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ABSTRACT 

A federal-provincial working group is coordinating research and informa 

tion exchange on the maintenance of boreal forest ecosystem productivity. 

Natural Resourees Canada, Canadian Forest Servicc-Sault Sie. Marie, is 

focusing its research activities on jack p\ne(Pint<s banksianuLamb.) while 

the Ontario Ministry of Natural Resources, Centre for Northern Forest 

Fcosystem Research, is concentrating its research activities on black spruce 

{Picea mariana [Mill.] B.S.P.).The risk of losses in site productivity asso 

ciated with harvesting will require ex tensive research over a period of years. 

In the interim, this report provides a synopsis, based on expert opinion, of 

current scientific views un the potential impact of full-tree and tree-length 

harvesting on site productivity in boreal jack pine and black spruce forests. 

Expert opinion was solicited by questionnaire and at four workshops con 

ducted in April 1993 on the nature of harvesting impacts on boreal forest 

productivity and on alternative strategies that would maintain site produc 

tivity. At the broadest level, the most important issues were: species shifts; 

changes in percent organic matter: and physical site disturbances, including 

altered hydrology and rutting. Individuals surveyed emphasized the need 

for future research and monitoring of these changes. Scientists, industry, 

and government field staff all indicated that loss of organic matter and 

nutrient removal were of concern on dry, jack pine sites. Altered hydrology 

and rutting were identified as key concerns on wet sites. 

This report is one in a series that focuses on harvesting impacts on boreal 

forest productivity. Companion reports include an annotated bibliography 

of 379 references on boreal forest productivity (Taylor et al. 1995) and a 

report (in preparation) on recommended practices for shallow, coarse sandy 

and wet boreal sites. 



RESUME 

Ungroupede travail federal-provincial coordonne la recherche eti'echange 

d'information sur lc maintien do la productivity de l'ecosysleme forestier 

boreal. Rcssources naturclles Canada (Service canadien des forets, Sault 

Ste. Marie) concentre ses activites dc recherche snr le pin gris (Pinus 

banksiana Lamb.), tandis que le ministers des Ressources naturelles de 

I'Ontario (Centre for Northern Forest Ecosystem Research) concentre les 

siennessur Fepinette noire (Picea mariaiui [Mill.] B.S.P.). Des recherches 

approfondies durant quelques annees seront n^cessaires pour determiner Ic 

risque de diminution de la productivity apres la recolte. Ce rapport resume 

les opinions .scienlifiques actuelles concernant ['impact potentiel des 

methodes d'exploitation par arbres entiers et par fflts entiers sur la 

productivity des siles dans les foreis boreales de pins gris et d'epinettes 

noires. 

L' opinion des specialistes ace sujet aeteobtenue par le biais d'un question-

naireet lorsde 4 ateliers organises en avril 1993 sur les repercussions de la 

recolte sur la productivity de la foret boreale el les strategies qui 

permetlraient de preserver la producti vite des sites. Ait niveau fe plus large, 

les preoccupations les plus importantes sent: les changements d'especes, 

la diminution de la teneur en matiere organique et les perturbations du 

terrain (y compris 1'alteration des conditions hydrologiqueset I'ornierage). 

Les personnes questionnees out souligne la necessite d'etudier et de 

stirveiller tons ces changements. Les scientifiqnes. I' Industrie et le person 

nel de terrain des gouvemements out tons indiquc. pour les sites sees ou 

pousse le pin gris, que la perte de matiere organique el d'elements nutritifs 

etait une preoccupation. Dans le cas des sites humides, ils oni considere 

['alteration des conditions hydrologiques el Furnierage comme plus 

inquietants. 

Ce rapport fait partie d'une serie consacree aux repercussions de la recolte 

sur la producti vile dc la foret boreale. Une bibliographic annotee contcnant 

379 mentions de publications sur la productivite forestiere dans la zone 

borfiale (Taylor etai, 1995) a deja etc publiee.etun rapport sur Ics pratiques 

recommandees pour les siles boreaux humides, sablonneux ct a sol mince 

est en preparation. 
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LONG-TERM PRODUCTIVITY OF BOREAL FOREST ECOSYSTEMS 
II. EXPERT OPINION ON THE IMPACT OF FORESTRY 

PRACTICES 

INTRODUCTION 

Scientific studies have been established by Natural 

Resources Canada. Canadian Forest Service (CFS)-Saull 

Sie. Marie ;ind the Oniario Ministry of Natural Resources 

(OMNR) to study the effects of lull-tree and tree-lcngih 

harvesting on site productivity in northeastern and 

northwestern Ontario, Concurrently, a number of studies 

have been initiated to summarize available information on 
the effects of harvesting jack pine and black spruce in the 

boreal lores! so as to provide interim management 

information for decision makers, and to determine 

information gaps. Tile first product was an annotated 

bibliography on long-term forest productivity in the boreal 
forest (Taylor et al. 1995). This second report summarizes 

the results of an opinion sun ey on the impacts of full-tree 

and tree-length harvesting on site productivity in [fie 

boreal forest. The participants included both Canadian 

and American scientists who are active researchers in the 

Held of boreal forest productivity, government field staff 

who manage Crown forests, and company foresters who 

manage private lands and portions of Crown lands for the 

sustainable production of wood products. A third report 

summarizes best practices for maintaining site productivity 

following forestry activities on shallow, nutrient-poor, 
and organic sites.1 

Much of Canada's fiber production is harvested from the 

boreal forest, and many of the products derived from this 

region arc sold on the international market. Forest practices 
in areas producing wood products for export arc coming 

under increased national and international review. There 

are concerns that harvest-related activities (e.g.. extensive 

aboveground biomass removal from boreal sites) arc 

causing long-term effects. These concerns have increased 

as full-tree harvesting methods become more common. 

Concerns with full-tree logging, expressed at class 

environmental assessment hearings over the past several 

years; decline in the extent of Ontario's conifer forests, 

documented in the recent provincial forest audit (Hearnden 

1992); and recent changes in forest technology and forest 

management practices have led to the establishment of a 

joint federal-provincial Technical Working Group on 

Sustainable Productivity of Boreal Forest Ecosystems. 

The objective of this working group is to coordinate 

research and information exchange on boreal forest 

productivity. Federal research scientists are studying jack 
pine [Pinus banksiana Lamb.) forest communities: 

provincial scientists are studying various aspects of black 

spruce (Pizea mariana [Mill.) B.S.P.) ecology. The 

working group was established in December 1991 to 

coordinate research and information exchange so as to 

satisfy information needs identified under the Ontario 

SustainahleForcsirylniliativefOntarioMinistryofNaiural 
Resources 1991}, the Ontario Environmental Assessment 

Process (Environmental Assessment Board I >J94), and the 

Forestry Canada Ontario Region Strategic Plan (Forestry 

Canada 1990). Ifsmandate ineludesestabltshing multiyear 

studiestoquantifyharvcstingimpacis on site productivity, 
ensuringeommon research methodologies, and developing 
guidelines for harvesting, it has also been assigned the 

task of presenting interim guidelines on best practices lo 

maintain site productivity based on research results and 
expert opinion. 

The working group is comprised of research scientists 

from Natural Resources Canada, Canadian Forest Sen ice-

Sault Stc. Marie; the Ontario Forest Research Institute 

tOFRI). Ontario Ministry of Natural Resources; and the 

Centre for Northern Forest Ecosystem Research Institute 

(CNT-ER). Working group members are listed in Table I. 

A list of commonly used acronyms can he found in 
Appendix A. 

Both agencies are examining boreal site productivity 

within the following research areas: 

i) ecosystem classification and dynamics; 

ii) development of interim guidelines and indicators; 

iii) nutrient cycling modeling: 

iv| biomass removal experiments; and 

v) seedling ecophysiology assessment. 

The current focus of activity deals with anthropogenic 

impacts that may affect sustainability. The project's 
principal studies willquantify the disruption and restoration 

or ecosystem function, particularly with respect lo 

harvesting and other operational treatments, such as site 
preparation, prescribed burning, etc. in order to predict 

the effects of these operations on the long-term productivity 
of boreal ecosystems. The locations of existing CFS and 

OMNR research sites are displayed in Figure 1. 

torests.Nat. Resour. Can.. 
•*£ ̂ f"**! ̂  ""^"N ̂  Productivity m boreal jack pme and black 
Fores. Service-Saul. Sic. Marie. Saull S.e. Marie. ON. NODA/NFPTech. Rep. 
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/. Location of jack pine and black spruce research sites in Ontario. 

A definitive scientific understanding of the risk lo sites of 

a loss in productivity related to harvesting activities, 

however, will require extensive research over a period oi 

years. Until the results from such long-term studies arc 

available, this report provides an interim synthesis ol 

expert opinion on the nature and extent of potential forest 

productivity changes associated with lull-tree and tree-

length harvesting regimes in jack pine and black spruce 

forests. Members of the working group agree that nutrient-

poor and sensitive areas (e.g.. shallow, coarse-textured 

soils, and organic sites) represent the greatest concern for 

sustainable forestry in the North. These systems were the 

subject of detailed discussion at a series of workshops 

conducted in 1993 and 1994, and were addressed via a 

number of specific questions on the questionnaires. 

Expert opinion was solicited and information exchange 

promoted through the distribution of a series ol 

questionnaires dealing with harvesting effects on sile 

productivity, and at four workshops attended by researchers 



Table 1. Sustainable productivity of boreal forest ecosystems technical working group. 

Natural Resources Canada, Canadian Fores! Service Ontario Ministry of Natural Resources 

Cochairs Dr. J.K. Jeglum/II.M. Kershaw 

Dr. N.W. Foster 

Dr. IX Morrison 

and practitioners who work with eastern North American 

boreal ecosystems. Results from these surveys are presented 

in this report. They provide an indication of those site 

conditions considered to be most sensitive to current 

forestry practices, and highlight gaps in the current 

understanding of processes associated with harvesting 

activities on site productivity. 

Overview of Forest Productivity 

Forest productivity is limited by the capability of the land 

base to support growth and development (Cannean 1975. 

Kramer and Ko/lowski 1979). It varies with species 

composition, genetics, local climate, soil texture, drainage, 
soil depth, and site history (Wilde 1952, Barbour et al. 

19H7). Forest humus, ground cover, and microclimatic 

conditions have a strong influence on nutrient cycling and 

associated tree growth (Coile 1952, Foster and Morrison 

1983). Site productivity can be measured in a variety of 

ways. Site index, which identifies the height of dominant. 

Iree-growing trees of a particular species at a specific age 

(Plonski 197-1. Cannean 1975.Clutteretal. 1983), is often 

used as an index of site productivity. Total biomass or 

standing crop measures the dry weight of organic matter 

per unit area in a particular component of the ecosystem at 

a particular instant in time. It is a second measure of site 

productivity and can be related to site production using a 

standard formula [Clutterel al. 1983,Moore and Chapman 

1986). In more detailed studies, net primary production or 

the amount of organic matter incorporated by a plant on an 

area basis (gross primary production minus the loss due to 

respiration) over a given period of time provides a more 

dynamic index of the capability of the site to support plant 

production (Moore and Chapman 1986). These measures 

account for the rate of accumulation and decomposition of 

biomassonagiven site, and this relates to the rate at which 

resources are made available for plant growth (carrying 

capacity). 

There are indications in [he literature that harvesting 

methods in boreal forest communities may significantly 

influence biological productivity and nutrient status 

through such physical site impacts as soil compaction, 

rutting, erosion (particularly on shallow soils and on steep 

Mr. D.M. Morris 

Dr. A.G. Gordon 

Dr. N. Balakrishnan 

topography I. mixing of nutrient-rich soil surface horizons 

with nutrient-poor lower horizons (during site preparation 

activities), destruction and/orloss of surface organic matter, 

and removal of nutrient-rich vegetation such as twigs and 

leavcsdtiringharveslingorsitc preparation (Gordon 1981, 
Gordon2, Groot 1987. Maliondro 1988. Foster and 
Morrison 1989). Harvesting methods can also influence 

soil microflora and fauna, which in turn can influence 

long-term site productivity (Switzer and Nelson 1972, 

Goszelal. 1976, Hendrickson et al. 1985). 

Timber harvesting and management activities can also 

influence species composition and forest structure. In 

turn, this may modify ecosystem function. This function 

includes the rate of biological energy How. the rate of 

nutrient and material cycling, and the eculogical regulation 

of not only these two fluxes but of organisms within the 

system that are dependent upon them (Odum [962), Net 

primary production represents the captured energy (carbon 

dioxide Fixation and conversion to chemical energy) 

available For all other trophic levels within the food chain 

for the ecosystem. Although the focus of this study is 

limited to net primary productivity, the study team 

recognized the linkages to wildlife productivity. For 

example, forestry operations influence the availability of 

nest sites for forest birds and the provision of browse 

(Telfer 1974. Welsh and Fillman 1980). They can also 

modify riparian communities and increase or decrease 

beaver (Castorcanaelenis}pQpa\aftQt\s. Forestry practices 
can remove or enhance suitable habitat for small but 

important components of boreal ecosystems. For example. 

it has been reported that small mammal populations, 

important in the distribution of seeds, fungal spores, and 

mycorrhizae, change in composition and numbers 

following clear-cutting in boreal black spruce forests 

(Mattel! and Radvanyi 1977. Martell 1979. Mariell and 
Macaulay 1981). 

In turn, changes in wildlife productivity can have a direct 

influence on site productivity for tree communities. One 

ofthe workshop themes was harvesting-wildlife linkages. 

It was determined at this workshop that the scope of a 

single study would be loo broad to include all aspects of 

-Gordon. A.G. I 982. The consequences of full-tree logging and biomass harvesting relative to maintaining forest ecosystem 
stability. Paperpresented aHhe 19S2AnnualMeetingol theOniarioProfcssifmul Foresters Association ">9 January 1982'smlt 
Ste. Marie, Ontario. 



site productivity, and that the focus should remain on the 

site's ability to maintain levels of net primary production. 

Ultimately, these drive energy and productivity values at 

all other trophic levels within forest ecosystems. 

Taylor et at. (1995). in their collection of literature on 

long-term productivity, indicate that the following were 

commonly cited as harvesting impacts on site productivity: 

i) removal of nutrients contained in biomass: 

ii) physical changes to the soil associated with the 

effects of heavy equipment on mineral and organic 

soils, including compaction, soil mixing, and 

drainage pattern disruption; 

iii) effects of road building on erosion and stream 

water quality; ■ 

iv) loss of biodiversity associated with changes in 

species composition and forest structure; 

v) changes in patch size and age distributions for 

various ecosystem components; and 

vij loss of old-growth forests and other critical habitats. 

A concern expressed during the class environmental 

assessment (EA) hearings in Ontario was the impact of 

full-tree harvesting on site productivity (Environmental 

Assessment Board 1994). This practice concentrates 

nutrients at the roadside into slash piles, thereby resulting 

in increased nutrient depletion on the harvested sites 

compared to nutrients left on-site when harvested trees arc 

dehmbed at the stump. Intensive site preparation, such as 

blading. also concentrates the remaining superficial forest 

floor materials into windrows, leaving wide strips of 

exposed mineral soil and further decreasing surface organic 

matter. 

The potential impact of forest industrial activities on site 

productivity is a complex subject, as outlined in past 

literature reviews (Leaf 1979, Kimminsetal. 1985.Standish 

et al. 1988). and will require intensive research. In the 

interim, there is a need to identify those systems that are 

most, sensitive to changes and to identify known concerns. 

The authors believe that the following results accurately 

reflect the besi informed judgments of the forestry 

community on the extent and likelihood of the impact of 

full-tree harvesting on site productivity. 

QUESTIONNAIRE SURVEY OF EXPERT 

OPINION 

Survey Technique 

Scientists and other government and company staff 

involved in either boreal forest ecology or silviculture 

programs were contacted by mail to solicit their expert 

judgement on the potential impacts of full-tree harvesting 

on forest productivity.TheDclphi Technique (U.S. General 

Accounting Office 19®, Fraser et al. 1985!. a sel of 

care fully designed sequential questionnaires, interspersed 

with summarized information and Feedback of opinions 

from earlier responses, was adapted lor this study. This 

technique was designed to facilitate judgemental decision 

making through the pooling of knowledge. 

The first questionnaire in this study asked individuals to 

respond lo broad, general questions designed to facilitate 

open-ended responses and to identify specific issues. 

Many of the participants were contacted by telephone to 

discuss the project, to remind them to respond to the 

questionnaire, and to exchange information on studies in 

boreal forest productivity and forestry impacts. Thespecific 

concerns and issues that were identified from the initial 

response were used to formulate a more structured second 

questionnaire that asked participants to rank specific 

attributes on a relative scale of importance from one to 

five. In this way, general responses about the types ol 

impacts of full-tree and tree-length harvesting on long-

term productivity led to the development of a series of 

scenarios with respect to the impact of these forestry 

practices on productivity factors, stratified by broad site 

conditions. 

Results from the second survey were used to reorder the 

questionnaire categories from the greaiest to the lowest 

concern. This revised questionnaire was returned lo the 

participants with concerns listed in order of assigned 

importance (Appendix B). They were then asked toconfirm 

onnodify mean rankings. In addition lo the mailing, many 

of the participants were invited to a related workshop 

where the results were summarized and presented. This 

allowed for information exchange prior to the completion 

of the third questionnaire. The survey process is outlined 

in Figure 2. 

Participant Selection 

One hundred and nineteen questionnaires were mailed to 

preselected individuals who worked with boreal forest 

ecology. This list was submitted to the working group lor 

review and approval. Individuals were selected from a 

diverse background and geographic range. The survey 

was forwarded to research scieniists at the federal and 

provincial levels of government: university research 

scieniists from Ontario. New Brunswick. Alberta, and the 

Lake States; forest company staff: the forester for the 

North Shore Tribal Council; and represeniative Ontario 

government forestry and wildlife stall referred to as 

"government field stall". Only one individual responded 

negatively to the request lo participate in the survey, citing 

extreme discomfort wilh the degree of speculation required 

and concern that the survey outcome would have negative 

effects on permitted forestry practices in the absence of 

scientific evidence. 



Working Group Tasks Consulting Croup Tasks 

Clarify study goals 

Set guidelines for selection of participants 
Select participants 

Prepare and mail first questionnaire 

Review preliminary results and 

make recommendations 
Receive results and summari inze 

Prepare and mail second questionnaire 

Receive resulls and summari irize 

Review draft reports 'repare draft report 

Prepare final report 

Figure 2. Project flow char!. 

Individuals were specialists in forest ecology (vegetation 

and wildlife), si I viculture. and ecophysiology. The results 

were tabulated to show the distribution of concerns among 

the research and field communities. 

Results of Questionnaire Survey 

Response lo the questionnaires is Summarized in the 

following section. The return of a preliminary lesl 

questionnaire was low (12). with individuals citing time 

constraints, concerns with the "open" nature of ihe 

questions, and uncertainty with how the information would 

be used. This approach was abandoned and a more 

structured questionnaire was developed based on responses 

from the initial contact. This Structured questionnaire was 

then mailed to participants. Most participants were also 

contacted by telephone to provide an opportunity for 

information exchange. 

The results from this survey were considered interim and 

were used to develop a final questionnaire. The response 

to both structured questionnaires was 40 percent (48 

questionnaires). Return rates as low as 20 percent are 

considered acceptable from mail surveys. It is [he results 

from this third questionnaire, where respondents had an 

opportunity to evaluate and revise their iniiial responses, 



that Lire presented. A mean ranking for each factor was 

calculated based on the responses. No modifications were 

adopted where a respondent failed to assign a rank to an 

individual factor. For Questions 2, 3. and 4, the response 

from the scientific community was compared to the 

response from forest industry and government field staff. 

Responses from two individuals that did noi fall into these 

three categories were included only in the overall mean 

ranking. Any wide variation in response to a question was 

identified. These were viewed as areas requiring future 

research. 

Respondent characteristics 

The first three questions were designed to identify the 

field of expertise, employment category, and geographic 

expertise of the participant population. The majority of the 

participants were government employees. This reflects 

the heavy government involvement in boreal forest re 

search and silviculture in Ontario. This section is organized 

by question as they appeared on the questionnaire sent to 

the participants. 

Question la. /'lease describe your area of expertise with 

res pea to boreal ecology. 

The majority of respondents were Ontario provincial 

government employees, specializing in forest ecology and 

the silviculture of jack pine and black spruee (Table 2). Of 

those who responded to the initial survey, 65 percent 

specialized in forest ecology, 59 percent specialized in 

silviculture, and 12 percent specialized in soil science. 

Very few individuals specialized in other areas of research. 

As some individuals specialized in more than one area, 

totals can exceed 100 percent. Similarly, the response to 

the second survey was primarily from those who specialized 

in forest ecology (50 percent) and silviculture (50 percent). 

Of those who specialized in forest ecology, 50 percent 

focused on nutrient cycling; 72 percent indicated that they 

studied vegetation-soil relationships. Only 10 percent of 

those who responded to the final questionnaire defined 

themselves as experts in soil science; 4 percent indicated 

thai they specialized in microclimatology and 

ecophysiology. Very few to no respondents specialized in 

landscape ecology, zoology, entomology, pathology. 

aquatic biology, or hydrology. Future workshops and 

surveys should target researchers in these fields so as to 

include their input. 

Question Ib. What is your employer category? 

Collectively, government represented 61 percent of the 

second questionnaire response and 66 percent of the final 

questionnaire response. Federal and provincial research 

scientists provided the greatesi response to all of the 

questionnaires, representing 32 percent and 7 percent, 

respectively. Provincial employees directly involved in 

harvesting and silvicultural planning and operations 

represented an additional 22 percent and 27 percent of the 

response to the second and linal questionnaires, 

respectively. The response from these two groups was 

fairly consistent throughout the survey. In contrast, 

participation by university staff fell from ail initially high 

response of 21 percent to 12 percent. Time constraints 

were cited as the reason for the reduced return rale. 

Response from the private sector (forest industries) rose 

from 14 percent in the initial survey to 22 percent in the 

final survey (Table 3). One response was received from 

ihc North Shore Tribal Council. 

Question 1c. What is your geographic expertise? 

Most of the respondents (initial survey, SO percent; final 

survey, 90 percent) indicated that they worked in Ontario 

(Table 4). Response from those who worked outside 

Ontario (Quebec, Alberta, New Brunswick, and the Lake 

Stales) was low. reflecting the limited targeting of 

researchers in these geographic areas. Again, percentages 

may exceed 100 percent because some respondents 

indicated thai they worked in more than one geographic 

area. 

Delineation of critical issues and concerns 

As expected, there was a general consensus that lull-tree 

harvesting would have an impact on site productivity 

under certain site conditions and silvicultural treatments. 

For example, on shallower sites the primary concern was 

nutrient removal. On deeper, fresh to moist sites, consensus 

pointed to plant community changes (e.g., stand structure, 

species shilts). 

Table 2. Field of study of those who responded to the survey. 

Field ofstudv Second questionnaire 

(percent of respondents) 

Final questionnaire 

(percent of respondents) 

Forest ecology 

Soil science 

Microclimate and ecophysiology 

Silviculture 

Other 

65 

12 

4 

59 

8 

50 

10 

4 

50 

4 

Total number of respondents: 48 (second questionnaire); -18 (final questionnaire). 



Table 3. Employment sector of survey respondents. 

Employment sector Second questionnaire 

(percent of respondents) 

Final questionnaire 

(percent of respondents) 

Govern men I 

University 

Private sector 

Other (First Nation;,) 

61 

21 

14 

04 

66 

12 

22 

00 

Total al number of respondents: 48 (second questionnaire); 48 (final questionnaire). 

Table 4. Mean rank, by employment category, of harvesting impacts on site productivity indicators Tor black spruce 
communities in the boreal forest region. 

Average rank values were calculated from questionnaire responses. These are ranked from I (most important) to 5 (least 
important); bold figures indicate the highest ranked factors. 



Question 2. What are the mcijor harvesting impacts on site 

productivity? 

Individuals were asked to separately identify potential 

harvest impacts on site productivity lor jack pine forests 

growing on dry shallow .soils, dry deep soils, and fresh to 

moist soils (Table 4). Similarly, they were asked Co identify 

potential harvest impacts on site productivity for black 

spruce forests growing on upland shallow soils, deep 

mineral soils, wet mineral soils, and wet organic soils 

(Table 5). They were further asked to assign a rank, from 

1 (very important) to 5 (least important), to each impact. 

A low value, therefore, represents a high concern. Values 

in bold represent those factors that were identified as 

being of greater concern (less than or equal to a rank of 

2.5), based on survey response. 

Jack pine: With respect to harvesting jack pine on shallow 

sites, nutrient loss (2.0), loss of organic matter (1.7) 

through biomass removal in industrial wood, and loss of 

soil through accelerated surface soil erosion (2.7) had the 

lowest mean ranks (reflecting greatest concerns) (Table 4). 

Species shifts were given intermediate ranks. Forest 

structure changes, rutting, and compaction were given 

high rankings (low concern). Nutrient removals (2.1), 

loss of organic matter (2.1). and stand structure changes 

(2.4) were identified as areas of greater concern on dry 

deep sites. Stand structure changes (2.1) and species 

shifts (2.2) were given the lowest ranks (factors of greater 

importance) on fresh to moist sites following harvest. The 

importance of these changes are not well understood and 

the matter requires further investigation. 

Scientists, industry staff, and government field staff all 

indicated [hat they were concerned with nutrient removal. 

Of concern also was the loss of organic matter on shallow 

dry sites (Table 4). Many respondents indicated that this 

should be the focus of further research to define where and 

when problems occur, and to determine the magnitude of 

changes. Scientists (1.9) and field staff (l.S) assigned a 

lower rating (indicating greater importance) than did 

industry (2.5). Operational concerns on these dry, shallow 

sites (for example the effects of logging on compaction, 

rutting and altered hydrology) were given greater weight 

by industry representatives than by scientists. This is 

reflected in the literature, where very few scientific studies 

address harvesting effects on physical site changes on 

shallow sites. A few respondents provided two ranks, one 

for level terrain and one for steeply sloped terrain. They 

also indicated that dear-cut size, season of harvest, and 

Other compounding factors (such as forest age and 

composition, weather conditions at lime of harvest) affect 

the importance of site impacts. The rankings assigned, 

therefore, represent only average conditions. 

Scientists ranked loss of organic matter (2.5). nutrient 

removal (2.3). and decomposition processes (2.5) as factors 

of intermediate concern on deep dry sites (Table 4). 

Industry assigned higher ranks (>3.0). indicating less 

concern, (brail harvesting impacts on these sites than did 

the scientists and provincial field staff. Government field 

stall indicated greatest concern with nutrient removals 

(1.7) and loss of organic matter (2.1) on these sites. 

On fresh to moist sites, mean rankings indicate that stand 

structure changes (2.1) and species shifts (2.2) are. on 

average, the factors of greatest concern (Table 4). Scientists 

also indicated concern with decomposition processes (2.1) 

and nutrient removals (2.4) on these sites. Loss of organic 

matter, nutrient removal, and decomposition processes 

are all associated with nutrient availability. Differences in 

ranking of importance for these three processes may 

reflect varying interpretations of these terms. This 

highlights the need to select terms that arc commonly used 

by each group, or to fully define terms, in any survey of 

experi opinion. 

Overall, loss of organic matter (1.7, 2.1) and nutrient 

removal (2.0, 2.1) were rated as the greatest concern on 

shallow uplands and dry, nutrient-poor jack pine sites, 

respectively. Changes in stand age structure (2.1) and 

species shifts (2.2) were identified as key concerns on 

fresh to moist sites. Species shifts largely reflect concern 

with a reduction oi the spruce and pine component in 

boreal forests, and a lack of good information on the 

eflects of changing understory plant species composition. 

Black spruce: Mean rankings for shallow upland black 

spruce sites (Table 5) were similar to those listed for dry 

jack pine forests: namely, loss of organic matter (1.5) and 

nutrient removal (1.9). These factors were not highlighted 

ascrilical concerns for black spruce on other site conditions. 

On the deep mineral sites, species shifts (1.9) and stand 

structure changes (2.0) were assigned the lowest ranks 

(grealestconcern). Altered hydrology (1.6.1.4) and rutting 

(1.7.1.6) were considered to be the major impacts on wet 

mineral and wet organic sites. 

When viewed by participant group, scientists and 

government field staff ranked nutrient removal (1.9, 1.6) 

and loss of organic matter (1,1, 1.7). respectively, as 

faclors of greatest concern on upland black spruce sites 

(Table 5). Industry also placed greatest concern on the loss 

of organic matter (2.1). Such response indicated a need for 

furlherresearchon harvesting impacts and nutrient cycling 

on shallow upland sites. 

In general, all groups ranked sland structure changes (2.0) 

and species shifts (1.9) as factors of greatest concern on 

these deep mineral sites (Table 5). Government field staff 



Table 5. Mean rank of harvest impacts on black spruce sites. 

Average rank values were calculated from questionnaire responses. These are ranked from 1 (most important) to 5 (least 

important); bold figures indicate the highest ranked factors. 



also indicated thai the loss of advanced growth (2.2) and 

ihe loss of seedbed (2.3) were of concern. Scientists 

ranked loss of advanced growth as a factor of some 

concern (2.4) on these sites. 

Overall, altered hydrology (1.4) and rutting (1.6) received 

ranks of greatest concern on wet organic siles. Scientists 

and field staff, respectively, emphasised these concerns, 

hut assigned very low ranks to altered hydrology (1.2,1.2) 

and rutting (2.0. 1.3). Industry assigned low ranks to loss 

of organic matter (1.8) and nutrient removal (1.5) on these 

sites to emphasize the need for information on the effects 

on future productivity of biomass removal (organic mailer 

and nutrients) from wet sites. Loss of advanced growth 

(2.0) was also ranked low by industry, thereby reflecting 

their concern wilh practices that fail to retain advanced 

regeneration. 

Question 3. What are the key ecosystem processes altered 

in marten! poor boreal siles? 

Overall changes in the nitrogen (2,2), phosphorus £2.4), 

and calcium (2.4) cycles, as well as carbon allocations 

(2.5), were ranked highest as key ecosystem processes 

altered by lull-tree harvesting on nutrient-poor sites 

(Table 6). In addition to nutrient cycling impacts, biomass 

production, decomposition processes, leaching, the 

hydrological cycle, and species shifts or changes in 

successional pathways were rated of high concern wilh 

mean ranks between 2.7 and 2.8. Seedbed quality/quantity 

(2.4) changes received the lowest rank (highest concern) 

wilh respect to tree-length harvesting impacts. Changes 

in the nitrogen cycle, phosphorus cycle, decomposition 

processes, and species shifts also had mean rankings less 

than 3.0. 

A number of other effects were listed in ihe comments 

section of the survey form. These included: "changes in 

patch dynamics, stand structure, species/age diversity, 

mineralization and leaching, renewal, and reestablishment 

processes"', and "a decline in [he ratio of photosynthesis to 

respiration". 

When the data were summarized by employment category, 

scientists ranked the nitrogen (1.7) and calcium (2.3) 

cycles, carbon flow (2.4), and leaching (2.4) as the highest 

impacts from full-tree harvesting (Table 6). Government 

field staff ranked leaching (1.5) as the impact or greatest 

concern. Industry placed changes in fuel loads (2.5). the 

nitrogen cycle (2.5), and the calcium cycle (2.6) as the 

three factors of greatest concern. Several respondents 

wrote that fuel was often insufficient to carry prescribed 

fire on these sites, thereby reducing the opportunity for 

this site preparation option. Changes in seedbed quantity/ 

quality (2.1. 2.0. 2.4) was ranked highest hy scientists. 

government field staff, and overall, respectively, as the 

primary impact of tree-length harvesting (Table 6). 

Question 4. What forestry practices could be adopted to 

minimize harvesting impacts? 

Strategies that were suggesled for minimizing the potential 

impacts of full-tree and tree-length harvesting are ranked 

in Table 7. The most important options for shallow sites 

under full-tree harvesting systems were: avoidance (1.9). 

spreading slash (2.0). careful logging (2.1), and processing 

at the stump (2.1). These recommendations reflect concerns 

with nutrient removal from sites associated witli biomass 

removal, mass displacement through soil erosion, and 

altered site microclimate following harvesting. For areas 

harvested using tree-length systems, processing at the 

stump (2.0), spreading slash (2.3). careful logging (2.2). 

avoiding shallow sites (2.2), and the general application of 

conservation methods (2.3) were the preferred options. 

With lew exceptions, scientists gave greater weight to 

each suggested approach for minimizing impacts of 

harvesting on long-term productivity than did industry 

and government field staff (Table 7). This may reflect the 

focus of many scientists in understanding ecosystems and 

how activities will affect ecosystem processes. Within the 

forest industry, the focus is on determining the most 

efficient methods for regenerating ihe forest following 

harvesting rather than on longer-term, more theoretical 

issues of site productivity over multiple rotations. Scientists 

assigned the greatest weight (mean ranks less than 2.0) to 

applying conservation methods, such as avoiding shallow 

sites, adopting careful logging practices, processing wood 

at ihe stump, and retaining/spreading slash back on 

harvested sites. Fertilization was nol identified by any of 

the groups as a practical measure for minimizing harvest-

related nutrient losses on these sites. Lengthening rotations, 

adopting tree crop rotations, and using prescribed fire to 

minimize impacts were also ranked low in priority as 

practical mitigating measures. 

Question 5. When are the key nutrient and site factors that 

should be monitored'.' 

Individuals surveyed identified site disturbance (2.1,2.0), 

change in percentage organic matler(2.1,2.2). and species 

shifts (2.1. 1.9) as ihe key factors to monitor following 

full-tree or tree-length harvesting (Table 8). There was a 

consensus that monitoring complete or partial nutrient 

cycles is appropriate only as a research tool. Respondents 

indicated a need to develop practical field monitoring 

methods to assess impacts. There were also comments 

concerning the lack of information on threshold levels of 

organic mailer removal without future growth reduction. 

Some respondents noted the short-term hcnefils to pine 

regeneration of reductions in surface organic matter. 
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Table 6. Mean rank of key ecosystem functions altered in nutrient poor boreal sites. 

Scientist Industry 

Government 

field staff Mean 

Full-tree harvesting 

Biomass production 

Decomposition 

Carbon cycle 

Nitrogen cycle 

Phosphorus cycle 

Potassium cycle 

Calcium cycle 

Magnesium cycle 

Hydrologic cycle 

Leaching 

Soil structure 

Fuel load 

Seedbed quality/quantity 

Species shifts/succession 

Tree-length harvesting 

Biomass production 

Decomposition 

Carbon cycle 

Nitrogen cycle 

Phosphorus cycle 

Potassium cycle 

Calcium cycle 

Magnesium cycle 

Hydrologic cycle 

Soil structure 

Fuel load 

Seedbed quality /quantity 

Species shifts/succession 

2.7 

2.7 

2.4 

1.7 

2.6 

2.6 

2.3 

3.3 

2.7 

2.4 

2.9 

3.6 

2.8 

2.5 

3.1 

2.8 

2.9 

2.7 

3.0 

3.6 

3.1 

3.7 

2.9 

3.0 

3.2 

2.1 

2.7 

2.9 

33 

3.3 

2.5 

2.9 

2.9 

2.6 

3.3 

2.9 

3.7 

4.8 

2.5 

3.1 

3.8 

3.8 

3.4 

3.3 

2.9 

3.6 

3.1 

3.4 

3.5 

3.9 

4.4 

4.0 

3.6 

3.4 

2.7 

2.6 

2.4 

2.9 

2.1 

3.0 

2.9 

2.9 

3.1 

1.5 

3.7 

2.1 

3.3 

2.6 

3.4 

2.6 

3.1 

2.9 

2.7 

3.0 

3.0 

2.9 

3.6 

3.6 

2,8 

2.0 

2.6 

2.7 

2.7 

2.5 

2.2 

2.4 

3.1 

2.4 

3.0 

2.7 

2.8 

3.3 

3.4 

3.0 

2.7 

3.5 

2.9 

3.3 

2.8 

2.9 

3.2 

3.1 

3.3 

3.0 

3.1 

3.0 

2.4 

2.9 

Average rank values were calculated from questionnaire responses. These are ranked from I (most important) to 5 (least 

important); hold figures indicate ihe highest ranked factors. 

Measuring ihe length of the growingseasoa; the availability 

of nutrients; changes in soil pH; changes and recovery of 

bulk density; fores! floor disturbances, including the 

survival of advanced growth and the extent of 'deep' 

tutting; assessing slash loading; and recording a suile of 

indicator species were suggested as factors for monitoring 

in the second survey. The response from the final survey 

provided mean ranks for these and other parameters 

identified as concerns in earlier questions. Differences in 

ranking assigned by industry, field, and research 

communities were not identified for this question. Many 

individuals within each group declined responding to this 

question, or responded only partially, citing a lack of 

information as to what measures would be practical. 

efficient, and effective. This further emphasized the need 

to develop a concise but effective monitoring system. 

Questions 6 to 9. Other information 

One of the early objectives of this survey was to catalogue 

information available as internal file notes, research in 

progress, and published information. Of the respondents, 

37 percent forwarded a list nf publications. These were 

included in the annotated bibliography (Taylor et al. 

1995). Journals, books, and file reports were the most 

frequently cited publications. An overwhelming majority 

of respondents requested that the annotated bibliography 

he forwarded to them upon completion, thereby confirming 
their interest in this subject. 
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Table 7. Mean rank of alternate methods for minimizing impacts on nuirient poor sites. 

Sciential Industry 

Govern men i 

field staff Mean 

FULL-TREE HARVESTING 

Conventional systems 

Avoid sensitive/shallow sites 1.6 

Careful logging 1.7 

Process at stump 1.9 

Use high-flotation tires 2.6 

Restrict season 3,0 

Preserihcd burning 3.6 

Other systems 

Apply conservation methods 1.9 

Design forest 2.5 

Modify harvest patterns 2.1 

Eliminate full-tree harvesting 2,3 

Lengthen rotation 4.1 

Tree crop rotation 3.4 

Spread slash 1.5 

Fertilize 3.7 

Minimum understorey disturbance n.a, 

TREE-LENGTH HARVESTING 

Conventional systems 

Avoid sensitive/shallow sites 2.0 

Careful logging 1.8 

Process at stump 1.5 

Use high-Rotation tires 2.3 

Restrict .season 3.0 

Prescribed burning 2.9 

Oilier systems 

Apply conservation methods 1.9 

Design forest 2,6 

Modify harvest patterns 1.9 

Lengthen rotation 3.5 

Tree crop rotation 3.2 

Spread slash 1.8 

Fertilize 3.9 

Minimum Honr disturbance 2.5 

2.6 

2.3 

2.6 

2.a 

2.7 

3.3 

3.6 

3.2 

3,2 

3.9 

3.4 

4,1 

2.9 

4.8 

2.3 

2.9 

2.3 

2,8 

2,9 

4.0 

2.8 

3.7 

3.3 

3.4 

4.2 

4,6 

3.3 

4.S 

Average rank values were calculated from questionnaire responses These are ranked from 1 (most important) to 5 (least 

important); bold figures indicate the highest ranked factors. 

To minimize the possibility of overlooking a key research 

scientist, respondents were also asked to identify colleagues 

who worked in the field of boreal ecology. Interest in 

attending an information session on boreal forest ecosystem 

productivity was also solicited through the questionnaire. 

Of the respondents, 78 percent indicated an interest in 

attending these sessions. Specific areas of interest included 

harvesting and silviculiural practices related to site 

productivity (48 percent), modeling impacts of alternate 

silvicultural practices (33 percent), seedlingecophysiology 

and growth response (33 percent), and wildlife linkages 

(26 percent). These workshops were held in April 1993, 

and are summarized in the following section. 
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Table 8. What key nutrient elements, physical site factors or other parameters should be consistently monitored and 

measured? 

Impacts Average rank (1-5) 

Full-tree harvesting Tree-lenglh harvesljm 

Physical parameters 

Soil depth 

Soil texture 

Soil compaction (bulk density) 

Site disturbance 

Depth and amount of rutting 

Percent on-site slash 

Chemical paramclers 

Change in percent organic matter 

Carbon cycle 

Nitrogen cycle 

Phosphorus cycle 

Potassium cycle 

Calcium cycle 

Magnesium cycle 

Soil pH 

Soil moisture 

Hydrologic cycle 

Biological parameters 

Length of glowing season 

Biomass production 

Decomposition rate 

Species shift/succession 

Percent of advance growth 

Habitat/landscape structure change 

Key wildlife species 

3.4 

3.6 

2.5 

2.1 

2.4 

2.4 

2.1 

3.1 

2.3 

2.9 

3.1 

3.1 

3.3 

3.1 

2.7 

3.0 

3.8 

2.5 

2.9 

2.1 

2.4 

2.4 

2.7 

3.3 

'3.4 
2.7 

2.1 

2.7 

2.5 

2.2 

3.4 

2.4 

2.8 

3.2 

3.0 

3.5 

3.0 

2.8 

2.8 

3.7 

2.6 

3.1 

1.9 

2.4 

2.3 

2.4 

Average rank values were calculated from questionnaire responses. These are ranked from 1 (most important ] 10 5 (least 

important), bold figures indicate highest ranks. 

WORKSHOP SURVEY OF EXPERT OPINION 

Survey Technique 

Four workshops were conducted in Ontario in April 1993 

to bring together people involved in boreal forestry. Held 

in four locations in northern Ontario, these were designed 

to introduce interested people to the Sustainable 

Productivity of Forest Ecosystems Program being 

developed by the CFS and the OMNR. Workshops were 

designed to discuss predicted impacts on site productivity 

of full-tree harvesting compared to other harvesting 

systems. The emphasis was on jack pine and black spruce 

forests. 

These workshops were to supplement information gathered 

through a comprehensive literature search, a broadly 

distributed questionnaire survey, and long-term field 

studies. Secondary objectives were to introduce the 

Technical Working Group on Sustainable Productivity of 

Boreal Forest Ecosystems to ihe forest science community, 

and to provide a forum for information exchange among 

those involved in boreal forest ecology. 

Each of the workshops consisted of a morning session of 

presentations followed by a less structured afternoon 

session lor information exchange and discussion on four 

themes. A scientist from the technical working group, plus 

one or more coordinators, organized each workshop. The 

location, themes, and workshop coordinators are listed in 

Table 9. 

A scientist from the working group provided a presentation 

on the overall program at each location. Presentations 

were given bv Dr. A.G. Cordon in Toronto: Dr. N.W. Hosier 
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in Timmins: Mr. D.M. Morris in Thunder Bay; and Dr. 

J.K.. Jeglum and Ms. H.M. Kcrshaw in Saull Sic. Marie. 

The overview included a summary of events leading up lo 

[he establishment of the working group, the objectives of 

(he working group, and an outline of the field sampling 

procedures. 

Workshop Technique 

Participants from ihc research community and forest 

industry, as well as provincial resource managers, were 

invited to attend lour regional workshops thai focused on 

wildlife linkages, silviculture, modeling, and 

ecophysiology. One member of the Technical Working 

Group on Sustainable Productivity of Boreal Fores! 

Ecosystems provided an overview of [heir mandate. A 

facilitator then led discussions on the themes. Critical 

concerns were summarized through discussion and 

debates. 

SUMMARY OF EXPERT OPINION 

Summary of Questionnaire Survey 

Thepotenlial impact ol industrial forest aelivities on long-

term productively is a complex subject—one ihal will 

require extensive research. The resulls from [his survey 

serve as only one of several interim reporis that indieale 

those faciors that are most likely to be negatively impacted 

by the removal of tree biomass through full-iree and irec-

length harvesting systems. The current understanding of 

fnrest ecologists and silvicultural scientist and 

practitioners is thai impacts are site specific. Differences 

of opinion, based on employment category, were most 

evident when evaluating organic and deep mineral black 

spruce sites. Greater uniformity of response in rating the 

key impacts of forest practices on drier sites represents 

greater consensus on key issues. 

Nulrieni removal is identified as the most critical concern 

on dry, jack pine sites; fnrcsl species shifts and structure 

changes are considered to be the two most critical changes 

on fresh to moist jack pine sites. For black spruce 

communities, greatest importance was placed on nutrient 

removals for shallow, upland siies. On deeper mineral 

sites, species shifts were identified as importani faciors. 

Altered hydrology, ruiting, and compaction were ranked 

ol greaiest concern on wet mineral and organic sites. 

The ranking ol'key ecosystem processes altered on nutrient-

poor sites varied with the harvesting system. The survey 

results indicated that full-lrec harvesting may modify the 

mlrogen. phosphorus, and calcium cycles along with 

carbon flow. Under the tree-length harvesting system, 

however, seedbed quality and quantity and species shifts 

were identified as the key structural aspects being aliered. 

Planning measures Lhat restrict full-tree harvesting on 

shallow sites and encourage the spreading of slash, careful 

logging, and processing at the stump were the mosl 

frequently cited mitigation measures for minimizing 

potential losses in site productivity. 

It must be clarified that the resulls from this survey do not 

represent definitive answers to harvesting impacts, nor do 

they represent definitive evidence thai the impacts occur. 

These findings, together with information from the 

published literature, represent ihc currenl state of 

knowledge in this subject area. It is hoped thai ihey will 

contribute to future research design and hypothesis 

development. 

Summary of Workshops 

Toronto workshop—wildlife linkages 

Dr. A.G. Gordon provided a program overview, and 

presenled research rcsulis on siie productively and nutrient 

cycling within spruce communities. Projections from his 

research indicate that potassium may be a limit ing element 

on sandy oulwash siies and organic siies under repealed 

harvesting. Although his research indicates lhat nilrogen 

is usually limiting, ii is generally the element least 

vulnerable to harvesting impacts. He emphasized lhat 

biomass removal impacts on site produelivity vary with 

site conditions and treatments. Significant differences 

between the effect of logging and wildfires were also 

identified. These included differeni microclimatic 

conditions associated with Standing dead timber as 

compared to tolal removal of standing Irees. differeni 

nutrienl pools, and differeni vegelation response. These 

differences need to be quantified to belter understand how 

elear-cul harvesting methods affect site productivity, as 

compared lo wildfire. Dr. Gordon was particularly 

concerned with the degree of nulrient leaching and loss of 

organic mailer following full-tree harvesting plus 

prescribed burning. In practice, however, this is very 

uncommon in northern Ontario. Finally, Dr. Gordon raised 

the issue of ihe impact of growing genetically improved 

trees on nutrienl supply; ihese trees may require more 

nutrients than natural populations. Industry representatives 

suggesied that this concern would apply lo a limiicd area 

as approximately 70 percent of eutovers are regenerated 

through natural regeneration or seeding. 

There was a consensus thai future research should examine 

the following: 

i) ihe effect of perturbation on ecosystem structure 

and function; and 

ii) the impact of full-tree harvesting followed by 

prescribed burning on ihe gene pool and site 

produelivity. 
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Table 9. Workshops on the long-term productivity effect of harvesting. 

Localion 

Toronto (TO) 

Timmins (TI) 

Thunder Bay (TB) 

SauliSic. Marie (SSM) 

Date Theme 

April 20 

April 22 

April 27 

April 29 

Scientist and coordinator 

Wildlife 

Silviculture 

Mode [ing 

Ecophysiology 

Dr. A.G.Gordon. O.YIXR 

Dr. ME. Tavlor. Geomatics Im. 

H.M. Kershaw. Devlin Consulting 

Mr. P.K. Bidwell, OMNR 

Dr. N.W. Poster. CFS 

H.M. Kershaw, Devlin Consulting 

Mr. D.M. Morris. OMNR 

H.M. Kershaw. Devlin Consulting 

Dr. J.K. Jeglum, CFS 

H.M. Kershaw, Devlin Consul ling 

Services 

Services 

Services 

Services 

Dr. M. Taylor led the afternoon session on wildlife 
concerns. Ho raised a number of questions For the 

participants to address. These included: 

i) WIkh level of protection is required to maintain 

long-term site productivity? 

ii) What, if any. wildlife species serve as effective 
bioindieators of changes in long-term site 
productivity? 

iii) How should one address the "scale of site impacts" 
with respect to harvesting effects on long-term site 
productivity? 

iv) Should a nested hierarchy be adopted in research 
signs? 

A synopsis ol" the discussion in these areas is presented 
below. 

i) Level nj'Protection for Forest Ecosystem Maintenance 

This issue was not resolved. There were differences in 

opinion ranging from a need for very little disturbance in 

large areas to the need to study and mimic landscape level 
suceessional changes. Most participants agreed that 

disturbances in any one area within any rotation period 
should be restricted in size. There was also agreement that 
disturbance did not cease to exist when trees reach ihe 

"free to grow" or 3-m height level. Wildlife biologists 
emphasized the role of large, contiguous, undisturbed 
areas for certain species and the value of mature, large-

diameter trees for nesting sites, cover, and food. 

it) Wildlife Species as Indicators of Change 

Participants provided an overview of their own work. 
Dr. R. James studies songbird populations injack pine. He 
emphasized that critical species and species groups used 

formonitoring vary from place to place. Generally, pileated 
KOodpzckcvsfDryacopitspileatus) leave an area when the 
large-diameter trees are removed. Northern goshawk 

(Accipiter gennlis) use small patches of large jack pine 
and hunt m 20-year-old jack pine. Although the literature 
indicates that extensive tracts of old growth arc required 
for their survival. Dr. James did noi observe this 

requirement in his study area. His review of the literature 
indicates that cavity nesters, in contrast to other bird 

species, are most affected by hill-tree harvesting Similar 
reductions would be associated with any clear-cm 
harvesting system. 

Dr. J. Bendell discussed his work in the area of the 

Hwy. 144 and Hwy. 560junction near GogflrM, Ontario 
Heisexaminingthose factors that determine the abundance 
and distribution of ruffed grouse (Bonasa umbellus) and 

spruce grouse {Conachiies canadensis). Currently the 

locus ofhis work is on (he effect of Bacillus tkuringiensis, 
which is used to control eastern spruce bud worm 
(Chonstoneura fumiferana [Clem.]), on other animal 
populations. 

Participants indicated that the capital or stock of wildlife 

species, in terms of species and distribution a! all trophic 

levels within a given ecosystem on the site, arc critical 
Specific groups of species should be followed at different 
scales of observation. Dr. Bendell provided examples of 

hnkagesofresearchresultsiitdifferentscales.andindicated 
thai fte ability of black spruce to resist snowshoe hare 
(lepiis americanus) browsing has been attributed to a 
fungus. Changes in fungi and bacteria populations were 
cited as critical for studying site productivity at Ihe forest 
floor level. 

The need to establish adequate controls to follow the 
response of wildlife populations to alternate harvesting 

and treatment programs was highlighted Dr Bendell 
emphasized the need [o consider harvest and treatment 
size, shape, and setting when examining thechanges in the 
environment associated with logging. Participants 

collectively indicated that the impact of harvesting on 
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areas adjacent to die cut has not been adequately 
addressed. They further indicated a need to study the rate 

Of repopulaiion by species guilds or groups o( organisms 

at different scales. 

Concern was also expressed that there is insufficient 

information on environments and associated species in 

burned areas as compared to logged areas. Dr. Gordon 

discussed the various impacts from logging and tire, and 
emphasized differences in the amount of woody material 

lefi on site, the lack of standing material lo provide shade 
and moderate microclimate on logged areas, and differ 

ences in patterns of disturbance. 

Hi) How to Address she Scale cf Impact? 

All participants confirmed the need to consider the scale 

of impact. Dr. James emphasi/.ed that maintaining an 

environment for the long-term production of moose (Alces 
alces) would not necessarily protect the environment lor 

all species. He provided as an example, the pileated 

woodpecker, which does not utilize early successional 

forests commonly used hy moose for browse. He suggested 
that managers should consider protecting an area 

sufficiently large enough to support top carnivores, such 
as the wolf {Cants lupus). He further suggested that i! 
these species are protected, by default, the system itself 
may be protected for many other species. This is not to 

imply ihat full-iree clear-cut areas arc not used by wolves. 

It does suggest thai the pattern of clear-cutting in forests 

o (other aaes needs to be defined with respect to supporting 

large carnivores. Dr. Rempel suggested that impacts should 
be examined at the mcsoscale.macroscale.andmicroscule. 

Dr. Rempel also emphasized the need to define the 
functional ecosystem ihalis lobe maintained. For example, 

moose may be used as an indicator for the maintenance of 
early successional ecosystems or pileated woodpecker as 

an indicator of -climax" communities. He also indicated 
a need to consider the pattern of forest communities in 

terms of species, age, structure, and biodiversity across 

the landscape, and the maintenance of this texture. 

iv) The Need to Link Research Science with Industry 

The group rephrased the question: "Should a nested 
hierarchy be adopted in research designs?" to emphasize 

the need to "link research science wilh industry". There is 

a need to minimize duplication of research, to ensure 

consistency in design and interpretation of data, and to 

ensure that study results arc answering present and Future 
issues as they apply locurrcntand planned technology. By 

working together, research results will also be available to 

industry inatimely fashion. Forest managers can therefore 
use the most up-to-date information in their planning and 

operations. 

The loss 5 years ago of provincial funding for forest 

management agreement area roads was also discussed. 

The recent expansion of road networks into forested areas 

and its impact on forest ecosystems was seen to be one of 
the most critical issues with respect to wildlife. The group 

summarized their views on the need for future research as 

follows: 

i) How severe is the impact of road construction on 

long-term site productivity? 

ii) What are the impacts on ihe forest if the forest 

industry manages only the "best" sites in the future 

and does not operate on suboptimal sites? 

iii) What are the impacts on the forest if the forest 
industry usesexlensive management techniques on 

both productive and suboplimal sites? 

iv) Prescriptions should be developed by site type to 

reflect the nutrient pools and related cycling ol 

these nutrients within given ecosystems. Rotation 

lengths or harvesting cycles should be delayed or 

extended if nutrient depletions are a concern. 

v] What is Ihe impact of current and projected tores! 

practices on the nutrient supply of growing 

"genetically improved'' trees? Such improved stock 

may require higher levels of nutrients than do the 

natural populations currently being studied. 

vj) How important are caterpillar cycles (e.g., spruce 

budworm) in the abundance and distribution ol 

small mammals and game birds? 

vii) How can one control pest species to minimize the 

impact on site productivity? 

viii) Are predators, biological controls, or chemical 

controls the most effective measures with the least 
negative impacts on boreal ecosystem productivity? 

Timmins workshop—silviculture 

The workshop in Timmins was attended by forest company 

and provincial government staff. The program overview 

was presented by Dr. N. Foster. He also provided results 

from past studies on site productivity and nutrient cycling 

in jack pine communities, and presented comparable 

research results from sandy sites in New Zealand and 

Scandinavia. These showed a decline in forest productivity 

under full-tree harvesting systems, and indicated thai 

compaction and slash removal are of major concern. 

Dr. Foster divided the research approach to the study of 

harvesting impacts on site productivity into three tasks: 

i) measurement of the impact of current practices 

(biomass. nutrient content); 
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ii) development of a theoretical model of harvesting 
impacts; and 

ui) understanding recovery processes under alternate 
scenarios. 

Discussions from this workshop have been organized 

under the following headings: nutrient cycling and nutrient 

pools, linkages between nutrient cycling and silvicuhural 

systems, research design, an overview of participant 

research, anda summary of participant recommendations. 

Nutrient Cycling and Nutrient Pools 

Dr. Foster indicated thai soil nutrient supply is difficult to 

assess through time. Approaches to .studying nutrient 

cyclingand nutrient budgets were summarized, and results 

from fertilizer studies on till and sandy soils in northern 

Ontario were presented. Foliar nitrogen content among 

commercial tree species was also presented. This 

demonstrated a higher nitrogen content within spruce 

crowns than within aspen crowns. Implications of variation 
in nitrogen accumulation associated with tree age were 

also discussed. Sufficient nitrogen musi remain on a site 

to support early growth and the strong demand for nitrogen 

by youngerage classes. This led toadiscussion of nitrogen 
losses associated with hlading and prescribed burning. 

Linkages Between Nutrient Cycling and Sttvicitltural 
Sxsietns 

Workshop discussions were generally proactive; therefore, 
suggestions for minimizing harvesting impacts through 

modified harvesting systems were highlighted. These 

included shortwood systems, scattering chips and slash, 

use of high-flotation tires, and horse logging. The group 

suggested that future studies address ecosystem 

management, careful logging, the maintenance of 

landscape diversity, and modified harvesting systems. 

Research Design 

Participants provided feedback on the research design. 

They indicated that future studies be designed to test The 
effects of plot size, ingress from adjacent treatments, and 

regionalclimate on harvesting impacts on site productivity. 

01 particular concern was future comparison of research 
results from northwestern Ontario spruce plots to the more 
moderate, moisier, clay-hascd spruce communities in the 
Clay Belt of northeastern Ontario. There is also a need to 
better understand whether nutrients are locked up in 

undeeomposed humus under shade, and to study the rale 
of decomposition of slash under \ ariahle moisture and 
light conditions. Future studies should also examine the 

implications of stocking on long-term site productivity. 

Overview of Pcmicipam Research 

An overview of forest management activities under the 
Abitibi Model Forest Program, with an emphasis on 

protection of advanced growth regeneration, was provided. 
Activities in areas under operation by Superior Forest 

Products, where feller-htmchers and careful logging 
systems are used, were also summarized. Decreased site 

disturbances associated with clam hunk skidders, as 
opposed to traditional cut and skid systems, and reduced 

damage to advanced regeneration from saw heads were 
emphasized. Harvesting practices that were modified to 

minimize visual impacts and to accommodate remote 
tourism values in the Hornepayne area were also dis 
cussed. 

Summary of Recommendations 

In addition toexpressingindividual concerns, participants 
at the workshop indicateda need for further information or 
.synthesis, including: 

i) importance of mieronutrienls, including boron, on 
boreal site productivity; 

li) Hirno\ei-ofnitrogcnandthe role of microorganisms 
in site productivity; 

iii) determining the impact of prescribed burning on 
boreal site productivity; and 

iv) defining the rate of weathering of tills and outwash 
materials in northern Ontario. 

Many participants expressed a strong interest in clearly 
defining the benefits and limitation, of using prescribed 

burning with respect to long-term productivity. They 
further indicated that ihe best practice "guidelines" should 
indicate where, if anywhere, prescribed lire should he 
discouraged. One participant suggested that prescribed 

burn plots in theGeraldtonareabeexaminedtodetcrmine 
the impact of this practice. 

Thunder Bay workshop—modeling 

Workshop discussions are summarized underthcfollowine 
headings: research design, management guideline®, and 
modeling. 

Research Design 

One participant indicaiedanecdlolinksamplina protocols 
with the measurement protocols utilized hy the provincial 
growth and yield program. Mr. Morris emphasized the 

need to adopt a predictive, long-term productivity model 

to provide short-term analysis of harvesting impacts. The 

group also emphasized the need to define the base against 
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which harvesting effects would be measured- This will 

require an assessment of natural disturbance processes 

involving fire, spruce budworm. and blowdown events. 

Mr. Morris indicated thai plot selection far [he black 

spruce component extended over two field seasons. Tins 

was necessary to provide homogeneous stands within a 

range of sile types and productivity classes. 

Management Guidelines 

Forest industry representatives were concerned with the 

proposed development ol management guidelines for 

nutrient poor sites, based on the literature review and 

expert opinion. Some participants suggested that the use 

of common harvesting equipment not be restricted by any 

proposed modifications, due to high investment costs. 

Other participants acknowledged the possibility of 

diversifying equipment, provided a phase-in period was 

included. Some participants were concerned that the 

proposed treatments might not mimic the ■normal' 

operational practices. Mr. Morris indicated that adecision 

on season of harvest had not yet been determined, but 

scheduling would attempt to coincide with normal 

operations. 

Some participants emphasized a need to measure the 

amount of slash remaining on site following logging. This 

may be an important variable and could explain some of 

the observed differences in regeneration following 

harvesting- As such, it may be directly related to changes 

in sile productivity. One participant indicated that there is 

a provincewide database on slash loadings related to 

original stand conditions and treatment. This database is 

kept by the Fire Management Staff of the OMNR and the 

Fire Research Group of CFS. Mr. Morris indicated that 

ihey will be conducting hoth prc- and posiharvesi 

assessments of slash on experimental sites. 

Site preparation and resulting compaction is thought by 

some scientists to be more critical than is the harvesting 

method. Typical spruce sitesdo not retain ahigh percentage 

of their nutrients in the duff layer, and ihcrefore site 

preparation may not be as critical as in pine sites (Gordon 

1981). Participants concurred that the issue oi hill-uee 

versus tree-length harvesting was perceived to beacritical 

question posed at public environmental assessment 

hearings. 

Modeling 

In the afternoon an overview of the FORCAST model ol 

II. Kimmins was provided by Mr. D. Diicken and Mr. 

Morris. Tbere was agreement that there is a need for 

interim short-term decisions with respect to modilied 

practices on 'sensitive' siics while waiting tor results from 

multiyear studies. The effectiveness of using models to 

address site productivity was discussed. The parameters 

used in the FORCAST model were clarified through a 

■hands-on' exercise where the participants were able to 

select a number of alternate silvicullural scenarios using 

the FORCAST model. 

Thunder Bay workshop participants were interested in 

future procedures for linking research results with pi aciical 

applications within the economic realities of forest 

companies. In addition, they identified a need to stand 

ardize sampling protocols with the provincial growth and 

yield program so that productivity data could be linked to 

the broad provincial database. They also expressed a need 

to define, as a companion study, the natural disturbance 

cycles in the areas adjacent lo intensive study areas. With 

respect to model development and applications, 

practitioners indicated that many of the input parameters 

for the current models are unavailable lor Ontario. 

Sau/f Ste. Marie workshop—ecophysiology 

Dr. Jcglum indicated that the Sustainable Productivity of 

Boreal Forest Ecosystems Program focus is on issues that 

relate to biomass removal, both in terms of harvesting 

systems and site preparation tools and applications. During 

his presentation, Dr. Jcglum reviewed alternate approaches 

for measuring mineral nutrient regimes. These ranged 

from the soil/parent material/humus based system, to the 

indirect iloristic approach, lo analyses of foliar nutrient 
contents and visual deficiency symptoms, to the traditional 

ferlilizerresponse approachof agriculturalists. Dr.Jeglum 

indicated that the derivation of nutrient indices was an 
ongoing problem forresearchersin this field. The working 

aroup decided to adopt the traditional applied forestry 
approach ofusingsite index to stratify siles by productivity 

classes. Results will be tied to the Forest Ecosystem 

Classification system for the region. 

Discussion is summarized under the following headings: 

new forestry practices, modeling, and seedling bioassays. 

New Forestry Practices 

Dr. Jeglum supplemented his overview by showing slides 

that demonstrated visual impacts of harvesting in 

northeastern Ontario. The positive and negative 

consequences of drainage disruption, piling slash at 

roadside, careful logging, alternate harvesting patterns, 

and Ihe use of alternative harvesting and site preparation 

equipment on regeneration and site productivity were 

briefly discussed. He also raised several questions for the 

group's consideration. 

i) Is exposed mineral soil a requirement for success 

ful jack pine regeneration and survival'.' 
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ii i Is it better to completely remove (he organic layer 
ior jack pine regeneration? U not. whal is the 
Qplimal degree of disturbance? 

iii> How do different harvesting systems influence 
microclimate and long-term productivity'.' 

iv) Are concerns more critical on highly productive 
sites ihat will be intensively managed or on less 

productive sites that will he extensively managed? 

Results of soil analysis from a variable-aged regelated 
Australian dune system were summarized to indicate thai 
some sand-based soil systems aggrade over time and then 
degrade. Dr. Jeglum suggested that some of the deepest 
coarse outwash sandy systems may lose nutrients due to 

deep leaching. Dr. R. Fleming presented a proposed 
research plan to examine seedling response to microcli 

mate and local site conditions created through different 
harvesting systems and alternative site preparation 
methods. Microclimate may be the limiting factor 
influencing relative plain response during stand 
establishment and early growth. 

I! should be pointed out thai in some areas the industry is 
moving away from heavier mechanical site preparation 

methods. Jack pine is now successfully seeded or planted 
d.rectly onto sites that have not been mechanically site 
prepared to remove the surface organic mat or where only 

very light sue preparation methods have been applied. 

Modeling 

The group realized die need for short-term answers and 
indicated that modeling was a practical approach to 
examining the potential impacts of different forestry 
practices on site productivity. For example, variable slash 

loadmgslollowingharvcstingwilladdconsiderable'noise' 
lo the analysis: it also influences observed regeneration 
following harvesting. Provincial stand/slash loading 
information is available. Dr. Morrison provided an 
overview ol nutrient cycling and presented some results 

from his work m boreal jack pine communities His 
productivity indices could be used in fores! modeling 
Several participants indicated that one must understand 
the natural conditions created following wildfire anil 
prescribed burning and that these must he included in any 
predictive model. 

Scad ling Bioassa\s 

Stock quality. Mock selection, and planting quality were 
the issues of primary concern. The group emphasized the 
need to assess the initial condition of the planted stock and 

ilieplnnlmgsites.Arecommendationwasbroughtforward 
that stock handling and planting be closely supervised by 
a dedicated staff member and not left to a contractor Dr 
Colombo indicated ihal he would assist in assessing [he 

initial quality of the stock as his group has designed 
standardized procedures for assessing stock health. 

Further work is needed to reflec: the current trend of 
relying on natural regeneration andsecdin^forpostharvesi 
forest establishment. 

Summary of Expert Opinion 

The survey results show that concerns with lull-tree 
harvesting on long-term site productivity are common 
among those working in the boreal forest. Field staff 
mdusmal forestry staff, and scientists emphasized that 

concerns vary withsitc conditions and harvestinssyqems 
They also indicated that much of the specific research to 
quantify these effects has not been done. Nutrient removal 
often associated with loss of organic matter, was the 

primary conceraondryandshaliowsi[cs:alteredhydrolo..y 
and species shifts were the dominant concerns on mesic 
(treshj and wet sites. 

This study represents the views of many individuals who 
work and study m the boreal forest. Only one individual 
strongly indicated that long-term productivity cannot be 

assessed. He was concerned that an opinion survey would 

lend strength to the philosophy of fores, preservationists 
Alternative views endorsing the value of summarizing our 
current understanding of site productivity related to 

Harvest, ng practices wereocpressed by other participants. 

A subsequent study is in progress to define the '.sites at 
risk for productivity losses under specific harvesting 
activities so as to discourage global restrictions A set of 

interim 'bestpractices' willbedevelopedforthesesensitive 
sues. 

These studies are designed to begin to answer the follow 
ing questions: What are the effects of full-tree harvesting 

on boreal conifer ecosystems' Are the changes to the 
ecosystem associated with full-tree harvesting similar to 
the eliects of natural disturbances? Are boreal conifer 
ecosystems resilient to these changes? Field studies that 

willbegu,Ioquantifysome0ftheeffectsoniarvcMin..and 
Site preparation activities or, site productivity arc now in 

progress in northern Ontario. Results from these will 
begin to address some of the unanswered questions. 

Although ,i must be emphasized that the present state of 
knowledge ,s uncertain, it may be inappropriate to await 
conclusive evidence before faking measures to limit the 
extent oi biomass removal from sites where resident soil 
organic matter is low. The effects of full-tree harvesting 

on forests will vary with the sil vicultural prescription, soil 
type, forest cover, microclimate, and a multitude of other 
interacting factors. The second value of this survey is the 
.demificMion of areas where opinions varv widely and 
where there is a consensus. Such identification can aid in 
setting priorities for future research. 

19 



ACKNOWLEDGMENTS 

Numerous individuals provided background information 

summaries of current forest management practices, and 
technical support for tins report. Members of the 
Sustainable Productivity of Boreal Forest Ecosystems 

Technical Working Group who provided support, advice, 

assistance, and cooperation in this study include: Dr. N. 
Balakrishnan, Dr. N.W. Foster, Dr. A.G. Gordon. Dr. J.K. 
Jeglum Mr. D.M. Morris, and Dr. IX Morrison. 

Additional thanks are extended to Mr. P. Bidwell. Mr. D. 
Duckcrt Dr. M. Johnston, Mr. W. Towill, and others 
involved in organizing, presenting, and participating in 

Ihe workshops and questionnaire survey. 

A consulting study team composed of members of Devlin 

Consulting Services (Ms. H.M. Kershaw. Mr. B. Ralph) 
and Geomatics International Inc. (Dr.M.E.Taylor,Mr.D, 

N Nixon) designed and delivered four workshops lor 
soiiciiinocxperiopinion. Assistance was alsoprovided by 

Ms. S. Walsh, Mr. A. Crcighton, Ms. A.M. Nowiiski. and 

Ms. S. Piche (Sault Ste. Marie). 

Funding for iMs project was provided by the Ontario 
Sustainable Forestry Initiative, and the Northern Ontario 
Development Agreement, Northern Forestry Program. 

LITERATURE CITED 

Harbour, M.G.: Burk, J.H.; Pitts, W.D. 1987. Terrestrial 
plant ecology. Second Edition. The Benjamin/Cummings 

Publ. Co. Inc., Menlo Park, CA. 634 p. 

Carmean. W.H. 1975. Forest site quality evaluation in the 

United States. Adv. in Agron. 2:209-269. 

Clutter, J.L.; Fortson, J.C.; 1'ienaar L.C.; Brister. G.H.; 
Bailey RL 1983. Timber management: A quantitative 

approach. John Wiley and Sons Inc., New York, NY. 333 p. 

Coile, T.S. 1952. Soil and the growth of forests. Adv. in 
Agron. Vol. 4. Academic Press Inc., New York, NY. 

Environmental Assessment Board. 1994. Reasons for 
decision and decision: Class environmental assessment 

by Ihe Ministry of Natural Resources for timber 
rnanagementonCrownlands in Ontario. OnianoMmistry 

of Environment and Energy. Toronlo. ON. 468 p. 4 

appendices. 

Forestry Canada. 1990. Forestry Canada in Ontario. 
Strategy for ihe 199OYS. Great Lakes Forestry Centre, 

Sault Ste. Marie, ON. 9 p. 

Foster N.W.; Morrison, LK. 1983. Soil fertility, 
fertilization, and growth of Canadian forests. Canadian 

Forestry Service. Great Lakes Forest Research Centre. 

Sault S'te. Marie, ON. Inf. Rep. O-X-353. 21 p. 

Foster. N.W.; Morrison. I.K. 1989. Effects of site 

preparation and full-iree logging on nutrient cycling, p. 

28-46 in P.M. Corbett, comp. Aspects of Sile Preparation 

Biology and Practice. Proceedings of a Workshop. 2 
September 1988. Fort Frances, Ontario. Ont. Mm. Nat. 

Resour.. Northwestern Ontario Forest Technology 

Development Unit. Thunder Bay, ON. Technical 

Workshop Report No. 2. 101 p. 

Fraser.GA.; Phillips, W.E.; Gamble, G.W.;Hogan,G.D.; 

Teskey.A.G. 1985. The potential impact of the long range 

transport of air pollutants on Canadian forests. Canadian 

Forestry Service. Economics Branch, Great Lakes Forest 

Research Centre. Sault Ste. Marie. ON. Inf. Rep. E-X-36. 

43 p. 

Gordon. A.G. 1981. Impacts of harvesting on nutrient 

cycling in the horeal mixedwood forest, p. 121-140 rn 

R D Whitney and K.M. McClain, cochairmen. Boreal 
MixedwoodSymposium.lfr-18Scptcmberiy80.Thundcr 

Bay Ontario. Canadian Forestry Service, Great Lakes 

Forest Research Centre, Sault Ste. Marie, ON. COJFRC 

Symposium Proceedings O-P-9. 278 p. 

Cosz, J.R.; Likens, G.E-! Bormann, F.H. 1976. Organic 
matter and nutrient dynamics of the foresi and forest floor 
in the Hubbard Brook forest. Oecologia 22:305-320. 

Groot, A. 1987. Silvicullural consequences of forest 
harvcstingonpcallands: Site damage and slash conditions. 

Canadian Forestry Service, Great Lakes Forestry Centre. 

Sault Ste. Marie. ON. Inf. Rep. O-X-384. 20 p. 

Hcarnden, K.W. 1992. A report on the status of forest 

regeneration by the Ontario Independent Foresi Audit 

Committee. Ont. Min.Nat. Resour., Sault Sic. Mane. ON. 

117 p. 

Hendrickson. O.Q.; Chatarpaui. L.; Robinson. J.B. 1985. 
Effects of two methods of timber harvesting on microbial 

processes in forest soils. Soil Sri. SoC. Amer. J. 49(3): 

739-746. 

Kimmins,J.;Binkley,D.:ChatarPaul.K.L.;deCatan7.aro. 

J D 1985. Whole tree liar vest-nutrient relationships: A 

bibliography/Exploitation des arbres cntiers - rapport des 

elements nutrit.fs: etude bibliographique. Canadian 
Forestry Service, Pctawawa National Forestry Institute. 

Chalk River. ON. Inf. Rep. PI-X-60E/F. 377 p. 

Kramer. P.J; Kozlowski.T.T. 1979. Physiology of woody 

plants. Academic Press, New York, NY. 811 p. 

Leaf AL.,chair. 1979. Impact of intensive harvesting on 

forest nutrient cycling. Proceedings of a Symposium. 
13-16 August 1979, State University of New York, College 
of Environmental Science and Forestry. Syracuse. New 

York. 421 p. 

20 



Mahondro. S.M. (988. Possible effec[s of imcnsivL. 

harvesting on continuous productivity of forest lands 
Forestry Canada-Mariana, Frcdericton. NB. Inf. Rep' 
ivi-a- I /1. 26 p. 

Martell A.M. 1979. Selection of conifer seeds bv deer 
mice and red-backed voles. Can. J. For. Res. 9(21:201-201. 

Martell A.M.; Macaulay. A.L. 198 I. Fund habils of deer 

Field-Naturalist 95{3)?319-324, 

Manell A.M.; Radvanyi. A. 1977. Chnn.es in Sim]i 
mam!n,lpo,!ir prr,erdearci|[|ingof|iorihcrn0m 

ack spruce fores.. Can. Field-Naturalist 91 ;41-46. 

Moore, P.D, Chapman. S.B eds. 1986. Methods in plan, 
ewtow. Blackvvell Sciem.ific PublicaLions. Palo Alto 
LA. 589 p. 

OntarioMimstry ofNaturai Resources. 1991. Sustainable 
ftjsjy: What is it? What's it all about? Saul, S,e. Mane. 
UN. Pamphlet, 7 p. 

y BP. 1962. Relationships between structure and 
function in ecosystems. Jap. J.Ecol. 12:108-118. 

W.L. 1974. Normal yield tables (metric) for 

g on physical propmies of soi?s wlIh 
to inched b,on,a.s recovery a review 

Canadian hore.s.ry Service, Pacific Fores.rv Centre 
Victoria, BC. Inf. Rep. No, BC-X-30I. 

cyel,,,g in loblolly pinc ph.ma 

TayJor, MB.; Kershaw, H.M.; Nixon. D.N 199^ r «-
term producvi.y of boreal forest eco ysIemS; An 
annoyed bibliography. Nat. 

US. General Accounting Office. 1969. Glossary Tor 
stems analys,s and planning, programmme, buckc 

U.S. Gen. Account. Office, Washington. DC. 72 p. 

Welsh, D.A.: Fillman. D.R. J9S0. The impact o 
-urn. on boreal bi^ populations. America 

Wilde, s.A. 1952. Forest soils. Thar propmieS 
J^-tos.Mcu,,^. Thc Ronald IVssCo.. New 

2] 



APPENDIX A. ACRONYMS APPEARING IN THE 
REPORT. 

BSD-Bird Species Diversity 

CFS - Canadian Fores! Service 

CNFER - Centre for Northern Fores, Ecosystem Research 

COFRDA - Canada-Omario Fores, Resource Development Axemen, 

COJFRC - QwhKOrorio Join. Forestry Re.seareh Committee 

FEC - Fores, Ecosystem Classification 

FERIC -Forest Engineering Research h.sn.ute of Canada 

FRDA - Canada-Bnush Columbia Fores, Resource Devc,Llr,men, Ag 

FORCYTH - FOResl Nutrien. CYel,ng Trend Evah.ator 

CIS - Cieograpliie Information Sjstem 

KM - Integrated Resource Management 

I-RO - ImenKH.onnl Union ofFores, Research Or,an,,a,ions 
. mdivi(i[]aI [rc 

-Nonhe^er, Region S.ence and Technoiagy DeVeiopmem Um| 

NODA - Northern Ontario Development Agreement 

OFRI - Ontario Fores, Research Institute 

OMNR - Ontario Minis.!? of Neural Resources 

SIP-Site Pieparaiion 

TWINSPAN - TWo-way INdicator SPeces AN«ly«s 

U-SDA - United States Deparimen, of Agriculture 

WTH - Whole Tree Harves, (ent.e t.e removed, lBdndh| stonp ar)d 
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