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OPENING REMARKS 

Mike Wilkens 

First, I would like to welcome you to the "Soil Disturbance and Site Productivity Workshop." Over the next 
two days, through both the formal presentations and your informal discussions, I hope you are able to improve 
your knowledge by learning what is happening in British Columbia in soil disturbance and site productivity. 

Why should we be concerned with soil disturbance? There are three broad reasons: 

Any undesirable soil disturbance is likely to reduce the productivity of our forest sites. In this day and 
age when we are trying to maintain our level of harvest on an ever shrinking forest land base, we cannot 
afford such losses in productivity. 

Any undesirable soil disturbance may well result in an unacceptable level of soil erosion, and an 
undesirable impad on natural resources such as water and timber. 

Given the very high public concern over the environment, the public are not going to accept, in future, 
the types of harvesting practices which have led to losses in soil productivity and damage to water and 
fish values. We in the Forest Service and forest industry must respond to this public demand for 
improved forest management practices, or else face the consequence of a loss in public confidence and 
everything that implies. 

I would now like to describe the role of the lnterior Forest Harvesting Council and its various committees. 
The Council was formed in late 1987. Our concern was that we were not making quick enough progress 
throughout the interior of the province in reducing soil disturbance resulting from harvesting and silvicuRural 
practices. We felt that if a committee of senior government and industry personnel could develop a process of 
discussion and education, guidelines on what is acceptable soil disturbance would result. 

i presently chair the lnterior Forest Harvesting Council. The committee consists of the five interior Regional 
Managers in the Ministry of Forests, industry representatives from the three lnterior Lumber Manufacturers' 
Associations, and one representative each from Forestry Canada, B.C. Ministry of Forests' Research Branch, 
FERIC and the Technical Advisory Committee. Our main achievement to date has been the introduction in April 
1989 of the Interim Site Disturbance Guidelines. We have also promoted a comprehensive literature survey of 
current soil disturbance and site productivity research results, a survey of the cost productivity and soil 
disturbance levels of various harvesting systems, and a 2-day seminar that addresses site sensitivity and soil 
disturbance assessment. This seminar is given throughout the province. In addition, we have promoted 
research projects in soil disturbance and site productivity. 

When the lnterior Forest Harvesting Council was established, Regional Subcommittees and a Technical 
Advisory Committee were also set up. The Regional Subcommittees, chaired by the Regional Managers, 
consist of ministry and industry personnel. These are really the working, operating arm of the Interior Forest 
Harvesting Council. Their job is to implement the policies and guidelines of the Council; to initiate research 
projects; to undertake soil disturbance training and education of ministry and industry staff; and to provide input 
lo the Council. The role of the other advisory body to the Council, the Technical Advisory Committee, is to advise 
the Council on guidelines, procedures, research and training as they relate lo soil disturbance. 

The Technical Advisory Committee is chaired by Alex Sinclair of FERIC and consists of representatives 
from Research Branch, Timber Harvesting Branch, Silviculture Branch, Protection Branch, Forestry Canada 
and industry. This Committee in turn co-operates closely with the Site Degradation and Rehabilitation Working 
Group to review and comment on any guidelines or procedures being considered. The Site Degradation and 
Rehabilitation Working Group is a group established by Research Branch to develop and co-ordinate research 
throughout the province in the soil disturbance and site productivity areas. It consists of representatives from 
Research Branch, Forestry Canada and FERIC, and all the Regional Pedologists in the Forest Service. 

Now that I have explained who the lnterior Forest Harvesting Council and the other committees working in 
the soil disturbance and site produdivity areas are, I would like to tell you what we plan lo do next. 



1. We propose to develop and implement interim guidelines on soil disturbance that results from site 
preparation and fire protection activities. 

2. We intend to implement a standardized soil disturbance measurement system for the province. 

3. We intend to implement a soil disturbance training module for skidder operators. 

4. We will be promoting the allocation of funding from governmentand industry so that more research can 
be done on soil disturbance and site productivity. 

5. We intend to establish a feedback mechanism to help us review the Interim Site Disturbance 
Guidelines by spring '1991. 

6. We propose to review administrative procedures to ensure that the tools required to ensure com- 
pliance with site disturbance guidelines are in place. 

In conclusion, I hope I have been able to explain the role of the Interior Forest Harvesting Council and its 
committees in dealing with soil disturbance and site productivity in the province; and to bring you up to date on 
what we have done and what we propose to do. 

I am quite proud of what the Council has achieved since it was formed slightly more than two years ago. We 
have lnterim Soil Disturbance Guidelines in place, and will soon have similar guidelines for fire protection and 
site preparation. This progress is a direct result of the spirit of co-operation and commitment brought to the 
Council by both government and industry people. 



SUSTAINABLE DEVELOPMENT AND FORESTRY IN BRIlTlSH COLUMBIA 

Anthony H.J. Dorcey 

Westwater is in the midst of a 2-year research project on water in sustainable development, using the 
Fraser River Basin as a case study. The objectives are to examine: 

the implications of putting evolving principles of sustainable development into practice; and 

the requirements for managing large river basin systems in sustainable development. 

The presentation today draws on experience in carrying out this research and relates this to the sustainable 
development of forestry. I will begin by describing our approach to the definition of sustainable development. 
I will then relate this to well-established principles of water and forest management and the reasons why they 
have been so difficult to put into practice. I will argue that the principles of sustainable development are going lo 
be even more challenging to put into practice. In concluding, I will suggest four sets of policy and institutional 
issues that will be critical to our success in putting sustainable development principles into practice - issues 
that are being examined in Westwater's research. 

Discussing Sustainable Development 

People define sustainable development in many different ways, in part because the meaning of the concept 
is still being explored. Our project has, therefore, adoptedthe broad definition proposed in the widely discussed 
Brundtland report as a starting point, and is exploring the implications of different interpretations of this. 
Brundtland defines sustainable development as "development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs." We are considering sustainable 
development as an ethic that is still evolving and embraces values associated with environmental, economic 
and social systems. Minimal procedural and substantive elements of the ethic that are commonly discussed 
are: 

c maintaining ecological integrity and diversity; 

e meeting basic human needs; 

keeping options open lor future generations; 

reducing injustice; and 

* increasing self-determination. 

lrnplicattions for Water and Forest Management 

To a large extent, these ideals of sustainable development have been part of espoused principles of water 
and forest management for at least a decade. They have been articulated under various labels including: 

"strategic watershed planning"; 

"comprehensive river basin development"; 

s "integrated resources management"; and 

"sustained yield management." 

These principles, however, have been extremely difficult to put into practice. Furthermore, sustainable 
development ideals are going to increase these difficulties greatly. New challenges will be created by the need 
to address: 



o increased numbers of systems and subsystems; 

expanded spatial boundaries; 

lengthened time scales; 

greater demands on science; 

e pervasive uncertainly; 

heightened ethical concerns; and 

s greater need for consensus. 

Assessing Policies and Institutional Arrangements 

In assessing the adequacy of present policies and institutional arrangements for management, we are 
giving particular attention to four important issues in the present research program: 

1. Political context: Even though legislation, policies and guidelines reflect elements of sustainable 
development principles, it is necessary to determine to what extent political commitment and re- 
sources exist to implement them in practice throughout the governance system. 

2. Decision-making mechanisms: Implementation of sustainable development requires reform and 
integration of the four major decision-making mechanisms used in the governance of natural re- 
sources: Political-Legislative; Legal-Judicial; Bureaucratic- Administrative; and Economic-Market. 

3. Information generation: The efficient generation of credible information that is essential to the 
implementation of sustainable development will require: major advances in the ways in which people 
are brought together to use analytical techniques; new priorities for identifying the analytical tech- 
niques with low costs and high benefits in information generation; and emphasis on the strategies for 
dealing with uncerlainty and judgement in science and values. 

4. Individuals' skill: Of fundamental importance to the above and other innovations required for success in 
implementing sustainable development is the need to improve the individuals' skills in co-operation 
and conflict resolution. This implies developing skills for effective communication, constructive argu- 
mentation, and productive negotiation and mediation. 

It is in this larger context of sustainable development that the specific issues relating to soil disturbance 
guidelines need lo be considered. 



A REVIEW OF HARVEST-RELATED SOIL DISTURBANCE RESEARCH 
IN BRITlSH COLUMBIA 

Gregory P. Kockx, R.P.F. 

As early as the 1950's, research was conducted on the impacts of timber harvesting on forest soils in the 
northwest United States. In British Columbia, attention focused on the environmental impacts of logging in the 
early 1970's. Concern on the coast was mostly over fish-forestry impacts, and in 1972 these concerns resulted 
in coastal logging guidelines being implemented. To address the problem further, a number of studies were 
initiated, such as the Carnation Creek Project in 1972 and the Fish-Forestry Interaction Program in 1981. 
Results from these studies helped formulate the fish-forestry guidelines used today. 

In the Interior, concern focused on the on-site impacts of harvesting - that is, the impacts on soil and site 
productivity. In 1973, concern over the amount of soil disturbance on steep slopes in the Nelson Region resulted 
in the Forest Service issuing guidelines which prohibited ground skidding on slopes over 70% and restricted it 
on slopes between 50 and 70%. Because much of the logging in the Nelsori Region was in steep mountainous 
terrain - in fact, most of the unlogged merchantable timber was on slopes over 50% - and because over 
95% of the logging was being done with ground skidding systems, the consequences of such guidelines to the 
industry were substantial. To address the problems of steep slope harvesting in the Nelson Region, a committee 
was therefore set up in 1974 with various government agency and industry personnel. The Steep Slopes 
Committee initiated several research projects. 

The initial studies conducted in British Columbia were broad in scope and generated information on the 
extent, degrees and sources of disturbance for various logging systems (Bockheim e l  a/. 1975; Utzig and 
Herring 1975; Smith and Wass 1976; Krag e l  a/. 1986). They defined the nature of soil disturbance problems on 
steep slopes in the Kootenays and to a lesser extent in southwest British Columbia. Since these studies, 
research has shown that harvesting on steep slopes in other regions of the province has resulted in similar soil 
disturbance problems (McMorland 1980; Schwab and Watt 1981). Cable logging and ground skidding systems 
have been shown to disturb soils by varying degrees. Disturbance such as scalping, gouging, soil displacement, 
compaction and associated soil erosion can cause soil degradation (Utzig and Herring 1975), which results in 
reduced site productivity (Smith and Wass 1979). Table 1 summarizes results from several studies. 

TABLE 1. Summary of soil disturbance levels 

Study 

% Disturbance by harvestina methoda - 
Season Ground skidding Cable logging 

Average Range Average Range 

Smith and Wass 1976 Summer 46 
Winter 26 

Krag eta/. 1986 Summer 45 29-65 30 22-40 
Winter 40 14-52 22 12-28 

Bockheim et a/. 1975 Summer 70 68-71 29 5-71 

Schwab and Watt 1981 

Smith 1988 

ALL 44 35-60 12 9-1 7 

ALL 58 17-61 

a Disturbance levels are the proportion of harvested area with exposed mineral soil for all studies except Smith (1988), in which only gouges 
or deposits greater than 10 cm in depth were measured. 



Although survey methods sometimes differed and disturbance levels varied between studies for similar 
systems, the studies showed common trends. The major findings of this research are summarized as follows: 

Ground skidding systems cause more soil disturbance than do cable systems; 

Summer logging results in more soil disturbance than does winter logging; 

The major source of disturbance is skidroads, followed by haul roads, and then landings; 

Most deep disturbance results from haul roads, landings and skidroads. Off-road disturbance is mostly 
shallow; and 

Harvesting systems produce a wide range in disturbance levels. 

With the relationship between harvesting systems and soil disturbance better understood, research began 
to focus on methods of reducing disturbance levels through the use of alternative logging systems. Non- 
conventional ground skidding practices have been compared to conventional systems to assess their economic 
and environmental viability. Small crawler tractor systems, for example, have been shown to cause less 
disturbance than conventional systems and still be operationally competitive (McMorland 1980; Krag and Webb 
1 987). 

Results and recommendations from research into harvest-related soil disturbance have helped the B.C. 
Ministry of Forests to formulate the soil disturbance guidelines it recently introduced. 

Harvesting research is continuing to focus on methods of reducing the extent and severity of soil 
disturbance (e.g., through the use of designated skidtrails and wide-tired skidders), assessing the effect of 
these methods not only on soil disturbance levels, but also on costs and log production - all important 
considerations if such practices are to be introduced operationally. 
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SITE SENSB"61VTY INTEWPRETATIQNS FOR TIMBER HAWVESTING 
TO MWAINlMIZE DEGRADED SlTES 

Terence Lewis 

To meet the requirements of legislation, policy, and the Interior Forest Harvesting Guidelines, we need a 
package of strategies that allow us to harvest timber without causing excessive site degradation and 
corresponding losses in long-term forest productivity. We can achieve this goal by having: 

1. an objective process with which to assess the relative sensitivity of a site to degradation; and 

2. a range of alternative and workable strategies with which to modify timber harvesting practices to suit 
the varying degrees and types of sensitivity. 

Today, I will restrict my presentation to the first item. 

Requirements for Effective Sensitivity Assessment 

To be effective, a sensitivity assessment process should: 

a be objective and reproducible; 

e allow the user to understand the cause of the sensitivity, as well as the level of sensitivity; 

be soundly based; that is, be derived from an understanding of the mechanisms of degrading processes 
and their controlling factors; 

r be practical and workable, involving a reasonable amount of field time; and 

fit into the existing planning process, using data already collected. 

As well, the evaluation itself should suggest ways of dealing with the site limitations. 

Beg radalion Sensitivity 

Site degradation is the lowering of the long-term productivity of a site by management activities. By 
contrast, disturbance is any abrupt change in the physical, chemical or biological propenlies of a soil or site. 
Depending on the appropriateness and quality of the practices applied, sites may be degraded during logging 
(or mechanical site preparation) as a result of soil compaction, soil puddling, soil displacement, surface soil 
erosion, mass wasting, hydrology changes, nutrient export, and microclimate alteration. All but the last of these 
tend to be strongly affected by the actual logging system (equipment and logging practices) applied - the last 
more so by the silvicultural system (cutting methods). 

Most of these aspects of degradation sensitivity are covered by the following four hazard keys: 

1. Compaction Hazard Key (includes puddling); 

2. Displacement Hazard Key (includes some slope hydrology changes); 

3. Surface Erosion Hazard Key; and 

4. Mass Wasting Hazard Key. 

Each of these processes is defined, controlling factors are outlined, and the hazard key is presented and 
explained. This closely lollows pages 4-1 1 of the Land Management Handbook, Field Guide Insert, "Develop- 
ing Timber Harvesting Prescriptions to Minimize Site Degradation: lnterior Sites." 

For planning and policy purposes, it is useful to develop an overall degradation sensitivity rating that 
integrates the various individual degradation hazards. Using the highest hazard rating would be overly 



simplistic because it does not consider the balance between on-site and off-site impacts, the potential to 
manage for potential hazards to minimize actual impads, or the potential or lack of potential for site 
rehabilitation. Since the high displacement hazard is invariably the most limiting degradation hazard of organic 
soils, the  overall degradation sensitivity of organic soils is high. 

For mineral soils the Overall Degradation Sensitivity Class equals the highest of: 

s Mass Wasting Hazard Class; 

Displacement Hazard Class; 

Compaction Hazard minus one class; and 

Surface Erosion Hazard minus one class (note exceptions below). 

Mass wasting and displacement hazard classes are used directly in determining a site's overall degrada- 
tion sensitivity because: 

management options are largely restricted to avoidance; 

the effectiveness of rehabilitation is limited; and 

o for mass wasting, off-site impacts are often substantial. 

A lower weighting is assigned lo compaction hazard because a range of management options (equipment, 
scheduling) are available, compaction does not directly produce off-site impacts, and rehabilitation of compac- 
tion is feasible. In most situations, surface erosion hazard is lowered one class in deriving overall degradation 
sensitivity because the hazard rating assumes the removal of forest floor layers, which does not commonly 
occur over large, continuous areas during logging; and, where mineral soils are exposed, a range of 
rehabilitation options (e.g., waterbarring, seeding, silt-fencing) are available. The surface erosion hazard 
should be used directly where sediment delivery potential is high or watershed sensitivity is high because of 
water quality or fisheries concerns. For practical purposes, high sediment delivery potential is defined as 
existing where two or more watercourses (ephemeral, intermittent or permanent) occur per 100 m along the 
contour. 

Overall Site Sensitivity 

For perspective, keep in mind that degradation sensitivity is only one of several factors that influence the 
overall sensitivity of a site to timber harvesting. Other factors include water, fisheries, wildlife, visual/aesthetic 
values and, economic and social concerns. Although degradation sensitivity is an on-site concern, the off-site 
consequences of site degradation are strongly related to watershed and aesthetic sensitivity. 

Prescriptlsn Formulation 

The above outlined site sensitivity evaluation fits very well into the existing Pre-Harvest Silviculture 
Prescription process (PHSP). The data required lo employ the four keys effectively is, forthe most part, already 
collected during PWSP's. Consequently, this evaluation is considered to be an integral part of formulating 
harvesting prescriptions that are ecologically appropriate, economically realistic, and professionally ethical. 



SUMMARY OF SlTE PREPARATION gMPACTS ON SOILS 

The role of site preparation in British Columbia's reforestation program has increased significantly in the 
past several years (Figure 1). During the ten-year period from 1980 lo  1989, over "11 million hectares ol Crown 
forest land were site prepared. Mechanical site preparation is particularly topical when one is considering soil 
disturbance guidelines, and it will be the main focus of this paper. 

I Data Source: Annual Reports 
80 = Fiscal 1980-81 etc. 

I 
Note: 1984 was not funded by FRDA 

80 8 1 82 83 84 85 86 87 88 89 

Year 

Broadcast burned Spot mechanical Backlog rehabilitation 

Spot burned Chemical 

Broadcast mechanical Other 

FIGURE 1. Total area of site preparation on Crown land from 1980-89 for British Columbia. 

The effect of mechanical site preparation on site productivity varies by site, treatment type and treatment 
intensity. This paper will be limited to two topics which are closely related to site productivity: compaction and 
nutrient removal. 

Compacted soil affects site productivity in several ways. Compaction may decrease site productivity by 
hindering optimum root development. While root growth for cedain species may persist in soils with bulk density 
values as high as 1800 kg m3 (Fortistall and Gessel 1955), for the range of soil types and tree species in British 
Columbia, tree root growth will generally be reduced when soil bulk density values exceed a threshold range of 
1200-1400 kg m3 (Lousier 1990). As well, the hydrology of compacted sites may also affect site productivity. A 
compacted, poorly drained site may be subject to flooding in the spring, followed by moisture deficits later in the 
growing season. Severely compacted soil also hinders planting, particularly if soils are dry. 



Soil compaction may be introduced by events such as harvesting or site preparation.   ow ever, naturally 
occurring soil densities may also exceed optimum levels for forest growth. Site preparation has long been seen 
as a means of reducing compaction. In England, Pontey (1808) recommended treating shallow clay soils by 
drawing soil to the base of trees to increase rooting depth. More recently, ripping has been used to loosen deep 
layers of compacted soil (Ritchie 1965). 

The effectiveness of ripping as a means of alleviating soil compaction depends on the type of ripper being 
employed, as well as the type of soil being treated. Andrus and Froehlich (1983) found a winged subsoiler to be 
much more effective in reducing compaction than a standard rock ripper or brush blade. Similar results have 
been reported for landing rehabilitation trials in British Columbia. For example, based on a 30 cm desired 
average ripping depth, profile shatter for a self-drafting winged subsoiler was 137% (Carr 1990). This result far 
exceeded the 26% shatter previously obtained with standard rippers on similar soil (Carr 1985). Generally, 
ripping is more effective on coarser textured, non-cohesive soils (Andrus and Froehlich 1983; Carr 1990). It 
must also be noted that subsoiling is not a "cure-all." On sites where organic matter has been severely 
depleted, the benefits of subsoiling are often temporary and nutrient levels remain low (Carr 1990). In such 
cases, subsoiling must be supplemented by some form of organic matter management. 

In B.C. the self-drafting winged subsoiler has generally been used for rehabilitating compacted landings 
and skidroads. In trials where the subsoiler has been used on cutblocks, treatment quality and productivity have 
been very sensitive to slash loading and stump frequency (De Long etal. 1990). 

Soil density may also be reduced by other methods of site preparation which mix organic material with 
mineral soil. In British Columbia, the Madge rotoclear and the Eden relief bedding plow have both provided 
excellent mixing. While these treatments have proven to be particularly effective in reducing compaction (Butt 
and Bedford 1990), operational use is limited by site and cost. 

Reduced site productivity caused by the removal of nutrients is a concern associated with both harvesting 
and site preparation. In site preparation, nutrient removal varies as a function of treatment method and 
treatment severity. The impact nutrient removal will have in reducing site productivity depends on factors such 
as site fertility, soil type, and nutrient input into the forest system. 

Blade scarification is a method of site preparation that is commonly associated with nutrient removal. On 
certain sites the benefits associated with this treatment (e.g., increased soil temperature) may outweigh losses 
associated with nutrient removal. Other sites may be particularly sensitive to nutrient removal, and the cost to 
site productivity may outweigh any benefits associated with the treatment, particularly when treatments are 
severe (Ball 1990). 

Particular care must be taken in the scarification of certain soil types. The removal of surface organic 
material which exposes wet, fine-textured soils can severely decrease seedling growth (McMinn 1985). 
Similarly, scarification which exposes dense subsoils may result in reduced seedling performance (McMinn et 
a/. 1990). Scarifying sandy soil may also result in the reduction of long-term site productivity. Organic matter is 
particularly important in sandy soils where even small amounts of organic material can significantly improve 
water retention properties and increase the ability of the soil to hold and exchange nutrients (Brady 1974). When 
the organic content of sandy soils is reduced by scalping, restoring the site to its original potential is often a very 
slow process (Ezell and Arbour 1985). 

In many cases (e.g., over-scarification), the potential for site degradation is obvious. In other cases, it may 
be subtle and visual detection may be difficult. The rate at which organic nitrogen and other nutrients are 
converted to available mineral forms depends on microbial activity. lncreasing soil temperature generally 
stimulates microbial activity, increasing nitrogen mineralization and, ultimately, available nitrogen (Brady 1974). 
The mineralization of nitrogen can be further stimulated by the mixing of mineral soil and humus (Salonius 
1983). lncreasing the amount of available nutrients on a site may be highly desirable if  the mineralization of 
nutrients covers the needs of the seedling. However, if the mineralization process is too rapid, nutrients which 
are not used may leach from the site, decreasing long-term site productivity (Malkonen 1987). The loss of 
nutrients associated with rapid mineralization may be particularly significant in less fertile, dry, coarse-textured 
soils (Squire and Flinn 1981; Lundmark 1983). Initially such sites may appear to benefit from intense site 
preparation, but promising early growth may diminish over time (Wilhite and Jones 1981 ; orlander etal. 1990). 



When determining the role site preparation will play in long-term site productivity, the forester must not 
consider site preparation in isolation nor view the ecosystem as static. Choice of harvesting method, for 
example, will influence the amount of nutrients remaining on a site before site preparation. Research from the 
Georgia Piedmont indicates that whole tree harvesting may remove 2-4 times the nutrients per unit biomass 
than conventional harvest (Gaskin etal. 1989). The same project indicated that site preparation by shear-pile 
and disk removed 2-7 times the amount of nutrients as chop and burn. The need to match the harvesting and 
site preparation method to the total nutrient capital of the site was emphasized. On the other hand, over time, 
inputs into certain ecosystems may tend to offset the nutrients lost during harvesting or site preparation. In the 
Prince George Forest Region for example, it has been noted that aspen (Populus tremuloides) plays a 
significant role in "rebuilding" forest ecosystems (J. Revel, M. of F., pers. comm.). Nitrogen fixation by alder 
(Alnus viridis) has also been noted to improve the growth of adjacent white spruce (Picea glauca) (Ballard and 
Hawks 1989). In southern Sweden the nitrogen shorifall on certain sites is offset by nitrogen supplied via air 
pollution (Lundmark 1983). 

The importance of maintaining or enhancing site productivity during the site preparation phase of 
regeneration cannot be overstressed. To assist in this process, the Ministry of Forests is developing guidelines 
for site preparation similar to the interim guidelines which have been developed for harvesting. The interim 
guidelines for site preparation will be field tested during the 1991 field season. Guidelines will assist in 
preventing site degradation, however, there is no substitute for experience and personal commitment. In site 
preparation for reforestation, the old proverb "as much as necessary but as little as possible" provides an 
excellent working guideline. 
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RELATING TREE GWOWH TO SOL DISTURBANCE 

Richard E. Miller and J. Daniel Lousier 

At issue is sustainable forestry. Sustainable forestry implies a non-ending series of actions to harvest, 
regenerate, and tend successive stands of trees. Each action or practice has a potential positive, neutral, or 
negative eff ecl on site productivity. The net effect of these individual actions in each rotation and in a series of 
rotations is their cumulative effect. To sustain forestry, we must maintain or enhance the capacity of the land to 
produce desired crops at consistent levels of quality and volume over hundreds of years. 

Forest site productivity depends on many factors including soil, climate, tree species, stand density, 
silvicultural practices, time, and their interactions. It is important to recognize that the effect of one factor on 
productivity may be enhanced or counterbalanced by changes in other factors. For example, reductions in soil 
quality because of soil disturbance might be compensated for by silvicultural practices that alter tree species, 
stand density, competing vegetation, or nutrient availability by fertilization. Thus, to isolate the effects of soil 
disturbance, one must specify, hold constant, or separate the effects of silviculture and climate. This isolation is 
nearly impossible to do, even in controlled experimentation. Hence, researchers resort to mathematical 
modelling. 

The long-term consequences of soil disturbance (displacement, compaction, or loss) to sustainable 
forestry is uncertain, yet potentially critical. We especially need to know the effects of heavy equipment used in 
harvesting and site preparation on subsequent survival and growth of individual trees and, more critically, on 
stand growth per hectare and within sustained yield units. 

Predictions of tree and stand growth after soil disturbance can be based on direct and indirect evidence. 
Direct evidence results when we measure and compare growth of trees and stands after forestry practices are 
applied at specified intensities. For example, measurement of growth after harvest by ground skidding using 
wheeled versus tracked equipment, or after ground skidding versus cable skidding, can provide direct 
evidence. Clearly, such comparisons must be made on many sites at differing times of year (or soil moisture 
conditions), and with differing equipment operators and hawest volumes, so that valid generalizations can be 
made for specified harvest and site conditions. 

Because tree species frequently differ in their response lo environment and treatment, research and 
predictions would have to specify species and accompanying silviculture (for example, vegetation control, 
regeneration method). When measurements are restricted to response of individual trees, then the link to stand 
response per hectare must be provided or predicted. Few will contest lhat direct evidence of stand response 
collected over such a broad scope of harvesting activities, site conditions, and operators, is necessary for valid 
predictions. And few will contest that such predictions should hold for the longerterm, for cumulative effects, for 
interactions with other practices, and for possible changes in climate. Our review of the literature indicates thal 
little direct, quantitative evidence is available and what there is represents short-term response of individual 
trees and not stands. Because the results are frequently conflicting, the need for more and more definitive 
research is clearly indicated. 

Predictions of tree and stand growth after soil disturbance can also be based on indirect evidence. This can 
be presumptive (a prior4 reasoning, as well as thal derived from statistical analyses. Soil scientists, for 
example, frequently use apriorireasoning when they predict reductions in root (and, hence, tree growlh) after 
they have measured or observed soil compaction. These measurements or observations, coupled with the 
general knowledge lhat compaction (1) reduces large pore spaces and, therefore, the movement of air and 
water in the soil and (2) increases physical resistance of soil to root expansion, lead observers to predict 
reduced tree growth. In some soils, some climatic conditions, and some tree species, such predictions of 
reduced growlh are reliable. In other situations, they are not. In short, uncertainty and valid disagreements will 
persist until additional and more reliable investigations are performed. 



Statistical analysis and mathematical modelling can extend direct evidence and improve a priori predic- 
tions. Application of statistics can quantify the relation between measured tree growth and measured soil 
disturbance. This can result in statistically valid, quantitative equations and statements describing the response 
of trees to increasing soil disturbance. Such statements are biologically valid only for the specific conditions 
(soil, climate, silviculture, stand age, etc.) of the investigations. More complex application of mathematics can 
model or describe the interacting effects of numerous factors that compose a system. 

Forest practices affect the forestry system or ecosystem that is theoretically unique to each site. The 
ecosystem will respond to these practices. We need to know why and how much. Although statistics can 
provide useful means of obtaining more information and quantitative predictions from direct evidence (mea- 
sured growth and measured disturbance), our literature review suggests that these analytical tools have had 
limited use. 

Forecasts of timber yields often assume that inherent site productivity will be maintained or enhanced by 
intensive forest management. Is this assumption realistic? If so, for how long? Timber harvest levels may, in 
fact, be sustained or increased despite reductions in soil quality through the substitution of silvicultural practices 
such as fertilization and thinning. In the final analysis, however, the comparative costs of soil conservation 
versus soil substitutions must be evaluated. In short, the effects of forest operations on site productivity must be 
evaluated so that we can reduce the uncertainty among the forestry community and public at large. 



REVIEW OF SITE PRODUCTBVlTY RESEARCH 

W.B. Smith 

Methods of Collecting Data 

Data on the effects of forestry operations on site productivity can be collected in a number of ways. 
Retrospective studies greatly shorten the length of time needed lo  obtain results, but they lack important 
environmental and stand history data and do not allow control of variables. Synoptic studies are essentially a 
series of retrospective examinations over a range of ages since stand establishment, and are especially useful 
for determining trends in development over long periods of time. A requirement for both methods is that the 
boundaries of the disturbance remain distinct for many years. Synoptic studies are affected by variation in site 
and may be complicated by climatic cycles. 

Soil-disturbance plantations can solve many of the disadvantages of the two previous systems, but 
require a long time to produce results. This method allows the researcher to control species, spacing, 
disturbance category, and vegetation. Trees can be staked and planting spots described after operational 
planting, or trees can be planted on specific disturbance categories (e.g., a skidder track). Particularly for 
random skidding, knowledge of the degree of trail use is essential and should involve the number of skidder 
passes. To gain further control of the level of disturbance, the researcher can move away from operational 
situations and establish trials with a range of specified machinelsoil interactions.1 The ultimate aim in this regard 
is to produce artificially the soil conditions - such as a range of soil density - on which plantations are 
established.2 All of these methods described depend on comparisons with tree performance on an undisturbed 
control area. We need to develop the ability to define and detect changes in site quality on the basis of soil and 
site properties alone. 

Nature of Problem 

The selected research approach will depend in part on the perceived nature of the soil degradation 
problem. Most studies in our area have dealt with determining the impact of specific disturbed spots, such as 
skidroads and landings, on soil quality. The problem of an overall reduction in productivity caused by removal of 
biomass has received less attention even though the problem has been documented in other areas. In a review 
of productivity problems in the Pacific Northwest, Miller etal. (1990) state that harvesting most of the bole will 
not greatly deplete nutrients, but that a combination of short rotations and removal of branches and foliage may 
diminish nutrient reserves. If this occurs, then our "undisturbed" comparisons will not reflect the full detrimental 
impact of harvesting operations. Additional methods of study will have to be employed, involving a range of 
levels of biomass removal. 

Early Productivity Research 

Some of the earliest work on soil degradation was conducted in the Pacific Northwesl. Steinbrenner and 
Gessel(1955) found a 20% reduction in growth of 2- to 4-year-old Douglas-fir growing on skidtrails. Youngberg 
(1959) found that 2-year-old Douglas-fir grew 43% less on skidroad surfaces and 24% less on sidecast surfaces 
than on those undisturbed. This pattern across skidroads has since been noted in other areas. In coastal British 
Columbia, early work by Willington (1968) showed that Douglas-fir planted 10 years previously on skidroads 
were reduced by 16-34% in height and 25-43% in diameter growth compared with off-road trees. Similar 
reductions were found for Douglas-fir growing on access logging roads. These studies probably effected a 
reduction in the use of access and ground-skidding systems in coastal areas.3 

7 Rollerson, T.P. 1989. 1988-1989 progress report on Buckley Bay mechanized hawesting seedling survival and growth study. MacMillan 
Bloedel Ltd., Woodlands Service Division, Nanaimo, B.C. 19 p. Unpublished report. 

2 Powers, R.F., D.H. Alban, G.A. Ruark, A.E. Tiarks, G.B. Goudy, J.F. Ragus, and W.E. Russell. 1989. Study plan for evaluating timber 
management impacts on long-term soil productivity: a research and national forest system cooperative study. U.S. For. Sew. 21 p. 
Unpublished report. 

3 Packee, E.C. 1x9. Access logging: Research Project Report, Project E69-7, MacMillan Bloedel Ltd., Forestry Division. 3 p. Unpublished 
report. 



A shift in emphasis to the Interior occurred in 1973 when the B.C. Forest Service issued guidelines 
restricting ground skidding operations in the Nelson District (now Region). Our own retrospective studies, done 
under the aegis of the Nelson Steep Slope Committee on 7- to 20-year-old stands (Smith and Wass 1979, 
1980), showed similar patterns of growth on skidroads as lhose found by Youngberg (1959), namely, poorer 
growth, on the inside and better on the outside porlion of skidroads. However, we also had sites thal showed 
better height groMh on the skidroads than on the adjacent undisturbed ground. Of 24 species and site 
combinations, 15 showed reduced growth on skidroads, 8 showed enhanced growth and 1 showed no 
difference. Par! of the enhanced growth was likely due to the reduced level of vegetative competition on 
skidroads and also, particularly on cold, north-facing slopes, to increased summer soil temperatures. Because 
of different responses of sites to disturbance, we made an early attempt to rate the sensitivity of sites (Smith and 
Wass 1980). Prime factors were soil acidity, soil texture and depth, and climatic zone. Sites considered most 
sensitive were those with calcareous, coarse-textured or shallow soils in wet climates. Sites least sensitive were 
those with moderately acid, moderately coarse- lo medium-textured soils in dry climatic zones. As you have 
heard today (Lewis 1990), a more refined rating system has been produced by the Timber Harvesting 
Subcommitlee of the Interpretations Working Group. This system is now an underpinning of the recently 
released harvesting guidelines. 

Retrospective and synoptic studies have provided information on the productivity of landslide scars. Miles 
etal. (1 984) reported a 38% reduction in the growth of Douglas-fir established on 6- to 28-year-old landslides in 
Oregon. Stand volumes were 70% less on 30- to 60-year-old landslides in the Queen Charlotte Islands when 
compared with logged areas in the same age class (Smith et a/. 1986). 

Recent Productivity Research 

It is only recently thal retrospective studies have been revived. Thompson e f  al. (1990) reporled on studies 
on Engelmann spruce in two sites in the Nelson Region in which growth patterns across skidroads showed the 
typical reductions in growth for trees growing on the inside portions of the surface. Work on lodgepole pine on 
three sites was recently conducted through a contract funded by Crestbrook Forest Industries.4 On two sites 
with non-calcareous soils there were no significant differences in the growth of lodgepole pine on skidroad and 
undisturbed surfaces. On 'the third site, which had calcareous soil at a depth of around 30 cm, reductions in the 
height growth of lodgepole pine ranging from 14 to 25% occurred right across the skidroad profile. These 
results, our own limited sampling of lodgepole pine (Smith and Wass 1980), work in south-central Washington 
(Froehlich etal. 19861, and observations by foresters point to a possible greater adaptability of this species to 
disturbed soil. 

Results are just starling to emerge from our 1 - lo 8-year-old soil disturbance plantations. They now consist 
of four plantations on slumped areas, two near constructed skidroads, and one in an area of random skidding. 
About 12 000 frees were originally planted. Of 54 site/species/disturbance category comparisons, 41 (76%) 
show reduced height growlh (average of 18%) on disturbed versus undisturbed soil. Twenty percent show 
enhanced growth (average of 12%) on the disturbed soil. Responses to disturbance have been shown to vary 
greatly from site to site. Growth on a low clay content, well-drained, gravelly sandy loam soil disturbed by a 
slumping operation was enhanced, compared with growlh on adjacent undisturbed ground (Smith and Wass 
1990). In contrast, a similar operation on a high clay content, moderately well-drained sandy loam caused 
marked growth reduction in planted trees. Soil compaction on this latter soil probably reduced root growth, but 
was also accompanied by reduced infiltration rates and temporary ponding of snow meltwater. At 8 years, 
Douglas-fir close to the sites of the temporary ponds averaged 65% less volume and lodgepole pine 33% less 
volume than trees of the same species growing at a greater distance from the ponds. 

Trends in growth over the first 8 years in our two oldest stumping plantations underline the danger of 
making early conclusions on growth effects. In one case, lodgepole pine appeared to have benefited from the 
disturbance when examined at 5 years, but no differences could be detected at 8 years. In addition, the growth 

4 Thompson, S.R. 1990. Growth of juvenile lodgepole pine on skidroads in the MSa and ESSFa biogeoclimatic subzones of southeastern 
B.C. (Preliminary results). Frontline Forest Research, Nelson, B.C. 7 p. Unpublished report. 
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of the pine on disturbed soil, compared to that on undisturbed soil, was on a steep decline at 8 years. On another 
site, growth of western larch on disturbed soil started slowly, but by 8 years was greater than thal in the 
undisturbed soil. 

As a further note on species differences, in our Tour plantations with side-by-side comparisons of lodgepole 
pine and Douglas-fir, average reductions in height growth were 9 and "1%, respectively, when these species 
were growing on disturbed soil. However, our plantations studies also lend supporl to the retrospective studies 
of Thompson5 in which the growth of lodgepole pine was shown to be adversely affected by calcareous 
substrates. On skidroads built in moderately fine-textured, calcareous soils, height-growlh reductions of up to 
32% occurred on the inner surface 5 years after planting. So, while lodgepole pine does cope with soil 
disturbance better than other species on many non-calcareous soils, it is not a panacea. Senyk (Senyk and 
Smith 1990) found drastic growlh reduction for western hemlock on skidtrails on the coast after 1 year. If this 
trend continues in later years, hemlock would have to be considered extremely sensitive to soil disturbance. 

Other soil disturbance plantations that are ongoing include two of the B.C. Forest Service developed by 
Bob Mitchell and Bill Carr near Lumby in the ICH Zone. These have had their 3rd-year measurements. The trials 
include a vegetation control treatment designed lo reduce the confounding effects of unequal competition. Watt 
and Standish (1989) reported on 3rd-year survival and growth of Douglas-fir and lodgepole pine planted on a 
variously impacted ground-skidded site north of Williams Lake. Treatments included ripping and seeding with 
grass-legume mixes. In an overall comparison of operationally planted, side-by-side skidder and cable-yarded 
clearcuts, Rollerson (1989) reported 12-20% less height growth on the skidded portions 2 years after planting. 

Many other trials, though not specifically designed to assess soil degradation, can provide valuable 
information on the subject. In the oldest stumped trial near Salmon Arm, Morrison et a/. (1988) reported 
significantly greater height (20-23%) and diameter (8-1 0%) growth of Douglas-fir and lodgepole pine in the 
stumped portion than in the non-treated. They attributed this to reduced vegetative competition in the stumped 
portion. The many FRDA trials evaluating the effectiveness of mechanical site preparation might well provide 
useful data on soil disturbance and productivity where data collected on planting spots are adequate or could be 
assessed after the fact. 

Use of Prodluetivity Data 

Productivity impact data have been used to develop degradation sensitivity keys. Productivity data have 
also been used to estimate growth losses on a regional and provincial level (Utzig and Walmsley 1988). In this 
latter analysis, the average extent of degrading disturbance for ground skidding was estimated at 15-28% 
depending on slope and season of operation - a reasonable estimate lor the period under study (1976-86). 
Growth reduction lor the degraded soil was estimated at 50%. With data coming from some of the more recent 
studies outlined in this paper, the 50% estimate appears high. However, being placed at the high end of the 
range does compensate for vegetative competition inequalities and the possibility thal trees on some severely 
degraded soils would not reach a merchantable size and thus would constitute a 100% loss. In the future, it 
should be possible to use productivity data from disturbed soil lo adjust M C ' s  (up or down) on the basis of 
species, soil, climate, and degree of disturbance. 
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OFF-SITE IMPACTS OF TIMBER HARVEST AND StlTE PREPARATlON 

D.A.A. Toews 

Forest harvesting has the potential to affect streamflow quality and quantity at sites far removed from the 
site of the disturbance. The mechanisms by which the impacts of forest harvesting and silvicultural activities are 
conveyed downstream are often complex and poorly understood. Discussed here are the nature of off-site 
impacts, some characteristics of off-site impacts in the British Columtjia interior, the results of several water 
qualitylforest harvesting studies undertaken in the British Columbia interior, and a description of the sediment 
budgeting techniques and their utility lo forest management. 

Off-site impacts may include changes to the streamflow, to the temperature, and to the chemical, 
bacteriological, and sediment regimes of streams. Of these, the sediment impacts are the principal concern and 
will, therefore, be emphasized here. Sediment can be affected by two distinctive erosion processes: surface 
erosion and mass wasting. Surface erosion is the detachment of individual particles of soil, usually by flowing 
water; mass wasting is the downslope movement of soil under the force of gravity. A major consideration is the 
degree of connection between on-site soil detachment and the downstream water quality or fish habitat. If the 
detached material is not transported to a stream channel, it will not impact on water quality. 

Streamflow hydrographs and the natural sediment regime are dominated by spring snowmelt in the interior 
of British Columbia (Church etal. 1989). Most erosion problems in the Interior occur during the spring snowmelt 
period when streamflows are peaking. Typically, about half the watershed is covered with snow, and access to 
the site is poor because of snowcover on the roads. Often, some combination of a rainstorm on the melting 
snowpack triggers the peak flows or soil saturation lhat causes most of the' erosion. Most landslides in the 
lnterior are associated with the spring snowmelt period (Toews 1991). Most surface erosion is also likely to 
occur during this time. High intensity rainstorms in the fall may cause problems too. Because the major annual 
erosion event is related to snowmelt or some combination of snowmelt and rain, guidelines based on rainfall 
intensity tend to have little applicability. 

Few studies of how forest harvesting affects water quality have been done in the interior of British 
Columbia. Consequently, many of the guidelines and the scientific documentation is based on material from 
coastal British Columbia or the USA (see Rice etal. 1972; Megahan 1981; Everesl el al. 1987). Studies that 
document suspended sediment in the interior of the province include: 

1. Slim-Tumuch Study (Slaney et a/. 1977; Brownlee el a/. 1988); 

2. Dennis Creek Study (Hetherington 1976); and 

3. Matthew Creek Wildfire Study (Gluns and Toews 1989). 

Of these studies, the Slim-Tumuch was the most ambitious in that it attempted to monitor the effects of a 
variety of upstream logging treatments on water quality in a stream below. The major impact was from a forest 
road lhat cut into and destabilized a lacustrine silt bank at a location near the mainstem stream (Brownlee et a/. 
1988). This road cut was the major sediment source associated with logging. The study is typical of many that 
have found that most of the impacts are associated with forest roads. The Dennis Creek study documented very 
small suspended sediment level changes one year after forest harvesting (Hetherington 1976). The Matthew 
Creek study examined the effects of a wildfire on a variety of water quality parameters, by comparing 
differences between downstreamlupstream water quality in two burned and salvage-harvested watersheds and 
an unburned tributary. The results indicate no significant changes in the mean turbidity and non-filterable 
residue values after the wildfire (Gluns and Toews 1989). The water quality studies cited are sufficient to 
indicate that roads, rather than the harvesting activities themselves, are the major cause of sediment problems; 
that there is often sufficient flexibility lo allow lor a variety of alternative harvesting and silvicultural systems, 
provided they are executed with sufficient care; and that the transport of sediment particles from the site of the 
activity to sites below is highly complex and variable. 

A recently developed technique called sediment budgeting and routing investigates the complexity of 
sediment movement from its upland source area to deposition areas downstream. Scientifically, this area of 



investigation involves measuring sources, storage, fluxes and the ultimate deposition of sediment within 
drainage basins, and these determining their variation in lime (Swanson et a/. 1982). This approach is very 
expensive and time consuming, and may require assumptions that are difficult to verify. 

Conceptually, however, this technique can be very useful for planning, rehabilitation, and impact analysis. If 
one underlakes a preliminary evaluation of sediment sources, storage, and deposition, one can more easily 
evaluate the impact of management activities and determine those that are significant. During planning, one 
can put more emphasis on those activities that impact on significant aquatic resources below. In these areas, a 
manager may have considerable flexibility on the type of forest harvesting or silvicultural treatment that is 
undertaken. Conversely, a road crossing or a landslide immediately above a water intake or spawning bed can 
be the major source of sediment to aquatic resources below, and can warrant significant expenditures on a 
small parl of the watershed. The concept of sediment budgeting is paflicularly applicable lo watershed 
rehabilitation, where one must prioritize the benefits of controlling sediment sources in a variety of locations 
within a watershed. The most value to society will be derived from controlling those watersheds that have the 
potential to cause the most damage. In cases where there is no transport mechanism lo move detached soil to a 
stream below, there may be flexibility to use a variety of silvicultural site treatments or harvesting methods. On 
the other hand, lhere are a few areas where specialized road and bank stabilization techniques are required lo 
protect the water resource. The identification and control of sediment sources is neither complicated nor 
expensive: it simply requires that operations be planned and underlaken, with water quality protection as a key 
objective. 
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SELECTIVE LOGGING WlTH C-SERIES SKYLEAD YARDERS 
AND RELATED EQUIPMENT 

William b. Varner 

Litile selective logging has been done in the interior of British Columbia using a cable logging system on 
sleep slopes and sensitive environmental areas. 

In May 4987, a local cable logging contractor, Critical Site Logging Inc. from Vernon, B.C., worked on an 
experimental logging site near Falkland, B.C. 

The British Columbia Ministry of Forests, Vernon ORice, sponsored this experimental operation (total 
volume removed was 522 m3). The project was supewised by Mr. Rick Smith, Resource Officer of Timber, and 
Mr. Jim Smith, Small Business Forester. 

The yarder was a Skylead M35, mounted on a skidder, and used a skyline system with a hydraulic self- 
clamping carriage. The yarding was done uphill. 

A yarding corridor was cut and then trees were felled to smaller, angled side trails. bogs were pulled to the 
main yarding road and then up to the yarder. A skidder moved the trees from the yarder to acommon landing for 
bucking, sofling and loading. 

The average yarding road width was 6 m; the maximum road length was 180 m; the average road length 
was 145 m; and the average road spacing was 45 m. 

Critical Site Logging later purchased this timber sale in December 1987, after the experimental project was 
evaluated. They completed this successful selective cable harvest project with a minimum level of damage to 
residual timber, soil resources, wildlife and aesthetic values. 

This was Critical Site Logging's first selec'live logging contract, other than the experimental project. I am 
sure that if anyone would like more information on this silviculture project, Jim Smith or Rick Smith would 
provide it. Their address is: 

B.C. Ministry of Forests 
2501 - 14th Avenue 
Vernon, B.C. 
V"18Z1 

The public, resource managers and logging contractors are concerned about the protection of timber and 
non-timber resource values of ourforests, such as water reserves, recreation, wildlife, fisheries and range land. 
Planning limber hawesling systems is the first and most impoflant consideration to minimize logging costs. 

Because hawesting in highly sensitive forest areas is costly, forestry planners should evaluate, at the 
planning stage, which type of cable system would be the most economical for the size of wood and the terrain. 
Factors lo consider include: 

the road systerns that are in place; 

e the cost of new roads, if required; 

the new roads' compatibility with the overall management plan; 

e whether harvesting equipment be used near streams or rivers; 

whether landing areas are available for delimbing, bucking, sorting and loading; and 

e whether the overall plan includes reforestation costs. 

No matterwhat type of cable system is used, all cable yarders depend on guylines and anchors to stabilize 
them as the tension builds in their working lines. Therefore, forestry planners will also have to consider: 






































































































