low level in 1972 as o. 
benefactor moved in and increased to a high rate of attack, indicating 
that M. tenthredinis discriminates against hosts already attacked by 
o. benefactor as was found by ,yorkers in Europe. 

12. Goals for 1976-77: 

1. Completion of the paper "Dispersal and impact of the introduced 
larch sawfly parasites, OZesicampe benefactor and MesoZeius 
tenthredinis from 1966 to 1974 in Central Canada". 

2. To survey the McMunn location and locations approximately five 
miles to the east and to the west to determine if the encapsulation 
of o. benefactor larvae found there was anomolous or characteristic 
of this population. 

13. Accomplishments in 1976-77: 

1. Progress was made in collation and summarization of data but paper 
not yet completed. 

2. Larch sawfly populations remained low in areas where o. benefactor 
is well established, presumably largely due to control exerted by 
this parasite. A special collection was made near McMunn, Manitoba 
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of 1155 larch sawflies. Parasitism by o. benefactor was low in 
this collection, only 19%; possibly partly due to the encapsula
tion rate of 60% recorded in 1975. Dissection of a sample of 
58 hosts that contained o. benefactor revealed an encapsulation 
rate of 12%. This represents a considerable drop from 1975 but 
is still large in relation to other locations where encapsula
tion was encountered only rarely. There was some indication 
~hat encapsulation was related to excessive attack by the hyper
parasite Mesochorus dimidiatus. The presence of the latter could 
not be determined in the dead encapsulated o. benefactor larvae 
due to decomposition, but in the unencapsulated parasites the 
attack rate had dropped from 96% to 76%. 

14. Goals for 1977-78: 

1. Completion of the paper "Dispersal and impact of the introduced 
larch sawfly parasites Olesicampe benefactor and Mesoleius 
tenthredinis from 1966 to 1974 in Central Canada". 

2. To examine larch sawflies collected at McMunn, Manitoba and, if 
possible, an adjacent location for a further check on the encapsula
tion of o. benefactor larvae in relation to attack on the parasite 
by M. dimidiatus. 

15. Publications: 

Up to 1975-76 

Muldrew, J.A. 1950. Mesoleius aulicus, a parasite of the larch sawfly. 
Bi-Mon. Prog. Rep., Can. Dept. Agric. 6(6):2. 

Muldrew, J.A. 1953. The natural immunity of the larch sawfly (Pristiphora 
erichsonii (Htg.» to the introduced parasite (Mesoleius 
tenthredinis Morley), in Manitoba and Saskatchewan. Can. J. 
Zool. 31:313-332. 

Muldrew, J.A. 1955. Parasites and insect predators of the larch sawfly. 
Can. Ent. 87:117-120. 

Muldrew, J.A. 1956. Some problems in the protection of tamarack against 
the larch sawfly, Pristiphora erichsonii (Htg.). For. Chron. 
32:20-29. 

Muldrew, J.A. 1964. Liberation of Bavarian Mesoleius tenthredinis 
(Morl.) against the larch sawfly. Bi-Mon. Prog. Rep., Can. 
Dep. For. 20(2):2-3. 

Turnock, W.J. and J.A. Muldrew. 1964. Liberations of additional species 
of parasites against the larch sawfly. Bi-Mon. Prog. Rep., 
Can. Dep. For. 20(2):3. 
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Huldrew, J .A. 1964. The biological control program against the larch 
sawfly. Proc. Ent. Soc. Man. 20:63. 

Muldrew, J.A. 1965. The biological control program against the larch 
sawfly. Proc. North Cent. Br. Ent. Soc. Amer. 20:157. 

Muldrew, J.A. 1967. Biology and initial dispersal of nlesicampe 
(Holocremnus) sp. nr. nematorum (Hymenoptera:ichnenmonidae), 
a parasite of the larch sawfly recently established in 
Manitoba. Can. Ent. 99:312-321. 

Elliott, K.R. and J.A. Muldrew. 1967. 
rearing larch sawfly larvae. 

A knockdown metal cage for 
Can. Ent. 99(3):321-323. 

Hinks, J.D. and J.A. Muldrew. 1968. Clearing and staining insect 
larvae to detect internal parasites. Manitoba Ent. 2:81-84. 

Turnock, W.J. and J.A. Muldrew. 1971. Fristiphora erichsonii (Hartig), 
larch sawfly (Hymenoptera:Tenthredinidae). In: Biological 
control programmes against insects and weeds in Canada 1959-
1968. Commonw.lnst. BioI. Contr. Tech. Commun. 4:175-194. 

Turnock, W.J. and J.A. Muldrew. 1971. Parasites. In: Toward 
Integrated Control. Proceedings of the Third Annual North
eastern Forest Insect Work Conference, New Haven, Connecticut. 
February 17-19, 1970. 59-87. 

Turnock, W.J. and J.A. Muldrew. 1973. Characteristics of Bessa harveyi 
(Diptera:Tachinidae) suggesting the historic introduction of 
the larch sawfly to North America. Manitoba Ent. 6:49-53. 

Muldrew, J.A. 1973. Larch sawfly, a biological control success story. 
Forestry Report, Can. For. Serv., Edmonton. 3(2):1-2. 

Reports 

Muldrew, J.A. 1953. Population studies on Bessa harveyi. Bi-Mon. 
Prog. Rep., Dep. of Agric. 9(3):2. 

Muldrew, J.A. 1959. Studies on the distribution and inheritance of 
the resistance of the larch sawfly to Mesoleius tenthredinis 
Morley. Interim Rept., For. BioI. Lab., Winnipeg. pp. 52. 

Turnock, W.J. and J.A. Muldrew. 1964. Biological control attempts 
against the larch sawfly, Pristiphora erichsonii (Htg.) in 
Manitoba, 1961-1963. Inf. Rep., For. Ent. Lab., Winnipeg. 
pp. 40. 

Muldrew, J.A. and W.J. Turnock. 1965. Biological control attempts 
against the larch sawfly, Pristiphora erichsonii (Htg.), 
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NOR-9-132 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977-78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 19, 1977 

1. Project: Reduction of losses from insects. 

2. Title: Controls for pests of shade, shelterbelts and ornamental 
trees and shrubs. 

3. New: Cont.: X 4. No.: NOR-9-132 

5. Study Leader: J. Drouin 

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

7. Location of Work: Prairie Region. 

8. Problem: 

Insects and disease cause injury and/or mortality to ornamentals, 
shrubs and shade tree plantings. Economic~lly these high cost 
plantings have amenity values greatly surpassing their forest 
courterparts resulting in more frequent requests to the Canadian 
Forestry Service concerning their condition. Frequently controls 
known to be safe and effective cannot be subscribed because they 
are not registered for the specific organism. All chemicals must 
be registered by Federal law, through Canadian Department of 
Agriculture, Ottawa. 

Many chemicals (including microbials) are known to be effective and 
biologically safe but are registered for a very limited number of 
pests. In most instances there is a need to obtain additional 
field data before these chemicals can be reco~ended for use against 
other pests. The most important part of the study will involve 
gathering the necessary technical data to support Canadian registra
tion of the successful candidate materials. 

Resource managers in parks and recreation areas and citizens in 
both urban and farm locations expect the Canadian Forestry Service 
to provide information on the occurrence of pests,their damage 
potential and more importantly on effective, low cost, low hazard 
control measures that are non-damaging to the environment. An 
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integrated approach by supplementing natural means with chemical 
or biological controls is not only warranted but essential. 

This study serves as a vehicle for the expansion of work on pest 
problems under a single coordinating project. Studies anticipated 
to extend longer than three (3) years will not be initiated. 

Where controls are not feasible, or economically or biologically 
justified, such will be reported and included in Canadian 
Forestry Service control recommendations to the chemical firms. 

A shade and shelterbelt pest priority outline has been established 
and is subject to annual review to meet current demands. The 
target pests have been selected from those recommended by the 
Canadian Forestry Service field staff, the Western Committee on 
Crop Pesticides anq as compiled by the Chemical Control Research 
Institute. 

The programme initiated in 1972 was primarily spray applications 
with a mist blower and numerous soil drenches and bark paint 
evaluations. Field trials using these methods \-lill continue in 
1973 particularly in the soil drench and bark paint evaluation 
techniques using systemics (tests have proven very successful) as an 
effective, low hazard, (drift) low cost, (minimal equipment) control. 

During 1973 field trials will also be expanded to the use of a newly 
designed, specialized high pressure, hydraulic ground sprayer unit 
with 4 interconnected 45 gallon stainless steel tanks enabling 
the operator to conduct mUltiple efficacy trials concurrently at 
one location. 

A schematic of other organizations in relation to chemical controls 
of insects and diseases. 

r-______ ~ ________ --____ ------------__?)Chemical 
[N.F.R.C.I Companies 

Alberta 
Chern. Act • 
... 
I 
I 
I 

I 
Ip·C.A.cl 

I ~IC.C.R.I.I 

~ 

... 
Manitoba 
Chern. Act 

[C.C.P.u.A.1-1 -------~} 

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

Plant Prod. Div. 
Control Rod. 
(Pesticides) 

Ottawa 
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9. _Study Objectives: 

1. To develop control methods for pest or disease problems using 
chemical, microbial and/or integrated control methods. 

2. Efficacy trials for various dosages and formulations timing 
and to determine percent mortality of target species and 
phytoxicity. 

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

10. Resources: 

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

Starting date: 1972 
Estimated year of completion: 1974 Revised: 1978 
Estimated total Prof. man-years required: 0 
Essential new major equipment items for 1977--78 with costs: 
Essential new major equipment items beyond 1978 with costs: 
1977-78 man years Prof. 

Supp. 1.9 (J. Drouin 1.0, D. Kusch 0.9) 
Casual ----Total 1.9 

11. Progress to Date: 

Nil 
Nil 

Implemented a viable working unit, established contacts at the 
Federal, Provincial levels, municipal agencies and private industries 
involved in the use, manufacture and distribution of pesticides 
and related products. Determined and selected safety clothing, 
equipment, ground spray instruments, techniques and methods. 
Established a pest priority list of 13 insect species requiring 
control recommendations. In 1972, conducted 59 efficacy tests 
consisting of mist blower, soil drench and bark paint applications. 
Analyzed the data, summarized the results and submitted performance 
reports to 9 chemical firms, a report of treatments and conclusions 
to the Western Committee on Crop Pesticides and prepared a file 
report NOR-Y-66. In 1973, 25 insecticides were tested on 99 field 
treatments on 20 insect species using hydraulic mist blower, 
Ultra low volume, soil drench and bark paint applications. 
Collaborated with C.C.R.I., C.W.S. and Fisheries Research (Manitoba) 
on large scale spruce budworm aerial and ground sprays with 
insecticides and microbials and evaluation of air-emulsion spray 
adjuvants and song/game birds and small mammals censusing. Analyzed 
the data, submitted performance reports to 14 chemical firms, 
report of tests, conclusions and recommendations to W.C.C.P., report 
on insecticide field development to joint Can. Ent./Alta. Ent. 
Societies at Banff, input into technical sessions on Biocides for 
the Alta. Environmental Conservation Board. Prepared Inforcation 
Report NOR-X-8l and special report to C.C.R.I. on Furadan 
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(Carbofuran) tests for proposed registrations. During 1974, 6 
insecticides were being considered for registration as a result of 
77 efficacy tests of 26 pesticides. 
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Analyzed the data and submitted performance reports to 14 chemical firms, 
submitted a summary of pesticide efficacy tests from 1972-74 (230 
treatments) to the Pesticide Research Report (C.C.P.U.A.), a report to 
the American Phytophatho10gica1 Society for publication in the 
Fungicide & Nematocide Tests for 1974 and a report of these tests with 
conclusions and recommendations to the Western Crop Committee on 
Pesticides. In 1975, completed 2nd year data requirements on 17 insecti
cides to support their legislation on a result of 95 evaluations 
with 37 insecticides & 1 fungicide on 14 insect species and 1 fungal 
species at 12 sites in Alberta. 
Commenced trials with foaming and spray adjuvants and deciduous foliage 
with systemic insecticides. Completed first year treatments & life 
history studies on the chokecherry midge (request from W.C.C.P.), 
completed soil drench and foliar spray tests on the yellow-headed spruce 
sawfly. 
Analyzed data & submitted performance reports to 14 chemical firms, 
summary of 75 evaluations to the Pesticide Research Report (C.C.P.U.A.) 
Ottawa, prepared Information Report, CC-X-150, submitted manuscript 
for publication on the poplar borer, presented a seminar on registra
tion at the N.F.R.C., a report on the biology and control of a willow 
stem sawfly to the Oliver Nursery and control of the pitch nodule 
maker to a private nursery, reviewed, edited, 6 pest leaflets and gave 
lectures on chemical control to school, college teachers and students. 

12. Goals for 1976-77: 

1. Continue evaluation of pesticides previously tested and showing 
promise with a view to completing 2-3 year data required for 
registration. These are: Basudin, Baygon, Carzo1, Cygon, Dutox, 
Fundal, Furadam. Gardona, Ga1ecron, Ke1thane, K-840, Lannate L, 
Lorsban, Malathio~Metasystox-R, Omite, Orthene, Pirimor, R 28627, 
Sevin, Supracide, Temik, Vydate, and U.L.V.A.--see attached 
registration recommendations/chemicals requiring more data. 

2. Continue boxelder twig borer control studies re: foliar spray 
controls. 

3. Continue chemical control studies, biology of chokecherry midge. 
(C. virginianiae) and an associated seed boring sawfly. 

4. Continue chemical controls on the pitch nodule maker in nurseries. 
Prepare report for submission to bi--month1y as "Chemical control of 
the pitch nodule maker (P. a Zbicapitana) in Alberta". 

5. Continue chemical control, biology of a willow stem sawfly, Euura 
atra and publish as an information report, "Damage by a shoot 
boring sawfly in Alberta" by Wong, Melvin, Drouin. 

6. Continue chemical and efficacy tests on the root collar weevil, 
if time permits. 
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7. Consult with W. G. Ives, L. Carlson prior to trials at 4, 5, 6 re 
statistical analysis of data. 

13. Accomplishments in 1976--77: 
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1. Completed 2nd or 3rd year data requirements for registration or 
label expansion of the following chemicals: Basudin, Baygon, 
Dylox, Dipel, (b.t.), Dutox, Gardona, Furadan, Galecron, Lannate, 
Malathion, Metasystox-R, Orthene, Pirimor, Supracide, Vydate, 
Temik, Thiodan... Since there is a reluctance on the part of most 
chemical firms to seek label expansion and/or registration 
because of the great expenses involved we are now sending (on their 
recommmendations) all efficacy data directly to the Control 
Products Section, Plant Products Division in Ottawa. This section 
has the responsibility to ensure that pesticides available to 
the public are properly manufactured, correctly labelled, effective 
and safe when used as directed. Hence, the most important part 
of the process of registration of a pesticide is the review and 
approval of this information which will eventually appear on a 
product label. It is on this information that a "Compendium 
on Pesticides Registered for use in Canada" is based. As a result 
of 2 or 3 year data accumulation, 23 insecticides should soon be 
registered on 21 specific insect species. See summary attached 
for results. (Goal 1) 

2. Continued foliar spray control applications on the Boxelder Twig 
borer. (Goal 2) with excellent results. 

3. Completed biology and 2nd year chemical control studies of a midge, 
Contarinia virginianiae Felt. and a seed boring sawfly Hoplocampa 
lacteipennis Rowher, with excellent results (100%). (Goal 3). 
Prepared report for submission to bi-monthly as "Chemical Control 
of a Midge, C. virginianiae Felt. and a seed boring sawfly, 
H. lacteipennis Rowher, in Alberta". 

4. Continued controls on the pitch nodule maker in nurseries with 
consistent results. (67 & 71% respectively.) (Goal 4) Submission 
of the report "Chemical control of the pitch nodule maker in 
Alberta!! to be held in abeyance for one more year until irrigation 
tests with the more promising insecticides are completed. 

5. Completed chemical controls and biology of a willow stem sawfly 
Euura atra (Jurine) on willow stool beds in nurseries. Report 
submitted to Tree Planters Notes, U.S.D.A. (GoalS) 

6. No chemical efficacy treatments carried out on the root collar 
weevil due to low priority, continued mortality tallies and 
established 2 new plots of 10 units. (Goal 6) 

7. Consultations, submissions re: 4 7 5 above with Mssrs. Ives and 
Carlson as attached. (Goal 7) 
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8. Added accomplishment - Nuclear ployhedra virus spray 
trentments with Ives/Muldrew assigned after project reviews. 
Spray treatments were very successful at 3 areas on a 2 acre 
site treated with Dipel (b.t.) and sub-lethal doses of Sevin 
(carbaryl) against the Forest tent caterpillar. 

9. Submitted summary of 1976 field evaluation for publication in 
the Pesticide Research Report (C.C.P.U.A.) Canada, Agriculture. 

10. Presented paper to Alta. Ent. Soc. on chemical control of a 
midge and a seed boring sawfly on chokecherry. Kananaskis, 
Oct. 15th/76. 

11. Reviewed, edited, illustrated front 
leaflets and prepared one on poplar 
are: forest tent caterpillar 

lilac leaf miner 
cooley spruce gall aphid 
spruce spider mite 

cover art work for 9 pest 
bud gall mite, the other 8 
frost damage on poplar 
spru~e needle miner 
aphids galore 
ugly nest caterpillar 

12. Submitted reports of results on control of a willow stem sawfly to 
the Oliver Nurseries and to the Devon Nurseries on controls of 
the pitch nodule maker and to the Plant Products Div. in Ottawa 
for registration and/or expansion (label) a summary of chemicals 
recommended for consideration with al~ the necessary data. 

14. Goals for 1977-78: 

1. Continue evaluations for pesticides previously tested and showing 
promise with a view to completing 2-3 year data required for 
label expansion or registration, Basudin, Baygon, Cygon, Dimecron, 
Dimilin, Dylox, Malathion, Metasystox-R, NRDC 143, Orthene, Shell 
W43775, and ULVA ..• see attached recommendations for chemicals 
showing promise and requiring more data. 

2. Continue nuclear polyhedral virus spray treatments with Ives/ 
Muldrew and an ovicide spray treatment on a 2-acre plot. 

3. Complete chemical control studies on a midge and a seed boring 
sawfly on chokecherry, follow up on phytotoxicity with adjuvants 
on Prunus & AmaZanchier spp. and biology & control of a 
tepidoptera sp. feeding on the pulp of fruit. 

4. Re-evaluate present insecticidal controls for the birch leaf 
miner with efficacy tests of foliar sprays, bark paints or soil 
drench applications. 

5. Expand the knowledge, biology and chemical controls of insects 
attacking Saskatoon fruit & foliage. (Requested by Brooks Hort. 
Stm. Alta. Agric. & Stoneycroft Wines 'Calgary). 
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6. Complete chemical controls with irrigation assist on the pitch 
nodule maker in nurseries. Report to be updated and submitted 
to Tree Planters Notes as "Chemical controls of the pitch nodule 
maker, Pe trova a lbicap": tana Busck., 'in Alberta II • 

7. Complete chemical control studies on a willow stem sawfly 
attacking acute/golden willow in~luding phytotoxicity. 

8. Complete foliar applications to boxelder twig borer. Update and 
submit report "Chemical control of the boxelder twig borer, 
P. UJillingana Kft. in Alberta" tq Tree Planters Notes, USDA. 

9. Continue efficacy tests on the root collar weevil, H. UJarreni 
if time permits. 

10. Consult with Messrs. Ives and Carlson prior to treatments at 4, 
5, 6 and 7 re statistical analysis. 

15. Publications: 

Up to 1976--77 

Drouin, J. A. and D. S. Kusch. 1973. Summary of Insecticide Field 
Trials on Shade and Shelterbelt Trees in Alberta, 1972. 
Can. Dep. of Environment, N.F.R.C., Edmonton, Alberta. 
File report NOR-Y-66. 

Drouin, J. A. and D. S. Kusch. 1974. Insecticide Field Trials on 
Shade and Shelterbelt Trees in Alberta and Saskatchewan, 
1973. Environ. Can., Can. For. Serv., N.F.R.C., Edmonton, 
Alberta. Inf. Rep. NOR-X-Sl. 

Drouin, J. A. and D. S. Kusch. 1974. Controls of Poplar Leaf Spots, 
Septoria musiva Pk. and Marssonina populi L. Fungicide and 
Nematicide Tests, Vol. 30. Am. Phyto. Soc. 1974. 
Raleigh, N. C. 

prouin, J. A. and D. S. Kusch. 1974. Pesticide Field Trials on Shade 
and Shelterbelt Trees in Alberta and Saskatchewan, 1974. 
Environ. Can., Can. For. Serv., N.F.R.C., Edmonton, Alberta 
Inf. Rep. NOR-X-13l. 

Drouin, J. A. and D. S. Kusch. 1975. Chemical Control of the Spruce 
Needle Miner in Alberta. Bi-monthly. Vol. 31, No.2, May
June 1975. 

Drouin, J. A. and H. R. Wong. 1975. Biology, Damage, and Chemical 
Control of the poplar horer, Saperda calcarata Say. in 
the Junction of the Root and Stem of Balsam Poplar in 
Western Canada. Nat. Res. Council, Canada, Can. Jour. of 
For. Res. Vol. 5, No.3, 1975. 

179 



Drouin, J. A. and D. S. Kusch. 1975. Pest Leaflet series, Pear 
Slug, CaZipoa cepasi L. Yellow headed spruce sawfly, 
Pikonema aZaskensis Roh. and To Spray or Not to Spray, 
Environment Canada, For. Serv., N.F.R.C., Edmonton, 
Alta. 

Drouin, J. A. and D. S. Kusch. 1975. Summary of field tests 1975, 
Pesticide Research Report. Can. Agric. Canada Committee on 
Pesticide Use in Agriculture, Ottawa, Onto 

1976-77 

Drouin, J. A. and D. S. Kusch. 1976. Pesticide Field Trials on 
Shade and Shelterbelt Trees in Alberta, 1975. Environment 
Canada, For. Serv., N.F.R.C., Edmonton, Alta. 
Information Report NOR-X-150. 

Wong, H. R. , J. C. E. Melvin and J. A. Drouin. 
Willow Shoot-Boring Sawfly in Alberta. 
(in press). 

1976 Damage by 
Tree Planters Notes 

Drouin, J. A. and D. S. Kusch. 1976. Summary of Field Tests, 1976. 
Pesticide Research Report. Can. Agric., Canada Committee 
on Pesticide Use in Agriculture, Ottawa, Onto 

Drouin, J. A. 1976. Pest Leaflet Series, Poplar bud gall mite. 

Kusch, D. S. 1976. Pest Leaflet Series, Spruce Needle Miner, Lilac 
Leaf Miner, and Aphids Galore. 

16. Signatures: 

I 
.1 I 

./ZJflc-t~-< ~ 
i--'-----"-----------·---
~Jnvestigator Program Manager 

I 

Director C. T. Silver 
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PITCH PINE NODULE MAKER CONTROL PROGRAM 1976 

PETROVA ALBICAPITANA BUSCK. 

Part 1: Soil Treatment Program 

Location: Devon area 

Host: Lodgepole pine 

Objectives: Soil treatment tests will serve three main pruposes: 

NOTE: 

a) to continue efficacy studies on the various systemic 

insecticides 

b) obtain timing of soil drench application for optimum 

control of second year larvae early feeding prior to 

pupation 

c) determine through previous and current soil treatments: 

1 - control level and 2 - optimum period of treatment 

and phytotoxicity to the host. 

No input on nesting birds, small mammals, etc. since treat-

ment area in nursery holding block. 

Experimental Design 

A. Replicated Tests: Devon Nursery - series of two replicates (5 trees 

per relicate) for each of the eight systemic chemicals under tests. 

Materials and Dosages: 

1. Cygon 4E @ 1 oz/in dbh, 2 x 5 trees 

2. Furadan lOG @ 4 oZ/in dbh, 2 x 5 trees 

3. Meta-Systox-R 25% @ 20z/in dbh, 2 x 5 trees 
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4. Baygon 1.5EC @ 3 oz/in dbh, 2 x 5 trees 

5. Temik lOG @ 4 oz/in dbh, 2 x 5 trees 

6. Vydate lOG @ 4 oz/in dbh, 2 x 5 trees 

7. Orthene 

Check plots, 2 x 5 trees. 

All rates given are imperial measure in ounces of product. Insecticides 

are dug in around the perimeter of the tree within the dripline and 

watered at time of application to dilute and hasten chemical action of 

the systemics in use. 

Time: Apparently critical and soil treatments should be made as soon as 

frost leaves the ground, taking advantage of spring moisture to control 

second-year early feeding larvae prior to pupation. Irrigate where 

possible. 

Application Procedures: Soil treatment application during last week of 

April. Standard soil treatment methods. Chemicals dug in at base, 

then watered. 

Pre-Spray Plot Assessment~ In late april on all trees selected, examine 

and record all old or new nodules, first and second year nodules on 

PNM form. 

Part 2: Spray Assessment 

Sampling to determine population reduction due to soil treatment with 

systemics will be carried out in mid-June. Sampling will consist of 

repeating the examination of the tagged trees in all replicated and check 

plots, dissecting all first and second year nodules and recording living, 

dead, parasitized, empty and emerged. 
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BOXELDER TWIG BORER* CONTROL ON THE 
PRAIRIES, 1976. (*Proteoteras willingana Kft.) 

Part 1: Larvel Spray Program 

Locations: Stettler (solonetzic soil), Erskine (sandy), Bashaw 

(solonetzic), Devon (sandy-loan). All areas within half 

day travel time. 

Objectives: The spray program in 1976 with respect to boxelder twig 

borer control on manitoba maple will serve three main 

objectives: 

a) to continue efficacy studies on various insecticides 

b) to obtain additional timing of spray application (egg 

to III instar) development 

c) to determine through previous and current spray operations, 

the level of control and optimum period between treatment. 

NOTE: No input expected with respect to birds (nesting/game). Nesting 

complete and fledglings are in flight. 

Experimental Design 

A. Replicated Tests 

Stettler shelterbelt: series of two replicates (5 trees per 

replicate) for insecticide under test - Basudin (diazinon). 

Erskine block: series of four replicates (5 trees/replicate) for 

2 insecticides under test Cygon (dimethoate) & Malathion. 

Bashaw shelterbelt: series of four replicates (5 trees) for 

2 insecticides, Dutox (trichlorfon + meta-systox-R) and Sevin 50 WP 

(carbaryl). 
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Devon shelterbelt: series of four replicates (5 trees/replicate) 

for Orthene (acephate). 

Program will involve spraying test plots (see plot layouts) in 1976 

as follows: 

~tettler plots B-1, B-2 with Basudin SO EC @ 8 oz/50 gal., Erskine 

block, C-l, C-2, C-3, ~-4 with Cygon 4E @ 8 oz/50 gal., M-l, M-2, 

M-3, M-4 with Milathion 50 EC @ 8 oz/50 gal., Bashaw shelterbelt, 

D-l, D-2, 0-3, 0-4, and 8-1, 8-2, S-3, S-4 and at Devon on 0-1, 0-2, 

0-3, 0-4. 

All rates given are imperial measure in ounces of product. Insecti

cides to be applied at full coverage with recommended spreader-sticker 

adjuvant with hydraulic sprayer @ 750 p.s.i. applying approx. one 

gal. spray mix per 30 ft. tree. 

Time: Critical, approx. last week in July. Optimum time is post 

eclosion in I to III instar - particularly for contact insecti

cide (Sevin, Orthene). Check periodically in late July for 

state of eggs. 

Application Procedures: Spray applications during period last week of 

July to first week in August. Apply spray mixture when winds 

less than 8 mph and mid-day temperatures near or greater than 

16°C (20°C for Malathion). Spraying may have to be in early 

morning or late evening to take advantage of the calm conditions. 

Mix chemicals in 25 gal. batches. Apply spray mixtures until tree 

starts to drip. Locate sprayer on upwind side of treatment block. 
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Part 2: Spray Assessment 

Sampling to determine population reduction due to application of pesticide 

will be carried out 24 hours after spray application. The sample unit 

will consist of four 36 inch branches (measured from the crown periphery 

towards the trunk) from the N, S.E., W. sides of the tree from 5 trees 

in each treated and untreated test plot; sample branches being selected 

at random from the lower portion of the tree crown. Test plots to be 

sampled will be located as follows: 

1) Stettler = 2 plots of 5 trees each 

2 check plots additional 

Total 80 individual samples 

2) Erskine = 8 plots of 5 trees each 

2 x 5 = 10 

20 x 4 = 80 

2 check plots additional 2 x 5 = 10 

Total of 200 individual samples 50 x 4 = 200 

3) Bashaw = 8 plots of 5 trees each 

2 check plots additional 

Total of 200 individual samples 

4) Devon = 4 plots of 5 trees each 

2 check plots additional 

Total of 120 individual samples 
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NOR-9-143 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 19, 1977 

1. Project: Reduction of damage from insects 

2. Title: Control and damage impact of insects injurious to trees and 
shrubs. 

3. New: Cont.: X 4. No.: NOR-9-143 

5. Study Leader: H.F. Cerezke 

6. Key Words: Forest habitats, shelterbelts, woodlots, parks and 
recreational areas, plantations, seed orchards, 
tree nurseries, urban landscapes, pesticides, 
insecticides, cultural control, integrated control, 
growth losses, population sampling. 

7. Location of Work: Region wide 

8. Problem: 

In the prairie provinces there exists the need to examine entomological 
problems which arise annually and seasonally, often on short notice, 
and cause concern in forested areas, park and recreational areas, nur
series, shelterbelts, private wood lots and ornamental plantings in 
urban and rural landscapes. In most cases, such problems may only re
quire identification of the insect organism or other causal agents, and 
control recommendations are made according to established procedures, 
such as by chemical, pruning, tree removal or no controls. The nature 
of the recommendations are dictated by an assessment of the hazard of 
the insect and its potential damage, and to some extent by the wishes 
of the owner(s) or forest manager. Staff of the Insect and Disease 
Survey and Pest Control Officers of C.F.S., and of other extension 
specialists of federal, provincial and municipal departments fulfill 
most of these needs. 

Other entomological problems arise which require more comprehensive 
examination or short term studies. These may include population 
surveys in spruce budworm-infested timber, bark beetle hazard prediction, 
woodborer hazard in fire-killed timber, identification of causes of 
mortality and tree damage in plantations and natural regeneration, 
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development of special sampling techniques to measure insect abundance 
and to assist pre- and post-spray application in she1terbe1ts, urban 
and park areas, life cycle studies to establish proper timing of con
trols and impact studies to measure growth losses, predict long term 
effects on tree form, growth pattern and aesthetic value. Studies may 
also be initiated which can lead to new strategies of control or to 
increase effectiveness of control such as by integration of two or more 
control methods, such as with use of cu1t~ra1 techniques, biological 
agents, pheromones and other insect-specific chemicals. Opportunity 
may also exist to undertake field trial demonstrations for testing 
control procedure and long term effectiveness. 

The main benefits of this study will be to advise and up-date information 
on insect control in new problem areas and to complement the services 
offered under studies NOR-033 and NOR-132. Increasing public awareness, 
more intensive forest management practices and increasing demands on 
the environment such as in park and recreational areas, have all contri
buted in recent years to many new and varied enquiries of entomological 
concern. This is a vehicle study and is aimed at fulfilling the needs 
of special enquiries. 

9. Objectives: 

1. To maintain up-to-date information on insect problems of trees and 
shrubs common to the region, laws related to pesticides and their 
usage, insect control methods and effects of pesticides on the 
environment. 

2. To provide information on insect control, abundance, hazard and 
damage impact in new areas of concern to various clients. 

10. Resources: 

a. Starting Date: 1973 
b. Estimated year of completion: Indefinite 
c. Estimated total Prof. man-years required: Ongoing 
d. Essential new major equipment items for 1977-78 with costs: 
e. Essential new major equipment beyond 1978: 
f. 1977-78 man-years; Prof. 1.0 (H. Cerezke) 

Supp. 0.9 (H. Gates) 
Casual 
Total 1. 9 

11. Progress to date: 

Reporting and CPS representation were provided at (a) Western Committee 
on Crop Pests (Saskatoon), (b) Alberta Pest Control Advisory Committee 
(Edmonton), (c) Saskatchewan Advisory Council of Insect Control (Saska
toon), and (d) She1terbe1t Sub-Committee of Western Committee She1terbe1t 
and Horticulture. P1anni?g and developmental work was continued on 
proposed information publication "Common Insects of Trees and Shrubs in 
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the Prairies". A variety of consultory and extension services provided 
to various clients and agencies on several insect problems of forest 
and shade trees. 

12. Goals for 1976-77: 

1. Complete the processing of the following manuscripts: 

1. Population and damage relationships of Monochamus scutellatus 
in tree-length white spruce logs in northern Alberta. (Proposed 
journal publ.) 

2. Sampling the woodborer, Monochamus in white spruce logs. 
(Proposeq Bi-Monthly publ.) 

2. Prepare manuscripts on: 

1. The spac~al and temporal patterns of distribution of the weevil, 
Hylobius warreni Wood in lodgepole pine stands in Alberta. 
(Proposed journal publ.) 

2. (If time permits)--The root weevil, H. warreni, in the prairie 
provinces in relation to forest management. (Proposed technical 
report) 

3. Complete the reports: 

1. Spruce budworm impact studies in spruce forests of northern 
Alberta. (Proposed Information Report) 

2. Spruce budworm development in northern Alberta in relation to 
spruce phenology and heat units. (Proposed Bi-Monthly publ.) 

3. (New goal)--Paper titled, "Variation in shoot and needle growth 
patterns on 46-cm branch tips of healthy white spruce" prepared 
and submitted to Bi-Mon. Res. Notes. 

4. Complete the compilation of photographs and prepare first draft copy 
of "Common Insects of Trees and Shrubs of the Prairie Provinces of 
Canada". (Proposed Information publ.) 

5. Provide Canadian Forestry Service representation on: 

1. Western Committee Crop Pests 
2. Alberta Pest Control Advisory Committee 
3. Saskatchewan Advisory Council on Insect Control 
4. Shelterbelt Sub-Committee of Western Committee of Shelterbelt 

and Horticulture 
5. C.F.S. contact officer for Pest Control Products Act 
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6. Provide information and consulting services to other scientists 
and to clients seeking information on forest insect problems, 
especially related to spruce budworms, root weevil and woodborers. 

13. Accomplishments in 1976-77: 

1. 1. "Population and damage relationships of Monochconus scute Uatus 
in tree-length white spruce logs in northern Alberta". This 
paper was submitted to Can. J. For. Res., returned for journal 
reviewers comments and now re-submitted to journal. 

2. This paper was withdrawn since some information in it was 
incorporated into (1) above. 

2. No progress 

3. 1. "Spruce budworm impact studies in spruce forests of northern 
Alberta". The report was revised and designated a File Rep. 

2. Goal 3 (2) satisfied in a manuscript titled: "Notes on the 
biology and development of the spruce budworm in northern 
Alberta and Northwest Territories. Typed ms, 21 pp. 

3. (Goal added) 
Manuscript titled as follows was prepared, reviewed locally 
and submitted to Bi-Mon. Res. Notes: 

Cerezke, H.F. 1976. Variation in shoot and needle growth 
patterns on 46-cm branch tips of healthy white 
spruce. Typed ms, 7 pp. 

4. Many new photographs of insect material were compiled through 
F.I.D.S. staff and from my own collections. Files were prepared 
on all insects to be included in the proposed information 
publication. Bibliography and reference material were accumulated 
for most files, and distributions of pest species are being 
summarized from past collections. Reports on the insects included 
in two chapter headings of the above publication (Le. "Seed and 
Cone Insects" and "Bud and Shoot Insects") have been written and 
a start was made on the third chapter ("Leaf Eating Insects"). 

5. Reporting and C.F.S. representation were provided at: 
I 

1. Western Committee on Crop Pests (Saskatoon) 
2. Alberta Pest control Advisory Committee (Edmonton) 
3. Saskatchewan Advisory Council on Insect Control (Saskatoon) 
4. Shelterbelt Sub-Committee on Western Committee of Shelterbelt 

and Horticulture (Regina) 
5. C.F.S. contact officer for Pest Control Products Act, Trade 

Memorandum 104. 
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6. 1. Several requests on spruce budworm problems were handled, 
including information on current outbreaks, aerial photo
graphy of damaged forests, aerial and ground surveys, damage 
impact, and control. Reports prepared included the following: 

a) Spruce budworm survey, Athabasca Forest, 1976. File 
Rep., 2 pp. 

b) Results of spruce budworm pheromone traps in Mayfair 
Golf Club, Edmonton. File Rep., 1 p. 

c) Spruce budworm conditions in Albe~ta. Taped interview, 
CBS radio. 

2. Requests for information on woodborers included information 
on insecticides, hazards of fire-killed infested logs and 
problems related to air-drying infested lumber and export. 
Contributed oral presentation at C.I.F. panel discussion on 
"Entomological problems and possible solutions" related to 
theme "Disaster in the Forest--The Judy Creek Fire of 1974". 

3. Conducted survey in lodgepole pine for Alberta Forest Service 
and prepared report: "Report on conditions of lodgepole pine 
regeneration near Water Valley, Alberta". File Rep., 1 p. 

4. Numerous other client requests handled by letter, phone, and 
visits. 

5. Preliminary studies were made on birch leaf miner and associa
ted leaf miner species in Edmonton and vicinity, since this 
insect has continued to be a major pest on birch ornamentals. 
Review of literature was made and report prepared: "Birch 
leaf-mining insects in the prairie provinces--a literature 
review and present status"., 8 pp. This exploratory work was 
conducted with view of expanded program in 1977 to examine 
the possibility of biological control. 

14. Goals for 1977-78: 

1. Prepare an information report on spruce budworm species with 
particular emphasis on Alberta-N.W.T. region, summarizing cumulated 
information on history of outbreaks, damage impact, budworm life 
history, and seasonal development. 

2. Prepare a proposed journal publication: "The spatial and temporal 
patterns of distribution of the weevil, HyZobiu8 warreni~ in lodge
pole pine stands in Alberta". 

3. Complete the compilation of colored photographs necessary for first 
draft of information publication on "Common Insects of Trees and 
Shrubs of the Prairies". 
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4. Complete first draft of "Common Insects of Trees and Shrubs of 
the Prairies". 

5. Provide C.F.S. representation on various regional and provincial 
shelterbelt, pest control, and regulatory committees including 
the following: 

1. Western Committee on Crop Pests 
2. Alberta Pest Control Advisory Committee 
3. Saskatchewan Advisory Council on'Ins'ect Control 
4. Shelterbelt Sub-Committee of Western Committee Shelberbelt 

and Horticulture 
5. Contact offi.cer for federal Pest Control Products Act, Trade 

Uemorandum 104. 
6. D.F.E. Regional Biocide Committee. 

6. Provide information and consulting services to other scientists 
and to various clients in response to their requests on insect 
identifications, abundance, hazard, damage impact, and control. 
Short-term field studies may be necessary on such forest insect 
problems as spruce budworm, root weevils', and woodborers. 

7. Initiate life history and ecological studies of birch leaf-mining 
species in urban areas of the prairies to examine the possibility 
for biological control. 

15. Publications: 

Cerezke, H.F. 1967. A method for rearing the root weevil, HyZobius 
warreni (Coleoptera: Curculionidae). Can. Ent. 99:1087-
1090. 

Cerezke, H.F. 1969. The distribution and abundance of the root 
weevil, HyZobius warreni Wood in relation to lodgepole pine 
stand conditions in Alberta. Ph.D. thesis, University of 
British Columbia, xvii + pp. 221. 

Cerezke, H.F. 1970. A method for estimating abundance of the weevil, 
HyZobius warreni \vood, and its damage in lodgepole pine 
stands. For. Chron. 46:392-396. 

Cerezke, H.F. 1970. Biology and control of Warren's collar weevil, 
HyZobius warreni Wood, in Alberta. Internal Report A-27. 
pp. 28. 

Cerezke, H.F. 1971. Spruce budworm. Forestry Report, Environment 
Canada, Edmonton. 1(4):7 • 

• 

Cerezke, H.F. 1972. Survey report of the weevil, HyZobius warreni 
Wood, in the foothills of Alberta. Internal Report A-38. 
pp. 40. 
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Cerezke, H.F. 1972. Effects of weevil feeding on resin duct density 
and radial increment in lodgepole pine. Can. J. For. Res. 
2: 11-15. 

Cerezke, H.F. 1973. Some parasites and predators of HyZobius warreni 
in Alberta. Bi-monthly ReR. Notes 29:24-25. 

Cerezke, H.F. 1973. Survival of the weevil, HyZobius warreni Wood, 
in lodgepole pine stumps. Can. J. For. Res. 3:367-372. 

Cerezke, H.F. 1973. Ba;k thickness and bark resin cavities on young 
lodgepole pine in relation to HyZobius warreni Wood (Coleop
tera:Curculionidae) Can. J. For. Res. 3:599-601. 

Cerezke, H.F. and V. Hildahl. 1973. Insect and rodent damage 
associated with regeneration. Forestry Report 3(2):2-3. 

Cerezke, H.F. 1974. Effects of partial girdling on growth in lodgepole 
pine with application to damage by the weevil HyZobius warreni 
Wood. Can. J. For. Res. 4:312-320. 

Cerezke, H.F. 1977. Characteristics of damage in tree-length white 
spruce logs caused by the white-spotted sawyer, Monochamus 
scuteZZatus. Can. J. For. Res. (In press) 

Sanders, C.J., G.R. Daterman, R.F. Shepherd and H.F. Cerezke. 1974. 
Sex attractants for two species of western spruce budworm, 
Choristoneura biennis and C. vir~dis (Lepidoptera:Tortricidae). 
Can. Ent. 106:157-159. 

16. Signatures: 

Inv.estigator Program Manager 

Director G.T. Silver 
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CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 19, 1977 

1. Project: Reduction of damage from insects. , 

2. Title: Integrated control of the forest tent caterpillar. 

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

5. Study Leader: W.~.H. Ives, J.A. Muldrew 

6. Key Words: Ma~acosoma disstria, Sarcophaga a~drichi, Popu~us 
tremu~oides, nuclear-polyhedrosis virus, integrated 
control, Baci~~us thuringiensis, chemical control, 
parasites. 

7. Location of Work: Prairie Provinces and Edmonton. 

8. Problem: 

The forest tent caterpillar, Ma~acosoma disstria (Hubner), attacks 
a wide range of hosts, and periodically occurs in outbreak numbers 
in all Canadian provinces and in most states in the U.S.A. In the 
Prairie Provinces its principal host is trembling aspen, Popu~us 
tremu~oides Michx. Outbreaks on this host usually occur some-
where in the Prairie Provinces each year. ,In any given locality 
the interval between the start of outbreak varies from 6 to 16 
years. During these outbreaks, populations of the forest tent 
caterpillar typically increase in numbers until limited by the amount 
of food available, and complete stripping of the foliage then occurs 
for a period of 3 to 5 years. Populations then often collapse to 
a level where it is difficult or impossible to find any larvae, even 
during extensive sampling. 

The defoliation caused by the forest tent caterpillar causes a 
reduction in growth but relatively little immediate mortality, as 
the trees are able to refoliate and produce sufficient new foliage 
to minimize the effect of defoliation. Howeve'r, there may be a 
delayed effect upon subsequent survival. 
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Since little, if any, tree mortality occurs as a result of forest tent 
caterpillar outbreaks, the pest is of relatively little concern to 
informed forest managers. Rural residents 1 however, are subjected 
to crawling masses of caterpillars and find th'is experience extremely 
annoying. Tourist operators, in particular, are very vocal in 
demanding government agencies to take remedial actions. Although 
Malathion (and other insecticides) can provice satisfactory control, 
such chemical application is often difficult to justify when one 
considers the problem objectively. 

In Canada, most outbreaks appear to be terminated by unfavorable weather 
conditions, high levels of dipterous parasitism (primarily Sarcophaga 
aldPichi Parker), or epizootics of virus, particularly a nuclear 
polyhedrosis virus. These factors may operate alone or in combination. 
Upfortunately, bpth ~he diperous parasites and the virus usually reach 
extemely low level$ pqring epdemic periods between outbreaks, simply 
because the host insect is so rare that there is little to sustain them. 
Consequently, both these factors usually require several years to 
increase in abundance before they become effective control agents. 

This problem presents a unique opportunity in biological (or possibly 
integrated) control. If the sarcophagids and virus could be introduced 
into localities with incipient outbreaks, it might be possible to avert 
major outbreaks in these areas. This idea is not new, having been suggested 
by Tothill in 1918, but as far as we know has not been tried with the 
forest tent caterpillar, although a similar approach has been used 
successfully with one or two other insects. S. aldPichi is admirably 
suited to experimental manipulation of its numbers, as it can be reared 
successfully and easily on artificial media. Similarly, it is probable 
that the virus can eventually be propagated. on tissue cultures. This 
has been done with other viruses, without l'oss of virulence, but has 
not yet (as far as we know) been done with the forest tent caterpillar, 
although tissue cultures of this insect have been established. It 
therefore seems probable that stock culturep of both the parasites and 
virus could eventually be maintained for use in applied biological control 
as needed. Before such a program is initiated, or advocated, it is essential 
that preliminary studies be undertaken to determine whether or not the 
required densities of parasites and virus can be produced and manipulated 
advantageously. For example, it will be necessary to determine the 
dispersal of released parasites under field conditions. 

9. Study Objectives: 

To determine whether or not localized incipient outbreaks of forest 
tent caterpillar can be prevented or their severity minimized by 
maniuplation of naturai biotic control factors, particularly Sarcophaga 
aldrichi and nuclear polyhedrosis virus, augemented where necessary 
by chemical or bacteriological control measures. 
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10. Resources: 

a. Starting date: New 
b. Estimated year of completion: 1980 
c. Estimated total prof. man years required: 6.5 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.8 (J.A.Muldrew) 

0.4 (W.G.H. Ives) 

12. Goals for 1976-77: 

Supp. 1.0 (R.M. Smith) 
0.1 (D.S. Kusch) 
0.1 (H. Gates) 

Casual 0.6 
Total 3.0 

1. The review of pertinent literature will be completed. 

2. To determine whether or not virus and 8. thuringiensis can 
be introduced into field populations and produce demonstrable 
mortality in current and/or subsequent generations. Two 
techniques will be evaluated: 

1. Ground applications of high concentrations of virus will 
be made to small plots of aspen as soon as the foliage 
flushes. 

Similar group applications of B. thuringiensis, 
enchanced by sub-lethal doses of insecticide, will also 
be made. 

2. Egg bands of forest tent caterpillar will be dipped in a 
high concentration of virus particles, then tied adjacent 
to natural egg bands in an area of forest tent caterpillar 
infestation on regeneration aspen. 

3. Techniques for propagating and storing 'the virus will be 
evaluated and adapted to suit our conditions. 

4. Similar adaptation~ for rearing and storing the sarcophagid 
parasites will also be made. 

5. Dispersal of marked S. aldrichi adults upon release under 
field conditions will be studied to determine if enough 
remain in the vicinity to create an impact on local forest 
tent caterpillar populations. 
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13. Accomplishments in 1976-77: 

1. Review of pertinent literature was completed. 

2. 1. High mortality of forest tent caterpillar larvae resulted 
from edge-spraying of two plots. Mortality in one plot 
approached 100% and exceeded 95% in the other, compared to 
a total mortality of about 33% in the check plots. 

Dipel, supplemented by 0.5 and 1.0 02 of Sevin per 50 gals. of 
spray caused an estimated 85 and 75% mortality in two l-acre 
plots when applied as a larval spray. 

2. Two methods for treating egg bands were tested: 1) bands dipped in 
a virus suspension; and 2) bands were sprayed to the drip 
point with a high concentration of virus. (Approximately 
108 polyhedral bodies per mI. were used in both tests). 
Both methods gave high mortality (nearly 100%) indicating that 
treating egg bands is a feasible method for introducing virus 
into tent caterpillar populations. 

3. Dr. Cunningham in Sault Ste. Marie has agreed to produce a limited 
amount of virus for 1977 trials. 

4. Limited rearings of sarcophagids on an artificial diet consisting 
of milk and egg yolks in an agar medium seem promising, but the 
results so far are inconclusive. About 4,000 sarcophagid 
puparia for 1977 tests were collected in the field, and from 
these some diapause - free adults were obtained. However, none lived 
long enough to produce progeny. 

5. Not enough flies were caught, so results of the dispersal study 
were inconclusive. 

Accomplishments not listed in goals for 1976-77: 

1. Areas for larval spray and fly releases were located. 

2. An area suitable for testing virus as a spray on egg bands was also 
located. 

3. Devices for attracting wild flies and contaminating them with virus 
were designed and partially tested. 

14. Goals for 1977-78: 

1. To collect as many sarcophagid parasites as possible from the same 
area of the Interlake as in 1976 to provide a source of future 
releases and breeding stock to try to develop a diapause-free strain. 
This material will be supplemented by locally-collected parasites 
if necessary. -Ives 
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2. To subject sarc~phagid parasites to artifically manipulated 
temperatures and day lengths to try to enhance thp amount of 
diapause-free emergence and thus dewelop the means for producing 
stock cultures of flies that can be maintained on a year-
round basis. -Muldrew 

3. To conduct further tests of artificial diets to determine the type 
most suitable for maintaining healthy stocks of sarcophagids on 
a year-round basis. -Muldrew 

4. To conduct field tests of virus sprays as a biological insecticide 
on egg bands prior to larval hatch utilizing a mist-blower. -Ives 

5. If enough virus is available, conduct additional tests to virus 
as a larval spray, using a hydraulic sprayer. -Ives 

6. To test the feeding stations to determine if wild flies can be 
used to introduce virus into field population of tent caterpillars. -Ives 

7. To sample tent caterpillar populations in the Joussard area t;,o 
determine if there was a demonstrable carry-over of virus from the 
1976 trials. Rates of mortality will be compared during the early, 
mid, and late larval stages, but no attempt will be made to assess 
total mortality during the larval stage. -Muldrew 

8. Wild flies will be trapped in the Lake Wabamum area for marking 
and release in the Joussard area. -Ives 

9. The flies trapped in 8 will be marked, released and recaptured 
in the Joussard area, to determine if enough remain in the area 
to create an impact on local forest tent caterpillar populations. -Muldrew 

10. An attempt will be made to obtain virus-infected material for 1978 
field testing, in case Sault Ste. Marie is unable to provide this 
material for us. -Ives and Muldrew 

15. Publications: 

16. 

Nil 

f 
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Program Manager 

Director G. T. Silver 
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CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 1978 

Responsilibity Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 27, 1977 

1. Project: Improved regeneration methods for commercial tree species. 

2. Title: Nursery operations. 

3. New: Cont.: X 4. No.: NOR-lO-039 

5. Study Leader: L.W. Carlson 

6. Key Words: root pruning, storage and packing, storage mold, disease 
control, Septaria, Marssonina, seedling mortality, PopuZus, 
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P~nus, P~cea, conifer seedbed culture, containerized seedling 
rearing, quality control. 

7. Location of Work: Northern Forest Research Centre, Edmonton; Alberta 
Provincial Tree Nursery, Oliver; Alberta Horticultural 
Research Centre, Brooks;' Saskatchewan DNR Forest 
Nurseries, Prince Albert and Big River; PFRA Tree 
Nursery, Indian Head, Saskatchewan; Pineland Nursery, 
Hadashville, Manitob4' 

8. Problem: 

Nature of Study: 

Presently it costs about 3 cents to produce a seedling of plantable 
size. The average annual production in the Northern Forest Region 
nurseries is approximately 8 million conifer seedlings, with operating 
costs of about 400,000 dollars. Recently (1969) losses in jack pine 
outplantings in Manitoba were 45% or one million seedlings. Also a 
recent survey of regeneration in all three Prairie Provinces indicates 
very poor survival of outplantings of white spruce and lodgepole pine 
(NOR-X-3l). There is evidence in many cases that mortality was related 
to problems in the Nursery system and they appear to be both cultural 
and pathological. Solving these problems and other like them could 
possibly prevent similar losses in the future. 
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Two large government nurseries in the Northern Forest Region are 
involved in the production of shelterbelt and parks nursery stock. 
The problems of rearing are mainly cultural and require some 
attention. As with coniferous stock, storage, packing and shipping 
present the major problem. 

Demands on the nursery for production are always high. With limited 
amount of space and money they are expected to produce certain numbers 
of trees at a certain quality. There is need then for information 
that will help cut costs, increase the effective use of land, and 
maintain quality. 

Probability of Success: Excellent 

Probability of results being put into practice: Good 

Method Used: 

Definition of problems 

Consultation with nursery managers 
Through information from Nursery monitoring 

Determine priority of problem - relating to demands for the 
crop. 

Scientific investigation of the problem 

Experiments set with proper consideration for statistical 
analysis. 

Results to be fed back to the nursery system as soon as 
possible. 
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Problem ;m;llysis flow chart: 

Client Responsibilities Departmental Responsibilities 

Federal and Provincial discussions ----> Nursery Operations 
Nursery Management Researchers 

management 
decisions 

Information 
Feedback 

9. Study Objectives: 

Coqperative 
work 

v 

background 
review 

Problem Analysis <----~ 

v 
E~perimental Proposals 

1 
Experimental Execution 

1 
Data Analysis 

1 
Statement of Results 

1. To improve general nursery practices, including seedling handling, 
disease control, weed control, cultural operations, and inovations 
for seedbed treatments. 

2. To design, test and ultimately to seek adoption by provincial 
forest nurseries of a monitoring and quality control system for 
production of nursery stock which will aid in defining crop 
potential, crop losses, and factors contributing to the losses 
and their relative importance. 

201 



- 4 -

10. Resources: 

a. Starting date: 1968 
b. Estimated year of completion: 1978 Revised: 1980 
c. Estimated total Prof. man-years required: 1. 6 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.8 (Carlson) 

11. Progress to Date: 

Supp. 1.8 (Huber 1.0, Wambold 0.8) 
Casual 0.3 
Total 2.9 

Seedbeds of 1-0 and 2-0 white spruce and 2-0 lodgepole pine were root 
pruned. Asses~ments were wade at lifting time. Root growth showed 
marked seasona1 changes in regard to time of root pruning. 

Outplantings of 3-0 jack pine, lodgepole pine and white spruce from 
storage and packing trials showed Sw survives better than pines in 
storage. The data obtained indicates that airtight packing and 
storage at 35-400C (1.7

o
C-4.4°C) is not as good as storage in bales 

of unsealed plastic lined boxes. The latter method is now used at 
2 of 3 prairie forest nurseries. 

The quality of bareroot conifer seedlings being shipped from the 
three provincial nurseries has been recorded and pertinent informa
tion passed on to the respective nurseries. The data was similar 
to those from 1973. Each seed10t sampled was measured for ht., dry 
wt of roots and shoots, and shoot/root ratio given. Considerable 
variation was shown between different seed10ts. Bareroot seedlings 
shipped from P.A. in 1975 were monitored showing similar variations 
as before. Variability appears to be related to field plots, time 
of seeding and density of seeding. 

The quality monitoring program for seedbeds at P.A. was continued 
with the collection of 3rd year data. As stated previously these 
data confirm that the method can be used to reduce inventory time 
at the nursery. The monitoring program was extended to the Big 
River Nursery in the summer of 1975. 

The regional nurseries were visited in 1975. Examples of problems 
dealt with at the nurseries are: a) Excess fertilizer and uneven 
watering at the Rocky Mtn. House (AFS) greenhouse •. Corrected with 
advice on changing watering system at little cost to the AFS. 
b) High incidence of culls in willow cuttings at the Alberta 
Provincial Tree Nursery (APTN). This problem was diagnosed as 
insect injury and program help in solving this problem has been 
solicited from NOR-132 and NOR-033. c) Losses in red pine seed-

21) 't 
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beds (30%) at the Pineland Nursery (Man~toba) were investigated. 
The cause of the losses appears to be related to excess nutrients, 
frost injury, followed by fungal infections. Other visits were 
to advise their personnel on standard nursery practice and on 
containerized seedling culture. Further to the February 1975 
Federal-Provinc~al Nurserymen's meeting in Winnipeg a summer 
meeting was held at the P.A. Nursery. Nursery cultural techniques 
and new research techniques were discussed. 

Yield data for the 3rd year and 1st year of the spacing in poplar 
cuttings beds at Oliver and P.A. respectively were not available 
due to the harvesting problems. However these data will be obtained 
as soon as the poplar whips are harvested. Preliminary observation 
of the field plots suggest that the results will follow those of the 
last 2 years. 

Other progress to date for this study is duly noted in Section #15 
under publications and file reports. 

12. Goals for 1976-77: 

1. To survey regional government nurseries, to contact regional 
private nurseries for problem assessment, and to perform related 
liaison functions. 

2. To obtain 4th and 2nd year data on spacing trials in poplar 
cuttings beds at APTN and P.A. respectively. 

3. To continue the study on control of conifer storage molds with 
special emphasis on overwinter storage and method of fungicide 
application. (Carried out at APTN and P.A.) 

4. To obtain 4th and 3rd year data on the quality monitoring pro
gram for seedbeds at P .A. and to obtain 1st and 2nd year dat.a 
on this program at,Big River. 

5. To collect 2nd year data on the use of special cropping schedules 
for increasing the organic matter content of P.A. nursery soils. 

6. To prepare a rearing manual for containerized seedlings. 

7. To prepare a reporr- (file or Information) on the results of 
quality monitoring of shipping stock from P.A. and APTN since 
1973. 

8. To investigate the problem of red pine mortality at the Pineland 
Nursery. 
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9. To report on a DSS contract to study sources of peat in order 
to determine peat qualities needed for conifer seedling growth. 

10. Goal added: To edit and prepare for publication a Forestry 
Report on Nurseries. 

11. Goal added: To prepare articles for the Forestry Report 

a) Peat sources VB seedling growth. 
b) Root deformities caused by container rearing systems. 
c) Production of nurseries in the Prairies Region. 

13. Accomplishments in 1976-77: 

1. All regional government nurseries were visited in 1976. Examples 
of problems dealt with at the nurseries are: a) Excessive winter 
kill on jack pine at P.A. caused by lack of protection and snow 
cover. b) Poor germination and heavy crop loss at the new rearing 
facility at Blue Ridge (Simpson Timber). The problem was diagnosed 
as flooding and cooling. Flooding occurred as heavy watering in 
the greenhouse caused condensation (rain) which splashed the seed 
from containers. Cooling occurred with excessive use of ventilat
ing fans. c) Peat samples from the APTN and the new Pine Ridge 
Forest Nursery (PRFN) were tested. d) Advice was given to both 
the Saskatchewan Government and Simpson Timber on greenhouse 
development. e) Disease situation at PRFN was brought to the 
attention of the FIDS section which carried out a detailed survey 
of the nursery. Nursery practices and new research techniques 
were discussed at the third Federal-Provincial Nurserymen's Meeting 
at the APTN in September. Advice was also given to Nurserymen on 
standard nursery practice and on containerized seedling culture. 

2. Yield data from 4th and 2nd year old spacing trials in poplar 
cuttings beds at APTN and P.A. indicate a decline for the 2nd 
year in a row at the APTN (due to poor cultural practices and 
a late frost) and an increase in overal.! productivity at P.A. 

3. Storage molds again were not much of a problem in 1975-76 and 
little effect of fungicide treatment was observed. This years 
are in press and compliment last years data. (See Section 15 on 
publications). Because of good storage conditions throughout the 
region this problem is considered solved and the control phase of 
the work is terminated. 
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4. The quality monitoring programs for seedbeds at P.A. and Big River 
were continued into their 4th and 2nd years respectively. With the 
demonstration of an inventory and quality control system the nurseries 
involved have opted to accept them in their entirety. This makes 
three nurseries in Saskatchewan and Alberta now using our system. 
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5. With the exception of soil samples Phase I of this program has 
been completed. Preliminary results show that both intermediate 
wheat grass and full rage add significantly higher amounts of 
dry matter to the soil than other crops tested. The former is 
more desirable as normal non-conifer rotation is for 2 years 
(rye is an annual whereas wheat grass is a perennial). 

6. The container rearing manual is still under consideration as 
more data for inclusion is being collected, i.e. peat source, 
nutrition, and root deformation. Other commitments and added 
goals had been given priority over this work. 

7. See publications (15). File report. Stock quality has improved 
steadily over the last 4 years, primarily due to the importance 
placed on a quality monitoring system. 

8. The succession of events in the red pine mortality problem at 
the Pineland Nursery were: (1) poor mylone application, (2) 
infection by a weak root rooting pathogen, (3) poor fertilizer 
distribution, and finally (4) frost injury. The plants could 
have withstood the first 3 events, but frosting was the most 
damaging. See file letter to CFS Winnipeg Sub-office, 24-6-76. 
NOR-039. 

9. A report from the consultant contracted for the DSS contract to 
study sources of peat in relation ta conifer seedling growth in 
on file with NOR-lO-039. The report suggests that growth dif
ferences between different sources (significant) are related to 
pH, coarse-fine ratios, and salt content. 

10. Goal Added: A Forestry Report on Nurseries including 6 articles 
on nutrition, peat, production in the prairies, new nurseries, 
weed control, and seedling deformities has been edited and is in 
press at the present time. 

11. The three articles have been written and included in the above 
mentioned Forestry Report. 

14. Goals for 1977-78: 

1. To survey regional government nurseries, to contact regional 
private nurseries for problem assessment, and to perform related 
liaison functions. 

2. To obtain 5th and 3rd year data on spacing trials in poplar cuttings 
beds at APTN and P.A. respectively. 
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3. To obtain 1st year outplanting and 4th year data on quality control 
monitoring program for seedbeds at P.A. and to obtain 3rd year 
data on a similar program at Big River. Final reporting is expected 
in 1980 with the completion of this study. 

4. To start the 2nd phase of the study on use of special cropping 
schedules for increasing the organic matter content of P.A. nursery 
soils. This consists of establishing conifer seedbeds on the test 
areas. 

5. To initiate a study on the control of western gall rust of lodgepole 
pine at the Pine Ridge Forest Nursery. Seven fungicides to be 
tested in the greenhouse. 

6. To obtain data on the effect of the initial pH of peat on conifer 
seedling growth. 

7. To obtain data on the effect of the coarse-fine ratio of peat on 
conifer seedling growth. 

8. To obtain data on the effect of aerial space of seedlings grown in 
containers and to report its effect. 

9. To advise Parks Canada on underplanting and rehabilitation of park 
sites as required. 

10. To continue to prepare guidelines for rearing containerized seedl
ings. 

11. To prepare a report for publication on the effect of different peat 
sources on conifer seedling growth. Joint publication with H. 
Knowles of U of A Plant Science Department. 

12. To complete a rearing study on lodgepole pine similar to that carried 
out under a previous study on greenhouse and cold framing of white 
spruce. This is to be done and evaluated with previous data to be 
prepared for publication. 

13. Publish a report on root deformities of jack pine grown in containers 
and outplanted for 3 years. 

14. To survey pine plantations in the region to determine the extent of 
root deformation in natural, bareroot and containerized seedlings. 

15. Publications: 

Up to 1976-77 

Carlson, L.W. 1970. Mortality in 1969 spring-planted jack pine 
plantations in Manitoba. Dept. of Fish. For. Confidential 
Rep. pp. 25. 
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Carlson, L.W. 1971. Greenhouse facilities provide a research 
opportunity. For. Rep. 1(2):3. 

Hocking, D. and R.D. Nyland. 1971. Cold storage of coniferous 
seedlings: A review. Appl. For. Res. Ind., SUNY, Res. 
Rep. 6: pp. 70. 

Carlson, L.W. 1972a. Survival of 2-0 and 3-0 jack pine seedlings 
outplantings in southeastern Manitoba. Can. Dep. Environ., 
For. Serv., Bi-Mon. Res. Notes 28(4):25-26. 

Carlson, L.W. 1972b. Jack pine in southeastern Manitoba: A com
pendium of research, 1967-1970. V. Mortality in 1969 
spring-planted jack pine plantation$, Northern Forest 
Research Centre. Inf. Rep. NOR-X-50E. 

Carlson, L.W. 1972c. Fungicidal control of poplar leaf spots in 
Alberta and Saskatchewan. Can. Plant Dis. Surv. 52:99-101. 

Hocking, D. 1972. Nursery practices in cold storage of coniferous 
seedlings in Canada and the United States. Tree Planter's 
Notes 23:26-29. 

Hocking, D. and W.B.D. Ward. 1972. Late lifting and freezing in 
plastic bags for overwinter storage of white spruce. Tree 
Planter's Notes 23:24-26. 

Edwards, I.K. and W.D. Holland. 1973. Further site investigations 
for location of Alberta Forest Service Tree Nursery. North. 
For. Res. Cent. Inf. Rep. NOR-X-78. 

Etter, H.M. and L.W. Carlson. 1973. Sugar contents, relative water 
content, and growth after planting of stored lodgepole pine 
seedlings. Can. J. Plant Sci. 53:395-399. 

Holland, W.D. and I.K. Edwards. 1973. Site investigation for location 
of Alberta Forest Service Tree Nursery. North. For. Res. 
Cent. Inf. Rep. NOR-X-68. 

Carlson, L.W. 1974a. Cuttings beds cankers (timing). p. 124. In: 
E.I. Zehr (Ed.), Fungicide-Menaticide Tests, Results of 
1973. Amer, Phytopath. Soc. Vol. 29. 

Carlson, L.W. 1974b. Cuttings beds cankers (fungicides). 
In: E.I. Zehr (Ed.), Fungicide-Nematicide Tests, 
of 1973. Am~r, Phytopath. Soc. Vol. 29. 

p. 124. 
Results 
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Carlson, L.W. 1974c. Fungicidal control of poplar leaf spots. Can. 
Plant Dis. Surv. 54:81-85. 

Edwards, I.K., W.O. Holland and L.W. Carlson. 1974. Assessment of 
potential tree nursery sites near Hudson Bay, Sask. North. 
For. Res. Cent. Inf. Rep. NOR-X-119. 

Nyborg, M., W.B. McGill, L.W. Carlson and W.O. Holland. 1974. Methods 
of establishing plant growth after heavy oil spills. In: 
D. Hocking and W.R. MacDonald (Eds.) Proc. of workshop on 
reclamation of disturbed lands in Alberta. North. For. Res. 
Cent. Inf. Rep. NOR-X-1l6.· p. 139-150. 

Carlson, L.W. 1974. Cooperative tree and shrub hardiness trials at 
the Takhini nursery site in t~e ~ukon. File Rep. NOR-039. 

Carlson, L.W. 1974. Regeneration survey of fire trails on Hurd 
Mountain, Yoho National Park. File Rep. NOR-039. 

Carlson, L.W. 1974. Brief presented to the Alberta ECA on public 
hearings into the use of pesticides and herbicides in 
Alberta (Environment Canada). File Rep. NOR-039. 

Carlson, L.W. and R. Huber. 1975. Jack pine storage molds. In: 
C.W. Averre (Ed.), Fungicide-Nematicide Tests, Results of 
1974. A. P. S. Vol. 30. 

Carlson, L.W. and L.D. Nairn. 1975. Phytotoxic action of penta
chlorophenol and captan on containerized red pine and jack 
pine seedlings. Tree Planter's Notes. 

Carlson, L.W. 1975. Want to improve container seedling growth? 
SHAPE UP! For. Rep. 4(3):9. 

Carlson, L.W. 1975. Prairie Federal-Provincial Nurserymen's Meeting. 
File Rep. NOR-039. February. 

Carlson, L.W. and R.F. Huber. 1975. Seedling storage in the Prairie 
Region. File Rep. NOR-039. 

Carlson, L.W. and E.C. Wambold. 1975. Root pruning of conifer nursery 
stock in the Prairie Region. File Rep. NOR-039. 

1976-77 

Carlson, L.W. and R.F. Huber. 1976., Pine storage molds. p. 160. 
In: C.W. Averre (Ed.), Fungicide-Nematicide Tests, Results 
of 1975. A. P. S. Vol. 31:160. 

20R 
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Huber, R.F. and L.W. Carlson. 1977. Jack pine storage molds p. 
In: C.W. Averre (Ed.), Fungicide-Nematicide Tests, Results 
of 1976. A. P. S. Vol. 32: In Press. 

Knowles, R.H. 1976. An evaluation of eight sources of western Canadian 
peat as media for the growing of conifer seedlings. File Rep. 
NOR-IO-039. (March 1976). 

Huber, R.F. and L.W. Carlson. 1976. Quality monitoring of conifer 
shipping stock. File Rep. NOR-IO-039. (February 1976). 

16. Signatures: 

~7u e-~i~r'-
Investigator 

Director G. T. Silver 



NOR-IO-HI 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 1978 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 27, 1977 

1. Project: Improved regeneration methods for commercial forest species. 

2. Title: Outplanting trials of the BC/CFS plugs and the RCA sausage 
containers in Alberta. 

3. New: Cont.: X 4. No.: NOR-IO-Ill 

5. Study Leader: H.J. Johnson 

6. Key Words: reforestation 

7. Location of Work: Alberta 

8. Problem: 

In the past researchers working on reforestation problems in the 
Prairie Provinces have not had the benetit of reliable data from 
large-scale trials or operations on which to rate the field perfor
mance of a reforestation technique. This "feed-back" is essential 
as the information will have a strong influence on the direction 
and scope of reforestation research in the region. Consequently, 
trials commenced in 1971 to compare two promising plug types of 
greenhouse reared seedlings (BC/CFS plugs and RCA sausages) with 
conventional bareroot plants from standard production runs. It was 
realized that further research was required on optimum rooting volume, 
conformation of the plug, rearing schedules and the hardening-off 
process. However, this is being done concurrently with the initial 
pilot trials. The trials are being replicated over six representative 
sites in the province over a three-year period (1971, 1972 and 1973). 

9. Study Objectives: 

The objectives of this study is to provide survival and growth data 
of promising root-plug reforestation methods for the benefit of 
forest management agencies and the stand establishment research 
group. 

210 
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10. Resources: 

a. Starting date: 1971 
b. Estimated year of completion: 1976 Revised: 1978 Revised: 1979 
c. 
d. 
e. 
f. 

Estimated total Prof. man-years required: 8 
Essential new major equipment items for 1977-78 
Essential new major equipment items beyond 1978 
1976-77 man-years Prof. 0.2 (Johnson, H.J.) 

Supp. 0.6 (Walker, N.R.) 
Casual· 0.3 
Total 1.1 

11. Progress to Date: 

with costs: Nil 
with costs: Nil 

Six locations in Alberta and one in Northwest Territories were selected 
for the establishment of performance trials of the BC/CFS Styrop1ugs 
and R.C.A. Peat Sausages. Stock was reared in N.F.R.C. greenhouses 
according to specifications developed at the centre. Plantations were 
established in 1971, 1972 and 1973. Because of severe damage to planta
tions by rabbits and extreme drought it was necessary to add replicates 
in 3 areas in 1974. Generally each plantation consisted of 2,000 Styro
plugs and 2,000 R.C.A. 'Sausages with 500 Conventional 3-0 seedlings 
planted for comparison. In most locations the number of seedlings planted 
was doubled to test both spruce and pine. 

A remeasurement schedule was set up to monitor the plantations 3 and 5 
years after planting. To date first-year measurements have been made 
on all plantations and third-;rear measurements on the 1971 and 1972 
plantations. Progress reports have been prepared for all establishments, 
first year remeasurements and third-year remeasurements. 

12. Goals for 1976-77: 

1. Third-year measurements will be made of areas planted in 1973. 

2. Fifth-year measurements will be made of areas planted in 1971. 

3. An Information Report on third-year results to 1976 will be prepared. 

13. Accomplishments in 1976-77: 

1. Third-year growth and survival measurements were made of areas 
planted in 1973. 

2. Fifth-year growth and survival measurements were made of areas 
planted in 1971. 

3. The information report to be prepared in 1976 was deferred pending 
third year measurements on two areas planted in 1974. 
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14. Goals for 1977-78: 

1. Third-year growth and survival measurements will be made on 
two areas planted in 1974. 

2. Fifth-year growth and survival measurements will be made on 
trial areas planted in 1972. 

3. An information report incorporating ,the three-year growth and 
survival performance data from all trials will be prepared. 

15. Publications: 

Up to 1976-77 

Johnson, H.J. 1974. Canadian Forestry Service container planting 
trials in Alberta, Saskatchewan and Manitoba. Proceedings 
of North American Containerized Forest Tree Seedling 
Symposium. Great Plains Agricultural Council Publication. 

1976-77 

Walker, N.R. 1977. Outplanting trials of the British Columbia Forest 
Service/Canadian Forestry Service Plugs and the Research 
Council of Alberta Sausage Containers. File Report NOR-IO-Ill. 

16. Signatures: 

/; 

") ~I , 

') I /'}" ... ~. " 
I ' .. ., ~n.- -~. '-\..-

Director G. T. Silver 



NOR-lO-13S 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 27, 1977 

1. Project: Improved regeneration methods for commercial tree species. 

2. Title: Nursery soil fertility and seedling growth. 

3. New: Cont. : X 4. No.: NOR-lO-13S 

5. Study Leader: I.K. Edwards 

6. Key Words: nutrient uptake, plant nutrition, Pinus contorta, Pinus 
banksiana, Picea gZauca. 

7. Location of Work: Oliver, Alberta and Prince Albert, Saskatchewan. 

8. Problem: 

Nature of Study: 

Growing bare root and containerized coniferous stock under different 
fertilizer regimes and cultural practices in provincial nurseries in 
order to optimize production. 

Benefits to be expected from the solution: 

1. Higher quality of seedlings in terms of height, weight, top/root 
ratio and higher survival in stand establishment. 

2. Reduced growing cycle in the nursery thus affording more efficient 
use of resources. 

Probability of Success: 

High but progress will be slow. Seedlings are grown in nurseries for 
three years before being field-planted. Besides, subsidiary work may 
be necessary to establish firm conclusions about certain treatments 
either in the nursery or at field sites. 
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Probability of results being put into practice: 

Potentially high but decision rests entirely with provincial nursery 
management. Demonstration plots may be necessary to accomplish 
implementation. 

Method Used: 

Seedlings are grown in the nurseries in the presence of different 
combinations of N, P and K fertilizers. The optimum combination 
will be selected according to seedling quality in the nursery and 
on field survival. Support studies of cultural practices will 
provide data on such aspects as best nutrient source, time and 
method of fertilization. 

9. Study Objectives: 

1. To determine the nutrient requirenents of coniferous species 
being produced in the nurseries and greenhouse. 

2. To determine the effect of nutrient regime in the nursery on 
the performance of out-planted stock. 

3. To determine the effects of seedling density, fertilizer type, 
time and method of placement on seedling growth. 

4. To determine the effect of irrigation on the loss of nutrient 
ions from the soil. 

5. To determine the effect of soil amendments on the availability 
of nutrient ions. 

10. Resources: 

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

Starting date: 1971 
Estimated year of completion: 1978 Revised: 1979 
Estimated total Prof. man-years required: 6.7 
Essential new major equipment items for 1977-78 with costs: 
Essential new major equipment items beyond 1978 with costs: 
1977-78 man-years Prof. 1.0 (Edwards) 

Supp. 1.0 (J.J. Van Dyk) 
Casual 0.3 (Summer Student) 
Total 2.3 

I. 

Nil 
Nil 
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11. Progress to Date: 

Prince Albert, Saskatchewan 

Field work completed for experiments to study the effect of a) quantity 
of fertilizer, b) timing of application, and c) soil amendments on 
growth. Growth data are being recorded. 

The field trial with various nitrogen sources is in progress. 

The experiment to study leaching losses has been completed. 

Oliver, Alberta 

Field work for the fertilization experiment has been completed. Growth 
data are being analysed. This concludes field work at Oliver. 

Edmonton, Alberta 

Three greenhouse experiments have been carried out. The first two 
tested the effect of different levels of N, P, and K on the growth of 
lodgepole pine and white spruce. Results indicated that the optimum 
treatment was 112 ppm N, 31 ppm P and 156 ppm K. A total of 64 treat
ments were tested in the first experiment and 36 were tested in the 
second. 

In the third experiment, container seedlings were treated with different 
combinations of N, P, and K to test their response to drought stress. 
After a lO-day drying period, they were planted out and survival checked 
one year later. Survival was generally good regardless of treatment. 

12. Goals for 1976-77: 

1. To publish the report, "Nutrient requirements of container seedlings 
during growth in the greenhouse". This will be a journal publication. 

2. To publish the Information Report "Leaching losses of nutrients at 
the Tree Nursery, Prince Albert, Saskatchewan". 

3. To publish the Information Report "Fertility status of the transplant 
fields at the Tree Nursery, Prince A;tbe1;t, Saskatchewan". 

4. To complete field work for the experiments on a) timing of fertiliza
tion and b) effectiveness of peat/sulphur amendments. Seedlings will 
be harvested at the end of the growing season and growth data recorded. 

5. To continue experiments in the greenhouse and nursery to test dif
ferent sources and forms of nitrogen fertilizers. The application of 
fertilizers will continue. 
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6. To continue the experiment to determine the effect of s<.~<.>uUl1g 

nutrition on the ability to tolerate drought stress. Survival 
data will be recorded. 

7. To complete field work for the NPK experiment at the Provincial 
Tree Nursery, Oliver. Growth data will be recorded. 

13. Accomplishments in 1976-77: 

1. The report has been written and submitted for local review. It 
is now entitled, "The effect of nitrogen, phosphorus, and potassium 
on growth of lodgepole pine and white spruce in peat culture". 

2. This report has been completed and submitted for local review. 

3. This report is in the final review stage. 

4. Field work for these experiments has been completed. Growth data 
are being analyzed. 

5. The nursery experiments proceeded as scheduled. The greenhouse 
phase of the experiment was unsuccessful owing to "damping off". 

6. Survival data were recorded for this experiment. Survival seemed 
high regardless of previous nutrient regime. The data will be 
analyzed. 

7. Field work for this experiment at Oliver has been completed. 
Growth data are being analyzed. 

8. Provided analytical and advisory service to A.F.S., Simpson Timber 
Co., PFRA Tree Nursery, Indian Head, and the Provincial Tree 
Nurseries at Oliver and Prince Albert. 

14. Goals for 1977-78: 

1. To publish the report, "The effect of nitrogen, phosphorus, and 
potassium on growth of lodgepole pine and white spruce in peat 
culture". This will be a journal publication. 

2. To publish the Information Report, "Leaching losses of nutrients 
at the Provincial Tree Nursery, Prince Albert, Saskatchewan". 

2t t: 

3. To publish the Information Report, "Fertility status of the trans
plant fields at the Provincial Tree Nursery, Prince Albert, Saskatche
wan. 

4. To publish the Information Report, "The effect of peat and sulphur on 
growth of conifers at the Provincial Tree Nursery, Prince Albert, 
Saskatchewan" • 
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5. To publish the Information Report, "The effect of fertilization 
on seedling growth at the Provincial Tree Nursery, Oliver, Alberta". 

6. To publish the Information Report, "The effect of amount and timing 
of fertilization on seedling growth at Prince Albert, Saskatchewan". 

7. To complete field work for the experiment on different nitrogen 
sources at Prince Albert. 

8. To complete the File Report, "Effect of nutrient regime on drought 
tolerance in lodgepole pine and white spruce seedlings". 

9. To provide advisory service, as required, to the provincial nurseries. 

10. To publish the Information Report, "Characteristics of certain soils 
at the Provincial Tree Nursery, Oliver, Alberta". 

15. Publications: 

Up to 1976-77 

Edwards, I.K. 1972. Micronutrient levels in white spruce from the Slave 
Lake area of Alberta. File Report. NOR-135. 

Edwards, I.K. 1972. Soil properties of three prospective nursery sites -
Whitehorse, Yukon. File Report. NOR-135. 

Edwards, I.K. 1972. Chemical analysis of container-grown seedlings at 
Oliver nursery. File Report. NOR-135. 

Edwards, I.K. and L.W. Carlson. 1972. Comparison of conifer seedling 
growth in ARC and Spencer-Lemaire containers. File Report. 
NOR-135. 

Edwards, I.K. 1973. Effect of fertilization of jack pine and white 
spruce at Birds Hill Tree Nursery, Manitoba. File Report. 
NOR-135. 

Edwards, I.K. 1973. Soil fertility status of the seedbed areas of the 
Prince Albert Tree Nursery, Saskatchewan. Inf. Rep. NOR-X-46. 

Holland, W.D. and I.K. Edwards. 1973. Site investigations for location 
of Alberta Forest Service Tree Nursery. Inf. Rep. NOR-X-68. 

Edwards, I.K. and W.D. Holland. 1973. Further site investigation for 
location of Alberta Forest Service Tree Nursery. Inf. Rep. 
NOR-X-78. 

Edwards, I.K. 1974. Die-back and needle discoloration of trees near 
main entrance to Oliver Nursery. File Report. NOR-135. 
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Edwards, I.K., W.D. Holland and L.W. Carlson. 1974. Assessment of 
potential tree nursery sites near Hudson Bay, Saskatchewan. 
Inf. Rep. NOR-X-119. 

Edwards, I.K. 1974. Quality of water and nutrient solution being 
used at Hadashville Nursery, Manitoba. File Report. 
NOR-l35. 

Edwards, I.K. 1974. Assessment of problems of new conifer seedbeds 
at Indian Head Tree Nursery, Saskatchewan. File Report. 
NOR-l35. 

Edwards, I.K. 1975. Growth problems of containerized white spruce 
at Hadashville, Manitoba. File Report. NOR-135. 

Edwards, I.K. 1975. Nutrition investigation of selected tree 
plantings in Alberta. File Report. NOR-135. 

Edwards, I.K. 1975. Assessment of soil from seedbed at Hadashville 
Nursery, Manitoba. File Report. NOR-135. 

1976-77 

Edwards, I.K. 1976. Marginal scorch in mountain ash during 1975. 
File Report. NOR-135. 

Edwards, I.K. 1976. Necrosis in a white spruce plantation. File 
Report. NOR-135. 

Edwards, I.K. 1976. Soil salinity problem in a shelterbelt at 
Thorhild, Alberta. File Report. NOR-135. 

Edwards, I.K. 1976. Growth problems of 1-0 jack pine at Prince 
Albert Tree Nursery. File Report. NOR-135. 

16. Signatures: 

Investigator 

Director G. T. Silver 
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NOR-lO-136 

CANADIAN FO~~STRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 27, 1977 

1. Project: Improved regeneration methods for commercial tree species. 

2. Title: Effect of chemical amendments on salinization. 

3. New: Cont. : X 4. No.: NOR-lO-136 

5. Study Leader: I.K. Edwards 

6. Key Words: solonetz, soluble salts, drainage, exchangeable sodium, 
Picea gZauca~ Pinus contorta. 

7. Location of Work: Oliver, Alberta. 

8. Problem: 

Nature of Study: 

Removing excess salts, (mostly associated with sodium), from clayey 
nursery soil by leaching in the presence of chemical amendments in 
order to improve its productivity. The amendments include sulphur, 
ammonium nitrate, ammonium sulphate, ferrous sulphate, calcium sulphate 
and aluminum sulphate. 

Benefits to be expected from the solution: 

1. Increased production of nursery stock, especially conifers. 

2. Achievement of a more desirable balance of exchangeable cations in 
the soil, i.e. reduced amounts of sodium relative to calcium and 
magnesium. 

Probability of Success: 

219 

High. It is very likely that the field portion of the study will require 
a system of underdrainage, at least on a relatively small scale, to 
facilitate percolation of water through the subsoil. To date, there has 
been no commitment on the part of nursery management to install one but 



probably they could be persuaded to do so. A basic aim of the study 
is to provide management with data on the effectiveness of different 
ameliorative agents and to assess the possibilities for reclamation. 
Should it be found that reclamation is not ~ikely without the incorpora
tion of a drainage system, then management would be informed and any 
further decision would be theirs. 

Probability of Results being put into Practice: 

This will depend entirely on the provincial agencies concerned. The 
results of the study'will enable these agencies to make decisions 
concerning the management of a substantial portion of soils at the 
nursery. The affected area comprises about two-thirds of the acreage 
at the nursery and therefore any amelioration of the soil should have 
a beneficial impact on seedling production. 

However, the high clay content of the soil renders it most unsuitable 
for growing coniferous species. The topography is undulating and 
proper drainage will be difficult to attain without prior levelling. 
In agricultural areas, deep plowing (to a depth of 18-24 inches) has 
improved productivity on similar soils and this might be a viable 
alternative at the nursery. Therefore, implementation of any research 
results will depend on the economic implications as seen by management. 

Outline of Method Used: 

Soil collected from the salt-affected area will be placed in columns 
and leached after treatment with chemical ameliorative agents. Analysis 
of the leachate and finally, the soil itself, will help to determine 
the effectiveness of these agents in displacing certain cations, e.g. 
sodium, from the exchange complex. 
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The more promising of these agents will be checked on nursery plots 
seeded with lodgepole pine and white spruce. At the nursery, suction 
lysimeters will be used to collect samples of soil leachate for analysis. 

Adequate subsurface drainage is essential to the success of the nursery 
phase of the study. The preliminary laboratory work is being used to 
screen the six ameliorative agents. 

9. Study Objectives: 

1. To determine the effects of various kinds of chemical amendments 
on the cation-exchange characteristics of saline and alkali soils. 

2. To determine the amount of leaching needed for the removal of excess 
soluble-salts from the profile. 
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10. Resources: 

a. Starting date: 1971 
b. Estimated year of completion: 1974 Revised: 1977 
c. Estimated total Prof. man-years required: 1.3 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. Nil 

Supp. 
Casual 
Total Nil 

11. Progress to Date: 

The study has been completed. 

12. Goals for 1976-77: 

1. To publish the report, "Characteristics of certain soils at the 
Provincial Tree Nursery, Oliver, Alberta". 

2. To terminate the study. 

13. Accomplishments in 1976-77: 

1. This goal was transferred to NOR-10-135. 

2. The study was terminated. 

14. Goals for 1977-78: 

Nil. 

15. Publications: 

Nil. 

16. Signatures: 

Investigator 

Director G. T. Silver 
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NOR-IO-117 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 1978 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 27, 1977 

1. Project: Improved regeneration methods for commercial tree species. 

2. Title: Seedling root regeneration. 

3. New: Cont. : 4. No.: NOR-lO-137 

5. Study Leader: L.W. Carlson 

6. Key Words: root regeneration potential (RRP), conifers, Pinu8~ Picea~ 
seedling storage, seedling survival. 

7. Location of Work: Northern Forest Research Centre, Edmonton; Bow 
Crow Forest; Slave Lake Forest, Grande Prairie 
Forest; Alberta. 

8. Problem: 

Nature of Study: 

Survival of conifer seedlings in outplantings in the pra1r1e region 
forests has been the subject of considerable concern. After extensive 
surveys it is suggested that poor survival is primarily due to poor 
operational procedures. In most cases the conditions of presently 
produced seedlings is such that there should not be any cause for 
concern if proper field operational procedures are followed. Control 
over field operations, however, is not within the scope of the present 
CFS research program. The above statement of seedling quality does 
not mean there is not any room for their biological improvement. It 
has been stated that we still do not know the limits of seedling growth 
and that more background research is needed if we are going to press 
those limits (Larson, Proceedings of the North American containerized 
Forest Tree Seedling Symposium). This type of research is included in 
the scope of the CFS program. 
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One such physiological process in conifer seedlings that requires 
better understanding is root regeneration. This process is singled 
out over others because it has a direct effect on seedling survival 
after outplanting (Stone and Schubert, J. For. 57:837-841). 

Environmental factors affecting root regeneration of conifer seedlings 
have been studied and shown to be both nursery related and planting 
site related (Krugman and Stone, For. Sci. 12:451-459; Stone and 
Jenkinson, For. Sci. 16:230-239). However nursery conditions had the 
more profound effects. These and other studies have also shown that 
root regeneration of conifers is periodic and that the greatest poten
tial (root regeneration potential-RRP) for root growth occurs just 
prior to budbreak in the spring when the shoot is dormant. 

Survival of bare root stock from the pralrle region nurseries usually 
does not become a problem as planting occurs in the spring before 
budbreak. However some fall plantings occurs and success is variable 
depending on the time of seedling lifting (Krugman and Stone point 
out the effect of cold night exposure on RRP, which could explain the 
variable results. 

The situation where bare root stock was used almost exclusively is 
rapidly changing with the heavy commitment to use containerized seed
lings. The use of these seedlings has extended the planting period 
to include the entire summer. Growing conifer seedlings in containers 
on a year around basis does not allow for normal seasonal development 
(i.e. natural photoperiod, cold night exposure, etc.). These factors 
are needed to produce buds and "deep rest" (it is the period just prior 
to breaking dormancy of buds when the RRP is highest). Regardless of 
the time of year that seedlings are planted they should be in a physio
logical state similar to the onset of budbreak for the best root growth 
to occur. This can be attained by regulating the environment to bring 
the seedlings into dormancy, but requires an elaborate physical plant 
where millions of seedlings are concerned. Another approach is to apply 
erogenous hormones to the seedlings that would leave them in the desired 
physiological state. Knowledge of the latter technique is vague, but 
offers the most efficient method of handling containerized seedlings. 
To utilize this technique more of the basic physiology of root regenera
tion should be investigated. 

Survival of conifer seedlings is related to rapid root regeneration 
after outplanting. The quality of root regeneration at any particular 
point in time can be measured and to some extent predicted (Stone and 
Jenkinson, For. Sci. 16:230-239). This process is time consuming and 
in its present state of development limited in scope. To become an 
effective tool in improving and monitoring conifer seedling quality 
the measure of root regeneration potential (RRP) has to be clearly 
defined and evaluation techniques have to be improved. 
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9. Study Objectives: 

1. To determine if white spruce and lodgepole pine seedlings 
demonstrate periodicity to root development. 

2. To develop rapid methods for testing the RRP of conifers. 

3. To determine the physiological nature of root regeneration. 

4. To develop methods of applying results for improving container
ized seedling culture. 

10. Resources: 

a. Starting date: 1973 
b. Estimated year of completion: 1976 Revised: 1978 
c. Estimated total Prof. man-years required: 0.6 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years 'Prof. 0.2 (Carlson) 

Supp. 0.2 (Wambold) 
Casual 0.0 
Total 0.4 

11. Progress to Date: 

Accomplishments were continued on A-Rest, ABA and Phosphon D and 
results confirmed previous data (1975-76). A new chemical known to 
induce dormancy in conifers, Ethephon, was tested several times on 
both white spruce and lodgepole pine without any positive effect. 

Periodicity of root growth of conifers, whether in their 1st or 2nd 
year of growth, was similar to patterns observed in previous years. 
The periodic response, seen more clearly be comparing shoot/root 
rations, lasts from 1-2 weeks normally with an occasional 3 week 
response. It has been suggested that dry weight measurements of 
growth are questionable that tests for total proteins would be more 
sensitive and quicker. 

Extensive data has been collected on the root area index (RAI) however 
it has not yet been related to seedling performance in the field. The 
data collected is being compared to other seedling characteristics 
such as root drywt. The use of the rhizom~ter in measuring the RAI 
has been proven reliable and adds another parameter in the description 
of a seedling. Seedling performance however is a subject of another 
study in NOR-IO (NOR-lO-156) and the RAI effect will be considered at 
some time in that study. 
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12. Goals for 1976-77: 

1. To continue research on the effect of dwarfing agents (growth 
regulators) on root and shoot growth of conifer seedlings. 

2. To publish a report on the effect of dwarfing agents on conifer 
seedling growth. 

3. To evaluate root area index (RAI), as measured by rhizometer, 
as a tool for predicting seedling behaviour. 

4. To publish a report on "Root growth of conifer seedlings grown 
under varying light conditions" in Bi-Monthly. 

5. To publish a report on the effect of defoliation on RRP of 
conifers in the Bi-Monthly. 

6. To determine if the rhizometer can be used to accurately measure 
the total surface area of conifer needles. This will aid in 
studies relating photosynthesis to root regeneration, (i.e. C02 
uptake/unit surface are); also relate transpiration to root 
regeneration and seedling survival. 

13. Accomplishments in 1976-77: 

1. Tests were continued on A-Rest, ABA and Phosphon D and results 
confirmed previous data (1975-76). A new chemical known to 
induce dormancy in conifers, Ethephon, was tested several times 
on both white spruce and lodgepole pine without any positive 
effect. 

2. Due to further testing of the dwarfing agents, note in goal #1 
this report has been delayed. At the present time all data is 
being compiled and the first draft is being prepared. 

3. Extensive data has been collected on the root area index (RAI) 
however it has not yet been related to seedling performance in 
the field. The data collected is being compared to other seed
ling characteristics such as root dry wt. The use of the 
rhizometer in measuring the RAI has been proven reliable and 
adds another parameter in the description of a seedling. Seed
ling performance however is a subject of another study in NOR-lO 
(NOR-lO-156) and the RAI effect will be considered at some time 
in that study. 

4. Reported and published. 

5. Reported and published. 
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6. The rhizometer has been shown to accurately measure the surface 
area of pine needles with a correlation coef. of over 0.90 (90%) 
and needles of douglas fir (0.99). 

Data on white spruce has not been complete as the correlating 
techniq~e (coating with glass beads) required more attention 
than with pine or fir. Correlations with spruce varied from 
0.60-0.92. Further testing with new bead coating techniques 
should stabilize the corr. coef. 

14. Goals for 1977-78: 

1. To publish a report on the effect of dwarfing agents on conifer 
seedling growth. 

2. To continue to evaluate RAI as a descriptive parameter and 
report on its relation to other seedling characters. 

3. To collect final data on the surface area of spruce needles 
using the rhizometer. 

4. To publish a report on the use of the rhizometer for determining 
conifer needle surface area. 

5. To terminate the study. 

15. Publications: 

Up to 1976-77 

Nil 

1976-77 

Carlson, L.W. 1976. Root initiation of lodgepole pine and white 
spruce seedlings grown under varying light conditions. 
Environ. Can., Can. For. Serv., Bi-mon. Res. Notes 
32(9):21-22. 

Carlson, L.W. 1976 The effect of defoliation on conifer seedling 
root initiation. Environ. Can., Can. For. Serv., Bi-mon. 
Res. Notes. In Press. 

16. Signatures: 

I! 

i~kk:J~/ 
It r 

Gt.(~ 
Investigator 

Director G. T. Silver 



NOR-10-152 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 27, 1977 

1. Project: Improved regeneration methods for commercial forest species. 

2. Title: A reconnaissance to determine the stocking status of high 
quality sites in eastern Saskatchewan. 

3. New: Cont.: X 4. No.: NOR-10-152 
(Formerly NOR-10-988) 

5. Study Leader: J. Ball 

6. Key Words: Silviculture, white spruce, aspen, cutovers, burns, B18a, 
B15, Canada Land Inventory. 

7. Location of Work: C.L.R. Forestry site classes two, three and four 
located mainly in the mixedwood sections of the 
B18a in eastern Saskatchewan. 

8. :Problem: 
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Concern has been expressed over the future of wood supplied in eastern 
Saskatchewan where there are said to be thousands of acres of highly 
productive sites which have been degraded to scrub and brush1and through 
a history of "selective" logging and repeated burns. 

This problem of low productivity on hi~h sites following disturbance 
is fairly common in the B18a where the incapability of white spruce to 
regenerate itself adequately and establish well stocked stands is a 
generally recognized fact. 

The :Pas quia Hills and Hudson Bay areas have consistently produced large 
timber (indicative of high sites) for over half a century. The forest 
industry in this area is expanding rapidly and the resource base of 
good quality timber is shrinking. Economically, it is advisable to 
return currently unproductive good quality sites to full production 
with site classification and accessibility determining priority of 
reforestation attempts. 
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Representatives from the various local industries and the provincial 
government through the Saskatchewan Regional Advisory Committee have 
asked for a study to determine the magnitude of poor stocking problems 
on highly capable sites. If the assessment indicates a need, this 
study will provide the information base required for design of R&D 
program to return the land to a productive state. 

9. Study Objectives: 

1. To obtain a stocking and status estimate of highly productive 
forest sites in eastern Saskatchewan. 

2. To make this fundamental data available for forest land management. 

10. Resources: 

a. Starting date: 1975 
b. Estimated year of completion: 1978 
c. Estimated total Prof. man-years required: 1.0 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.0 

Supp. 0.0 
Casual 0.0 
Total 0.0 

11. Progress to Date: 

Highly productive sites (Canada Land Inventory Site Classes two, 
three and four) situated in the Pasquia Hills, Hudson Bay, Pas, 
Swan Lake and Duck mountain map sheets were located on C.L.I. maps 
of Saskatchewan. High site areas in the Hudson Bay Block were 
transferred from C.L.I. maps (at 1:50,000) to Saskatchewan cover 
type maps (at 1:15,840). A pilot survey of the Hudson Bay Block 
was designed and carried out involving double sampling with regression. 
It is described in a file report "Assessing softwood regeneration from 
air using three stage colour photography". 

12. Goals for 1976-77: 

1. To fly additional strips in typical problem townships using a radar 
altimeter to prov~,de scale. 

2. To carry out a field survey to provide: 

a) scale 
b} ground truth 
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3. To obtain a reconnaissance (~st imate of softwood stocking for 
the Hudson Bay Block using large scale colour photography. 

4. To present these data in a submission to the Forestry Chronicle 
jointly authored with C.L. Kirby. 

13. Accomplishments in 1976-77: 

1. Nine flight strips were flown through fifty 
spring while deciduous trees were leafless. 
was excellent, however, the radar altimeter 
scale was not obtained on the photos. 

townships in early 
Quality of imagery 

did not function so 

2. Eight flight strips were ground truthed in several locations to 
provide scale and to determine the precision of photo interpreta
tion of percent stocking at the reduced scale. This is an added 
accomplishment. 

3. The reconnaissance estimate is not fully completed. 

4. The 1975 file report was revised into another draft report 
entitled "A closer look at the forest with large scale colour 
photography" and forwarded to Chuck Kirby. 

14. Goals for 1977-78: 

1. To terminate study and transfer goals to NOR-17-ll3. 

15. Publications: 

Up to 1976-77 

Nil. 

1976-77 

File Report. 1976. A closer look at the forest with large scale 
colour photography. 

16. Signatures: 

Prqgratl). Manager 
'/j'/ 

Director G. T. Silver 
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NOR-lO-ISS 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHEru~ FOREST RESEARCH CENTRE 

Date: January 27, 1977 

1. Project: Improved regeneration methods for commercial forest species. 

2. Title: Storage of winter reared containerized conifer seedlings. 

3. New: X Cont. 4. No.: NOR-lO-lSS 

5. Study Leader: H. Zalasky 

6. Key Words: Winter storage, winter rearing, Pinus sp., Picea sp., 
container seedlings, dormancy. 

7. Location of Work: Northern Forest Research Centre, Edmonton 

8. Problem: 

The increased demand for conifer seedlings for reforestation has led 
to the rearing (or demand for rearing) of containerized seedlings 
throughout the year. Seedlings reared in late SUJllli1er or through the 
winter months present a problem of storage if they are to be used 
during the following planting season. At present there are limited 
methods for storing these seedlings during the cold northern latitude 
winter months. Indoor storage space is linited and expensive, there
fore an economically and efficient outdoor method is required. 

Outside storage of containerized seedlings that were sufficiently 
hardened-off before the onset of winter has been carried on for a 
number of years with variable success. Depending on the snow cover 
and the winter conditions the seedlings have been subject to frost 
injury and dessication or have come through without injury. The 
problem faced with late summer and winter reared material is that 
natural protection of snow is not readily available, nor are the 
seedlings in the proper physiological state to enter a winter storage 
period. Regulating outside winter storage of containerized conifer 
seedlings is therefore important in insuring that more seedlings 
will be available for reforestation. Such a progran should then 
provide 1) flexibility and safer storage of seedlings; 2) ease of 
handling of containerized seedlings; 3) an increased capacity for 
seedling production; and 4) protection against frost injury and 
dessication. 
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Plan of attack: 

1. Development of methods for winter storage of containerized 
seedlings: 

1. Use of cold storage facilities (i.e. root cellars) 

2. Use of artificial covers to protect seedlings 

- polystyrene 
- artificial snow 
- plastics 
- straw, etc. 

3. Develop special storage methods to save space. 

2. Determine the length of time for initiation to complete dormancy. 

3. Manipulate the container system to bring about dormancy. 

1. Regulate photoperiod 

2. Regulate greenhouse climatic conditions to approximate 
onset of fall and winter. 

3. Possible use of physical and chemical stimuli to bring on 
dormancy (i.e. increases in lAA conc.). 

9. Study Objectives: 

1. To develop a method for winter storage of containerized conifer 
seedlings. 

2. To develop a method to bring about dormancy in winter grown 
containerized conifer seedlings. 

10. Resources: 

a. Starting date: 1976 
b. Estimated year of completion: 1981 
c. Estimated total Prof. man-years required: 3.0 
d. Essential new major equipment items for 1977-78 with costs: 

e. Essential new major equipment items beyond 1978 with cost: unknown 
f. 1977-78 man years Prof. 0.5 

Supp. 0.5 
Casual 
Total 1.0 

11. Progress to Date: 

Nil. New study. 
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12. Goals for 1976-77: 

1. To begin tests on artificial covers to winter stored containerized 
seedlings. 

2. To determine the speed at which dormancy occurs. 

3. To determine if dormancy can be measured with an oscilloscope 
and/or a scanning electron microscope. 

13. Accomplishments in 1976-77: 

1. Five replicates of pine and spruce containerized seedlings have 
been set out November to January for winter storage. Several 
cover treatments have been replicated. Precipitation, temperature 
and wind recorders were installed to provide information on the 
cumulative amount and loss of snow cover. 

2. Pine seedlings attained dormancy within 23 weeks after germina
tion. Spruce seedlings were not dormant at this time interval 
because of indeterminate growth. 

3. The oscilloscope could not be used on small seedlings because of 
insufficient height growth and diameter increment. The scanning 
electron microscope was used instead of the oscilloscope. 

14. Goals for 1977-78: 

1. To select the most prom1s1ng covers or treatments for winter 
stored seedlings, i.~. Artificial covers could be more reliable 
where winter conditions permit frequent loss of snow. 

2. To measure and record weather factors that interfere with snow 
cover. Helps to account for seedling damage in roots and tops. 

3. To determine with the scanning electron microscope the variations 
in embryos and bud primordia. Variations in embryos due to 
unsatisfactory seed set could affect bud development in controls 
and treatment. 

4. To characterize the phenology and condition of seedlings before 
and after overwintering because of late flushing, slow growth 
and lammassing problems that often ensue. 

5. Complete publication of Septoria canker and leaf spot in test 
seedlings of native species of poplar (NOR-8-044). 
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15. Publications: 

Up to 1976-77 

Nil 

1976-77 

Nil 

16. Si~natures: 

Director G.T. Silver 



NOR-lO-156 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977-78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 27, 1977 

1. Project: Improved regeneration methods for commercial forest species. 

2. Title: Preplanting conditioning of containerized conifer seedlings 
and field performance. 

3. New: X Cont. : 4. No.: NOR-lO-156 

5. Study Leader: H. Zalasky 

6. Key Words: container seedlings, field performance, growth survival, 
pre-plant conditioning. 

7. Location of Work: Northern Forest Research Centre, Edmonton and 
Northern Forest Research Centre, Winnipeg 

8. Problem: 

Results of research into the development of the container planting 
system of regenerating forest land, initiated in the early sixties, 
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has been generally encouraging (North American Containerized Tree 
Seedling Symposium, Denver, 1974). The system is now in use by all 
provincial forest management agencies and a number of forest industries 
in the region, and is providing strong competition to the more tradi
tional bare-root planting methods. 

In the research conducted to date very little effort has gone into 
determining the negative or positive effects of accelerated growth, 
and other rearing practices on field performance of the seedlings. 
Identification of those effects will provide a better biological 
basis for the design of rearing and planting schedules that will 
allow utilization of the full potential of the container planting 
system. 

Presumably, containerized seedlings should have morphological develop
ment and ecological stability similar to that of natural seedlings. 
They would then be ready to adapt to seasonal growth patterns imposed 
by the field environment and deviate from them as little as possible 
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even though nature may at times be harsh. Control experiments have 
to be designed to find how stock conditioning influences performance 
in the field. The aspects of preplanting conditioning that can be 
assessed include: 1) light regimes and means of attaining prescribed 
light regimes, 2) temperature regimes, 3) nutrient regimes, 4) prac
tices utilized to "harden-off", "toughen" or otherwise condition the 
seedling before planting, 5) chemical treatments utilized to adjust 
seedling morphology and growth patterns. 

In addition, seedling condition as determined by rearing practices 
must presumably be matched to the field environment to achieve the 
best possible field performance. The main aspects of the field 
environment that can be assessed are microclimate as influenced by 
location and site condition, and season of planting. 

Any effort to relate preplant condition to field performance will 
have to consider some of the transitional stages of conifer seedlings. 
This is all the more important when nursery practice thus far places 
emphasis on continuous growth arrested artifically. Arrested growth 
leaves the shoots at the soft stage of tissue and organ development. 
To understand the silvicultural implications of this practice, the 
basic morphological phases of seedling development in conifers should 
be reviewed. 

During growth, conifer seedlings go through 3 phases of morphological 
development 1) plumule phase; 2) soft-bud phase; 3) hard-bud phase. 
Plumule phase lasts 2 to 3 wk after germination and is terminated with 
an epicotyl above the cotyledon. The soft seedling phase is a period 
of slow growth which may last 2 to 10 years depending upon the condi
tions of the microclimate, especially temperature. These seedlings 
characteristically lack branching or have an intermittent cambial 
activity (growth periods alternating with rest). The latter results 
in atypical, late growth patterns, suppressed apical dominance and 
subapical etiolation. Shoots with intermittent growth have primary 
and secondary needles and specific bud features. The central root 
tip discontinues growth early and develops adventitious and lateral 
roots. In current practice, it appears that the majority of contain
erized plants are in this phase when planted. Plants terminate this 
transitional phase randomly, accelerate their shoot growth and develop 
a hard-bud phase. Thereafter, plants form a whorl of internodal
branches in a regular annual pattern. 

The preplanting seedlings must be characterized for seedling develop
ment of buds, needles, shoots and roots. Daily examination of seed 
germinants and seedlings should identify any abnormalities whether 
caused by conditioning treatment or by damage during seed set. Chill
ing is the last conditioning treatment. Observations for damage are 
then recorded before plants are sent to the field. Similar charac
terization is also made after planting and first year's establishment 
because of idigenous frost damage and ensuing changes in form and 
height, in organ and tissue morphogenesis, . and in growth patterns. 
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Late summer leaders resulting from intermittent cambial activity are 
susceptible to frost injury and subsequently to forking, mu1tistem 
formation, dieback, and cankers. Discolored areaS in the bark that 
are bridged by frost ribs and frost burls are also noted. These 
anomalies which have been fully described (Za1asky 1972-1975) may be 
measured visually or with the aid of the ,oscilloscope. Such data 
may be useful in both characterization and in statistical analysis 
of seedling performance in the field. The techniques can be applied 
also to damage by tolerable and non-tolerable levels of chemicals 
applied to conditioned seedlings. 

Plan of attack: 

1. First year 1976-77 

1. Select site for field studies in Alberta. 

2. Obtain containerized material from each production run at 
Oliver and Hinton. 

- two species at each nursery 
- complete histories obtained, plus physical data 

NFRC container material from rearing study also to be used: 
lodgepole pine 

3. Plant seedlings into site on 2 planting dates. 

4. Observe and collect data on field performance. 

- could extend over 3 years 

2. Second year 1977-78 

1. Use same site as in 1976-77 

2. Seedlings prepared by NFRC for experimental work will be 
used. 

i 

- experimental design and treatments to be determined at end 
of first year data collection 1976-77 

3. Plant seedlings into site. 

4. Observe and collect data as before. 
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3. Third year 1978-79 

Swme as second year 1977-78 

- vary rearing regimes at NFRC as needed to elucidate field 
performance 

9. Study Objectives: 

To determine what types of preplanting conditioning have significant 
effects on conifer seedling field performance. 

10. Resources: 

a. Starting date: 1976 
b. Estimated year of completion: 1980 
c. Estimated total Prof. man-years required: 2.5 
d. Essential new major equipment items for 1977-78 with costs: 

e. 
f. 

Essential new major equipment items beyond 1978 with costs: 
1977-78 man years Prof. 0.5 

11. Progress to Date: 

N.A. - New Study 

12. Goals for 1976-77: 

Supp. 0.5 (Mueller) 
Casual 
Total 1.0 

1. To select a site in Alberta to carry out field performance 
studies. 

2. To obtain and plant out containerized material from Oliver, 
Hinton and N.F.R:C. 

3. To design a controlled rearing-field performance experiment 
to test the effect of specific rearing practices on seedling 
performance. 

13. Accomplishments in 1976-77: 

1. A site was selected 45 miles south of Grande Prairie on Proctor 
and Gamble lease. Two plots were staked out on the site. Plot 
No. 1 has clay loam soil with impeded drainage and is protected 
by stands on three sides. Plot No. 2 has well drained clay soil 
and is exposed to the elements. Precipitation and temperature 
recorders were installed on both plots for microclimatic study. 
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2. Containerized pine and spruce seedlings were obtained from 
Oliver, Hinton and N.F.R.C. for a preliminary test in 1976. 
Oliver and Hihton seedlings were the oldest and alike in 
stage of development except for residual TOK effect on Hinton 
seedlings. Data on field performance were collected from 
June to October inclusively. 

3. Goal three requires all seedlings to be N.F.R.C. produced 
and characterized. Data from the 1976 pilot field study 
are being applied for a design of a controlled rearing
field performance experiment in 1977 to test the effect of 
specific rearing practices on seedling performance. Changes 
have to be made in the age of N.F.R.C. seedlings and photo 
period to meet proper requirements for the Grande Prairie 
site. 

14. Goals for 1977-78: 

15. 

16. 

1. To design field experiments for '77/'78. 

2. To clarify the unduly prolonged indeterminate growth habit of 
seedlings because of frost damage problem in autumn. 

3. To characterize seedlings before and after field planting in 
order that we can advise what kind of seedling is required 
to perform best under certain site conditions. 

4. Prepare manuscript on TOK effect. 

5. Prepare manuscript on frost and frost'heaving problems in 
pine and spruce seedlings. 

Publications: 

Up to 1976-77 

Nil 

1976-77 

Nil 

Sisnatures: 
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PROJECT NOR-12 

Genetic improvement of commercial 
forest species. 
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NOR-12-050 

CANADIAN FORESTRY SERVICE 

STUDY STATEHENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: April IS, 1977 

1. Project: Genetic improvement of commercial forest species. 

2. Title: Provenance tests for coniferous species. 

3. New: 

Experiment a. (Formerly MS 187) Provenance experiments with 
the white spruces of Manitoba and Saskatchewan. 

Experiment b. (Formerly MS 089) Red pine (Pinus resinosa) 
provenance experiment. 

Experiment c. (Formerly MS 088) Scots pine (Pinus sylvestris) 
provenance experiment. 

Experiment d. (Formerly MS 234) A test of twelve Norway 
spruce provenances from northern Europe and 
Siberia--Riding Mountain Research Area. 

Experiment e. (Formerly MS 019) All-range jack pine 
provenance experiment, Manitoba-Saskatchewan 
sub-experiment. 

Experiment f. (New) Geographic variation in black spruce. 
Northern Region component. 

Cont. : x 4. No.: NOR-12-0S0 

S. Study Leader: J.I. Klein 

6. Key Words: Geographic variation, seed sources, seed zones, Alberta, 
Manitoba, Saskatchewan, exotic species, Picea abies, 
Picea glauca, Picea mariana, Pinus banksiana, Pinus 
resinosa, Pinus sylvestris. 

7. Location of Work: Wasagaming, Vassar, Piney, Mafeking, Sundown'and 
Carberry, Manitoba; Holbein, Indian Head, and 
P.A. Pulp Camp 6, Saskatchewan; Reno, Alberta. 

8. Problem: 

This study comprises provenance experiments with six conifer species. 
Five are sub-experiments of cooperative investigations initiated 
by Petawawa Forest Experiment Station. The white spruce experiment 
was undertaken by the District Forest Officer stationed in Winnipeg. 
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Each experiment involves establishment of plantations containing 
populations of varying geographic origin, and comparison of 
performance among populations over an extended number of years. 

Application of the results of this experiment is expected to lead 
to improved productivity of forest plantations, in consequence of 
increasing genetic suitability of seed source. All of the component 
experiments are capable of yielding some progress toward this goal. 
None is capable of disposing of the provenance question as a 
research problem for an important plantation species in this Region. 

Operational application of the results will depend upon their 
inherent practical value, and on availability of seed from the 
desired sources. Interest of provincial foresters in using 
improved seed seems assured. Prospects for practical application 
appear relatively good for the Scots pine experiment, but immediately 
available seed is limited to that produced in the test plantations. 
Probable usefulness of the white spruce and red pine experiments 
is limited by the small number of provenances tested in relation 
to their geographic range. The jack pine and black spruce 
experiments are likely to offer greater practical benefits east 
of this Region. Early growth in the Norway spruce test appears 
to offer little promise of immediate practical usefulness, but 
this prospect may improve in the years to come. 

All six experiments share the familiar general procedure for 
provenance testing. Planting stock is grown from seed of known 
and varying geographic origin. Seed is usually collected from 
several to many trees of each source population. Replicated 
plantations are established in one or more locations. The 
experimental unit is a plot containing some number of trees from 
one source. Performance of the trees from each source is observed 
and scored periodically for as long as the test is deemed worthy 
of maintenance. Inferences are drawn from the performance scores, 
about expected performance of trees that might be grown from 
seed originating in some area about the tested provenances, when 
planted on sites similar to the experimental plantation site. 

9. Study Objectives: 

1. To screen populations of conifer species for possible usefulness 
for planting in various areas within the Northern Region. 

2. To obtain an indication of the probable usefulness of further 
provenance testing or similar research with the species under 
trial and to guide the planning of such research. 

3. To obtain information on patterns of geographic variation in 
the species under trial. 

4. To identify adapted genotypes among the introduced populations 
for further breeding use. 
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10. Resaurces: 

a. Starting date: white spruce: 1955, red pine: 1958, 
Scots pine: 196O, Norway spruce: 1960, jack pine: 1968, 
black spruce: 1971. 

b. Estimated year of completion: indefinite and various. 
c. Estimated total Prof. man-years required: 9.0 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.3 J. Klein 

Supp. 0.3 A. Nanka 
Total 0.6 

11. Progress to Date: 

White spruce 

In May, 1959 a plantation was established near Wasagarning, Manitoba, 
with transplants of 14 Ontario and Quebec populations, plus one 
each from Manitoba and Saskatchewan. Ontario and Quebec stock 
had been sown at Petawawa Forest Experiment Station. All planting 
stock except for the Saskatchewan population had been lined out, 
without replication, at the Riding Mountain National Park nursery 
since spring, 1956. The plantation is in random block design 
with 4 replicates and 49-tree square plots. Transplants of 13 
Manitoba and Saskatchewan populations plus one Ontario population 
were planted near Wasagarning in September, 1959. Several provenances 
were represented by one single-tree progeny. Plantations lacking 
three of the western populations were established near Big River, 
Saskatchewan and Vassar, Manitoba in September and October, 1959. 
Planting stock production for the three latter plantations was 
carried out in nurseries near the respective planting sites in 
unreplicated plots. Each of these three plantations has three 
replicates with 25-tree square plots. The Big River plantation is 
spaced 4 x 4 feet, the others 6 x 6 feet. Dead seedlings were 
replaced in the western origin plantations in 1960. Chemical and 
mechanical weed control was done in som~ ye?rs. 

Height measur~ments, morphological descriptions, and phenology 
were recorded during the nursery phase for all populations. Survival 
and condition for all plantations were reco~ded in 1960. Height, 
survival, and condition were recorded for all plantations in 1961. 
The Big River plantation was remeasured in 1965, then written off 
in 1973 owing to severe browsing. The Wasagaming plantations were 
remeasured in 1966, 1970, and 1976, and the Vassar plantation in 
1976. 

Red pine 

A plantation was established near Piney, Manitoba, in May, 1958, 
with four-year-old transplants produced at Petawawa Forest Experiment 
Station. Nine populations from Ontario, Quebec, Michigan, New 
Brunswick and Nova Scotia were arranged in five randomized blocks, 
with 49-tree square plots at 4 x 4 foot spacing. Red pine of local 
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orIgIn was planted in single rows between plots, and in two rows 
surrounding the planting. The plantation has been measured three 
times, most recently in June, 1973. 

Scots pine 

Planting of this test was accomplished in May, 1960, near Carberry 
and Piney, Manitoba. The three-year-old transplants (2+1) were 
produced at Petawawa Forest Experiment Station. The plantations 
contain 10 populations from the U.S.S.R. and one from Finland. A 
four-replicate, randomized block design was used, with 49-tree 
square plots at 6 x 6 foot spacing. Scots pine transplants (2+2) 
grown from Manitoba seed collections of unknown origin were planted 
in single rows between plots and as a two-row surround. The two 
Manitoba plantations, plus two plantations in Saskatchewan of the 
same age and having the same populations, were measured in September 
1974. Height and diameter were measured in all four plantations. 
Stem defects, insect attacks, and cone production were scored as 
warranted. The Saskatchewan plantations are located near Holbein 
and Indian Head. 

Norway spruce 

Three-year-old transplants of 12 populations were received from 
Petawawa Forest Experiment Station in May, 1960, and lined out 
promptly in the Riding Mountain National Park nursery near Wasaga
mingo Seven of the populations were of U.S.S.R. or Poland prove
nance, three from Swed~sh stands of German origin, and two were 
collections from adapted trees at Petawawa. In May, 1962, 400 
trees of each population were planted without replication near 
Wasagaming. In May, 1963, a plantation was established in the same 
locality, using trees left in the nursery from the 1962 plantation, 
supplemented with trees of two populations supplied by Petawawa 
Forest Experiment Station. The 1963 plantation is in random block 
design with eight replicates and 9-tree square plots at 8 x 8 foot 
spacing. Two rows of planted white spruce form an outer perimeter 
for each portion of the 1963 plantation. The 1963 plantation has 
been measured five times, most recently in September, 1976. The 
1962 plantation was examined in October, 1973, for assessment of 
its possible usefulness as a source of hardy breeding material. 

Jack pine 

Seed of 81 populations of range-wide provenance was sown at Birds 
Hill Research Nursery near Oakbank, Manitoba in 1969. Seedlings 
from two spring-sown replicates were planted near Sundown, Manitoba 
in May, 1972. Seedlings from the two fall-sown replicates were 
planted near Smeaton, Saskatchewan in June, 1972. The Smeaton 
plantation was unsuccessful, for reasons not readily apparent. 
The Sundown plantation has 5 replicates in lattice-square design, 
4-tree row plots, at a spacing of 6 x 6 feet. Survival and 
condition of the planted seedlings at Sundown were recorded in 
June, 1973, and 5-yr height in September, 1976. 
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Black spruce 

Selected black spruce populations of range-wide orlgln were planted 
in spring 1975 on prepared sites in Alberta, Saskatchewan, and Mani
toba. The Alberta plantation, near Reno, has 30 populations mainly 
from the northwestern portion of the range, in rectangular lattice 
design with 3 replicates. The Saskatchewan and Manitoba plantations 
have 49 populations in lattice-square design with 4 replicates each. 
The Saskatchewan plantation is north of Nipawin Provincial Park. 
The Manitoba plantation, with fewer northern and more eastern popula
tions, has 3 replicates west of Mafeking at about 700 m elevation, 
and 1 replicate north of Mafeking at 300 m. All plantations have 
9-tree square plots, at a nominal spacing of 1.8 m. 

Most of the planted trees were grown in extruded peat cylinders in 
1972, then lined out at the Alberta Provincial Tree Nursery near 
Edmonton in May 1973, and lifted in November 1974. Other trees were 
sown at the nursery in 1971 and lifted November 1974, or reared 
entirely in containers. The rearing history of each seedling is 
entered as a code number on the permanent performance record form 
for the experiment. 

Survival and initial height were recorded in all three plantations 
during or after the 1975 growing season. 

12. Goals for 1976-77: 

White spruce 
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Goal added: Measure the plantations near Wasagaming and Vassar, Manitoba. 

Red pine 

Prepare an Information Report entitled "Growth of Red Pine Populations 
in Manitoba", based on the 1973 measurement, and assess the value of 
further maintenance of this experiment. 

Scots pine 

Nil. 

Norway spruce 

Publish an Information Report entitled "Growth and Survival of Norway 
Spruce Populations in Manitoba 10 Years after Planting". 

Jack pine 

Measure the plantation near Sundown, Manitoba, following the fifth 
growing season from planting. 
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Black spruce 

1. Plant substitute population in Alberta and Saskatchewan plantations. 

2. Place marker posts around the Saskatchewan plantation. 

3. Draft a file report entitled "Establishment of Black Spruce 
Provenance Test Plantations in Alberta, Saskatchewan, and 
Manitoba". 

4. Goal added: Carry out weed control in test plantations as required. 

13. Accomplishments in 1976-77: 

White spruce 

The plantations near Wasagaming and Vassar were measured. 

Red pine 

Information Report NOR-X-155 was published, entitled "Survival and 
Growth of Red Pine Populations in Manitoba 15 years After Planting". 

Scots pine 

Nil. 

Norway spruce 

Information Report NOR-X-179, entitled "Survival and Growth of Norway 
Spruce Populations in Manitoba 14 years After Planting" has been 
accepted for publication and is now at printing. This report is based 
on 1976 measurements. 

Jack pine 

The plantation near Sundown, Manitoba was measured after the fifth 
growing season from planting. 

Black spruce 

1. A substitute population was planted in the Alberta and Saskatchewan 
plantations. 

2. Temporary marker posts were placed around the Saskatchewan planta
tion and the other plantations as well. Permanent marker posts 
have been acquired, and arrangements made to have a message printed 
on the posts. 

3. A file report entitled "Establishment of black spruce provenance 
test plantations in Alberta, Saskatchewan and Hanitoba, 1979", was 
not drafted owing to insufficient time. 

4. Weed control was carried out in part of the Manitob~ plantation 
where competition was especially severe. 

This project consumed 0.29 professional man-years in 1976. 
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Goals for 1977-78: 

White spruce 

Nil. 

Red pine 

Nil. 

Scots pine 

Nil. 

Norway spruce 

Nil. 

Jack pine 

Nil. 

Black spruce 

1. Place marker posts around the Saskatchewan and Manitoba 
plantations. 

2. Carry out weed control as required in all plantations. 

3. Draft a file report entitled "Establishment of Black Spruce 
Provenance Test Plantations in Alberta, Saskatchewan and 
Manitoba, 1975". 

15. Publications: 

Up to 1976-77 

Haig, R.A. 1963. Project MS-234. A test of twelve Norway spruce 
provenances from northern Europe and Siberia--Riding 
Mountain Research Area. Canada, Dept. of Forestry, 
Forest Res. Br. Estab. Rep. 63-MS-20. 5 pp. + App. 

Klein, J.I. 1971. Performance of Russian Scots pine populations 
in Manitoba and Ontario. Canada, Dept. of the Environ
ment, Canadian Forestry Servo Inf. Rep. NOR-X-2. 12 pp. 

Klein, J.I. 1975. Establishment of a jack pine provenance experiment 
plantation in southeastern Manitoba, 1972. Can. Dept. 
Environ., For. Serv., North. For. Res. Cent. File Rep. 
NOR-050. 18 pp. 
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Roller, K.J. 1967. Tree improvement in the Manitoba-Saskatchewan 
Region. Proc. 10th Meet. Comm. Forest Tree Breed. 
Can., Vancouver, B.C., Sept. 1966. Part 2:123-143. 

Roller, K.J. 1968. Mortality and height growth of red pine prove
nances in Manitoba. Bi-monthly Res. Notes 24(4):34-35. 

Roller, K.J. 1971. Survival and height growth of Norway spruce 
in central Manitoba. Bi-monthly Res. Notes 27(4):28. 

Roller, K.J. 1971. Provenance trial with white spruce of different 
seed sources in central Manitoba. Proc. 13th Meet. 
Comm. Forest Tree Breed. Can., Prince George, B.C., 
Aug. 1971. Part 1:97-100. 

Waldron, R.M. 1960. Provenance experiments with the white spruce 
of Manitoba and Saskatchewan. Canada, Dept. of Northern 
Aff. and National Resources, Forestry Br., Forest Res. 
Div. Progress Rep. 4 pp. 

Waldron, R.M. 1963. Provenance experiments with the white spruce 
of Manitoba and Saskatchewan. Canada, Dept. of Forestry, 
Forest Res. Br. Progress Rep. 63-MS-IO. 3 pp. 

Wheaton, M.P.H. 1960. Provenance experiments with the white spruce 
of Manitoba and Saskatchewan. Canada, Dept. of Northern 
Aff. and National Resources, Forestry Br., Forest Res. 
Div. Progress Rep. 28 pp. 

1976-77 

Klein, J.I. 1976. Survival and growth of red pine populations in 
Manitoba 15 years after planting. Environ. Can., Environ. 
Manage. Serv., North. For. Res. Cent. Inf. Rep. NOR-X-lS5. 
11 pp. 

Klein, J.I. 1977. Survival and growth of Norway spruce populations 
in Manitoba 14 years after planting. Environ. Can., 
Environ. Manage. Serv., North. For. Res. Cent. Inf. Rep. 
NOR-X-179. 8 pp. 

16. Signatures: 

Investigator Pro f 

Hirector G. T. Silver 
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NOR-12-051 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: April 15, 1977 

1. yroject: Genetic inprovement of commercial forest species. 

2. Title: Breeding jack pine for the Northern Region. I. First selection 
cycle. 

3. New: Cont.: X 4. No.: NOR-12-05l 

5. Study Leader: J.1. Klein 

6. Key Words: Pinus banksiana, progeny test, family test. 

7. Location of Work: Sundown, Marchand, Stead,Oakbank, Manitoba; Smeaton, 
Meadow Lake, Saskatchewan; Whitecourt, Alberta. 

8. Problem: 

This study is the first step in an applied breeding program, aiming 
to identify superior genotypes within a gene pool assembled from the 
wild base population. Genotypes identified as superior will then be 
propagated by provincial forestry agencies for establishment of seed 
orchards. Seedlings grown from seed produced in the orchards, or 
produced in source stands identified as superior, will form stands 
expected to be more productive than either plantations from unimproved 
seed or natural regeneration. 

The design of the study virtually assures that most of the available 
genetic variation in the base population will be effectively exploited 
as genetic gain. The magnitude of this variation in the base population, 
hence the actual amount of genetic gain to be expected, will not be known 
until study results are analyzed. Only preliminary results have been 
reported from similar studies with this species. 

Application of the study's results will ,involve establishment and 
management of seed orchards by provincial forestry agencies, and 
establishment of plantations using the seed produced in them. An 
additional application, compatible with that above, would involve 
management for seed production of natural stands identified as being 
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genetically superior by the study results. Forestry officials in 
Saskatchewan and Manitoba have expressed interest in the study. Their 
willingness to invest resources in production of improved seed will 
doubtless be influenced by the magnitude of genetic gain achieved, and 
the importance of artificial regeneration of jack pine at the time 
improved genotypes are identified. 

The area of jack pine planting interest in the Region was divided into 
three breeding districts, e.g., eastern Manitoba, western Manitoba and 
eastern SaskatchewaQ, and central Saskatchewan west to eastern Alberta. 
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In each breeding district, family tests are established on representative 
sites, using open-pollinated progenies of parent trees selected primarily 
within each district. Each family test includes 216 entries in cubic 
lattice design, of which one or two are controls. The eastern district 
test has 15 replicates and 4 tree plots, hence 60 trees per family and 
nearly 13,000 plot trees. The central and western district tests have 
12 replicates with the same plot size distributed on four sites in each 
district, hence 48 trees per family and 10,368 total plot trees per 
district. The total nu~ber of plot trees for the three breeding districts 
is thus nearly 35,000. 

Clone banks will be developed to preserve the parental genotypes. Family 
performance, in terms of productivity and stem quality, will be scored 
periodically for ranking of parental genotypes, identification of superior 
progeny genotypes, and estimation of genetic gain. Whenever estimated 
genetic gain appears adequate for the purpose, scoring results will be 
supplied to provincial forestry agencies for establishment of seed orchards 
or designation of natural stands for seed production management. Succes
sive measurements of the progeny test plantations may lead to establish
ment of additional seed orchard acreage having different composition from 
the earlier ones, to reflect changes in performance scores. 

9. Study Objectives: 

To produce jack pine seed genetically improve in terms of economic yield. 

10. Resources: 

a. Starting date: 1966 
b. Estimated year of completion: 2001 
c. Estimated total Prof. man-years required: 12.8 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.7 J. Klein 

Supp. o 7 A. Nanka 

Total 1.4 



250 
3 

Collection of breeding materials, seed processing, grafting of scions 
from parent trees, and planting of primary grafted ramets in preliminary 
clone banks was begun in 1967 and completed in 1972. Family tests for 
the eastern, western and central breeding districts were planted in 1972, 
1974, and 1976. All three tests have 216 entries which are nearly all 
open-pollinated progenies of parent trees selected within the breeding 
district of the test, are in cubic lattice design with 4-tree row-plots 
and 12 or 15 replicates on four sites, and are fenced. Of the 6,500 
secondary ramets required to fill one regional and three district clone 
banks, about 1,300 are now on hand in pots. A site has been selected 
and prepared for the regional clone bank. 

The eastern district family test was measured after the second and fifth 
growing seasons from planting. Statistical analysis is in progress. 

Selection thinning is in progress in an experimental seedling seed 
orchard containing 220 eastern district families planted at Birds Hill 
Research Nursery in 1972. 

Progress from program inception toward initial practical benefits is 
diagrammed in the following flow chart for the eastern breeding district. 
Continuation of a plantation is shown by a double line, transfer of 
plant materials by a solid single line, transfer of information by a 
dotted line, and projected events by a broken line. 
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12. Goals for 1976-77: 

1. Establish the central district family test. 

2. Graft 1100 secondary ramets. 

3. Rear 1500 rootstocks for grafting in 1977. 

4. Plant the permanent eastern district clone bank. 

5. Select a planting site at the Chip Lake research planting area 
for the regional permanent clone bank. 

6. Remeasure the eastern district family test after the fifth growing 
season from planting. 

7. Draft a file report entitled "Establishment of jack pine family 
test plantations in central and western Saskatchewan". 

8. Perform duties as Chairman of Canadian Tree Improvement Association. 

9. Goal added: Begin thinning seedling seed orchard near Oakbank, 
Manitoba. 

13. Accomplishments in 1976-77: 

1. The central district family test was planted on four sites in 
western Manitoba and eastern Saskatchewan. 

2. 1254 secondary scions were grafted, and 738 of these were alive in 
October. 

3. Seedlings were reared in about 2200 cavities, of which 1600 were 
potted-up in November and are now being reared to rootstock size. 

4. Planting of the eastern district clone bank was not done owing to 
unavailability of a suitable site. This goal was deleted in August 
1976. 

5. A planting site was selected for the permanent regional clone bank 
at Chip Lake research planting area. Merchantable timber was 
disposed of and remaining woody material chopped into mulch. An 
all-weather access road into the site has been constructed. 

6. The eastern district family test was remeasured after the fifth 
growing season from planting. The data have been keypunched and are 
now in Ottawa for analysis. 
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7. Drafting of a file report entitled "Establishment of jack pine 
family test plantations in central and western Saskatchewan" has 
not been completed. 

8. Performed duties as Chairman of Canadian Tree Improvement Association. 

9. Measurement, thinning, and mapping of residual trees was done for 10 
of 24 blocks in the seedling seed orchard near Oakbank, Manitoba. 
This project consumed 0.71 professional man-years in 1976. 

14. Goals for 1977-78: 

1. Complete drafting of a file report entitled "Establishment of jack 
pine family test plantations in central and western Saskatchewan". 

2. Graft up to 1500 secondary scions, depending upon available support. 

3. Rear 1500 rootstocks for 1978 grafting. 

4. Complete thinning of seedling seed orchard near Oakbank, Manitoba. 

5. Prepare for tour of jack pine breeding program plantations in 
eastern Manitoba during meeting of Canadian Tree Improvement Association. 

6. Plant grafted ramets in permanent regional clone bank at Chip Lake 
research planting area. 

7. Maintain family test plantations as required. 

8. Perform duties as Chairman of Canadian Tree Improvement Association. 

9. Compile a report on requirements for seed production and improvement 
in the prairie provinces over the next decade, as requested by C.F.S. 
headquarters. 

10. Draft a biennial activity report on the genetics program for sub
mission to the 16th meeting of the Canadian Tree Improvement Association. 

15. Publications: 

Up to 1976-77 

Klein, J.I. 1969. Breeding jack pine for the Manitoba-Saskatchewan 
Region. Proc. 11th Meet. Comm. For. Tree Breed. Can., 
MacDonald College, P.Q., Aug. 1968. Part 2, pp. 111-114. 

Klein, J.I. 1970. Breeding by population synthesis. Second World 
Consultation on Forest Tree Breeding, Washington, Nations, 
Rome Vol. 2, pp. 1227-1234. 
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Klein, J.I. 1971. The pine genetics program in Manitoba and Saskatchewan. 
Proc. 12th Meet. Comm. For. Tree Breed. Can., Quebec, P.Q., 
Aug. 1970. Part 2, pp. 133-134. 

Klein, J.I. 1971. Tree improvement in the Prairies Region, 1970-71. 
In Proc. 13th Meet. Comm. For. Tree Breed. Can., Prince George, 
B.C., Aug. 1971. Part I, p. 95. 

Klein, J.I. 1973. Selection and mating for production of second-cycle 
populations for a jack pine breeding program in western Canada. 
In: Selection and breeding to improve some tropical conifers. 
Edited by Burley, J. and Nikles, D.G., Commonwealth Forestry 
Institute, Oxford University, England and Dept. of Forestry, 
Queensland, Australia. Vol. 2, pp. 449-455. 

Klein, J.I. 1973. Establishment of jack pine family test plantations 
in eastern Manitoba, 1972. Can. Dept. Environ., Can. For. 
Serv., Edmonton, Alberta. Int. Rep. NOR-17. 37 pp. 

Klein, J.I. 1974. A jack pine seedling seed orchard of unusual design. 
Proc. 21st Northeast For. Tree Impr. Conf., Fredericton, N.B., 
Aug. 1973. pp. 55-58. 

Klein, J.I. 1975. Tree improvement in the Northern Region. Proc. 14th 
Meet. Can. Tree Improv. Assn. Pt. 1:l57~159. 

1976-77 

Klein, J.I. 1976. Jack pine family tests and provenance experiments 
with conifer species in the prairie provinces, 1973-75. Proc. 
15th Meet. Can. Tree Improv. Assn. Pt. 1:165-168. 

15. Signatures: 

I vestl.gator pr{JJ!i::;= 

Director G.T. Silver 



PROJECT NOR-13 

Haintenance and improvement 
of water yield and quality. 
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NOR-13-017 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 9, 1977 

1. Project: Maintenance and i~provement of water yield and quality 

2. Title: Research coordination in the Alberta Vlatershed Research 
Program; Marmot, Streeter, Deer Creek, Tri-Creeks, Cache 
Percotte, Spring Creek Experimental Basins. 

3. New: Cont.: X 4. No.: NOR-13-017 

5. Study Leader: R.H. Swanson, D.L. Golding 

6. Key Words: Hydrology, forest climate, gauged basin. 

7. Location of Work: Marmot Basin 
Streeter Basin 
Deer Creek Basin 
Cache Percotte 
Tri-Creeks 
Spring Creek 

8. Problem: 

115°09'05" W 50°56'57" N 
114°03'48" W 50°06'59" N 
115°08'00" vI 51°39'24" N 
llr30'00" hi' 52°23'00" N 
llr15'00" W 53°09'00" N 
117°51'11" W 54°55'06" N 

The principal need for this study is to clearly identify the role 
of the Canadian Forestry Service in the coordination of research 
activities within the Alberta Watershed Research Program. Since 
the inception of the Alberta (East Slopes) Watershed Research 
program in 1960, the Canadian Forestry Service has supplied the 
research coordinator. His role historically has been to suggest 
projects, deal with cooperators in furthering their research within 
Marmot, Streeter and Deer Creek experimental basins, and to provide 
a focal point for information exchange. He was also responsible for 
bringing numerous cooperating agencies together to form "t-lOrking 
groups to plan and carry out joint research projects. 

In 1969 this role \?as changed. A sharp distinction betvceen 
cooperative and coordinated research was defined and the program 
was expanded to include all of Alberta. Two programs ,,,ere recognized: 
a cooperative effort with little or no coordination; and a problem 
oriented effort with a research-management coordinator in charge. 
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In the cooperative program, each cooperator was more or less placed 
on his own initiative to conduct any research as long as it did not 
conflict unduly with other cooperators, and did not involve a 
vegetative or topographic treatment that would significantly alter 
the natural hydrologic regime of any basin or sub-basin. Within 
each experimental basin, a large number of independent research 
studies are being conducted both by members of the Canadian Forestry 
Service, and by the cooperating agencies. Those conducted by the 
Canadian Forestry Service are covered separately as studies in 
themselves. 

The problem oriented phase became the coordinated effort. Each 
basin has a treatment phase during which it no longer is used merely 
as a place to do research, but becomes in itself a research project. 
Each basin when established had a prohlem oriented treatment phase. 

Marmot: 

1. Are the present high altitude spruce-fir forest timber harvesting 
guidelines effective in maintaining watershed condition and 
suitable water quality? 

2. How can non-commercial spruce-fir stands be harvested to improve 
water supplies? 

Streeter: 

Does aspen-brush removal and subsequent grazing deteriorate range 
land-watershed quality? 

Deer Creek: 

What influence does lodgepole pine commercial harvesting operations 
(technique not spelled out) have on watershed condition and water 
quality and yield? 

Tri-Creeks: 

Will a change in operating procedures to allow large block or 
continuous clearcut from the present forty-acre strips be detrimental 
to watershed condition and water quality as fish habitat? 

Spring Creek: 

Are high flood peaks associated with the farm lands in the vicinity 
a result of agricultural clearing and operations? 

Cache Percotte: 

What is the influence of various harvesting techniques and systems 
on watershed condition, water quality and yield? 

These problems require carefully designed and executed experiments 
to insure that the results satisfy the objective. Thus coordination 
now involves planning research projects and/or demonstrations aimed 
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at solving specific watershed problems and enlisting the aid of 
cooperating agencies in carrying out these plans. This coordination 
role has been divided bet,"een management and research with the 
Alberta Forest Service furnishing the management coordination. 
This is a significant step as prior to 1969, no person or persons 
were specifically charged with planning a coordinated research 
program. Relevant research was more a fortunate happenstance 
than the result of planned activity. 

9. Study Objectives: 

To coordinate the efforts of cooperating agencies toward fulfilling 
the following: 

1. To learn how to manage forested public lands for the protection 
of existing water supplies and the enhancement of future supply 
by alteration of regime or yield through timber harvesting. 

2. To broaden the overall knowledge base in hydrology of range 
lands, forest land and alpine areas. 

3. To propose and to test specific land management practices 
designed to increase 'annual water yield, retard flood peaks 
or improve on-site watershed condition. 

4. To evaluate and test existing land management practices with 
respect to their influence on the hydrologic regime of 
specified test areas. 

5. To act as consultant and adviser in proposing and evaluating 
the influence of various land management practice on the local 
and regional surface and groundwater hydrology. 

10. Resources: 

a. Starting date: 1960 
b. Estimated year of completion: continuing function - no terminus. 
c. Estimated total Prof. man-years required: .7 per year. 
d. Essential new major equipment items for 1977-78 with costs: 

Data processing $10,000.00. 
e. Essential new major equipment items beyond 1978 Hith costs: nil 
f. 1977-78 man years Prof. 0.7 (Swanson 0.6; Golding 0.1) 
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Support 2.0 (Fisera 1.0; Cumberland 0.5; Lafleur 0.5) 
Casual 0.3 
Total 3.0 

11. Progress to date: (Coordination aspect only. Research covered 
under appropriate study statement). 
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Marmot: 

1. Data has been collected from the various networks describing 
climate, ground and surface water hydrology. Some data 
collection, originally a part of various research projects 
but extended beyond the completion of such projects, has been 
discontinued due to non-interest in the data. 

2. Harvest roads were constructed in 1971 and evaluated for 
erosion and sediment production during 1972-3. No increases 
in suspended sediment occurred. Harvest blocks ranging from 
12 to 29 acres were clearcut in 1974 by Spray Lakes Lumber 
Company. All standing material on the blocks was laid flat. 
Slash was left in place to allow evaluation of the cut alone 
without the subsequent soil disturbance of slash disposal 
and scarification. 

3. Treatments on any sub basin of Marmot can be evaluated by 
regression and/or hydrologic model. Both give excellent 
results. 

4. A treatment plan has been prepared for Twin. The main objective 
of this treatment w·ill be to ascertain if the increased snow 
accumulation and the decreased melt rates found in small 
clearings on the James River study site (NOR-103) can be trans
lated into delayed recession flow. 

The treatment plan has received approval from the RCC and is 
being circulated to the Steering Committee for funding. 

Streeter: 

1. Streamflow data collection from the three sub-basins was reduced 
from continuous recording to periodic manual reading. Data 
collection continued from the main stream as part of the Water 
Survey of Canada's regional inventory network. 

2. A treatment has been designed for improving the range quality 
for wildlife and domestic livestock. 

Deer Creek: 

1. The basin has been maintained as an experimental area for plot 
studies. Data from the main stream gauge is collected and is 
available from Water Survey of Canada. Climatic data is 
available from the Department of Environment, Atmospheric Environ
ment Service. 

The Research Coordinating Committee voted to suspend all operations 
in this basin and to terminate its research status at the Nov. 
1976 meeting. This recommendation is being transmitted to the 
Steering Committee for its approval. 
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Tri-Creeks: 

Tri-Creeks data has been compiled and the annual compilation for 
1967-1975 are available upon request from the Alberta Forest Service. 
The treatment plan has been revised from a summer logging to a 
winter operation. Harvest is tentatively scheduled to begin in 1978. 

Spring Creek: 

Treatment on this basin is planned and an appeal for more onsite 
evaluation has been received from the Alberta Water Resources 
Coordinator. 

Cache Percotte: 

Cache Percotte is operated as an outdoor laboratory 
Forest Technology School. No treatment is planned. 
available for non destructive plot studies. 

Other: 

for the Hinton 
It is 

The coordinators have served as advisors and agency contacts to 
the Environmental Protection Service in its role of assessing 
the proposed Mackenzie Valley Highway. 

The Research Coordinating Committee served as a forum for a 
cooperative impact assessment of timber harvest on water yield, 
sediment, and climate in the North Western Pulp and Power Co.'s 
lease at Hinton. The results are reported under NOR-14-l2l. 

12. Goals for 1976-77: 

1. Publish Forestry Reports on the preliminary effects of the Marmot 
commercial harvest (Swanson editor, with section contributions). 

2. Present paper on manipulating watersheds for water resource 
objectives at Alberta Environment Hydro-Tech. seminar. Publish 
same paper as journal article (Swanson). 

3. Start information report on the organization, accomplishments 
and future of the Alberta Hatershed Research Program (Swanson). 

4. Write plan for Marmot-Twin Sub basin treatment. Obtain review, 
Steering Committee approval. Layout on ground if approved 
before winter (Swanson). 

5. Continue Marmot-Cabin sub basin treatment evaluation (Swanson 
plus section under appropriate studies). 

6. Hrite project and Study Progress reports. 
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7. Host National Research Council, Associate Committee on Hydrology 
Meeting at K.F.E.S. in June 1976 (Swanson). 

8. Work with task force members in defining a National Basin Program 
for Canada (Swanson). 

9. Treat Streeter Basin in accordance with approved plan (Golding). 

10. Continue to advise on northern development (Swanson, Golding). 

11. Continue assistance to cooperators on all basins (Swanson). 

12. Advise Regional Director on present and future course of 
hydrology work (Swanson). 

13. Write a summary report on Marmot basin research program (Swanson). 

13. Accomelishments 1976-77: 

1. Report was not published due to delays in obtaining 1976 stream
flow data. (Data still not received as of 24/1/77 but this 
report is planned for 1977 publication) 

2. Presented paper 1 February 1976. Started rework of paper for 
planned submission to Can. Jour. Civil Engineering. 

3. Completed first draft. Presently in revision for 2nd review. 

4. Plan has been written and has received approval in principle by 
both the RCC and Steering Committee. The roads were laid out 
and a design incorporating the present snow survey grid is planned 
for the cut block placement. 

5. Section contributions to this evaluation have progressed as 
planned. The coordinator has also attempted to obtain closer 
relationship with the University of Calgary Environmental Sciences 
Centre in order to better incorporate their efforts in organic 
water quality into the overall treatmept ~valuation. 

6. Rough draft study progress report completed. Project progress 
report not started. 

7. The ACH-76 meeting was held at K.F.E.S. as planned. Conducted 
tours of Marmot and James River snow study site as part of this 
meeting. 

8. Completed work on task force to define a National Basin Program. 

9. Streeter basin treatment was carried out in accordance with 
approved plan. 
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10. Advice given as requested. 

11. a) Reviewed status of Deer Creek for possible terminating of 
this program. 

b) Advised University of Calgary workers on coordination of 
their Marmot work with others in the A\fRP. 

c) Assisted University of Alberta, University of Waterloo 
research scientists in the pursuit of their projects in 
Marmot. 

12. Advised as requested. 

13. Report written. Draft in revision (some report as goal #3). 

14. Met with and advised PFRC-Victoria interagency watershed study 
group at Kelowna re catchment studies (Swanson). 

14. Goals for 1977-78: 

1. Conduct evaluation of Streeter Basin treatment under appropriate 
studies (Golding). 

2. Continue evaluation of Marmot commercial harvest under 
appropriate studies (Swanson). 

3. Obtain approval and financing for Marmot twin sub basin treatment 
(Swanson). 

4. Layout and harvest 50% of the clearings called for by the Marmot
twin treatment plan (Swanson). 

5. Publish Forestry Report/updated Marmot brochure on preliminary 
effects of Marmot commercial harvest (Swanson editor with section 
contributions). 

6. Complete information report on Marmot and the Alberta Watershed 
Research Program (Swanson). 

7 •. Complete project and study progress report (Swanson) • 

. 8. Serve as Chairman, ACH working groups on National Basin Standards. 
Report for this group at Quebec City in June 1977 (Swanson). 

9. Organize and carry out symposium on the Alberta Watershed Research 
Program--Aug. 31 - Sept. 2, 1977 (Swanson, Golding). 

10. Continue to advise on Northern development, regional policy as 
requested (Swanson, Golding). 
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15. Publications: 

Up to 1976-77 

Annual report to Steering Committee (each year since 1968). 

Swanson, R.H. 1970. Local snow distribution is not a function of 
local topography under continuous tree cover. New Zealand 
Journal of Hydrology 9(2): 292-298. 

Swanson, R.H. 1971. Forest habitat inventory requirements for 
watershed management. In: Proceedings of symposium on 
forest and land inventory for management, Kirby and 
Nolasco, eds: Northern Forest Research Centre, Canadian 
Forestry Service, Edmonton. pp. 73-78. 

Swanson, R.H. and Stevenson, D.R. 
and melt under leafless 
Proceedings 39th Annual 
Montana. pp. 63-69. 

1971. Managing snow accumulation 
aspen to enhance watershed values. 
Western Snow Conf., Billings, 

Swanson, R.H. 1972. Small openings in poplar forest increase snow 
accumulation. Proceedings HID, WHO, UNESCO joint symposia 
on the Role of Snow and Ice in Hydrology, Sept. 5-14, 1972, 
Banff, Canada. 

Swanson, R.H. 1972. Forest hydrology in Canada - more water probably 
not wanted. Proceedings 7th World Forestry Congress, Oct. 
4-18, 1972, Buenos Aires, Argentina. 

Swanson, R.H. 1973. IHD report on Marmot, Streeter, Deer Creek 
basins, the clear harvesting impact study and transpiration 
study • 

Department of the Environment. 1973. Land use and Resource Development 
in the East Slopes of Alberta. Watershed portion. A brief 
presented to the Government of Alberta, Environment Conser
vation Authority. July 1973. pp. 150. 

Forestry Reports, Vol. 3, No.4. Timber Harvest - Its Impact on 
Water, Sediment and Wildlife Production. 

Swanson, R.H. 1973. Lecture notes on La~d use Hydrology, VII 
Familiarization Seminar on Hydrology. IHD, University of 
Alberta, Aug. 27-Sept. 14, 1973. pp. 21. Mimeo. 

Golding, D.L. (editor). 
proceedings of 
January 1970. 

1974. Managing forest lands for water: 
research-management seminar held at Edmonton, 
N.F.R.C. Information Report NOR-X-13. 
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Golding, D.L. 1974. \vatershed management practices on Marmot 
Creek basin. In: Proc. Practical Forest Hatershed 
Management Workshop, April 23-24, 1974, Cranbrook, 
B.C. Assoc. B.C. Prof. Foresters, Faculty of Forestry 
and Centre for Continuing Education, U.B.C. 

Swansop, R.H. 1975. Inventory for Watershed Management. In: 
Proceedings. C.I.F. Workshop on Inventory Methods, 
Dorset, Ontario. 24-27 June 1975. 

Golding, D.L. 1975. A model to predict temporal distribution of 
streamflow after harvesting a forested mountain watershed. 
Symposium on mathematical models in Hydrology, Czechoslova
kia. 8-13 Sept. 1975. 

1976-77 

Nil 

16. Signatures: 

/ 

I· / ,: 
1/ '{ /1..;> !.l 

Investigator 

/ 
I 

Program Manager 

Director G.T. Silver 
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NOR-13-082 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 9, 1977 

1. Project: Maintenance and improvement of water yield and quality. 

2. Title: Potential energy available for snow evaporation in winter 
along the east slopes of the Rocky Mountains in Alberta. 

3. New: Cont.: X 4. No.: NOR-13-082 

5. Study Leader: D.L. Golding 

6. Key Words: Chinook winds, snoVl accumulation, climate, foehn, 
meteorology. 

7. Location of Work: Alberta East Slopes. 

8. Problem: 

Watershed management to increase water supply or change the timing 
of its delivery is principally snowpack management in areas such as 
Alberta. Some increase in streamflow can be directly attributable 
to reduced transpiration and interception following vegetation 
removal, but total removal often results in high flood peaks, in 
most cases an undesirable alteration of streamflow regime. Properly 
executed timber removal on snow-covered watersheds has the potential 
of increasing streamflow and delaying water delivery at the same 
time. Both of these are generally desirable features. 

The east slopes of Alberta's Rocky Mountains produce 90% or more 
of the streamflow in the Saskatchewan River System, at least 60% 
of which originates as snow. Snowpack management is an important 
part of land management for water values. In some years much of 
the snowpack in particular areas is evaporated by chinook activity. 
However, we do not know to what elevation chinooks are important 
in removing snowpack, or the probability of recurrence from year 
to year. 

The climatic maps of Longley (1968) give some indication of where 
chinooks are an important climatic factor, but this is based only on 
the criterion of air temperatures being above 40°F. It is very 
likely that dry winds at temperatures belovl 32°F have considerable 
influence on snow removal as well. 
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To effectively manage forests for water values He must know 'lThere and 
under ",hat circumstances the major precipitation parameter, snow, is 
a manageable resource. This will allow concentration on those areas 
where the results of snov~ack management for accunulation and melt 
rates will have a high probability of producing the desired changes 
in streamflow. 

The probability is not very high of completely achieving Objective 2, 
although the probability is high of achieving a degree of success 
sufficient to satisfy the need for delineating areas Hhere snowpack
management potential is high. To obtain data to construct isolines 
of evaporative potential by 10% intervals of probability of recurrence 
will require a much more intensive meteorological network than is 
likely in the next few years. Remote sensing information from ERTS 
will, it is hoped, provide much of the information that would be 
otherwise available only through an intensive meteorological network. 

The results of this study will 
prescription for water values. 
the results of the study being 
not be until forest-management 
put into practice. 

be pertinent to any 
The probability is 

put into practice. 
schemes to regulate 

forest-management 
extremely high of 
However, it Hill 
streamflow are 

A transect will be established from the lower foothills to 8,000-9,000 
feet elevation to measure temperature, relative humidity, and 
evaporation. These data, along with data from existing meteorological 
stations will be used to determine the relation of chinook intensity, 
or evaporative potential, with elevation. 

Remote sensing imagery in t:lree spectral bands, 0.5-0.6 ~ (blue-green), 
0.6-0.7 ~ (red), and 0.8-1.1 ~ (near infrared), will be obtained from 
ERTS for a test area that includes Banff and KFES. This imagery will 
be obtained for the satellite passes during February and March, and 
will be used in conjunction with high-altitude aerial photography and 
ground photography to delineate areas of heavy snowpack ablation 
caused by chinooks. If the test of the satellite imagery proves 
its usefulness, the coverage obtained will be expanded. 

9. Study Objectives: 

1. To determine the amount of snowpack ablation during chinooks at 
selected points along the east slopes of the Alberta Rocky Hountains. 

2. To construct isolines of evaporative potential by intervals of 
probability of recurrence each winter. 

10. Resources: 

a. Starting date: 1969 
b. Estimated year of completion: 1980 
c. Estimated total Prof. man-years required: 0.8 
d. Essential new major equipment items for 1977-78 with costs: Nil. 
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f. 

Essential new major 
1977-78 man-years 

11. Progress to Date: 

- 3 -

equipment items beyond 
Prof. 0.3 (Golding) 
Supp. 0.1 (Lafleur) 
Casual 
Total 0.4 

1978 with costs: Nil. 

Tests were carried out to evaluate the use in this study of the 
Ogopogo evaporimeter and snow lysimeters. The former were of little 
use at sub-zero of but could be used during chinooks to obtain a 
measure of evaporation. The latter could be used under ideal 
conditions to measure evaporation from snowpacks, but are impractical 
during general winter conditions. 

Aerial reconnaissance of the east slopes was carried out to ascertain 
patterns of snow disappearance. Satellite imagery was studied to 
determine if present resolution and quality is sufficient for this 
study. Pre-ERTS imagery was not of high enough quality for the needs 
of the study. However, quality of ERTS imagery is much higher than 
that from previous satellites. 

Compilation was made of location, elevation, and instrumentation of 
meteorological stations in Alberta. So few stations exist above 
4,000 feet elevation that no attempt could be made to delineate areas 
of different evaporative potential at present. 

The use of satellite imagery to determine effect of chinooks on snow 
accumulation has been reported (Golding 1973). 

Three observational transects were located, in the Bow River Valley, 
Red Deer River Valley, and along the Forestry Trunk road, on which 
19 meteorological sites were designated. These were instrumented by 
R&D contract in the fall of 1974 and were serviced under the same 
contract January-March, 1975. The transects were serviced under 
another R&D contract for the period January-l1arch, 1976. First 
years data were analysed and a file report prepared. 

12. Goals for 1976-77: 

1. Abstract data from the 1975-76 charts and transfer to punch cards. 

2. Determine ~ounts of snowpack evaporation, melt, and condensation 
for each site for each chinook of January-March 1976. 

3. Complete Study Progress Report. 
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13. Accomplishments in 1976-77: 

1. Data were abstracted from the 1975-76 charts and transferred to 
punch cards. 

2. Evaporation, melt, and condensation were calculated for each site 
for each of five chinook periods during January-March 1976. 

3. Study Progress Report was completed. 

14. Goals for 1977-78: 

1. Prepare report on snowmelt during chinook periods related to 
topography and forest cover for publication in Can. J. Forest 
Research or J. Agricultural Meteorology. 

2. Map areas of chinook intensity using published material (e.g. 
Longley's climatic maps) along with data obtained in this study. 

3. Present paper on snow ablation during chinooks to 2nd Conf. on 
Hydrometeorology, Toronto, Oct., 1977. 

15. Publications: 

Up to 1976-77 

Golding, D.L. 1973. Satellites and snow melt. Can. Forest Serv., 
NFRC. Forestry Report 3(3): 10. 

Golding, D.L. 1973. Chinooks may influence forest management. Can. 
Forest Serv., NFRC. Forestry Report 2(3): 3. 

Golding, D.L. 1974. Snow cover and melting snow from ERTS imagery. 
The Canadian Surveyor 28(2): 128-134. 

1976-77 

Nil 

16. Signatures: 

Investigator Program Manager 

Director G.T. Silver 
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NOR-13-083 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 9, 1977 

1. Project: Maintenance and improvement of water yield and quality. 

2. Title: Disposition of water in forest soils. 

3. New: Cont.: X 4. No.: NOR-13-083 

5. Study Leader: G.R. Hillman 

6. Key Words: Unsaturated flow, evapotranspiration, infiltration, 
redistribution, mod711ing. 

7. Location of Work: Southwestern and west central Alberta. 

8. Problem: 

Nature of study - this study is designed to evaluate saturated and/or 
unsaturated transient flow through nonhomogeneous, anisotropic porous 
media i.e., through typical forest soils, in response to the forces 
of drainage, transpiration and evaporation. 

Benefits of the study - the results can be applied in the development 
of a watershed model based on physically derived, rather than on 
empirically derived relationships. Such a model can theoretically be 
applied to entire or parts of watersheds both before and after treat
ment. Thus where vegetation is manipulated for increasing water yield, 
the model can contribute significantly to determining which type of 
sites should be logged to obtain the best timing of the resulting 
increase in water yield as streamflow. 

The results can be used in environmental quality studies to ascertain 
the rates at which biocides are transported by water through the soil 
system and into groundwater reservoirs and stream channels. 

In forest management, the results will be of benefit in determining 
optimal stand densities when thinning is considered. They may also be 
useful for evaluating the regeneration potential of a site, and for 
consumptive use studies of forest tree species. 
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Probability of success - recent literature on the subject of saturated 
and unsaturated flow through porous media indicates that a physically
based mathematical model for three-dimensional, transient, saturated
unsaturated flow is now available (Freeze 1971, 1972). Solutions for 
the model have been found and a computer program for the model is 
available. Some progress has been made to incorporate this model into 
a physically~based synthesis of the hydrologic cycle. 

Certain problems associated with soil freezing and with variability in 
both bedrock and surficial materials remain. However, the probability 
of completing the study successfully is high, particularly if the model 
is applied over small areas. 

Freeze, R. Allan 1971. Three-dimensional, transient, saturated
unsaturated flow in a groundwater basin. Water Resources 
Research 7(2): 347-366. 

Freeze, R. Allan 1972. Role of subsurface flow in generating surface 
runoff. 1. Base flow contributions to channel flow. Water 
Resources Research 8(3): 609-623. 

Probability of results being applied - the' probability is very high 
that the results will be used in the hydrologic model for Marmot Creek 
basin, and subsequently, for other watersheds as well. 

In order for the results to be useful to forest management agencies 
directly, it would be necessary to carry out further research so that 
subsurface flow (saturated and unsaturated) patterns are correlated, 
for example, with stand vigor and densities, with and without thinning, 
with establishment and survival of regeneration and with consumptive 
use by different tree species. 

Method used - the equation of flow developed for subsurface water move
ment requires measurement of pressure head (¢), hydraulic conductivity 
(K), volumetric moisture content (8), and porosity (n). These measure
ments are used to develop basic functional model inputs k (¢), 8 (¢), 
and n (¢), where k is the specific permeability derived from hydraulic 
conductivity (K). 

Although the model accommodates three-dimensional flow, only two
dimensional flow will be considered initially. Measurements will be 
made on Cabin Creek basin (sub-basin of Marmot Creek) along transects 
oriented downslope between the watershed divide and the stream channel, 
and also along transects that lie within, outside and across bounda
ries of blocks of timber earmarked for cutting. 

Thermocouple psychrometers and tensiometers will be used to measure 
pressure heads less than atmospheric pressure. Pressure heads in the 
saturated zone will be measured with piezometers. Hydraulic conductiv
ities and porosities will be determined by standard laboratory 
procedures, but attempts will be made to obtain in situ values also. 
Water table fluctuations will be monitored by means of water table 
observation wells and recorders. 
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Output from the model is in the form of the pressure head, total head, 
and moisture content fields at any time step. From the output it is 
possible to develop quantitative hydrographs of surface infiltration, 
groundwater recharge, water table depth and stream base flow. These 
hydrographs will be the main tools used to evaluate the effects of 
logging on infiltration and redistribution of water in the saturated
unsaturated flow system. 

9. Study Objectives: 

1. To develop from Darcy's Law and the continuity equation a mathe
matical model of two dimensional transient unsaturated and 
saturated flow through porous media applicable under natural 
conditions. 

2. To incorporate the mathematical model as part of a physically-based 
synthesis of the hydrologic cycle. 

An approximate time table to meet these objectives follows: 

1. 1977 Preliminary model with flow chart, form of mathematical 
functions, statement of assumption and trial runs using existing 
Marmot data. 

2. 1978 Specification and collection of additional or new data 
required to verify assumption. 

3. 1979 Final groundwater flux model. 

4. 1980 Incorporation of groundwater flux model into overall 
Marmot hydrologic model. 

10. Resources: 

a. Starting date: 1968 
b. Estimated year of completion: 1972 Revised: 1980 
c. Estimated total Prof. man-years required: 2.7 
d. Essential new major equipment items f~r 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: 

$6,000.00 (snow pillows, groundwater wells, recorders.) 
f. 1977-78 man-years Prof. 0.8 (Hillman) 

Supp. 1.0 (Cumberland 0.3; Pitt 0.2) 
Casual (Robson 0.5) 
Total 1. 8 

11. Progress to date: 

A literature search revealed that very few watershed models exist which 
could possibly be used to evaluate the effects of logging on quantity 
and timing of streamflow. Freeze has developed a subsurface flow model 
which appears best to simulate real watershed conditions, and which 
incorporates the equations of flow through porous media. 
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Further investigation showed that this model is extremely complex, and 
that it would be difficult for anyone other than its designer to obtain 
satisfactory results from it. However, the concept of the model is 
scientifically sound and will provide the framework for developing 
another similar, but simplified version of the original model. 

Preliminary studies to investigate soil water redistribution about a 
single tree and to determine the water-ho~ding capacity and other 
characteristics of the forest floor have been completed. 

Neutron probe access tubes were installed in each soil type, along two 
transects to obtain volumetric soil water content profiles on Cabin 
Creek basin, a sub-basin of Marmot Creek basin. The transects extend 
from the topographic divide to the stream channel. Starting in 1973, 
soil moisture data has been collected each year, frequently during the 
snowmelt period, and less frequently in the summer. Gravimetric soil 
samples were collected to obtain calibration of neutron count ratio 
vs. volumetric soil water content. 

Four cased water table observation wells were installed adjacent to the 
new access road on Cabin Creek basin, November 1972. Wells bottomed 
between 15 and 41 feet and indicated that water was present in the 
wells during periods of low streamflow in the fall. One of the wells 
has since failed to function properly, but regular water table observa
tions have been made on the others since the time they were installed. 

In anticipation of, the n~ed to expand the network of water table observa
tion wells and neutron probe access tubes to less accessible parts of 
Cabin Creek basin, a Mobile Minuteman drill was modified and equipped 
with a rigid platform and anchor chain assembly. Tests on Marmot Creek 
basin showed that this equipment could operate satisfactorily on both 
level ground and on steep slopes, drilling holes eight feet deep or 
more into soil or soft shales. It could not penetrate hard sandstone. 
Drilling was also attempted in coarse glacial till, and a depth of 22 
feet attained. However, when the auger train was withdrawn from the 
hole the sides collapsed, filling the hole. Some means must be found 
to case holes drilled in this type of material. 

A portable refraction seismograph with manually operated hammer was 
made available for this study by the Great Lakes Forest Research Centre. 
This instrument was used in 1973 to obtain depth and geological informa
tion i.e., profiles, on the soil and shallow rock layers of Cabin Creek 
sub-basin. This information, together with the soil moisture and 
groundwater data, are required as input for the subsurface flm., model. 

Little progress has been shown on this study because the investigator was 
assigned elsewhere (Impact evaluation Hinton pulp lease) from 1973-75. 

12. Goals for 1976-77: 

1. To progress towards development of a simplified and practical ver
sion of the Freeze subsurface flo~l model by: 

1. preparing a flow chart of the subsurface system; 
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2. assessing and selecting appropriate numerical techniques for 
finding approximate solutions to the equations of flow through 
porous media; 

3. using 1) and 2) to develop computer programs to model flow 
through the subsurface system. 

2. Obtain input data for the model by: 

1. monitoring soil moisture content and groundwater table levels 
on Cabin Creek sub-basin; 

2. processing and analysing soil moisture, groundwater, and 
seismic data for the period 1973-75. 

3. Prepare study progress report. 

13. Accomplishments 1976-77: 

1. Study officer granted educational leave 1976-77 to pursue these 
goals through formal class work at University of Alberta. 

2. Soil moisture content changes and rate of change with depth measured 
during snowmelt season. Groundwater w~11s also operated. 

3. Deferred due to educational leave by study officer. 

14. Goals for 1977-78: 

1. Continue monitoring soil moisture flux during snowmelt. 

2. Continue monitoring groundwater levels during snowmelt. 

3. Prepare preliminary model based on current literature and familiarity 
with Marmot Experimental Watershed. Thispre~iminary model to 
include flow chart, form of mathematic~l function, a statement of 
all assumptions and results of trial runs using existing Marmot 
soil moisture flux, groundwater and streamflow data. 

4. Prepare study progress report. 

15. Publications: 

Up to 1976-77 

Hillman, G.R. 1970. Soil moisture distribution about an isolated 
tree using potential flow theory. Unpublished M.S. thesis. 
Utah State University, Logan, Utah. pp. 105. 

Hillman, G.R. 1972. Forest hydrology research. pp. 5. In: Soils 
Research, Northern Forest Research Centre. Forestry Report. 
Vol. 1, No.6. 
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Hillman, G.R. 1972. Using potential flow theory to determine soil 
moisture distribution about an isolated tree. pp. 514-
535. In: Proc. Second Symp. on Fundamentals of Transport 
Phenomena in Porous Media. University of Guelph, Guelph, 
Ontario. 1972. Vol. 2. 

1976-77 

Nil 

16. Signatures: 

Program Manager 

Director G.T. Silver 
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NOR-13-084 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 9, 1977 

1. Project: Maintenance and improvement of water yield and quality. 

2. Title: Measuring transpiration of individual trees in situ. 

3. New: Cont. : 4. No.: NOR-13-084 

5. Study Leader: R.H. Swanson 

6. Key Words: Heat pulse velocity, conducting xylem, sap velocity, 
sap flow, moisture content, lodgepole pine, Radiata 
pine. 

7. Location of Work: Kananaskis Forest Experimental Station; Marmot, 
Streeter, Deer Creek Experimental Basins: 

8. Problem: 

Transpiration is the process whereby water is evaporated from the 
soil via a plant water conducting system. The amount of water 
thus vaporized is a considerable quantity, up to that which falls 
as annual precipitation. From the hydrologist's point of view 
such vaporization represents a loss in the water budget of a land 
area. From a physiologists point of view, transpiration is closely 
related to stomatal opening which in turn controls gaseous 
exchange in photosynthesis and/or respiration. Transpiration 
measurements are therefore indicative of a tree's ability to function 
in its current environment. No practical, reliable field method 
exists for evaluatin in situ transpiration. 

It has been suggested that there are differences in transpiration 
volumes between and among species. This has been demonstrated 
by lysimeter and potted seedling experiments. The most notable 
example of a within species difference is New Zealand Forest 
Research Institute's clone 457 which transpires roughly 30 to 50% 
more than "normal" clones of the same species. However, it still 
remains to be proven in field trials of stands that differing 
transpiration can account for either growth or streamflow changes. 
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Field trials require in situ transpiration estimates. The technique 
being tested and developed in this study utilizes in stem sensors 
to detect the flow of heat as influenced by upward sap movement. 
This movement, which is analogous to the "V" of the continuity 
equation for fluid flow - Q = AV, when coupled with an estimate of 
the sap conducting wood area, directly quantifies transpiration 
rate. Practical instrumentation for detecting sap movement (heat 
pulse velocity) have been developed by the author. 

Area is being estimated from increment borings and non-destructively 
by the gamma attenuation technique. This involves passing a beam of 
monoenergetic gamma radiation of known intensity through a tree stem, 
and recording its attenuating characteristics of wood and water and 
tree thickness at the point of measurement. The assumption that 
all components of the system are constant with the exception of 
water, permits a direct measure of water content, and a calculation 
of its areal extent. 

9. Study Objectives: 

For the commercial tree species of Alberta: 

1. To determine if heat pulse speed is distributed across the 
sap conducting xylem in a regular pattern that can be closely 
approximated by a mathematical function. 
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2. To determine if the magnitude of heat pulse velocity measurement 
within a given tree is indicative of the magnitude of the transpira
tion from that tree. 

3. To develop and refine a technique for estimating, with precision, 
the water consumption of individual trees in situ. 

10. Resources: 

a. Starting date: 1969 
b. Estimated year of completion: 1975 Revised: 1979. 
c. Estimated total Prof. man-years required: 2.5 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof .2 (Swanson 0.2,) 

Supp •• 3 (Pitt 0.3) 
Casual 0.3 

Total 0.8 

11. Progress to date: 

Reliable and simple to use field instrumentation has been 
developed for determining heat pulse velocities. Sensing probes 
consists of two readily available thermistors and a hand-constructed 
nichrome wire heater. These sensors can be permanently installed for 
repeated readings at desired intervals. The sensors cause some damage 
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to the tree which in turn creates callus tissue that affects 
the heat pulse velocity readings. Callus appears 
to be fully formed after one growing season. If the callus 
development is small compared to the tree cross section then 
the installations have no discernible effect on tree function. 
In general trees or stems greater than 30 mm diameter can be 
instrumented without harm. 

Objective one has been satisfied by work to date. The 
direct answer to this objective is that there isn't any single 
mathematical function that can be used to describe the heat pulse 
velocity distribution across the sapwood in even lodgepole pine. 
However, the sapwood depth in lodgepole pine, Engelmann spruce 

276 

and Douglas-fir in Alberta is sufficiently shallow that heat pulse 
velocities can be determined directly for any given depth. A use
ful approximation to the sapwood area can be determined from incre
ment borings or from heat pulse probes placed deeper than the sapwood 
depth (likely unknown at time of installation). 

Objective two has also been partially satisfied. The magnitude 
of a heat pulse velocity measurement is proportional to the transpira
tion, but the same constant of proportionality does not continue. Heat 
pulse velocities will show a decline with time due to wound reaction. 
Either new probes must be installed at each determination date, or some 
wound correction factor must be applied. 

The final attack on objective three consists principally 
of theoretical work to remove empirical constants for both initial 
installation wounding and subsequent physiological wound reaction from 
the transpiration estimation equations. Also a means of recording 
heat pulse velocities for routine application in catchment water 
balance studies is desired. 

12. Goals for 1976-77: (Swanson unless indicated otherwise) 

1. Publish "How to measure transpiration in P. radiata". New Zealand 
Forest Research Institute Physiology Report. 

2. Publish "Comparative transpiration regimes of P. aontorta and 
N. soZandri." Journal article in conjunction with U. Benecke, 
Christchurch, N.Z. 

3. Publish "Wood permeability and sap movement patterns in Douglas fir, 
Monterey Pine, Lodgepole Pine and Mountain Beech". Journal article 
with R. Booker, F.R.I, Rotorua, N.Z. 

4. Complete the evaluation of the wound (callous) reaction of lodgepole 
pine to heat pulse sensors. 
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5. Establish transpiration evaluation plots on Marmot Twin 
and obtain one season's data for model input. 

6. Write study progress report. 

7. Continue evaluation of sewage disposal on transpiration. 

8. Prepare paper on use of gamma attenuation for sapwood moisture 
content. Journal. (Rothwell). 

9. Complete analysis of heat pulse velocity and sapwood water. 
(Rothwell). 

13. Accomplishments 1976-77: 
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1. Needed dye permeability profiles being finished by R. Booker at 
FRI Rotorua, N.Z. to complete this publication. These were 
received in November 1976, too late to complete this goal this 
year. The bulk of the paper has been written and my present feel
ing is that it should be submitted as an information report as 
well as used for the internal report series by FRI. 

2. Data not received until November. Paper has been written rough 
and is in 2nd writing at this date. 

3. Final data received November. Final draft of paper in progress. 

4. Completed as scheduled. 

5. The existing plots were examined to determine their usefulness 
in this application. It was found that callus formation had 
completely isolated most of the probes and that the existing 
plots were useless. No new plots were established pending 
completion of the wounding study (goal 4) and the development 
of recording capability for the heat pulse sensors. 

6. Completed as scheduled. 

7. Completed. A file report has been written in conjunction with 
Brace, Stewart and Gates. 

8. Not done by Rothwell prior to his resignation. 

9. Not done by Rothwell prior to his resignation. 

14. Goals for 1977-78 

1. Publish article on measuring transpiration from P. radiata and 
other conifer as information report, and as FRI Internal 
Physiology report. 

2. Prepare Journal article on the use of heat pulse techniques in 
estimating transpiration from Mountain Beech. (In conjunction 
U. Benecke, Christchurch, N. Z.). 



3. Develop and arrange for local manufacture of 
digital, recording heat pulse, velocity meter. 

4. Gather preliminary data with respect to the role 
of temperature in determining root resistance and the 
subsequent onset of water uptake from the soil in 
the spring of the year. (Part of thesis work at U. of A.) 

15. Publications: 

Up to 1976-77 

Swanson, R.H. 1970. The tree as a dynamic system in forest-water 
resource research. In: Powell and Nolasco, editors, 
Proceeding, Third Forest Microclimate Symposium. Canadian 
Forestry Service. Prairies Regional Laboratory, Edmonton. 
pp. 34-39. 

Swanson, R.H. 1970. Heat pulse velocity as an indicator of 
transpiration. In: Pmo1ell and Nolasco, editors, Proceeding, 
Third Forest Microclimate Symposium, Canadian Forestry 
Service, Prairies Regional Laboratory,Edmonton. pp. 85-86. 

Swanson, R.H. 1970. Sampling for direct transpiration estimates. 
New Zealand Jour. of Hydrology. 9(2): 72-77. 

Swanson, R.H. 1974. A thermal flow meter for estimating the role 
of xylem sap ascent in trees. In: F1ow--Its Measurement and 
Control in Science and Industry, Vol. 1: R.B. Dowdell, editor. 
pp. 647-652. 

Swanson, R.H. 1974. Velocity distribution patterns in ascending 
xylem sap during transpiration. In: F1ow--Its Measurement and 
Control in Science and Industry, Vol. 1: R.B. Dowdell, editor. 
pp. 1425-1430. 

Swanson, R.H. 1972. Water transpired by trees is indicated by 
heat pulse velocity. Ag. Met. 10: 277-281. 

Swanson, R.H. 1975. Water use by mature lodgepole pine. In: 
Proceedings Management of Lodgepole Pine Ecosystems, Pullman 
Washington. D. Baumgartner, editor. pp. 264-277. 

Swanson, R.H. 
forests. 
Winnipeg. 

1975. Improving evapotranspiration estimates from 
In: Proceedings, Canadian Hydrology Symposium, 
Aug. 11-14, 1975. pp 77-85. 

Rothwell, R.L. 1975. Sapwood water content of lodgepole pine. 
Ph.D. thesis, U.B.C., Vancouver. 
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1976-77 

Rook, D.A., R.H. Swanson and A.M. Cranswick. 1976. The reaction 
of radiata pine to drought. In: Proceedings, DSIR Soil and 
water symposium. May 25, 1976 Pa1merston North, New Zealand. 
(In press, 1977) 

16. Signatures: 

,) ~ < c,k 
=-------~------------~-Program Manager 

j/~ ... -.:. 

Director G.T. Silver 
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NOR-13-l03 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 9, 1977 

1. Project: Maintenance and improvement of water yield and quality. 

2. Title: Runoff patterns resulting from differential snow accumulation 
and ablation as influenced by mass and energy relationships 
in small forest openings. 

3. New: Cont.: X 4. No.: NOR-13-l03 

s. Study Leader: D.L. Golding, R.H. Swanson 

6. Key Words: Snow melt, radiation, wind, lodgepole pine, aspen, 
Deer Creek, Marmot, Streeter Basin. 

7. Location of Work: Alberta East Slopes 

8. Problem: 

The hydrologic influence of large, clearcut blocks (10-100 acres), 
particularly with reference to snow accumulation and melt, is fairly 
well known. The leeward edge produces a sharp discontinuity in wind 
streamlines flowing over the forest, causing more snow to be deposited 
in the first 2-SH (tree height) distance within the opening, than under 
the treed edge or further out into the opening. Beyond 4-SH from the 
leeward edge, wind streamlines are again fairly uniform, often resulting 
in less snow than within the adjacent stand. 

At the windward edge another discontinuity occurs. Streamlines may 
rise above the canopy or may penetrate l-2H and dissipate their energy 
against the interior canopy. More snow is usually deposited under the 
canopy on the windward edge than in the open or the forested area. The 
development of the leeward eddy aqd windward penetration of streamlines 
depends on speed and structure of the wind, horizontal and vertical 
structure of .the forest, and opening geometry. 

In general, snow melts faster in large openings than under the canopy, 
resulting in greater streamflow occurring earlier than from areas of 
continuous forest. The volume of water in the rising limb of the snow 
melt hydrograph is always greater from areas harvested in large 
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clear-cut blocks than from uncut areas. This may create problems in 
Alberta where rivers flow east or north, because of ice breakup and 
snow melt occurring simultaneously. 

No watershed studies have been conducted using small forest openings. 
Relevant runoff data is not available for snow accumulation and melt 
relationships in small openings. Very little real data exists on 
snow accumulation, melt, or wind-radiation patterns in small openings. 
What there is, is mainly observational and qualitative. However, 
observations do indicate that small openings contain more snow than 
surrounding forest, and melt rates are not dissimilar. These observa
tions need quantitative statistical support to provide the basis for 
influencing snow accumulation, melt and associated runoff patterns. 

The solution to this problem will permit forest logging patterns to 
be designed to regulate streamflow regime to influence such parameters 
as snow melt floods and low flows. 

The probability of success in determining empirically the effect of 
forest opening size on snow accumulation and melt rates is very high. 
The probability of success is somewhat lower for objectives 2 and 3 
(i.e., the theoretical process description of snow accumulation and 
ablation in forest openings). The first objective (i.e., development 
of a physically based conceptual model of the system) is even less 
likely of success, because it incorporates ~he difficulties of all 
other objectives. However, even here the probability must be considered 
as moderately high of developing the desired model within acceptable 
limits of precision. 

The results of this study will provide the foundation on which any 
forest cover manipulation for water values will be based. The applica
tion of these results depends, as do many land use applications, on 
when the pressures for improving land use and environment become great 
enough. 

The method to be used is as follows: A homogeneous stand of lodgepole 
pine has been chosen near Sundre, Alberta, where topography is extremely 
flat and there is reasonably uniform fetch for 4-6 miles in all directions. 
Ten replicates of 9 opening sizes, 1/4, 1/2, 3/4, 1, 2, 3, 4, 5, 6 tree 
heights in diameter, plus control will be randomly located 10 chains 
apart along 10 lines also 10 chains apart. 

Snow accumulation and melt will be measured throughout winter and spring. 
This will provide, empirically, cutting guidelines for snow management 
and input to the next step in the study. Instrumentation will be installed 
to measure the radiation regime, wind structure, temperature and humidity 
in the openings. From this will be derived the theoretical process 
description of snow accumulation and ablation. 

A physically-based hydrologic model will be constructed to predict the 
effect of timber harvesting of the experimental watersheds on snowpack 
and the resultant outflow hydrographs. 
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9. Study Objectives: 

To determine the influence of small forest openings on snow 
accumulation amounts, melt rates and snow melt runoff patterns 
through: 

1. Development of a physical~based conceptual hydrologic model 
incorporating differential areal precipitation input to predict 
the snow manipulative aspects of timber harvest schemes applied 
to experimental watersheds, on the resultant outflow hydrographs, 
and to test these models on experimental watersheds. 

2. Quantitative determination and theoretical process description 
of differential snow accumulation amounts in a 10 treatment block 
of circular openings from 1/4 to 6 tree heights in diameter. 

3. Quantitative determination and theoretical process description 
of differential snow ablation rates within the above 10 treatment 
blocks. 

4. Small scale pilot testing of proposed harvesting patterns to 
ascertain their general effect on snow melt runoff. 

10. Resources: 

a. Starting date: 1970 
b. Estimated year of completion: 1980 
c. Estimated total Prof. man-years required: 3.5 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.8 (Golding-0.6, Swanson-0.2) 

Supp. 0.7 (Lafleur-0.4, Pitt-0.3) 
Casual 0.3 
Total ~ 

11. Progress to Date: 

Ten replications of 10 opening sizes have been established. Snow 
Surveys have been carried out on three uncut areas within the study 
area and it has been determined that the snowpack is homogeneous across 
the study area. Snow surveys have been carried out in the openings 
during early spring since 1973. Five snow p,illows were installed on 
Marmot basin to record snow accumulation and ablation throughout the 
snow season and data are available since November 1972. 

Four 100-ft towers have been erected and directional anemometers 
installed at the top. Stations have been established at each of the 
tower sites, instrumented for temperature, humidity, and precipitation. 
Data has been obtained since December 1971. 

Two 100-ft towers were erected in the uncut forest and instrumented 
at three levels. Short-term energy balances were conducted using 
the data-acquisiton and analysis system. 
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Baseline data from meteorological stations have been transferred 
to punch-cards. 

Data have been analysed showing the variation in snow-accumulation 
and melt in various-size openings and first draft of report is 
almost complete. 

One 100-ft and three 30-ft towers were installed in a 3H opening 
and instrumented with wind direction and intensity sensors and 
data obtained since 1975. 

12. Goals for 1976-77: 

1. Continue collection of baseline data for meteorological variables 
and snow accumulation at the James River study area. This will be 
final year for the snow survey. (Golding) 

2. Obtain wind data during snowstorms from the lOO-foot and 30-foot 
towers at James R. study area. (Golding) 

3. Carry out a preliminary evaluation of the thermal regime during 
snowmelt in the forest openings at the James R. Study Area. 
(Swanson). 

4. Carry out an energy-budget determination for short-term periods 
during each summer month. (Swanson and Golding) 

5. Publish paper in either Can. J. Forest Research or Forestry Chronicle 
entitled "Snow accumulation and melt in small forest openings". Include 
in this paper results of water-flume studies simulating snow accumula
tion in the openings. (Golding). 

6. Prepare Progress Study Report for NOR-I03. (Golding) 

7. Present paper, Analysis of a severe April snowstorm in a mountainous 
watershed using snowpillow and recording-precipitation gauge data, 
at Western Snow Conference, Calgary, April, 1976. (Golding) 

8. Present seminar to Forest Hydrology Class, U. of A. in February, 
1976, and other seminars as required. (Golding) 

9. Continue snow measurement in the cut blocks and the uncut forest 
on Marmot Creek. (Golding) 

13. Accomplishments in 1976-77 

1. Continued collection of baseline data for meteorological variables 
and snow accumulation at James R. Study area. (Golding) 

2. Wind data during snowstorms were obtained from the 100. ft and 30-ft 
towers at James R study area. (Golding) 

283 



..J 

3. Materials for temperature integration were ordered but not 
received during 1976 - still not received as of this date. 
Will re-establish this goal after materials are on hand to 
carry it out. 

4. Energy-budget determinations were made for short-term periods 
during summer months (Swanson and Golding). 

5. First draft of paper entitled "Snow accumulation and melt in 
small forest openings" is almost complete. (Golding) 

6. Progress Study Report ;or NOR-103 was completed. (Golding) 

7. Paper was presented to Western Snow Conference, Calgary, April, 1976~ 

under revised title "Comparison of precipitation - gauge and 
snowpillow data from a severe April snowstorm in a mountain watershed". 
(Golding) 

8. Seminar on snow hydrology was presented to Forest Hydrology class, U. 
of A. to Lakeland College students, and to a workshop of the Environ
mental and Outdoor Studies Council, Alberta Teachers Association. 
(Golding). 

9. Snow measurements were continued in the cut blocks and uncut forest 
on Marmot Creek. (Golding) 

Added Accomplishments: 

10. Fourteen lH openings were cut at lH spacing to determine snow accumula
tion in small openings at close spacing. 

11. Sample openings were created on Marmot to substantiate applicability 
of James results to the Marmot-twin treatment. 

14. Goals for 1977-78: 

1. Continue collection of baseline meteorological data. This will be 
continued through 1980. (Golding). 

2. Continue collection of wind data in 3H openings (Golding). 

3. Publish "Snow accumulation and melt in small forest openings" in 
Can. J. For. Res. (Golding and Swanson). 

4. Present paper "Snowmelt on Marmot Creek" at Alberta Watershed 
Research Program Symposium, August, 1977. (Golding) 
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5. Measure snow accumulation and melt in 14-1H openings at James 
River (Golding). 

6. Continue the Marmot snow survey. (Golding) 

7. Analyze energy budget data and prepare first draft of paper 
for publication (Swanson-Golding). 

8. Evaluate snow accumulation and snowmelt disposition in Streeter 
basin clearings (Golding). 

15. Publications: 

Up to 1976-77 

Golding, D.L. 1968. Snow Measurement on Marmot Creek Experimental 
Watershed, Canada Department of Forestry and Rural Development, 
Forest Research Laboratory, Calgary. Information Report A-X-18. 
pp. 16. 

Golding, D.L. 1969. Snow Relationships on Marmot Creek Experimental 
Watershed. Canada Department of Fisheries and Forestry, Forestry 
Branch, Bi-month1y Research Notes, 25(2): 12-13. 

Golding, D.L. 1970. Computer mapping of the Marmot Creek snowpack 
and the influence of topographic and stand variables on the 
pack. Proc. 3rd Forest Microclimate Symp. Can. Forestry Serv., 
Calgary. pp. 76-83. 

Golding, D.L. 1970. Research results from Marmot Creek Experimental 
Watershed, Alberta, Canada. In: Proceedings, Symposium on the 
results of research on representative and experimental basins. 
lASH pub1. No. 96. Wellington, New Zealand. pp. 397-404. 

Golding, D.L. 1972. SnowPack calibration on Marmot Creek to detect 
changes in accumulation pattern after forest-cover manipulation. 
Proc. UNESCO-WHO-IHD Internat. Symp. on the Role of Snow and 
Ice in Hydrology. Sept. 5-14, 1972, Banff, Canada. 

Golding, D.L. 1972. Snow accumulation as influenced by topography 
and its correlation with annual and seasonal streamflow on 
Marmot basin, Alberta. NOR-Y-29. pp. 18. 

Golding, D.L. and Harlan, R.L. 1972. Estimating snow-water 
equivalent from point-density measurements of forest stands. 
Ecology 53(4): 724-725. 

Golding, D.L. 1973. Harvesting effects on snow pack detectable on 
Marmot experimental watershed. Can. Forest. Serv., Northern 
Forest Research Centre, Forestry Report 2(3): 7. 

Golding, D.L. 1973. May-June streamflow can be reliably predicted 
from snow-course data. Can. Forest. Serv., Northern Forest 
Research Centre, Forestry Report 2(3): 4. 
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Storr, D. and Golding, D.L. 1973. A preliminary water balance 
evaluation of an intensive snow survey in a mountainous watershed. 
Proc. Inter-disciplinary Symp. on Advanced Concepts and Techniques 
in the Study of Snow and Ice Resources, IHD, Monterey, California. 
Dec. 2-6, 1973. 

Golding, D.L. 1974. The correlation of snowpack with topography and 
snowmelt runoff on Marmot Creek Basin, Alberta. Atmosphere 
12(10): 31-38. 

Golding, D.L. 1974. Land-management practices that affect water yield. 
In: Golding, D.L. (editor) Managing forest lands for water. NFRC 
Information Report NOR-X-13. p. 13-32. 

1976-77 : 

Storr D. and D.L. Golding. 1976. Comparison of precipitation-gauge 
and snowpillow data from a severe April snowstorm in a mountain 
water.shed. Proc. 44th Annual. Meeting West. Snow Conf., Calgary, 
April, 1976. (In press). 

16. Signatures: 

Invest~gato Program Manager 

Director 
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NOlt-13-141 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977-1978 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

February 8, 1977 

1. Project: Maintenance and improvement of water yield and quality. 

2. Title: Infiltration and erosion as influenced by land use. 

3. New: Cont.: X 4. No.: NOR-l3-l4l 

5. Study Leader: T. Singh 

6. Key Words: Pulpwood harvesting operations, oil and gas exploration, 
logging, improved management guidelines, watershed manage
ment. 

7. Location of Work: Western Alberta 

8. Problem: 

1. Project proposed by: Canadian Forestry Service and the Research 
Coordinating Committee, Alberta Watershed Research Program. 

The hydrologic effects of large-scale clearcuts on infiltration 
and erosion remain relatively undetermined on most Alberta forest 
lands. To provide improved management guidelines it is impera
tive that the inherent vulnerability of forest areas be assessed 
properly for overland flow and consequent erosion. 

Infiltration, as an important integrator of many soil properties, 
can be measured directly and objectively. If other site influences 
could be superimposed on infiltration characteristics, a methodology 
could be developed for assessing the potential erosion hazards of 
different forest lands for pre-planning purposes. 

2. Nature of the study: The proposed me,thodology will provide an 
onsite evaluation of the infiltration and erosion potentials of 
forest areas in their natural condition and assist in predicting 
the hazards involved when such areas are to be subjected to various 
land use disturbances. 
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3. Benefits from the solution: The assessment of the work area in 
terms of its inherent vulnerability to surface runoff and erosion 
will make the manager aware of the critical sites that should 
receive his special attention. By providing necessary information 
as to how some areas are rated more hazardous than others, the 
manager can be assisted in looking for similar causes elsewhere 
and take appropriate precautions accordingly. 

4. Probability of success: The chances of successful development of 
the methodology are good. Consequently, it would be possible to 
identify areas which are inherently more vulnerable to overland 
flow and erosion than others. 

5. Method to be used: The method to be used is based on a considera
tion of the essential processes involved in erosion on forest lands. 
Of these, infiltration is the key hydrologic process--it determines 
the disposition of water at the land surface. Soil porosity and 
depth to the least permeable horizon determine primarily the soil 
storage space available for the infiltrating water. When this storage 
is exhausted and the water is received at a rate greater than that at 
which the soil is being drained from the least permeable horizon, 
the excess water becomes available for overland flow. This overland 
flow, combined with the concentrated subsurface flow in places, 
determines primarily the rate at which erosion could occur on the 
sloping watersheds. The steepness of slope, and distance to a buffer 
strip where the water may infiltrate at a greater rate, are the 
other important considerations influencing erosion hazards. 

The methodology is thus based on the use of the infiltration rated 
areas as indicators of potential overland flow. If the measured 
infiltration capacities show considerable excess over the amount of 
water likely to be received in long-duration rainstorms, there is no 
possibility of the overland flow occurring in such areas. An indica
tion of high infiltration potential is therefore indicative of the 
sites that are likely to be the least erosive and vice versa. A ranking 
is thus possible for the different areas to be rated for their 
vulnerability to erosion on the basis of their infiltration potentials. 

Previous work done in Streeter Basin has shown that it is easier to 
measure infiltration· capacities directly than to estimate these from 
the many vegetative and edaphic factors influencing them. This work 
also suggested that forest vegetation stratifications can provide a 
convenient basis for indicating the inherent infiltration potentials 
of forest lands. Stratifications based on vegetation classification 
would therefore be used to provide general estimates of the infiltra
tion capacities of the area to be subjected to a particular land use. 
However, as the forest lands are not uniformly vegetated there would 
be local areas with different runoff potentials as compared to 
the conditions represented by the overall vegetation. Vegetation 
stratifications therefore need to be supplemented with other site 
considerations in which slope characteristics would be particularly 
influential. Stratifications based on surficial materials would be 
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used within an overall vegetation cover type in addition to 
topographic considerations. In view of the management oriented 
nature of the study these stratifications would be kept as simple 
as possible. 

Experimental areas selected in each stratification would be used 
to determine the steady infiltration rates by double-ring 
infiltrometers. The information thus collected would provide a 
logical basis for ranking the stratifications for their vulnerability 
to overland flow and erosion according to the infiltration potentials. 
This would be supplemented with all other related information avail
able in soil maps, topographic (contour) maps, bed-rock and surficial 
geology maps, and rainfall characteristics maps. All pertinent informa
tion would be put in a~ information report to explain the importance 
and relevance of each factor to the inherent erosion potential of the 
study area. The field observations, and the collected information 
mentioned above, would be used for providing management guidelines for 
safeguarding against the erosion hazards inherent in a given land use. 
The data will also find use in evaluating the constants on infiltration 
models (Philip, Singh, Holtan). 

Although the above-mentioned approach would fulfill the objectives 
of the study on undisturbed forest lands, a different approach needs 
to be undertaken on the already cut areas. This phase of the study 
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would require the use of a rainfall simulator to obtain actual measure
ments of overland flow and erosion in disturbed sites. The Rocky Mountain 
infiltrometer would be used for this purpose and would provide a 
comparative test on the severity of impact attributable to each land 
use practice at a given site. The compaction or exposure of the soil 
surface consequent to land use can thus be assessed directly in terms 
of the overland flow and sediment produced on such sites. The rainfall 
simulator will also serve as a test of the methodology developed from 
the double-ring infiltrometer approach. 

9. Study Objectives: 

1. To develop and test methodology for on-site evaluation and 
assessment of infiltration and overland flow potentials of 
forest lands and to relate these assessments to soil erosion 
hazards inherent in pulpwood harvesting operations, oil and 
gas exploration, and related land use disturbances. 

2. To provide management guidelines based on such assessments for 
pre-planning purposes. 

10. Resources 

a. Starting date: 1973 
b. Estimated year of completion: 1977 Rev. 1978 
c. Estimated total man-years required: 2.4 
d. Essential new major equipment items for 1977-78 with costs: Nil. 
e. Essential new major equipment beyond 1978 with costs: Nil. 



f. 1977-78 man-years 

11. Progress to Date: 

4 

Prof. 0.3 
Supp. 
Casual 

Total 0.3 

All the necessary field data other than aspen already collected 
and statistically analyzed. The draft for the publication of an informa-
tion report on lodgepole pine forests has been completed. Preliminary 
paper on spruce-fir forests has been prepared. All sites for infiltra
tion runs to be made in the aspen forest were selected and located in the 
field. 

12. Goals for 1976-77: 

1. Determine in field the infiltration potential of stratifications 
based on surficial materials with aspen vegetation and analyze data. 

2. Publish information report entitled: Infiltration potential as 
an indicator of erosion hazards in the lodgepole pine forests of 
the Hinton pulp lease area. 

3. Initiate the preparation of an information report for spruce-fir 
and aspen forests. 

4. Prepare Study Progress Report. 

5. Prepare paper for the 25th International Geological Congress, Sydney, 
Australia: "Computer computation of groundwater, interflow and 
rapid flow components in the hydrologic responses of an experimental 
watershed in Alberta, Canada". 

13. Accomplishments in 1976-77 

1. Determined the infiltration potential of soil associations within 
aspen vegetation. A total of 14 stratifications were studied. 
Data on texture were also collected on each tested site. Eighty 
four infiltration runs of 2-hr duration each were made and laboratory 
analyses completed. 

2. Revised draft of the information report has been submitted. The 
report is undergoing final reviews before publication. 

3. All data analyses have been done and the preparation of preliminary 
draft initiated. 

4. Study Progress Report has been prepared. 

5. The paper was prepared and sent to the Australian Water Resources 
Council. 

290 



5 

14. Goals for 1977-78 

1. Publish lodgepole pine information report. 

2. Prepare information report based on statistical analyses in 
the spruee-fir and aspen vegetation. 

3. Develop a scoring system for future testing. 

15. Publications: 

Up to 1976-77 

Singh. T. 1973. Simple empirical equations to predict infiltration 
on a range watershed. Paper presented at the 26th Annual Meeting. 
Society for Range Management. Boise. Idaho, February 4-9, 1973. 

Singh, T. 1973. Simple empirical equations to predict infiltration 
on a range watershed. Environ. Can., Northern Forest Research 
Centre. Edmonton, File Report NOR-Y-7l. 

Singh. T. 1974. Infiltration and erosion potential of lodgepole 
pine forests in a pulp lease area, Alberta, Canada. Paper No. H41 
presented at the Fall Annual Meeting of the American Geophysical 
Union, San Francisco, California, December 12-17. 1974. 

Singh, T. 1975. Infiltration and erosion potential of spruce-fir 
forests in a pulp-lease area, Alberta, Canada. Paper No. H58 
presented at the Fall Annual Meeting of the American Geophysical 
Union, San Francisco, California. December 8-12, 1975. 

1976-77 

Singh, T. 1976. Computer computation of groundwater, interflow 
and rapid flow components in the hydrologic responses of an 
experimental watershed in Alberta, Canada. 25th International 
Geological Congress. Sydney, Australia, August 16-25. 

Singh, T. 1976. Infiltration and erosion as influenced by land use. 
Environ. Can., Northern Forest Research Centre, Edmonton, Study 
Progress Report NOR-13-l41. 8 pp. 

16. Signatures: 

c· 
( 

Investigator Program Manager 

Director G.T. Silver 
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NOR-13-16l 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 9, 1977 

1. Project: Maintenance and improvement of water yield and quality. 

2. Title: Water quality and road-side soil erosion and sedimentation 
at logging road-stream intersections. 

3. New: Cont.: X 4. No.: NOR-13-l6l 

5. Study Leader: Vice R.L. Rothwell. 

6. Key Words: Logging roads, stream crossing, erosion, sedimentation, 
fish, aquatic invertebrates. 

7. Location of Work: Hinton-Edson area, Alberta. 

8. Problem: 

Nature of study - this study is designed to compare and demonstrate the 
effects of erosion sedimentation controls at logging - road stream 
intersections. The study originated from a request for assistance in 
study design by the Environmental Research Secretariat, Alberta Depart
ment of Environment, Edmonton and North Western Pulp and Power Ltd., 
Hinton, Alberta. 

The need for this study is supported by recent investigations (NOR 121; 
Schultz 1973) which identify forest roads as major sources or erosion, 
especially at road-stream intersections where ditch runoff empties directly 
into streams causing unnecessary stream degradation. Erosion from roads 
and subsequent sedimentation can cause water quality deterioration and 
destruction of aquatic habitats and resident fish populations. Most serious 
and sedimentation occur on road cuts, fills, ditches and at road-stream 
intersections. 

The Alberta Forest Service requires revegetation where soil is exposed 
and subject to erosion. This requirement is relatively new, and has not 
been strongly enforced. Because of this, erosion control methods among 
forest industries are still in developmental stages. Furthermore, erosion 
control is hindered by a government imposed road construction standard which 
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requires the ground surface, "be cleared to mineral soil, 25 feet 
on each side of the running surface, measured from the outside edge 
of the shoulder. (The) balance of the right-of-way (is) to be cleared 
of all woody debris, except stumps left in the ground." Confusion in 
the application of this standard has resulted in poor revegetation of 
roadsides and unnecessary erosion. 

The benefits from this study could be an improvement in erosion 
control and reduction in soil erosion and its attendant effects on 
water quality, aquatic habitats and fish populations. Furthermore, 
road construction cost could be reduced. The methods proposed for 
study could be easily incorporated into existing road construction practices. 
The probability of results from this study being applied are good, because 
forest industry and provincial agencies are interested and active cooperators 
in the study. 
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Cooperating agencies in the study are: Environmental Research Secretariat, 
Alberta Department of Environment; Alberta Forest Service, and Alberta Fish and 
Wildlife Division, Department of Lands and Forests; North Western Pulp and 
Power Ltd.; Water Management Services and Canadian Forestry Service, Environ
ment Canada. 

The erosion control methods selected for testing are: no. 1 - hydroseeding 
a grass-seed-fertilizer mixture on backslopes, ditches shoulder and fills 
at road-stream intersections; and no. 2 - the application of "brush mulch" 
to backslopes, ditches, shoulders and fills at road-stream intersections, 
followed by hydroseeding as in Method no. 1. 

Method no. 1 is representative of current erosion control practices 
used in the area. Because of this, it was selected for testing and 
comparison to a new method. The hydroseeding of grass seed and fertilizer 
has not been effective in preventing erosion on steep slopes such as back
slopes, fill sections and at road-stream intersections. At such locations 
rill erosion followed by fully development and subsequent sediment discharge 
into stream occurs, because grass seed is washed away before it can establish. 

Method no. 2. was selected because it has been successfully used in the 
Swan Hills' oil fields to control erosion on drilling sites and roadways. 
It has also been recommended by others as a practical and efficient erosion 
control method. The "brush mulch" consists of placing logging debris, 
(logs, tree tops, branches) on road shoulders, fills, backslopes and ditches 
to slow the velocity of surface runoff and to trap sediment. The logging 
debris is anchored in place by driving tracked or wheeled vehicles over it; 
after which a grass seed-fertilizer mixture is hydroseeded over the area. 
Besides reducing erosive forces the "mulch" also favors revegetation by 
preventing seed from being washed away and by providing favorable seedbed 
conditions (shade and moisture). 
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The two Illethods arC' to he tested at stream crossings on Ilewly cOl1stru('tl'd 
roaus. The treated areas will extend from the runni.ng surface of rO;lds 
to the outer edges of right-of-way clearings; and from streambanks upslope' 
to either topographic divides or the first major change in slope steepness. 
Manpower, equipment and materials required for testing the methods are 
responsibilities of North Western Pulp and Power Ltd. Supervision and 
implementation of methods is a shared responsibility between C.F.S. and 
North Western Pulp and Power Ltd. 

Study sites are to be selected and treated in April-Mayas soon as 
ground conditions are favorable. Criteria for selection are: newly 
constructed road crossings; intersecting stream perennial in flow and of 
sufficient size and character to support invertebrate and fish populations; 
slope approaches and treatment areas of each crossing to be approximately 
equal. A range of different soil erodibilities is desirable, but may not 
be possible as location of sites are controlled by occurrence of new road 
construction. The study design calls for each method to be replicated 
6 times or a total of 12 road-stream intersections. Responsibility for 
site selection shared by C.F.S. and Fish and Wildlife Division in consulta
tion with North Western Pulp and Power Ltd. 

The method of evaluation consist of - measurement of erosion-sedimenta
tion and water quality in terms of suspended sediment production; sampling 
of aquatic habitats and fish populations; evaluation of revegetation and 
aesthetics by photographic records; and evaluation of the fire hazards of 
erosion control methods. 

Suspended sediment production is determined by taking the difference in 
sediment concentrations between samples taken upstream and downstream from 
road-stream crossings. The basic assumption of the method is that downstream 
concentration exceed upstream values because of sediment discharge from 
an intervening road. Sediment samples are taken daily through the work week. 
During storm periods sampling frequency is intensified to one sample 
per four hours until recession flows are apparent. Samples are collected in 
one pint glass bottles using a V.S.G.S. DH48A hand sediment sampler. Samples 
are transported weekly to Edmonton and suspended sediment concentrations in 
mg/liter determined by filtration. Manpower to collect field data and to 
perform laboratory analysis is an Environmental Research Secretariat responsi
bility. Field work supervision is a joint AFS - CFS responsibility. 
Supervision of laboratory analysis and data analysis are C.F.S. responsibili
ties. 

Aquatic invertebrates are to be studied by Suber samples obtained upstream 
and downstream from road-stream crossings. Specimens collected will be 
identified to genus and their numbers and volumes determined. It is 
hypothesized that differences in the number and/or composition of invertebrates 
exist between upstream and downstream samples, because of sediment deposition 
resulting from intervening roads. The quality and composition of fish 
populations are to be determined by electro-fishing techniques. Field work 
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and superv1s1on, data tabulation and analysis are Alberta Forest 
Service and Alberta Fish and Wildlife responsibilities. 

Photographic record of each site to be maintained by C.F.S. for evalua
tion is a shared responsibility between CFS and Northwestern Pulp and 
Power Ltd. Evaluation of methods for fire hazard is an Alberta Forest 
Service responsibility. 

9. Study Objectives: 
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To determine and demonstrate the effects of erosion-sedimentation controls 
at logging road-stream intersections in terms of: 

1. Suspended sediment concentrations and discharge determined upstream 
and downstream from road-stream crossings; 

2. the numbers, volumes and composition of aquatic invertebrates 
and fish upstream and downstream from roadstream crossings; 

3. roadside aesthetics and; 

4. fire hazards. 

10. Resources: 

a. Starting date: 1974 
b. Estimated year completion: 1978 
c. Estimated total Prof. man-years required: 1.0 
d. Essential new major equipment items for 1977-78. Nil 
e. Essential new major equipment items beyond 1978: Nil 
f. 1977-78 Man-years Prof. 0.5 (Vice Rothwell) 

Supp. 
Casual 
Total o:s 

11. Progress to date: 

Request for study design assistance received from Environment 
Research Secretariat and North Western Pulp and Power Ltd. in fall 
of 1973. Initial study plan formulated by C.F.S. and circulated 
to other participants in study for comments and evaluation. Spring 
of 1974 final draft of study plan approved by other study participants. 

In 1974, 5 sites were selected and treated (No. 1 on 2 sites; 
No.2 on 3 sites). At each site daily suspended sediment samples, 
streamflow and precipitation measurements were obtained through the 
summer. Suspended sediment samples were obtained with DH48A sediment 
samples. Streamflow was measured with Price current meters and 
precipitation measured in M.S.C. rain gauges. In the Robb area, 
rainfall intensity data was obtained by installation of two Belfort 
recording precipitation gauges. Three storms were measured during 



the summer, with suspended sediment and streamflow measured every 
four hours. Aquatic invertebrates and fish populations were studied 
by Surher samples and electroshocking techniques through the summer. 

The data collected has been tabulated and analyzed. Results indicate 
that treatment No. 2 (grass + debris) is more effective than treatment 
No. 1 in controlling erosion and sedimentation. Sediment data for 
three storms shows mean sediment discharges for treatment No. 2 to 
338-742 lbs/day/acre compared to 929 lbs/day/acre for treatment No.1. 
A statistical test of these differences was not possible however, 
because of inequal replication of treatments and small sample sizes. 

Evaluation of fish populations and aquatic invertebrates was done 
by electroshocking techniques and Surber samples. Electroshocking 
showed the following fish species to be present: Rainbow and Dolly 
Varden trout, and Rocky Mountain Whitefish. The numbers and volumes 
of aquatic invertebrates sampled were low, because of poor habitat 
and stream channel conditions. However, analysis of the data obtained 
showed that for most cases upstream values exceeded downstream values. 
The differences were shown to be significant at the 90-95% probabilities 
by Student's t-test (a 1 tailed test applied). These differences were 
most noticeable in the orders of Ephemeroptera and Tricoptera. A 
further breakdown by genus and explanation of the differences was not 
possible because the samples were only identified to order. 

A progress report of the 1974-75 results was prepared and distributed 
to cooperators. Based on the results of the report it was decided to 
change the criteria for the selection of new sites in 1975-76. Instead 
of relying on new road construction; existing stabilized road-stream 
intersections will be located and scarified to represent new road 
construction. 

12. Goals 1976-77: 

1. Complete progress report for 1975-76 and distribute it to other 
study participants. 

2. Complete evaluation of sites treated by monitoring sediment during 
storm periods and evaluating extent of revegetation. 

3. To consult with and to provide technical assistance to Alberta 
Forest Service and private firms in tests or demonstrations showing 
how to use logging debris for erosion-sediment control. 

4. Start a final report of the study and results. 

13. Accomplishments 1976-77 

1. Not done due to resignation of principal investigator. 

2. Evaluations were completed prior to Rothwell's resignation. 
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3. Several seminars were conducted for road construction 
personnel at NWP & P. To increase awareness of management 
personnel in reclamation and damage prevention. 

4. Report not started due to resignation of Rothwell. 

14. Goals for 1977-7.8 

1. Replace investigator. 

2. Make final evaluations of reclaimed sites. 

3. Prepare final report. 

15. Publications: 

Up to 1976-77 

Rothwell, R.L. 1974. Progress Report: Road-Bank Stabilization 
in Hinton-Edson area, Alberta. File Report NOR 017. 

Rothwell, R.L. 1976. Progress Report 1975-76. Erosion Sediment 
Control at Road-Stream Crossings in the Hinton-Edson Area, 
Alberta, to the Steering Committee, Alberta Watershed Research 
Program. 3 p. 

1976-77 Nil. 

16. Signatures: 

, i I / 
'\ .' -: 'Ul'J (f..,t \ 

.J I 
;;>'1 :. ,~t 

Investigator Program Manager 

Director 
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PROJECT NOR-14 

Impact of clearcutting on 
the forest environment. 

298 



NOR-14-I04 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 9, 1977 

1. Project: Impact of clearcutting on the forest environment. 

2. Title: Changes in chemical and physical water quality following 
forest harvesting and related land disturbances. 

3. New: Cont.: X 4. No.: NOR-14-l04 

5. Study Leader: T. Singh, Vice R.L. Rothwell 

6. Key Words: Environmental quality, land use, clearcutting, nutrients 
in natural water, erosion. 

7. Location of Work: Rocky Mountain front ranges and foothills, Alberta 

8. Problem: 

1. Project proposed by: Canadian Forestry Service and the Research 
Coordinating Committee, Alberta Watershed Research Program 

2. Nature of the study: Land surface disturbances from different 
resource uses are on the increase along the eastern slopes of 
the Rocky Mountains and foothills. The detrimental effects of 
such disturbances on the chemical and physical quality of water 
remain largely undetermined in Alberta. 

Large clearcuts result in reduced transpiration and interception 
losses. The consequent increased leaching and high streamflow 
can cause increased export of sediments and nutrients from the 
disturbed sites. The change in concentration of solutes directly 
affects the chemical quality of natural waters and thus influences 
the quality of habitat associated with such waters. Loss of 
nutrients at a rate greater than their replenishment can cause 
deterioration in site quality especially in areas where soil 
mantle is thin. 

The reduction in protective forest cover has resulted in increased 
fluctuations in stream temperatures in many headwater streams. 
Similar changes in physical water quality are the other resultants 
of surface land disturbances of which little is presently known 
in Alberta. As the quality of water is at least as important as 
the quantity of water affected by the resource use practices, it 
is essential that the impact of such land disturbances on water 
quality be assessed quantitatively. 
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3. Benefits from the solution: The quantitative assessment of the 
effects of surface land disturbances on the physical and 
chemical quality of natural waters will provide a rational 
basis for suggesting improvements in the methods adopted by 
the resource users in forest areas. Such improved methods will 
be especially useful when new areas are subjected to the same 
land use disturbances in other parts of Alberta. 

The study would also provide an objective assessment of how the 
large clearcutting harvesting practices affect nutrient export 
and sedimentation as c01Ppareq to the properly managed and 
undisturbed forests. 

4. Probability of success: The probability of successful evaluation 
of the current surface land disturbances of the chemical and 
physica+ W~~~r qualtt.:y of natural waters during the spring snow
melt and lowflpw periods is very high. The samples collected 
and analyzed for this purpose would also provide accurate 
estimates of sediment and total solute loads of streams on a 
monthly, seasonal and annual basis. The probability of successful 
assessment of nutrient and sediment losses from a forest catchment 
as result of treatment, and the consequent enrichment of streams, 
is high. 

5. Method to be used: Water samples from the streams draining 
undisturbed and disturbed watersheds will be collected for 
analysis. Streamflow at the time of sampling will be determined 
from the stream gauges established at the sampling sites. The 
concentrations of sediment and solutes and the total flow in the 
stream will provide estimates of the sediment and solute loads 
for the high and low flow periods. 

The samples to be collected are from the main streams of 6 to 11 
treated catchments and a similar total of untreated catchments. 
Emphasis will be placed on pairing the untreated and treated 
watersheds wherever possible; group comparisons would be made 
where direct pairs are difficult to obtain. In order to achieve 
comparable results, such groups would be formed on basis of 
geographical similarities, e. g. within the same working circle 
in the Hinton lease area. 

Sampling would be distributed over the high and low flow periods. 
This is essential for providing an assessment of the seasonal 
patterns and dilution effects. The study will be conducted in 
the North Western Pulp and Power lease lands near Hinton. 

9. Study Objectives: 

1. To determine the quantitative changes in chemical and physical 
water quality as a result of forest harvesting and related land 
dis turbances • 
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2. To develop statistical models for prediction purposes when 
similar forest areas are disturbed elsewhere in Alberta. 

10. Resources: 

a. Starting date: 1971 
b. Estimated year of completion: 1977 Revised: 1978 
c. Estimated total Prof. man-years required: 1.5 
d. Essential new major. equipment items ·for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.7 

Vice Rothwell 0.5 

11. Progress to Date: 

Supp. 0.5 (Robson) 
0.2 (Pitt) 
0.2 (Cumberland) 

Total 2.1 

All the field data on the chemical water quality of the streams 
originating from Hinton clearcuts and the adjacent uncut watersheds 
have been collected and tabulated. 

12. Goals for 1976-77: 

1. Analyze water quality data collected from the Hinton pulp lease 
area and start preparation of an Information Repor~ (Singh) 

2. Continue evaluation of the effect of harvesting Cabin sub-basin in 
Marmot watershed on chemical water quality and stream temperatures 
(Singh), and suspended sediment and soil disturbance-erosion on 
cut blocks (Rothwell). This evaluation to continue for another 
1-2 years to assure a reasonable sample of hydrologic and climatic 
variations. 

3. Conduct a reconnaissance of watersheds in the Spray Lakes area 
in 1966-67 for soil disturbance and water quality comparisons 
with those in Cabin sub-basin. (Rothwell, Singh) 

4. Prepare Study Progr~ss Report. (Singh, Rothwell) 

5. Prepare a report entitled "Impact of clear harvest and geophysical 
activity in western Alberta on local hydrology" (Journal). 
Authors: R.H. Swanson, G.R. Hillman, R.L. Rothwell, and T. Singh. 
(Listed as goal 7, NOR-14-l2l). 

6. Goal added: Data collection for mathematical modelling of water 
quality, Marmot Basin. 

7. Goal added: Prepare a paper for the Third International Hydrology 
Symposium to be held at Colorado State University in June 1977. 
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8. Goal added: Prepare a report on the chemical water quality of 
Streeter Basin prior to aspen clearing. 

13. Accomplishments in 1976-77: 

1. All the data collected during 1973 to 1975 have been analyzed 
and tabulated. Statistical analyses have been completed for 
most of the data and necessary summaries made for an information 
report. 

2. The first year data of the post-treatment period were statistically 
analyzed and showed a significant increase in the concentration 
of dissolved solids in Cabin Creek. 

3. Sampling of stream waters in the Spray Lakes area was started. 
Five sampling stations were established and data on stream dis
charge and chemical water quality were collected from 23 June to 
9 September. Laboratory analyses have been completed and the 
concentration data tabulated for Ca, Mg, Na, K, Cl, S04-S, HC0 3, 
P0 4-P, N03 & N0 2 -N, and NH4-N. Analyses for determining total 
dissolved solids have also been completed. Sediment data were 
collected and are now being tabulated and summarized. A recon
naissance survey of three sub-basins was also conducted in the 
Spray Lakes area for assessing soil disturbance caused by logging 
and road construction. 

4. Study Progress Report was prepared. 

5. A paper entitled: "Impact of pulpwood clearcutting on steam 
water quality in west central Alberta" is under preparation. 
This will be presented at the Alberta Watershed Research Symposium 
to be held in Edmonton, August 31-September 2, 1977. 

6. Specific conductance data for incorporation as one of the pre
dictor variables in the mathematical model were collected during 
the summer months. The data are on charts and will be retrieved 
as time and manpower become available. 

7. A paper entitled: "Stream quality and quantity relationships in 
a forest catchment in Alberta, Canada" has been completed and 
submitted. 

8. A report on the pre-treatment period was prepared and published. 

14. Goals for 1977-78: 

1. Collect samples to assess the chemical effects of aspen clearing 
and burning in Streeter Basin. 
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2. Collect samples and data on specific conductance and water 
temperature for determining the chemical constituents in the 
natural waters of Marmot Basin to provide base-line and treatment 
effect information. 

3. Analyze the previously collected physical and chemical quality 
data from Marmot Basin for assessing the treatment effects in 
Cabin sub-basin. Establish necessary statistical controls for 
assessing water quality data when treatment is applied on Twin 
sub-basin. 

4. Work on determining the relationships between streamflow and 
chemical constituents and between inorganic and organic con
stituents in the stream waters of Marmot Basin. 

5. Publish an information report on water quality of stream waters 
in the Hinton lease area. 

6. Present paper "Impact of pulpwood harvesting on stream water 
quality in west central Alberta" at the Alberta Watershed Research 
Program Symposium. 

15. Publications: 

Up to 1976-77 

Singh, T. and Y.P. Kalra. 1972. Water quality of an experimental 
watershed during the calibration period. Paper presented 
at the 19th Pacific Northwest Regional Meeting of the 
American Geophysical Union, University of British Columbia, 
Oct. 16-17. (Also Environ. Can., Nor. For. Res. Cent., 
Edmonton, File Report NOR-Y-28). 

Singh, T. 1973. Harvesting effects on stream temperature detectable. 
Environ. Can., Northern Forest Research Centre, Edmonton, 
Forestry Report Vol. 2:8. 

Singh, T. and Y.P. Kalra. Specific conductance method for in situ 
estimation of total dissolved solids. J. Amer. Water 
Works Assoc., February 1975. 

Singh, T. 1974. A simplified procedure for detecting changes of 
specified magnitude on paired plots and watersheds. Environ. 
Can., Northern Forest Research Centre, Edmonton, Information 
Report NOR-X-47. 

Singh, T. 1974. Land management practices that affect physical and 
chemical water quality. Proc. 1970 Symposium on Managing 
Forest Lands for Water, Environ. Can., Northern Forest 
Research Centre, Edmonton, Information Report NOR-X-13, 
p. 49-72. 
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Singh, T., Y.P. Kalra, and G.R. Hillman. 1974. Effects of pulpwood 
harvesting on the quality of stream waters of forest catch
ments representing a large area in western Alberta, Canada. 
Proc. of the Paris Symposium on the Effects of Man on the 
Interface of the Hydrological Cycle with the Physical 
Environment, International Association of Hydrological 
Sciences Pub. No. 113, p. 21-27. 

Rothwell, R.L. 1974. Erosion control measures for logging and road 
construction. In: Proc. Practical Forest Watershed 
Management Workshop, April 23-24, Cranbrook, B.C. Assoc. 
B.C. Prof. For., Faculty of Forestry and Centre for Cont. 
Education, D. B.C. 

Rothwell, R.L. 1974. Erosion control on forest roads. In: Proc. 
Environmental Considerations of Road Construction: A 
short course of instruction for forest road builders and 
field men, Oct. 8-11, Forest Tech. School, Hinton. 

Singh, T. and Y.P. Kalra. 1974. Estimating yield of dissolved 
constituents in the streams of a mountainous watershed. 
55th Ann. Mtg. A.G.D., April 8-12, Washington, D.C. 

Singh, T. 1975. Yield of total dissolved solids from an aspen
grassland and a spruce-fir watershed. 28th Ann. Mtg. Soc. 
Rge. Manage., Feb. 10-14, Mexico City, Mexico. 

Singh, T. and Y.P. Kalra. 1975. Changes in chemical composition of 
natural waters resulting from progressive clearcutting of 
forest catchments in west central Alberta, Canada. 
IAHS-UNESCO International Sympos. on the Hydrological Charac
teristics of River Basins and the Effects on these Character
istics of Better Water Management, Dec. 1-8, Tokyo, Japan. 

Singh, T. and Y.P. Kalra. 1975. Modelling of geochemical constituents 
in the natural waters of an alpine system in Alberta, Canada. 
IAGC-IAHS International Sympos. on the Geochemistry of 
Natural Waters, Aug. 18-22, Burlington, ant. 

1976-77 

Singh, T. 1976. Yields of dissolved solids from aspen-grassland and 
spruce-fir watersheds in southwestern Alberta. Journal of 
Range Management, Vol. 29(5):401-405. 

Singh. T. 1976. Water quality of a range watershed in southwestern 
Alberta, Canada. Society for Range Management, 29th Annual 
Meeting, Omaha, Nebraska, Feb. 16-20, Abstract of Papers, 
p. 21. 
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Singh, T. 1976. Marmot treatment effect on chemical water quality 
and water temperature. Environ. Can., Northern Forest 
Research Centre, Edmonton, File Report. 10 pp. 

Singh, T. 1976. Changes in chemical and physical water quality 
following forest harvesting and related land disturbances. 
Environ. Canada, Northern Forest Research Centre, Edmonton, 
Study Progress Report NOR-14-104. 20 pp. 

Singh. T. 1976. Water quality of a range watershed in southwestern 
Alberta prior to aspen clearing. Environ. Can., Northern 
Forest Research Centre, Edmonton, Information Report NOR-X-168. 
14 pp. 

16. Signatures: 

Investigato Program Manager 

Director G.T. Silver 
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NOR-14-l2l 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 9, 1977 

1. Project: Impact of clearcutting on forest environment. 

2. Title: Quantitative evaluation of the effects of pulpwood harvesting 
in western Alberta on water yield, physical water quality 
and streamflow regime. 

3. New: Cont.: X 4. No.: NOR-14-l2l 

5. Study Leader: G.R. Hillman 

6. Key Words: Streamflow, sedimentation, logging, watershed management. 

7. Location of Work: Western Alberta 

8. Problem: 

Nature of study: this study is designed to evaluate the magnitude 
of several specified hydrologic variables as influenced by forest 
harvesting and road construction practices, and also to evaluate 
the potential for damage that these variables will have if such 
practices were to continue. The major variables of interest are 
water and sediment yields, and sediment sources. 

Benefits from the solution: the results will give a measure of 
the impact of clearcutting on streamflow, and sediment sources and 
yields on North Western Pulp and Power Co.'s lease area. The 
information will be useful in assessing the effects of sediment from 
roads and seismic lines on aquatic habitats and downstream water 
use. The results will provide a basis for constructing guidelines 
for land managers with the object of minimizing damage by water and 
sediment, where this is a problem. They will also provide a framework 
for any future research into the problem of managing forests for 
increasing water yields. 

Probability of success: the probability of quantitatively evaluating 
the effects of clearcuttingonwater yield, physical water quality, 
and streamflow regime is high if the spring runoff period only is 
considered. For other times of the year, the chances of identifying 
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sediment sources and detecting relative differences in the amount of 
sediment remain high but it is more difficult to detect differences 
between water yields from logged and from untreated areas. 

Probability of results being applied: if results indicate that 
problems pertaining to changes in water yield, sediment sources, and 
sediment yield exist, there is a high probability that guidelines 
will be constructed with the object of minimizing these problems. 
The guidelines would contain recommendations relating to road and 
seismic line construction, in addition to forest cutting practices. 
Whether these guidelines are followed or not will depend upon the 
land management agency concerned with such problems. 

Method used: a simple statistical analysis uses the null hypothesis 
to compare the mean values of a) water yield at specified times 
from treated and untreated groups of catchments, and b) sediment 
production from groups of a particular source type i.e., road and/or 
seismic lines. 

The method requires streamflow measurements from 6 to 10 treated 
catchments, and from 6 to 10 untreated catchments. Catchments, the 
outlets of wh,ich must by accessible at all times, are selected so 
that several physiographic and climatic regions of the lease area 
are sampled. No artificial structures are used to control streamflow; 
the flow is measured along natural control section with current 
meters of Rhodamine WT dye. Changes in water elevation are monitored 
by recorders or noted from staff gauges, and a correlation (rating 
curve) is obtained between water elevation and streamflow for both 
high and low flows. 

Initial efforts to detect differences between streamflow from the 
two types of catchments will be confined to the 'spring runoff period, 
when differences are expected to be at a maximum. 

Sediment production from a given source is to be determined by taking 
the difference in sediment concentrations between samples taken 
upstream and downstream from a sediment source. The basic assumption 
of the method is that downstream concentrations exceed upstream 
values because of sediment discharge from the source area. This 
technique has been successfully used elsewhere. 

The initial sample design included forty sites, evenly divided among 
road-stream and seismic trail-stream intersections, less than two 
years old from the time of disturbance, and stratified by till types. 

Sediment samples w,ere obtained in one-pint glass bottles either as 
grab samples or with a DH48 hand sediment sampler. Rating curves 
and measures of streamflow were obtained in conjunction with sediment 
to allow sediment discharge to be calculated in terms of streamflow. 
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Water yield from catchThents is governed to a large degree by preC1p1-
tation on the catchments. It is necessary therefore to establish 
a climatic zonation of the lease area. For this purpose climatic 
data, including daily air temperature and precipitation data collected 
for study NOR 138 will be utilized. 

9. Study Objectives: 

1. To quantitatively determine the impact of present and past 
timber harvesting operations on channelized streamflow, regime 
and physical water quality. 

2. To identify sources of sediment. 

3. To assist in the evaluation of the effect of such impact on 
downstream water users to foresee and forestall future problems. 

10. Resources: 

a. Starting date: 1972 
b. Estimated year of completion: 1975 Revised: 1977 
c. Estimated total Prof. man-years required: 1.0 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.2 (Hillman) 

Supp. 0.0 
Casual 0.0 
Total 0.2 

11. Progress to date: 

During 1971 preliminary work was undertaken to determine the feasibility 
of the study. Maps and overlays were assembled, and on-site 
reconnaissance by Canadian Forestry Service personnel was conducted 
to select 18 catchments for study from over 100 catchments. 

Support for the study was obtained from Water Survey of Canada, 
Atmospheric Environment Service, North Western Pulp and Power Ltd., 
Alberta Forest Service, and the Fish and Wildlife Division of the 
Alberta Department of Lands and Forests. 

Six questions were posed that required statistically designed sampling 
programs to achieve relevant answers. They were submitted to the 
Alberta Watershed Research Coordinating Committee for consideration 
in December 1971. The committee agreed that efforts should be 
concentrated on obtaining answers to the two most important questions 
before proceeding to find answers to the other four. 
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The questions accorded primary consideration are: 

1. How much higher are the instantaneous or total flows during 
snow melt from clear cut and/or incompletely cut catchments 
than from each other or those uncut? 

2. What are the principal sources of sediment in the study area? 

Progress has been made towards obtaining statistical sampling 
programs designed to answer these questions. Preliminary analysis 
of 1971 Tri-Creeks (a highly-instrumented catchment near Hinton) 
data indicates that if the variance among -harvested and non-harvested 
catchments are assumed equal, in order to obtain an 80 percent chance 
of detecting flow differences of 25 percent, a minimum of four 
harvested and:four non-harvested catchments are required. When a 
similar analysis was carried out for total flows from catchments 
located allover the world, it was found that a minimum sample of 
six harvested and six non-harvested catchments are required for the 
present study. Therefore answers to question 1 will be based on 
data obtained from a minimum of six harvested and six non-harvested 
catchments. 

To answer question 2, it was decided that initial studies should 
examine the relative importance of road-stream and seismic trail-stream 
intersections as sediment sources in the study area. Results from 
earlier work indicated that 16 to 20 sampling sites must be used to 
detect sediment differences of 100% during reasonably homogeneous 
storm events. Therefore the initial study design included 40 sites 
evenly divided among roads and seismic trails. 

During the period 1972-74, precipitation data were collected from 
May to September from a maximum of 36 standard rain gauges and 
11 recording gauges in the immediate vicinity of the study catchments. 
These formed part of a larger summer precipitation network of 
135-145 standard gauges and 21-24 recording gauges associated with 
study NOR-14-l38. A total of 15-21 snow courses were measured in 
the spring each year to obtain an estimate of the snowpack water 
equivalent prior to spring breakup. 

Precipitation data were used to produce detailed isopleth maps of 
total summer precipitation, of precipitation during important storm 
events, and of precipitation during other relevant time periods. 

Water level recorders were installed on 18 catchments during 1972-74. 
Streamflow measurements were taken during April through September 
and, together with stage-discharge rating curves developed for 
each station, used to Obtain mean daily discharge. 
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Composite hydro graphs were developed to represent the average flows 
from the logged and from the control catchments. Results indicate 
that logging has a significant impact on snowmelt runoff. The mean 
flow resulting from snowmelt (April 25 to May 23, 1974) was 3.8 
inches for logged catchments, and 2.5 inches for control catchments. 
The difference of 1.3 inches (52%) was significant at the 90% 
confidence level. Differences in the timing of peak flows for logged 
and control catchments were not evident. Significant differences 
between flows from the two types of catchments were established for 
certain rain storm events with the logged catchments sustaining 
higher flows. 

During 1972-73, a sediment sampling network of 38 sites (22 road-stream 
and 16 seismic trail-stream intersections) was established, described, 
and instrumented. Weekly sediment samples, upstream and downstream 
were obtained and analyzed for suspended sediment concentration, 
conductivity and turbidity. Streamflow, stage and precipitation 
data were obtained for each site. 

Results indicated that the sampling method is satisfactory for 
evaluating sediment discharge from specific points. Downstream 
sediment samples, 75% of the time are higher than upstream samples. 
Average sediment production from roads and seismic lines was 
816 lb/day and 413 lb/day respectively. The difference was found 
to be significant at the 80% level of probability. No significant 
differences were detected during non-storm conditions. Average 
sediment production for roads and seismic lines during non-storm 
conditions was 62 lb/day and 54 lb/day respectively. 

A test of discriminant function as a method to classify catchment 
areas for high and low sediment production showed that the number 
of road-stream, seismic line-stream crossings and catchment area 
were best indicators of land disturbance and erosion-sedimentation. 

An automatic sediment sampler has been developed. Field tests show 
that integrated sediment samples for 1-8 day periods can be obtained. 
Modifications related to pumping times and field installation 
procedures have been made and ten samplers constructed. 

Some progress has been made in summarizing the characteristics and 
condition of each catchment using information from topographic, 
surficial geology, bedrock geology, vegetation, and forest management 
maps. 

Results of the study were presented at meetings, e.g. Alberta Watershed 
Research Coordinating Committee, and seminars. 
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12. Goals for 1976-77: 

1. Take oblique aerial photographs of the 18 study catchments while 
snow is still on the ground (Hillman),. 

2. Complete processing of 1975 streamflow data (Hillman). 

3. Modify and test new components to overcome periodic pump failures 
in automatic sediment samplers (Rothwell). 

4. Publication of paper entitled "Increased water yield after 
clear harvest in western Alberta, Canada". (Journal). (Authors: 
R.H. Swanson and G.R. Hillman). 

5. Publication of "Erosion-sedimentation from logging roads and 
geophysical exploration trails in the Hinton-Edson area, Alberta". 
(Journal). (Authors:R.L. Rothwell and R.H. Swanson). 

6. Publication of Information Report entitled "Hydro-meteorological 
information for the Hinton-Edson area, Alberta, 1972-75". (Authors: 
G.R. Hillman, J. Powell, and R.L. Rothwell). 

7. Prepare a report entitled "Impact of clear harvest and geophysical 
activity in western Alberta on local hydrology". (Journal). 
(Authors: R.H. Swanson, G.R. Hillman, R.L. Rothwell, and T. Singh). 

8. Complete report and prepare publication on "Test of discriminant 
function for classification of sediment production from wildlands". 
(Journal). (Author: R.L. Rothwell). 

9. Prepare report and publication on "Test of automatic sediment 
sampler for remote areas". (Journal). (Authors: R.H. Swanson, 
R.L. Rothwell, and D. Pitt). 

10. Prepare study progress report. 

13. Accomplishments 1976-77: 

1. Aerial photographs were obtained during two separate helicopter 
flights. One was sponsored by the Alberta Department of Environment, 
one from our own funds. These photos complete the field informa
tion gathering portion of this study. 

2. Streamflow data was processed as scheduled. 

3. Several new pumps were tried with varying degrees of success. 
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4. Paper is in revision following two reviews. Current intent is to 
publish as an Information Report instead of a Journal article 
because of the paper's voluminous nature. 

5. A preliminary draft is being written. 

6. Report is about 80 percent completed. 

7. Preparation delayed pending completion of goals 4 and 5 above. 
The information from these earlier papers is necessary to evaluate 
the impact of this harvest. 

8. Will not be completed due to resignation of Rothwell. 

9. Will not be completed due to resignation of Rothwell. 

10. Not done. 

14. Goals for 1977-78: 

1. Publish information report entitled "Increased water yield after 
clearcut harvest in Western Alberta, Canada". (Swanson and Hillman). 

2. Publish as part of Alberta Watershed Research Program Symposium 
proceedings "Erosion-sedimentation from logging roads and geophysical 
exploration trails in the Hinton-Edson area, Alberta". (Swanson 
and Rothwell). 

3. Publish information report "Hydro-meteorological information for 
the Hinton-Edson area, Alberta, 1972-1975". (Hillman, Powell, and 
Rothwell). 

4. Publish as part of AWRP Symposium proceedings "Impact of clearcut 
harvest and geophysical activities in western Alberta on local 
hydrology". (Swanson, Hillman, Rothwell, and Singh). 

5. Terminate study. 

15. Publications: 

Up to 1976-77 

Alberta Watershed Research Program. 1972. Annual Report, March 1971 -
January 1972. Research Coordinating Committee. pp. VI 2-12. 

Alberta Watershed Research Program. 1973. Annual Report, January 1972 -
December 1972. Research Coordinating Committee. pp. III 
3-5; IV 4-6. 
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AIIH'rlll WllterHIH'd Hl'Ht'IIITh I'rogrlllll. IlJ7'J. Allnual Rpport. January 
J973 - December 1973. Research Coordinating Committee. 
pp. III 2-4; IV 1-4. 

Alberta Watershed Research Program. 1974. Annual Report. January 
1974 - December 1974. Research Coordinating Committee. 
pp. III 3-6; lV 1-6. 

Hillman, C.R. 1971. Probably hydrological effects of clearcutting 
large blocks in Alberta. pp. 44-74. In: H.J. Johnson et al. 
Some implications of large-scale clearcutting in Alberta - a 
literature review. Northern Forest Research Centre. Inf. 
Rep. NOR-X-6. 

Hillman, C.R. 1972. Determination of discharge and mean velocity of 
several Alberta streams using Rhodamine WT dye. A report 
submitted to the Director of the Division of Pollution Control, 
Alberta Department of the Environment. December. pp. 11. 

Hillman, C.R. 1974. Logged areas produce more water than not logged 
during spring storms. Canadian Forestry Service, Northern 
Forest Research Centre. Forestry Report 3(4). 

Rothwell, R.L. 1973. How to design logging road drainage systems. 
Canadian Forest Industries 93(3):39-43. 

Rothwell, R.L. 1974. Roads - Major Sediment Source. Canadian Forestry 
Service, Northern Forest Research Centre. Forestry Report 3(4). 

Singh, T., Y.P. KalraandG.R. Hillman. 1974. Effects of pulpwood 
harvesting on the quality of stream waters of forest catch
ments representing a large area in western Alberta, Canada. 
Proc. Symposium on the effects of man on the interface of 
the hydrological cycle with th~ physical environment. Int. 
Assoc. of Hydrological Publ. No. 113, p. 21-27. 

Alberta Watershed Research Program. 1975. Annual Report January
December 1975. Research Coordinating Committee. pp. III 
29-31, IV 28-29, V 10. 

16. . Signatures: 
/ 

Program Manager 

Director C. T. Silver 



NOR-14-138 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 9, 1977 

1. Project: Impact of clearcutting on forest environment 

2. Title: The climate of clearcut forested areas. 

3. New: Cont.: X 4. No.: NOR-14-l38 

5. Study Leader: J.M.Powell 

6. Key Words: Forest climatology, macroclimatology, mesoclimatology, 
microclimatology, clearcut size, mobile and airborne 
sensing, SAl, SA2, M4, B19a, B19c. 

7. Location of Work: North Western Pulp and Power Ltd. lease area at 
Hinton, Alberta and Edmonton Laboratory. Data 
will be obtained from the Prince George, B.C. 
area on a cooperative basis with Climatology 
Section, CLI, Victoria, B.C. 

8. Problem: 

A literature review indicated that there is a paucity of data relating 
to climatic environmental changes brought about by large-scale 
logging operations. Background information of the interrelationships 
of macro-, meso- and microclimate in.clearcut areas is required for 
other forestry studies. Information on the effects of different 
types and sizes of cutting patterns is particularly lacking. What 
changes in the various climatic parameters important for forest 
regrowth can be expected following the removal of the tree cover, 
and how far does the ameliorating influence of the stand border extend? 
Can any adverse changes be physically adjusted by modifying cutting 
patterns to improve the ground-level factors? 

A detailed analysis of the problem can be found in the study statement 
for the year 1974-75. 

9. Study Objectives: 

1. To determine the effect of clearcutting of different sizes on 
the various climatic parameters. 
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2. To identify the zones of stand border influence for each climatic 
parameter and to relate this to size and orientation of cut. 

3. To assess the use of fixed ground based climatic stations, with 
ground level mobile sensors and airborne sensors, for obtaining 
climatic data for forestry purposes. 

10. Resources: 

a. Starting date: 1971 
b. Estimated year of completion: 1978 
c. Estimated total Prof. man-years required: 2.5 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.7 (Powell) 

Supp. 1.0 (Skaley) 
Casual 0.6 
Total 2.3 

11. Progress to Date: 

Initial field work for the mesoclimatic aspects were begun in June 
1971 when up to 21 stations were operated at 53 locations on 5 cutting 
compartments. Sixteen to 20 stations were run throughout the winter 
of 1971-72 and detailed measurements of snow were taken. In 1972 
58 locations were sampled, including 22 on a continuous basis from 
May to early October, but only one station was operated through the 
winter. In 1973, 47 weekly and two montlUyclimate stations were 
run from mid-April or early May to early October. In 1974 stations 
were run at 50 locations and in 1975 at 48 locations. All regular 
or satellite stations were equipped for measuring temperature, humidity 
and precipitation each year. Base stations and some other stations 
also have equipment for measuring wind, radiation, soil temperature 
(somesoilmoisture) and some evaporation (one or two years only). In 
1972 soil moisture neutron probes were installed and maintained for 
a few months at 27 stations, and gravimetric soil moisture sampling 
was obtained at 15 stations as a check against the neutron probe 
readings. In addition to the standard climatological stations addi
tional precipitation only stations were run from 1972 to 1975 to 
increase the precipitation network density to provide better precipi
tation information for this and the hydrology studies especially 
NOR 121. Tabulations have been completed each year for all the 
precipitation recording stations and for stations in and adjacent to 
the study area operated by other agencies fortheyears 1972 to 1975 
inclusive. The total area network represents summer precipitation 
totals obtained from almost 150 locations each year. Brief reports 
on the precipitation aspects have been prepared from 1973 to 1975 
for the Alberta Watershed Research Program. Snow survey measurements 
have been taken each spring at 10-20 locations from 1972 to 1975. 
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Descriptions have been completed for 104 climate stations giving 
location information, including elevation, slope, aspect, cut block 
no., year cut, any post-harvesting treatment, vegetation cover, 
degree of harvesting residue and other features. Also descriptions 
have been completed for approximately half the micro-climate soil 
temperature sites. Photographs are on file for many of the meso
c+imate stations. 

In 1972 six areas, two strip cuts, two block cuts and two large 
irregular cuts were selected for microclimatic studies, with 6 to 
16 stations per cut. In 1973 soil temperature measurements were 
made at approximately weekly intervals from mid-May to late September 
on four of the networks installed in 1972. In 1973 transects of 
soil temperature profiles (24 to 26 stations) were established on 
two additional~areas in association with NOR-14-l39. Transects of 
G~n a~mQW~~~'1 ~nQ rain saqges were also established on these two 
areas, along wit~ continuous recording soil and air temperature 
probes. In 1974 two further microclimate networks were established 
in connnection with NOR-14-l39 with similar instrumentation to the 
two networks established in 1973. Measurements were continued through 
1975 on four of the networks established in 1972. In 1975 a further 
microclimate network was established with a different aspect. 

Extraction and key punching of most data up to October 1974 was 
completed for most climatic parameters. All the temperature and 
precipitaton data was extracted, the 1974 radiation data, most of the 
wind data, and some humidity data. Some soil temperature and the 
1974 and 1975 temperature probe data were also extracted. 

In 1971 and 1972 a dozen mobile temperature traverses, most at dawn 
were run through and between four of the study compartments. Thermal 
infrared line scan images were taken in August and October 1971 along 
two transects in the McLeod Working Circle. A report was published 
describing a computer technique developed to present some of the 
imagery. Information on two pairs of stations set up in the Prince 
George area on a cooperative basis by the B.C. Climatology Section 
of CLI was received for 1972 to 1975 for comparison purposes with 
similar station pairs in the Hinton area. 

Further more detailed summaries on the above progress and preliminary 
reporting along with location maps and master summary charts available 
can be found in the Study Progress Report giving status up to the 
spring of 1975. 

12. Goals for 1976-77: 

1. Continue the climatic monitoring of the mesoclimate networks in 
two areas (Athabasca, McLeod) in association with NOR 139. 

2. Snow survey measurements will be taken at 12-18 locations in late 
March to establish the winter snowpack and to compare with previous 
years. The network of winter recording precipitation gauges will 
be maintained through the summer on a mo~thly basis. 
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3. Four microclimate networks associated with NOR-14-l39 will be 
maintained from early May to late September along with four 
similar networks in adjacent areas, to provide further informa
tion on the stand border influence. 

4. The extraction and key punching of collected data will be 
continued. A start will be made on the analysis of some of 
the parameter data other than precipitation, which has been 
analyzed on a regular basis in support of the hydrology studies. 

5. Complete the precipitation section for the Information Report on 
hydrometoeorology information for the Hinton-Edson area, Alberta, 
1972-75. 

6. Site descriptions will be completed for the rest of the soil 
temperature sites of the microclimate networks. 

7. Undertake a trip to the Prince George area to visit the two pairs 
of stations for which data has been received for the years 1972-75 
from the B.C. Environment and Land Use Committee Secretariat. 
With their cooperation receive 1976 data for comparison purposes 
with data collected in the Hinton area. 

8. A draft of the Ph.D. thesis based on the first 17 months data 
from the study will hopefully be completed by D.C. MacIver. 

9. Goal added: Prepare a brief report on "The Foothills" as an 
invited contribution for the Naturalist Guide to Alberta. 

13. Accomplishments for 1976-77: 

1. Monitoring of the mesoc1imate networks near the NOR-14-139 plots 
was continued. Climatic stations were run from late April to 
early October at a total of 41 locations, 13 of these were directly 
associated with NOR-14-139. At all these stations temperature, 
precipitation and humidity were recorded. Precipitaton was 
recorded at a further 7 locations. Recording rain-gauges were 
maintained at 18 locations, 3 of which are running through the 
1976-77 winter. Radiation was measured at 13 stations, and wind 
at 12 stations. Soil temperatures at depths of 5 and 20 ems were 
measured weekly at 35 stations and soil temperature profiles to 
70 cm at a few stations. 

2. Snow survey measurements were taken at 20 locations in late March 
and the network of 10 winter recording precipitation gauges were 
serviced at this time. 

317 



5 

3. Four soil temperature networks associated with NOR-14-l39 were 
maintained along with four similar networks on other areas. On 
two of these areas profiles of soil and air temperatures were 
continuously taken to supplement the stand border measurements 
taken on the plots. Transects of precipitation gauges were 
maintained at weekly intervals on 6 of the areas. 

4. The extr~ction and key punching of data was continued. All 1971-75 
meso- and microclimate temperature data has been extracted and 
key punched and q start has been made on 1976 data. All 1971-76 
precipitation data has been extracted, tabulated and summari~ed, 
except for 1976 data from two recorders which is presently with 
AES for e~traction. All 1971-76 radiation data has been extracted 
~nd all "cept 1976 data has been put on punch cards. Humidity 
data was'extracted and key punched fox selected stations and years. 
Wind 4a.~q hi~ been extracted and keypunched for about half the 
stat:f.Qri~ fqf<the per:f.od 1971-75. Weekly soil temperature and 
max. and min.'temperature has been extracted and put on cards. 
Preliminary analysis was undertaken for several of the climate 
stations near Obed Lookout to provide information for a consulting 
company. Analysis has also been commenced for the radiation 
data, "forest" and "open" pair stations, and paired stations on 
the ground and at standard height. 

5. All precipitation data including snow course data has been 
summarized for the report. Draft maps of seasonal totals and 
individual storms are complete and most of text has been written. 
The introduction and "study area and land use" sections have 
also been prepared. 

6. Site descriptions were completed for all sites of the microclimate 
networks and for the few new climate stations. 

7. A trip was made in early July to see the two pairs of stations 
near Prince George for which data has been received for the years 
1972-76 from the B.C. Environment and Land Use Committee 
Secretariat. Data from a third pair of stations is now also being 
received for comparison with paits of stations in the Hinton area. 

8. D.C. MacIver has made some progress towards completing a Ph.D. 
thesis on the first 17 months data from the study. A one-year 
extension was obtained from the University to complete the work. 

9. The contribution on the "Foothills" for the Naturalist Guide of 
Alberta was prepared and submitted to the Provincial Museum of 
Alberta. 
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14. Goals for 1977-78: 

1. Two microclimate networks associated with NOR-14-l39 will be 
maintained on a regular basis from mid-May to late September. 
Supplementary air and soil temperature probe systems and clima
tological stations will be maintained on these two areas (74 and 
566). 

2. The extraction and key punching of collected data will be 
continued. Analysis of the data collected for each climatic 
parameter or for certain aspects of the study will continue. 

3. Input will be provided to complete the joint authored report 
"Hydrometeorology of the Hinton-Edson area, Alberta, 1972-1975". 

4. The Ph.D. thesis based On the first l7"months data from the study 
will hopefully be completed by D.C. MacIver. 

(Goals transferred from NOR-2-ll5). 
5. Publish as an Information Report the paper "A factorial summer 

climatology of the forested regions of the Prairie Provinces". 

6. Present a paper at the Annual Meeting of the Canadian Meteorological 
Society in Winnipeg in June on "Climatic classifications for the 
Prairies Provinces". Then prepare the full paper by the end of 
June as a contribution to the Special Anniversary Volume to honour 
Professor R.W. Longley. 

7. Prepare a report on the Climate of the Eastern Slopes for presenta
tion and publishing in the proceedings of the Alberta Watershed 
Research Program Symposium in August. 

15. Publications: 

Up to 1976-77 

Powell, J .M. 1971. Environmental factors affected by clearcutting. 
pp. 4-18. In: Johnson, H.J. , H. F. Cerezke, F. Endean, 
G.R. Hillman, A.D. Kiil, J.C. Lees, A.A. Loman and J.M. 
Powell. Some implications of large-scale clearcutting in 
Alberta, a literature review. Can. Dept. Environment, Can. 
Forestry Serv. , Edmonton. Information Report NOR-X-6. pp. 

MacIver, D.C. and Powell, J.M. 1973. Thermal soil variations as a 
function of clearcut size: preliminary analysis. Paper 
presented at the Eleventh Conference On Agricultural and 
Forest Meteorology, American Meteorological Society, Durham, 
N.C. January 9. 1973. (Also Environ. Can., North. For. Res. 
Cent., Edmonton, File Report NOR-Y-53. pp. 10). 

Alberta Watershed Research Program 1973. Impact of existing timber 
harvest on water yield, physical quality and micro climate. 
pp. IV, 4-6. Annual Report January 1972-December 1972. 
J ana ury 3, 1973. 

114. 

319 



7 

Powell, J.M. 1973. Forest Climatology in Alberta. Paper presented 
to the Canadian Meterological Society (Alberta Centre), 
Edmonton, April 3. 

Powell, J.M. 1973. Climatic data input for quantitative evaluation 
of the effects of pulpwood harvesting on water yield, 
physical water quality and streamflow regime, pp. 111-3. 
Climate of clear harvested areas, pp. I~3-4. In: Annual 
report Jan"ary, 1973-pecember 1973. Alberta Watershed 
Research Program. December 7, 1973. 

Lubitz, E.D. and J.M. PQwell. 1974. Some computer techniques for 
pre~entation of thermal infrared line scan data. Environ. 
C~q., North. For. Rea. Cept., Edmonton. Inf. Rep. NOR-X-79. 
21 p. 

Powell, J.M. 1975. Climate of clear-harvested areas. pp. IV 4-6, 
III 5. In: Annual Report January-December 1974. Alberta 
Watershed Research Program. January 7, 1975. 

Powell, J.M. 1975. The climate of clear cut forested areas. Environ. 
Can., North. For. Res. Cent., Edmonton. Study NOR-14-l38. 
Progress Rep. 9 p. + 5 maps. 

Powell, J.M. 1975. Precipitation 
and other studies on the 
Lease area near Hinton. 
January-December 1975. 
January 23, 1976. 

studies in support of hydrology 
North Western Pulp and Power 
pp. IV 28-29. In: Annual Report 

Alberta Watershed Research Program. 

Powell, J.M. and D.C. MacIver. 1976. Summer climate of the Hinton
Edson area, west-central Alberta, 1961-1970. Environ. Can., 
Can. For. Serv., North. For. Res. Cent., Edmonton. Inf. 
Rep. NOR-X-149. 43 p. 

1976-77 

Nil 

16. Signatures: 

Program Manager 

Director G.T. Silver 
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NOR-14-139 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 9, 1977 

1. Project: Impact of clearcutting on forest environment. 

2. Title: The effect of the microclimate of clearcut areas on survival 
and growth of conifer regeneration. 

3. New: Cont.: X 4. No.: NOR-14-139 

5. Study Leader: R.E. Stevenson 

6. Key Words: Pinus contorta, Picea gZauca, seeding, planting, 
establishment, growth, survival, microclimate, aspect 
vegetation. 

7. Location of Work: Northwestern Pulp & Power Ltd., Hinton, and 
Forest Research Centre, Edmonton. 

8. Problem: 

Some forest harvesting practices, notably c1earcutting have become a 
focus of public controversy. Present management of our forests is 
by guidelines implemented and enforced by the provincial governments. 
Recently a literature review (Johnson et a1. 1971) of the implications 
of large-scale c1earcutting in Alberta, underta~en at the request of 
the Alberta Forest Service, indicated that there is a lack of data 
relating to climatic environmental changes brought about by large-scale 
logging operations. Some information is available, from other areas, 
for small blocks or strip cuttings, but virtually nothing exists for 
large c1earcuts where the favourable influence of the stand border on 
environmental parameters only affects a minute portion of the cut area. 
New regulations in Alberta require that cuts in spruce and spruce-fir 
forests should not be larger than 40 acres and in pine forests 60 acres. 
However, large-scale operations are now removing large blocks of 
reserve forest left at the time of the initial cut, hence cut areas 
covering hundreds of acres are being created. Regeneration of c1earcut 
blocks of pine forest does not appear to be a problem in Alberta as 
this harvesting method fits the silvica1 and ecological requirements 
of lodgepole pine, but this does not appear to be the situation in 
spruce-fir areas (Johnson et a1. 1971, U.S.D.A. 1971). The use of 
c1earcut harvesting methods in spruce-fir areas often leads to problems 
of regeneration and seedling growth and needs further research. 
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North Western Pulp and Power Ltd., has expressed a need for 
correlation of regeneration stem analysis with climatic factors in 
clearcut blocks. 

The study has been developed in collaboration with other work to 
establish the effect of clearcutting on macro-meso and microclimate 
(NOR 138). 

9. Study Objectives: 

To determine the significance of microclimatic regimes created by 
clearcutting in terms relevant to growth and survival of planted 
spruce and pine. 

10. Resources: 

a. Starting date: 1973 
b. Estimated year of completion: 1977 
c. Estimated total Prof. man-years required: 1.0 
d. Essential new major equipment items for 1977-78 with costs: 
e. Essential new major equipment items beyond 1978 with costs: 
f. 1977-78 man-years Prof. 1.0 (Stevenson) 

Supp. 1.0 (Campbell) 
Casual 0.0 
Total 2.0 

11. Progress to Date: 

Nil 
Nil 

Two areas were selected for the southern study plots in the McLeod 
working circle and two for the northern plots in the Athabasca working 
circle. Two transects of five sample plots were located outward from 
the stand edge at 15, 45, 90, 135 and 180 m distance on such area. 
Sample plots were ~ 12 x 53 m with the long axis parallel to the stand 
edge. White spruce and lodgepole pine container stock (Hillson con
tainer, 164 cm 3 ) were planted at l-m spacing in 6 rows each of 50 
trees. The plots were divided into five subplots (12 x 10.6 m). 
After planting each seedling was marked ~d each subplot row numbered. 
The seedlings were grown for 14 weeks in the greenhouse then moved to 
cold frames for 6 weeks. In 1973 prior to planting 200 seedlings of 
each species were sampled for shoot length and root and shoot dry 
weight. In 1974, 80 seedlings were meas~red. Since planting, samples 
for shoot growth have been taken three times annually and twice during 
the growing season and once after growth terminated. Root growth and 
development were similarly taken during the first year and was attempted 
during the second year on two areas. All samples have been dried and 
weighed. 
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Microclimate instrumentation commenced ahead of planting and continued 
through each growing season. Temperature, humidity, precipitation, 
wind and solar radiation were recorded on the cut areas. Temperature 
and humidity were recorded 15 m within s~and from edge. Rain gauges 
and Gen atmometers were installed at each plot. 

Temperature profiles (10, 0, -7.5, -15 cm) were measured during 30 
minute intervals continuously at each pldt. 

Growth and seedling weight data, and the spot-temperature, moisture, 
precipitation and evaporation data have been tabulated on summary 
sheets. Temperature strip charts for area 257 for 1974 were extracted 
and key punched. 

Further details of inst~ument location and periodicity of measurement 
on each area and of progress up to March 1975 is contained in a 
Study Progress Report by Sims 1975. 

Sampling continued throughout 1975 as mentioned above. Instrumentation 
and maintenance of weather instruments continued on all 4 areas. 
Measurements of spruce and pine samplings were dried and recorded. 
Instruments were repaired for upcoming season. 

Extraction and transcribing of weather data from continuous flow charts 
was completed for Area 566-1975. 

Sampling of spruce and pine tops for growth performance was completed 
in 1976 for the southern plots 257 and 262. Eighty root samples 
collected to examine for spiralling and root collar binding. Rain 
ga~ges were maintained in southern plots. These operations will not 
be continued in 1977--essentially all field work now is complete in 
these plots. 

In northern plots, 566 and 74, continuous instrumentation recording 
continued into its second year. Sampling of spruce and pine tops for 
growth performance data was completed, processed and tallied. Rain 
gauges were maintained. 

All sampled top material have been prepared, measured, weighed and 
tallied. Climatic data have been transcribed from continuous flow 
chart potentiometers onto 80 column entry sheets for only 2 areas 
257-1974 and 566-1975. ,Work is progressing (under a casual contractor) 
to complete 566-1976. 

Liaison with foresters at North Western Pulp and Power continued. 

12. Goals for 1976-77: 

1. The two northern (Athabasca) areas will be fully instrumented as 
was done in 1976, except for the atmometersmay be grouped 
rather than set out on transects. The continuous temperature 
recorders will not be run on the two southern (McLeod) areas 
this third year as sufficient manpower is not available. The 
transects of rain gauges will be retained on these two areas 
but only a pair of atmometers on each area instead of a transect. 
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2. A total survival count of seedlings will be carried out in late 
May on all four areas. No root sampling will be carried out in 
1976, as roots are now so large that it is impossible to obtain 
a representative root sample. Tops of pine will be sampled and 
measured around June 15, July 1 and July 15, and tops of spruce 
around July 1, July 15 and August 1 on all areas. If time allows, 
all remaining seedlings following the' last sampling on the two 
southern areas should be measured for height growth as this is 
the last year of measurement on these areas. The sampled tops 
will be dried and weighed. 

3. Extraction and analysis of field data will continue. 

13. Accomplishments in 1976: 

l. Micro-bioclimatical data were gathered with full instrumentation 
of northern plots, 566 and 74. Atmometers were not used on any 
plots in 1976. Rain gauges were maintained on original transects. 

Photographs of individual seedlings on all plots were obtained 
for reporting purposes. Considerable discussion on Hillson 
container performance was conducted Yfith North Western Pulp and 
Power forestry personnel. 

2. Growth performance sampling was conducted on three occasions 
during the growing season for each $pec,ies (pine and spruce) 
on all four areas. Material was measured, dried and weighed. 
Approximately 80 root samples were collected for examination of 
any deformity. 

3. Extraction of data from flow charts for 566-1975 was completed 
and good progress was made towards completion of 566-1976. 

Analysis of growth profile data for all plots, 1974, 1975 and 
1976 now in hand. Refinement of analysis of data and preparations 
for information report now underway. 

14. Goals for 1977-78: 

1. One year (1977) remains for full instrumentation, sampling and 
measurement of northern plots, 566 and 74. Extraction and tabu
lation of continuous temperature readings on plot 566 will be 
carried on by field staff. This work will be done at Hinton. 

2. Extraction and analysis of field data will continue. 

Tops of species will be sampled and measured around June 21 and 
August 1. Transects, two for each plot will be run parallel to 
the plots, extending out from the stand edge for 1000 feet. 
Wildings will be sampled and measured at 50, 150, 300 etc. intervals 
to record age and growth. 

3. Growth profile data will be written-up as an Information Report, 
"Seedling Survival and Growth Response Related to Stand Edge Effect". 
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15. Publications: 

Up to 1976-77 

Sims, H.P. 1975. The effect of the microclimate of clearcut areas 
on vegetation encroachment and survival and growth of 

1976-77 

Nil 

conifer regeneration. Environ. Can., North. For. Res. Cent., 
Edmonton. Study NOR-139 Biennial Progress Report. 6 pp. + 
5 figs. 

16. Signatures: 

Invest 

(.).. 
'I'~ 

Program Manager 

I~ 

Director G.T. Silver 
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PROJECT NOR-17 

Liaison and technical advisory 
services in forest management. 



NOR-17-068 

CANADIAN FOHESTJ{Y SlmV]CE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre,: NORTHERN FOREST RESEARCH CENTRE 

Date: January 26, 1977 

1. Project: Liaison and technical advisory services in forest management. 

2. Title: Technical and advisory services re insect pests and diseases. 

3. New: Cont.: X 4. No.: NOR-17-068 

5. Study Leader: V. Hi1dah1 

6. Key Words: Tree biology, entomology, pathology, detection, insects, 
diseases, appraisals, protection, pesticides, chemical 
control, spraying, demonstrations, Dutch elm disease. 

7. Location of Work: Manitoba 

8. Problem: 

Provincial, municipal and industrial resource managers are responsible 
for forest, park and amenity tree programs in Manitoba. Therefore, 
they must derive maximum benefits from results of research pertaining 
to tree protection, mainten~nce and establishment. Research managers 
also need feedback on the requirements and views of the user agencies 
in order to initiate research and demonstrations aimed at resolving 
problems associated with effective and intensive forest management. 

9. Study Objectives: 

1. To provide technical advice and guidance to resource managers of 
the province in developing and implementing forest protection 
programs aimed at keeping tree losses due to insect and disease 
outbreaks within acceptable limits. 

2. To provide a technical advisory service to provincial and munici
pal government agencies and the general public with regard to 
appropriate detection, diagnostic and control procedures for 
Dutch elm disease in the Manitoba region. 
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10. Resources: 

a. Starting date: 1966 
b. Estimated year of completion: Continuing 
c. Estimated Prof. man-years required: N/A 
d. Essential new major equipment items for 1977-78 with costs: 

An automatic agar sterilizer at approximately $1,900 
for preparation of culture media used in Dutch elm 
disease diagnosis. (In 1976 about 7,000 plates were 
cultured manually.) 

e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 1.0 (V. Hildahl) 

Supp. 
Casual 
Total 1.0 

11. Progress to Date: 

Since 1966, when the study was initiated, liaison has been developed 
and maintained with authorities of government and industry associated 
with forest utilization, reforestation and amenity programs in the 
Region, and a technical advisory service has been established to pro
vide expert advice on insect pest and disease problems. To date, the 
study has been highlighted by: 1) interpreting and disseminating 
(in the form of brochures, special reports and personal contacts) 
results of scientific research that have practical application in 
dealing with resource management problems; 2) evaluating current 
insect and disease outbreaks with respect to impact on forest stands, 
and on park, shelterbelt and amenity plantings; 3) developing, demon
strating and evaluating ground and aerial techniques and procedures 
for applying chemical insecticides used in suppressing outbreaks of 
the jack pine budworm, spruce budworm, forest tent caterpillar, canker
worms, and poplar bud-gall mite; 4) developing 10-year jack pine 
mistletoe eradication programs in the Belair Provincial Forest and 
western district of Manitoba, based on market demands for jack pine; 
and 5) directing provincial and municipal sponsored Dutch elm disease 
detection (including the use of infrared aerial photography for early 
recognition of diseased trees) and control programs in Manitoba. 

12. Goals for 1976-77: 

1. Continue liaison with resource managers throughout the province, 
and provide technical advisory services on insect pest and disease 
problems in forest, urban and rural environments. Close contact 
will be maintained with the Forest Insect and Disease Survey and 
their facilities fully utilized in achieving this goal. 
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2. Continue to evaluate the effectiveness of operational chemical 
spray programs against the spruce and jack pine budworms in 
the Spruce Woods of Manitoba, and provide results to resource 
managers for the development of future control programs. 

3 •. Complete scientific publication "Control of poplar bud-gall 
mite with insecticides". (This publication to be prepared 
jointly with R.F. DeBoo, Chemical Control Research Institute.) 

4. Complete preparation of report depicting results of the 1974 
and 1975 spray programs against the spruce budworm in the Spruce 
Woods Provincial Park and Forest. 

13. Accomplishments in 1976-77: 

1. Contacts and liaison with resource managers were maintained and 
technical advisory services (including lectures and seminars) 
were provided, especially on current insect and disease problems 
in forest, urban and rural environments. Regular contact was 
also maintained with Forest Insect and Disease Survey personnel 
of the Northern Forest Research Centre in achieving this goal. 

2. The operational aerial spray program against the jack pine bud
worm was monitored and evaluated as requested by officials of 
the Manitoba Parks Branch, Department of Tourism, Recreation 

• and Cultural Affairs. 

The spray program covered approxaimte1y 1,250 acres of pine 
plantations in the Spruce Woods Provincial Forest using the 
chemical Sumithion in one application at the rate of 4 oz. a.i. 
in 1 U.S. gal. water/acre. Preliminary analysis of data taken 
by field sampling during spray operations indicated that larval 
incidence was reduced about 70%. 

3. The proposed scientific publication "Control pf poplar bud-gall 
mite with insecticides" was not published. Field work and 
analysis of data completed to date. 

4. Proposed report depicting results of 1974 and 1975 operational 
spray programs against the spruce budworm outbreak in the Spruce 
Woods Provincial Forest and Park in Manitoba is still in early 
stages of preparation. 

5. Added Accomplishment 1977: A research publication--Aeria1 control 
operations against the spruce budworm in Manitoba, and a pest 
1eaflet--Forest tent caterpillar were published. 
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14. Goals for 1977-78: 

1. Continue liaison with resource managers throughout the province, 
and provide technical advisory services, especially with regard 
to insect and disease problems in forest, urban and rural environ
ments. Close contact will be maintained with the Forest Insect 
and Disease Survey and their facilities utilized in achieving 
this goal. 

2. Continue cooperative programs with provincial and municipal 
agencies regarding Dutch elm disease detection and diagnoses, and 
provide technical advisory services in relation to sanitation 
practices and control procedures. 

3. Continue to evaluate the effectiveness of operational chemical 
spray programs against the spruce and jack pine budworms in the 
Spruce Woods area of Manitoba, and provide results to resource 
managers for the development of future control programs. 

4. Complete scientific publication "Control of poplar bud-gall mite 
with insecticides". (This publication to be prepared jointly 
with R.F. DeBoo, Chemical Control Research Institute.) 

5. Complete preparation of information report on results of the 
operational spray programs (1974-76) against the spruce budworm 
outbreak in the Spruce Woods Provincial Forest and Park in 
Manitoba. 

6. Complete information report entitled "Elm diseases in Manitoba", 
including interpretation of aerial photography. 

15. Publications: 

Up to 1976-77 

Hildahl, V. and A.E. Campbell. 1975. Forest tent caterpillar in 
the Prairie Provinces. Environ. Can., North. For .. Res. 
Cent., Inf. Rep. NOR-X-135. 12 p. 

Hildahl, V. 1975. Fall cankerworm. Environ. Can., North. For. 
Res. Cent., Pest Leaflet NFRC P. 3-75. 

Hildahl, V. 1975. Yellow-bellied sapsucker. Environ. Can., North. 
For. Res. Cent., Pest Leaflet NFRC P. 7-75. 

1976-77 

Hildahl, V. and R.F. DeBoo. 1974. Aerial control operations against 
the spruce budworm in Manitoba. In: Aerial control of 
forest insects in Canada. M.L. Prebble, Editor. Can. Dep. 
Environ., Ottawa, Canada. 126-128. 
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Hildahl, V. 1977. Forest tent caterpillar. Environ. Can., North., 
(In press) For. Res. Cent., Pest Leaflet NFRC. 

16. Signatures: 

Progralti' }:tanager 
1./'1/ 

Director G. T. Silver 
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NOR-17-07l 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTH~RN FOREST RESEARCH CENTRE 

Date: January 26, 1977 

1. Project: L~aison and technical advisory services in forest management. 

2. Title: Liaison and technical advisory services - Winnipeg Sub-office. 

3. New: COnt.: X 4. No.: NOR-17-07l 

5. Study Leaders: K. Froning and L.D. Nairn 

6. Key Words: Public relations, silviculture, trials, demonstrations, 
spruce, pine, poplar management. 

7. Location of Work: Manitoba 

8. Problem: 

Forest resource managers in Manitoba have been required over the years 
to manage their forests more intensively. The manager must remain 
aware therefore of research findings which are relevant for meeting 
his management objectives. In many instances existing knowledge can 
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be applied but in other cases new investigations are required to solve 
current problems. A line of communication between CFS research staff 
and the resource managers is essential for an exchange of information, 
discussion and examination of problems. The execution and maintenance 
of various trials and demonstrations requiring less than 0.2 professional 
man-years are also included in this study. 

9. Study Objectives: 

1. To establish a working rapport with administrative, operational 
and research persqnnel in the rene~able resource field in order 

. that resource managers can obtain the benefit of research on the 
one hand and on the other that research personnel may conduct 
studies of value to the resource managers. 

2. To provide a technical advisory service to resource managers and 
the general public. 
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3. To conduct and maintain various demonstrations which normally 
require less than 0.2 man-years professional input. 

4. To surveyor appraise forest operations or problems in order 
to suggest means of improving techniques and methods and also 
as a means of determining research needs. 

10. Resources: 

a. Starting date: 1966 
b. Estimated year of completion: Continuing 
c. Estimated total man-years required: N/A 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 2.0 (K. Froning 1.0, L. Nairn 1.0) 

Supp. 3.0 (M. Pratt 1.0, N. Schultz 1.0, 
B.E. Bilinsky 1.0) 

11. Progress to Date: 

Casual 0.5 
Total 5.5 

Liaison has been maintained with provincial and industrial resource 
managers and an understanding has been gained of the broad spectrum 
of forest management practices and problems. The technical advisory 
service has made resource managers aware of research findings rele
vant to their problems and has provided expert advice. Demonstrations 
and appraisals have been initiated to meet the requests of resource 
managers in the field. 

12. Goals for 1976-77: 

333 

1. Work pn the aspen management demonstration area, planned for 1975, 
is rescheduled for 1976. On a portion of the cleared area, suckers 
will be thinned out to a spacing of about 3 m x 3 m. On part of 
this, ground vegetation will be cut back regularly and sucker re
growth will be cut back to maintain the initial spacing. Subsequent 
increment and form of the thinned suckers will be monitored to 
demonstrate the effect of increased growing space and control of 
ground vegetation on individual tree performance. 

2. 

3. 

4. 

Complete Information Report "Management of trembling aspen on the 
Prairies". (Steneker) 

The report "Performance of poplar cultivars in Manitoba" will be 
published as an Information Report. (Steneker) 

Modified scarification treatments in the Northern Region will be 
i 

monitored. 



- 3 -

5. Laboratory and f il·ld dat;l on tile rodent repellent R-55 will be 
published either in combination with data from Sault Ste. Marie 
or on their own. (Steneker) 

6. Monitoring is anticipated of the bare root planting program in 
southeas\=ern ManHobq , with specific ~ttention to be paid to the 
condition of planting stock, site conditions of planting area 
and perfQrmance qfl=er planting. (Further details to be discussed 
with stqff in ~dmonton.) 

7. Complete publication "Economic feasibility of fertilizer applica
tion to jack pine qnd uplqnd black spruce". (Nairn) 

8. Complel=~ report of broadGase seeding trials. (Nairn) 

9. 4~sess ~rqwth and s4rv+vql of 1972, 1973 and 1974 container plant
ing tria+~ ~pd prepare progress report. (Nairn) 

10. Prepare information report on grasshopper investigations to date. 
(Nairn) 

13. Accomplishments in 1976-77: 

1. Nearly one half acre of the windrowed treatment area was thinned 
manually to an average spacing distance of 6 feet between stems. 

2. The Information Report "Management of trembling aspen on the 
Prairies" (by Steneker) has been written and is in press. (NOR-X-164). 

3. The Information Report "Early performance of poplar clones in 
Manitoba" (by Steneker) was published in June of 1976 under NOR-X-156. 

4. Due to Dr. Steneker's transfer scarification treatments in the 
Northern Region were not monitored. 

5. A technical note on the rodent repellant R-55 field trials was 
submitted to: Bi-monthly research notes by Steneker in June of 1976. 

6. Data have been collected from bare-root jack pine seedlings lifted 
in the Hadashville Nursery in the spring of 1976 but they were not 
analyzed due to Dr. Steneker's transfer. 

7. No work was carried out toward publication of the report "Economic 
feasibility of fertilizer application to jack pine and upland black 
spruce". 

8. A first draft of a file report has been written by N. Schultz. 

9. No work was carried out toward completion of the progress report 
on container planting trials. 



10. The first draft of the information report on grasshopp(>r invC'sti
gations has just been written. 

14. Goals for 1977-78: 
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1. To maintain a good working rapport with administrative, operational 
and research personnel in the renewable resource field, and to 
provide technical advisory services in forest management to pro
vincial and industrial forest managers and the general public. 

2. To conduct and maintain various silvicultural demonstrations 
requiring less than 0.2 man-years professional input. 

a. Evaluate performance of aspen and reassess the value of 
this demonstration. 

b. To establish work priorities in consultation with district 
foresters and administrators. 

c. Evaluate plantation survival plots in the Sandilands Forest 
Reserve. 

3. To complete as a file report "Economic feasibility of fertilizer 
application to jack pine and upland black spruce". (Nairn
Froning) 

4. Complete report on grasshopper investigations. (Nairn-Froning) 

5. Complete file report on broadcast seeding trials. (Schultz-Froning) 

6. Complete file report on container planting trials. (Schultz-Froning) 

7. Complete information report on logging damage in stands with spruce 
understory. (Froning) 

15. Publications: 

Up to 1976-77 

Carlson, L.W. and L.D. Nairn. 1975. Pentachlorophenol and captan 
effects on containerized red and jack pine seedlings. 
Tree Planters' Notes Vol. 26, #1. p. 32-34. 

Steneker, G.A. and L.D. Nairn. 1975. Grasshoppers working out of 
their field. In: Forestry Report Vol. 4, #3. 

Steneker, G.A. 1975. Scarification success - Northern Manitoba. 
In: Forestry Report Vol. 4, #3. 
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Steneker, G.A. 1975. Scarification - not what you do but how you 
do it. In: Forestry Report Vol. 4, #3. 

Steneker, G.A. 1975. Aerial spraying with 2, 4-D to eliminate 
trembling aspen. File Report NOR-17-07l. 

1976-77 

Steneker, G.A. 1976. Early performance of poplar clones in Manitoba. 
Information Report NOR-X-156. 

Steneker, G.A. 1976. Management of trembling aspen in the Prairies. 
Information Report NOR-X-164. (In press). 

Steneker, G.A. 1976. Technical note on the rodent repellent R-55 
f~eld trials. Bi-montly Research Notes. (In press) 

16. Signatures: 

Investigator Director G. T. Silver 
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NOR-17-LlJ 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 26, 1977 

1. Project: Liaison and technical advisory services in forest management. 

2. Title: Liaison and technical advisory services in Saskatchewan. 

3. New: Cont.: X 4. No.: NOR-17-ll3 

5. Study Leader: J. Ball 

6. Key Words: Contact, dissemination, research, lectures, public relations, 
trials, demonstrations, shade tree maintenance. 

7. Location of Work: Saskatchewan 

8. Problem: 

The primary role of Prince Albert Sub-office is to establish and maintain 
strong lines of communication with various forest management agencies, 
to ensure that the resvlts of departmental research are known and utilized, 
keeping well informed on forest management problems in the province, and 
to acquaint the regional director and program managers with forest manage
ment problems in Saskatchewan by advising on opportunities and priorities 
for research. It is necessary to maintain close contact with other federal 
departments, universities, technical schools and general public to promote 
CFS activities in the province. The execution and maintenance of various 
trials and demonstrations requ1r1ng less than 0.2 professional man-year 
are also included in this study. 

9. Study Objectives: 

1. To provide advisory and consultative service in forest management, 
to provincial and industrial forest managers and general public. 

2. To provide advisory and consultative services to federal, provincial 
and municipal park personnel in shade tree maintenance. 
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3. To provide general liaison between provincial forestry agencies 
and staff members of Northern Forest Research Centre. 

4. To conduct and maintain various demonstrations which normally 
require less than 0.2 man-year professional input. 

10. Resources: 

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

Starting date: 1970 
Estimated year of completion: Indefinite 
Estimated total Prof. man-years required: N/A 
Essential new major equipment items for 1977-78 
Essential new major equipment items beyond 1978 
1977-78 man-years Prof. 2.0 Vacant 1.0 

Supp. 3.0 Bohning 1.0 
Casual 0.6 Gorrell 1.0 
Total 5.6 

11. !Fogress to Date: 

with costs: Nil 
with costs: Nil 

Ball 1.0 
Kolabinski' 1.0 

Effective working relationship was established and maintained with 
federal, provincial and municipal governments and general public in 
the field of forest management and shade tree management. Special 
attention was given to universities and technical schools where 
lectures were presented on forestry and part management problems. 
Liaison was provided between provincial and private forestry agencies 
and members of CFS personnel located in Edmonton and, as a result, 
several studies were initiated to improve the level of forest manage
ment in Saskatchewan. Example: A current study of aspen harvesting 
investigating damage to existing spruce understories such as the 
interprovincial forest fertilization trials, triploid and hybrid 
aspen trials, reforestation--site preparation demonstrations (and 
their post planting maintenance) requiring less than 0.2 man-year 
input are included in this study. 

12. Goals for 1976-77: 

1. To provide continuous advisory and consultative services in 
forest management to provincial and industrial forest managers 
and the general public. 

2. To provide advisory and consultative services to federal, pro
vincial and municipal park personnel in shade tree maintenance 
in response to requests. 

3. To provide general liaison between provincial agencies and staff 
members of the Northern Forest Research Centre. 
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'I. /\ propo~a'd ~Itldy, rl·h"hilil;11 iolt of llon-produC'liv(' high quality 
sites in ('astern Saskatclwwall, is an added goal. The objectives 
of the study are: 

a) To demonstrate site preparation with the Finn Plough. 

b) To determine the best size of seedling to plant on sites 
prepared with the Finn Plough. 

5. To conduct and maintain various si1vicu1tural demonstrations 
requiring less than 0.2 man-year professional output. 

a) To design, test and prescribe an economically feasible logging 
method for minimizing damage to existing spruce understories 
of varying densities and heights in mature aspen stands. 
(Froning) 

b) To establish seeding and planting trials on an area near 
Grassy Lake in order to investigate the potential of winter 
scarification with a straight blade. (An added goal). 

c) To conduct the fifth-year remeasurement of the Pipre1l Lake 
installation of the interprovincial forest fertilization 
trials~ 

d) To ~valuate the Bracke cultivator and its suitability as a 
site preparation tool. 

e) To determine survival and stocking in research plots of a 
12-year-01d study in the Carrot River area as background 
for discussions on the subject of stocking standards for 
Saskatchewan. 

f) To locate accessible high quality sites which are currently 
non-productive but which lend themselves to experiments and 
trials involving their rehabilitation. 

13. Accomplishments in 1976-77: 

1. Advisory and consultative services were provided to provincial 
and industrial forest managers on reforestation, forest fertiliza
tion, remote sensing, stocking and container growing i.e., the 
following were discussed: 

a) Container growing with Sask. Training School, PAR Industries 
and Simpson Timber. 

b) Forest fertilization with Department of Northern Saskatchewan. 
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c) Modification of logging techniques with MacMillan Bloedel. 

d) Large scale colour imagery with Woodland Enterprises and 
colour infra red with MacMillan Bloedel. 

e) Numerous other contacts. 

2. Advisory and consultative services on shade tree maintenance were 
provided to individuals from various agencies. Also attended a 
four day meeting of the Regional Shelter Belt Committee in Regina. 
Also attended a three day shelterbelt workshop at Vermillion. 

3. Several meetings were arranged with provincial and industrial 
forest managers for visiting CFS staff members from Edmonton. 
Arrangements were made for accomodations for visiting staff 
members in Prince Albert or at Candle Lake. 

4. A proposed study rehabilitation of non-productive high quality 
sites in eastern Saskatchewan was initiated as an added goal in 
this study with the cooperation of Saskatchewan's D.T.R.R., Simpson 
Timber Company and the Saskatchewan Training School. 

a) White spruce seedlings were reared in containers (in volumes 
of 2.4 in 3 

- 45.0 in 3
) for 1976 fall and 1977 spring planting. 

b) An accessible non-productive high quality site was located 
south of Hudson Bay. 

c) The province (D.T.R.R.) provided their Finn Plough and Simpson 
Timber Company tracto~ hours for ploughing 22 acres. (Approx
imately 800 chains of furrow). 

d) Plots were established for 1976 fall and 1977 spring replica
tions, fall planting was carried out and seedlings were pinned. 

5. a) The study area was located and surveyed. Felling and skidding 
were supervised and carried out following prescribed plans. 

b) During the winter of 1975-76 the province (D.T.R.R.) scarified 
approximately 1.5 sections at Grassy Lake upon which we estab
lished seeding and planting trials. The seeding trials were a 
failure at all application rates providing further proof of 
mineral soil requirements. (The winter straight blading which 
eliminates a good deal of dip and dive removes only the duff 
and some of the litter). Container seedling survival was 90 + 
percent after one growing season. 
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c) Fifth year remeasurements were carried out at the Piprell 
Lake installation of the interprovincial forest fertilization 
trials and data were sent to Emile Koller of the Pulp and 
Paper Research Institute of Canada. 

d) The Bracke cultivator was not operational due to a strike at 
Woodland Enterprises which lasted all summer. This goal was 
not accomplished. 

e) This work is on a l2-year-old study (MS 216 initiated by 
Jack Jarvis and established by Vic Kolabinski). It involves 
a strip cut area and a shelterwood area. The strip cut area 
had been cut in a two-chain alternate strip pattern with 
study plots located both in scarified and untreated areas. 
Briefly stated, heavy stocking occurred on scarified plots. 
A file report is being prepared. 

f) Several high quality sites which are currently unproductive 
were located and examined with the cooperation of Simpson 
Timber Company and Saskatchewan D.T.R.R. Areas were located 
on recent 1:50,000 imagery and several examined from the air. 
One area of 108 acres (which is accessible year round) was 
selected for the Finn Plough study as mentioned above. 

14. Goals for 1977-78: 

1. To provide continuous advisory and consultative services in forest 
management to provincial and industrial forest managers and general 
public. 

2. To provide advisory and consultative services to federal, provincial, 
and municipal park personnel in shade tree maintenance in response 
to requests. 

3. To provide general liaison between provincial agencies and staff 
members of the Northern Forest Research Centre. 

4. To continue the Finn plough study by: 

a) Rearing stock 
b) Planting 1977 spring replicates (from overwintered stock) 
c) Ploughing approximately 11 acres 
d) Recording after planting heights 
e) Planting 1977 fall replicates 
f) Misc, maintenance 1. e., pin seedlings, plot layout, etc. 
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5. To conduct and maintain various silvicultural demonstrations 
requiring less than 0.2 man-year professional input. 

a) To remeasure plots following aspen harvesting and assess 
damage to the softwood understory. 

b) To remeasure the Molanosa installation of the inter
provincial forest fertilization trial. (Froning) 

c) To examine sites treated with the Bracke cultivator and 
to evaluate its suitability as a site preparation tool. 

d) To remeasure the M & B cooperative forest fertilization 
trial at Hudson Bay and compile the results. 

6. a) To analyse data and prepare information report on NOR-10-l52, 
the aerial reconnaissance of the Hudson Bay B1cok using large 
scale colour photography. 

b) To prepare with Kirby a publication illustrating with large 
scale colour stereograms typical conditions encountered. 

15. Publications: 

Up to 1976-77 

Soos, J. and V.S. Ko1abinski. 1974. Site preparation of jack pine 
cutovers with shark-finned barrels in Saskatchewan. 
Info. Rep. NOR-X-89. 

Ball, W.J. 1975. An appraisal of natural regeneration on scarified 
jack pine cutovers, Saskatchewan. Info. Rep. NOR-X-136. 

Ball, W.J. 1975. A look at site treatment. For. Rep. (4) 3:1. 

Bohning, R.A. 1975. Surplus container stock - Overwinter. For. 
Rep. (4) 3:8 

Froning, K. 1975. Ponderosa pine--a prairie home for a mountain 
species. For. Rep. (4) 3:5. 

Kolabinski, V.S. 1975. Scarifying recently cutover jack pine stands 
with barrels and anchor chains. NOR-17-ll3. 

Kolabinski, V.S. 1975. White spruce planting and seeding by C.F.S. 
on Finn ploughed scarification, Hudson Bay Region, Saskatchewan. 

Froning, K. 1975. Regeneration survey: Creighton. 
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1976-77 

Ko1abinski, V.S. 1976. Container planting and seeding on Finnish 
ploughed scarifications. 

16. Signatures: 

\ . 

1.'),1/ / 
I c} i /J L .. ;L-'-, 

'.~9t,estigator 

Director G. T. Silver 
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NOR-l7-1l8 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 26, 1977 

1. Project: Liaison and technical advisory services in forest management. 

2. Title: Liaison and technical advisory services in Alberta/Territories. 

3. New: Cont.: X 4.' No.: NOR-17-118 

5. Study Leader: H.J. Johnson 

6. Key Words: Silviculture, appraisals, demonstrations, photogrammetry, 
measuration, insects, disease. 

7. Location of Work: Alberta and Northwest Territories 

8. Problem: 

The solution to many forest management problems in Alberta and the 
Northwest Territories do not require long term research. Often the 
answer lies in the application of existing knowledge. In some cases 
it is necessary for the Canadian Forestry Service to assist in putting 
dimensions on problems. By working closely with provincial and indus
trial forest manageme'nt agencies in the determination of problems and 
recommending and testing promising forest management techniques it is 
possible to rapidly upgrade forestry practices in the region. This 
can be done by appraisal of existing practices, trials and demonstra
tions of various techniques, the preparation of practical reports and 
brochures, workshops, seminars and good contract. 

9. Study Objectives: 

To establish strong lines of communication with various forest manage
ment agencies, to ensure that the results of departmental research are 

I 

known and utilized, and to advise the Program Management Committee on 
forest management problems. 

10. Resources: 

a. Starting date: 1965 
b. Estimated year of completion: 1980 
c. Estimated total Prof. man-years required: 9.6 

" c: I. ~ 11. 4-t.J .J! ._ 



- 2 -

d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.6 (H.J. Johnson) 

Supp. 3.4 (Gorman 1.0, Rentz 1.0, 
Dendwick 1.0, Walker 0.4) 

Casual 
Total 4.0 
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11. Progress to Date: 

1. Assistance to several projects in collection of special survey 
data, compilation and preliminary analyses (Appraisal Crew) as 
per attached list. 

PROJECTS AND RESEARCH DUTIES 

PERFORMED BY 

THE APPRAISAL CREW SINCE 1971 

PROJECT MAN HONTHS 

1971 

17 

20 

18 

20 

4 

17 

Assessment of Plantations in the Provinces of 
Alberta, Saskatchewan and Manitoba. 

- Appraisal Crew 

- Refill Planting and Mortality Assessment of 
Regeneration on Cut Blocks at Kananaskis Experi
ment Station. 

- Froning 

- Assessment of Shelter belts in the Province of 
Alberta. 

- Froning 

- Scaling logs at Caly Mill which were being 
brought in from cut blocks at Kananaskis. 

- Froning 

- Collection of cones and branches from fertilizer 
plots in the Robb Area. 

- W. Johnstone 

- Reconnaissance work on cull survey of the Alberta 
Forest Service. 

- Kirby and J. Lowe 

- 16 man months 

2 man months 

2 man months 

1 man month 

2 man months 

1 man month 



PROJECT 

1 

17 

20 
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- Surveying armilarea rust plots. 

- Baranyay 

- Assessments of Scarification Areas in Province 
of Alberta, Saskatchewan and Manitoba. 

- Appraisal Crew 

- Establishments of Fertilizer Plots in Slave Lake 
Area. 

- Coop. with A.F.S. 
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MAN MONTHS 

1971 

1 man month 

1972 

- 16 man months 

~ man month 

17 - Forest Inventory of Indian Reserves for Department - 16 man months 

18 

17 

12 

15 

3 

3 

of Indian Affairs on the O'Cheas, Sun Child and 
Morley Reserves. 

- Appraisal Crew 

- Fertilizer Studies in Plantations and Shelter 
Belts in the Drumheller area. 

- Froning 

- Photo interpretation of Northwest Territories, 
mapping and cover types. 

- Kirby 

Culling of Jack Pine Seedlings in Spencer Lemaire 
container for over wintering in Lathe House. 

- Klein 

- Urban Tree and Shrub Appraisal. 

- Waldron 

- Sawmill and Wholesale Lumber Appraisals. 

- Teske and Smyth 
I 

- Economic Input of the Forest Industry in the 
Prairie Provinces. 

- Teske and Smyth 

1 man month 

1 man month 

1 man month 

1973 

6 man months 

- 24 man months 

6 man months 



PROJECT 

2 

2 

2 

12 

13 
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- Pick-up climatic data instruments for winter 
storage. 

- Powell 

- Transferring of Climatic Data onto Computer 
Sheets. 

- Powell 

Revegetation trials in Fort McMurray and Luscar 
Area. 

- Lesko 

Cold packing jack pine seedlings for winter 
storage at Oliver. 

- Klein 

Streaming gauging in the Hinton area measuring 
spring. run-off and flask storm effects on the 
watersheds of designated cut blocks. 
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MAN MONTIIS 

1973 

1 man month 

- 22 man months 

~ man month 

1974 

~ man month 

- 18 man months 

- Hillman, Rothwell and Singh 

13 & 14 - Collection of sediment and water quality sample. 

- Hillman, Rothwell and Singh 

2 - Collection of climate records. 

17 

10 

20 

- Powell 

- Instructions of Manitoba person~el on Sequential 
Sampling Techniques. 

- Appraisal Crew 

- Regeneration Survey of C.F.S~ coop blocks with 
Saskatchewan Pulp and Power cut blocks. 

- Ball 

- General repair, maintenance and beautifying of 
Kananaskis, Public Awareness Program. 

- Brace 

2 man months 

4 man months 

3 man months 



PROJECT 

23 

13 

12 

10 

5 

12 

4 

4 

20 
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- Assessments of bulldozer damage and recommenda
tions for the establishment of trees in Yoho 
National Park. 

MAN MONTHS 

1974 

1 man month 

- Appraisal Crew and Carlson 

- Snow survey of the Marmot Basin. 

- Planting of bare root stock for progeny trials 
of Klein in Saskatchewan and Manitoba. 

- Ground truthing of low-level flying done by 
Kirby for J. Ball in areas surrounding Hudsons 
Bay, Saskatchewan. 

- Appraisal Crew 

- Compilation and data coll('.!ction for forest fuels 
in areas adjacent to the townsite of Jasper. 

- Dube 

- Remeasurement of Scots Pine Providenc.e Studies. 

- Klein 

- Assessment of regeneration stocking standards 
used in Alberta. 

- Bella 

Remeasurement of fertilizer trials and corings 
taken from plots by Clearwater Ranger Station. 

- Bella,' Soos 

- Researching of literature for Bibliography 
Publication dating back to 1968. 

- Appraisal Crew 

Researching and acquiring data for preparation 
of plot reservations book and the implimentation 
of such. 

- Appraisal Crew 

- Preparation of containers for summers plantings, 
sterilize, seeding, thinning containers. 

- Froning, Klein and Hubert 

1975 

1 man month 

3 man months 

- 12 man months 

6 man months 

1 man month 

4 man months 

2 man months 

8 man months 

4 man months 

2 man months 
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PROJECT MAN MONTHS 

1975 

12 - Surveying road location for next summers 
establishment of Providence Plantation in 
Chip Lake Areas. 

- Klein 

1 man month 

2. Coordination and preparation of a literature review and interpretation 
of the effects of large-scale clearcutting in Alberta (Johnson, et al.). 

3. Coordination, preparation and presentation of technical lectures, 
workshops and seminars on forestry subjects - National Parks, Provincial 
Parks, technical schools, and University of Alberta (Stevenson). 

12. Goals for 1976-77: 

1. Most assignments to the appraisal crew have been deferred pending 
budget allocation at NFRC. 

2. Appraisal crew will assist in photo-plot work required by J. Ball 
Study NOR-lO-152. 

3. First-year survival and growth of Spencer-Lemaire seedlings at 
NWP + P Co. Ltd. will be determined for 10 plots of 100 seedlings 
established in 1975. Third-year remeasurement of 10 plots estab
ished in 1973 will be conducted. A progress report will be 
prepared. 

4. To complete a publication for the Forestry Chronicle on the five
year survival and growth results of the first styroplug seedlings 
to be planted in Alberta. 

5. Assistance on special projects will be provided to the Director 
(Stevenson). 

6. Coordination of forestry workshops and lectures to National Parks 
field personnel (Stevenson). 

7. Goal Added: A special survey of spru~e strip cuts in the Mixed
wood Section of Alberta was done cooperatively with Alberta Dept. 
Energy and Renewable Resources. 

13. Accomplishments in 1976-77: 

lao A special survey of strip cutting in the Mixedwood Section of 
Alberta was conducted. This was a cost-shared venture with Alberta 
Energy and Renewable Resources. The effects of current logging 
practices on subsequent regeneration will be published as an 
Information Report. A draft copy has been prepared. 
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lb. Some assistance was provided to various NFRC projects as follows: 

Project 6 - Biomass study of forest fuels in jack pine 

- Chrosciewicz 

Project 4 - Remeasurement of spacing studies, Hinton. 

- W. Johnstone 

Project 14 - Lifting seedlings. 

Project 6 - Prescribed burning data collection for 
fire research. 

- Chrosciewicz 

6 man months 

- 2.5 man months 

5 man months 

4 man months 

2. Goal not accomplished as a result of reassignment of appraisal 
crew. 

3. First-year survival and growth measurements of Spencer-Lemaire 
container seedlings were completed on NWP + P limits. Third
year remeasurement of 10 plots established in 1973 was also 
conducted. A file report has been prepared. 

4. An article on the five-year survival and growth results of the 
first styroplug seedlings planted in Alberta was published in 
the August issue of the Forestry Chronicle. 

5. GoalS was not accomplished due to Mr. Stevenson's reassignment 
to Project 14. 

6. Goal 6 was not accomplished due to Mr. Stevenson's reassignment. 

7. Accomplishment Added: A bibliography of all NFRC publications 
from 1968-1975 was compiled. 

8. Accomplishment Added: A plot record book was prepared showing 
the location (legal description) of all CFS plots in the region. 
Access to this book is available at three locations in NFRC and 
at the sub-offices. 

14. Goals for 1977-78: 

1. An information report will be prepared on the results of a survey 
of strip logged areas in the Mixedwood Section of Alberta. 

2. Appraisal crew assignments are deferred pending firm budget 
allocation at NFRC. These will show up as goals added in the 
1978-79 review. 

3. Fifth-year survival and height measurements of Spencer-Lemaire 
container seedlings established on the NWP + P Co. Ltd. lease 
area in 1972 will be conducted. Also third-year measurements 
for those established in 1974 will be done. A progress report 
will be prepared. 



15. Publications: 

Up to 1976-77 

Johnson, et ala 1971. 
in Alberta. 
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Some implications of large scale clearcutting 
A literature review. Info. Rep. NOR-X-6. 

Froning, K. 1972. An appraisal of recent plantations in forests of 
the prairie provinces. Info. Rep. NOR-X-3l. 

Johnson, H.J. 1973. An evaluation of scarification and direct seed
ing in Alberta. Info. Rep. NOR-X-7l. 

Walker, N.R. and H.J. Johnson. 1974. Field performance of pine and 
spruce reared in the BC/CFS styroblock-Alberta. Info. Rep. 
NOR-X-84. 

Walker, N.R. and H.J., Johnson. 1975. Growth and regeneration response 
to various stand treatments in a mature lodgepole pine stand. 
Info. Rep. NOR-X-137. 

Stevenson, R.E. Leave Strips: Good or Bad. NFRC File Report, November 
1975. 

Walker, N.R. Outplanting trials of the British Columbia Forest Service/ 
Canadian Forestry Service Plugs and the Research Council of 
Alberta Sausage Containers. Progress Report NFRC, January 
1976. 

1976-77 

Johnson, H.J. and N.R. Walker. Five-year field performance of pine and 
spruce styroplugs in Alberta. Forestry Chronicle, August 1976. 

16. Signatures: 

Inve.s~,¥gator 
Cl/ 

Director G. T. Silver 



NOR-17-l42 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 26, 1977 

1. Project: Liaison and technical advisory services in forest management. 

2. Title: Remote sensing and technical advisory services. 

3. New: X Cont.: 4. No.: NOR-17-142 

5. Study Leader: C.L. Kirby, P.I. Van Eck 

6. Key Words: Assessment, environment, forest regeneration, forest growth 
and yield, inventory, aerial photography, satellite imagery, 
interpretation. 

7. Location of Work: Alberta, Saskatchewan, Manitoba and Northwest 
Territories. 

8. Problem: 

Rapid developments in remote sensing and increased concern with the 
environment have increased the demand for baseline information. New 
sensors in aircraft and satellites require development of applications 
and education of users on new technology. 

9. Study Objectives: 

1. To develop and apply new remote sensing techniques and sampling 
designs for forest inventories and environmental management in 
cooperation with industry, provincial governments and other 
federal agencies. 

2. To provide advisory services in survey design, interpretation 
and analysis. 

3. To maintain an image acquisition and analysis laboratory for 
cooperative studies. 

4. To develop improved forest management information systems. 
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10. Resources: 

a. 
b. 
c. 
d. 

e. 
f. 

Starting 
Estimated 
Estimated 
Essential 

date: 1973 
year of completion: Continuing 
total Prof. man-years required: 1.0 
new major equipment items for 1977-78 with costs: 

Essential new major 
1977-78 man-years 

equipment items beyond 1978 with costs: 
Prof. 1. 0 
Supp. 1.0 
Casual 0.3 (photo librarian and field 
Total 2.3 as~istance) 

$5,000 
(Tip & Tilt 
Indicator) 

Nil 

11. Progress to Date: 

1. Two 70 mm Vinten aerial cameras have been assembled into an 
efficient sampling system with an intervalometer built by NFRC 
that may be regulated so as to obtain continuous coverage of 
short bursts for sampling at predetermined intervals. With the 
two-camera configuration it is possible to obtain aerial photo
graphy at two scales and/or with two films and filter combination 
in one pass. A motorized Nikon with "fisheye" (28 mm) lens is 
also used to obtain complete coverage so that the larger-scaled 
70 mm photography may be accurately located on conventional maps 
and aerial photography. This system is unique at NFRC and is 
being used increasingly for sampling of timber volumes; forest 
regeneration, monitoring of oil spills, S02 damage and assessment 
of various environmental features for forest-land classification 
using satellite imagery. The system provides timely aerial photo
graphy that is specific to the application. 

2. Aerial photography has been obtained for research workers in EMS 
for assessment of: timber volumes, forest regeneration, S02 
damage to vegetation, oil spill damage, insect and disease damage 
to forests, and development of a multistaged inventory technique 
using satellite imagery. 

3. Small experimental forest inventories were completed at cost for: 
Ochise, Stony and Sunchild Indian Reserves, Birch Creek (NWT), 
and Wilson Creek Watershed (Manitoba). 

4. Test sites in the boreal and subalpine forest regions have been 
established. 

5. Large and small-scale photo sampling techniques for estimating 
timber volumes and forest regeneration have been developed. 
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6. Landsat optical and computer interpr'etation techniques have been 
developed for subalpine and boreal forest regions. 

7. A multistage sampling design applicable to forest appraisals 
utilizing measures from ground sampling, aerial photography and 
satellites has been developed and tested in the boreal forest 
region. 

8. Appropriate scale film and filter for aerial photography, and a 
sampling design have been defined for forest regeneration surveys. 

9. Forest site index and tree volume equations have been developed. 

10. Computer mapping techniques have been tested and applied. 

12. Goals for 1976-77: 

1. To prepare and publish a summary paper of trials in Alberta, 
Saskatchewan and Manitoba using large-scale photography for sampl
ing regeneration for Forestry Chronicle. 

2. To publish the paper "Multistage Forest Inventory" after the review 
process. 

3. To obtain large-scale (1:500) aerial photography with radar alti
meter for scale control according to prescribed sampling plan for 
a one million acre area centered around Hudson Bay, Saskatchewan. 

4. To present lectures to University of Alberta Forestry Faculty and 
to the Alberta Remote Sensing Training Course. 

5. To coordinate remote sensing activities within Northern Forest 
Research Centre by chairing a remote sensing committee and being 
a member at the Alberta Remote Sensing Advisory Committee. 

6. To fulfill duties as chairman of the Canadian Institute of Forestry 
Working Group on Remote Sensing: by convening a meeting at the 

354 

CIF 1976 National Meeting at Thunder Bay; and by providing stimulation 
and direction through newletters and articles in the Forestry Chronicle. 

7. To maintain image acquisition analysis laboratory and photo library, 
and to provide advisory services to users. 

8. Goal Added: To advise and provide a multistaged forest inventory 
design for Simpson Timber Co., Alberta, timber limits; and to 
provide large-scale photography (50 line miles) at cost to Simpson 
Timber Co. 

9. Goal Added: To test Honeywell radar altimeter in cooperation with 
D.N.D. 
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10. Goal Added: To prepare a file report that will be published as 
an information report on aerial photo acquisition and interpreta
tion capabilities at NFRC. 

11. Goal Added: To obtain and integrate a radar altimeter and mlnl 
computer to process photogrammetric measurements efficiently. 

12. Goal Added: To obtain large-scale aerial photography of Peace
Athabasca Delta for Parks Canada. 

13. Goal Added: To obtain large-scale aerial photography and to 
provide advice on monitoring of Athabasca Tar Sands for AOSERP 
(Paul Addison and R. Blauel). 

13. Accomplishments in 1976-77: 

1. A draft of a paper on large-scale photo sampling of regeneration 
was prepared that is a possible publication for the Forestry 
Chronicle. 

2. Paper on "Multistage Forest Inventory" (p-6) is accepted for 
presentation to Fourth Canadian Rem~te Sensing Symposium, May 1977. 
Final editorial changes have been completed for publication in 
the proceedings at an estimated cost of $1,500.00. 

3. Large-scale aerial photography on approximately 300 line miles 
in the Hudson Bay Region of Saskatchewan was obtained and 
partial plotting and analysis of aerial photography was com
pleted at NFRC. The results were forwarded to Mr. J. Ball. An 
attempt in cooperation with the For~st Management Institute to 
obtain scale control through the use of a radar altimeter failed 
because of a malfunction in the antenna which was imperceptibly 
damaged in transit or installation on the aircraft. 

4. Seminars on "Multistage Sampling" were given to classes at the 
U of A and were attended by representatives from N.W. Pulp and 
Power, Proctor and Gamble and Simpson Timber Co. 

5. Informal discussions with Saskatchewan Government Natural Resource 
Managers has led to further proposals for trials of large-scale 
photo sampling • 

6. Conducted field trip and half-day workshop at CIF 1976 Annual 
Meeting in Thunder Bay on large-scale photo sampling for assess
ment of forest regeneration. 

7. Maintained image acquisition and analysis laboratory and photo 
library. 
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8. A forest inventory of the Simpson Timber Co. limits in Alberta 
was initiated with my advice in 1976. It is the first commercial 
application of ultra-small and large-scale aerial photography 
in a multistage design in Alberta and possibly Canada. Results 
to date have been highly satisfactory with considerable cost 
savings to the company. 

9. A Honeywell altim~~er in a D.N.D. helicopter was tested and 
found to have an accuracy of at least ± 3 percent at elevations 
from 100 to 1000 feet above ground. 

10. A file report on photo ac~uisition and interpretation equipment 
at NFRC was prepared. 

11. A radar altimeter and mini computer have been ordered. The m1n1 
comp~ter f~ noW parF~q+ly interfaced to the interpretascope. 
Comp~ter pro~rams to ma~e it q highly efficient photogrammetry 
system are now being written. 

12. Aerial photography of the Peace-Athabasca Delta monitoring program 
was obtained (60 line miles) for the fourth consecutive year for 
Parks Canada. Discussion on analysis and sampling techniques was 
held with Dr. Cordez of the University of Calgary (contractor for 
Parks Canada). 

13. Aerial photography of the Tar Sands area (100 line miles) on a 
suggested periodic sampling plan was initiated. 

14. Goals for 1977-78: 

1. To publish in Forestry Chronicle a paper on large-scale photo 
sampling of forest stocking and habitat. 

2. To provide technical advice and large-scale aerial photography 
for the following projects. 

spacing of lodgepole pine in Alberta (r. Bella) 

- monitoring of Peace-Athabasca Delta (Parks Canada) 

- test of large-scale photo sampling with Alberta Forest 
Service (J. Lowe) 

3. To develop a hardwood timber inventory pLan in cooperation with 
Simpson Timber Co. All expenses to be covered by Simpson Timber Co. 

4. To complete interfacing and test of radar altimeter before 1977 
summer aerial photography program. 
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5. To develop computer programs for automated compilation of aerial 
photo sample plots and cover type mapping. 

6. To prepare information report on "An Automated Photogrammetry 
System". 

7. To maintain image acquisition and interpretation laboratory and 
photo library. 

8. To obtain a small test strip of side looking radar imagery for 
K.F.E.S. 

9. To continue as chairman of CIF working group on remote sensing; 
workshop on Automated Photogrammetry set for half day in 
October 1977, at Vancouver. 

10. To present paper to fourth Canadian Remote Sensing Symposium in 
May 1977, Quebec City. 

11. To serve as a member of the Alberta Task Force on remote sensing 
and to lecture at their training course. 

15. Publications: 

Kirby, C.L. et al. 1973. Remote Sensing Forestry Report. North. 
For. Res. Cent. For. Rep., Vol. 3(3). 

Kirby, C.L. 1973. Preliminary results of earth resources technology 
satellite investigations on the Peace River test site for 
the Boreal Forest Region. Paper to Canadian Aerospace and 
Space Inst. Feb. 5, 1973. 

Kirby, C.L. 1973. Remote Sensing. North. For. Res. Cent., For. Rep., 
Vol. 3(3). 

Crown, P. and S. Pawluk. 1973. Spectral signatures at Kananaskis 
Forest Experiment Station. File Rep. (Contract). 

Kirby,.C.L. 1973. Forest and land inventory using ERTS imagery and 
aerial photography in the Boreal Forest Region of Alberta. 
Paper presented to the Principle ERTS Investigators. 
Washington, Dec. 10, 1973. 

Legge, A., C.E. Poulton, C.L. Kirby and P. Van Eck. 1974. Development 
and application of an ecological based remote sensing legend 
system in the Kananaskis, Alberta test corr i lor. (Published 
by University of Calgary). (Contract). 
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Kirby, C.L. 1974. Temporal analysis of ERTS imagery in the Boreal 
Forest Region. The Canadian Surveyor, Vol. 28. No.2. 

Van Eck, r.I. 1974. Wilson Creek Watershed Inventory, Manitoba. 
File Rep. 

Kirby, C.L. and P.I. Van Eck. 1975. A place for aerial photography 
in regeneration surveys. For. Rep. Vol. 4(3). 

Kirby, C.L. 1975. Landsat imagery for Banff and Jasper National 
Parks inventory and management. In: Proceedings of 
Third Canadian Remote Sensing Symposium). 

Kirby, C.L. 1975. Site index equations for lodgepole pine and white 
spruce in Alberta. NOR-X-142. 

Kirby, C.L. 1976. Large-scale aerial photography for assessment of 
forest stocking and regeneration. (Proposed paper for Forestry 
Chronicle). 

Van Eck, P.I. and Bihuniak, P. 1976. An aerial photography and inter
pretation service at the Northern Forest Research Centre. 

16. Signatures: 

7 Investigator 
~.~ prog~er .... 

Director G. T. Silver 
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CANADIAN FORESTRY ,SERVICE 

STUDY STATEMENT 

1977-78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

"I ~ 
N~R-20-043 

Date: January, 1977 

1. Project: Public Awareness Program 

2. Title: Working plan, Kananaskis Forest Experiment Station 

3. New: Cont.: X 4. No.: NOR-20-043 

5. Study Leader: H.J. Johnson 

6. Key Words: Management, development, subalpine, SAl' public awareness, 
land use. 

7. Location of Work: Kananaskis 

8. Problem: 

The Kananaskis Research Forest has in the past been exclusively managed 
to serve forest research needs. The development included the construction 
of essential roads, stand improvements by thinning and the gathering of 
inventory information for research and operational purposes. 

A management plan was initiated in 1967. The major objective of that plan 
was the diversification of age classes in the classical ,forest management 
concept. Shortly after beginning to implement the plan, it became nec
essary to abandon it. In view of changing demands by research personnel 
and public land managers and users, cutting patterns and cut block sizes 
were altered from the rigid strip system originally planned and more 
flexible planning and management procedures were adopted. 

Continuing study and revision will ensure that the management of the 
Kananaskis Research Forest will remain flexible. 

A demonstration of integrated land use could be one valuable current use 
of the property. If demonstrations are developed and carried out with 
some input from provincial agencies, they promise to be highly successful. 
Results may be taken by the Province and applied under similar conditions 
throughout the area of the East Slopes. National Parks managers and 
planners have expressed interest in demonstrations of integrated land use, 
and there is a good possibility that in the near future demonstrations 
provided under a management plan may be useful to parks managers. 
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Initial steps will involve re-examination of management philosophy ilnd 
priorities and re-zoning of the Research Forest. Oncc these dccisions 
have been made, detailed planning for each of these zones can proceed. 

9. Study Objectives: 

a. To maintain and improve the Research Forest to serve research needs 
and forest management demonstrations in the context of integrated 
land use. 

b. To accommodate and facilitate a public awareness program which will 
capitalize on the location, natural features, facilities and research 
and demonstration information at the Station, in order to promote 
public understanding of forest land and resources and management 
alternatives (NOR-97l). 

10. Resources: 

a. Starting date: 1937 
b. Estimated year of completion: Continuing 
c. Estimated total Prof. man-years required: 0.2 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.2 (R. Johnson) 

11. Progress to Date: 

Supp. 2.0 (Dixon and Michelson) 
Casual 0.7 (Groundsman, Cook) 
Total 2.9 

Following establishment of the station, research and forest management 
activities were conducted on various parts of the forest resulting in 
changes in composition and structure of some of the original stands. 
These operations affected about 1,000 acres with the largest portion 
in the categories pf empirical thinning and selection cutting. There 
was no extensive clearcutting except for 100 acres of over-mature 
spruce fir which were cut in a saw-log operation during 1951-53. These 
operations produced a considerable variety of products including fuel
wood, saw-timber, poles, piling, pulpwood, mine timbers, fence rails, 
posts, Christmas trees, and landing-strip markers. A limited road 
system was developed to service the operation. 

In 1936 a grid system of 836 sample plots was established on the Research 
Forest to provide growth and inventory information. These plots were 
remeasured in 1946 and again in 1961. 

In 1966 the terms of reference for the operational organization of the 
Kananaskis Research Forest were set out in Internal Report A-4; 18 miles 
of primary road system were surveyed with transit and mapped to provide 
horizontal control for aerial photo mapping and for operational ground 
mapping; the location of compartment boundaries was completed on the 
ground with the cutting of 80 chains of line to a 6-foot width. 
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In 1967 the management plan for tht' Kananaskis Research Forest was set 
out in Internal Report A-IO. All st r ips designated for cutting in the 
first 10 years under the management plan were located and marked on the 
ground (1,200 acres), and logging operations commenced in 1968. The 
engagement of small operators resulted in undercutting and need for 
clean-up work. 

Acceleration of the logging program combined with greatly improved 
logging standards was achieved in 1970. Along with intensified logging, 
a regeneration program was launched which is considered successful in 
reforesting all cutovers immediately. Scarification and hand planting 
of container grown "plug" seedlings were the primary techniques used. 
Some 40,000 seedlings were planted on different sites and a provenance 
trial with over 2,000 seedlings of Scots pine and Norway spruce from 
22 Scandinavian sources was established on a 5-acre cut block. 

No new research or demonstration initiative was undertaken in 1974. All 
facility development for the Public Awareness Program was completed and 
the 1975 opening occurred on schedule. 

12. Goals for 1976-77: 

1. Continue operation and maintenance of the Station at the same general 
level as 1975-76, emphasizing: 

a) Grading and repair of fire access roads. 

b) Salvage of blowdown from severe winds of 1976. 

c) Repair and maintenance of buildings. 

d) Establishement of a forest management tour featuring 
reforestation. 

2. Reseed lagoon borrow area with added fertilization as well as irrigation 
(in co-operation with Alberta Environment). The site may require 
6 inches of top soil or the incorporation of organic matter in the 
upper foot of soil. 

3. Continue planting of lodgepole pine in all areas on cut blocks. 
Planting may involve as many as 15 - 20,000 seedlings. 

4. Provide supervision as well as grounds maintenance for the public 
awareness program during the summer of 1977. 

Administrative and supervisory responsibility for NOR-043 will be phased 
out by April 1, 1977 - for Brace. 

13. Accomplishments in 1976-77: 

1. a. Grading and minor repairs were made to fire access roads. 
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b. Salvage of blowdown as a result of high winds in 1975 was 
continued. Provincial Parks personnel removed 200 cords of 
fire wood from the area. 

c. Exteriors of buildings were stained. Also roofing was 
repaired on two buildings. ~ 

d. A forest management tour of the research forest was planned. 
Signs were constructed but not completed. 

2. About one-half of the lagoon borrow areas was seeded. It was necessary to 
add 3-4" of topsoil to the area in order to obtain an acceptable 
catch of gross. The remaining area, especially adjacent to the 
lagoons will be most difficult to revegetate due to the backslopes, 
fencing, etc., which makes it almost impossible to reach with equip
ment. 

3. Approximately 15,000 seedlings were planted on NSR patches on cut 
blocks. This completes the reforestation program on the area until 
additional logging is done. 

4. An information report "Management policies and guidelines for the 
K.F.E.S." was prepared. 

14. Goals for 1977-78: 

1. Continue to maintain and operate the station on a regular basis. 

a) Grade and repair fire access roads. 

b) Install approximately 3 miles of triple strand 
barbed-wire fencing along north and east boundaries. 

c) Erect new large sign at station entrance. 

2. Provide supervision as well as grounds maintenance for the public 
awareness program during the summer of 1977. 

3. Attempt revegetation of remainder of lagoon area if a source of top
soil is located. 

4. Explore possibility of future logging on area. Several companies have 
been contacted but there is no interest at present. Future logging 
may incorporate cut-layout trials in co-operation with Alberta Dept. 
of Energy and Renewable Resources. 

15. Publications: 

Up to 1976-77 

Krewaz, J. 1966. The operational organization of the Kananaskis Research 
Forest. Internal Report A-4. 
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Krewaz, J. 1967. Management Plan Kananaskis Research Forest. Internal 
Report A-lO. 

Brace, L.G. and K. Froning. 1974. 
Forest Experiment Station. 

1976-77 

Management guidelines, Kananaskis 
File Report. 

Brace L.G. and K. Froning. Management policies and guidelines for the 
Kananaskis Forest Experiment Station. Information Report 
NOR-X-162. 

16. Signatures: 

In'\T~s,0gator 
C/(, 

.. , 
/ ~ .: j. c /) "'.\ _,/- l ~ ·-·~L,: _______ 

Director G. T. Silver 
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CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977-78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 6, 1977 

1. Project: Public Awareness Program 

2. Title: Public Awareness Program, Kananaskis Forest Experiment 
Station. 

3. New: Cont.: X 4. No.: NOR-20-l49 

5. Study Leader: L.G. Brace 

6. Key Words: Public awareness, information, demonstrations, visitor's 
centre, self-guiding trails, integrated resource use. 

7. Location of Work: Kananaskis 

8. Problem: 

The general public, and many leaders in government, . industry and 
education lack basic knowledge about Canada's natural resources 
and the social, economic and environmental consequences of different 
resource exploitation and development alternatives. The result is 
often ill-conceived and unsound natural resource policies, allocation 
decisions and management practices, leading to environmental degradation. 

The opportunity for improving natural resource policies, resource 
allocation decisions and management practict.,s through a public awareness 
program would appear to be particularly great in the Region, where many 
previously untouched natural resources are being rapidly exploited and 
"developed". 

9. Study Objectives: 

1. Operate a public awareness program at KFES within the context of 
the new management plan, using self-guiding trails in the initial 
phase. The primary objective of this program is to promote 
public understanding of forest land resources and the consequences 
of alternative resource management policies. Open facilities in 
July, 1975. 
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2. Develop plan for the pub l ic ;lwareness program in the future 
to go beyond self-guiding trails and include seminars and 
formal courses, supported by audio-visual facilities, lectures 
and field tours. 

3. Encourage the development of and participate in research pro
jects related to integrated resource use, public information, 
and environmental impact of public use of forest land as 
opportunity arise. 

10. Resources: 

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

Starting date: August 1, 1973 
Estimated year of completion: Continuing 
Estimated total Prof. man-years required: 1.0 
Essential new major equipment items for 1977-78 with costs: 
Essential new major equipment items beyond 1978 with costs: 
1977-78 man years Prof. 0.5 (L. Brace) 

Supp. 0.7 (R. Stewart) 
Casual (Groundsman from NOR-043) 
Total 1.2 

Nil 
Nil 

SR Contracts: Contract to operate Visitors' Centre $12,000. 

11. Progress to Date: 

3Gb 

In general the study is progressing on schedule. The first two seasons 
of operation were successfully complet~d. In 1976 there was a 30 per
cent increase in visitation over 1975 and significantly increased 
trail use as a percentage of total visitors. Procedures for testing 
the effectiveness of the resource management message and a review of 
interpretative techniques resulted in an improved display and inter
pretation concept for 1977. 

12. Goals for 1976-77: 

1. Continue to operate the Resource Management Trail. Continue 
responsibility for planning and consultation on the public 
awareness program. 

2. Complete initial planning and interpretation strategy for the 
proposed Lusk Creek Trail. 

3. Act as federal representative on provincial committee - "Inter
departmental Committee on Environmental Education". 

4. Chair regional E.M.S. Committee on Interpretation. 
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13. Accomplishments in 1976-77 

3 ~~ u , 

1. Achieved. The program was operated from June 21 to September 6 
inclusive under contract to the Department of Forest Science, 
University of Alberta. A total of 4,400 people visited our 
program in 1976. Work included assessment, up-grading and 
revision of the display and trail program in 1976, development 
of an improved display and interpretation concept for 1977 and 
a proposal for an expanded EMS interpretive program at Kananaskis. 
It also included continuing consultation with potential user 
groups in Calgary, such as the Calgary Public School Board. 

2. Achieved. The Lusk Creek Trail proposal was developed to 
completion of the initial stage--to the point of an interpre
tive inventory--but strategy for interpretation and detailed 
inventory work awaits a decision on a possible E.M.S. program 
at Kananaskis (see (1) above). 

3. Attended 6 meetings of the committee and participated in revision 
and finalization of questionnaires for a study of demand for areas 
and facilities to be used for purposes of environmental education 
in Alberta. Acted on a task force to edit the contractors report 
on demand for areas and facilities by the Alberta public shcool 
system. This report is still not complete. 

4. Organized two regional committee meetings in 1976 and attended 
the national committee meeting in Ontario where terms of an E.M.S. 
interpretive program outline, including objectives and policy 
guidelines, were developed in first draft. 

14. Goals for 1977-78 

1. Upgrade the interpretive program at Kananaskis according to inter
pretive concepts developed in 1976. This will require setting up 
new display units both at the Visitors Centre and on the trail 
and greater emphasis on interpreting the resource management theme. 

2. Operate the Public Awareness Program at Kananaskis in 1977 under 
contract. 

3. Continue responsibility for planning and consultation on the 
Public Awareness Program, including development of institutional 
use of facilities where appropriate. 

4. Continue to actas federal representative on the provincial Inter
departmental Committee on Environmental Education at least until 
current contractors reports on demand for areas and facilities 
are complete at which time my stat~s on the committee should be 
reviewed. 
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5. Continue to chair the regional E.M.S. Committee on Interpreta
tion, with a view to developing priorities for a regional 
interpretive plan. 

15. Publications: 

Up to 1976-77 

Brace, L.G. The Public Awareness Program at the Kananaskis Forest 
Experiment Station, Seebe, Alberta. Information Report 
NOR-X-158. June 1956. 32 pp. 

Brace, L.G. and H.M. Srewart. A report on the planning, construction 

1976-77 

and operation of the public awareness program at Kananaskis. 
Includes details of facilities and costs, and recommendations 
for future operations. 

Brace, L.G. and K. Froning. 
for the Kananaskis 
Report NOR-X-162. 

Management policies and guidelines 
Forest Experiment Station. Information 
August 1976. 

A report prepared as a source of information on policies 
and management guidelines for the Kananaskis Station. 
This report sets the stage for management in the current 
atmosphere of environmental awareness, and includes pro-
vision for a public awareness program on the property. 

16. Signatures: 

Investigator 

Director G. T. Silver 
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NOR-2l-l45 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 25, 1977 

1. Project: Scientific, technical and public information. 

2. Title: Technical information. 

3. New. : Cont.: X 4. No.: NOR-2l-l45 

5. Study Leader: R. M. Waldron 

6. Key Words: displays, seminars, workshops, audio-visual, resource 
managers, industrial managers. 

7. Location of Work: Region wide. 

8. Problem: 

The problem of communicating the results of research and development 
programs to the forest resource and industrial managers has been 
well documented in recent issues of professional and trade journals 
and in reports issued by the Science Council of Canada and by the 
Senate Committee on Science Policy. A recent study of CFS publications 
led a task force of the Department's Management Consulting Service 
to recommend and, at a recently held meeting, the CPS Program Committee 
to conclude, that there is a real need to undertake the production of 
technically oriented publications specifically aimed at forest resource 
and industrial managers. Part of the evidence which led to the above 
conclusion was the fact that of a total of approximately 600 articles 
published annually by the CFS,80% are written for our scientific 
audiences and only 20% for our technical audiences; this allocation 
is based on definitions of our four principal audiences as contained 
in a policy statement prepared by Dr. N. L. Prebble on October 11, 
1970. The need to increase our use of other forms of communications 
such as seminars, workshops, and audio-visual presentations is also 
recognized. It is anticipated that with more frequent and more 
effective use of these media the NFRC can enhance its probability of 
successfully communicating the results of our R&D programme to 
clients and client agencies. 

The information program has been divided into scientific, technical 
and public headed up by the scientific editor, project leader and 
information officer respectively. Three study statements have been 
prepared and outline the program for 1977-78. 

OJ' I 
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TI) initiate, develop and implement, with the co-operation and active 
participation of the research staff, a technical information program 
designed to encourage the application of research findings by forest 
resource and industrial managers. 

10. Resources: 

a. Starting date: 1973 
b. Estimated year of completion: continuing 
c. Estimated total Prof~ man-years required:. 1.0 annually 
d. Essential new major equipment items for 1977-78 with costs: 

Portable projection system - $2,000 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 1.0 (R. Waldron) 

Supp. 
Casual 
Total 1. 0 

11. Progress to Date: 

Six technical publications and five Forestry Reports specifically 
prepared for our technical aduiences have been published. An 
audio-visual on the Marmot Creek Watershed research program was 
prepared and shown to a number of technical and public audiences. 

12. Goals for 1976-77: 

1. Complete and publish the following: 
Silvicultural management of trembling aspen--Steneker (Inf. Rep.) 
Trees and Forests of Jasper National Park--Stevenson (Brochure) 
Watershed Management Guidelines ... - Rothwell (Departmental) 

2. Issue 2-3 Forestry Reports, one specifically designed to 
describe the R&D program at NFRC for technical and public 
audiences (Hill). 

3. Complete Calgary-Regina Ecotour, brochure to be paid for by 
Ottawa. 

4. Initiate work on the Regina-Winnipeg Ecotour, contract for background 
information only. Ottawa funding of $6,000. 

5. Goal added: Revise text Calgary-Golden Ecotour, prepare corrected 
paste ups and reprint the english (25,000 copies) and french 
(5,000 copies) versions. 

13. Accomplishments in 1976-77: 

1. Guide to the silvicultural management of trembling aspen by 
G.A. Steneker was completed (Information Report NOR-X-164, in press). 
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Trees and Forests of Jasper National Park authored by R. E. 
Stev('nson, R. M. Waldron, P. l.ogan and D. Dube' was published. 

Wat l'rshed Management eu ide 1 i nl'S by R. Rothwell is currently 
undergoing review. This report will be published in the Ottawa 
Technical Report Series. 

2. Four Forestry Reports are in various stages of production: 
Nurseries - L. Carlson (in press) 
Northern Ecology - S.Zoltai (final preparation) 
Hydrology - R. Swanson 
NFRC - B. R. Hill 

3. CalgarY-Regina Ecotour has been in Ottawa's Graphic Unit since 
June 1976. Hopefully it will go to press this spring and be 
availabl~ for qistrib~tiQn this summer. 

4. Work was initiated on the Regina-Winnipeg Ecotour. Dr. E. B. 
Peterson has prepared a first draft which is currently undergoing 
review. 

5. Revision of the Calgary-Golden Ecotour was completed and paste ups 
are currently being done under contract. We should be able to 
go to press by the end of February. 

14. Goals for 1977-78: 

1. Prepare an audio-visual (AV) on the R&D program at NFRC. 

2. Complete and publish three Foresty Reports: 
Northern Ecology - S. Zoltai 
Hydrology - R. Swanson 
NFRC - R. M. Waldron 

Prepare two additional Foresty Reports from the following list: 
soils, tree improvement, S02, fire and silviculture. 

3. Work on the Regina-Winnipeg Ecotour. 

4. Assist in the preparation of a technical report entitled 
"Symtomology of S02 damage by R. Blauel. 

5. Continue the preparation of articles for release in the Pest 
Leaflet series. Planned for 1977-78 are: 

Fireblight - Emond 
Sprayers and spraying - Drouin 
Birch leaf miner (revision) - Wong 
Wasps - Kusch 
Silverleaf - Hiratsuka 
Winter browning - Susut 
Spruce budworm - Drouin 

3"'1 r.: , /. 
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Leaf rollers - Kusch 
Rusty tussock moth - C"ldw('11 
Dil-back - lIildilhl 

h. Organize in-house seminars. 

7. Complete and publish Watershed Management Guidelines - Rothwell. 

15. Publications: 

1976-77 

Anon. 1977. Nurseries. Forestry Report 5(1). 

Steneker, G.A. 1976. Guide to the si1vicultural management of 
trembling aspen in the prairie provinces. Information 
Report NOR-X-164. 

Stevenson, R.E., R.M. Waldron, P. Logan, and D. Dube. 1977. Trees 
and Forests of Jasper National Park. Unnumbered brochure. 

16. Signatures: 

( 
Investigator Program Manager 

Director G. T. Silver 



NOR-21-146 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 7H 

---------------

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 25, 1977 

1. Project: Scientific, technical and public information. 

2. Title: Scientific information. 

3. New: Cont.; X 4. No.: NOR-21-146 

5. Study Leader: P. Logan 

6. Key Words: Journal articles, information reports, editing. 

7. Location of Work: Region-wide 

8. Problem: 

This is an editing service designed to assist the scientist in the 
preparation of publications. 

9. Study Objectives: 

To assist, principally by providing editorial services, the research 
staff and technical writer in the preparation and publication of 
scientific and technical information through the media of journals, 
information reports, and other publications. 

10. Resources: 

a. Starting date: 1974 
b. Estimated year of completion: continuing 
c. Estimated total Prof. man-years required: Nil 
d. Essential new major equipment items for 1977-78 with costs: 

Rental typewriter $3500 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 

Supp. 1. 0 
Casual 
Total 1.0 
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11. Progress to Date: 

Twenty-two information reports and 44 journal articles were published 
or in press up to February 25, 1977. 

12. Goals for 1976-77: 

1. To assist the research staff, through the prOV1S10n of editing 
services, in the preparation and puBlication of approximately 
25 information reports and 35 journal articles. 

2. Goal Added: Assist technical writer, through the prov1s10n of 
editing services, in the preparation and publication of 10 pest 
leaflets, 2-3 technical reports, and forestry reports. 

13. Accomplishments in 1976-77: 

1. Assisted staff in the publication of 22 information reports and 
44 journal articles. A list of reports, articles, and leaflets 
published in 1976-77 is appended. 

Attended CFS Metric Conversion Workshop, Ottawa, March 23-24, 1976. 

2. Participated as a member of 4 on Pest Leaflet Review Committee; 
reviewed and edited 12 leaflets. 

Edited Calgary-Regina Ecotour. 
Edited Guide to the Silviculture Management of Trembling Aspen. 
Edited and contributed to Trees and Forests of Jasper National Park. 
Edited 2 Forestry Reports: Nurseries (Carlson) and Northern Ecology 
(Zoltai). 

14. Goals for 1977-78: 

1. To assist the research staff, through the prov1s10n of editing 
services, in the preparation and publication of approximately 
25 information reports and 35 journal articles. 

2. To assist the technical writer, through the provision of editing 
services, in the preparation and publication of approximately 10 
pest leaflets and 3-5 technical publications, including Forestry 
Report. 

15. Publications: 

Up to 1976-77 

Nil. 
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1976-77 

Stevenson, R.E., R.M. Waldron, P.A. Logan, and D. Dube. 1976. 
Trees and forests of Jasper National Park. Environ. 
Can., Can. For. Servo Unnumbered rep. 

INFOR~TION REPORTS, FEBRUARY 12, 1976 - FEBRUARY 25~ 1977 

Bella, I.E. Assessment of regeneration stocking standards used 
in Alberta. Inf. Rep. NOR-X-167, 

Brace, L.G. ~976. The Public Awareness Program at the Kananaskis 
Forest Experiment Station. Inf. Rep. NOR-X-lS8. 

Brace, L.G. and ~. Froning. 1976. Management policies and guide
line~ for the Kananaskis Forest Experiment Station. Inf. 
Rep. NOR-X-162. 

Coen, G.M. and W.D. Holland. 1976. 
Park, Alberta. Inf. Rep. 

Soils of Waterton Lakes National 
NOR-X-6S. 

Drouin, J.A. and D.S. Kusch. 1976. Pesticide field trials on shade 
and shelterbelt trees in Alberta. Inf. Rep. NOR-X-ISO. 

Johnstone, W.D. 1976. Ingress of 10dgepoJe pine and white spruce 
regeneration following logging and scarification in west
central Alberta. Inf. Rep. NOR-X-170. 

1976. Juvenile height growth of white spruce and 
lodgepole pine following logging and scarification in 
west-central Alberta. Inf. Rep. NOR-X-17l. 

Klein, J.I. 1976.' Survival and growth of red pine populations in 
Manitoba 15 years after planting. Inf. Rep. NOR-X-ISS. 

Lees, J.C. Guidelines for scarification in Manitoba. Inf. Rep. 
NOR-X-16S. 

Lesko, G.L. and J. Soos. 1976. Growth response of Wheeler poplar 
to maintenance techniques on southern Saskatchewan. Inf. 
Rep. NOR-X-lS9. 

Niederleitner, J. 1976. Detection des feux a retardement a l'aide 
de l'instrument de balayage a l'infra-rouge AGA 750. 
Inf. Rep. NOR-X-lSlF. 

Niederleitner, J. 1976. A pocket fire-size estimator for aerial 
observers. Inf. Rep. NOR-X-lS7. 
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Northern Forest Research Centre. 1976. Papers presented at Workshop 
on Dutch Elm Disease. Winnipeg, Manitoba. Can. For. Servo 
Unnumbered rep. 
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Petty, J. et al. 1976. Annual district reports: Forest Insect and 
Disease Survey, Prairies Region, 1975. Inf. Rep. NOR-X-154. 

Powell, J.M. 1976. A directory of climate and related courses and 
persons interested in climatology in Alberta. Inf. Rep. 
NOR-X-l72. 

Quinti1io, D. and A.W. Anderson. 1976. Simulation study of initial 
attack fire operations in the Whitecourt Forest, Alberta. 
Inf. Rep. NOR-X-166. 

Singh, T. and Y.P. Ka1ra. Water quality of a range watershed in 
southwestern Alberta prior to aspen clearing. Inf. Rep. 
NOR-X-168. 

Skorepa, A.C. and D.H. Vitt. 1976. A quantitative study of ephiphytic 
lichen vegetation in relation to S02 pollution in Alberta. 
Inf. Rep. NOR-X-161. 

Smith, R.M. Bibliography of forest pathology research, Western and 
Northern Region. Inf. Rep. NOR-X-163. 

Steneker, G.A. 1976. Early performance of poplar clones in Manitoba. 
Inf. Rep. NOR-X-156. 

Steneker, G.A. Guide to the si1vicu1tura1 management of trembling 
aspen. Inf. Rep. NOR-X-164. (In press). 

Trottier, G., W.D. Holland, K.W. Kivett, R.E. Wells and I. Corns. 
1976. Environmental impact study, Mt. Kerkes1in campground, 
Jasper National Park. Inf. Rep. NOR-X-153. 

JOURNAL ARTICLES~ FEBRUARY 12~ 1976 - FEBRUARY 25~ 1977 

Baker, J., D. Hocking and My Nyborg. 1976. Acidity of open and inter
cepted precipitation in forests and the effects on forest 
soils in Alberta, Canada. Pages 779-790 In: Proceedings 
of the first international symposium on acid precipitation 
and the forest ecosystem, Columbus, Ohio, 1975. U.S. Dep. 
Agric., For. Servo Gen. Tech. Rep. NE-23. 

B1a~e1, R.A. and I.K. Edwards. 1976. Some effects of salt water 
spills on forest land. Pages 38-80 In: Proceedings, 
Conference on the environmental effects of oil and salt 
water spills on land. Banff, Alberta. Nov. 6-7, 1975. 
Sponsored by Univ. of Calgary, Calgary, Alberta and Alberta 
Environment, Research Secretariat, Edmonton, Alberta. 
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Blauel, R.A. and G.L. Lesko. 1976. Condensate release impacts on 
a forest area. Pages 229-239 In: Proceedings, Conference 
on the environmental effects of oil and salt water spills 
on land. Banff, Alberta. Nov. 6-7, 1975. Sponsored by 
Univ. of Calgary, Calgary, Alberta and Alberta Environment, 
Research Secretariat, Edmonton, Alberta. 

Carlson, L.W. Effect of defoliation on conifer seedling root initia
tion. Bi-mon. Res. Notes (In press). 

Carlson, L.W. 1976. Root initiation of lodgepole pine and white 
spruce seedlings grown under varying light conditions. 
Bi-mon. Res. Notes 32:21-22. 

Carlson, L.W. and F. Endean. 1976. The effect of rooting volume and 
container configuration on the early growth of white spruce 
seedlings. Can. J. For. Res. 6:221-224. 

Carlson, L.W. and R.F. Huber. 1976. Jack pine storage molds. 
Fungicide and nematicide tests. Results of 1975. Am. 
Phytopath. Soc. 31:160. 

Cerezke, H.F. Characteristics of damage in tree-length white spruce 
logs caused by the white-spotted sawyer, Monochamus scuteZZatus. 
Can. J. For. Res. (In press). 

Coen, G., P.F. Epp, and W.D. Holland. Interpretation of alpine areas. 
In: Proceedings of Workshop in Alpine and Subalpine Environ
ments, Victoria, B.C. Alberta Inst. Pedol. Publ. No. M-76-7. 
(In press). 

Coen, G., W.D. Holland, R.E. Wells and B.D. Walker. Mapping methodology 
used in five of Canada's mountain national parks with special 
reference to alpine areas. In: Proceedings of Workshop in 
Alpine and Subalpine Environments, Victoria, B.C. Alberta 
Inst. Pedol. Publ. No. M-76-5. (In press). 

Drouin, J.A. and D.S. Kusch. 1976. Ornamental and greenhouse insects. 
Field efficacy trials. Pages 231-244 In: Pesticide research 
report 1975. Compiled by Can. Comm. Pest Use Agric. Agric. 
Can., Res. Progr. Servo Sect., Pest. Tech. Inf. Office. 
Ottawa. 

Golding, D.L. 1976. Snow accumulation in small forest openings. Can. 
Gephys. Bull. (In press). 

Golding, D.L. Snow pack ablation during chinooks. Can. Geophys. Bull. 
(In press). 
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Hildahl, V. 1976. Dutch elm disease, detection 
Pages 37-39 In: Workshop on dutch elm 
Ste. Marie, Ontario, April 1-2, 1976. 
Can. For. Serv., Great Lakes For. Res. 
Ste. Marie, Ontario. 

and diagnosis. 
disease, Sault 
Environ. Can., 
Cent., Sault 

Hildahl, V. 1976. Status of dutch elm disease in Manitoba and 
host distribution on the prairies. Pages 1-4 In: 
Papers presented at workshop on dutch elm disease, 
Winnipeg, Manitoba, March 3,1976. Environ. Can., 
Can. For. Serv., North. For. Res. Cent., Edmonton, 
Alberta. 

Hiratsuka, Y. and A. Funk. 1976. Additional records of Gremmeniella 
abietina in western Canada. Plant Dis. Rep. 60:631. 

Hiratsuka, Y. and P.J. Maruyama. 1976. Castilleja miniata, a new 
alternate host of Cronartium ribicola. Plant Dis. Rep. 
60: 241. 

Hiratsuka, Y. and J.M. Powell. 1976. Pine stem rusts of Canada. 
Environ. Can., Can. For. Serv., For Tech. Rep. 4. 

Holland, W.D. Biophysical land classification of Banff and Jasper 
National Parks. In: Proceedings of the First Meeting, 
National Committee on Biophysical Classification. Petawawa 
Forest Experiment Station. Lands Dir. Ottawa. (In press). 

Ives, W.G.H. Trends in populations of three species of sawflies 
infesting tamarack in southwestern Alberta. Can. Entomol. 
(In press). 

Johnson, H.J. and N.R. Walker. 1976. Five-year field performance 
of pine and spruce styroplugs in Alberta. For. Chron. 
52:197-198. 

Khan, A.A. and S.S. Malhotra. Effects of aqueous sulphur dioxide 
on needle glyco1ipids in Pinus contorta. Phytochemistry 
(In press). 

Kiil, A.D. 1975. Fire behavior and the use of fire retardants in 
Canadian forests. Pages 175-186 In: Fire retardants: 
Proceedings of 1975 international symposium on flammability 
and fire retardants. Montreal, Canada. May 1975. 

Kirby, C.L., D. Goodenough, D. Day, and P. Van Eck. 1976. Landsat 
imagery for Banff and Jasper National Parks inventory and 
management. Pages 207-225 In: Third Canadian Symposium 
on Remote Sensing, Edmonton, Alberta. Can. Aeronaut. 
Space Inst. 

379 



- 7 -
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destruction in Pinus contorta. 'New Phytol. (In press). 

Malhotra, 8.S. 1976. Physiology and mechanisms of air pollutant 
injury to vegetation. Pages 19-30 In: Proceedings, 
First annual workshop of the vegetation technical research 
committee. Edmonton, Alberta, Oct. 14-15. 

Malhotra, S.S. 1976. Symptomo10gy and threshold levels of air 
pollutant injury to vegetation and species tolerance. 
Page 18 In: Proceedings, First annual workshop of the 
vegetat~on technical research committee. Edmonton, 
A.lperta, Oct. 14-15. 

Niederle~tner, J, Detecting low-intensity sleeper fires on forest 
+qnd with th~ qirborne A.G.A. Thermovision 750 infrared 
~canner. Proceedings of Third International Infrared 
Information Exchange, St. Louis, Missouri. (In press). 

Nyborg, M., J. Crepin, D. Hocking and J. Baker. 1976. Effect of 
sulphur dioxide on precipitation and on the sulphur con
tent and acidity of soils in Alberta, Canada. Pages 767-
777 In: Proceedings of the first international symposium 
on acid precipitation and the forest ecosystem, Columbus, 
Ohio, 1975. 

Raske, A.G. and J.K. Robins. 1975. Wood borer control in spruce 
logs with p-Dichlorobenzene and plastic sheeting. J. 
Entomol. Soc. Brit. Columbia. 72:15-17. 

Rook, D.A., R.H. Swanson and A.M. Cranswick. 1976. The reaction 
of Radiata pine to drought. Proceedings, Soil and Water 
Symposium, Palmerston North, New Zealand, May 25, 1976. 

Singh, T. and Y.P. Ka~ra. Estimation of natural pollution loads 
from streamflow measurements in remote catchments. Water 
Air Soil Pollut. (In press). 

Storr, D. and D.L. Golding. Compariso~ of precipitation-gauge and 
snowpillow data from a severe April snowstorm in a mountain 
watershed. Proc. 44th. Annu. Western Snow Conf., Calgary, 
Alberta. (In press). 

Wong, H.R. 1976. American species of Pristiphora south of the 
United States. Ann. Entomol. Soc. Am. 69:525-526. 

Wong, H.R. Chinese species of Pristiphora. Can. Entomol. (In press). 
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larval descriptions of Enargia decolor (Lepidoptora: 
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Entomol. 108:1213-1220. 

Wong, H.R., J.C.E. Melvin, and J.A. Drouin. 
shoot boring sawfly in Alberta. 
(In press). 

Damage by a willow 
Tree Plant. Notes. 

Zalasky, H. 1976. Xylem in galls of lodgepole pine caused by 
western gall rust, Endocronartium harknessii. Can. J. 
Bot. 54:1586-1590. 

Zalasky, H. 1976. Cytohistology of chimeral frost rib tissues 
in apple and mountain ash. Can. J. Plant. Sci. 56:501-504. 

Zalasky, H. 1976. Phragmoid cells of leaf and twig scars on Northwest 
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Drouin, J.A. 1976. Poplar bud gall mite. Pest leafl. 13-76. 

Hildahl, V. Forest tent caterpillar. Pest leafl. 17-77. 

Kusch, D.S. 1976. Aphids galore. Environ. Can., Environ. Manage. 
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CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 25, 1977 

1. Project: Scientific, technical and public information. 

2. Title: Public information. 

3. New: Cont.: X 4. No.: NOR-2l-l47 

5. Study Leader: B.R. Hill 

6. Key Words: news releases, radio, television, displays, lectures 
and publication distribution 

7. Location of Work: Region wide 

8. Problem: 

The general public and special interest groups (i.e., Fish and Game 
Association, Boy Scouts, Naturalists, etc.) are not fully or correctly 
informed about the forest, forestry, land management, related resource 
and amenity uses nor the Research and Development program of the 
Northern Forest Research Centre. There is some urgency in keeping 
the public better informed, particularly in those areas of open con
flict such as (1) the allocation of forest land for consumptive and 
non-consumptive uses and (2) the effects of current forest management 
practices and forest products manufacturing on environmental quality. 
In addition the R&D programs of the CFS and in particular of the 
NFRC have yielded information of interest or use by the general public 
such as (1) the control of tree and shrub pests, (2) techniques for 
preserving fence posts and (3) ecological interpretations of forest 
landscapes. It is essential that this type of information be readily 
available to the general public. 

9. Study Objectives: 

To initiate, develop and implement an information program designed 
to inform the public about CFS research and development programs, 
about forestry and forests as they relate to the economics and social 
well-being of Canadians and to encourage the application of R&D 
findings by the public sector. 
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10. Resources: 

a. 
b. 
c. 
4. 

e. 
f. 

Starting date: 1974 
Estimated year of completion: continuing 
Estimated total Prof. man-years required: ° 
Essential new major equipment items for 1977-78 with costs: 

- Cara.ate slide/tape projector 
- Filing cabinet for layouts and printing plates. 

and library wagon 
Essential new major equipment items beyond 1978 with costs: 
~977-78 man-years Prof. 0.0 

Supp. 1 ° (B.R. Hill) 

Total 1. 0 

11. Progress to Date: 

$2,000 
Nil 

Ten new tree pest leaflets have been prepared. A series of in-house 
seminars were organized, media releases prepared, in-house tours and 
career days held. Displays were prepared and shown at public locations; 
100,000 publications were distributed. 

12. Goals for 1976-77: 

1. Continue the preparation of articles for release in the pest 
leaflet series. Planned for 1976-77 are: 

Forest tent caterpillar - Hildahl 
Lilac leaf miner - Kusch 
Spruce need:e miner - Kusch 
Poplar bud gall mite - Drouin 
Cooley spruce gall aphid - Caltrell 
Spruce spider mite - Tidsbury 
Fireblight - Emond 
Ugly nest caterpillar - Still 
Aphids - Kusch (Waldron, Logan, 

Drouin, Petty) 

2. Reprint Wilkinson's "Tree pests in the prairies". 

3. Prepare news releases, newspaper articles, TV and radio announcements, 
arrange for participation on local "talk shows" etc. as appropriate. 

4. Participate or organize in-house tours by students, participate 
in career days, give lectures or talks to public audiences 
including Rotary Club, etc. as appropriate. 
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5. Organize in-house seminars and prepare a staff newsletter 
(Monthly Highlights) as two means of improving internal communi
cations and developing 'esprit de corp'. 

6. Prepare an audio-visual on the Rand D program of NFRC (Waldron, 
Hill) • 

7. Distribute publications prepared by NFRC and Ottawa as required, 
including maintenance of mailing lists, inventory and distribution 
records. 

13. Accomplishments in 1976-77: 

1. Ten tree pest leaflets were prepared and published: 

Spruce needle miner - Kusch 
Lilac leaf.miner - Kusch 
Aphids galore - Kusch 
Ugly nest caterpillar - Still 
Cooley spruce gall aphid - Caltrell 
Poplar bud gall mite - Drouin 
Spruce spider mite - Tidsbury 
Forest tent caterpillar - Hildahl 
Pine needle scale - Kusch 
Frost damage to poplar - Zalasky 

Still under preparation is: 

Fireblight - Emond 

2. Wilkinson's "Tree pests in the prairies" was not reprinted for 
1977 because it is now felt that the Pest Leaflet Series adequately 
covers off the information contained in the original brochure. 

3. Approximately 8 news releases were prepared during the past year. 
Subjects included: Public Awareness Program - KFES (Brace), Forest 
Hydrology (Swanson), Forest Tent Caterpillar in Alberta (Muldrew) 
and the Oil Sands Program, AOSERP (Mqlhotra). 

Radio and newspaper coverage of our Pest Leaflet series was 
obtained from CFRN, CHQT, CBC and the Edmonton Journal. 

Information was gathered and arrangements made for two TV programs; 
one on prescribed burning and the other on fire suppression. 
Hopefully, both will be shown on CBC TV in 1977. 

4. Approximately 1000 individuals participated in 25 in-house tours 
during 1976-77. Visitors included students from the U of A, 
technical, high and public schools, cubs, scouts and guides in the 

£ 

Edmonton area and Vermilion. 

Displays were set up at Regina for the International Great Plains 
Agricultural Convention, at KingswayGarden Mall and at the Jensen 
Nature Centre in Edmonton. Display material was also provided to 
the Forestry School at Hinton for use at their 'Open House'. 

385 
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Films and lectures were made in Edmonton at Victoria, St. Joseph's 
and St. Nicholas Composite High Schools as part of their Career 
Days Program. 

5. Nine in-house seminars have been organized: 

Friday, January 21 

Friday, January 28 

Friday, February 4 

Friday, February 11 

Friday, february 18 

Friday, March 4 

Friday, March 18 

Friday, April 1 

Friday, April 15 

Steve Zoltai - Northern Ecology 

Wil Holland - Biophysical program in the 
National Parks 

R. Garnett - Commercial fishing industry in 
the north 

Les Carlson - Nurseries and regeneration 

Bob Swanson - Hydrology program at NFRC 

C.W.S. 

Surj Malhotra - S02 pollution as related to 
natural gas production and 
pulpwood mills 

E.P.S. 

Fire Section 

Twelve issues of the monthly highlights "Forestry Newsletter" were 
prepared and distributed. 

6. No progress was made on the A-V covering the NFRC Research and 
Development program. 

The Marmot Creek A-V was shown to a number of groups including 
the Alberta Teacher's Association, Environment Alberta, Environ
mental Conservation Authority, leaders of the Jr. Forest Ranger 
Clubs, U. of Calgary Extension Division and the Waskahegan Trail 
Association. Efforts are now being made with the Calgary School 
Board to put the A-Von videocorder. 

7. The number of mail and telephone requests for publications has 
remained relatively constant (5000 requests in 1976) but the number 
being given away at KFES and other functions such as conventions 
is growing. Pest leaflets are going particularly well with 80,000 
distributed to date. Abstracts are now included in the lists of 
available publications which are mail~d out, usually with the 
Forestry Report or every two months, to our clients but the effects 
on requests is not known. 
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14. Goals for 1977-78: 

1. Prepare news releases, newspaper articles, TV and radio announce
ments, arrange for participation on local "talk shows" etc. as 
appropriate. 

2. Participate or organize in-house tours by students, participate 
in career days, give lectures or talks tb public audiences 
including Rotary Clubs etc. as appropriate. 

3. Hold an 'open house' at NFRC in the autumn of 1977. 

4. Distribute publications prepared by NFRC and Ottawa as required, 
including maintenance of mailing lists, inventory and distribution 
records. 

15. Publications: 

1976-77 

Ca1trell, R.M. 1976. Cooley spruce gall aphid. PL 12-76. 

Drouin, J.A. 1976. Poplar bud gall mite. PL 13-76. 

Hi1dahl, V. 1976. Forest tent caterpillar. PL 17-76. 

Kusch, D.S. 1976. Spruce needle miner. PL 8-76. 

1976. Lilac leaf miner. PL 9-76. 

1976. Aphids galore. PL 10-76. 

1976. Pine needle scale. PL 16-76. 

Still, G.N. 1976. Ugly-nest caterpillar. PL 11-76. 

Tidsbury, C. 1976. Spruce spider mite. PL 14-76. 

Za1asky, H. 1976. Frost damage to poplar. PL 15-76. 

16. Signatures: 

Investigator Program Manager 

Director G.T. Silver 

387 



PROJECT NOR-22 

Evaluation of earth resources 
technology satellite (LANDSAT). 
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CFS-I-NOR-22-144 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 18, 1977 

1. Project: Evaluation of earth resources technology satellite (LANDSAT). 

2. Title: Evaluation of Landsat for resource inventory, damage assessment 
and land-use planning in the Northern Region. 

3. New: Cont.: X 4. No.: CFS-I-NOR-22-l44 

5. Study Leader: C.L. Kirby 
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6. Key Words: forest, land inventory, multispectral, multidate, multiscale, 
multiple land use, aerial photography, spectral signatures, 
information systems, remote sensing. 

7. Location of Work: Regional with two well documented test sites on 
Banff-Jasper-Kananaskis-Hinton in the subalpine 
forest region and in the boreal forest region. 

8. Problem: 

To show the capability of ERTS in forest-land management for mapping 
of cut-overs, burnovers, generalized covertypes, and succession after 
various disturbances; its application by provincial forest services, 
environmental management agencies and industry; and its future develop
ment. 

In a region where resource development is proceeding quickly, it is 
important to have up-to-date and economical inventory techniques 
along with environmental monitoring capability that is timely. 

9. Study Objectives: 

1. To provide well documented test sites in boreal and subalpine forest 
regions with descriptions of vegetation, geomorphology and soils, 
where remote-sensing research and development may be focused. 
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2. To develop Landsat interpretation using optical and computer 
techniques. 

3. To develop forest management information systems using LANDSAT 
data. 

10. Resources: 

a. Starting date: 1974 
b. Estimated year of completion: 1978 
c. Estimated total Prof. man-years required: 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.0 

Supp. 0.0 
Casual 0.0 
Total 0.0 

11. Progress to Date: 

1. Aerial photography was obtained from the CCRS jet program for the 
following test sites: 

CCRS 
Test Site Investigators Problem Task No. 

Swan Hills, Nipisi, Alta. R. Blauel S02 damage, 73-50 
oil spills 

F1in Flon, Manitoba R. Blauel S02 damage (73-47 
(72-88 

K.F.E.S., Banff, Alta. D. Golding Snow melt 73-61 

K.F.E.S. Banff and Yoho C. Kirby Subalpine 73-62 
National Parks 

Slave Lake, Alta. 

P. Van Eck forest mapping 
A. Legge of vegetation 

and environ-
ment impact in 
Bow Corridor 
and K.F.E.S. 

J. Nieder1eitner Mapping of 
forest fires 
(burn-overs) 

72-57 
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Test Site 

Cadomin-Luscar, Alta. 

Peace River (P-6) , Alta. 

- 3 -

Investigators 

J. Robins 

C. Kirby 
P. Van Eck 

CCRS 
Problem Task No. 

Mapping of 73-50 
"red-belt" 
climatic damage 
to lodgepole 
pine 

Mapping of 72-49 
boreal forest 
vegetation, 
cut-overs and 
forest fires 

2. Ground truth for the P-6 test site was obtained. 

3. High flight aerial photography and ground truth was obtained for the 
Banff-Kananaskis test site. In addition aerial photography for Yoho 
National Park, Swan Hills, Cadomin and Luscar was obtained. 

Test Site Investigators 

Swan Hills, Nipisi, Alta. R. Blauel 

K.F.E.S., Banff, Alta. D. Golding 

K.F.E.S. Banff and Yoho C. Kirby 
National Parks P. Van Eck 

A. Legge 

Cadomin-Luscar, Alta. J. Robins 

Problem 

S02 damage 
oil spills 

CCRS 
Task No. 

73-50 

Snow melt 73-61 

Subalpine 73-62 
forest mapping 
of vegetation 
and environ-
mental impact 
in Bow Corridor 
and K.F.E.S. 

Mapping of 73-50 
"red-belt" 
climatic damage 
of lodgepole 
pine 

3Q.f ..,; 1 

4. Development of methods for ERTS analysis using time sequential imagery 
was started and a paper presenting reuslts prepared. Canadian Institute 
of Surveying Journal. 
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5. Contract NOR-730-7l5 "Spectral reflectance of selected targets at 
the Kananaskis Forest Experiment Station", by Drs. P. Crown and 
S. Pawluk was completed. 

6. Contract NOR-730-70l "Development and application of an ecological 
based remote sensing legend system in the Kananaskis, Alberta test 
corridor was completed, (Subalpine Test Site). 

7. Satellite mosaic for Banff-Jasper-Kananaskis-Hinton site with 
interpretation of broad covertype using a computer (Image 100 
system at CCRS) was completed on two Landsat (ERTS) images. 

8. Evaluation of the interpretation by aerial photography obtained 
by NFRC and ground sampling was initiated. 

9. The mapping of red-belt from Landsat images for damage occuring 
in 1972, 1973, 1974 was accomplished using magnetic tapes and the 
image 100 in Ottawa. 

10. Satellite photo maps at a scale of 1:500,000 with an overlay 
transferred from national topographic maps showing streams and roads 
were lithographed in color for distribution to National Parks 
employees, the public in the National Park interpretive program 
and at the 3rd Canadian Remote Sensing Symposium. 

11. Chaired half day session on ~ational Resource Exploration and 
Management at the 3rd Canadian Remote Sensing Symposium. 

12. Presented half day seminar to 30 staff members of Western Region 
National Parks's staff on applications of remote sensing that have 
been completed and potential new applications. 

12. Goals for 1976-77: 

1. To develop computer mapping techniques using the Image-IOO system 
in Ottawa to overlay National Topographic map information on the 
thematic maps that were produced for Banff-Jasper National Parks. 

2. To assemble thematic maps of Banff-Jasper National Parks into a 
booklet or mosaic for limited distribution (6 copies). 

3. Present 2 lectures on "multistaged sampling design using Landsat" 
at University of Alberta, Forestry School, and Alberta Remote 
Sensing Training Course. 

13. Accomplishments in 1976-77: 

1. Assembled thematic maps of Banff and Jasper National Parks and 
overlaid National Topographic map information (at 1:250,000) using 
photographic techniques rather than computer as technology not 
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sufficiently developed to apply. Possible support from Lands 
Directorate in Ottawa and from Parks Canada in Calgary may 
be obtained to reproduce the colored thematic maps for Banff 
and Jasper. 

2. Display panels illustrating the Landsat interpretation of 
Banff and Jasper Parks were prepared. 

3. Presented half day seminar to 30 staff ~embers of Western 
Region National Parks staff Landsat thematic ~pping of Banff 
and Jasper National Parks. 

14. Goals for 1977-78: 

1. Project terminated with liaison and development worJc with Parks 
Canada to be carried under Study 142. 

15. Publications: 

Up to 1975-76 

Kirby, C.L. 1973. Preliminary results of earth resources technology 
satellite investigations on the Peace River test site for 
the Boreal Forest Region. Paper to Canadian Aerospace and 
Space Inst. Feb. 5, 1973. 

Kirby, C.L. 1973. Remote sensing. N.F.R.C. For. Rep. Vol. 3(3). 

Crown, P. and S. Pawluk. 1973. Spectral signatures at Kananaskis 
Forest Experiment Station. File Report. (Contract). 

KirBy, C.L. 1973. Forest and land inventory using ERTS imagery and 
aerial photography in the Boreal Forest Region of Alberta. 
Paper to Principle ERTS Investigators. Washington, 
Dec. 10, 1973. 

Legge, A., C.E. Poulton, C.L. Kirby and P. Van Eck. 1974. Development 
and application of an eco19gica1 based remote sensing legend 
system in the Kananaskis, Alberta test corridor. (Published 
by University of Calgary). (Contract). 

Kirby, C.L. 1974. Temporal Analysis of ERrS Imagery in the boreal 
forest region. The Canadian Surveyor, Vol. 28, No.2. 

Kirby, C.L., D. Goodenough, D. Day and P. Van Eck. 1975. Landsat 
Imagery for Banff and Jasper National Parks Inventory and 
~nagement. Third Canadian Symposium on Remote Sensing. 
Edmonton, Alberta. 
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16. Sisnatures: 

:j:p.vest;f;gator 7 

Director G. T. Silver 



PROJECT NOR-23 

Land and vegetation resource inventory of 
Banff and Jasper National Parks. 
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NOR-23-l48 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 -78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 12, 1977 

1. Project: Land and vegetation resource inventory of Banff and Jasper 
National Parks. 

2. Title: Land and vegetation resource inventory of Banff and Jasper 
National Parks. 

3. New: Cont.: X 4. No.: NOR-23-l48 

5. Study Leader: W. D. Holland 

6. Key Words: Resource inventory, land inventory, biophysical mapping, 
vegetation inventory, land use interpretation guides. 

7. Location of Work: Banff and Jasper National Parks and Northern Forest 
Research Centre, Edmonton. 

8. Problem: 

The National Parks Service have requested assistance to meet a number 
of objectives of the National Parks Inventory Program. The request 
indicates a need for knowledge of the kinds of soil and vegetation and 
their distribution in the National Parks system. The knowledge will 
be used for such purposes as: 

1. determining soil limitations for certain land uses, e.g. soils 
subject to flooding, landslides, droughtiness; load bearing 
ability for access roads, trails, buildings; slope, drainage, 
permeability; soil depth, texture, stoniness; productivity for 
vegetation of different kinds, fertility levels, etc.; 

2. providing background information for impact assessments and 
environmental monitoring; 

3. providing the Parks personnel, wardens, planners, and managers 
with interpretative guidelines for use of land for various pur
poses. Knowledge pertaining to soil characterisitcs and how 
they affect soil quality will assist in evaluation of the degree 
and kind of risk or hazard (soil limitations) that a certain soil 
may have for specific, selected National Park uses; 
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4. prov1s10n of information on forest cover and vegetative communities. 
Such knowledge assists in fuel-type mapping, establishment of 
fragility ratings, determining productivity of alpine and winter 
ranges, successional stages and advance growth, and understory 
components; 

5. assisting, if necessary, with interpretation of the information 
for Parks personnel preparing master plans of the Parks. 

Further, the knowledge gained will permit consultation and the possi
bility of critical review of resource management recommendations, 
either with individual Parks personnel or through the establishment 
of a liaison committee. It also permits participation in seminars 
with Parks pefsonnel and students. 

The approach to this inventory uses the Guidelines for Biophysical 
Land C~assificatiQn (Lacate, 1969). It will, however, include inter
pretative guides, and methodology similar to that developed for Waterton 
Lakes National Park (Holland and Coen, 1973) but adapted to the biophys
ical guidelines. The scale to be used is assumed to be to the 1:50,000 
National Topographic Series for base maps. These can readily be 
reproduced by a 2 colour offset printing. 

Experience since 1970 indicates that a number of the Parks problems 
appear to be one of a lack of knowledge on how to manage specific areas 
of land. Research projects could be initiated, using the inventory 
data for guidance, to determine how such areas can best be managed. 
Such research may be concurrent with the surveyor post-survey. Pre
paration of a field guide to solve problems in applied management is 
suggested. 

An assessment of land use problems encountered in Banff and Jasper 
National Parks could do much to improve the data collected by the 
inventory and the subsequent resource interpretations. Especially 
pertinent is the experience of field personnel from Banff and Jasper. 

9. Study Objectives: 

To provide a land, soil, and vegetation inventory of Banff and Jasper 
National Parks, including maps and report, and research studies, plus 
interpretation of data for land use planning and management within the 
Parks. 

10. Resources: 

a. Starting date: April 1974 
b. Estimated year of completion: 1980 
c. Estimated total Prof. man-years required: 30 
d. Essential new major equipment for 1977-78 with costs: Nil 
e. Essential new major equipment beyond 1978 with costs: Nil 
f. 1977-78 man-years: Canadian Forestry Service 

Prof. 2.0 W.D. Holland, replacement 
Supp. 2.0 D.T. Allan, J. Dyck 
Casual 
Total 4.0 
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Alberta Institute of Pedology and Soil Research Institute 
Prof. 7.0 

Supp. 1.0 
Casual 1.5 

11. Progress to Date: 

G.M. Coen, R. E. Wells, B.D. Walker 
Ian Corns, W.S. Taylor, J. Tajek, 
J. Cuddeford 
U. of A. Soil Lab. 
5 Summer Students 

See Study Statement of January 22, 1976 for review of 1975 progress. 

Summary of 1975 field work follows: 

VEGETATION AND SOIL SAMPLING - 1976 

No. of vegetation plots 
No. of vegetation types 
Bryophytes collected 
Vascular plants collected 

Banff 

425 
35 

~2000 

~1000 

Soil observation points (daily & notebook) 
Soil laboratory samples 

542 
61 

In situ soil tests 
Notebook records 
CanSIS soil description sheets 

Daily forms 
Semi-detail 
Detailed (sampling sites) 

Banff Map Sheets 

82J14W Spray Lake 
82Jll Kananaskis 
8204E Banff 
8204W Banff 
82J13E Mt. Assinaboine 
82N9W Hector Lake 
8203W Canmore 

0 
126 

410 

6 

Jasper Map Sheets 

83C12 Athabasca Falls 
83C6 Sunwapta 
83Cll Southesk 
83C5 Fortress Lake 
83C4 Clemenceau Icefield 
83C2W Cline River 
83C3 Columbia Icefield 
83C7W Job Creek 

Jasper 

310 
67 

~1000 

~1500 

555 
234 

0 
247 

308 

34 

Approximately 500 square miles. Appro:ximately 1000 square miles. 

12. Goals for 1976-77: 
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1. Completion of biophysical inventory Progress Report for Banff, 1975. 

2. Completion of biophysical inventory Progress Report for Jasper, 1975. 
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3. Continuation of soil and vegetation inventory in Banff National 
Park, from Lake Minnewanka to the south end of the Park, with 
continuation up the Cascade River valley, time permitting. 

4. Continuation of soil and vegetation inventory in Jasper National 
Park, in the area defined by the Columbia Icefieid, upper 
Athabasca River valley, Sunwapta River valley, and Poboktan Pass. 
(The Columbia Icefield area includes part of the north end of 
Banff National Park and is included here because of the Columbia 
Icefield planning study currently in progress.) 

5. Completion of information report for the village Lake Louise 
special study area. 

6. Completion of Kerkeslin campground study; this report in conjunc
tion with G. Trottier, C.W.S. 

7. Continued co-operation with the surficial geology input, in partic
ular with provision of air photos. 

8. Continued co-operation with J. Dumanski of the Soil Research 
Institute for input into computer and coding work of the CanSIS 
data bank. This year's input will be mainly into the vegetation 
portion and establishment of the village Lake Louise special study 
area as a pilot project test of the CanSIS data system and the 
development of generic print-out maps. 

9. Continuation of committee meetings, seminars, workshops, assistance 
with site specific problems, as requested by National Parks, or 
others. The number of impact studies is expected to be less this 
year as a result of budget restraints in National Parks. 

10. Continuation of general phytosociological investigation of the 
Banff-Jasper National Parks (S. Kojima). 

11. Continuation and further development of floristic investigation of 
the Banff-Jasper National Parks (S. Kojima). 
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12. Some intensive ecological investigation of representative vegetation 
types to assist in interpretation and application of the vegetation 
classification of the area (S. Kojima). 

13. Further development and completion of computer programs to store 
and manipulate vegetation data. This will be done in co-operation 
with Dr. J. Dumanski of the Canada Department of Agriculture. 
(S. Kojima). 

Goals added in 1976-77: 

1. Impact assessment of Marble Canyon and McLeod Meadows campgrounds, 
Kootenay National Park (in co-operation with G. Trottier, C.W.S.). 



2. Site specific investigations in Fiddle River valley - Miette 
to Pochahontas (in co-operation with Dick Roberts, Master 
Park Planner, Calgary). 

13. Accomplishments in 1976-77: 

1. B.D. Walker, S. Kojima, G.M. Coen, and W.D. Holland. 1976. 
Biophysical land classification of Banff National Park, Progress 
Report No.2, 1975-76. 76 pp. plus appendices. 

2. R.E. Wells, Ian Corns, and W.D. Holland. 1976. Biophysical 
land classification of Jasper National Park, Progress Report No.1, 
1975. 97 pp. plus references and appendices. 

3. ApproJ~m.~e+y 500 squar~ miles completed in Banff on 7 map sheets 
as Qe~ai!~Q'in Section 11. 

4. Approxima~e+y 1000 square miles inventoried on 8 map sheets in the 
Columbia Icefields area of Jasper Park, including the north end of 
Banff to the Alexandra River. See Section 11. 

5. B.D. Walker, S. Kojima, W.D. Holland, and G.M. Coen. 1976. Land 
classification of Lake Louise study area. Canadian Forestry 
Service Information Report NOR-X-l60. Northern Forest Research 
Centre, Edmonton. 87 pp. plus appendices and map. 

6. Garry Trottier, W.D. Holland, Keith W. Kivett, R.E. Wells and 
Ian Corns. 1976. Environmental impact study Mt. Kerkeslin 
Campground, Jasper National Park. Northern Forest Research Centre 
Publication No. NOR-X-153. 62 pp. 

7. Surficial geology input completed and terminated. 

8. Co-operation continued with J. Dumanski and Bruce Kloosterman of 
the Soil Research Institute, Ottawa, re: computer input into 
CanSIS data bank. Lake Louise map is digitized and generic maps 
have been requested. 

9. Air photo familiarization workshop to Banff wardens. 
Meeting on oil pipeline twinning through Jasper. 
Papers to Alpine Workshop in Victoria, B.C. 
Paper to National Biophysical Committee in Petawawa. 
Field advice to C.W.S. personnel 
Show and Tell. 
Nitrogen symposium, Calgary. 
Meeting on reclamation of Tunnel Mt. campground, Banff. 

10. General phytosociological investigation of Banff-Jasper National 
Parks has been extended into the southeastern portion of Banff 
and the Columbia Icefields section of Jasper and Banff. Six new 
vegetation types were added to bring the Banff total to 35 vegeta
tion types. Fourteen were added to those recognized in Jasper, 
bringing the total to 67. 
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11. General floristic investigation was continued into the south
eastern portion of Banff and into the Columbia Icefields planning 
unit of Jasper and Banff. Nearly 150 species were added to the 
previous collections for Banff and Jasper. Checklists of vascular 
plants are being prepared. 

12. Because of S. Kojima's reassignment to a new project, this item 
is withdrawn from the goals. 

401 

13. A computer program to store vegetation information has been completed 
in co-operation with J. Dumanski of the Soil Research Institute, 
Ottawa, and is currently being used. Vegetation data have been sent 
to the S.R.I. for storage. Other ancillary programs to manipulate 
vegetation data are nearly completed. 

Goal-added accomplishments 1976-77: 

1. Marble Canyon - McLeod Meadows impact assessment, Kootney Park, in 
progress. 

2. Fiddle River valley site investigations completed - data presented 
to Dick Roberts, Master Planner, Calgary. 

14. Goals for 1977-78: 

1. Completion of Progress Report No.3 for Banff. 

2. Completion of Progress Report No. 2 for Jasper. 

3. Continuation of soil and vegetation inventory for the Icefields 
Parkway section in northwest portion of Banff, and lower Cascade 
and Minnewanka, if time permits. 

4 •. The inventory will also be continued over about 1000 square miles 
in 3 separate areas in Jasper; namely, central valley from Jasper 
Lake to East gate; Tonquin valley - T,fuirlpool valley; and Maligne 
valley to Mt. Brazeau. 

5. Publication of information report for Lake Louise study area -
NOR-X-160; prior to March 31, 1977. 

6. Reprint of Appendix D, Waterton Lakes report; prior to March 31/77. 

7. Completion of Marble Canyon - McLeod Meadows report; prior to 
March 31, 1977. 

8. Continued co-operation with J. Dumanski of the Soil Research 
Institute for input into computer and coding work of the CanSIS 
data bank. This year's input will be mainly the production of 
protype generic maps, using the Lake Louise map for a digital 
base. 
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9. Continuation of committee meetings, seminars, workshops, assistance 
with site specific problems, as requested by National Parks, or 
others. 

10. Continuation of phytosociological investigation of Banff and Jasper. 

~~. Continuation of floristic investigation of Banff and Jasper. 

~4. Supervision of contract with Dr. D. Vitt for identification and 
report on approximately 2000 bryophytes and lichens collected in 
Banff and Jasper. 

13. To develop and publish a Soi~ and Vegetation Interpretation Guide 
for land use planning in t~e Canadian Rocky Mountain Parks. 

15. Publications: 

Up to 1975-76 

Day, D.C. Zinkan, and G. Wickware. 1975. A multidisciplinary approach 
to resource inventory in National Parks. Indian and Northern 
Affairs, Parks Canada. 600 pp. and Appendices. 

Reimchen, T.H.F. and L.A. Bayrock. 1975. Terrain analysis of Banff 
and Jasper National Parks. Bayrock and Reimchen Surficial 
Geology Ltd., North Vancouver. 

1975-76 

Holland, W.D., B.D. Walker, S. Kojima, D.T. Allan, and J. Dyck. 1975. 
Banff-Jasper biophysical land inventory Progress Report 
No.1, 1974-1975. 76 pp. plus references and appendices. 

Bull, G.A., I. Corns, W.D. Holland, R.E. Wells, J. Steele, and C. Zinkan. 
1975. Rehabilitation guidelines for Lakes Edith and Annette 
area, Jasper National Park. 

Kojima, S. 1975. List of vascular plants collected from Banff National 
Park in 1974. Canadian Forestry Service, Northern Forest 
Research Centre, Edmonton. 

Kojima, S. and J.R. Dyck. 1975. Checklist of vascular plants in the 
herbarium of the Northern Forest Research Centre. Canadian 
Forestry Service Information Report NOR-X-144. Northern 
Forest Research Centre, Edmonton. 

Kojima, S. 1976. List of vascular plants collected from Banff National 
Park - a supplement to the 1974 collection. Canadian Forestry 
Service, Northern Forest Research Centre, Edmonton. 
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1976-77 

a) Published Reports: 

1. Holland, W.D. 1976. Biophysical land classification of 
Banff and Jasper National Parks. In: Proceedings 
of the First Meeting National Committee on Bio
physical classification, Petawawa Experimental 
Station 25-29 May, 1976. John Thie (Chairman) 
Lands Directorate, Ottawa. In press. 

2. Alberta Institute of Pedology, Canadian Forestry Service and 
Soil Research Institute. 1976. Summary of Alpine 
information recorded during the Banff-Jasper soil 
and vegetation inventory. In: Proceedings of 
Workshop on Alpine and Subalpine Environments. 
H.A. Luttmerding (Chairman), E.L.U.C. Secretariat, 
Victoria, B.C. In press. 

3. Gerald Coen, W.D. Holland, R.E. Wells, and B.D. Walker. 1976. 
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Mapping methodology used in five of Canada's mountain 
National Parks with special reference to alpine areas. 
Alberta Institute of Pedology Publ. No. M-76-5. In: 
Proceedings of Workshop on Alpine and Subalpine 
Environments. H.A. Luttmerding (Chairman), E.L.U.C. 
Secretariat, Victoria, B.C. In press. 

4. Gerald Coen, P. F. Epp, and W.D. Holland. 1976. Interpreta
tion of alpine areas. Alberta Institute of Pedology 
Publ. No. M-76-7. In: Proceedings of Workshop on 
Alpine and Subalpine Environments. H.A. Luttmerding 
(Chairman),E.L.U.C. Secretariate, Victoria, B.C. 
In press. 

5. B.D. Walker, S. Kojima, w.n. Holland, and G.M. Coen. 1976. 
Land Classification of Lake Louise study area. 
Canadian Forestry Service Information Report 
NOR-X-160, Northern Forest Research Centre, Edmonton. 

b) Unpublished Reports: 

1. Banff biophysical inventory Progress Report No. 2 for 1975-76. 

2. Jasper biophysical inventory Progress Report No. 1 for 1975-76. 

3. Environmental impact study Mt. Kerkeslin campground, Jasper 
National Park. 

4. Environmental impact study of McLeod Meadows and Marble Canyon 
campgrounds, Kootenay National Park. 
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5. Environmental impact study of Fiddle River area, Jasper 
National Park. 

16. Signatures: 

Investigator Progf1llager 

Investigator Director G. T. Silver 
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PROJECT NOR-24 

AOSERP: Effects of S02 on vegetation. 



NOR-24-157 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 21, 1977 

1. Project: AOSERP: Effects of S02 on vegetation. 

2. Title: Symptomology and threshold levels of air pollutant injury to 
vegetation. 

3. New: Cont.: X 4. No.: NOR-24-l57 (Formerly NOR-24-l57 
and NOR-24-l58.) 

5. Study Leaders: S.S. ~~lhotra, P.A. Addison 

6. Key Words: sulfur dioxide, plants, symptomology, injury thresholds, 
tolerance. 

7. Location of Work: Alberta oil sands area and Northern Forest Research 
Centre. 

8. Problem: 

Delineation of S02 effects on vegetation in the field requires rapid 
diagnosis of symptoms of injury that may be due to any of a variety 
of causes. Since symptom expression and threshold levels of pollutant 
injury to vegetation is dependent upon a number of plant and environ
mental factors, it is absolutely necessary that such studies be carried 
out under controlled fumigation and environmental conditions. The 
present air quality standards lack adequate experimental support. It 
is therefore highly desirable that in the light of Alberta species 
and climate, new air quality standards be established. 

9. Study Objectives: 

1. Describe visible and microscopic effects of air pollutants on 
selected vegetation from the oil sands area in order to develop 
techniques to identify and assess the impact of air pollutants on 
vegetation. 

2. Determine in quantitative terms, the threshold levels of air 
pollutant injury to species native to the oil sands region. 

3. Screen candidate revegetation species for tolerance to air-borne 
pollutants under climatic stress conditions. 



10. Resources: 

a. Starting date: 1975 
b. Estimated year of completion: 1980 
c. Estimated total Prof. man-years required: 2.4 
d. Essential new major equipment items for 1977-78 with costs: 

Data Aquisition System 7,000 
(Signal conditioner and data printer) 
Dew point Hygrometer 1,500 
Storage Oscilloscope 4,000 

e. Essential new major equipment items beyond 1977-78 with costs: Nil 
f. 1977-78 man-years Prof. 0.2 (Malhotra 

0.2 (Addison) 
0.2 (Blauel) 
0.6 Total NFRC 

11. Progress to Date: 

+0.3 (Sarkar - AOSERP) 
0.9 

Suppl. 0.3 (Fenn) 
0.1 (Ridgway) 
0.4 Total NFRC 

+1.0 (Hurdle - AOSERP) 
+0.5 (Hargesheimer - AOSERP) 

1.9 
Total 2.8 

Extensive collections have been assembled of herbarium specimens and 
photographs of S02-injured vegetation, with notes on probable conditions 
of exposure. The lack of information on the environmental conditions 
and S02 fumigation rates makes it impossible to quantify or define 
these symptoms. The control of environmental conditions and S02 exposure 
rates is therefore of great importance. For this purpose, we have 
designed a fumigation chamber and the contract for its construction has 
been let. The delivery of the chamber is expected by March 10, 1977 
after which it will be assembled, installed and used for S02 fumigation 
purposes this year. 

The gas exchange cuvettes have been put into operation and are currently 
being used for preliminary fumigation trial runs. 

12. Goals for 1976-77: 

1. Dependent on release of and hiring for the instrument technologist 
position, the Siemen's micro-chamber will be set up, calibrated 
and preliminary fumigations will be carried out (coordinated with 
Study 114). 

2. Dependent on fumigation chamber delivery and the hiring of the 
instrument technologist, the fumigation chamber will be set up, 
calibrated and electronically debugged. Preliminary test trials 
will be concommittantly conducted (coordinated with Study 114). 
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13. Accomplishments in 1976-77: 

1. The instrument technologist was hired. The gas exchange cuvettes 
have been set up and calibrated for small-scale fumigation 
purposes. The preliminary pollutant symptomology and threshold 
trial runs are currently underway. 

2. Due to certain design and engineering difficulties, the pollutant 
chamber delivery has been delayed. The delivery is now expected 
by March 10, 1977. 

The old Scherer walk-in-chamber was modified and set up for multi
cuvette (gas exchange microchambers) operation. The light balasts 
and lamps have been ordered to put it into operation for pollutant 
symptomology and threshold studies. 

14. Goals for 1977-78: 

1. Dependent upon the delivery of the fumigation chamber, it will be 
assembled, installed, calibrated, electronically debugged and used 
for S02 fumigation purposes this year (coordinated with Study 114). 
Addison, Malhotra, Blauel 

2. The gas exchange cuvettes and the walk-in fumigation chambers will 
be used to initiate studies (a) to determine threshold levels of 
S02 inj ury to vegetation species occurring in the Alberta oil sands 
area (b) to describe visible effects of various levels of S02 
fumigation on selected vegetation occurring in the vicinity of oil 
sands leases. Malhotra, Blauel, Addison, Sarkar 

15. Publications: 

1976-77 

Malhotra, S.S., P. Addison, R. Blauel and S.K. Sarkar. 1977. 
Symptomology and threshold levels of air pollutant injury 
to vegetation and species tolerance. pp.1-2 In: Malhotra, 
S.S. (ed.) The effect of sulphur dioxide on forest vegetation 
and soils of Alberta Oil Sands area. Annual Report (1976-77), 
Vegetation Technical Research Committee, AOSERP, Edmonton. 
46 pp. 

16. Signatures: 

Program Manager 

Director G.T. Silver 
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NOR-24-159 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 21, 1977 

1. Project: AOSERP: Effects of SOz on ve~etation. 

2. Title: Physiology and mechanisms of SOz injury. 

3. New: Cont.: X 4. No.: NOR-24-l59 

5. Study Leader: S.S. Malhotra 

6. Key Words: sulfur dioxide, plants, injury mechanisms, physiology. 

7. Location of Work: Alberta oil sands area, Northern Forest Research 
Centre. 

8. Problem: 

Full understanding of plant injury thresholds requires a knowledge of 
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the types of injury to be expected at different exposures and conditions, 
because injury development is a continuum, not a "yes" or "no" situation. 

9. Study Objectives: 

1. Determine effects of SOz on central biochemical processes in forest 
species. 

2. Determine effects of SOz on subcellular organization and relate 
these results to Objective 1. 

10. Resources: 

a. 
b. 
c. 
d. 

e. 

Starting date: 1975 
Estimated year of completion: 1980 
Estimated total Prof. man-years required: 3.3 
Essential new major equipment items 

. Spectrophotometer 
Spectrofluorometer 
Radiogaschromatography system 
Sonicator 

Essential new major equipment items 
Densitometer 

for 1977-78 
5,000 
5,000 

10,000 
2,000 

beyond 1977 
10,000 

with costs: 

with costs: 
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f. 1977-78 man-years Prof. 

Supp. 

Total 

11. Progress to Date: 

0.5 (Malhotra) 
0.5 Total NFRC 

+0.6 (Sarkar - AOSERP) 
1.1 
0.7 (Shuya) 
0.7 Total NFRC 

+0.5 (Hargesheimer - AOSERP) 
1.2 
2.3 

The literature on biochemical and physiological effects of S02 on 
vegetation has been reviewed and published. The effect of aqueous 
S02 on some central biochemical processes has been studied. The results 
pave shown significant effects on (a) photosynthesis (b) energy 
metabolism (c) lipid metabolism and (d) amino acids. There is a strong 
indication that the primary site of S02 action is on the cellular and 
sub-cellular membranes (related to permeability properties). These 
membranes act as barriers that control the inward and outward movement 
of nutrients and cellular metabolites. 

12. Goals for 1976-77: 

In order to determine biochemical threshold levels of S02 injury to 
forest vegetation, the following studies will be carried out: 

1. Gas chromatography studies on amino acids. 

2. Gas chromatography studies on organic acids. 

3. Effect of S02 on lipid biosynthesis (membrane permeability studies). 

4.· Write up and report the results obtained in 1975-76. Proposed 
titles: 

1. Effect of aqueous S02 on chlorophyll destruction in Pinus 
contorta. 

2. Effect of SOz on lipid composition of pine needle tissue. (Both 
to be published in journals.) 

5. Goal added: Effect of SOz on the release of soluble sugars from 
pine needle tissue (membrane permeability studies). 

6. Goal added: Effect of SOz on phosphatase and lipid autooxidation 
(membrane permeabiiity studies). 
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13. Accomplishments in 1976-77: 

1. The current literature does not have any accurate and reliable 
gas chromatographic method for amino acid analysis from pine 
needles. We have achieved considerable success in developing a 
gas chromatographic method that will enable us to study in detail 
the effects of 802 on different amino acids. The preliminary 
experiments have indicated a decline in amino acids (serine, valine, 
leucine, glutamic acid and lysine) that are very essential for 
some central biochemical processes. 

2. Quantitative separation of 23 different organic acids (acids involved 
in respiration, photosynthesis and energy metabolism) was achieved 
on a single column by means of gas chromatography. Treatment of 
pine needles with aqueous 802 produced a significant decrease in 
organic acids such as isocitric acid and malic acid. These compounds 
are very important for proper energy balance of living plants. 

3. These studies were designed to determine the effect of S02 on 
membrane permeability properties of pine needles. The chloroplast 
lipids (glycolipids) are known to be involved in the structure 
and function of chloroplast membranes. Aqueous 80 2 (10-100 ppm) 
caused a general reduction in the incorporation of [l_l~C] acetate 
into these lipids. Fumigation of plants with gaseous 802 at 
approximately 0.2, 0.4 and 0.6 ppm concentrations for 24 hours 
produced results similar to those produced by 10-100 ppm aqueous 80 2 , 
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4. Both papers entitled "Effect of aqueous S02 on chlorophyll destruction 
in Pinus contoY'ta" and "Effect of 802 on lipid composition of pine 
needle tissue" have been accepted for scientific journal publication 
and are currently in press. 

5. The release of soluble sugars from pine needle tissue is indicative 
of changes in cellular and sub-cellular membrane permeability. S02 
resulted in a significant increase in the release of soluble sugars 
from pine needle tissue. It is suggested that the loss of sugars 
was due to decreased membrane permeability brought about by a drop 
in glycolipid concentration. 

6. The results indicated that changes in permeability properties of 
pine needie tissue brought about by 802 may also be due to a decrease 
in the activity of enzyme phosphatase and an increase in lipid auto
oxidation; such changes have been associated with the movement of 
metabolites across the cellular barriers and degradation of membrane 
lipids. 
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~4. Goals for 1977-78: 

The following studies will be undertaken to understand the mode of 
qction of S02 on forest species. These studies will be designed to 
help establish the biochemical threshold levels of 802 injury to 
V~getation and to select candidate revegetation species on the basis 
qf'their true tolerance toward air pollutants. All biochemical work 
will be carried Qqt on plants exposed to gaseous 802 (not aqueous 802)' 

, I 

1. Study the effects of gaseous S02 on organic acid and amino acid 
matapolism to confirm pur previous results with aqueous 802 . 
~alhotra, Sarkar 

2. Study the effect of 802 on enzymes involved in energy metabolism. 

~fh~tf~t §~~~~f 
3. Continue the membrane permeability studies (membrane protein 

analysis by gel electrophoresis). Malhotra, Sarkar 

4. Write up and report the work on amino acid and organic acid 
metabolism. The possible titles are (1) A gas chromatographic 
method for organic acid analysis. (2) Effect of S02 on organic 
acid metabolism in pine needles. (3) Effect of 802 on amino 
acid metabolism in pine needles. These papers will be published 
in scientific journals. Malhotra, 8arkar 

15. Publications: 

Up to 1976-77 

Hocking, D., 8.8. Malhotra and R. Blauel. 1975. Environmental stress 
in the forest. Environ. Can., North. For. Res. Cent. For. 
Rep. 4(2). 

, 
Malhotra, 8.8. and D. Hocking. 1976. 

effects of sulphur dioxide on 
76:227-237. 

Biochemical and cytological 
plant metabolism. New Phytol. 

Malhotra, 8.8. 1976. Effects of sulphur dioxide on biochemical 
activity and ultrastructural organization of pine needle 
chloroplasts. New Phytol. 76:239-245. 

1976-77 

Khan, A.A. and 8.8. Malhotra. ,Effects of aqueous sulphur dioxide on 
pine needle glycolipids. Phytochemistry (In Press). 

Malhotra, 8.8. Effects of aqueous sulphur dioxide on chlorophyll 
destruction in Pinus contorta. New Phytol. (in Press). 
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Malhotra, S.S. 1976. Physiology and mechanisms of air pollutant 
injury to vegetation. Proceedings of the First Annual 
Workshop of the Vegetation Technical Research Committee, 
AOSERP, Oct. 14 and 15, 1976. pp. 19-30. 

Malhotra, S.S. and S.K. Sarkar. 1977. Physiology and mechanism of 
air pollutant injury to vegetation. pp. 2-23. In: Malhotra, 
S.S. (ed.) The effect of sulphur dioxide on forest vegetation 
and soils of Alberta oil sands area. Annual Report (1976-77), 
Vegetation Technical Research Committee, AOSERP, Edmonton. 
46 pp. 

16. Signatures: 

Program Manager 
rnJtesti I t. or. ." (((/ted! 

V··."'···· -. 
~. • 

Director G.T. Silver 

4. 1 ~ . ~.~ 
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NOR-2/~-1 hO 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

:1.977 - 78 

Responsibility Centre: NORrHERN FOREST RESEARCH CENTRE 

Date: 

1. Project:: Effect:s of ~if POt:J.4tion on vegetation. 

2. Tipe; Eco:l.o~rtc/!l+ penchIll/!lfJ.<::f.n~ flnq piomonitoring for the detection 
of air P~t:J.Ht+Qn effects on vegetation and soils. 

3. New: Cont.: . X 4. No.: NOR-24-l60 

5. Study Leader: Addison, Baker 

6. Key Words: sulphur dioxide, boreal forest, air pollution, biomonitoring, 
soil nutrition, lichen communities. 

7. Location of Work: Athabasca oil sands area and Northern Forest 
Research Centre. 

8. Problem: 

Lopg-term exposure to air pollution (especially S02) at low 
concentrations may result in dramatic changes in composition of plant 
communities and soils leading to forest decline. Earlydetection 
of such decline is critical to maintain environmental quality and to 
provide a basis for emission standards and controls review. 

9. Study Objectives: 

1. Develop species sensitivity index for different environmental 
conditions and sequences (by determining S02 injury thresholds). 

2. Locate and inventory suitable vegetation reserve areas in the 
vicinity of oil sands leases; establish permanent benchmark 
plots. 

3. Establish a biomonitoring network through vegetation response 
units. 

4. Under controlled environmental and field conditions, determine 
the influence of air pollutants characteristic of oil sands 
operations on soil chemistry. 
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10. Resources: 

a. Starting date: 1975 
b. Estimated year of completion: 1980 
c. Estimated total Prof. man-years required: 3.3 
d. Essential new major equipment items for 1977-78 with costs: 

Automatic titrator $10,000 and dishwasher $6,000 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. .6 (P.A. Addison) 

.3 (J Baker) 

11. Progress to Date: 

.1 (S.S. Malhotra) 

.1 (S. Sarkar - AOSERP) 
Supp. .7 (J. Ridgway) 

.5 (D. Caldwell) 

.3 (0. Fenn) 
Casual 
Total NFRC 2.5 

Permanent field plots have been establjshed at 13 locations at various 
distances from thp oil sands operations in the Ft. McMurray area. 
Sites were described with respect to vascular and cryptogam species 
present, stand age and density, cover and frequency of understory 
plant species, soil type and characteristics, and condition of 
vegetation (vascular plants, lichens and mosses). Vegetation samples 
were collected and are being analysed for sulphur and heavy metals 
and a lichen transplanted study was initiated. 

12. Goals for 1976-77: 

1. The number of biomonitoring plots will be increased based upon new 
site selection in consultation with AOSERP committees. (Addison) 

2. To effectively identify the influence of pollutants on the forest 
ecosystem, the plot work will be expanded and upgraded to include: 

1. Soil profile description (Addison). 
2. Soil chemistry (Baker). 
3. Soil microbiology (Baker). 
4. Field exposure of indicator plants. 

1. Lichen transplant study in selected micro
environments at varying locations from the 
processing plant. (Addison) 

2. Description of lichen communities at 
established biomonitoring plots. (Addison) 

3. A report with the proposed title: The forest condition and 
ecological benchmarking in the Athabasca Oil Sands area will 
be produced. (Blauel and Hocking) 

4. Conduct aerial photography to determine the stand condition of 
various communities in the vicinity of oil sands operations. 

415 



3 

13. Accomplishments in 1976-77: 

1. Nine sites (20 x 20 m) were established in Jack Pine Stands in 
the Ft. McMurray area. These sites have been described in the 
following manner: 

1. Vascular plant species list 
2. Cryptogamic plant species list 
3. Stand density 
4. Stand age 
5. Soil type 
6. Soil profile description 
7. Cover and frequency of understory plants 
8. Cover and frequency of branch lichens 
9. Sulphur and heavy metal content of plant tissue 

(Addison, Malhotra, Sarkar) 

2. 1. See #1, 5 and 6. 

2. Analyses of precipitation and water soluble, salt extractable 
and total ion content in soils were carried out at 8 sites 
in the oil sands area. Precipitation and soils were analysed 
for pH, Ca, Mg, Fe, AI, Na, K, Sand P. (Baker, Addison) 

3. Influence of processing plant emission& on soil bacteriological 
populations was determined in the laboratory. (Baker) 

4. 1. Lichen transplants were installed in each of 5 micro
environments (open and under pine, aspen, black spruce and 
white spruce) at 4 locations (2.2, 5.6, 10.5 and 23.7 km 
from GCOS operations). Results are not available since 
method requires re-examination of material after 1 year. 

41 (i 

2. Lichen plots were established in naturally occurring lichen 
communities at 9 biomonitoring sites. Other biomonitoring 
techniques currently being tested at the sites included growth 
rate changes of vascular plants and chemical analysis of 
tissue for S, Fe, AI, N. (Addison, Malhotra, Sarkar) 

3. See Publications 

4. Approximately 60 miles of low level aerial photography (1:2000) 
was flown at the end of June, 1976. At the same time as the 
60 x 0.6 mile transect was flown, stereo pairs at 1:500 were 
taken every 2000 m. (Blauel, Addison) 

14. Goals for 1977-78: 

1. Establishment and description of jack pine stands at 5 new sites 
to complete the network of biomonitoring and benchmarking sites. 
(Addison) 
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2. Establishment and description of plots in black spruce stands at 
each of the 14 permanent plots. (Addison) 

3. Detailed description and analysis (S and heavy metals) of lichens 
and vascular plants in the vicinity of GCOS operations both 
through the use of naturally growing and transplanted specimens. 
(Addison, Malhotra, Sarkar) 

4. Collection of selected plant species for sulphur and heavy metal 
content analysis. (Addison) 

5. Collection of precipitation in the vicinity of GCOS operations and 
use of this material to determine the influence of polluted 
precipitation on the availability of soil nutrients in selected 
soils. (Baker, Addison) 

15. Publications: 

1975-76 

B1aue1, R.A. 1975. Inventory Design Comments (AOSERP Vegetation 
Committee). File Report. 

1976-77 

Addison, P.A. 1976. Ecological benchmarking and biomonitoring for 
detection of S02 effects on vegetation and soils. p. 31-37. 
In: Proceedings of the Vegetation Research and Technical 
Committee meeting, October, 1976. AOSERP, Edmonton. 182 pp. 

Addison, P.A. 1976. Soils of the air pollution benchmark sites in 
the Athabasca Oil Sands Area. Canadian Forest Service. 
File Report NOR-7-160. 

B1auel, R. and D. Hocking. 1976. Forest condition as benchmarked 
in the Alberta Oil Sands Area prior to 1976 by Northern 
Forest Research Centre. File Report NOR-7-160. 

Addison, P.A. and J. Baker. 1977. Ecological benchmarking and 
biomonitoring for detection of S02 effects on vegetation 
and soils. p. 22-46. In: Malhotra, S.S. (ed.), The 
Effect of S~lphur Dioxide on Forest Vegetation and Soils of 
Alberta Oil Sands Area. Annual Report (1976/77), Vegetation 
Research and Technical Committee, AOSERP, Edmonton. 46 pp. 

Two file reports by Joanne Danforth with covering resume by J. Baker 
were submitted: 

1. Investigation into effect of oil sands extraction plant 
emissions on soil microf10ra. 

2. Effects of vanadium levels on growth of isolates occurring 
naturally in oil sands and Strachan areas of Alberta. 
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1.1 All. ,.Af,~ 
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Program Manager 

Director G. T. Silver 
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PROJECT NOR-25 

Arctic Terrestrial Environment Project. 



NOR-25-151 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 1978 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 12, 1977 

1. Project: Arctic Terrestrial Environment Project. 

2. Title: Landform, vegetation and permafrost relationships. 

3. New: Cont.: X 4. No.: NOR-25-l5l (Formerly NOR-25-989) 

5. Study Leader: S. C. Zoltai, D. Johnson 

6. Key Words: Arctic, land use, permafrost, thermal erosion. 

7. Location of Hork: E. Arctic, Arctic Islands. 

8. Problem: 

Large scale intensive exploration and development of hydrocarbon 
resources is currently under way in the Arctic Islands. A large 
diameter pipeline to deliver these resources to southern markets is 
being designed by a consortium, the Polar Gas Project. Although the 
projected pipeline would cross a variety of terrain and vegetation 
zones from polar deserts to well vegetated tundra, very little is 
known about the effects of disturbances on the vegetation and perma
frost terrain and about the effects of construction across isolated 
vegetated oases on the wildlife. 

In anticipation of development in the Arctic Islands and eastern 
Arctic mainland, there is a need to develop government expertise in 
order to evaluate the environmental impact of any proposals. The 
C.F.S. became involved in the Arctic Islands Project because of the 
research expertise gained in the western Arctic. Although terrain 
and climatic conditions are different in the eastern Arctic from the 
west, the relationships between terrain, vegetation and permafrost 
remain similar. 

The Arctic Island Program is a multidisciplinary study. The C.F.S. 
component of the program is to identify the relationships between land
form, vegetation and permafrost; to identify vegetated areas utilized 
by wildlife, and to contribute to the evaluation of the sensitivity of 
terrain to disturbance. Collaborating agencies include Geological 
Survey of Canada (determining and mapping landforms and geotechnical 
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characteristics of the land); Canadian Wildlife Service (determining 
important wildlife habitat areas); Soil Survey of Canada (determining 
near-surface permafrost characteristics). 

9. Study Objectives: 

1. To determine the relationships between landform, vegetation cover 
and permafrost, and characterize natural terrain units in terms 
of vegetation and permafrost characteristics. 

2. To contribute to terrain performance evaluation by characterizing 
natural terrain units in terms of susceptibility to disturbances. 

3. To identify vegetated areas capable of providing sustenance to 
wildlife. 

10. Resources: 

a. Starting date: 1975 
b. Estimated year of completion: 1977 Revised: 1978 
c. Estimated total Prof. man-years required: 2.0 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 1.0 (Zoltai .5; Johnson .5) 

Supp. 1.0 (Ali) 
Casual 
Total 2.0 

11 •. Progress to Date: 

Two seasons of field work have been completed; one in the High Arctic 
Islands, and one in northern Keewatin. C.F.S. participate in the 
Terrestrial Environment Project of the Arctic Islands Pipeline Project 
(TEP-l and TEP-3). One field season was in cooperation with the 
Geological Survey of Canada and Agriculture Canada (Soil Survey). 

12. Goals for 1976-77: 

1. To initiate and complete field work in the northern District of 
Keewatin, N.W.T. 

2. Complete vegetation and soils maps, and reports on Somerset, 
Prince of Wales and Russell Islands. 

3. Contribute to assessment of pipeline proposal, as required. 

13. Accomplishments in 1976-77: 

1. Field work completed in northern District of Keewatin. Over 100 
profiles wereexar,lined and sampled in detail. Vegetation was de
scribed and sampled from these sites. Some 150 vascular species, 
45 bryophyte and 85 lichen species were collected, most new to 
N.F.R.C. herbarium and previously unreported from the area. 
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2. Maps and report on Somerset Island was finalized. 

3. Assessment of pipeline proposals were transferred to Project 
NOR-28. 

14. Goals for 1977-78: Dependent upon A.I.P.P. funding. 

1. Initiate and complete field work in the southern District of 
Keewatin, N.W.T. 

2. Prepare report on vegetation, soils and permafrost conditions of 
the District of Keewatin, N.W.T. which will meet objectives of 
C.F.S. commitment to A.I.P.P. 

15. Publications: 

Up to 1976-77 

Zoltai, S. C. (Chairman). 1975. Report of the D.O.E. Task Force on 
the Mackenzie Valley Pipeline Application (Part I, North 
of 60°). 41 p. Unpublished. 

Zoltai, S. C. (Chairman). 1975. Draft guidelines for the environ
mental assessment of the proposed Mackenzie Delta gas 
development. 30 p. Unpublished. 

Zoltai, S. C. 1975. Consideration of impact on the physical environ
ment. Mackenzie Valley Pipeline Inquiry, In: Volumes 101 
and 102. 

1976-77 

Woo, V. and S. C. Zoltai. 1976. Ecological Districts of Somerset, Prince 
of Wales, and adjacent Islands, Northwest Territories. Prelim. 
Rep., 32 p. 

Zoltai, S. C. and V. Woo. 1976. Soils and Vegetation of Somerset and 
Prince of Wales Islands, District of Franklin. Geol. Surv. 
Can., Paper 76-lB, 143-145. 

Woo, V. and S. C. Zoltai. In Press. Soils and vegetation of Somerset 
and Prince of Wales Islands, N.W.T. Nor. For. Res. Centre 
Inf. Rep. 

16. Signatures: 

Investigator Program Manager 

Director G. T. Silver 



Project Proposals 1977/7R 

Arctic Islands Pipeline Program 

1.0 PROJECT: Terrain Manipulation, Boothia Peninsula 

1.1 SERVICE: Canadian Forestry Service 

1.2 INVESTIGATOR: (Project Leader) S. C. Zoltai, Research Scientist 
Northern Forest Research Centre 
Edmonton, Alberta 

1.3 AIPP PROJECT CO-ORDINATOR: S. C. Zoltai 

2.0 PROBLEM DEFINITION 

Construction activities will generate erosion of the terrain surface, 
as well as accelerated erosion from stream banks. Sediments from 
thawing subsurface ice may reach lakes and rivers. The erosion 
potential of the land can be predicted if certain parameters of the 
active layer and permafrost are known and if the effectiveness of 
the vegetation established on the disturbed surface can be determined. 
Manipulation of the terrain by simulated construction on different 
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types of terrain and at stream crossings would give a firm data base 
for predicting the impact of pipeline construction on terrain stability. 

2.1 PROBLEM JUSTIFICATION 

The amount of sediments reaching a body of water will depend not only 
on the configuration of the terrain, but also on the type of materials, 
permafrost and vegetation cover of the area. On some terrain long
term erosion may be initiated by disturbances not only by running 
water, but also by thermal erosion of ice-rich sediments. By a 
detailed study of a watershed before and after disturbance, the 
accuracy of impact prediction would be greatly enhanced. 

The following aspects should be examined: 

a) The properties of the active layer and near-surface permafrost, 
asa potential source of sediments. 

b) The properties of vegetation cover. 

c) The establishment and growth of native and exotic vegetation on 
disturbed areas. 

2.2 STATE OF KNOWLEDGE: 

Certain amount of experimental work has been carried out in the high 
arctic on artificial revegetation of disturbed areas. Similarly, 
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revegetation studies were done in the Mackenzie Valley, but none 
in the mid-arctic region of the proposed pipeline route. No sediment 
yield studies were conducted in the eastern arctic. 

This project, in co-operation with other agencies, would be under
taken solely for the purposes of the AIPP. 

2.3 PROJECT OBJECTIVES 

In 1977/78 the establishment phase of the project should be completed, 
consisting of a detailed map of natural vegetation communities of 
the study basin, selection and detailed examination of vegetation, 
thermal qualities of the living and dead vegetation in the area to be 
disturbed. Native plant species to be used for revegetation studies 
will be selected and seeds collected. 

2.4 PROJECT PLAN 

Study area and disturbance site will be selected in co-operation 
with the participating agencies. The studies of the vegetation 
before and after disturbance, and rehabilitation studies will be 
carried out in support of sedimentation - aquatic environment 
investigation by the co-operating agencies. 

In the second year of the study the disturbance is to be made. In 
the following year revegetation by native and exotic species will be 
initiated, with and without fertilization. Monitoring of the re
vegetated and control disturbed areas shoudl be carried for at least 
four (4) seasons after revegetation. 

3.0 RESOURCES 

Attached. 
Note that man-years and salaries are to be provided by the Canadian 
Forestry Service. 



~KUUC~I ~Hccl~ ~II-/O 

OFFICER: S. C. Zoltai SUB-ACTIVITY: Vegetation 
--~------------------

PROJECT: AIPP - Integrated Impact :~tucty SUB-SUB-ACTIVITY: 

COUATOR: 

PERSONNEL ESTABLISHMENT SALARIES Man-Years Dollars 

-continuing 0101 1.0 MY* * 

-casual 0111 WI 

-student (ColI. ) 0115 ~ 

-student (T.B.) 0117 fvt{ 

-wages 0111 MY 

-overtime 0121 

-allowances 0161 

TOTAL PERSONNEL 01 MY 

TRANS, & CO''M, -travel 0201 4,000 

-freight 0210 1,500 

-postage 0212 

-telephone 0220 

*MY and TOTAl 02 5,500 
salaries are Information 03 provided by 500 

C.F.S. Professional & 
Special Services 04 500 

Rentals 05 500 

Purchased 
Repair & Upkeep 06 

Utilities 
Materials & Supplies 07 

All other expenditures 12 

TOTAL OTHER 0 & t'1 7,000 

TOTAL SALARI ES & 0 & r1 7,000 

Transfer Payments 10 
ANNUAL OPERATING COSTS 
FOR LAST 3 YEARS (SALARI ES. 

Construction - Land OTHER 0 & H AND CAPITAL), 
Building & Works 08 

1973-74 Construction-Acquisition 

1974-75 
Machinery & Equipment 09 1,000 

1975-76 TOTAL CAP ITAL 1,000 

TOTAL TOTAL PROJECT 8,000 I 



Project Proposal 1977/78 

Arctic Islands Pipeline Program 

1.0 PROJECT: Vegetation-Terrain Relationships, Southern Keewatin 

1.1 SERVICE: Canadian Forestry Service 

1.2 INVESTIGATOR: (Project Leader) S. C. Zoltai, Research Scientist 
Northern Forest Research Centre 
Edmonton, Alberta 

1.3 AIPP PROJECT CO-ORDINATOR: S. C. Zoltai 

2.0 PROBLEM PEflNITlQN: 

Problems will arise during the construction and operation phases 
of northern pipeline development regarding vegetation, active 
layer, near-surface permafrost, ~nd their interactions. The impact 
may be primary (e.g., destruction of rare'or unstable plant com
munities), or secondary through the effects on wildlife habitat, 
aquatic habitat or terrain stability. Vegetation and terrain 
disturbances may be caused by construction activities, emergency 
situations (rupture, tundra fire, etc.), or operating conditions 
(e.g. emissions). Certain active layer-permafrost-vegetation 
conditions are more sensitive to disturbances than others; these 
must be avoided or mitigating techniques must be developed. 

2.1 PROBLEM JUSTIFICATION: 

Past experience indicates that important terrain-vegetation aspects 
can be easily overlooked by planners and designers who have only 
engineering background. The recognition of potential problems that 
can be expected as a direct result of construction or operating 
activities. Some of these concerns are: 

a) Impact on vegetation in areas where, through a combination of 
plant geography, geology and climate, plant communities unique 
to the area have developed. 

b) Impact on wildlife habitat can be great, as relatively small 
productive areas may be critical for the maintenance of wild
life populations. 

c) Impact on the insulating vegetative mat may lead to thermal 
degradation. This effect will be most important in the low 
arctic and subarctic areas where the maintenance of thermal con
ditions depends on insulation by vegetative matter. 

4(,) l' '0 
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d) Thermal erosion, induced by disturbance of vegetation, will 
cause sediments to reach rivers and lakes, altering the 
aquatic habitat. 

e) Frost related processes (frost heaving, liquefaction of soil, 
active layer flow, etc.) may be recognized from a study of 
vegetation and active layer. Severe terrain damage can occur if 
such conditions remain undetected. 

2.2 STATE OF KNOWLEDGE: 

Major knowledge gaps occur in active layer-permafrost-vegetation 
relationships in the low arctic-subarctic regions of the pipeline 
route. We have sufficient information to show that the results of 
studies in the western arctic are not directly transferable to the 
eastern arctic. Terrain maps are available from the Geological 
Survey of Canada, but these contain no vegetation or soil input. 

This project is to continue similar work done further north in 1975 
and 1976. In the past high arctic and mid-arctic regions were 
examined. The role of vegetation in the high arctic is important 
only in the few, limited, productive areas. In the mid-arctic the 
insulation provided by the organic mat becomes crucial in stabi
lizing the terrain. This function of the vegetation is expected 
to increase in the low arctic and tree line regions. 

The proposed project would be undertaken solely for the purpose of 
the AIPP in order to enable us to evaluate the impact of the pipe
line on the natural environment. 

2.3 PROJECT OBJECTIVE: 

The objective is to study the relationships between vegetation, 
active layer and near-surface permafrost on different kinds of 
terrain in the low arctic and northern subarctic regions of the 
pipeline route. 

Results of this study would enable us to build a knowledge base 
which could be used to appraise the properties of similar terrain in 

, the same region, serving as ground truth stations for aerial photo 
or satellite imagery interpretation. 

2.4 PROJECT PLAN: 

Four stations will be selected on the pipeline route between Lat. 60° 
and 64°. At least 10 sites will be examined in detail during 10 days 
at each location. All key terrain units will be sampled (vegetation 
and soil) and described in detail. The physical and chemical 
properties of active layer and near-surface permafrost will be deter
mined. 
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This detailed work will be keyed to the mapping units produced 
by the GSC. 

The project is expected to be terminated in 1977/78. 

42g 



OFFICER: s. C. Zoltai 

PROJECT SHEETS lET/-78 
SUB-ACTIVITY: 429 Arctic Islands PipeUne Program 

PROJECT: Vegetatjon-1'(:rrain l{e1ationships, SUB-SUB-ACTIVITY! 

COUATOR: southern Keewatin 

PERSONNEL ESTABLISHMENT SALARIES Man-Years Dollars 

-continuing 0101 1.0 MY* * 
-casual 0111 ~ 

-student (Call. ) 0115 MY 

-student (T. B.) 0117 MY 

-wages 0111 MY 

-overtime 0121 

-allowances 0161 

TOTAL PERSONNEL 01 1.0 W * 

TRANS. & COM'1. .-travel 0201 12,000 

-freight 0210 1,500 

-postage 0212 

-telephone 0220 

*MY and TOTAL 02 
salaries are Information 03 provided by 
C.F.S. Professional & 

Special Services 04 1,000 

Rentals 05 1,000 

Purchased 
Repair & Upkeep 06 

Utilities 
Materials & Supplies 07 500 

All other expenditures 12 

TOTAL OTHER 0 & r~ 16,000 

TOTAL SALARIES & 0 & r1 16,000 

Transfer Payments 10 
ANNUAL OPERATING COSTS 
FOR LAST 3 YEARS (SALARI ES, 
OTHER 0 & H AND CAPITAL). Construction - Land 

Building & \vorks 08 

1973-74 Construction-Acquisition 

1974-75 
Machinery & Equipment 09 2,000 

1975-76 TOTAL CAPITAL 2,000 

TOTAL TOTAL PROJECT 18,000 , 



PROJECT NOR-26 

Reclamation of lands disturbed by strip 
mining and associated activities. 
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NOR-26-l66 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 18, 1977 

1. Project: Reclamation of lands disturbed by strip mining and associated 
activities. 

2. Title: Assess research needs in reclamation of lands disturbed by 
strip mining for coal and associated activities. 

3. New: Cont.: X 4. No.: NOR-26-l66 

5. Study Leader: L.G. Brace 

6. Key Words: Coal, reclamation, revegetation, strip mining. 

7. Location of Work: Western and Northern Region. 

8. Problem: 

431 

National and international concern over diminishing oil and gas supplies 
has focused industrial and political attention on the coal resource of 
Alberta as an alternate energy source. Of total western Canadian 
reserves, it is estimated that Alberta has 40 percent (recent estimates 
indicate 37.2 billion short tons). The bituminous portion of this 
reserve, much of good coking quality, is located in the environmentally 
sensitive mountain and foothills region. 

The coal industry in Alberta has recently seen a revival of sorts as a 
result of demand from the Japanese steel industry (5.4 million tons 
annually in 1975) and the thermal electric industry. This demand is 
expected to increase very rapidly with markets developing in E. Canada 
and as virtually all industrialized nations seek new sources of energy 
supply. 

All indications at present suggest that the Alberta Government is keen 
to accommodate this demand in order to diversify the economy and sub
stitute for a diminishing oil and gas supply. An accelerated program 
of exploration is underway, there have been recent announcements of 
expanded production by the companies presently operating, and announce
ments of new operations are anticipated in the near future. 

It is probable that coal recovery will be principally by the open pit 
or strip mining method. Serious environmental problems are possible 
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particularly in the high elevation Foothills and subalpine sites 
of western Alberta. The coal seams straddle the headwaters of 
most, if not all the prairie rivers. Development constitutes a 
potentially serious threat to watershed values and physical and 
chemical water quality. Coal bearing areas include lands that 
are productive and critical ranges for various wildlife species. 
The area in question is also a high value recreation resource. 
Reclamation of coal mined areas is recognized as a most difficult 
problem in this area. Although some work is ongoing there is as 
yet no prescription available that will assure establishment of 
self-perpetuating vegetation communities with desirable charac
teristics on a large variety of sites associated with mine 
development. 

The potential problems in western Alberta are recognized by the 
public and by the Alberta Government. In public hearings held by 
the Alberta Conservation Authority, in 1971 on surface coal mining 
and in 1974 on land use and resource development in the eastern 
slopes, the message was very clear. Environmental degradation on 
a significant scale is not acceptable. It is therefore assured 
that all development proposals will require indepth impact assess
ments and proposals will only be approved subject to stringent 
regulations and ground rules respecting environmental protection 
and reclamation. 

If this protection is indeed to be achieved and if impact assess
ments are to be conducted with some degree of credibility, much 
new information is necessary that can only be achieved by research. 

Many techniques and procedures researcped and applied in recla~a
tion of strip mines on the plains have questionable value in mountain 
and foothill terrain where conditions are more variable and complex 
in terms of climate, geology, topography, soils and vegetation. 

Reclamation problems in mountainous terrain are further complicated 
because, in contrast to plains areas, old workings often cannot be 
used for backfilling. Thus the site requiring reclamation at a 
given mine is more complex, as it comprises the mine site itself 
as well as spoil dumps, which may be equal in size to the mined 
area. There has been only limited research done on spoil dumps in 
particular. 

There appears to be a real need to combine the knowledge of geolo
gists, engineers, soils specialists and other biologists in planning 
reclamation research, and facilitating operational application of 
research results. For example, engineering and geological decisions 
about mine spoil placement, stability and drainage (both internal 
and external) can have a direct bearing on options and feasibility 
for revegetation, particularly as they may affect surface creep, 
wind and water erosion, subsurface moisture, surface temperature 
as related to aspect, color and slope of spoil, toxicity, texture, 
permeability and nutrient status of surface materials. 
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Cooperative work should provide new opportunities for research 
into the adaptation of site to species as well as adaptation of 
equipment for both reclamation and maintenance of reclaimed 
areas. There should be opportunities to reduce reclamation 
research problems currently faced by soil scientists and other 
biologists, freeing them for more definitive work on factors 
of climate, soil and site, species selection, propagation and 
establishment techniques and cultural and amelioration practices 
needed to meet a variety of reclamation objectives. 

9. Study Objectives: 

1. Do a survey of the current status of strip mine reclamation 
research and operations. 

2. Prepare a report outlining potential for NFRC-EMS involvement 
in coal mine reclamation research. 

3. Prepare a preliminary plan for a research project - if warranted. 

10. Resources: 

a. Starting date: March 1, 1976 
b. Estimated year of completion: 1978 
c. Estimated total Prof. man-years required: 0.5 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years Prof. 0.5 (Brace) 

Supp. 0.3 (Stewart) 
Casual 
Total 0.8 

SR Contracts - Nil. 

11. Progress to Date: 

Nil. New Project. 

12. Goals for 1976-77: 

1. In cooperation with the Alberta Department of Environment con
duct a review of recent and current strip mine reclamation 
research in Alberta and of plans for future research. 

2. Cooperate with the Alberta Department of Environment in a 
broad-scale literature review of reclamation and revegetation, 
including coal mining, oil and salt spills, highway right-of
ways, etc. 
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3. Prepare a preliminary report on the potential for NFRC-EMS 
involvement in strip mine reclamation research by September, 
1976. 

13. Accomplishments in 1976-77: 

1. Achieved. The reclamation research review report was submitted 
to the provincial committee in September 1976. They will inter
pret the report and provide feedback to the Research Secretariat 
in early 1977. N.F.R.C. is not involved in this procedure of 
interpretation and recommendation. 

2. Not complete. Six international computer files as well as local 
library sources were searched and about 700 titles and abstracts 
were catalogued during 1976. The final stage of the review, 
which includes reading, assessing and integrating this literature 
into a report is yet to be done. This job has been apportioned 
to N.F.R.C. and Alberta Environment (Research Secretariat) Staff. 

3. Achieved. The report included recompi1ation of statistics from 
the larger committee report in (1) above to further subdivide 
current research into three categories: formal experimentation, 
field and demonstration studies and opertional reclamation. This 
was followed by observations on current provincial priorities and 
research coordination and the current status of N.F.R.C. respect
ing potential research opportunities and budget limitations. 

14. Goals for 1977-78: 

1. Continue work on literature review in cooperation with the Research 
Secretariat. 

2. Continue to assess potential for NFRC-EMS involvement in strip 
mine'rec1amation research. 

15. Publications: 

Up to 1976-77 

Nil'. 

1976-77 

Both reports produced were unpublished. They were: (1) Potential for 
NFRC-EMS Involvement in Strip Mine Reclamation Research 
in Alberta. File Rep. NOR-26-l66. October 1976. 

This report summarizes and interprets the report listed under 
(2) below with respect to NFRC-EMS prospects for research. 
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(2) A Survey of Reclamation Activities in the Province of Alberta 
Distributed by Alberta Environment, Research 
Secretariat, September, 1976. 

This report was compiled in cooperation with Research 
Secretariat staff, principally Dr. H.P. Sims. It gives details 
of current reclamation activities in Alberta by project, objec
tive and agency, broken down into four groups - consultants, 
universities, industry and government. 

16. Signatures: 

Investigator Program Manager 

Director G.T. Silver 
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Biogeoclimatic ecosystem classification 
of the Province of Alberta. 
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NOR-27-169 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1977 - 78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: April 26, 1977 

1. Project: Biogeoclimatic ecosystem classification of the Province of 
Alberta. 

2. Title: Biogeoclimatic ecosystem classification of the Province of 
Alberta. 

3. New: X Cont.: 4. No.: NOR-27-l69 

5. Study Leader: S. Kojima 

6. Key Words: Ecosystem classification, biogeoclimatic zone, forest 
vegetation classification, vegetation-environment 
relationships. 

7. Location of Work: The Province of Alberta 

8. Problem: 

In Order to develop ecologically-sound forest nanagement and practices, 
a necessity to obtain basic information.on forest ecosystems at a 
generalized as well as detailed level has been strongly recognized in 
the Province of Alberta. 

In 1976, the Alberta Forest Service and the Canadian Forestry Service 
have reached an agreenent of the Northern Forest Research Centre to 
undertake a research project, on cost-sharing bases, to meet this demand. 
The project aims to provide ecological zonation of the province in terms 
of biogeoclimatic zone and ecosystem classification of the forested 
zones in terms of plant association. It was understood that the study 
would follow basically the concept and approach of biogeoclimatology 
developed by V.J. Krajina of the University of British Columbia. 

Such a classification system will provide useful ecological guidelines 
and rationale to formulate forest management and practices at a regional 
as well as operational levels. Incidentally it also enumerates ecolog
ical assets of the province. 

For the project, biogeoclimatic zones will be identified, described, 
and mapped at a scale of 1:1 million. A biogeoclimatic zone represents 
a high level of generalization of ecosystems at a regional level. It 
is a geographical area characterized by the same macroclimate, predominant 
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soil forming processes, and climatic climax vegetation. It serves, 
therefore, as an ecological framework of the province for developing 
strategic forest management plans at a regional level such as land 
use allocation, design and development of tree improvement programs, 
establishment of seed collection and breedine zones, prescription 
of reforestation and harvesting techhiques, and design of the future 
ecological research programs. For the forested zones, plant 
associations will be identified and described. A plant association 
is a basic unit of the ecosystem classification. It is the smallest 
unit discriminable floristically as well as environmentally. It 
will be identified primarily by floristic similarities and environ
mental affinities of sample plots. It represents the smallest 
homogeneous unit of forest ecosystems, thus, comparable to "biogeo
coenosis" of Sukachev. It will, therefore, serve as a functional 
unit for forest management and operations such as assessing potential 
capability of forest ecosystems, selecting best performing trees 
site-specifically, predicting effects of ecological impacts and 
treatments, preventing site detereoration, determining fertilization 
and thinnings, planning prescribed burnings, planning logging opera
tions and deciding harvesting techniques, and identifying ecological 
problems and correlating research efforts. 

9. Study Objectives: 

In cooperation with the Province of Alberta 

1. To develop and provide an ecological classification of forest 
ecosystems of Alberta. 

2. To provide basic data on structure and characteristics of forest 
ecosystems. 

3. To provide some interpretation as to vegetation-environment 
relationships of the forest ecosystems. 

4. To promote application of the classification in forest management 
and research programs. 

10. Resources: 

a. Starting date: October, 1976. 
b. Estimated year of completion: March, 1981 
c. Estimated total Prof. man-years required: 8.0 
d. Estimated new major equipment for 1977-78 with cost: nil 
e. Estimated new major equipment beyond 1978 with cost: nil 
f. 1977-78 man-years: Prof. 2.3 O. & M. required 

SUpPa l.0 
Total 3.3 Alberta Forest Service: 48,340.00 

11. Progress to date: 

None--New study 
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12. Goals for 1975-76: 

None--New Study. 

13. Accomplishment in 1975-76: 

None--New study. 

14. Goals for 1977-78: 

1. To organize and eatablish the project team. 

2. To initiate field investigation; main effort will be concentrated 
in the northwestern section of the province which may comprise of 
boreal and subalpine vegetation. 

3. To analyse and compile the data obtained from the field investiga
tion and to obtain a tentative classification of ecosystems of the 
area studied. 

4. To set up a tentative zonation of the province based on climatic, 
geological, physiographical, and pedological information. Such a 
tentative zonation system will provide a ~.,rorking hypothesis. 

5. To prepare an annual progress report for the 1977-78 fiscal year. 

15. Publications: 

None 

16. Signature: 

Investigator Program Manager 

Director G.T. Silver 
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PROJECT NOR-28 

Environmental Impact Assessments. 



NOR-28-l71 441 

CANADIAN FORESTRY SERVICE 

STUDY STATEHENT 

1977-78 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: April 12, 1977 

1. Project: Environmental Impact Assessments 

2. Title: Impact of development on the terrestrial environment 

3. New: X Cont. : 4. No.: NOR-28-l7l (Formerly NOR-25-l5l) 

5. Study Leader: S.C. Zoltai 

6. Key Words: Arctic, land use, development, impact, vegetation, terrain 

7. Location of Work: Western & Northern Region 

8. Problem: 

Large scale intensive exploration and development of hydrocarbon resources 
is currently under way in northern Canada. Two large diameter pipelines 
to deliver natural gas resources to southern markets have been proposed. 
The impact of the proposed development on the terrestrial environment is 
evaluated by the proponents and by governmental agencies. During the 
assessment process the expertise of CFS is requested. This may take the 
form of membership in the assessment panel, or as scientific advisor to 
the assessing agency. Ancillary developments (roads, ports, gravel sources, 
timber sources, gas production and treatment facilities, etc.) may have 
to be assessed separately. 

Existing Territorial regulations require the mitigation of environmental 
impact of smaller development projects, as well as the massive projects. 
Activities associated with existing or new mines, roads, or settlements 
are subject to environmental impact assessment. CFS expertise may be 
requested by the licensing agency to advise on general or site specific 
problems associated with such developments. 

9. Study Objectives: 

1. To assess the impact of given developments on the terrestrial 
environment. 

2. To suggest measures minimizing, or mitigating the impact of proposed 
developments. 

3. To record the total effort of NFRC to specific environmental 
assessment processes. 
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10. Resources 

a. Starting date: 1977 
b. Estimated year of completion: open 
c. Estimated total Prof. man-years required: N.A. 
d. Essential new major equipment items for 1977-78 with costs: Nil 
e. Essential new major equipment items beyond 1978 with costs: Nil 
f. 1977-78 man-years: Prof. 1.0 (Zoltai 0.5; Johnson 0.5) 

Support 
Casual 
Total 1.0 

11. Progress to date: 

Served as Chairman, DOE Regional Task Force on Mackenzie Valley 
Pipeline from 1974 to 1976. Assessed the Canadian Arctic Gas Pipeline 
Ltd. and Foothills Pipe Lines Ltd. proposals. Participated in the 
development of environmental guidelines for the Mackenzie Delta gas 
produCing facilities. Participated in the mile-by-mile examination 
of the Mackenzie Highway proposal. Served as scientific advisor to 
Mackenzie Valley Pipeline Inquiry counsel (Berger Commission). Served 
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as expert witness to Inquiry on the i~pact of proposal on the terrestrial 
environment. 

12. Goals for 1976-77: (NOR-25-l5l) 

1. Contribute to assessment of pipeline proposal, as required. 

13. Accomplishments in 1976-77: 

1. As a member of a headquarters group (Dr. P. Rennie, chairman). 
contributed to the evaluation of CAGPL, Foothills, Alcan, 
Polar Gas proposals. (Zoltai) . 

2. Participated in the review of the Environmental Code for the 
Proposed Mackenzie Valley Pipeline (Blauel; 0.1 m-y). 

3. Assessed the environmental impact statement of the Taglu gas 
treatment plant. (Zoltai & Johnson). 

4. Assessed the impact of a gas drilling program on Egg Island 
(Mackenzie Delta) on terrain stability (Johnson). 

14. Goals for 1977-78 

1. Participate in the assessment process of the Polar Gas proposal, 
expected to be submitted in September. 1977. 

2. Contribute to the assessment of development proposals, as required. 

15. Publications: 

Up to 1976-77 
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Zoltai, s.c. (Chairman) 1975, R<.>port of the D.O.E. Task Force 
on the Mackenzie Vallt'Y l'iPl'lilll' Application (Part I, 
North of 60°) 41 p. Unpublished. 

Zoltai, S.C. (Chairman) 1975. Draft guidelines for the environmental 
assessment of the proposed Mackenzie Delta gas development. 
30 p. Unpublished. 

Zoltai., S.C. 1975. Consideration of impact on the physical 
environment. Mackenzie Valley Pipeline Inquiry. In: 
Volumes 101 and 102. 

Zoltai, S.C. (Chairman) 1976. Appraisal of environmental aspects 
of the draft environmental impact statement, Alaska Natural 
Gas Transportation System. 15 p. Unpublished. 

Zoltai, S.C. (Chairman) 1976. Review of the application by the Foothills 
Pipe Lines Ltd. 24 p. Unpublished. 

Zoltai, S.C. 1976. Voyageur air cushion vehicle trials on the 
Mackenzie Delta: Environmental effects two years later. 
Envir. Can., North. For. Res. Centre, Info. Rep. NOR-X-146, 
23 p. 

Environment Canada Working Group. 1976. Draft of an Environmental 
Code for the proposed Mackenz.ie Valley pipeline. Unpublished. 

B1aue1, R.A. 1976. Review of the init.ia1 drafts of the proposed 
Mackenzie Valley Pipeline Environment Code. Unpublished. 

B1aue1, R.A. 1976. Appendum: Comments on the revised draft of the 
proposed Mackenzie Valley Pipeline Environment Code. 
Unpublished. 

16. Signatures: 

c· f 
Investigator Program Manager 

Director G. T. Silver 
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