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1. The current public concern about forest practices in British 
Columbia is predictable.  Considering the world-wi& growth in 
awareness of the importance of the environment,  and the historical 
patterns of  development of forestry in democratic countries, it 
would have been surprising had  it  not  occurred. Forestry has 
generally progressed from an early centralized phase, employing 
policies  and regulations that were administratively-based rather 
than biologically-based, to a more ecologically sensitive, 
decentralized phase.  It has evolved  from a preoccupation with 
providing strategic and commercial raw materials, to an increasing 
focus on the local concerns and needs of  society,  and a greater 
recognition of  non-timber values and the need  for management based 
on sound scientific principles. Forestry in different parts of 
the world is currently in various different stages of this 
progression. In British Columbia we have only recently emerged 

based phase. Considering the  trends in public opinion in the 
from the centralized administrative phase into the ecologically- 

province, it is  time  to accelerate the transition to the most 
mature phase of forest resource management: socially and 
ecologically-based forestry. 

successful unless it  is  based on an understanding of the overall 
2. Evaluation of the impacts of timber harvesting cannot be 

harvesting in silviculture (the growing  of tree crops). Similarly, 
objectives and techniques of forest management, and the role of 

those charged with undertaking the evaluation must  be familiar with 
the basic principles of forest ecosystem ecology, and with the 
concepts of ecological change, ecosystem resilience, and the 
determinants of the recovery of ecosystems from disturbance. 

Columbia was determined  largely by engineering and economic 
3. Historically, the choice of harvesting system  in British 

considerations, rather than by any consideration of the long-term 
effects of the harvest  on tree productivity  and other resource 
values. This past preoccupation with  engineering  and economics is 
understandable.  It  reflects: 1) the engineering problems 
associated  with  harvesting  large,  old trees in steep mountainous 
country; 2) the high costs of road construction in many parts of 
British Columbia; 3) the frequently long haulage distance to mills 
or  markets; 4) the traditional separation between the professional 
foresters who were responsible for reforestation and the growing 
of the next  crop,  and the engineers who were responsible for 
accessing the forests, building roads and  bridges,  and conducting 
the "engineering  job" of harvesting  old growth forest; 5) the past 

contracts that would ensure the protection of soil and long-term 
lack  of legal requirements in forest  management licence or tenure 

site  productivity;  and 6) a lack  of adequate 
the principles of forest  management by many of the  foresters in 

understandingof 

British Columbia, many  of  whom also have an inadequate 
understanding of,  and  sensitivity to, forest soil and the 
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determinants of rotation length productivity. These deficiencies 
in the technical knowledge of some of B.C.'s professional foresters 
are presumably a consequence, in part,  of the content of the 
curriculum in their undergraduate education. 

4. More recently, the selection of  the harvesting system to be 
used  on a particular site  has been determined by a much wider 
variety of factors. In many cases,  there  has been little  choice 
as to which system would  be  used because of environmental, 
economic, silvicultural,  or technical constraints. However, the 

and forest management  objectives, and  of adequate planning and 
selection has  sometimes reflected a lack of clearly stated stand 

control of the harvest  phase  of  silviculture.  For example, an 
aerial or cable system  should  be chosen where  there are problems 
of slope instability, soil sensitivity to compaction, or the need 
for extensive roads if a ground-based harvesting system were  to  be 
used.  Yet, skidders (large,  powerful,  rubber-tired tractors)  have 
sometimes been  used when a  cable system  would have been preferable, 

because no other equipment was available. Although practical 
simply because they were relatively inexpensive to operate, or 

considerations will always be important, it is time  for  issues of 
sustainability, long-term site productivity, and  non-timber 
resource values to play a much greater role in the  choice of 
harvesting system  and how  the chosen system is implemented. The 

provides a mechanism by which silvicultural, ecological, wildlife 
recently implemented Pre-harvest Silvicultural Prescription 

and other non-timber  values can be considered alongside economic, 
engineering and other technical factors in the selection of a 
harvesting  system  for a particular site. 

5. The impacts of harvesting  on the forest can be considered in 
terms  of impacts on  individual ecosystems and  impacts  on the  whole 

soil  impacts, alterations to  the forest microclimate, and impacts 
forest. Local ecosystem impacts should  be  evaluated  in terms  of 

on  the biota (plants, animals and  microbes): 

a) Timber harvesting can  have negative effects on soil organic 
matter and nutrient  inventories,  although it may have  positive 
effects on nutrient  availability  in the short run.  If the  rotation 
is too short, or the utilization of the biomass too intensive, 

types of  harvesting systems can adversely affect soil structure 
site fertility and tree growth can be reduced  significantly. Some 

negative impacts  will reduce tree growth and site productivity, and 
(the "architecture8* of the soil), aeration,  and  hydrology. Such 

will  increase the risk of erosion and landslides ("mass  wasting"). 
Loss of organic matter  and  soil structure can negatively affect the 
soil organisms which are vital for the maintenance of soil 
fertility. 

Harvesting can  result  in periods of slope instability five to 
twenty years after  logging as the roots of the cut trees decay and 
their contribution to soil strength is  reduced. However, most 
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caused by root deterioration is a greater problem with clearcutting 
cases  of slope instability are associated  with  roads. Instability 

than  with uneven-aged harvesting systems, but because the latter 
may involve a much greater length  of  roads, especially on steep 
slopes, uneven-aged  harvesting systems will  not necessarily pose 
less problems  than clearcutting, which would  normally  employ an 

hydrology can  also  have  serious consequences for slope stability 
aerial cable system in such topography. Alterations of slope 

and  can cause subsequent slope failure; most major alterations in 
slope hydrology are caused by roads. 

In many  cases, there are few if any negative impacts of harvesting 
on soils,  but in some cases significant soil and site  damage  has 
been done. Sometimes recovery from this  damage requires only a  few 
years: in others it may take centuries. In many cases, most of 
the damage done to  the soil and the  site is  associated with roads. 
Permanent roads in steep mountain areas  can contribute  to  slope 
instability if not located, constructed  and  maintained correctly, 
and temporary roads or skid trails  have  often  resulted in soil 
compaction, displacement and  erosion. 

b) Timber harvesting can  have either positive or negative effects 
on soil and site microclimates. Microclimatic changes caused by 
clearcutting can warm  cold northern forest soils, but can  raise  the 

tree seedlings cannot survive. Clearcutting can  benefit  light- 
surface  soil temperature in hot, dry, southern forests SO high that 

demanding trees and  understory  plants,  but can  damage  the shade 
foliage of shade-tolerant advance regeneration.  It  can also  create 
radiation frost problems if  not accompanied by appropriate site 
preparation techniques. Microclimatic changes caused by harvesting 
are less persistent than soil changes. The forest microclimate 
recovers  as soon as the  forest regrows. Microclimatic changes  are 
much  less  with  uneven-aged harvesting systems  than with 
clearcutting. 

c)  The effect of timber harvesting  on the plant community depends 
on  the extent  of the removal of  above-ground  live  plant  biomass, 
the presence of roots and stumps that can resprout, of ungerminated 
seeds and spores in the soil, and of adjacent sources  of  seeds and 

Harvesting generally has a less dramatic effect on the  composition 
spores that can contribute to  the revegetation of denuded areas. 

of the plant community than subsequent site  treatments  such as 
slashburning or mechanical site preparation, although the increased 
light levels and  altered microclimate caused by the removal of the 
forest canopy certainly plays a major role in determining the plant 
species composition following harvesting.  Uneven-aged harvesting 
systems normally  result  in  less change  to  the plant community than 

vegetation depends on the speed of revegetation and the rate at 
clearcutting. The duration of harvest-induced effects on  the 

which the process of succession (the process  of ecosystem recovery 
from disturbance) re-establishes the original vegetation 
conditions. 

! 
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a) The effects of timber harvesting on  animals is largely 
function of the alteration of their habitat, which for most animals 
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reflects the  change in the plant  community. Some animal  species 
are  increased in abundance by harvesting, some  are decreased, and 
others  remain unchanged.  They simply adapt to the new conditions. 
Generally, the synchronous clearcut harvesting of very large areas 
(entire large valleys) will have  a more dramatic effect on most 
animal populations than maintaining a mosaic of  even-aged stands 

ecosystem  development following the disturbance of a  site  through 
in different seral stages (the stages of plant community and 

to  the re-establishment  of the pre-disturbance vegetation 
condition).  Uneven-aged forest management that maintains a 
continuous tree cover on a  site will generally cause less change 
in the animal community than clearcutting. This  will favour 
mature-forest animal species and  die-favour animals adapted to 
disturbance. 

timber harvesting because they depend  largely on  live or recently 
e) Microbes and soil animals are sensitive to the effects of 

dead  plant roots or fresh above-ground litterfall as  an energy 
source. There is  normally a considerable change in the composition 
of the microbial community  and  of the soil fauna following clearcut 
harvesting because it causes a change in the quantity and quality 
of the litterfall. This is generally associated with a period of 
accelerated decomposition rates and increased nutrient 
availability.  Uneven-aged  harvesting systems result in less change 
in soil fauna  and  microbes. Microbial and soil  faunal  communities 
will return to pre-harvesting abundance and species  composition  as 
succession proceeds back towards  the original forest condition. 

values,  including wildlife, fish, water, recreation and  wilderness. 
6. Timber harvesting  can  impact a number  of  non-timber resource 

These impacts can be  either positive or  negative. Frequently, only 
the  negative effects receive media attention. 

For  many  species of animal, the benefits of harvesting that is 
conducted  with a sensitivity to their habitat requirements will 

negative  for  old  growth-dependent  species,  and  may  be negative 
outweigh the negative effects. The net effects will probably  be 

where large areas are  clearcut  over a short period of time, or 
where there  are prolonged delays in reforestation.  Most impacts 
of forest harvesting  on fish habitat, where they occur, are 

the input of large woody debris to some  streams may improve fish 
negative,  although  stream warming may sometimes be  beneficial,  and 

habitat by creating pools. Timber harvesting conducted with a 
sensitivity to fish- habitat  and streams need have little or no 

where they occur, are also negative, but these  are generally short 
negative effects on these values. Most impacts on water quality, 

enrichment of nutrient-poor streams and  lakes. 
lived. Some effects may  be  positive, such as short-term nutrient 

certainly  been cases in which  clearcut logging in water supply 
There have 
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areas has created short-term water quality problems, or problems 
with the timing of snowmelt or timing  of  streamflow.  However, 
there are far more examples in  which careful forest harvesting, 
including clearcutting, has had  no measurable negative effects  on 
watershed values. Negative impacts are more a function of the 
percentage of a watershed that is  harvested at  one time and the 
care  with which the harvesting is planned and conducted. Once 
again, roads  are generally responsible for most of the negative 
impacts on water quality. 

to subalpine/alpine environments provided by logging  roads.  Most 
Forest recreation can benefit frdm the access to remote areas and 

has been negative, however. Too much access to  remote  areas  can 
of  the recent media coverage of harvesting/recreation interactions 

reduced quality of the recreational experience for those who value 
lead to site  damage (eg. in subalpine and alpine meadows) or 

solitude and "low-technology"  recreation. Similarly, forest 
harvesting in British Columbia has often  been insensitive to  the 
visual alterations it causes in the landscape, and to  the albeit 
short-lived ugliness of  many  recently clearcut harvested areas. 
Some of the conflict between  forestry and the  environmental 
movement could have been avoided if more attention had  been  paid 
over the past two decades to "landscape  architecture", visual 
resource management, and measures to minimize the  visual impact of 
forest harvesting on recreationists. This would  not have  solved 
the  problems  that improved access sometimes causes by increasing 
hunting pressure and  allowing access by all-terrain vehicles to 
sensitive areas. 

Much of  the negative impact of timber harvesting on aesthetics  is 
temporary. The visual  quality of the environment is restored  as 
the forest regrows. Where regrowth is prevented or delayed by soil 
damage caused by roads and  skid trails, the visual damage  will be 
much more persistent. In most  cases, the visual damage caused by 
harvesting is a short  lived  land-use  issue,  not an ecological or 
environmental issue. The environmental issues associated with 
improved access are  much  more  permanent. 

It should  also  be  noted that the general public concern about the 
aesthetics of logging  is relatively recent. It is  inappropriate 
to hold foresters accountable €or harvesting conducted twenty to 
thirty years ago that is now  deemed to be aesthetically 
unacceptable, when the majority of the society at that  time 
accepted the practice and there was no legal or managerial 
requirement to conduct harvesting  in anything but the prevailing 
manner. However, foresters are accountable for the present and 
future aesthetic implications of timber harvesting. 

7. Wilderness and  old growth issues  must be a part of the 
evaluation of timber harvesting. The province cannot afford a 
continuing drain from  its productive forest  land  base of set-asides 
for wilderness recreation and  old-growth  reserves.  Yet the public 
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has the right to expect  an adequate supply of  such areas on public 

ecological reserves.  Clearly the conflict between maintaining the 
land to satisfy the growing  demand  for recreation and the need €or 

alternative uses in one of the  key forestry issues in the province 
land  base  for timber production and designating such  lands for 

today. There is an urgent  need to produce a provincial master plan 
that identifies the lands that will be  dedicated in perpetuity to 
timber production,  recreation, research, education, ecological 
reserves, and other uses (hydro, roads, agriculture, etc) . 
Old growth values are not sustained under the current strategy of 
timber management, but  it should be possible to recreate many  of 
t h e m '  following timber harvesting  using an appropriately designed 
silvicultural and management  system. The concept of "pocket 
wilderness"  surrounded by areas of productive forest grown on long 
rotations to create old growth values should be re-examined. There 

Their selection should be based  on the need to  complete the 
is little question that more old growth reserves will be  created. 

province's  system  of ecological reserves, and the distribution of 
recreational reserves should reflect the geographical distribution 

variety  of needs must be  developed. 
of the recreational demand. Management zoning to  address  this 

8. Many  of the concerns about the impacts of timber harvesting 
will pale in comparison to  the potential consequences for our 
forests of the widely  predicted global climate change. The  time 

activities will have to be examined  for their impact on the 
is probably not too far away when all industrial and individual 

Timber management that conserves soil structure, organic matter and 
concentration of atmospheric "greenhouse  gases" andglobalwarming. 

nutrients, maintains or enhances forest productivity with minimum 
fossil-fuel-dependent technological inputs,  and produces permanent 
or  long-lived  end products (eg. lumber) will provide a net sink 
€or atmospheric carbon dioxide (C02). This  will help to reduce 
the problem  of climate change. 
productivity, reduces soil organic matter and  nutrient  levels, 

Forestry that lowers site 

depends on heavy inputs of  fossil-fuel-based technology,  and/or 
produces  "throw-away"  end products will make the "greenhouse 
problem*'  worse. 

Productive, sustainable timber management producing long-lived  wood 
products is  thus part  of the "greenhouse solutionn. Exploitive 
forestry  that damages soil productivity, or forestry that reduces 
the storage of carbon in the ecosystem without producing long-lived 
products can  be a part  of the "greenhouse problem". However, 

global cement production, the net contribution of B.C. forestry to 
compared  with tropical deforestation, global fossil  fuel use and 

the "greenhouse  problem", either positive or negative, will be 
small. The fact  that all  these sources of C02 release only 
contribute 50% of the "greenhouse problem'* (the other 50% is 
methane,  ozone, chlorofluorocarbons, and other gases) further 
reduces the significance of the carbon budget of B.C. forestry in 
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the global warming equation. This in no way reduces  the importance 
of making B. C. forestry part of the solution to global warming, but 
sets it in perspective. 

9. Clearcutting has been railed against by most environmentalists 
who  have claimed that it "destroys the environment". However, when 
practised correctly, clearcutting is an ecologically sound and 
sustainable method of timber harvesting for  the appropriate species 
on  the appropriate soils in the appropriate climates.  It is  the 
major timber harvesting  system  used  around the world and is widely 
used in Scandinavia and  Europe.  In Sweden there is a  legal 

which demonstrated that alternative harvest systems  resulted in a 
requirement to clearcut forests based on fifty years  experience 

harvesting systems are used, or  should be used where 
reduction in many  of the values of the forest ecosystem. Other 

silviculturally appropriate, in hot dry climates or dry sites, on 
steep unstable slopes,  in protection forests,  on recreationally- 

forests, and  in other' special situations that  require  the 
important, visually-sensitive  landscapes, in some  subalpine 

maintenance of continuous forest cover on a site. 

A major problem of clearcutting in B. C. in the past has been a 

until relatively recently, the Ministry of Forests toward the 
frequent insensitivity on the part  of most forest companies and, 

aesthetic aspects of clearcut harvesting  and associated roads. In 
some areas soil damage has been just as important or even more 
important a consequence of harvesting than visual damage because 
the latter is generally  much more temporary than  the former. 
Similarly, where clearcutting in the past  has  caused wildlife and 
streamffish problems, these  have often  been more significant and 
permanent than  the visual  damage. 
conflicts over clearcutting, it has been the visual alteration  of 

However, in many of  the 

the landscape that has so upset the general public. Frequently, 
the most serious and  persistent  examples of visual damage 
associated with timber harvesting have been caused by road 
construction. 

Whether or not clearcutting is the appropriate timber harvesting 
method will depend  on the objectives of  forest management, the 
climate, aspect and slope  of  the site, the ecological requirements 

ecological factors. The acceptability of clearcutting also  depends 
for regeneration of desired tree species, and a variety of  other 

on  the size, shape, orientation, spatial relationship to previous 
and future cuts, and the visibility  of the cut. Harvesting systems 
must be used that are appropriate for each type of crop  tree  on 
each type of site within each particular biogeoclimatic zone  or 

timber resource values, regional biological diversity, local 
subzone.  They  must be designed to sustain both timber and non- 

management with clearcutting is the silvicultural system of choice 
employment, and  community  stability. In many cases, even-aged 

by which to satisfy these diverse land-use  objectives. In some 
situations, different systems would be more appropriate, and there 
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are some areas of the province where the  traditional practice of 
clearcutting should probably be replaced  by other systems. In most 
cases, careful shaping, orientation, and location of smaller 

had to clearcutting. Above  all, decisions about clearcuttina as 
clearcuts will satisfy many of  the objections that the public has 
~~ ~ 

alternative systems must be site-specific  and  must reflect the 
ecology  of the  site in  question. 

~~ - - - - ". 2 " 

10. A major shortcoming in B.  C. forestry that is believed to have 
contribut.ed to  the seemingly endless conflicts between timber 
harvesting, other  forest-based  resources,  and concerned citizen 
groups is the lack of an adequate forest management planning 
framework. Without specific and  explicit planning goals with 

appropriate performance standards and has not been adequately 
respect to all resources of  concern, timber harvesting has lacked 

integrated  into the rotation-length crop production cycle and 
integrated landscape management of  which it is a part. The lack 
of specific planning goals is partly  because timber management 
planning  in British Columbia has been  isolated  from management 
planning for other  forest-based resources such  as water, wildlife, 
fish,  and  recreation.  Until forests are managed under integrated 
plans that are specific to  the ecology, markets, economics, and 
social needs of the forest area to which the plans apply, it is 
likely that conflicts between timber harvesting  and other forest 
users will continue. 

Monitoring of performance, of conformitywith existing regulations, 
and  of environmental impacts has been inadequate, both because of 
lack  of resources provided to  the monitoring agencies, and because 
of the lack of  government  policy  that ensures that this be  done. 
Recent harvesting guidelines have  focused on  some  of these 
problems,  and the institution  of the Pre-harvest Silvicultural 
Prescription and  of guidelines concerning logging and streams and 
logging  and wildlife should reduce  the frequency of unacceptable 

to develop, and ensure the implementation  of, a comprehensive and 
timber harvesting  impacts in the future.  But there is still a need 

ecologically-sound  set of integrated  forest management objectives 
and  guidelines. Another problem  associated with timber management 
planning is  the lack of sensitivity of the currently-used planning 

These planning tools  are also insensitive to the  consequences for 
tools  to management-induced changes in long-term site productivity. 

forest growth and  yield  of the widely-predicted global climate 
change. 

profession is the pervasive lack of understanding by the general 
11. A fundamental issue  that  must be addressed by the forestry 

public  about forestry, its environmental impacts,  and  its economic 

movement has been successful in raising the public consciousness 
and social importance in British  Columbia. The environmental 

political  climate in which much  needed improvements in forest 
about forestry, and this is a good  thing. Et has  created the 

management can be  made. Unfortunately, much of what  is  said by 
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some of the more vocal environmentalists about timer harvesting 
is inaccurate, incomplete, or  out of context. Generalizations are 
often made that are only true under certain circumstances. These 

conservation than during the "implementation phase", when policy 
inaccuracies are of less concern during the "political  phase" of 

and regulations must  be  developed by which the desired improvements 
can actually be achieved. Greater efforts must be made  to engage 

experiences by which they can gain a  more  accurate  understanding 
environmentalists and other members of the public in on-the-ground 

of forestry and its environmental impacts. Unless  this  is 

better management of British Columbia's single  most important 
achieved, their efforts may hinder rather than help to  achieve 

resource. Public education about  forestry must become a priority, 
but accompanying this  there must be an improvement in the quality 

demonstration forests located  near to  urban cities. These should 
of forest management. Increased use should be made of 

demonstrate state-of-the-art, ecologically sound management 
practices to foresters and the public. 

12. Timber harvesting can impact the  native peoples of British 
Columbia in a variety of  ways.  It can  provide  local employment, 
and  it can increase the abundance of certain wildlife species used 

are dependent on mature forest or old-growth, it provides acc@ss 
for  food. However, harvesting may disrupt trapping of species that 

may have a negative impact  on a variety of spiritual and 
for non-natives who may compete for the wildlife resource, and  it 

traditional life-style values. More attention should be paid to 
the impacts of timber harvesting on the  native peoples, who should 
have  input to the forest management planning  process. 

13. This discussion paper focuses mainly on  the local, ecosystem- 
level  impacts  of timber harvesting. This is  only  half of the 
problem.  Many  of the conflicts between timber harvesting and other 

being harvested, and the spatial distribution of harvesting in the 
forest users are the result o€ the rate at  which B.  C. I s  forests are 

landscape. Topics such as  the "fragmentation" of areas of  old- 
growth, the rate at which particular watersheds or valleys are 
being harvested, and the sustainability of current harvest levels 
are attracting increasing attention from the public. The issues 
addressed  in the present paper are complementary to  these  nwhole- 
forest"  issues. 
comprehensive,  integrated manner if we are to achieve truly 

All these issues  must be addressed in a 

sustainable development of our forest  resources. 
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ER 1. INTRODUCTION 

Most forms of renewable resource management involve the harvest of 
a product, be this water or electricity from a hydro impoundment, 

the profession of forestry  is no more limited to harvesting trees 
food from  farms, or timber, forage and wildlife from  forests.  But 

than farming is limited to harvesting grain or beef; harvesting 
is simply the final stage in the cycle of renewable crop 
management. Harvesting trees is the culmination of the 

society's.  need for building materials, paper and packaging 
silvicultural system by which tree  crops  are -produced to satisfy 

products, renewable bioenergy, synthetic chemicals  made from wood, 
and various other  materials. Where  the forest has been previously 

production cycle that leads to  the subsequent harvest. 
unmanaged  and  unharvested, timber harvesting initiates the crop 

The  public of British Columbia generally accepts crop harvesting 

harvesting of trees in the provincels forests. Whereas the public 
in agriculture. In contrast, there is great dissension over the 

understands the relationship between the food they buy and 
agricultural harvesting activities, the relationship between 
building a house or reading a newspaper  and timber harvesting is 
not so widely  understood. There are many reasons for this 
difference in  attitude. Agricultural systems are a widely accepted 
human  "artifact" in the landscape;  most  of B.C. I s  forests  are 
still "natural". Most harvested food crops  regrow the next year; 
forest tree crop regrowth may take up to a century,  or even  more 
in some northern and high elevation environments. Re-establishment 
of native forest or old-growth  values may take  two or more 
centuries, although it can take much less time  than this. 
Harvested fields often appear to be tidier and more organized than 
a forest clearcut,  and the visual impacts of harvesting on a farm 
are  short-lived compared to  the visual recovery of a clearcut 

non-crop resource values than does an agricultural harvest; 
forest. The harvesting of trees can have an impact on far more 

wildlife, fish, water, and  forest-based recreation  are  more 

than is the case with  an agricultural crop.  Many forests are 
intimately  connected to and  affected by the structure of the forest 

slopes, whereas most agriculture is on flat  land, is less prone to 
located on steep, highly visible,  and  potentially erodible mountain 

some types of soil loss,  and  is  generally  less visible to  the 
average  citizen. The list  could go on. 

About 95% of the forested  land  in  British  Columbia  is publicly 
owned. In  a democracy, it is the will of the people, acting 
through the political process, that ultimately decides  questions 
of  land use, the permissible environmental impact  of industrial 
activity,  and the constraints that  are  placed on free enterprise. 
The  "Tragedy  of the Commons" is now a widely recognized principle: 
that  without adequate regulation, individuals or individual 
organizations operating in a common or public resource will 
generally act to optimise their personal  benefit,  and that this 
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almost inevitably results in a collective detriment. The "commons" 
of air and water have been widely  abused  in the absence of adequate 
regulations, or enforcement of regulations, as industries have 

water bodies as a dumping ground for their  waste products. 
externalized their waste-control costs by using the  atmosphere and 

Municipalities have behaved in much the  same way, with their  sewage 
and garbage disposal practices. Similarly, forest companies 
operating in the "commons" of B.C.'s publicly-owned forest land, 
generally  with  inadequate  incentives, regulations, or directives 
by the government to ensure adequate "protection of the 
environment", have  often externalized their  costs of  log 
production. 

In the past there  has been  insufficient  investment in regeneration, 
many cases of inadequate road construction and maintenance, soil 
damage through careless or inappropriate logging practices, and 
damage to streams, certain wildlife values,  and the  aesthetics Of 
the landscape.  It  is not in the least surprising, therefore, that 
forestry in British Columbia is receiving increasing attention from 
a certain sector of a society which is becoming increasingly 
concerned  about environmentalquality, human-induced global  climate 
change,  "acid  rain",  and  loss  of  biological  diversity. It is 

elected politicians to restrict what  is  widely perceived to be the 
inevitable that this sector of the public will try to pressure its 

"environmental destruction" caused by timber harvesting, which is 
widely regarded by many members of the environmental movement as 
being synonymous with  forestry. 

There is little doubt that the political action of concerned 
citizens' groups around the world has been instrumental in  limiting 

degradation of agricultural soils. The political activities of such 
industrial  pollution, the loss of biological diversity, and the 

groups have  also contributed significantly to improvements in the 
practice of forestry.  Many  of the positive changes in forest 
practice  and management in our  province over the past two decades 
had their origins in the local concerns and  lobbying activities of 
naturalists,  parks associations, professional groups,  and 
miscellaneous other concerned citizen groups. The recent FRDA 
program to improve the overall condition of  Canada's forests  was 
stimulated by the action of concerned professional foresters. 

with  its wide range of  climates,  soils, topography, vegetation, 
However, in as ecologically-diverse an area as British Columbia, 

wildlife species, and  human  communities, there is a significant 
risk  attached to  the regulation of forestry by  lobby  and political 
action groups unless this is  balanced by appropriate technical and 

well-informed  about the issues of  concern. Regrettably, much of 
scientific inputs. Democracy only works well when the public is 

the public pressure for change in forest practice in British 
Columbia is  not  adequately  grounded in an understanding of the 
geography, ecology, pedology  and economics of the forest resource 
or of the objectives and techniques of forest management. In  the 
absence of this understanding, the public is forced to make 
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generalizations,  many of which are only accurate in certain 
specific locations, or under certain specific circumstances.  It 

be developed  from public inputs if these  are socially and 
is unlikelythatworkable and effective conservation strategies  can 

economically  unrealistic,  and scientifically inaccurate. 

The history of forestry  around the world  is replete  with examples 
of the failure of forest management to achieve its goals when it 
was organized  and conducted under rigid regulations, dictates, or 
laws that did  not recognize the temporal and spatial variability 
of forests, the structural and functional complexity of the forest 
ecosystem, the critical importance of soil and soilmicroorganisms, 

Many  of the failures in B.C. forestry have similarly been the 
and the inevitable characteristic of ecosystem change  over time. 

product  of the rigid application of rigid regulations  that  were 
developed  before the need for  an ecological approach to forest 
management was recognized and  accepted. In reviewing the whole 
question of timber harvesting in  British Columbia, and public 

mindful of this history; should recognize the complexities posed 
attitudes thereto, the Forest Resources Commission should be 

by the geography, ecology,  and  sociology  of the province, and 
should  be aware of the need for site and  situation-specific 
evaluations and  harvesting  guidelines. 

British Columbia is one  of the most ecologically diverse landscapes 
of comparable size anywhere in the world, and this  makes forestry 

New  Zealand,  Sweden,  or the south-eastern U . S .  Many of  the 
in  B.C. much more complex than in ecologically simpler areas like 

problems  facing B.C. forestry today are a result of the  failure of 

practices as they moved  from one type of  forest landscape to 
*foresters" in the earlier days of B.C. forestry to  modify their 

was dominated by forest harvesters, who were often engineers and 
another. This was  largely  because B.C. forestry in the  early  days 

not  biologically-trained  foresters. Silviculturally-oriented 

patterns of harvesting, despite vocal opposition to  practices that 
foresters were frequently powerless to control the  methods and 

they felt were inappropriate.  It  would  be  ironic if citizens 
concerned  about the environment made the  same  mistake by calling 

practice of forestry in British Columbia, particularly since 
for rigid, unvarying,  and ecologically-insensitive controls on the 

ecological foundation (the biogeoclimatic  land classification 
forestry in the province has recently  been  placed on  a sound 

system), and since silvicultural foresters are gaining an 
increasingly influential role in  forest management decision making. 

The commission should recognize that  many  of the recent failures 
of the Ministry  of Forests to ensure that the level  of forest 
management in the province is acceptable are directly attributable 
to major reductions in Ministry  funding  and staffing in the 1980's. 
In spite  of  the Ministry's  adoption of  an ecalogical foundation 
for Silviculture, they have frequently lacked'the resources to 
ensure the implementation  of,  and compliance with, this ecological 



basis  for forest management. The growing  public opinion that the 
Ministry should be more involved with the regulation of management 
is in conflict with the government's  policy to "privatize"  and 
reduce the Ministry's  involvement. This complex topic is not 
explored  here, but should be  noted. 

determine the  choice of harvesting system, briefly defines various 
different types of  harvesting  equipment,  and reviews  the role of 
roads in timber harvesting and the impact of forest  roads  on the 
environment. 

The objective of this discussion paper is to provide the Commission 
with a review of some of the ecological, technical, economic, and 
social considerations in the selection of methods by which to 
harvest the  tree component of a forest ecosystem. The paper will 
also discuss a number of environmental concerns and public issues 
related to timber harvesting.  It will conclude with a comment on 
timber harvesting practices in some other parts of the world,  a 
brief chapter devoted specifically to  the issue of clearcutting, 
and a set of recommendations with  respect to tree harvesting and 
the associated silvicultural systems for British Columbia. The 
paper does not address the issue  of the current rate of cut and the 

management. The  rate  of cut  for the province does  have  a number 
alleged overcutting relative to  the prevailing levels of 

of important social and environmental implications, of course, but 
the paper focuses more  on  the local site  aspects of harvesting. 

The paper is somewhat longer than was originally intended. Yet it 
scarcely scratches the  surface of most of the topics  it addresses. 

unit as the Province of British Columbia is a formidable 
Evaluation of the impacts of timber harvesting in as complex a land 

undertaking. 
concerning the bio-physical character and variability of the 

It requires a substantial body of knowledge 

resource,  and the objectives and techniques of resource management. 
Because  of the diversity of background  of the members of the Forest 
Resources Commission, I decided to err on  the side of inclusion 
rather than omission of topics.  Not  all Commission members will 
find it necessary to read all  the  chapters of the paper. The 
following is a brief guide to  the content of  the  various chapters. 

Chapter 2, Ecological Considerations in Timber Harvesting, is a 
brief "primer" on forest ecology.  It provides an ecological 
background for those Commissioners who may  lack such knowledge. 
Ecological processes and the impacts  of harvesting thereon  are 

with  ecology may chose to omit this chapter. 
referred to throughout the paper. Those Commissioners familiar 

Chapter 3 provides a similar primer  on some of the broader aspects 
of forest land management  and timber management. It deals briefly 
with forest management planning, annual allowable  cuts, 
sustainability, and the silvicultural cycle. Those Commissioners 
familiar  with  forestry will probably choose  to omit this chapter. 

terms that are referred to in  other chapters, it provides both 
For those unfamiliar with a variety of silvicultural and management 

definitions and a context within which to judge timber harvesting. 

Chapter 4 reviews some of  the technical considerations  that 
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Chapter 5, briefly draws attention to some economic considerations 
in timber harvesting. 

Chapters 6 & 7, perhaps the heart of  the report, consider  the 

ecosystem, and the general classes of impacts of harvesting on 
impacts  of timber harvesting on various aspects  of the forest 

specific resource values. 

Chapters 8 & 9 examine the issues of "old growth" and global 
climate change as they relate to timber harvesting. These may  be 
considered as peripheral issues, but I believe that  they should be 
part of the Commission's  background. 

Chapter 10 attempts to dispel the m y t h  that clearcutting is 

of clearcutting around the world  and  in British Columbia and 
inevitably  environmentally  destructive.  It examines the practice 

contrasts it with alternative methods. This section is really a 
synthesis of the other sections because the  timber harvesting issue 
in British Columbia is really the issue  of  clearcutting. 

Chapter 11 makes brief reference to  the impacts of  timber 
harvesting on the  native peoples of British  Columbia. 

have been covered in the paper  and some recommendations. 
The paper concludes with a summary of  the  technical issues that 

Appendices are provided that contain a copy of the Ministry of 
Forest's  biogeoclimatic zone map €or the province, a copy of an 
encyclopedia yearbook article on old-growth,  and copies of several 
papers on the type of  ecosystem  management model that should be 
used to predict the long-term consequences of alternative 
harvesting~ methods. 
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There is a widespread public misunderstanding about, and concern 

referred to as "logging"). This concern is certainly justified. 
over, the ecological impacts of timber harvesting (hereafter  also 

There have been in the past,  and continue to be, far  too many 
examples in which timber harvesting has resulted in damage  to  one 
or more  of the several resource values provided by a forested 

regulations  that  are effective,in achieving better management of 
landscape.  But if this  concern is to be translated into policy  and 

our forests, it must be informed concern that is based, first and 

harvesting  for the form,  function,  and temporal  dynamics of the 
foremost, on  an understanding of the  consequences of timber 

forest ecosystem. This section of the paper provides a brief 
review of those aspects of forest  ecology that should be Understood 
by anyone evaluating the impacts of timber harvesting. 

2.1 T h e  Forest Ecosvstam and I td Functional Processes2 
a. E n e r w  in Ecosvstams 

A forest is  an  ecosystem: a complex system of interacting 
components and  processes. It is comprised of  an assemblage Of 
plants, animals and  microbes,  interacting  with a soil and a 
regional climate. It has a microclimate that is created primarily 
by the vegetation, and a local climate that is largely a function- 
topography, elevation, aspect, and the regional climate. ItFs 
topographic features determine many  of the characteristics of the 
soil. 

In common with most  other types of ecosystem, a forest ecosystem 
is powered by the solar energy that  is captured by the process of 
photosynthesis. The magnitude of photosynthetic production (net 
primary  production),  and hence the productivity  of the ecosystems, 
is determined by the magnitude and  efficiency of the forest's 
photosynthetic  apparatus:  its  foliage.  Up to a certain point, the 
greater the mass or surface area  of  leaves, the  greater  the capture 
of energy by the forest.  In a closed forest, most  of the leaves 
are tree leaves, so most of the photosynthate produced  is 
allocated to  tree growth. In a more  open forest, or a clearcut, 
much  of the  leaf area is accounted  for by herbs (grasses and 
forbs), shrubs, and  non-commercial  trees. As long as there is  an 

1 The term  "forest  harvesting" i s  often used as a syronyn for * t i h e r  harvesting". However. other 
resources can be harvested frm forests: u i l d l i f t .   m h r m n ,   b e r r i e s ,  foliage, bark, to nunc a fen.  This 
report i s  concerned with  the  harveating of the  tree  colpmnt of the  forest. 
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equivalent  leaf  area, the capture of solar  energy by this more 
diminutive vegetation may  not  be  very different to that captured 
by the more physically  imposing forest. However, herbs and shrubs 

that are short-lived (eg. leaves), and therefore  they do not 
tend to allocate more of the solar energy they  capture to organs 

accumulate as much  of the energy in permanent tissues  (like woody 
stems) as do  long-lived  trees. Consequently, they do not grow as 
large. 

Energy captured and  stored  by plants may  be available to  one of the 
many species of herbivore (a  plant-eating animal) that live in the 
forest. Foliage is a more favourable source of food  energy for 
many herbivorous animals than are the various types of woody 
tissues in the forest.  For  ground-based animals , the  foliage of 
herbs, shrubs, and young trees is physically more available than 
the foliage of larger trees, and  is generally more  palatable and 
nutritious. Consequently, a much higher percentage of the energy 
captured  by herbs and shrubs is  passed on  to  herbivores  than is the 
case  for  trees,  except in the case of outbreaks of defoliating 

gaps in the canopy  and a well developed understory, have  a high 
insects. Well-vegetated clearcuts, and forests with significant 

carrying  capacity for most  ground-based herbivorous animals. In 
comparison, most of the leaf area in a dense  forest is high up  in 
the  canopy  of the trees and the leaves are frequently less 
nutritious.  Consequently, such forests will have a lower carrying 
capacity for these animals. The nutritional importance to some 
large ungulate herbivores of lichens that grow in the canopies of 
large  old trees should  not be overlooked, however. These lichens 
become available when branches are broken by snow or wind  and  fall 
to the ground. 

The annual death of ephemeral  plant tissues (eg. fine roots, old 
leaves of conifers, the entire foliage of deciduous species), the 
death  of trees due to competition for  light, disease, or other 
mortality  factors,  and the death  or defecation of animals  transfers 

ecosystem: the decomposers. Fungi and bacteria are responsible 
energy to the third major functional group of organisms in the 

for much of the biochemical  activity  that  ultimately disassembles 
the  complex  high-energy molecules that were constructed by 
photosynthesis  and subsequent plant  metabolism. But these micro- 
organisms  generally operate in partnership with a diversity of soil 
animals  which act to physically  prepare  dead  plant  and animal 
material  for  microbial decomposition, or which ensure that micro- 

Plant  and  animal organic matter. 
organisms  are  continually  brought  into  contact  with  newly  dead 

organic  molecules. The assembly of these molecules requires  a 
The  energy  that powers ecosystems is the chemical energy of complex 

Supply  of  an appropriate mixture of  chemical  elements: the macro- 
and micro-nutrients.  Forest  productivity, whether it  be the 

Production of mushrooms, thus requires an adequate supply of 
Flro*h of trees, the increase in abundance of wildlife, or  the 
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various nutrientelements,  the relative abundances of which satisfy 
the nutritional requirements of the  various plant, animal, and 
microbial species. 

b. The Chemistm of Enerm Transfers and Btoraae in 
Ecosvstams 

Energy enters ecosystems by the process  of photosynthesis, is 
temporarily stored in  biomass,  and  is  lost again in the process of 
respiration as organisms use the chemical bond energy of organic 
molecules to power their metabolism. This energy is  not recycled 
or reused, but  because of the relatively unchanging and 
inexhaustible supply  of  energy  from the sun, it is mrenewablen. 
The  nutrient elements that  are involved in energy capture and 
storage are less renewable, but  are  recycled  and  reused. To 
understand the impact  of forest harvesting  on ecosystem fUnCtiOn 
requires an understanding of the basic  processes of nutrient 
cycling, a subject that is referred to  as forest biogeochemistry. 

There are three major pathways of nutrient dynamics in  the forest 
ecosystem: 1. additions and  losses of nutrients to and  from the 
ecosystem (the geochemical cycle); 2. circulation of nutrients 
between plants, animals, microbes and the soil within a particular 
ecosystem (the biogeochemical cycle) ; and 3. the internal 
conservation of nutrients within organisms, which reduces losses 
of nutrients from  individual organisms (the internal or biochemical 
cycle) (Figure 2.1) . 
The geochemical cycle  consists of nutrients added  to the ecosystem 
in rain, snow and  dust, nutrients released into the soil by 
chemical weathering of bedrock or  of rock minerals in the soil, 
and nutrients carried into a downslope ecosystem by water flowing 
down  from upslope ecosystems.  Uptake  of atmospheric carbon dioxide 

(nitrogen) and oxides of  sulphur  from the  atmosphere by foliage, 
(COz)  in the process of  photosynthesis, uptake of gaseous ammonia 

and fixation of atmospheric nitrogen gas by "nitrogen-fixing" 
organisms are other  important geochemical inputs. Additions of 
fertilizers or of nutrients in the feces or  dead bodies of animals 
moving  into the area can sometimes be an important  input. Losses 
of nutrients from the ecosystem constitute geochemical outputs. 
These include  losses  in  harvested materials, by soil  leaching  and 
erosion,  due to fire (gaseous and flyash losses to  the atmosphere), 
by the migration of animals, and  through the release of Cot by 
respiration, nitrogen by denitrification, and various other gaseous 
losses. 

The geochemical cycle is  important because the balance between 
geochemical inputs  and outputs determines the inventory of 
nutrients in the ecosystem, and, as noted  above, this inventory  is 
related to energy capture and  storage. Relatively small  annual 
inputs  over a  tree crop rotation may compensate for relatively 
large but infrequent outputs that  can  accompany forest harvesting 

a 

or natural disturbance (eg.  wildfire). The geochemical inputs are 
thus responsible for maintaining long-term site productivity and 
for assisting  in the recovery of the ecosystem from disturbance. 

medium-term than to long-term  forest  productivity. The rates of 
The  biogeochemical cycle is more closely related to short-term  and 

various  processes  within this cycle,  especially the  rate of 
decomposition of organic matter, determine the availability of 
nutrients in the soil for uptake by trees and other plants. This 

photosynthetic efficiency of the foliage (Figure 2.2), and thus of 
availabiLity is  a major determinant of  the  biomass and 

forest  productivity.  If the circulation of nutrients in this cycle 
is slow (eg.  in  cold, northern forests),  forest growth may  be slow 
in spite of the large inventories of nutrients present in the 
slowly-decomposing  forest floor. Forests in which litter 
decomposition  and  nutrient circulation in the biogeochemical cycle 
are  rapid  (many tropical rain forests) may have high levels of 
photosynthesis  and productivity in spite of rather low inventories 
of nutrients in the soil. 

within an organism. Plants work  hard (i.e. produce lots of roots 
The  third  cycle reflects  the internal conservation of nutrients 

nutrients. Where the availability of nutrients is low, plants will 
and allocate a large portion of their photosynthate) to obtain soil 

reduce their nutrient  losses as well as trying to increase their 
uptake. For example, nutrients which  are  in short supply are 
removed  from leaves before they fall,  and  from  stem sapwood before 
it dies and becomes heartwood.  More than half of the nutrients 
required to produce  new  leaves,  bark,  sapwood, etc. may  be  provided 
by this internal reallocation of nutrients within a  tree growing 
on a nutrient-poor site. Internal recycling can help to  smooth out 
season-to-season  or even year-to-year variations in soil nutrient 
availability. It can  also help trees which are efficient at 

relatively nutrient-poor  sites. Plant species which lack  this 
internally recycling nutrients to grow remarkably well on 

ability  may be excluded  from such sites. Internal cycling can 
temporarily  help to maintain the level  of  plant growth as soil 
becomes  impoverished  in  nutrients, but eventually a long-term 
decline  in soil fertility will be accompanied by a decline in 
growth. 

Where the availability of nutrients in the soil is low, plants will 
increase their allocation  of photosynthate to the production of 

¶et  more  light  and carbon (as CO ) from the atmosphere than 
fine roots.  It  is  all a question of  balance.  If the  foliage can 

Plant's  "best  bet"  is to put  its  growth  effort  into finding more 
nutrients (especially nitrogen) andfor moisture from the soil, a 

Soil nutrients and  moisture.  On a moist, fertile site, however, 
soil  nutrients  and  moisture  may be more available than atmospheric 
co2 and  light, so the plants put  more  effort  into foliage 

I 

9 



F" 
. .  

Figure 2.1 
The three major cycln of the  forest rutrient cycle: the gecchemical, the biogeochemical ad the  internal  or 
b iahsnical  cycle. The uide  variety of effects  that rutrint ava i lab i l i t y  has in the ecosystem i s   l i s t e d  to 
the right of the  figure. 

production  and  stem  height growth. This Vesource allocation" 

the biogeochemical  cycle,  although it is also sensitive to light 
strategy is particularly sensitive to soil  nutrients, and thus  to 

and  soil  moisture (Figure 2.2) . Because  changes in resource 
allocation have such a major effect on the rate of accumulation of 
useable  stem  wood,  and  because  resource  allocation is so closely 
related to nutrient  availability,  a knowledge of forest 
biogeochemistry is  very important in timber management. 

2 .2  Tenmoral  Dynamics of Forest Ecosystems: Chanae Over Time 

Few things are as certain as death, taxes and  change. With very 
few exceptions, the forests  of the world are undergoing continual 
change. The major reason for this is the process of natural 
succession by which an ecosystem  recovers through a series of 
"seral  stages*t3  back to its original condition following some 
disturbance event. In most  forest  ecosystems, disturbance is 

recovery.  However, if the frequency  of  disturbance is low,  or  if 
frequent  enough that the ecosystem is always  in some stage of 

the ecosystem recovers very  rapidly, then the ecosystem may achieve 
a  final,  relatively  stable  terminal seral stage called the 

by the death of individual  large  old trees leads to their 
%zlimaxIt. In  this condition, the small-scale disturbance caused 

replacement by seedlings  of the same species. 

In true climax  forests, the species are self-replacing,  at  least 
until the next major disturbance  which  initiates a new series of 
recovery  stages. The number of stages  on the return to  the climax 

disturbed. In the most  extreme  cases (eg. catastrophic  wildfire, 
condition will depend  upon how severely the ecosystem has been 

extremely  severe  slashburning,  massive soil erosion),  virtually all 
living things and  dfad  organic  matter  are  lost,  mineral  soil  is 
removed or destroyed, and  succession  begins  in  a  relatively  harsh, 

several  and  maybe  many  seral  stages  in the recovery  of such a 
inorganic  environment  (primary  succession). There are  usually 

severely  disturbed  ecosystem,  and the process may take as long as 

3 A seral stage i s  m of  the stages wkich an eccaystem passes t h r w h  after it has  had i t s   b i o t i c  
cnnrnity, microclimate snd soi l   a l tered by mtura l   or  hunan-indused disturbance  &ring i t s   recowry  back t o  
i t s  pre-disturbance cadi t ion.  A seral stage i s  Characterized by a particular  plant connunity, animal and 
microbial c-ity, so i l   cadi t ion,  and microclimate. It i s  generally recognized by i ts   character is t ic  
vegetation. 

! 

4 The s o i l   i s  not just the  stuff  that  sticks t o  y w r  boots. I t  i s  a l i v i n g  ecos~stem i n  i t s  oyn r ight. 

internal  architecture), and f v r t i o n a l  processes. I f  m or more of these key c n p w m t s  i s  missing  or 
It has the r m t s  of plants, animals,  microbes, dead organic  matter, a microclimate, water, a structure (an 

l i fe .  
destroyed. the s o i l  ecos~stem may cease t o  fvrtion, or have i t s  f v r t i on  diminished, as the  supporter of plant 

i 
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Figure 2.2 

Factors that determine the capture of solar energy bt a forest CCmy?3tem .nd its eventual disposition in 
harvestable yield. 
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many centuries or  even  millennia,  depending on the geology, 
climate,  and various other characteristics of the site. Where the 
disturbance is much less severe (eg. removing only the dominant 
trees), the species composition of the recovering ecosystems will 

approximate that of the climax forest. Within a few decades, 
or as much  as one or two centuries, the differences between the pre 
and post-disturbance  ecosystem  condition  may  be  negligible. Where 
the  disturbance is at the scale of individual tree death, minor 
changes will occur  in the canopy gap so formed,  but these  will  soon 
disappear if the surrounding trees close the gap within a few 
years. 

Where  a  climax  ecosystem is disturbed  (eg.  by clearcut harvesting) 
and subsequently  redisturbed prior to its full recovery back to  the 
climax  condition, the landscape  may be held in  an intermediate 
seral  condition for as  long as  this disturbance/recovery cycle is 
maintained. If  the repeated  disturbance keeps on occurring  before 
the  ecosystem has recovered to  the condition prior to  the preceding 
disturbance, the ecosystem  condition  may be pushed slowly but 
steadily  back toward an ever-earlier  seral  condition  (Figure 2.3). 

rocky  ridge-top  sites with thin,  infertile soils, the greatest leaf 
In very  wet  forest  ecosystems with deep, organic soil, or on dry, 

biomass,  and therefore the greatest  ecosystem  productivity, is 
generally  associated with late seral or climax forests (Figure 
2.4). In such forests,  harvest-related  disturbance to  the soil 
should be minimized  if  forest  productivity is a  concern. On 

soils,  forest  productivity  may  not  change  dramatically  over several 
intermediate  sites,  especially those that have moist, fertile 

of succession  where  fast-growing deciduous hardwood or seral 
seral  stages, or may be  highest  in  earlier or intermediate stages 

coniferous tree species grow. 
harvesting  and  post-harvest site treatment  may be done  in  a  way 

On such intermediate  sites, 

that  deliberately  disturbs the ecosystem  (eg.  clearcutting  and 

mid-seral  ecosystem conditions that  promote the growth and 
slashburning, or clearcutting  and  scarification)  in  order to create 

productivity of these species. 

In concluding this discussion of successional change, we need to 
understand the components of  a  seral stage if we  are to understand 
successional  recovery.  Each seral stage is merely  a developmental 

Each stage has a  characteristic  assemblage of plants,  animals, 
stage  of the same ecosystem;  only the ecosystem  condition  changes. 

microbes  and a characteristic  soil  and  microclimate. 
microclimate is largely  a  function of the growth of the plants, 

The 

which also determine the carrying  capacity  for the animals. In  the 
absence of climate  change,  succession is therefore mainly  a  result 
of the development of the plant  community, which in turn is largely 
determined by the soil conditions. In defining  a seral stage of 
a particular  ecosystem  within  a  particular climatic area, the most 
basic  parameters that must be described  are' thus the plant 
Community  and  soil  condition. 

13 



Figure 2.3 
Diagranatic  representation  of the  successional cmacqucnses of d i f f e r m t  levels of disturbance &ring 

Arrow 1 represents minim1  disturbare which permits succession t o  proceed t o   c l i m x  over the subsetpmt 100 
harvesting of the pnultimte suscrrsional s tew  o f  three dif ferent types of sere in CMstal  British  Colmbia. 

years. Arrow 2 represents the degree  of disturbance mesury with a 100 year f r cqmcy   to   m in ta in   t he  
p n u l t i m t e  successional s tnw in  perpetuity. Arrows 3 and 4 repramt increasing levels of disturbance. The 
variatian in the  succaaimal cm-es of heavy disturtmce berueen the three scres can readily be seen. 

ru t r ient  and mis ture  storage c-ity. R e c o v e r y  frm excessive d is turbnce  ia  slou vd c m t  readily be 
(A) I n  the  xeric envir-t, succesaiorul chmges rccnpmyinn d i a t u r k e  include Las of ru t r ients  and of 

accelerated. Patterns  of recovery are  predictable. (8) In tho a i c - h y g r i c  mirannt, overall successional 
changes accnpsr ing  d isturhncc  arc w t  ud recowry i s  #meral ly  rapid. R e c o w r y  can f a i r l y   eas i l y  be 
accelerated when it i s   v d n i r a b l y  slow. Note that both the degree and pathwy  of successional  recovery  are 
variable and d i f f i c u l t   t o  predict. (C) I n  the  hygric ewirmnt, the m j o r  successiaul changes accnpanying 
disturbance  are  increasing  betress and loss of so lh le  rutrients. Recovery tends to  be slow but can be 
accelerated by such techniqur, as drainage. As with the xeric e n v i r m n t ,  the pattern i s  very  predictable. 
(After Kimins, 1972. Copyright Canadian Ins t i tu te  of  Forestry. Used with permission.) 

F i g u r e  2.4 
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When climax forests are clearcut, an early seral microclimate is 
created.  If the climax forest had  a thick forest floor and this 
is not disturbed during the harvest, and if the clearcut site has 
a relatively hot, dry summer microclimate, iew plants, including 
planted tree seedlings,  may  be able to grow for several years 
unless the forest floor  is  also  disturbed to bring the soil 
condition  into  synchrony with the new  microclimate.  Most  plant 
species are simply  not  adapted to grow on a site that has both an 
early seral microclimate and  a  late seral or climax soil condition 
(especially the depth  and  chemistry  of the organic forest floor). 
Clearcut sites may also be much more subject to radiation frosts 

After a few years,  natural  decomposition  of  logging slash and the 
that kill seedlings if there is a thick organic forest floor. 

but forest managers may choose to speed up the process by 
forest floor will resynchronize microclimate  and soil conditions, 

disturbing the soil mechanically or by the  use of  fire. Where  such 
disturbance  of the soil is undesirable,  a  forest microclimate that 

be retained. The forest  should  either be managed under an uneven- 
is appropriate for the undisturbed  forest floor condition should 

aged system, or  the clearcut  opening  should be limited to a size 
that  provides the appropriate  microclimatic  conditions. 

The  need  for site disturbance to resynchronize micro-climatic  and 
surface soil conditions varies considerably  from  area to area. In 

well  adapted to  the combination of  open microclimates and  climax 
very  mild, humid climates,  desirable tree species may  be  perfectly 

necessary  in such circumstances. In areas with very  cold  mineral 
forest  floor  conditions. No disturbance of the soil  may  be 

where there is a  pronounced  period of summer drought, some 
soils, areas  where radiation frosts can damage seedling, or sites 

disturbance  of the forest  floor  may be  very  beneficial, or even 
necessary.  Obviously,  each  different situation must be assessed 
individually. 

2.3 other AsDects of Forest Ecosvstems 

patterns  of  change,  both  of  which are influenced by the structural 
The  discussion above is limited to ecosystem  function  and temporal 

components of the system.  It  is  important that the ecosystem has 
an appropriate diversity of plants,  animals,  and microbes of the 
appropriate genetic characteristics and  adaptations. This is 

predictably  from disturbance under the prevailing site and regional 
necessary if the ecosystem is to function  normally and recover 

climatic  conditions. If the native trees are  replaced by new 
species (or by different genotypes of the original species) that 
lack appropriate adaptations to  the physical  (climate,  soil, fire) 
and biotic conditions of the site,  ecosystem  function can be 
expected to change,  probably  for the worse.  Replacement  of the 
native species/genotypes by well-adapted  new species/genotypes does 
not threaten the future functioning of the ecosystem,  however. 

Loss of critical ecosystem  components can sometimes have  a  very 
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negative  impact on ecosystem  function. Having said this, it should 
be noted that  there are  numerous  examples  from  around the world of 
the  successful  establishment  of  non-native forests, either in areas 

deforested centuries ago. These "human-made" forests lack many  of 
of native forest that have  been cleared, or in areas that were 

the StNCtural components of the original native forest,  but have 
proven to be both  productive  and  ecologically stable when 
established  and managed in an ecologically-sound  manner. The 
difficulty  is  in  deciding which presently-existing components of 

which are important in its  present seral condition, but are non- 
a particular  ecosystem  are  vital  for its normal  functioning;  and 

vital  and  perhaps  not  even  necessary  if the ecosystem is to be 
managed in a  different  seral  condition. 

Sometimes the negative effects of losing certain ecosystem 
components  may  not show up in the first rotation, but may result 

caution is therefore required  in  making assumptions about the role 
in declining  productivity  in  subsequent  rotations. Considerable 

of specific  ecosystem components in the long-term-maintenance  of 
ecosystem  productivity.  However, it cannot be assumed a pr 
that every  living  organism  and  every  non-living  object  or condition 

iori 

in a  particular  seral stage of an ecosystem  is  equally  important 
and vital  for the future functioning of that ecosystem in the same 
or some other seral stage.  A careful  site-specific analysis is 
required,  and conclusions reached in one type of ecosystem will not 
necessarily be applicable in ecologically-different types of 
forest. 

2 . 4  > 
British  Columbia is one of the most ecologically-diverse landscapes 
of comparable size anywhere  in the world. Indeed, it includes 
greater  ecological  diversity than many areas that are many times 
larger.  More than  two thirds and  perhaps as much as three quarters 
of all the ecological  diversity  in  Canada is represented  in B.C. 
This makes forestry  in B.C. much more complex than in competitor 
forest countries such as New Zealand,  Sweden,  or the south-eastern 
U.S.A. The landscapes  of  British  Columbia  include representatives 
Of many Of the major  world types of  ecosystem.  Four out of the ~ 

five major types of  world climate are  represented in the province, 
with  a  corresponding  diversity of vegetation that varies from 
arctic  and  alpine tundra to broad-leaved  evergreen  and deciduous 
Semi-Mediterranean  vegetation,  and  from  semi-arid/semi-desert 
grasslands to temperate rainforest. Within each of the major 
climatic  belts there are climatic  variations great enough to result 
in significant  ecological  variation. These are called I 
b-, zones ( see the biogeoclimate zone map  in Appendix 
1). Within  each of these fairly  homogeneous climatic sub-units i 

there are  further  subdivisions  called  biogeoclimatic subzones, each 
of which has its own unique range of ecological  characteristics. 

~ 

I 

! 
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Each subzone is in turn a mosaic of e- 
variation within the climatically-uniform subzone results in local 

s5. Topographic 

variations  in soil moisture and  nutrient availability (ie. site 
biogeochemistry).  From the dry,  nutrient-poor ridge tops of small 
hills down to  the moist bottom  of a small valley (all with the same 
subzone climate), there are sequences of forest ecosystem types 
(or "site  types") that are distinctly  different  from each other in 
structure, species composition,  and  function, and in their 
sensitivity to and  recovery  from disturbance (Figure 2.5). 

Forest  management in British  Columbia  must, by  law, be practiced 
on the basis of the biogeoclimatic  classification  and site 

B.C. Ministry  of  Forests. 
interpretation  system  developed by Professor V.J. Krajina  and the 

This world-class ecological 
stratification of B.C.'s forests provides an ecological foundation 
for the practice of  environmentally-sound, sustainable forest 
management. The need now is to develop ecologically-sound 
guidelines  for the management of each of the ecosystem-types  in 
this classification,  and to ensure that forest practice does indeed 
follow these guidelines.  Preliminary guidelines have  been, or are 
currently  being  prepared,  and the current  mechanism to ensure that 
these are  applied  is the Pre-harvest  Silvicultural Prescription 
(discussed  later). 

2.5 Variations in Bioloaical  Diversity Followina Disturbance 

One  of the global environmental  issues  that  has  fired the 

biological  diversity,  especially that caused by deforestation in 
imagination  of the public is concern  about the global loss  of 

the tropics. The products of  millions of years of evolution are 
being  threatened by forest  clearance  in the tropics  for 
agriculture,  mining  and  hydroelectric  schemes. 
considerable evidence in support of this concern, and the prospect 

There is 

that large areas of  forest  which can have more than 400 different 
tree species per  hectare may be  replaced by single species 
agricultural crops or by monoculture conifers (eg. tropical pines), 
eucalypts, or other tree crops has  helped to fuel the international 
environmental  movement. 

Uncritical comparisons are frequently  made  between deforestation 

about the biological  simplification  of tropical ecosystems is being 
in the tropics and timber harvesting  in B.C. The global concern 

refocused on  the forests of our province,  and  recent statements in 
the media have suggested that the diversity of our 'temperate rain 
forests"  approaches that of tropical rain forests. It is 

i 

5 The t e n  ecowstem i s  a p n r r a l  t e n  which referr t o  a natural system that has structure  ( l iv irq 
organism, a   c l i m t e ,  md a mn-l iv ing  s tbatrate) ,   fur t ion (energy-flou, nutrient c y c l i n a ) ,   c w l e r i t y ,  

type of  ecosystem that i s   r e l a t i v e l y   h o l o g m a g  in i t a  conpmnts,  haa a chnracteristic s e r i n  of seral stages 
interdependnxy of i t s  s h z n p m n t s ,  md h i c h  ch- over time. The tenmecowstem twe refers to  a   s p c i f i c  

follouing  disturbance, and a character is t ic   c l imx   vqeta t im,  soi ls ,  a n i n l  and microbiel l i f e .  
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necessary,  therefore, to enquire  about  how  diversity varies 
naturally  in the forests of B.C., and how diversity responds to 
disturbance and successional recovery. There are five major 
categories of  biological  diversity: 1. genetic variability within 
a given species,  largely in response to geographical variations in 
physical  and chemical environments  (genetic  diversity); 2. the 
number  of  species  in  a given forest  stand  or  ecosystem (alpha 

the different  forest stands or  ecosystems in a region (eg.  a large 
species diversity); 3. variation  in species composition between 

valley: this is called  beta species diversity); 4. variation 

particular  ecosystem type (temporal diversity);  and 5. variation 
in species composition between  different  seral stages of  a 

gradients (ecoclinal diversity or geographical  diversity). These 
in species along major elevational,  latitudinal,  or  longitudinal 

measures  of species diversity can also be applied to stand 
structural  diversity  and to  the variation in productivity 
(functional  diversity). 

All these measures  of  biological  diversity  are  subject to 
modification by natural  disturbance  (fire,  insects, diseases, wind, 

underlying  diversity  of  soils,  topography  and climate that is far 
etc.)  and  by forest  management.  However,  they also reflect an 

less susceptible to change. The persistence of this environmental 
diversity guarantees the redevelopment  of  many aspects of  biotic 
diversity  following some disturbance  of the biotic  community. 

Figure 2.6 shows the variation  in regional tree  species diversity 

diversity: not the diversity  in  individual forest stands). 
in  unmanaged  forests across B.C. (ecoclinal or geographic 

Diversity varies greatly,  from  a  high  of  thirty to thirty-four tree 

transition from  coastal to interior  climates in southwestern B.C., 
species  in the topographically  and  climatically diverse area  of 

mountains  of  northwestern B.C. The  alpha  diversity of tree species 
to  as few as zero to four  in  very cold, glacier-dominated 

about ten in some parts of southern B.C. The general decline in 
is much less, of course,  ranging  from  as  low  as  one to a  high of 

both  alpha  and  ecoclinal tree species  diversity with increasing 
latitude is a  phenomenon that is well  documented for a  wide  variety 
of other  organisms,  leading to  the general conclusion that 
individual  local  forests  in B.C. are much less diverse  than 
individual  local  tropical  forests. There is a  high diversity of 
forest types and  forest  ecosystem-types in the province,  but most 

we have a  high  diversity  of  relatively  low  diversity  forests. 
of these have relatively  low  values  for  most  aspects of diversity; 

Very  old forests characteristically  have high structural diversity 
(trees of  many sizes and ages) and  may have either high (tropical 

diversity. The alpha  diversity  of  plant species in such forests 
forests) or relatively  low  (northern  forests)  plant species alpha 

is generally  increased by disturbance  because the ecosystem still 
supports many of the species that were  present  in the original 
plant  community as well as many "weed@@ or  @@invader" species  that 

2 0  

- 

Bi-8 2.6 
~ r a e  species diversity in  B r i t i s h   C o l d i n .  The highest  diversity occurs in the  area of c l i m t i c   t r a n s i t i o n  f r a  
coastal to interior  climatic  conditions. The area i s  momtaimus md there  is  a high diversity of physical 
m i r m t s  based on v a r i a t i m   i n  elevation, aapCt, and location  within  the  tramition area. (After   Kraj iM,  
clinks, a d  Yorral l ,  1982. Used by p n i s s i o n  of J.G. Uorrall.)  



are characteristic of early  seral  stages.  However, disturbance 
generally causes a reduction in structural  alpha  diversity: most 
of the species are herbs or shrubs. As succession proceeds, shrubs 

replace the shrubs. Such tree-dominated early seral communities 
often replace herbs, and  pioneer conifers or deciduous hardwoods 

often have only  a single tree species (monocultures),  and they are 
often  dense,  even-aged  stands  with little or no  understory; they 
have a low species and structural diversity whether they are 
natural or established by foresters. As these low  diversity stands 
mature, their canopies break up allowing  invasion by other species 
and/or younger  individuals of the same species, raising both 

very  long  periods, species diversity  in  many temperate and northern 
species and  structural  diversity. If left without disturbance for 

forests may decline  again as the climax forest condition is reached 
and the ecosystem  is  dominated by just one or two very shade 
tolerant tree species.  However,  structural  diversity may increase. 

The above discussion  focused on plant  diversity.  Because animals 

will generally  reflect the diversity of the vegetation:  both the 
and microbes are habitat-dependant, their abundance and diversity 

alpha  diversity  and the landscape  diversity. The diversity  of 
forest  floor  conditions,  particularly the abundance and variation 
in size and degree of decomposition of decaying logs, is also 

mammals, and some birds) and  microbes. However, there is not 
important,  especially  for smaller  animals (soil animals, small 

always  a  linear  relationship  between  animal  diversity  and  plant 
species alpha diversity.  Sometimes the diversity of animals  in 
northern ecosystems reflects the time since glaciation as much as 
the diversity of the plant  community (eg. the diversity  of insects 

diversity also varies as a  function  of time since glaciers left the 
in the canopy  of  European  oak  forest). Because plant species 

area, it is sometimes difficult to separate the effects of plant 
diversity  and time since glaciation. 

The pattern of change over time in species and structural diversity 
is  highly  variable  between  different types of forest ecosystem 
within a biogeoclimatic  zone,  between  different zones, and  in 
response to different  types,  frequencies  and intensities of 
disturbance. 
generalizations  about  biological  diversity that are accurate for 

It  is clearly difficult to develop useful 

more than one or two biogeoclimatic  zones,  and sometimes different 
ecosystem types within  a single biogeoclimatic  subzone  may exhibit 

diversity. 
significantly  different temporal patterns of species and structural 

A recent article in the Vancouver Sun (page 1, April 16) suggested 
that "B. C. ' s temperate rain forests . . . are amongst the richest  and 
most  biologically diverse ecosystems in the world". This statement 

rainforests,  and  yet there appears to be little or no scientific 
implies  a  diversity that approaches that of the tropical 

evidence to support  such  a  conclusion.  Vascular  plant,  vertebrate 
and  invertebrate animal alpha  diversity is much lower in B . c . ~ ~  
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climax  "rainforests" than  their tropical equivalent,  and the 
concept of species  diversity that works well f o r  plants and animals 
cannot be applied  equally to the soil microbial community. While 
it is certainly possible that there is a high microbial diversity 

matter, there is no available scientific  data  on the topic. 
in B. c. I s  rainforests  because  of their abundance of dead organic 

Bryophyte (mosses and  liverworts)  diversity can also be quite high 
in these humid  forests.  However, there is little scientific basis 

most species-rich forests of the world. There is similarly little 
for  a  claim  of high alpha  diversity  in such forests relative to  the 

support for the idea of structural  diversity  being as great  in 
B.C.'~ rainforests as in their tropical  equivalents. Perhaps this 
article was confusing the great  diversity  of  ecosystem types in the 
province that is a consequence of the great diversity of climates, 
topography  and  soils, with the relatively  low  alpha  diversity of 
most of B.C.'s forest. Within British  Columbia, the humid old- 
growth  coastal rain forests generally do not rank number one  in 
most  aspects  of  diversity. 

The reason for  discussing this newspaper  report  is to illustrate 
the  frequently  inaccurate  public  perception  about  diversity  in 
B.C.@s forests,  and  its  relationship to forest  diversity  in  other 
parts  of the world. Scientifically-unsupported  parallels are often 
made  between various other aspects of B.C.'s forests  and  forestry 
and their counterparts elsewhere. 
interpreting the significance  of  such parallels for  British 

Caution is needed  in 

Columbia  unless it can  be shown that  ecological conditions are very 
similar  in the areas  being  compared. 

Different  plant  and  animal species are  found  in  different seral 

combinations  of species are  found  in similar seral stages of 
stages  of  any  particular  ecosystem  type.  Similarly, different 

different  ecosystem types along the topographic sequence within a 
biogeoclimatic  subzone (Figure 2.5). Different combinations are 

to a single  seral stage of  a  single site type within  a single 
found  in  different  subzones. Some rare species may be restricted 

within  a  subzone, some species  occur  in several subzones,  and some 
subzone.  Most species can be found on more  than one site type 

are found  in  many  zones. 

2.6 Successional  Considerations  in  Forest Harvestinq ! 

This variation  in the "ecological  amplitude" of  plant, animal and 
microbial  species (little is  know  about this aspect  of soil 
microbiology)  should  be  considered  in all aspects of  forest 
management,  including tree harvesting.  Each  plant species has its 
Own particular soil and climatic (including microclimatic) 
requirements  and  tolerances.  Each  species  of  animal has its own 
habitat  requirements  (largely, though not  solely,  a function of the 
Plant  community),  and will therefore react  uniquely to a given type 
and intensity  of  management-induced or natural.disturbance. In 
considering the ecological  constraints  on  harvesting  method  and 
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frequency, the manager must  evaluate the anticipated successional 
retrogression that will be caused by the harvest-induced 
disturbance, compare the anticipated seral conditions that will be 
produced with the site and  habitat requirements of the desired 
species of plants and  animals,  and  consider the effects on soil 

particular  ecosystem in question will recover to  its  pre-harvest 
organic matter  and  nutrient  inventories. The rate at which the 

This involves the concept of "ecological  rotations*: the time 
condition or  some new desired  condition must also be  estimated. 

taken for an ecosystem to recoyer  from  a specific disturbance 
regime. Once the ecological rotation has been estimated,  site- 

disturbance can be developed that will ensure the maintenance of 
specific combinations of rotation-length and level of harvest 

desired  seral conditions over the tree crop rotation (Figure 2 . 7 ) ,  
as long as the climate does not  change.  Different aspects of 
ecosystem condition will have different  recovery times, and 
therefore the length of  an ecological rotation will  vary  according 
to which  ecosystem  characteristics are being  considered. 

Estimation of ecological rotations is not  easy. The best  way is 
on  the basis of experience,  but  in  almost  all cases we lack 
appropriate  rotation-length  field evidence about how long it takes 

recover to its  pre-disturbance  condition  following  a  particular 
for  a  particular seral stage of a  particular ecosystem type  to 

type and  intensity of disturbance. The growth and yield predictors 
and  management  planning tools currently  in use in British Columbia 
are not appropriate  for this purpose. They were not designed to 
be sensitive to questions of ecosystem disturbance and recovery. 

variety provide one way by which  ecological rotations can be 
Ecosystem-management  simulation models of the FORCYTE and FORECAST 

estimated  for some aspects of ecosystem  condition. These models 
are referred to in Appendix 11. 

2.7 Conclusions 

Ecosystems  are  complex, dynamic, and  functional  systems. The 
biotic  component is highly  variable,  both with time  and from site 
to site. The non-living  components,  which  determine the potential 
vegetation  development of the ecosystem, are less variable over 
time,  and  less  subject to management-induced or natural 
disturbance.  Consequently,  a similar type of  plant community will 
always tend to develop  in an ecosystem  following disturbance or 

massive  alteration of the soil  (relatively  rare).  However, it is 
removal of the vegetation,  unless the climate changes or there is 

the biotic components of the ecosystem that determine  whether or 
not the environmentally-defined  ecosystem  potential is actually 

thus requires an understanding of  both the degree to which the 
achieved.  Understanding the ecological  impact  of timber harvesting 

physical and chemical conditions of the particular ecosystem have 
been  altered,  and the extent to which the biological mechanisms of 
vegetation  and  ecosystem  recovery have been  changed. 
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.FIGURE 2.7  

The concept of  ecological  rotation:  the tim to recover to  the  pre-di8turbrre eco8yatem condition. The 
ro log ica l   ro ta t ion  d.pcrd. on the  natural  rate  at uhich an ecosyatm recovers f r a  di8turbnse nd the degree 
to h i c h  the ecusyatem ha8 teen disturbed. ECo8.y.t- u i l l  be degrded if recovery i8 too a lar ,  the  rotation 

disturbance, nd the rate  of  recovery. 
i s  too short, or tho d i r turbnse i8 too  sreat  relative  to m or m r e  of the  rotation  length,  the degree of 
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3.1 Introduction 

There is considerable confusion in the minds of the B.C. public 
about  forestry. As noted  earlier,  many people think that forestry 
is nothing more than clearcut  logging, or that forest  management 
is restricted to timber management. 
understandable. In much of the  province,  clearcut  logging  and its 

This confusion is 

aesthetic impacts are the most  visible manifestation of  forest 
management,  and  forestry in British  Columbia  has  focused  largely 
on  the wood  and  wood fibre resource.  However,  forestry  is, or 

much broader than just timber management.  Forestry is described 
should be if it is  not, much more than just timber harvesting, and 

as  the "science,  art  and practice of managing  forested landscapes 
for  a  sustained  supply of a  variety of goods and  services". 

perceived an actual shortage of some desired  product(s) or value (s) 
Forestry has always  developed in a  society when  that society has 

from the forest, or  the potential to develop shortages in the 
future . 
The history of forestry reveals a  strong tendency to evolve through 
a series of fairly  predictable  stages. This evolution has always 

centralized,  non-ecological,  administrative  approach,  which has 
started with the replacement  of  unregulated exploitation by a 

always been succeeded, sooner or  later,  by an ecologically- 
sensitive strategy  for  sustaining the biological  diversity  and 
productivity  of the forest. This silviculturally and ecologically- 
sound  phase of forestry tends to lead  eventually to a  socially as 
well as ecologically-sound  strategy of forest  land management in 
which  aesthetics,  non-timber  values,  and social considerations are 
given  much  greater  emphasis. In British  Columbia,  we have passed 
through the earlier stages of this sequence. We were just entering 
the ecologically  sensitive stage when the rapidly changing public 
attitudes towards forests resulted  in  enormous pressure to proceed 
directly to the final,  more  socially-responsive  stage. A segment 
of the public has become  incensed  at the failure of the 
centralized,  administrative,  non-ecological,  and  aesthetically- 
insensitive  approach to forest  management that characterized much 
of the earlier  days  (and  in some cases fairly recent days) in 
British  Columbian forestryto sustain  certain environmentalvalues. 
These people have vehemently  questioned  why  forestry in B.C. has 
not  evolved to  the subsequent stages more  rapidly. 

It is clearly time for the evolution of B.C. forestry to be 
accelerated  into this final stage in  which the aspirations of  a 
broad  cross-section  of  society  are  satisfied. This can only be 
achieved by a clear  statement on  the part of the land owner (the 

public wants from its forests. This must  be  accompanied by the 
B.C. government,  on  behalf  of the people  of B.C.) as to what the 

tenant forest companies to satisfy the public's desires for these 
institution of a  strategic  planning  process that will  permit the 
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values while at the same time remaining  economically  healthy  and 
competitive  in the international  marketplace. 
undertaking this evolutionary  process,  great care must  be taken to 

However, in 

ensure that actions taken to satisfy certain social criteria do  not 

actions are ecologically-sound,  and that the forest management 
impair  other social values  provided by  B.C.'s forests, that these 

strategy that is adopted reflects the biological,  environmental, 
ecological,  social,  and temporal diversity  of B.C.'s forests. 

Any evaluation  of timber harvesting  should be conducted within the 
framework  of an understanding of:  1. the overall goals and 
strategies  of  forest  land  management; 2. the sequence of stand 
management  practices  which  in  aggregate constitute the rotation- 
length tree crop production  system  (the silvicultural system); 3. 
the  relationship  between  stand-level silvicultural systems and 
regional timber management  strategies;  and 4. the relationship 
between  stand-level and regional  timber management and  a  variety 
of other  forest-based  resource  values. 

The  evaluation of timber harvesting  in  British  Columbia  should  be 
undertaken  in the context  of the present  and  past goals and 
strategies  of  management that have been  set by the government of 
B.C., and  administered,  often with very  inadequate resources to do 
the  job, by the B.C. Ministry  of  Forests. The evaluation  should 
examine  both the practices  and  consequences  of  harvesting,  and the 
institutional  framework  that has resulted  in the type and rate of 
timber  harvesting that has taken place  in the province. 

This  chapter  presents  a  "thumbnail  sketch" of the overall nature 
of forest  management as it should be,  and as it  hopefully will be, 
once B.C. forestry has entered the next phase in the evolution  of 
forestry. No evaluation of the institutional  framework  for B.C. 
forestry  is  attempted. 1 

3.2 The Obiectives of Manacrement and  Their  Achievement  Throush ~ , 
Wanacrement Planninq 

Forestry  is  a  purposive,  goal-oriented  activity.  Everything done 
by foresters should  be  a direct or  indirect consequence of a 
clearly-stated  set  of  land use and  value  production  and/or 
protection  objectives. These objectives  are  set by the land  owner, 
but must  also  satisfy  prevailing  laws, statues and regulations 
pertaining to the management  of  land  in the region. 

the  objectives of management are determined through the political 
In British  Columbia, 95% of the land  is  publicly-owned. Therefore, 

process.  Ultimately, the desired  objectives of a (hopefully) well- 

set through the ballot  box  and through the lobbying  activities  of 
informed B.  C. public for the management of their forested lands are 

Public  interest  groups. The quality  of  forest.land  management we 
get depends on the resource-management philosophyof  the government 
we elect, the pressure put  on that government by the public to 
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respond to  this pressure. Proximally, the overall  provincial 
implement this philosophy, and the commitment Qf the government to 

objectives are  set by the Ministry of Forests in order to satisfy 
the requirements of the Forest Act. Regional  and  local  objectives 
are set by the managers responsible,  in compliance with the 
Ministry's provincial objectives. The managers may be government, 
industrial,  municipal, or private foresters or landowners. 

Achievement of the objectives of management has traditionally been 
facilitated by preparing  a  management plan. There cannot be  a 

province is divided into  a  variety of management units. These 
single plan for an area the size of British Columbia, so the 

management units are administered  under several different types of 

Not all management units in the province have a  formalized  forest 
forest  land  tenure, the details of which are not  presented  here. 

management plan of the  type described  below,  and there are 
presently  a  variety  of  institutional  impediments that prevent the 
development  and  use  of  a g*classicaln management plan. However,  I 
anticipate that planning  documents of the  type  to  be described will 
be required  in  British  Columbia  sometime in the future. 

Many of the shortcomings in E .C. forestry today are thought to 
reflect the lack  of adequate management  planning mechanism in the 
past. This lack has been  partly  a  result of the failure of policy 
and regulations set by the B.C. Ministry of Forests to achieve the 

forests, and partly  a  consequence of the way various different 
level  of planning that was  needed to ensure good stewardship of the 

forest-based natural resources are  administered in the province. 

management plans at the Faculty  of  Forestry, U.B.C.  in the past has 
The failure to instruct students adequately on  the preparation of 

probably also contributed to  the apparent  lack of understanding of 
the importance of comprehensive,  integrated management planning 
tools by many members of B.C.'s forestry  profession  today. 

A forest  management  plan  should  have two parts. Part I consists 
of a description of the topographic, climatic, soil, hydrological, 
and  biological  characteristics of the management unit, and an 
inventory  of all the physical,  biological,  aesthetic, social and 
other  values  provided by the forested  landscapes  in the unit.  It 
should  present  a  history  of the area,  insofar as  this  is known, to 
provide an understanding of the origins and causes of present 
conditions.  Part I should  end with a concise but complete 
statement of the objectives of management  as  defined by the 

management  techniques, the planning tools to be used to achieve 
landowner.  Part I1 identifies the management strategy, the 

these objectives,  and the methods by which compliance with the 
objectives will be  monitored. 

Part  I  of the management  plan  identifies  both the management 
opportunities  and the constraints on management  presented by the 
biophysical resources and  characteristics of the area.  It 
describes the tree-growth  potential  and the tree species best 
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suited to achieve this potential on each  of  a series of management 

watershed, fish, wildlife, range, recreational and  other values of 
sub-units of the landscape (compartments and  subcompartments). The 

these units are  identified  in terms of  both the inherent values and 
the  geographical  location of the area relative to social demands 
for these values. Particular constraints on management are 
identified, such as unstable or sensitive  soils,  visually sensitive 
views, recreation and wildlife corridors,  critical wildlife habitat 
and stream-protection riparian zones. The perceived risks Of 
damage  from  insects,  disease,  wind  and fire are identified. If 
actual or potential wilderness values are present  in the area 
covered  by the plan, these will also be  described. In many cases, 
wilderness  will be managed by an agency  concerned with recreation, 
and the management  plan  for the area will be  prepared by that 
agency. 

Reflecting the statement  of  management objectives in Part I, Part 
11 of the plan  establishes the range of resource values that are 
to be managed  for, the relative  importance  of the different values, 
and the actual  and  desired spatial and temporal availability  of 
these resources. For each of the values so identified, there is 
a section that describes in  general terms how  the resource is to 

plan (this may  essentially  be  "in  perpetuity", or may be  limited 
be managed over the longest time horizon  being considered in the 

management  strategies to be employed  over some intermediate  period 
to the period  of tenure of the tenant  forest  company), specific 

(eg. the life of a  tenure,  such as fifteen to twenty years),  and 
a detailed  plan of management  operations to be undertaken in the 
short term  (one to five years). 
geographical  location of the activities for the next  planning 

The plan identifies the 

period  and sets out criteria that define acceptable management 
standards  (performance  standards).  Methods  of  record  keeping  are 
established,  and  a  program of monitoring  is  described that will 

was  planned. This monitoring  program  should  include  a  method 
check that the actual  management  undertaken conforms to that which 

whereby the results of the monitoring  are  incorporated  into the 
periodic  revisions of the plan. Revisions of the short-term plans 

strategy  implied by the plan will be  revised as needs  arise, or on 
in Part I1 will be  made  annually,  while the overall management 

a cycle of  perhaps  five  years.  Ensuring  conformity  between the 
actual  management  and the established  management plan is the 

Ministry  of  Forests  acting  on  behalf  of the government  and the 
responsibility  of the landowner,  which  in  British  Columbia is the 

public.  Establishing the mechanism by which this is done is not 
normally  part  of the management  plan. 

This  basic  outline  of the management  plan does not  imply  a  single, 
Unvarying  format  for the planning  document.  For  example, as 
technology  has  advanced,  traditional  maps have started to give way 
to computerized  "Geographical  Information Systemsnv, and much of the 

such a system. There are many  different  possible  formats,  any one 
information  previously  presented  in  part I may ROW be  embodied  in 
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of  which may be suitable as long  as the overall planning  mechanisms 
as described above are  provided. 

The outline of the management  plan given above implies a single 
planning  document for all forest-based  resources. The 
administration of natural resources in British Columbia disperses 
the planning  and management of different  forest-based resources 

management plans are prepared by industry  and the  Ministry of 
amongst several different  government  agencies. Formal timber 

Forests and are approved by these other  agencies, rather than the 
more  desirable  situation of having the management plans for all 
resources  centralized  in one planning  document. 

3.3 Oruanization of Timber Manaaement6 

public resources provided by our forested  landscapes. However, 
Forest  management  in  British  Columbia must be sensitive to the many 

timber production  historically has been, and still  is, the most 
important  resource  in terms of employment, the long-term  stability 

withstanding),  and the provision of raw materials, provincial 
of rural communities (the boom-and-bust  image of B.C. forestry  not 

revenues,  export  revenues,  and  a  tax-base. Because of this 
dominant social and  economic  role,  and  because  the  organization  and 
conduct of timber crop management has a  major  impact on other 

management  should  be  understood if one wishes to understand the 
forest-based resource values, the basic principles of timber 

overall impact of forestry  (including timber harvesting) on the 
landscape. 

Where the objective of timber management is a  reasonably constant 
annual production  of timber, and where the silvicultural system 
involves  "even-aged  stand managementq1 (defined  below), forests must 
be organized so that they have a  mosaic  of  stands covering all ages 
from the youngest  plantations  in  recent  clearcuts  up to "mature" 
stands that are of  a  size, age and quality that renders them 
suitable  for  harvest. A forest  which  has  such an "age class 

a  similar area  and  volume of timber can be harvested each year, 
structurerq is referred to as a  "normal  forest". In  such a  forest, 

and,  in the absence of  natural  disasters  or site degradation, this 
can be  continued  in  perpetuity, the overall age class structure of 
the forest  remaining  constant  (Figure 3.1). The concept of the 
"normal  forest" can also be applied  in  uneven-aged  forests. Such 
a  forest will have  an  age-class distribution in  its stands that 
ensures  a  reasonably  constant annual or  periodic harvest of timber 
without  changing the overall  long-term  size-  and  age-class 
structure  of the forest. 

FIGURE 3.1 
~ i q r - t i c  representation of the  we-class  Structure of an even-aged *norml* forest. All age classes of 
foret are represented  acrcss  the entire  forest  area  at a l l  times, but the  geograMica1  location of the 
different age classes varies  uith time. The stands that  are ready for  harvest (50-60 year o ld  stands in  this 
h p t h e t i c a l  exaaple) are sheded. In m v m o - a g e d  forest, a l l  age classes w i d  be represented  over m t  of 

g a e n t r a t e d  i n  one re la t ive ly  snmll area(the  oldest age class of the even-age forest). 
the  area at a l l  times, the armlal harvest  being distributed across the  entire  forest,  rather than  baing 

Year 1 
~ 

Age Class (rears) 
Y)" 

1 

6 A integrated  mnngurmt plan for a forested landscap should contain secticms dealing  uith  at1 of the 
existing  reswrce vat-. In  the r a i n i n g  parts o f  this  chapter,  only  tinber-nnsgarrnt i s  dealt  u i th  because 
i t  i s  the  harvest phase of t i e r  mnagement that i s  the overall f x u s  of the papr. 
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A forest  in  which there is  only  one  area  in each age class is said 
to have a single "working  circle". In all but  a very small forest, 
this will result in rather large patches of forest in each age 
class, and  in the case of  clearcut  harvesting t h i s  will result in 
large  clearcuts. In almost  all  cases, the annual  cut for a managed 

there are several working  circles: Figure 3.2). The actual 
forest is distributed  between  several or many smaller areas (ie. 

spatial distribution of the cut is determined by the objectives of 
management  for  a  variety  of  forest-based  resources, by the need  for 
winter  and summer logging  areas, by the current market demands for 
species and wood  quality, and  by several other  considerations. 
Forests managed  under  uneven-aged systems can also have a  single 
or many working circles. The number of working circles  will 
determine the number  of  areas to be  harvested each year and their 
size. 

the harvest and  subsequent  silvicultural activities may be 
If the annual cut is distributed  between  several  working circles, 

distributed  geographically  throughout the forest management unit. 
However,  because of the high costs of road construction and 
maintenance,  and  because  of the costs of travel  time, clearcut 
harvesting in British  Columbia  in the past was often concentrated 

clearcutting#* of entire individual valleys or  ridges over 
in  a  relatively small area,  resulting  in the *'progressive 

relatively  short periods of time. This in turn resulted in large 
areas of rather uniform-aged  second-growth  stands, all of which 
will  be  ready  for the subsequent  silvicultural treatment at about 
the same time. This spatial concentration of harvesting and 

advantage,  and it has been  argued by some silviculturists and 
subsequent  management activities has an  obvious timber management 

ecologists that, overall, it  may be less damaging to  the 
environment than dispersed  harvesting  activities. However, such 

public  because of real or perceived conflicts with other resource 
concentrated  harvesting  patterns  have  been  widely criticised by the 

values. The Ministry  of  Forests  introduced regulations for coastal 
logging (Coast Logging  Guidelines)  early  in the 1970's to ensure 
the spatial dispersal  of  harvesting in all but special cases (eg. 
high  windthrow  danger  areas,  insect-killed  areas). similar 
guidelines  are  apparently  being  developed  for the interior. 

The tendency  in  British  Columbia to have  very  large geographical 
areas in individual  forest  management  units,  and to have had 
relatively  few  working circles in these units in the past, resulted 

relatively  short periods of time. This led to the "boom-and-bust" 
in a history  of  large  portions  of  local areas being harvested over 

and  "cut-and-run"  image  of  forestry,  even where the annual rate of 
cut  over the entire  management  unit  may  have  been  sustainable. 

The spatial distribution of the annual  harvest has very  important 
implications  for  wildlife,  water, fish habitat, range and 
recreation.  Many  of the conflicts with these other resources  have 
had as much to do with the spatial  distribution of the harvest 
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Figure 3.2 
DiWr-tic  representation of the ape-class structure in an even-wed forest  with me (A),  tuo (E) a d  three 
(c) cutting v i e s .  Clearly, the  size of the area to  be harvested i n  the  oldest age class i s  mxh s m l l e r   h e r e  

cycles, the m r e  closely the  structure  of  the wen-age  forest approaches that of the W e n - a 9 e d  forest. 
there are  several  cutting cycles than h e r e  there i s  a single  cutting cycle. The greater  the n d m  Of Cutting 
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as with the ecological  and  environmental  impacts of any  particular 
harvest operation. The frequent  failure to allocate the cut in a 
spatial pattern that minimized conflicts with other resources 
reflects the lack of an adequate planning  framework for forestry 

mechanism, timber management has  lacked specific  non-timber 
in  the province. Without an appropriate management planning 

management  objectives,  and has lacked  site-and  situation-specific 
performance standards. The development of such objectives and 
standards must be "holistic"  and  employ  a  systems  approach.  It is 

are sought  in  a  narrow,  single-resource  context.  The  best  way to 
so easy to create new problems if solutions to original problems 

avoid this is to ensure that the management  plan  for  an  area is 
comprehensive and considers all  relevant  resource  values. 

3.4 Reaional  and  Local  ASDeCtS of Sustained  Timber  Yield 

Reaional  Sustained  Yield7 

The traditional concept of sustained  yield in forest management has 
been the sustained  flow of forest  products  (timber,  wildlife, 
water,  recreational  opportunities, etc.) from a region, or  from  a 
specific  forest  management  unit (eg. a Tree Farm  Licence). 

a  age class structure.  Where  past  fires, logging, insects 
Sustained  yield of wood  products  requires, amongst other things, 

or diseases have  removed  large areas of forest of a  particular age 

forests, the future flow of forest  products  and the size of the 
(in even-aged  forests), or certain age classes in uneven-aged 

related  employment  may fluctuate over  time. 

The area or volume  of timber cut  each  year  from a forest management 
unit (ie. the level  of  harvest) is referred to as the "annual 

deciding on  the level  of  harvest,  and there are  many  different 
allowable cutn (AAC). There are many factors to  be considered  in 

managed. There has been  considerable debate over the relative 
possible  levels of harvest  according to how  the  forest  will  be 

merits of the different  approaches  used  in choosing the level  of 
harvest,  and the assumptions that must  be  made in setting the AAC. 
In general, there has been  a  trend towards increasing  flexibility 
in the level of harvest  permitted,  and  away  from the  use of  rigid 
formulae. In a  managed  forest  with  a  normal  age class structure, 
the AAC can be considered to be equal to  the sum of the annual 
increment (the annual increase  in  harvestable  volume or biomass) 
in all of the stands, and this should be equal to  the volume in the 
oldest age class. In such  forests, the AAC is sensitive to the 

7 This d iscwsim does mt describe  the  current method  of AAC determimtim in  Br i t ish CoLurbia which 

explores sane o f  the f v d r r r n t a l   c m e p t s  that  Lie behind most M C  determinotias. In Bri t ish C o l h i n ,  there 
i s   c a p l e x  and involves  the use of . c W t e r  models rather than sinple  fornulae. Instead, the  discussion ncrely 

diseases,  other Land uses and protection  forests, and for reasons of enviromwtal  sensit ivity,  loss of s i t e  
i s  an elaborate system bf which the b s i c  M C  e s t i m t e   i s  factored  dwmards t o   r e f l e c t  losses t o  f i r e ,  insects, 

productivity, ecavlrnic inoccessibility, snd inp.cts m other  resources. 

quality  of  forest  management  practices. However, the  age class 

management areas have a  very  unbalanced age structure. As a 
structure  of  most B.  C. forest  management  areas is  not normal:  most 

result, the AAC has been  more  sensitive to  the rate  at which  young 
stands will become  ready  for  harvest than to  the rate at which they 
are  currently  accumulating timber volume. 

Where  part of the management  unit  is  old  growth forest, the level 
of harvest may  be  closely  related to  the volume  in the old growth 
stands  divided by the number  of years over which the supply of  old 
growth will last(ie.  until the second growth stands become ready 
for  harvest). Levels of  harvest  in such forests thus appear to be 
more  sensitive to  the rate of  logging  of the old growth than to  the 
effect of current  management  practices on site productivity  in the 
second  growth  stands.  However, the rate at which the old  growth 
is logged  is  largely  determined by the speed at which second growth 
stands  become  ready  for  harvest,  which  in the long-run  is 
influenced by the speed of regeneration  and rate of stand growth. 
Thus,  in  theory the AAC is  influenced by the quality of stand 
management,  even  in  old-growth-dominated  forests. 

According to  the rate at  which an unmanaged  old  growth  forest  is 
harvested, the age-class structure of the first rotation managed 
forest may be  very  different  from that of the ideal nnormal 
forest".  Short  term  economic  considerations often suggest that it 

age class distribution in one rotation. 
is more profitable to ignore the policy goal of  achieving  a  normal 

levels  in  British  Columbia are constrained by  B.C. Ministry  of 
However, harvesting 

Forest's  policy to achieve  a  balanced  age-class structure within 
one  rotation  and to have a long-term  sustained  yield. The 
historical  patterns of old  growth  harvesting, together with 

utilized,  and natural  disasters (fire,  windthrow,  insects) make the 
regeneration failures,  changes in utilization standards and species 

achievement of this provincial  goal  difficult. As a result, AAC's 
in British  Columbia  will  tend to vary over time as  harvest  levels 
are  adapted to allow  for these factors. 

The  age-class  distribution  of  a  forest has important  implications 

many  other  forest  resource  values.  Variations  over time in the 
not only  for the AAC and  its  viability  over  time; it also affects 

area  of  forest  in various different  age classes will determine the 
availability  of  habitat  for various wildlife  species, will affect 
the  recreation  and  range  potential  of the area,  and may have 
significant  implications  for  fish  and  water  resources. The spatial 
distribution  of the different age classes across the landscape  may 
also  be  important. 

Where  maximization of economic  returns  from timber products is a 
major  objective  of  management, the rate of harvest  may be 
temporarily  reduced to below the AAC  when the -price of timber is 
low,  and  increased to above the AAC when the price is high. 
Alternatively, a company may wish to increase the rate of  harvest ! 
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temporarily to pay  for investments in new  mills, for new pollution- 
control equipment, or for  silvicultural  investments.  Reflecting 
the important economic role of forestry in British  Columbia,  forest 

year,  as  long as they are within 10% of their AAC in any one five 
companies are allowed to vary their rate of Cut  by 50% in any one 

year  period. This degree of flexibility  carries with it a degree 

reasonable as  long as it is adhered to (the policy did not work 
of risk for future age class structure and AAC, but seems 

well during the recession of the early 1980's when record volumes 
were harvested by many companies at a time of  low timber prices in 
order  for the companies to "stay  alive" financially) and is 

An audit of harvest  levels is conducted  periodically by the B.C. 
conducted  without  unacceptable  impacts on other resource values. 

Ministry of Forests to ensure  a  reasonably even supply of timber 
over  time. 

Sustainina Local site Productivitp 

Harvest  levels  in  British  Columbia in the past have been  determined 
by the age-class  structure of the whole  forest management unit, the 

growth forest, the rate at  which the second  growth  forest  became 
rate  of  deterioration  of timber in the remaining mature or old- 

and  volume was lost to natural disasters (fire,  insects,  wind, 
"operable1'  (ie. harvestable) , and the rate at  which forest area 
etc. ) . Where  a  management  unit  contained  a  significant  area  of 
old-growth, the volume of timber harvested in any year was 
relatively  insensitive in the short  term (a few years or decades) 
to any  negative  impacts of forest  harvesting on site productivity, 
to regeneration failures, or to early  stand treatments because of 
all these other factors. The rate of harvest has thus been 
determined much more by regional or whole-forest considerations 
than by local site considerations.  However, if over  a  period  of 
many decades there were to be  a  repeated failure to regenerate 
harvested  areas  adequately, or if there was a continuation of 
practices that lowered site productivity, there would be a 
reduction in forest  biomass  and  growth,  and a progressive 
reduction  in AAC's. This would  also contribute to fluctuations  in 
future AAC's because  of the perpetuation  of forest age-class 
structure  problems.  Since  adequate regeneration is now required 
by law,  and since the success of regeneration has improved 
dramatically over the past  decade, regeneration failure should  not 

quality,  if  it  occurs, will result  in AAC reduction,  but  only if 
contribute to AAC fluctuations  in the future. Reduction in site 

it  is  detected. 

Sustained timber yield  over  one  or two decades thus  has more to  do 
with the past  history  of  forest  harvesting, management and 
disturbance and  with  current  policies of  old growth harvesting than 

site  productivity.  On the other  hand, sustainable development  of 
it does with the impact  of  current  harvesting  and management on 

the impact of management on soils, the management of ecological 
the timber resource  over several rotations is closely  related to 
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succession,  and anthropogenically-induced changes in regional 
climates (ie. global warming). 

3.5  The Tree Crop Production Cvcle: Silvicultural Systems 

Forest  harvesting is one component  of the  tree crop production 
cycle. The conduct  of  silvicultural  activities throughout the 
cycle will affect  both the engineering  and economics of harvesting, 
and according to how it  is done the harvesting  method  may dictate 
what  silvicultural  system  must  be  used  in the future. Clearly, 
there should  be close coordination  between  harvesting  and the other 
aspects of growing tree crops. 

Tree crops can be grown under one of two major types of 
silvicultural  system:  even-aged  and  uneven-aged. In  the former, 
there is a  final  harvest  in which all or most of the older trees 

established. In the latter,  individual  large trees, or small 
are removed and  a relatively  even-aged  new tree crop is 

groups  of  larger trees, are  harvested  periodically,  leaving the 
smaller  trees to continue  growing. In  terms of ecological 
succession,  most  even-aged  management  deliberately creates 
ecological  disturbance to push the area back to an earlier seral 
stage that favours the growth  of  a  mid-successional or early- 
successional crop tree species and  associated  birds  and  animals. 

In contrast, the lower  degree of environmental change caused by 
most  uneven-aged  management  usually maintains later successional 
or climax site conditions that favour  late successional tree 
species  and  associated  wildlife.  In  even-aged  management, 

management of a  relatively  large  management  unit (several thousand 
sustained  annual  yield  of timber products results from the 

hectares). In uneven-aged  management,  in  which all tree age 
classes are represented  in  a  relatively small area,  a small but 

a few tens of hectares in  size. 
sustained  annual timber yield  may be possible  from stands of only 

Traditional  uneven-aged  management  may  be appropriate for climax 
tree  species,  for  protection  forests,  in  hot, dry climates,  for 
Some  subalpine  forests,  for  forests  in  which  frost  creates 
regeneration  problems,  or  for  areas  where certain wildlife, 
watershed,  recreation,  soil, or other  values require a  permanent 
forest  cover.  Traditional  even-aged  management  is  generally  more 
appropriate  for  early  and  mid-successional tree species, for 
forests with  moderate climates or cold  soils,  for species of 

which it is undesirable to have  harvesting  equipment  entering the 
wildlife  adapted to disturbed  ecosystems,  and  in situations in 

roots,  and the accompanying  insect,  disease  and  wood  damage 
forest too frequently  because of soil  compaction, damage to  tree 

Problems.  Even-aged  management can require  very  much  less  length 
of roading than uneven-aged  management,  especially  in  steep 
mountain  topography, but this also depends 'on the  type of 
harvesting  equipment  used. 

i 
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Research in  western  Oregon has suggested the development  and use 
of new  silvicultural systems that do  not fit neatly into the 
traditional even-aged B. uneven-aged  dichotomy. Retention of 

as suggested by this "new  forestry" (actually, it is similar in 
"wildlife green trees"  and  dead snags at the  time of final harvest 

creates a two age-class  forest.  If this were  to be repeated at 
some respects to old  European  two-storied high forest systems) 

created, or the two age-class  forest  could be perpetuated. 
successive harvests, an uneven-aged  forest would eventually  be 

A. Even-Aued Manauement 

Following  harvesting, the site is  regenerated. Where natural 
regeneration is being  used,  careful removal of the  tree crop can 
leave  sufficient  **advanced  regeneration"  of seedling and saplings 
that were already  established  in the understory of the previous 
stand to create a  new  crop.  Advanced  regeneration  may  occur 
naturally or may  be  encouraged  by  a  late thinning or "regeneration 
cut" that stimulates  regeneration by increasing  light and reducing 
root competition. The acceptability  of advanced regeneration will 
depend on the species, the spatial distribution of the 
regeneration, its vigour,  and its ability to respond to release. 
In some types of forest,  advanced  regeneration is old, suppressed, 

desired species composition. Such advanced regeneration, where it 
and/or diseased and will not result  in  a  healthy  new crop of the 

has been kept, has resulted  in  degraded  forests that are often 
referred to  as a  "green lie". Alternately,  a  scattering  of  "seed 
trees" may  be  left  standing  after removal of most of the crop; 
these are harvested  after  they  have blown over or when adequate 
regeneration has occurred. 
strategies  is the "shelterwood't system  in  which sufficient trees 

Intermediate  between these  two 

are left to modify the microclimate in the stand  as well as  to 
provide a  seed  source.  Occasionally,  scattered 8fleave-trees1g may 
be left to grow  for the duration of the next rotation to provide 
high-value  large  diameter logs. This "two-storied high forest"' 
strategy  may be appropriate  where there is a strong  market  for two 

the retention of some large trees. 
sizes of logs, or where wildlife habitat considerations require 

Where trees regenerate 
vegetatively by coppice sprouts from the stump or root suckers, 
this may  be  used  as the method of regeneration. 

Because of seed  predation,  weed  competition, the unreliability  of 
good  seed  years,  and  other  factors that may  cause the natural 
regeneration of desired tree crop species to fail, there has been 
an increasing  dependence  on the planting  of  nursery-grown 
seedlings. The desire to change tree species or to establish 

8 Vro-stor ied high  forest* i s  a technical term r e f e r r i w  t o  a s i lv icu l tura l  system that produses a  forest 
with two dist inct  age classes and c- layers o f  trees. The ram t e l l s  you mthim about the  actual  height 
of  the two campy Layers. 
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ngenetically-improved" seedlings of the same  species,  and the use 
of harvesting methods that mitigate against  natural regeneration 

surface soil conditions that are unsuitable  for  natural seedling 
(very large clearcuts,  or methods that  produce  microclimates  or 

establishment)  have  been  further  reasons  for  planting. Much of the 
recent  planting  has  been to reforest Itnot satisfactorily restockedtt 
(NsR) areas  where  plantations or natural  regeneration  failed  in the 
past. 

For  both  natural  regeneration  and  planting, some site  preparation 
may  be desirable or even  essential. Site preparation to promote 
regenerating  may be done  in  either  even-aged  or  uneven-aged 
forests,  but  it is most  commonly done in  even-aged  forestry 
following  clearcutting.  Slashburning can improve  access  for 
planting  and  temporarily reduce weed  competition  (thereby  reducing 
the  need  for  herbicides,  although  it  may  increase the abundance of 
Some  weed  species),  but it can result  in an undesirable  loss  in 
soil  organic  matter  and  nutrients if not  applied in an ecologically 

achieve the same results and  improve soil structure,  although it 
sensitive,  site-specific  manner.  Mechanical site preparation can 

can also  cause soil compaction on some sites and can result  in 
serious  losses of organic  matter,  nutrients  and  top  soil if done 

weed problems  with  minimal  adverse  impacts to the soil,  but  may do 
incorrectly  (eg.  many cases of windrowing). Herbicides can  control 

activities  or  for  wildlife,  on  sites that have  large quantities of 
little to improve  access  for  planting  or  future  silvicultural 

logging  slash. 

The  need  for site preparation  depends  on the type of forest 
(climate,  soil,  species  composition), the condition of the forest 
prior to harvesting, the degree of disturbance to  the soil, to 

access  requirements of planned  future  silvicultural  activities  and 
logging  slash  and to minor  vegetation  during the harvest,  and the 

require some type of site  preparation. 
for wildlife. In many  cases,  prompt  regrowth  of the forest  will 

The need  for site 
preparation is usually  much  greater  following the logging of mature 
or old-growth  forest than following the harvest of second  growth 
forest. 

are  "free to growv'. This may  simply  be when they are taller than 
Following  planting,  weed  control may be  necessary  until the trees 

the  non-crop  vegetation,  or  may  not be until they have  achieved a 
closed  canopy  and  shaded  out the understory. The latter reflects 

more  intense  below-ground than above-ground. Although the use of 
the  fact that competition  between  crop  and  non-crop plants may  be 

herbicides is unpopular  with the public,  is  expensive,  and  water 
quality  considerations may limit  their use on the very sites on 
which  they may be  most  needed (moist, fertile  valley  bottom sites), 
herbicides  often  constitute the least  environmentally  disturbing 
but effective  weed  control  method. (This- comment  assumes 
responsible  use of the appropriate  herbicide.) ' Hand  weeding is 
Probably  similar to herbicides in  its degree of site disturbance, 
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but is often  not  very  effective  (it may have to be repeated 

very  expensive.  Mechanical  control of weeds can be effective but 
annually or more than once a  year  for several years)  and can be 

can damage some types of  soil.  Biological  weed control (eg. sheep 
or cattle) can be very  effective in some cases if the animals are 
carefully  managed. 

Once the new tree crop is  well  established, it should be  nspacedgv9. 
This reduction  in  number of trees  per hectare promotes  continued 
rapid  and even stem-growth of the remaining trees, removes damaged, 
diseased  and  deformed  trees,  permits alterations of the  tree 
species composition  of the stand,  and prolongs the  availability  of 
browse  for  certain  species of  wildlife. Wide  spacing leads to 
trees with longer crowns and  larger  branches,  which can reduce 
timber quality  unless  lower  branches are pruned off. Heavy 
branching can also occur in stands  of moderate density but where 
the trees are  not  evenly  spaced.  Early  spacing  is  especially 
important  for  naturally  regenerated crops which  are often 
overstocked  and have a rather uneven  distribution  of trees 

of trees that constitute "adequate stocking" varies greatly as a 
(alternating  dense clumps of trees, and sparse areas). The number 

function of stand age,  ecosystem type, and species (eg. 400 trees 
per hectare in  a  young  ponderosa  pine  forest 2 1500 - 1800 trees 
per hectare in a  young  lodgepole  pine  forest  in the southern 
interior). 

As the tree  crop grows and closes canopy after spacing, it enters 
the phase  of  maximum  nutrient  uptake  demand  from the soil,  and 
fertilizers may be required to maintain  growth or to correct 
nutrient  deficiencies.  If  rapidly-growing  non-crop tree species 
are able to invade the stand  following the spacing  and  overtop the 
crop trees prior to canopy-closure,  manual  cutting or herbicide 
treatments may  be  needed to release the crop trees from this 
competition. 

As the stand continues to grow, the smaller trees will be shaded 
and  will  eventually die. The competition  involved  in this "stand 
self-thinning" can result  in  periodic  fluctuations  in stem diameter 
growth of the remaining trees, with attendant timber quality 
problems. The forester can prevent this, and  obtain an 
intermediate  harvest, by doing  a  commercial  thinning. Where this 

stimulate advance regeneration  in the understory  in  preparation for 
is done near the end of the rotation, it may be designed to 

the next  crop.  Commercial thinning results in  a reduction of input 
of  dead tree stems to  the forest  floor.  Concerns have been 

9 Since the  establishment of Bill 70 i n  1987, the a n m t  of juvenile spacing that has teen carried aut 
in yung stands in Brit ish  Colmbia h a  b8m signif icantly reduced. The raraval of incentives, stxh as Sect im 
88, and the lack of assurance that the ilprwed growth rill be recwered Ly the  Licensee  has greatly  rcbced 
the invcStmmt by indxtry  in  this  inportnt   s i lv icultural   pract ice.  
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by some ecologists  about  this.  European  and Scandinavian 
forests have grown for centuries without such woody inputs to  the 

of B.C.ls forests  if they are commercially thinned may certainly 
forest  floor,  but the progressive  loss  of rotting wood  from some 

have  some  effects on their long-term  productivity. This is an 

management  simulation  models. 
issue that can  be  explored to some extent by the use  of  ecosystem 

The final  clearcut  harvest removes the present crop and prepares 
the  site  for  regeneration. In  the case of  natural regeneration, 
the  harvest  may  be  designed  specifically to enhance the 

harvest  is done  plays an important role in early  stand 
establishment of  natural seedlings. The manner in which the 

silviculture.  Excessive  slash,  soil  compaction  or  erosion can 
lead to regeneration difficulties  and the need  for sometimes costly 
and sometimes  damaging site preparation  methods. ~ l l  final 
harvesting  should  be  closely  integrated with the subsequent 
regeneration  activities to avoid  site  damage, regeneration failure, 
and costly site preparation. This is achieved by the requirement 
stipulated in the Forestry  Act  for  a  Pre-harvest Silvicultural 
Prescription (PSHP) . This document  must  be  completed for every 
area that  is to be  harvested.  It  includes  a recommendation about 
the type of  logging  equipment that is to be  used  and the type of 
equipment  that  should  not  be used, the type of site  preparation 
treatments that are to be  applied,  and the method of reforestation, 
including  natural  regeneration  or  planting, the species and type 
of seedling for  planting,  and the spacing  and  stand maintenance 
activities  that  should be  undertaken. 

B. Uneven-Ased  Management 

Uneven-aged  management  attempts to maintain the full range of 
desired tree age  classes  over  relatively small areas (a few 
hectares).  Even-aged  stands can be converted to uneven-aged stands 

natural  regeneration at various times throughout the rotation. 
by creating  small  canopy openings to stimulate small patches of 

Obviously this is  a  slow,  drawn-out  process.  More  often,  uneven- 
aged management is applied to stands that already  have  a range of 
tree  age  and  size  classes. 

Uneven-aged  management  may  involve  one of several different 
Silvicultural  systems: 1. individual tree selection in  which 
individual  large trees are  harvested  and smaller trees are cut  in 
a manner than maintains  a  desired  age  and  size-class distribution 
and structure  in the stand; 2. small  group  selection,  in  which 
small groups of trees that are  similar in size and  age  are  removed 
at one time, creating  a  small  area of  even-aged  regeneration. The 

thinned as if  it was  an  even-aged  stand. In  this case the mixed- 
resulting  small  group of trees is  periodically  spaced and/or 

within  which the trees are  essentially even-aged.' Obviously, group 
age character of the stand is provided by a  mosaic of small patches 

selection  requires a larger  area  for  a  full representation of all 
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age classes than does single tree selection: 3. Multi-storied 
systems in which the forest  may  have two or more  distinct  crown 

a  mixture (single tree or small group) of all age classes. The 
levels representing two or  more  age classes o f  trees, rather  than 

removed. Such multi-storiedl mixed-aged systems grade  into the  two 
lower canopy trees remain  when the uppermost canopy trees are 

storied high forest  mentioned  under  even-aged  management. The 
latter  differs  from the former in the extent of the uppermost 
canopy  layer. This is the  type of  system  envisaged  in the new 
silvicultural systems that are  being tested in Oregon and some 
other  parts of western U.S. 

Uneven-aged  management offers a  variety of benefits  in comparison 
to even-aged  management.  It is more  aesthetically pleasing to many 
people. Wildlife habitat conditions remain fairly stable over 
time,  benefiting  species of animals that are favoured by continuous 
cover  of  multi-storied  forest  and  especially those species that 
depend on I@old-growthlf characteristics of the forest. It is a  good 
system  for  very  small  forest units because  a continuous though 

of forest that would  yield an intermittent  supply  if managed under 
small  supply of logs  can be harvested  from  a  relatively small area 

preparation costs may  offset  additional  harvesting costs  that are 
an even-aged  system. Savings on planting costs and site 

incurred.  Where the regulation of snow melt  is  important,  group 
selection (or small patch  cutting)  may  have an advantage over 
larger  clearcuts.  Natural regeneration of  shade-tolerant  or  shade- 
requiring species may be  easier  under  uneven-aged than under even- 
aged  systems,  depending on climate, soil  conditions, and other site 

over time in  uneven-aged  stands  than in uneven-aged  stands.  It is 
factors. Various aspects of biological  diversity are less varying 

less clear as to whether  overall  landscape  diversity will be 

will  probably  depend on the type of forest and how the two 
greater  or  less  with  uneven-aged than even-aged  management. This 

different systems are implemented. 

Against these advantages, there are a variety of disadvantages. 
The frequent movement  of  harvesting  equipment  into the stand can 
result  in damage to  the roots and stems of the remaining trees, 
leading to root rots, increased  susceptibility to windthrow,  and 
stem  decay.  Decay fungi can enter the remaining trees by invading 
cut  stumps,  travelling  down  into the dead  roots, and crossing into 

cut  tree.  Similar  invasions  of  pathogens  into scars or bruises on 
live roots where these are  closely  associated  with the roots of the 

Physical soil damage can be done if there is frequent passage of 
stems  and roots of  live trees  can spread to other,  undamaged  trees. 

equipment,  leading to soil  compaction  on  fine-textured materials, 
and  gully erosion on steeper slopes. The density  of roads may  be 
increased,  and on very steep hillsides that would  be cable logged 

proportion of the site. The lower  volume  of  logs  removed  at  each 
in an even-aged  system, roads may  occupy a very substantial 

harvest  will  generally  increase the cost of harvest per m3. If 
uneven-aged  silviculture  is  attempted  on  moist, fertile sites, the 
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canopy-opening  caused by partial  harvesting  can stimulate severe 
competition  from  non-crop  vegetation,  and this may be much harder 
to Control than in  a  clearcut. This can result in difficulties in 
obtaining  natural  regeneration.  Very careful manipulation of the 
canopy is required to avoid this problem,  and this may increase 
costs  of  management. 

Not  all these advantages  or  disadvantages  (and others not listed 
here) will occur  in  any  particular  forest  ecosystem. In  some types 
of forest the advantages  will  outweigh the disadvantages, and 
uneven-aged  management  will  be  indicated. In others, even-aged 
management  will  be the system  of  choice. In the majority of 
managed  timber-production  forests  in  British Columbia, 
silvicultural  considerations on their own will lead to  the choice 
of  even-aged  management. As has been the experience in Sweden, 
selection  harvesting in uneven-aged forests at cold  northern 

The  degraded  forest  that results is  not  very  good  habitat  for  many 
latitudes  does  not  result  in  healthy,  productive  forest  ecosystems. 

species  of  wildlife. 

3.6 conclusion 

Timber  harvesting is an integral  part of timber management, which 
in turn is an  integral  part of forest  land  management where timber 
production  is one of the objectives of management.  It  is  visually 

potential to produce  significant  and  prolonged alterations in 
one  of the most  dramatic  silvicultural  practices  and has the 

desirable or undesirable,  depending on the objective of  management, 
ecosystem  structure  and  function.  These  alternations  may be either 

the type of  ecosystem.  and the desree of ecolosical alteration 
produced.  Forest  harvesting should-not be judged-  solely  in terms 

management  objectives. 
of  short  term site impacts, but  in terms of overall rotation length 

Experience  around the world has repeatedly led to the conclusion 
that in order  for  silviculture to be successful, the harvesting  and 
silvicultural  system  used  must be ecologically-sound.  Experience 
with  uneven-aged  management  and  selection  logging the cold northern 
spruce-pine  forests in Sweden  in the first  half  of this century led 
to what has been  called the "green  delusion":  areas  of  relatively 
aesthetically-pleasing  forest  growing much more  slowly than even- 

reflect the physical  and  chemical  condition  of the particular site, 
aged  forests  established by clearcutting.  Forest  management  must 

the  ecological  requirements of the forest plants that are  to be 
grown,  and the habitat  requirements of a broad  spectrum of animal 

used  in B.C. is  now  required by law to be decided prior to 
and microbial  species. The harvesting  and  silvicultural  system 

harvesting  decisions on the basis of an  ecologically-based  pre- 
harvest  site  assessment. This should  lead to a reduction in the 
number  of  conflicts  caused by timber harvesting  in the future. 
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The  tree growth  potential  of a site is determined by the climate, 

microbes). However, the degree to which this ecological potential 
soil, topography and  living  organisms  (plants, animals and 

social,  economic  and  management  factors.  Similarly, while the 
is converted  into an economic timber crop  depends on a variety  of 

potential  yield of timber products  and economic value, a variety 
success of silviculture in producing a tree crop determines the 

of other factors determine how much of this potential is actually 
realized.  Several of these factors, or the effects they have on 
silviculture, contribute to the selection of the method of forest 
harvesting. 

4.1 The Role of Markets and  Product  Values in Determininq 
BilViCUltUm 

Trees may be grown  for a wide variety of reasons. Where they are 
grown as  an economic  timber  crop, their value is  not  determined 

the anticipated  value of their  wood  and  availability of markets. 
solely by their size and rate of  growth.  It is also  determined by 

There is little  point  in  growing a  tree solely for its economic 
value  if you cannot  sell it after  you harvest it for enough money 
to cover its cost  of  production. The demands of the market have 
always had a strong  influence on the way  commercial timber crops 
have been  managed. Foresters grow stands  of the species, size and 
quality that they believe  will  be  in  greatest  demand and/or will 
command the highest  price when they are harvested.  In  very  short- 
rotation tree crops, this merely  requires a flexible response to 
the short-term  demand  and  supply  situation. In long rotation 
crops, a great deal of guess work is  involved.  What will people 
be using  wood  for in the eighty to one hundred  years  it takes for 
a tree crop to mature in central and northern British  Columbia? 

people believe that one  should  simply grow the species that are 
Because of the great uncertainties in answering this question, some 

most  productive on the site in question;  technology will find a 
way  of  using it (them) when the trees are  ready for harvest. 
Others  believe that they can predict the trends of the future, and 
they will  recommend a species (or species mixture) and a 

value.  It  is  certainly possible to predict declining future 
silvicultural  system that they think will yield the highest future 

supplies of  certain  valued species or wood types, and it seems 
sensible to grow  these.  However,  uncertainty  about  future markets 
remains as  one of the many  risk  factors  in  silviculture. 

In addition to determining the species to be grown, markets and 

proportion  of the tree biomass that can be utilized. Markets and 
economic conditions determine the rotation length and the 

variation  in  product  value  contribute to  the determination of 
optimum  log  size,  and  although  log size can be modified  greatly by 
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stand  density (which can be modified by spacing  and thinning) , tree 
age  (and thus rotation  length) is also  an  important  determinant. 
In areas that  have a strong  market  for chips and  pulp, relatively 
small pieces of wood can be  harvested  economically. Where there 
is only a saw log  economy,  only the larger  stem sections may  be 
harvested. If there is a market for  bioenergy , even branches, 
foliage,  stumps  and  large roots may have an economic value. 
Distance to market  is also very  important because of the effect of 
transportation costs on the value  of a given log. Relatively  small 

whereas  recovery of even  substantially larger  logs  may be 
trees can be  harvested  economically close to mill or market, 

uneconomic  in  forests  far  removed  from  mill or market. 

The  silviculture  of tree crop production is clearly related to  the 
end use  of the crop and  where the crop is being  grown. This in 
turn influences the harvesting  method  and type of equipment  used. 
Where  log  quality is important,  such as where there is secondary 
manufacturing, tree crops must  be  grown  in a manner that satisfies 
the  market  demand  for  quality. 

4.2 Factors  AffeCtina the Choice of Harvestina  Svstem 

All  other things being  equal, the least  expensive  harvesting  system 

equal. There are  many  factors that  affect the acceptability, 
is the  one that will be  used. However, things are not  always 

productivity,  and  economics of a particular  piece of harvesting 
equipment,  and thus the choice of harvesting  system.  Most  of the 
types  of  equipment that are discussed  in the following pages are 

roadside.  Other types of harvesting  equipment  not  discussed  here 
"yarding'* equipment;  they remove the logs  from the stump to the 

include  felling  equipment  and the equipment  used to load  logs  onto 
logging  trucks  or  other  transportation  equipment. 

a. Cost  and  Availability of Eauiument 

Although this is not a good reason for the choice  of  harvesting 
equipment  in the long  run,  in some cases it may be an overriding 
factor. The very  high  cost  of  certain types of  harvesting 
equipment  (eg.  helicopters), or simple  lack of availability  (eg. 
skyline  systems),  may  result  in the use  of  equipment that is either 
economically  or  environmentally  sub-optimal,  or both. However,  in 
most cases an operator  will  purchase  equipment  according to the 
size of trees to be harvested, the topography, and  other  factors 
described  below,  rather  on the basis  of  equipment  cost  alone. The 
economic  performance of a particular  piece of equipment  will 
generally be more  important than its  cost  of  purchase. 

b. Human  Resources 

Some types of equipment or harvesting  method require highly  skilled 
operators to make  them  work  economically  (eg. skyline yarders or 
horse  logging). Lack of  trained  workers  may sometimes exclude an 
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otherwise desirable or feasible method  of  harvesting, although 
retraining  programs  should be able to eliminate this particular 
constraint on choice of logging  equipment.  It  may  be  necessary to 
offer higher wages to attract the skilled workers  needed to make 
some harvesting  systems operable (eg.  uneven-aged  harvesting). 

c. Safety 

Workers'  safety  will  preclude the use  of certain types of equipment 
on certain sites.  Helicopter  logging will  be limited to areas 
where flying conditions are safe.  Uneven-aged silvicultural 
systems (which involve selective or selection logging) in forests 
with large  dead snags may  be restricted by the Workers' 
Compensation  Board.  Restrictions  limit the maximum slope on which 
ground skidders can be used because of operator safety 
considerations,  as  well as  the operational  limitations  of the 
equipment. 

d. Tree Size,  Ouality. and  Spatial  Distribution 

Either  very  large or very small trees pose  harvesting  problems 
because of the weight  of large logs, or the very high cost of 
cutting,  processing  and  yarding small trees.  Specialized 
equipment is required  for the harvest of these extremes  in  log 
size.  Open grown trees with large  branches, trees with  stem decay, 
low  density  stands,  and stands with trees  that are distributed very 
unevenly will often require different  harvesting methods and 
equipment than dense stands of trees with small branches,  decay- 
free stands, and  stands that are uniformly  stocked. 

e. Soil Type. Slope  Stability  and TODOUraDhY 

Environmental  considerations  restrict (or should restrict) the use 

where  they  would compromise soil  stability, soil structure and 
of skidders and  other  ground-based  harvesting  equipment  on  sites 

aeration,  and slope hydrology. These restrictions are usually site 
specific,  and are related to soil depth and texture, bedrock 
geology,  slope,  and  rainfall. 
topography,  ground  based systems may  be impractical  and  only some 

In steep,  rocky, or broken 

of the cable or  aerial systems may be technically  feasible. Soil 
sensitivity will dictate the use of tired vs tracked  ground-based 
equipment,  and the size of  both tires and  tracks. 

f. Availability of Roads 

Where  soil, slope and  climatic  conditions  limit the density of 

may  be the only  feasible  harvesting  method.  Entire mountain slopes 
roads and  skid  trails,  long  distance  skyline or helicopter  logging 

this requires the necessary  skilled  manpower to operate these 
are  logged this way  in some typhoon-prone areas of Japan. However, 

systems.  Concern  over the excessive  road requirements of some 
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harvesting  systems,  especially those associated with summer logging 

equipment  which can be used. 
in uneven-aged  stands on steep slopes,  may  restrict the type of 

g. Distance to Mill or Market.  and the Mill or Market 
Product  Reauirements 

The transportation and  operational costs of some types of 
harvesting  equipment  may  limit their use to within some 
economically-defined  distance  from the mill or market.  Beyond this 
limit,  less  expensive  methods  may  be  required. The transport 
method  (public roads private  logging  roads;  land E water 
transportation) that is available  will  influence the type of 
harvesting  and  transportation  equipment  used,  as will the mill and 
market  requirements. Where trees are taken to  the mill as short 
logs,  different  equipment  may  be  used  in comparison to transporting 
entire tree stems  in one piece  ("tree-length"  logging). 

h. Climate 

On very  wet  sites in cold  climates,  logging may be restricted to 
the  frozen  winter  period,  and  will  require  equipment  adapted  for 
use  at this time of  year. If  logging  must  be  conducted during very 
wet periods,  different  equipment may have to be used  in comparison 
to logging the same site  in  a  dry  period.  Logging  may  be 
restricted to periods when the ground  is  covered by snow to protect 
regeneration,  and the equipment  used  should  be appropriate for 
winter  conditions  and the regeneration  objectives. 

i. Silvicultural  Considerations 

A harvesting  system  that  leaves  an  area  in  a  condition that results 

successful  regeneration is unacceptable. 
in excessive costs or environmental  impacts  in  order to secure 

Although the 
silvicultural  implications of harvesting  were  largely  ignored  in 
the  early  days  of B.C. forestry, an ecologically-based  Pre-harvest 
Silvicultural  Prescription is now  required to ensure that the 
harvesting  system  used  contributes  to,  rather than hinders,  forest 
regeneration. 

method  and type of equipment that either  can  be,  or  are,  used. As 
Clearly, there are  several  variables that determine the harvest 

a result, the optimum  method or equipment  for a particular site may 

harvested  in  a  manner that is  believed to do long-term site damage. 
Sometimes  not  have  been  used  in the past,  and some sites have been 

An excessive  proportion of a  logged  area  in compacted and 
subsequently  eroded  skid  trails,  roads 1ocated.and constructed in 
a manner  that  leads to slope instability  and l'andslides,  or the 
concentration of slope drainage  resulting in downslope washouts 
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have all been caused by inappropriate  harvesting practices in the 
past. In other  cases, damage to the site  may  have  been the result 
of poor road construction and  maintenance,  harvesting at the wrong 
time of year, or lack  of  operator  skill,  knowledge,  or  experience, 
rather than the wrong choice of harvesting  method  or  harvesting 
equipment per se. The recent  introduction of logging guidelines 
and the requirement  for a Pre-harvest Silvicultural Prescription 

harvest-related site damage occurs. Such damage has been the 
should  result  in a reduction  in the frequency with which such 

topography  and  on compactable or erodible soils,  far  more soil 
exception rather than the rule in  most  areas,  but  in  steep 

damage  has  been  caused than is  acceptable. 

4.3 TVpes of Harvestina EauiDment 

There is  a  wide  variety of harvesting  equipment, butthe following 

the actual  method  used,  will be influenced by factors such as those 
is a  brief  description  of some of the major  types. The choice, or 

listed  above. 

a. Horses 

Horse logging  has  made  a  minor  comeback  as  a low capital 
investment,  low  technology,  "environmentally  friendly" means of 
removing timber from the forest  ("yarding88),  especially  in  uneven- 
aged silviculture and in the commercial thinning of even-aged 

harvesting,  but the lack of a large population  of skilled horse 
stands. With a skilled  operator this can  be an economic method  of 

operators will probably  restrict this method to small scale, local 
operations. With the growth in  environmental  awareness, as more 
of the harvest comes from  commercial  thinnings,  as rotations become 
shorter and tree sizes smaller,  and as  the number  of private 
woodlots  increases, horse logging  may  increase,  but will probably 
remain a minor  method  of timber extraction. As with all methods 

harvesting in uneven-aged  stands), there is concern about damage 
of  ground skidding in existing  stands (thinning operations or 

to  the roots and stems of the remaining  trees. Horse logging 
generally  produces  very  little  negative  impacts on the soil, 
although  significant  compaction  of  skid trails can occur, 
especially with pairs  of horses pulling  heavy  logs.  Because  it 
involves  little or no use of  fossil  fuels,  horse  logging is 
desirable  in terms of the "greenhouse  problem" (in spite of the 
methane produced by  horses!). 

b. skidders 

Essentially  large  and  powerful  articulated  tractors, skidders are 
a  flexible  and  economical  way  of  extracting  timber. Their use on 
flat  ground can result  in  a  large  proportion of the area receiving 
some soil  disturbance.  On  steep  slopes,  an  extensive  network  of 
skidtrails  must be developed  and a large  proportion of the site may 
experience  compaction  and  loss of top soil. Because they are 
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relatively  cheap, skidders have been  widely  used,  often on sites 

would have been  preferable. The use  of oversize tires to reduce 
for  which  an  alternative  system  with  lower  impacts  on the soil 

the  pressure on the soil  usually  reduces  soil  impacts, but skidders 
generally  have the reputation  of  being the most  damaging method of 
harvesting  in terms of physical  impacts to  the site. This 
reputation  may  not be fully  deserved  in  British  Columbia since much 
of the skidding is done  in the interior  in  winter when frozen 

many examples of summer skidder logging on steep slopes where 
ground reduces the impact on the soil.  However, there are far  too 

extensive site disturbance  and soil damage has been  done. 

C. Tractors 

These are tracked  vehicles  of the bulldozer  type. There is a 
considerable  variety of types of  tractor,  including  rigid-tracked 
"cats" (high ground  pressure,  less traction) and  flexible-tracked 
" F M C S ~ ~  (low ground  pressure,  better  traction). Tractors can 
operate on steeper  ground than skidders  without the need for skid 
trails. On very  steep  ground they must  operate on skid roads and 

heavy,  but  because  of the large  bearing surface of the tracks, 
this  can  result  in  severe site disturbance.  They are often very 

their use can result  in  less  soil disturbance than a  skidder 

above  about  skidders). Tractors share with skidders a  relatively 
(especially the low  ground  pressure  FMC  type.  See the comments 

low capital  investment (although larger tractors can be  very 
expensive),  and are relatively  flexible  in their use. Both 
skidders  and tractors are  unsuitable on fine-textured  and  moist 
sites,  especially  during  wet times of the year, and on steep 
slopes.  Of all the ground-based  systems,  large tractors of the 

used  on  appropriate  sites in an appropriate  manner. 
"cat** type probably  pose the greatest  risk of soil damage if not 

d. Forwarders.  Feller  Bunchers,  Harvesters. and Processors 

This  is  a  diverse  category  of  equipment that varies from  mechanized 
tree  fallers,  through  equipment  that  picks  up  felled trees for 

picks up, delimbs,  and  stacks trees on the back  of the machine for 
transport to  the roadside, to equipment that mechanically fells, 

with  logs,  forwarders  and  harvesters/processors can cause 
transport to  the road.  Because  they  are  heavy  when  fully  loaded 

Compaction  on  sensitive  soils.  They  are more expensive than 
skidders  and  tractors,  but can do the work of both  fallers  and 
skidders  very  efficiently  (feller  bunchers  only do  the job of the 
fallers);  they are therefore economic to use. In  the past, this 
type of equipment  was  restricted to relatively  small trees and 
gentle topography, but  newer models can cope with moderate slopes 
and much  larger  trees.  They  also  require  skilled  operators. This 
type  of  multi-task  equipment  has  been  developed  mainly in 
Scandinavia, but  it  is  becoming  increasingly  popular  in the 
Pacific-Northwest. 
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Where the slopes are too steep or  unstable, the ground too broken 

called  "ground-based"  extraction systems (a-d above) cannot or 
or  rocky, the soil too sensitive,  or the logs too large, the so- 

should  not  be used. For such sites, there are several cable 
systems available (e-h  below). 

e. Hiah  Lead 

This is a cable-yarding  system  in  which a continuous loop of cable 

whose  crown has been  removed or a metal tower,  held  vertically with 
runs between the  top of a spar tree (either a large standing tree 

guy wires) and a "back  block" at the edge of the logging  area. 

which  are then dragged, while suspended  from the leading  end, to 
ItChoker" cables connected to  this main cable are  attached to logs 

the landing area at the base  of the spar. The  position  of the 
cable is moved  progressively  around the spar by moving the back 
block  until all logs have been  removed  from a roughly circular 
area. Because  no  heavy  equipment  goes on the site,  and  because the 
logs  are  partially  suspended,  soil  disturbance is generally much 

the area close to the spar  tree, or where the topography prevents 
less than in the case of skidder or tractor  systems.  However,  in 

the leading  end of the log  from  being  lifted  off the ground, there 
can still be significant soil impacts,  especially where very  large, 
heavy  logs are being  yarded.  High  lead is considered to be  a 
primitive  and  inefficient  cable  system with a high manpower 
requirement.  Widespread use is almost unique to British Columbia, 
and this system  is  expected to decline  in  use  over the next  decade. 

f. Rumina skyline (GraDDle  Yarderr 

Generally  resembling a large  tracked crane with a continuous loop 
of  yarding  cable  out to a back  block  either  mounted  on a heavy 
tractor or attached to a stump, the grapple yarder picks up 

suspended (fully suspended  with  lighter  loads) to roadside or a 
individual  logs  with a tong-like grapple and  drags them partially 

requirement,  and requires a very  skilled  operator, is very 
landing. This system,  which has a high capital cost, a low  labour 

However,  it  generally requires a higher  density  of roads than the 
efficient  and  produces  relatively  little damage to  the soil. 

high-lead  system  because  it can only  reach  out  about  150m  unless 
it  is used in conjunction with a mechanical  carriage, when it can 
reach 200 to 350m. The present B.C. stumpage  system encourages the 
development of high  road  densities  that  permit the more economical 

harvesting  method on the site. 
shorter  yarding  distances. This increases the impact of this 

9. Standina or Live Skyline Systems 

Based  on systems developed  in  the  steep  and  erodible mountainous 
terrain of central Europe, the standing skyline system has a 
carriage  that rides up  and  down a fixed  "skyline" stretched 
between the yarder  and a back  anchor  or  spar. A choker cable is 
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dropped  from the carriage to  the log  and the log is then raised  and 
carried  fully  suspended to the landing. By having multiple cable 
spans with intermediate  supports,  yarding can  be conducted  over 
very long  distances. The impact  of this system on the site is 
generally  very  slight. The system  requires a skilled  operator, is 
labour  intensive,  and  problems have been  encountered  in switching 
from the more robust high  lead  and  grapple systems to  the somewhat 
more  elaborate  and delicate skyline system. A similar system, the 
live skyline, has been  developed  in the Pacific  Northwest of the 
u.S. This system,  which  accounts  for  about 90% of the cable 
yarding  in the P.N.W., also requires far  less  roading than grapple 
yarders (it can reach  out 300 to 700m).  It is relatively  simple, 
highly  productive  and can carry  higher  loads than the standing 

raised or lowered  during  yarding.  There has been little difficulty 
skyline  because it has a motorized  carriage  and the skyline can be 

in switching  from  high  lead to  this type of skyline system. 

h. Helicopter  and  Balloon Systems 

Both helicopter  and  balloon systems have  been  used to replace high 
lead, grapple  and  skyline systems where there is a lack of roads 
or where the economics  of these  two systems  is  favourable. As in 
the  complete  suspension  cable  systems, the logs  are  lifted  clear 
of the ground  and the result is very little  soil  disturbance. 
Helicopter  logging  would be adversely  affected by significant 

harvest  system.  Both  systems are weather  dependent,  strong  wind 
increases  in the cost  of  fossil  fuels; it is an energy-intensive 

harvesting of steep,  inaccessible  slopes,  and  helicopters have been 
and fog  causing major constraints.  However,  they  permit the 

used effectively in selection  logging  and  in removal of  large trees 
from sensitive  riparian  areas.  They  are  both a very expensive 
method  of  harvesting,  and require fairly  large  patches  of  high 
volume,  high  value timber to render  them  economic. The economic 

especially  on  steeper  slopes. 
factor  limits their application  in  selective  logging  and thinning, 

4.4 Roads  and  the  Environmental  Impact of Harvestinq 

The  impacts  of  harvesting  on soils are  discussed  in some detail in 
Chapter 6, but  it  is worth  re-iterating a point that was made 
earlier:  that  many  of the environmental  problems  associated with 
timber  harvesting are related to the associated  roads. 

A road  network is an intimate  part of any  harvesting  system.  It 
is also  essential  for access for forest protection  and 
silvicultural  operations,  and can have  many  benefits  for  forest 
recreation.  V4ainline"  or major haul roads are  generally well 
built  and  maintained;  it  is in the economic  interests of a company 
to do so. Unfortunately,  secondary  roads,  spur roads, and other 
temporary roads have sometimes been  poorly  constructed,  poorly 
located,  poorly  drained  with  inadequate  culverts,  poorly 
maintained,  and  poorly  "put to bed" for  the period of several 
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decades between their use  for  silvicultural of other  management 
activities. 

The high cost of roads and the danger  of  windthrow  encouraged the 
practice of  "progressive"  clearcutting of valleys and ridges in the 
past. In this practice,  new clearcuts were created  adjacent to  the 
previous clearcut, thereby  creating  progressively larger openings, 
but minimizing the length of new  road  construction, the total 
length  of the road  system,  and the associated environmental 
problems. Progressive clearcutting can be aesthetically 
unattractive  and cause wildlife problems. In some  climates and 
with some forest types it can cause natural regeneration problems 
and  result  in  significantly-altered  hydrological  regimes  (river 

road-related  problems, or at  least the costs of preventing them. 
flows)  and  fish  habitat.But  it can certainly reduce the extent of 

Where clearcuts are  small  and  elongated,  "progressive clearcutting 
is no  different  from  strip  clearcutting". This is a widely used 

dispersion of clearcuts will be discussed  later (Chapters 6 6 7). 
and well respected  silvicultural  system in Europe. The topic of the 

The introduction  of the Coast  Logging Guidelines in the early 
1970's terminated the practice  of  progressive  clearcutting on the 
coast,  and  replaced it with a  system in which only 50% to 60% of 
a  valley  would  be  logged on  the "first  pass". Once these areas 
have regenerated ("greened  up"), the remaining areas may be 
harvested,  subject to constraints for wildlife or other  resources. 
More rapid removal of these remaining stands may be permitted in 
cases of windthrow,  fire, or insect  attacks. If the green-up 
period  is  short, a valley  may  look much the same after the second 
or third  "logging  pass" as it would  at the same time after  a 
progressive  clearcutting  system,  and the effects on other resource 
values may be similar. Where the green up period is long, causing 
the different  logging  passes to be  spread  over much of the 
rotation, the area  will have a mosaic of different  aged  stands. 

harvesting  and to replace it with  uneven-aged management and 
There is  increasing  public  pressure  to  move  away  from  clearcut 

proponents  of this change is that although such a policy may make 
selection  harvesting.  What  is  sometimes  not  understood by the 

the landscape  look  nicer  over the  ten  to twenty year  post-harvest 
period, it generally  requires  a  substantial  increase  in the road 

the increased roading there is  usually an increased risk of site 
network in comparison  with  cable-yarded  clearcutting. Accompanying 

mountain  topography  where  up to a  third of the site may be occupied 
and  environmental  damage. This is particularly true in steep 

harvesting. 
by skidroads if ground-based  yarding  is the method of uneven-aged 

In contrast,  clearcutting  with  cable yarding may 
require as little as a  few  percent  of the area in roads. 

4 . 5  Conclusions 

There are  many  factors that determine the harvesting system that 
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equipment  and trained  operators appear to have been factors that 
is used on a particular site. Economics and the availability  of 

in the past  have sometimes resulted  in the use of systems that were 
sub-optimal  in terms of protecting  and  sustaining  resource  values, 
both timber and  non-timber.  Practical  considerations  will  always 
play a role in choice of equipment,  but with the development of the 
requirement  for  a  Pre-harvest  Silvicultural Prescription there  are 
now much stricter controls on what  harvesting systems and equipment 
are acceptable  and  permissible on a  particular  site. Where 
practical  considerations  prevent the use of "environmentally-sound 
equipment",  areas  should be deferred  from  harvest until the 
appropriate  equipment is available and/or economical. Once again 
it should be  noted that in  many  cases, damage to steep slopes is 
more closely  related to  the location,  construction,  and maintenance 
of roads than to  the actual type of  harvesting system used. 
Because so many  of the environmental  problems  associated with 
harvesting  are  attributable to roads,  increased  emphasis  should  be 
given to long-reach cable systems or other systems that minimize 
the  length  of  road  required,  subject to future  access requirements 
for protection  and  silviculture. The manner  in  which  a  particular 
piece  of equipment  is  used  is  also  important. 
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CBAPTER 5. ECONOMIC CONSIDERATIONS IN TEE SELECTION 
OF TEE METHOD OF FOREST HARVESTING 

Brief reference to  the relative costs of different  methods  of 
harvesting  were  made  in  Chapter 4,  but the importance of  the topic 
warrants  a more detailed  discussion. Timber management,  as  opposed 
to most  other aspects of forest  management, is first and foremost 
an economic,  revenue-generating  activity.  Forest  products  must  be 
sold  in an increasingly  competitive  global timber market,  and as 

unmanaged,  accessible,  old-growth  forest  declines,  and with 
coastal British  Columbia's  traditional  advantage  of high quality, 

increasing  haulage distances and  lower volumes per hectare  in the 

only  increase.  Economics will therefore continue to play an 
interior, the need to reduce costs and  increase efficiency will 

objectives of management require that a  silvicultural  system  and 
important role in the choice of harvesting  method, except where the 

harvesting  method are to  be used  irrespective of the implications 
for the economics  of  harvesting. The Pre-harvest Silvicultural 
Prescription  and the increasing  consideration given to non-timber 
values will probably  result  in  an  increase  in the frequency with 
which  economic  considerations  are  given  reduced emphasis in this 
decision. 

5.1 c 
Harvesting costs depend on many  factors,  including  slope, the 
evenness of the terrain, average  log  size, the density of roads 

harvested, the location  of the site,  and the type of logging 
(ie. the yarding  distance), the volume  per  hectare, the volume 

equipment.  Figure 5.1 shows the relationship  between logging costs 

relationships  were  devised  for  coastal B.C., but the general shapes 
and six factors that affect the economics of logging. These 

of the relationships are also valid  for the interior. 

The economics of harvesting is  very sensitive  to  the volume to be 
harvested  per  hectare. There are many  infrastructure costs (roads, 

harvested  area  changes, so that as the volume  harvested  decreases, 
landings, camps) that do not change as the volume  removed  from  a 

the infrastructure  and  overhead costs per m3 increase in 
proportion. The cost of operating  harvesting  equipment may also 
be relatively  unaffected  as the volume  harvested  per hectare 
changes.  Consequently, as  the volume  harvested per unit area 
declines, the cost  per  m3 of removing  cut trees will increase. 

marginal  economically than clearcut  systems.  Depending  on the haul 
Partial cutting and  uneven-aged systems are therefore much more 

distance to  the mill,  many  valleys that can be  managed economically 
under an even-aged  clearcut  system  would  become economically 

an adjustment in  the stumpage  system to account  for the increased 
inaccessible  if  managed  under  a  partial  cutting, unless there  was 

the coast  where  roading  costs are so high,  but it is equally true, 
logging  costs. This is particularly  true in the rugged terrain of 

if less  critical,  in  much  of the interior.  If the economics of the 
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entire tree crop production cycle are considered  in  a single 
calculation, these increased  harvesting costs'may  be offset  by 
reduced  planting  and site preparation  costs. where the economic 
calculations are limited to  the harvest'  phase of silviculture 
alone,  partial  cutting is more  costly. 

Because  of the complexity  of the economics of harvesting, it is 
very difficult to compare harvesting costs between  different types 
of equipment.  Furthermore,  many of the harvesting systems are  not 
interchangeable,  reducing the value  of  comparisons. For example, 
horse  logging is not  an  alternative to high  lead  yarding, whereas 
grapple  yarding is an alternative to high lead. 
tractors  may also be interchangeable. In  these latter  examples, 

Skidders and 

cost comparisons are more  valid. 

Table 5.1 illustrates the effect  of  log diameter on logging costs 
for three different  harvesting  situations on the coast, and, for 

higher  cost  of  logging  on the coast  is one reason why the more 
comparison,  average  interior costs for skidder logging. The much 

management  in this part  of the province. other reasons for 
economical  even-aged  management is favoured  over  uneven-aged 

practical. Table 5.2 illustrates  how  variable costs can be within 
clearcutting  on the coast  have  been  silvicultural,  ecological,  and 

one type of equipment  (helicopters in the example), and Table 5.3 
shows  how  helicopter  costs compare with  "conventional"  harvesting. 
Table 5.4 shows some of the detail of the economics  of the 
harvesting  operation. 

These  examples  should serve to show that,  as with silvicultural and 
ecological  evaluations of forest  harvesting, the economics of 
harvesting  is  complex; it  is site and situation-specific,  and  not 
susceptible to many  useful  generalizations.  Economic-inputs to 
decisions  about  which  harvesting  method  or type of  equipment  will 
be used therefore require a site-by-site  evaluation. Some examples 
of useful  case-study  comparisons  are: 

MacDonald, A.J. 1988. A case study  of roadside logging  in the 
central  interior of British  Columbia.  Forest  Engineering Research 
Institute of Canada,  Vancouver, B.C. Technical  Report TR-87.15~~. 

Hedin, I.B. 1980. Comparison of two logging systems in interior 
British  Columbia:  Central  Processing  Yard vs Conventional.  Forest 

Report  TR-45. 53 pp. 
Engineering  Research  Institute  of  Canada,  Vancouver, B.C. Technical 

Rogers, R.E. & A.J. MacDonald. 1989. Ground skidding second-growth 
timber  in  coastal  British  Columbia:  a case study. 
Engineering  Research  Institute of Canada,  Vancouver, B.C. Special 

Forest 

Report No. SR-60. 

Bell,  T. 1990. The feasibility of horse loggi'ng. Unpublished 
essay.  Available  from Dr. David  Haley,  Faculty of Forestry, U.B.C. 
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Sauder, B.J. & M.M. Nagy.  1977. Coast.logging: high  lead versus 

Canada, Vancouver, B.C. Technical  Report No. TR-19. 50 pp. 
long-reach  alternatives.  Forest  Engineering  Research Institute of 

5.2 Economics of Becond Growth Earvestincr in Conmarison t o  the 
Barvestina of Old-Growth and PrbvioUslV Unmanaaed Forests 

Managed  second growth forests will differ  from  old-growth  and other 
unmanaged forests in several ways that will affect the economics 
of harvesting. The extent  of the difference will be greater for 

the fact  that  roads will already be in place  will be  the major 
even-aged than for  uneven-aged  second  growth, but  in both  systems 

economic  factor. 

There will generally  be fewer large  decaying  logs, stumps and snags 

managed  even-aged  second  growth than in  old-growth  forests. This 
to impede the movement  of  logging  equipment in conventionally- 

should reduce logging  costs. The trees being harvested will 
probably be smaller,  permitting the use of smaller, less expensive 
equipment that may have less  negative impacts on  the soil,  but 

However, because the size of logs will be much less  variable, more 
raising the costs of yarding because of  log size considerations. 

mechanized  and  efficient  harvesting systems will be used, 
offsetting the effects of reduced piece size. The trend will 
probably be  towards greater use of multi-function  mechanized 
ground-based systems on sites that are not too steep. On the most 
productive  coastal  sites,  large tree  size will  probably still 
require the use of manual  felling  and cable extraction  systems. 

will probably still be  used. 
In steep mountainous sites, cable or helicopter/balloon systems 

Because the size of trees harvested  in  uneven-aged  second growth 

harvesting  per m3 will  increase.  Similarly, if the volume  per 
stands will  be  smaller than in  old-growth stands, the costs of 

hectare  in the stand is reduced, either by the frequency  and 
intensity  of  harvest or by a  dense  network of skid trails and 
damage to residual trees, harvesting costs per m3 will increase. 
On  the other  hand, the frequency of large  logs  and snags will 

management  policy to retain a  supply of these), thereby reducing 
probably decline in comparison to old-growth (unless it is a 

the difficulty  and costs of  harvesting. Otherwise the economics 
of harvesting may not  be  very  different  between  uneven-aged  old- 
growth and  uneven-aged  second growth forest. 

It is expected that harvesting costs will be higher in second 
growth  uneven-aged forests than second growth even-aged  forest 
because  of the lower volumes extracted  in  any  one  harvest  and the 
greater care required to avoid  damage to  the remaining trees. 
However, as already  noted this may  be  offset  by reduced site 
preparation  costs,  natural  regeneration rather than planting,  and 
a more  frequent  harvest which may  reduce  carrying costs on 
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Figure 5.1 

Relationships bet- logging cost (Wd) md six  factors  that  affect  the  ecmanics of logging: a, the 

hluling costs (transportation t o  the mill); md f ,  sortinp md scalinp  costs. The effects of these factors 
infrastructure costs; b, various overhead coats; 5 ,  central h i n i s t r a t i v e  overhead; d, yarding costs; e, 

the degree  of Logging d i f f icul ty  on logging  coat i s  expressed u a f u r t i o n  of voluc per hectare,  distance 

m t  and conversion for  value.  Forintek C s n a d a  Corp. S p c i a l  Publ. SP32 ISWN 0824-2119, Vancowcr, B.C. 
mill  or c a p ,  wd men log volune. (Source: Kelloa, R.M. 1969. Eccond grwth   Ooudas- f i r :   i t s  

1 m P . )  

C.U. Volume (m’lha) 

1 

I - 
I201 

251TREE-TO-TRVCK 
con (Si”) 

12,3 1, OPERATION,  CAMP.  AND 
CREW  OVERHEAD , 

i 

I 

J 
I 

9 -  
cost ( $ / d l  

e HAULING 

E -  

7 -  

1 -  

3; 

2 

i 

0- 
0 

1 

! 
I 

:I 
0 

1 
1 

f SORT AND SCALE 

2 0 0 -  

1 5 0 1  

1 

0 501 

57 



T a b l e  5.1 
The effect of  average Log s i z e   ( d i a r t e r )  on average  logging costs M l h o )  in three different  harvesting 
s i t m t i m  in coastal B r i t i s h   C o l b i o ,  ard en average for  interior  rkidder  logging (Source: Nwi tka  Resource 
Cmul tant r ,  1987. I n p a c t  of  Intensive  Forestry  Prectises on Net Stand Values i n  B.C. FRDA Report 011. 
Forestry C a d ,  Victoria. 78 pp. app.) 

LOGGING  COSTS 
(Cost  of  felling  and  bucking,  yarding,  and  contracting  overhead) - 

AVG 
DIA 1 2 3 4 
( cm) --------------------__~/~3------------------------- 

16  20 .00   38 .90  
18 18.50 

44.90 
33.90 

12 .00  

2 0  
39.90 

17.00 
1 1 . 0 0  

27.40 
22  16.00 

31.90  10.00 
24.40  27.90 

24 15.00 20.90  23.90 
9 .50  

2 6  14 .00   18 .40  
9 .00  

28  
20.90 

13.50 
8.50 

30  
17.90  19.40 

13 .00  
8 .50  

16.40  17.90 
32   12 .75   15 .90   16 .90   8 .25  

8 .50  

34 12.50  15.40  16.40 
36  

8 . 2 5  
12.50 

38 
14.90 

1 2 . 2 5  
15 .90  

14.40 
8.25 

15.40 
4 0  

8.25 
12.25 

4 2  
13.90 

1 2  * 00 
15.15 8 .25  

13.65 
4 4   1 2  * 00 

14.90 8.00 

4 6  
13 .40  

11.75 
14 .65   8 .00  

13.15 14.40  8 .00 
46 11.75 12 .90   13 .90  
5 0  11.50 

8 .00  
12 .65  

52  
13 .65  

11.50 
8 .00  

12.40 
5 4  

13 .40  
11.25  12.15 13.15 

8 .00  

5 6  
8 .00  

11 .25   11 .90   12 .90   8 .00  
58  
60 

11.00  11.65 
11-00 

12 .65  
11 .65  

8.00 
12 .65   8 .00  

1 - Coast:  Valley  bottoms,  little  slope,  fairly  even  terrain; 
may  be  skidder  logged  or  grapple  yarded. 

2 - Coast:  Valley  sides,  combination of slope  and  terrain 
medium;  would  likely  be  grapple  or  high-lead. 

3 - Coast:  Valley  sides,  combination  of  slope  and  terrain 
difficult;  some  grapple  but  mainly  high-lead. 

4 .  - Interior:  Average  conditions - skidder  logging. 

Table 5.2 

Variation  in  the  yarding  cost (S/m3 between  different  types of 
helicopters.  (source:  Dr.  David  Haley,  Forest  Economist,  Faculty 
of Forestry,  University of British  Columbia.) 

I Helicopter s/m5 

Boeing CH135 48 .3  
Sikorsky S64E  40.0 
Kawarski V.107 36.4 
sikorsky S61N/L 3 4 . 5  
Aero-Speciale  Puma 40.0 
Bells 212+214  33.3 

JlbSItriD) 
M a x .   l o a d  

28,000-30,000 
20 ,000  

7,500-10,000 
10,000-12,000 

2,500-3,500 
10 ,000  

I silvicultural  investments.  Clearly,  economic  comparisons  between 

! silvicultural  systems  and  not  just  on  the  harvest  phase  of 

even-aged  and  uneven-aged  systems  are  complex.  The  economic 
evaluations  should  be  conducted  on  the  entire  rotation-length 

silviculture. 
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. .  

T a b l e  5.3 

between helicopter and ttconventionaltt harvesting.  (Source: Dr. 
Comparison of the costs ($/m3)  for various phases  of harvesting 

David  Haley,  Forest  Economist,  Faculty  of  Forestry.  University  of 
British  Columbia. ) 

PHASE 

Engineering 
and  Forestry 

Falling 

Yarding 

Loading 

Dryland  Sort 

c 

HELI-LOG  VS.  CONVENTIONAL 

Helicopter  lay-out  and 
silviculture.  Intensity 
of lay-out  will  increase 
costs 25% to 50%. 

Helicopter  falling  re- 
quires more  experience 

weight and  limbing  of 
and care in bucking to 

trees. 

The major  cost  difference 

used  for  grapples  and 
occurs here. Average  cost 

towers. 

These phases are actually 

copter situations  due to 
a  little  lower  in  heli- 

better  logs  and  increased 
volumes. 

These phases do not  vary. 

!ONVENTIONAL 
S/m 

1.25- 2.50 

3.50- 4.50 

10.00-15.00 

5.00-10.00 

6.00-15.00 

25.00-47.00 

The above costs do not  include: 1) Overheads  fixed 
2) Overheads Variable 
3) Profit 

HELI-MGGINC 
$/m 

2.25-  3.00 

5.00- 7.00 

30.00-50.00 

4.00- 9.00 

4.00- 9.00 

47.00-85.00 

Table 5.4 

Detailed  breakdown of the costs of typical Coastal harvesting 
(source. Dr. David  Haley,  Forest  Economist,  Faculty Of Forestry, 
U.B.C.) 

PHASE 

DIRECT  COSTS 

FALLING & BUCKING 
YARDING/SKIDDING 

WEIGHTED AVE YARD ti LOAD 
LOADING 

TREE TO  TRUCK 

HAULING 
DUMP/SORT/BOOM 
CAMP  COSTS 

ROAD MAINTENANCE 
CREW TRANSPORT 

TOW & BARGE 
TOTAL DIRECT 

INDIRECT  COSTS 

CAMP OVERHEAD 
STUMPAGE/ROYALTIES/CHARGES 
ROAD CONSTRUCTION 
TOTAL INDIRECT 

HEAD  OFFICE  OVERHEAD 

TOTAL DELIVERED  COST 

FORESTRY3 
1984 $/m 

ENGINEERING 

WASTE SURVEYS 
CRUISING 

FALLING  RESIDUALS 

AVERAGE COsT 
1987 $/m 

$ 3.50 
( $  7-00) 
( $  3-00) 

$ 9.00 
($12.50) 

$ 4.70 
$ 4.70 
$ 1.50 
$ 2.50 
$ 1.60 
S 2.70 
$31.00 

$ 3.70 
$ 7.30 
$ 5.40 
$16.50 

$ 4.60 

$51. 70/m3 

$ 0.60 
$ 0.13 
$ 0.03 
$ 0.03 
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The overall impacts of timber harvesting on  the forest  ecosystem 

microclimate  and the effects  on  living  organisms.  Each of these 
can be summarized in terms of the effects on soils, the effects on 

followed by a  discussion  of the speed of ecosystem  recovery  from 
is discussed in general terms in this section of the paper, 

harvest-induced  disturbance.  Impacts on specific resource values 
are  summarized in Chapter 7. As already  noted, some of  the 
environmental  impacts that have been  attributed to harvesting may 
in fact  be  caused by the associated  road  building,  and others by 
post-harvest  site  treatment. The relative  importance of the actual 
harvest  impacts  will be commented  on  at the appropriate points in 
the discussion. 

6.1 ImDacts on Soils 

The effects  of timber harvesting can be  considered under the 
following  topics:  soil  organic  matter,  soil  nutrients, soil 
architecture  and  aeration,  soil  biology, soil hydrology,  and soil 
stability. 

a. Soil Organic  Matter 

Soil  organic  matter  accumulates  in  forests  over time because the 
inputs of organic  matter by root  death,  above  ground litterfall and 
plant  death  exceeds the rate of organic  matter loss by 
decomposition. Forests tend to accumulate an organic layer on the 
soil  surface  because of this excess of inputs over  outputs. 
Similarly,  humus  accumulates  in the mineral  soil  because the very 
slow mineralization of humus is exceeded by the production of humus 
from the decomposition of fresh organic matter.  Following 
harvesting,  especially  clearcut  harvesting,  litter inputs are 
t e m p o r a r i l y   r e d u c e d   o r   e l i m i n a t e d ,   w h i l e  
decomposition/mineralization rates are  usually  accelerated.  The 
result is a fairly  rapid loss of  organic  matter, and unless a 
logged  area is revegetated, all the organic  matter will eventually 
disappear.  Normal  processes of successional  recovery  usually 
result  in revegetation before this occurs, so that  although  soil 
organic  matter does decline  following  harvesting, it usually starts 
to  accumulate  again  within  one or two decades. The extent of 
organic matter accumulation  in the uncut  forest,  and the extent of 
its loss following  harvest,  are  highly  variable  between the many 
different  forest types in British  Columbia. 

organic  matter  in the form of harvested  materials that would 
In addition to decomposition-related  losses,  harvesting  removes 

wasting,  and the construction of landings  and  skid trails remove 
otherwise  eventually  have  contributed to soil humus.  Erosion, mass 

organic  matter  from one part  of the harvested  area  and deposit it 
in another.  Where the denuded  area is small  (discontinuous  patches 
less than a few metres in diameter), the long-term effect on site 
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i productivity  may be negligible.  Where  displacement  occurs  over 
many  metres, or even tens of  metres,  long-term site degradation  may 
occur. If it becomes  buried, the displaced organic matter may 
undergo  accelerated  decomposition  compared with that of  undisplaced 
organic  matter. The resultant  accelerated  nutrient release may 

soil  nutrient storage capacity  in the depositional  area are able 
lead to nutrient  loss unless the combined  plant  nutrient uptake and 

to retain all the nutrients on the site. 

Post-harvesting  slashburning  results  in  a  short-term rapid loss  of 
the organic  matter  contained  in  logging slash and forest floor. 
However,  in  warm  humid  forests much of this organic matter will  be 

absence  of  fire. The major  difference is the rate of  loss. This 
lost  over the next decade or two through decomposition even in the 

has  significance for site nutrient  balance  (discussed  below). 

b. Soil Nutrients 

Most of the actively  circulating  nutrients in forests exist  in 
organic  matter.  Nutrients  are  lost  in  harvested materials, the 
extent  of the loss  depending  on the proportion of various different 
tree biomass components that is  removed.  Whole-tree  harvesting 
(all above  ground tree biomass) can remove as much as four times 

because foliage and  branches have much higher nutrient 
as much nitrogen and  phosphorous as  conventional  stem harvesting 

concentrations than woody  stem  tissues,  and  consequently tree 
canopies  contain  a  disproportionately  large  amount of nutrients 
relative to their biomass. 

Nutrients  originally  contained  in the organic  matter that is  lost 
by post-harvest  decomposition are released to the soil. Where this 
decomposition  is  rapid, there is  a  flush  of  nutrient release called 
the  "assart".  Unless the combination of nutrient  uptake by trees 
and  non-crop  vegetation  and the action  of the soil nutrient 
exchange  capacity  are  able to take up  and  hold this flush of 
nutrients, much of  it (especially  nitrogen)  may be lost  from the 
ecosystem. This loss  may  be by leaching and/or denitrification (a 
gaseous loss in  which  non-gaseous  forms of nitrogen are  turned  into 
various gaseous oxides of nitrogen). 

Nutrient loss caused by harvesting  is thus a  function of the amount 
and type of  biomass  removed by harvesting, the extent  and rate of 
post-harvest  organic  matter  decomposition, the site's soil exchange 
capacity (the ability  of the soil to withdraw  nutrients  from  soil 

by plants, but reduces  their  loss by soil  leaching), the rate of 
solution  and  hold  them  in  a  form that does  not  prevent their uptake 

revegetation,  and the nutrient  uptake by this vegetation. 

Nutrient loss, especially  of  nitrogen, can be  greatly  increased by 
post-harvest  slashburning,  although there is some evidence that 
substantial  losses  of  nitrogen  may  occur by denitrification in Some 
types Of forest  following  harvesting  even if the area  is  not 
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burned. If the fire  delays the development of the plant community, 
further  nutrient losses can occur by soil leaching. 
slashburning is light to moderate,  and where it reduces the time 

Where 

taken  to reforest  a  harvested  area (which it often does), it may 
actually  result in a  reduction  in overall nutrient loss by 
increasing the growth  and  nutrient uptake of trees and  other 
vegetation. 

By accelerating organic  matter  decomposition  and by reducing the 
growth  and  nutrient uptake of non-crop  vegetation, mechanical site 
preparation  and  herbicide treatment can also accelerate nutrient 
loss by soil  leaching. 
accelerate tree growth  and cause earlier  occupancy of the site by 

However,  if these site treatments 

a new forest,  they  may  result in reduced nutrient loss over the 
rotation. 

The relative magnitudes of harvest-induced  nutrient  loss and loss 
caused by various  different  post-harvest  site treatments will vary 
greatly  from case to case. It is difficult to develop  useful 
generalizations,  but  losses  in  harvested  materials or due to 
slashburning are usually  significantly  greater than soil leaching 

great  a  loss of nitrogen as does slashburning  under certain 
losses. As noted  above,  denitrification can apparently cause  as 

circumstances,  except that the loss occurs over several years 
rather than several minutes. 

c. Soil Structure 

Adequate  soil  aeration is almost  as  important as adequate nutrition 
for the growth of  many  forest tree species. The roots of most 
species  must have a  supply  of  oxygen,  and  without an adequate root 
system plants cannot grow.  Soil  aeration depends on the presence 
of a  network of soil  air  spaces  ("pore  space")  which in most soils 
depends on soil  structure: the "architecturef1 of the soil - how 
all the physical  components of the soil  are  assembled in space. 
Just as a  building is no longer a building when it is reduced to 
a pile of bricks, soil whose  architecture  has  been  crushed  by  heavy 
equipment  or  destroyed by erosion is no  longer  really  soil. Soil 
in which  aeration  depends  on  soil structure generally  cannot 
support  most forms of plant  and  animal  life  following the loss of 
structure; these life forms are excluded  until some structure has 
been  redeveloped.  Soil structure depends on the presence  of soil 
organic  matter (the "mortar" of the soil I*building") and the 
activity  of roots and  soil  organisms. 

Soil  structure is relatively  easily  damaged by the passage of heavy 
equipment,  especially when the soil is wet. The damage is more 
serious in  fine-textured than in coarse-textured  soils,  and is more 
persistent in  warm climates that lack  freezing  and  thawing of soil 
than  in  areas that have  soil  frost. 

Soil  structure can be  damaged by an  extremely  hot slashburn which 
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destroys  soil  organic  matter,  but  most of the physical soil damage 

Helicopter  and  most  horse  logging pose the least  harvest-related 
that occurs is the result  of  ground-based  yarding  activities. 

threat to soil  structure.  Cable  logging with partial-suspension 
of the logs is intermediate. 

d. Soil  Biolocry 

The  soil can be considered as an ecosystem  in that it satisfies all 
of the criteria that define the term ecosystem: 
function,  complexity,  and change over  time. It differs from  an 

structure, 

entire  forest  ecosystem in that it lacks  a  mechanism  for the 

the  litterfall of green plants that constitute the driving force 
continuous  input of energy: this is provided  almost  entirely by 

of the forest  ecosystem. The structure of a terrestrial ecosystem 
includes  an  atmospheric  component,  a soil component,  and a biotic 
component. The biotic  component of the soil includes plants 

vital  component of the complex  system that  we call soil. They 
(mainly  roots), animals,  and  microbes. Living organisms are a 

create  and  maintain  soil  structure.  They process dead soil organic 
matter,  releasing  nutrients  and  producing  humus. By continually 
mixing the soil, they determine  soil  development. Soil organisms 
thus  play  a major role in  maintaining  soil as a suitable substrate 
for  plants. 

killing tree roots that are  associated  with certain soil fungi, the 
Forest  harvesting affects soil  organisms  in a  variety  of ways. By 

abundance  of these fungi is reduced,  and this pennits an  increase 
in bacterial  populations. This in turn favours the soil animals 
that  feed  on  bacteria  and  promote  bacterial abundance (eg. 
earthworms),  which  may  increase  in  numbers  and  activity  and cause 

effect) . The  increased  summer  warmth of the forest floor following 
an acceleration in decomposition of the forest  floor  (the "assart" 

harvesting  may also favour  increased soil  animal activity. 
Increased  soil  animal  and soil bacterial  activity is usually 
associated  with  increased  soil  fertility. 

Above-ground  litterfall  and fine root  death provide the energy 
source for soil organisms,  and  when  all the easily-decomposed 
logging slash and  litter has been  decomposed, the abundance of soil 
organisms may  decline.  However, the harvested  area  has  normally 
been  invaded by pioneer  vegetation by this time, providing  an  input 
Of highly  decomposable  litter that sustains the elevated  activity 
of the new assemblage  of  soil  organisms.  Eventually, as succession 
returns the area to its  original  forest  condition, the original 
abundance  and  composition  of the soil  biota  is  restored. 

The  period  of  altered  microbial  and  soil  faunal activity that 
follows the disturbance of harvesting can have  lasting  beneficial 
effects On soil  structure  and  fertility.  In ~601, humid  climates 

disturbed for a  long time may  exhibit reduced rates of organic 
(Such as many coastal B.C. forests), soils that have not  been 
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matter  decomposition  and  a  slowing  down of nutrient  cycling. As 

becomes even slower,  greatly  limiting tree growth and forest 
soil temperatures decline as one travels north, decomposition 

development. The physical  and  microclimatic disturbance to these 
soils caused by timber harvesting, windthrow or wildfire can re- 
invigorate these soil  processes,  improving  soil  fertility  and 
increasing site productivity. 

On the other  hand, if harvesting  causes soil compaction, erosion 
and the loss of soil organic  matter, the abundance and activity of 
soil organisms will  be  greatly  reduced,  and this will slow the 
r'ecovery  of the ecosystem  from the logging  disturbance. Harvesting 
that leaves the soil's structure and  organic  matter intact and 
permits rapid  re-vegetation  will  generally  benefit  soil biological 

growth. 
activity  and may improve soil conditions for subsequent tree 

e. Soil Hvdroloq 

The ability  of water to infiltrate  into soil is a function of  Soil 
texture and  soil  structure. Once water has entered the mineral 
soil,  it  moves  downslope  slowly  through the larger soil pores 
("macro  pores")  and  old  root  channels  (spaces where roots used to 
be but have  died  and  decomposed  leaving  a  hollow llpipe"  in  the 

presence of  an organic forest  floor  protects the structure of the 
soil), and does not  normally cause any  erosion or landslides. The 

surface mineral  layers  and  promotes  infiltration. Compaction, or 
the loss of surface soil structure  following the removal of the 

reduces infiltration rates and  leads to surface run-off. If this 
forest  floor  and  exposure  of the mineral soil to heavy  rain, 

gain sufficient  energy to cause  erosion. This in turn can lead to 
surface water is  allowed to gain  enough speed and  volume, it may 

gullying,  sheet  erosion,  and  possibly to a  "debris  torrent":  a 
rapidly  moving mass of soil,  rocks  and  logging  slash. 
torrents can do considerable  damage to the site and to  any streams 

Such 

deposits a lot of slash in gulleys.  During  periods of intense 
they  enter.  Debris torrents can also occur  where harvesting 

rain,  rain-on-snow, or rapid  snowmelt, this slash  can wash into 
streams causing  debris jams. If these burst,  they can become 
damaging debris torrents. 

The concentration of water  within the soil  mantle  caused by the 
convergence of compacted  skid trails on steep slopes, or by 
inadequate culverting on roads,  can  result  in  the saturation of 
soil downslope. This is  a  common  source  of  landslides because the 
saturation reduces the friction  that holds the soil on the slope. 
The soil  literally  "floats1t  downslope. 

f. S1ODe Stability 

As just  mentioned, the stability of soil  on steep slopes is  a 
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material,  and the action of gravity trying to pull the soil 
function of the friction  between the soil  and the underlying 

downslope.  It is also a  function of the strength of the roots of 

Alteration of slope hydrology  can  lead to localized soil 
trees and  other  plants  which  act to  tie  the soil to  the slope. 

saturation,  a  reduction  in the friction,  and  a  loss of slope 
stability.  However, the roots may still provide sufficient 
anchorage to prevent a landslide.  Following  harvesting, the roots 

the  soil  anchorage they provide also declines.  The  regrowth  of 
of the cut trees slowly  decay  and  lose  strength.  As this occurs, 

gradually  replace the declining  anchorage  provided by the old  dead 
shrubs  and trees following  logging  provides  new  live roots which 

with the loss in  strength  of the old  roots, the total contribution 
roots.  However, if the regrowth  of  new roots  does not keep pace 

of roots to slope stability  will  decline for several years after 
logging  before  recovering to its old  value. If there are heavy 
rainstorms  during this period  of  reduced total root strength, 
landslides  may occur on steep slopes. The critical period  of 

but  may be  as  early as five years post-harvest.  Obviously, this 
instability is often between ten and  twenty years after  logging, 

forests,  although where the I latter  have an increased  length of 
is likely to be  more of a  problem in clearcuts than partially-cut 

roads and  skid  trails, the total affect  on slope stability  may  in 
some cases not  be  very  different. 

6.2 Effects on Microclimate 

By intercepting  sunlight, tree canopies create a  cooler  and more 
humid  microclimate  within the forest.  Wind  speed  is also reduced. 
In cold, northern  climates, this may  result in such low soil 
temperatures that nutrient  cycling is inhibited  and  forest 
productivity  declines. Periodic disturbance by fire, wind  or 

processes,  and raises forest  productivity. In contrast, the forest 
logging causes a  warming  of the microclimate,  invigorates soil 

microclimate  in  hot, dry forests  in  southern B.C. may be essential 
for the  successful  regeneration of trees and  shrubs. The 
microclimate  of  clearcuts  in such forests  may be so hot that only 
grasses  and  semi-desert species can  become  established.  Between 
these two extremes  are  forests  in  which the forest microclimate is 
both  less  inhibiting to soil  processes  and  less critical for 
regeneration. 

The  insulating  properties of a tree canopy  protect seedlings in a 

by radiant  cooling  of the ground  surface  in  a  clearcut  or  natural 
forest  from  "radiation  frosts" - below  freezing temperatures caused 

heat  from the soil  can  counteract this radiant  cooling.  However, 
opening.  If mineral  soil is exposed  in the clearcut, release of 

a layer  of  herbs  (eg. grasses) or  an  undisturbed organic forest 
floor can insulate the mineral  soil,  restricting the release of 
heat  and thus contributing to  the development of.damaging radiation 

cut forests because of the microclimatic  protection  afforded by the 
frost. This is more of a problem  in  clearcuts than in  partially- 
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remaining  overstory. 

Clearcut  harvesting  temporarily removes the forest microclimate, 
except near the edge of the uncut stand where the "microclimatic 
shadow" of the standing trees still maintains an influence. The 
change in light,  humidity,  wind and temperature following 
harvesting favours the early successional species that are adapted 
to  these conditions. The result is a characteristic assemblage of 
early successional herbs,  shrubs  and pioneer trees. The greater 
the change in microclimate, the greater the change in  plant 
species. As this early successional community  grows  in  height  and 

recreating the microclimatic  conditions  favoured  by the later 
leaf  area, it creates a sheltered microclimate beneath  its  canopy, 

successional  species.  Thus,  microclimatic change plays an 

disturbance  and  recovery. 
important role in the successional changes that accompany  ecosystem 

Because the forest  microclimate reverts to its original condition 
as the forest  regrows, the persistence  of  harvest-induced changes 
in microclimate are generally  related to  the factors that determine 
vegetation  regrowth,  such  as soils. However, in very  hot  and  dry 

delays  revegetation, or where  harvesting  creates  "frost  pockets" 
climates, in situations  where  "frost  heaving" of exposed soil 

play a major role in the patterns  and  speed of successional 
or promotes radiation frosts, the altered microclimate itself  may 

recovery. This is also true in  coastal subalpine forests close to 
tree line, where the presence of a  large tree stem creates a 
"thermal  island"  which causes earlier snow melt  around it and 
improved  seedling  growth  within this modified  microclimate. If 

plantation growth in these high elevation forests may be 
all the "thermal  islands" are removed by clearcutting,  early 

depth of the winter  snowpack.  High stumps, dead trees, or  even 
significantly  slowed  until the trees are taller than the average 

immediate  vicinity. 
large rocks can also create #Thermal island"  microclimates  in their 

6.3 Effects on the Biota 

Forest  harvesting  creates  successional  disturbance:  one  or  both 
of the soil and  microclimatic  components of the seral stage are 
altered to conditions typical of an earlier stage in succession. 
The  extent  of the change is proportional to  the extent of the 
canopy removal (ie.  even-aged vs. uneven-aged management) and the 
degree  of  soil  disturbance. 

As the physical  and chemical characteristics are changed by 
disturbance, there is  a change in the composition  and abundance of 
animal,  plant,  and  microbial  communities.  Those species that are 
completely  dependent on the ecological conditions that prevailed 
in the unharvested  forest will be  lost  from the harvested area,  and 
some  species  may  even  be  lost  from the area of the remaining uncut 
forest that is  within  a  hundred  metres or so of a  clearcut. Some 
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old-growth  species  will  adapt to, or simply  tolerate, the clearcut 
conditions,  and remain in  reduced abundance until the forest 
regrows.  Other  species,  which  either require or  benefit  from the 
earlier successional conditions of the harvested  area, will 
increase in abundance.  Many animal species will do best when  they 
have access to a mosaic of different seral stages:  a mixture of 
freshly  harvested  areas,  young  forests  of  various  ages,  and  patches 
of  old or unmanaged forest. 

Use  of clearcuts by wildlife species is not  merely  a  function of 

predators,  and  protection  from the thermal extremes of  sun, wind, 
food. Animals also require shelter for  security,  protection  from 

and  rain. Thus,  large clearcuts that lack adequate cover and 
shelter  may  not  be  used by some species of wildlife even though 
there may be abundant  nutritious  plant  food  for them in the 
clearcut.  Clearcuts may also  be a problem  for  large,  ungulate, 
herbivorous  species  in the winter.  Heavy snowfalls may  make  it 
impossible to traverse clearcuts or  find food, whereas in  old 
growth forests the fall of branches  and  lichens provide food,  and 
the  interception  and  redistribution  of snow by the tree crowns 
reduces snow depth  and  uniformity. 

The  effect of forest  harvesting  on the plants, animals, and 
microbes  of the forest  is  highly  variable and cannot, therefore, 
be generalized.  It  will  depend  upon the particular type of forest, 

harvesting,  and the ecological  requirements  and tolerances of each 
the  extent  and  intensity  of  successional change caused by 

species in the area.  Clearly, if forest  harvesting results in  a 

microbes  will  be  adversely  affected  because  of  a  lack of the food 
prolonged  delay  in  regrowth  of  vegetation,  both animals and 

provided by plants  and  plant  litterfall,  and the lack of shelter 
for  animals.  Where  harvested  areas revegetate rapidly, the normal 
successional  sequence  of  plant,  animal,  and  microbial communities 
that is characteristic  for the site  may  be  expected to occur. 

If all the original  forest  is  removed  from  a  large  area  (such  as 
in a  very  large,  very  hot  midsummer  wildfire  covering tens or 
hundreds  of thousands of hectares), the process of successional 

microbial propagules  and  animals to recolonize the area. Only  in 
recovery may  be  very slow because of the lack of plant seeds, 

extensive,  contiguous  areas  of  clearcut  harvesting  followed by 
Severe  slashburning  would  one  expect  harvesting to produce a 
similar  result. Such harvesting  practices did occur  in some parts 
Of British  Columbia in the past  but  are  no  longer  permitted,  except 
Possibly  in the salvage of a  large  insect-killed tract of  forest. 
However, it is unlikely  that such areas  would be slashburned,  or, 
if burned, that they would  be  burned  severely.  Most  harvested 

microbial  species  in the absence of site preparation treatments, 
areas. become  populated with  a variety of  plant, animal and 

including  species that were  present  prior to harvesting  and  species 
that  invade the site after  harvesting. The balance of these is 
usually  altered by site  preparation. 
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6 .4  Ecosvstem RecovefV from the Imuacts of Harvesting 

An accurate evaluation  of the ecological impacts of harvesting or 
other silvicultural and  management  activities cannot be made simply 
by inspectingthe degree  of  soil  disturbance, microclimatic change, 
and biological  alterations to the site  immediately  after harvesting 
has been  completed.  such an approach  may  either underestimate x 
overestimate the rotation-length  consequences of these impacts. 
Many evaluations of harvesting have  been largely  based on  the 
visual appearance of the site, rather than on an understanding of 
how the ecosystem  processes of recovery have been  affected. The 
fact that a  harvested site may  look  ugly  may  be unacceptable if 
maintenance of the visual  quality  of  every  harvested area at all 
times is an important  management  objective. However, the visual 
appearance of a site should  not  influence the evaluation of  the 
ecological impacts of harvesting  on the site. 

are determined  according to the principles of visual resource 
If the size, shape, orientation  and  location  of  the  harvested  area 

management, the fact that a  freshly  logged  area  does  not  look  nice 
in  close-up  may  not threaten the overall  visual quality of the 

of  freshly  logged or slashburned sites "frames" the.generally ugly 
landscape. The frequent  showing by environmentalists of pictures 

visual  image of this stage of the silvicultural  cycle and "hangs" 

wall.  Ecosystems do not  remain  static.  They recover from 
it  in the back  of people's minds,  unchanging  like  a picture on the 

disturbance. Such images give a very incorrect  impression of the 
medium  and  long-term  impacts of forest  harvesting,  both visual and 
ecological. 

The rate of ecosystem  recovery  from  harvesting  will  vary  according 
to the climate and the soil conditions.  Recovery from disturbance 

on very  nutrient  poor  sites,  on  soils  that  are  excessively  drained 
is slow  in  excessively  hot,  cold,  wet  or  dry  climates. It is slow 

(ie. the soil gets dry,  irrespective of the climate), soils that 
are waterlogged,  and  where the soil lacks structure and  aeration. 
In humid climates that lack temperature extremes,  and on soils that 
are nutritionally  adequate, well structured and aerated,  and 
neither  waterlogged  nor  excessively  drained,  ecosystem  recovery 
from  harvesting can be p,5edictable and can occur very rapidly, or 
at  least  at  acceptable  rates.  Whether or not the recovery 
actually does occur at an acceptable rate depends on a variety of 
biological  variables. 

Recovery of the biota requires that there be: 1) a residual 
community  of  plants,  a  source of  plant seeds or roots/stumps to 

! 

10 
dcpeod upon which social   criteria  are med: economic, apt-t, nvirornental ,   etc.  

"Acceptsble" in   th is  context i s  ctwiously  defined i n  racial term, but i t s  precise  definition will 
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resprout  from, or that the plants  are  re-established as a 
management  activity (eg. planted  trees); 2) a residual microbial 
community  or a source of  microbial  propagules (eg. fungal spores) 
that  can  recolonize the soil,  and 3) either residual populations 
of critical soil  and  other  animals, or populations  in adjacent 

Rarely, if ever,  in  managed forests will harvesting alone remove 
areas  from  which  immigrants can recolonize  depopulated  areas. 

microbes that are required  for the successional  recovery of the 
from the entire  harvested  area  all the plants, animals,  and 

biotic  community.  Erosion,  compaction, and/or mass  movement Of 
soil (which in total  can vary  from 0% to up to 50% of a  logged 
area), can cause the loss of  living  organisms  over  a proportion of 
the  harvested  area,  and this will  normally  result in delayed 
successional  recovery  and a significant  loss of productivity  for 

unacceptable and  must be  prevented  whenever  possible. 
Some  period of time on the affected areas. Such losses are 

In assessing the long-term  impacts  of timber harvesting on site 
productivity as a  result  of soil damage, it has sometimes been 
assumed that the damage is permanent; that it will "never" 
recover. 
production  in  perpetuity  is to ignore the processes of SUCCeSSiOnal 

However, to claim that these areas are lost  from 

recovery.  Depending on  the climate, the surficial  and  bedrock 
geology, the size of the seriously-disturbed  areas, and the 
presence or absence of nitrogen-fixing species in the early  plant 

relatively  rapid. 
community,  recovery  of  such  areas may either be extremely slow or 

In most  cases, severe and lasting soil 
degradation  is  found  on  only  a small percentage  of  a  harvested  area 

proportion of the harvested  area,  especially  in the interior  of 
apart from  roads  and  landings. The latter can occupy  a  significant 

B.C.. 
clearcut  or  selection-harvested  areas,  especially  on steep slopes, 

However, summer skidder or tractor logging  in  either 

can  result in large  areas of disturbed soil. Where recovery  of 
disturbed  soil  is  rapid, the rotation-length  impacts on growth may 
be minor, though still  unacceptable. Where recovery  is slow and 

damage  should be proportionately  greater. Major efforts to prevent 
the  impacts  on  ecosystem  function  more  prolonged,  concern over the 

values  of  various types are  high. 
site  damage  should be invested  where  recovery is slow and  lost 

The  complexity of the issue  of  ecosystem  recovery can be summarized 
in the concept of "ecological  rotations": the  time required for 
a  particular  ecosystem to recover to its original condition, or 
some  desired  new  condition  following  a  particular  type,  intensity, 
and extent of  disturbance. An "ecological  rotation" is a measure 
Of the resilience  of the ecosystem,  and will vary  for  different 

a climatic area  and  different  components or conditions of the 
climates,  different  soils,  different  topographic  locations  within 

ecosystem.  Once the resilience  (ie. the ecological rotation time) 
Of a  particular  ecosystem  or  ecosystem  value has been evaluated, 
one  can  determine the maximum  degree of ecosystem' disturbance that 
is permissible  given a particular  frequency of disturbance  (ie. the 
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tree crop rotation length)  and a particular  desired  long-term 
average condition for  that ecosystem.  If,  for economic or 
managerial reasons, it  is desired to manage this ecosystem on 
shorter  rotations, the maximum  amount of disturbance created by 
harvesting  must be reduced. 

The concept of  the trade-off  between the intensity  and  frequency 
of disturbance relative to the resilience  of the ecosystem is 
important  in the evaluation  of the significance of harvesting 

acceptable if one plans for very  long  rotations, or if the 
impacts on the ecosystem.  Relatively  dramatic  disturbance may be 

acceptable in ecosystems or specific  ecosystem values that are slow 
ecosystem will recover very  rapidly.  Very  little disturbance is 

in their recovery, or where very  short rotations are desired 
(Figures 2.3 E, 2.7). 

As a theoretical  concept, the idea  of  ecological rotations may be 
quite  useful,  but  unless there -is a  mechanism by which this measure 

help much in the evaluation of specific cases of harvest impacts; 
of ecosystem  resilience can be established, the concept may  not 

it  may remain as a theoretical, academic  concept. The complexity 

management simulation models  (such as FORCYTE  and FORECAST) that 
of the issue calls for the development  and  use of ecosystem 

can be  used to estimate  ecological  rotations, at least  for some 
aspects  and values of the ecosystem. This topic is not dealt with 
in the main  body  of the paper,  but a discussion of how  such 
simulation models can help in the evaluation of the long-term 
impacts  of  harvesting,  and the interactive  effects between harvest 
impacts  and the impacts  of all the other components of a  rotation- 

Appendix 11. 
length  silvicultural  system  can be found  in papers presented  in 

6 . 5  Closinu Statement 

Although it  is perfectly  reasonable,  and  human, to respond to 
forest  harvesting in terms of  its impacts on our senses and 
emotions, an analysis  based  solely on emotion-based inputs is 
unlikely to provide an adequate foundation for regulations and 

we  are  concerned  about. The emotional  evaluation be matched 
policies that will ensure the conservation  of  many of the values 

by a  scientifically-sound analysis of the impacts of  harvesting  on 
the components of the forest  landscape,  and the processes that are 
responsible  for the recovery  of the ecosystem  from  disturbance. 
This requires a  careful analysis of the effects on soils, the 
microclimate,  and the biota: the three major components of a 

rotations": 
forested  ecosystem.  It  must  involve an evaluation of "ecological 

the resilience of specific systems  to specific 
disturbance  regimes. This in turn requires the use  of  ecosystem- 

rotations.  Obviously,  such  a  biophysical  analysis must be matched 
level  management models with which to estimate ecological 

by an analysis of the social impacts  of  different  forest  harvesting 
strategies. 

: 
RESOURCE  VALUES 

management  within which timber harvesting  occurs, the ecological 
so far, this paper has discussed the broad context of forest 

principles  that  must  be  considered in evaluating  its  impacts, the 
technical  and  economic  considerations that influence the choice of 
harvesting  system,  and the impacts of harvesting on  the three major 
functional  components  of the ecosystem: the soils, the climate and 
the biota. This chapter  briefly reviews some impacts  on specific 
resource  values  within  a  particular  forest  ecosystem.  Inevitably, 

but the  redundancy is kept as small as possible.  Each  of the 
there is some overlap with  material  presented  in earlier chapters, 

topics  discussed is highly  complex,  and  only  a  brief introduction 
to the key issues is attempted. 

7.1 The Timber  Resource 

It has been suggested that harvest-induced damage to forest  soils 
in British  Columbia,  not  including  nutrient depletion due to whole 
tree harvesting, has resulted  in  a  reduction  in tree growth that 

per year,  and that this rate is  increasing by $10 million  per  year 
is causing a  loss to the provincial  economy as large as $80 million 

(Utzig  and  Walmsley 1988). It  was  estimated by Schwab (1888) that 
the  annual  loss of economic  activity due to mass wasting  in the 
Queen  Charlottes alone could  be  as  high as $3 million  a  year. 
Growth  losses  over  a  rotation  of 80 years on slide areas in the 
Queen  Charlottes  were  estimated to be as  much  as 50% (Smith et a1 
1986). The magnitude  of these numbers can be questioned on the 
basis  of the assumptions  and data used  in the calculations,  and 
these estimates  generally  ignore the natural  processes of ecosystem 
recovery, butthe basic  conclusion is  sound: that substantial soil 
damage has been  done  and continues to be done in some areas of 
British  Columbia by careless  or  inappropriate  harvesting practices, 
and this has resulted in significant  losses  in potential site 
productivity. This does  not  imply  that  harvest-induced soil damage 
is a ubiquitous  phenomenon;  indeed,  many  clearcut sites receive 
so little  soil  disturbance that they must be  slashburned  or 
scarified in order to promote  good tree growth.  What it does say 
is that there have  in the past  been  far too many  examples of 
unacceptable  soil damage, that damage  is still occurring  in some 
cases,  and  that  stricter  measures  must be put in place to prevent 
this from  occurring in the future. 

Losses  of tree growth as high as 50% have  been  reported over three 
rotations  of  radiata  pine  in  South  Australia due to  the combination 
Of soil damage  caused by harvesting  and site preparation  methods, 
and weed  competition  (Keeves 1966, Squire &. 1985). The 
contribution  of the actual  harvesting  activity on its  own  was  not 

11 Massive soil  m v m t s ,  as i n  Landslides. or the slurpicq of a slope. 
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identified  but was probably  minor. 
production on a  nutrient poor site in  Sweden  due to whole tree 

However,  a  20% loss of 

thinning suggests that productivity  losses due to nutrient  removals 
in  harvested  biomass can be  considerable on nutrient poor sites 
(Anderson 1986). Growth reductions of 43%  caused by excessive site 
preparation techniques have  been  observed  recently in 17-year-old 
radiata  pine  plantations  in New Zealand  (Dyck et al. 1 9 8 9 ) .  Again, 
the main  loss  in  production was attributed to soil damage caused 

but there is also increasing concern in New Zealand about  potential 
by post-harvest silvicultural activities, not to the harvesting, 

growth declines due to whole-tree  harvesting. These examples  are 
presented to show that loss of site  productivity due to forest 
management has been documented  in  some  areas, that these losses are 
generally  associated with site preparation rather than harvesting 
per se,  but that the practice of whole tree harvesting does pose 
a risk to long-term site productivity. NO long-term field studies 
of the impacts  of  harvesting on  site productivity have been 
conducted  in B.C. to date,  and  forest  scientists  working  on this 
topic generally feel that the risks to long-term  site  productivity 
are underestimated by most  field  foresters. 

Losses in the potential of a site to grow trees from rotation to 
rotation may  be  masked by the use  of  "genetically-improved's  planted 
tree seedlings, or by improvements in the composition  and structure 
of the stand. This has occurred  in New Zealand where it now 
appears  that the 20% - 30% gain in  stem  growth that has been 
achieved due to genetic tree improvement has in  some cases masked 

techniques. 
a substantial decline in soil  fertility  caused by site preparation 

Stand growth in  many young second  growth stands in coastal B.C.  is 
apparently  exceeding  expectations  (based on the growth of  the 
previous unmanaged  stand) . This probably reflects the mobilization 
of the soil  organic  matter  and  nutrient reserves accumulated  in 
the unmanaged  forest as well as improved  stand  stocking.  However, 
computer  simulations  (using  FORCYTE-11: see Appendix 11) suggest 
that such increased  production  will  not be sustained  if harvesting, 
in  combination with site preparation  techniques,  fails to conserve 
the site's inventory of organic matter,  nutrients,  and  the 
structure and  fertility  of the top  soil (ie.  if rotations are 
practiced that are shorter than "ecological  rotations").  Recent 
trials in  New  Zealand  showed  little  difference in growth between 
genetically-improved  and  unimproved seedlings when they were grown 
on badly  damaged  soil;  they both grew  very  poorly. 

there is a  strong  belief on the part  of  most  professional  foresters 
In  summarizing the impacts of harvesting on  the timber  resource, 

will increase  growth by 50% or more. Use  of  genetically  improved 
that,  far  from reducing forest  growth,  intensive timber management 

can certainly  achieve  such  increases.  However, a number of soil 
seedlings,  maintenance of full  stocking,  and  the  use of fertilizers 

scientists  and  ecologists  believe that unless  more attention is 
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paid to  the soil resource(biologica1 as  well as chemical),  first 
rotation  increases in growth  may  not  be  sustained in future 
rotations.  Analyses by forest  ecologists also suggest that more 
attention  must  be  paid to achieving  a  balance  between  management- 

ecosystems if forest  growth  is to be  sustained. 
induced  ecosystem  disturbance and the natural resilience of 

Experience  from  around the world  is  generally  encouraging:  site- 
specific,  ecologically-sound  management results in sustainable or 
increasing timber yields.  However, there are sufficient  examples 
to  the contrary to require that more  attention is paid to  the 

simulation  models  should be used to assess these issues until such 
time that we have  gained  multiple-rotation  field evidence of the 
long  -term  impacts  of our management.  Increased timber yields may 
be realized at the price  of  reduced  biological  diversity, the loss 

pollution, or  pathogens. Ecosystem-level  analysis of increased 
forests to withstand the stress of global climate change,  air 

yield  management scenarios must  replace tree population-level 
analyses if we are to practice  sustainable  forest management rather 
than timber mining. 

7.2 Wildlife 

Wildlife  species are very  dependent on the habitat conditions 
created by  vegetation. Plants provide  food,  shelter, habitat, and 
the  environmental  diversity  required by animals.  Different seral 
stages are characterized by different groups of  animal  species, 

wildlife  can  only  be  made on a  species-specific  basis. 
and therefore assessments  of the impacts  of timber harvesting on 

By increasing the abundance  and  nutritional  quality  of herbs and 
shrubs,  clearcutting  and  other  even-aged  harvesting systems may 

shelter  and  security  requirements  are  provided  for.  Most of the 
increase the abundance  of  many  species  of  animal,  as  long as their 

proceeds,  early  seral communities are  replaced  by  forest. Also, 
beneficial  effects  are  temporary, of course,  because as succession 

management,  wildlife  values  associated with the old-growth 
condition  will  be  permanently  lost  unless  a  network of sufficiently 

i large  old-growth reserves scattered  throughout the managed  stands 
is retained,  or the specific  habitat features required by these 
species are recreated by  management.  The  retention  of  "wildlife I 
trees",  dead  snags,  and  large  rotting  logs  has  been  suggested by 
ecologists  in  Oregon as one  way of retaining these "old-growth i 
achieve  specific  old-growth wildlife management objectives is  not 
yet known for  most  species,  and it is not  yet  clear  as to which 
biogeoclimatic  zones  in  British  Columbia the "new  forestry"  ideas 

i 

coming  from  Oregon  apply.  Ecological  differencas  between  Oregon i 
and British  Columbia  require  a  careful  analysis to decide  in  which 
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i question of yield  sustainability.  Ecologically-based computer 

I of some species,  and perhaps a  reduction  in the ability of these 
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I as large  areas of unmanaged  forest  are  placed under timber 
i 

i 

j habitat  structures". Just how  much  old-growth  forest  is  needed to 



biogeoclimatic zones and  ecosystem types of  British  Columbia these 

silviculturally-sound.  Undoubtedly they will be very useful and 
ideas  and  silvicultural  systems are ecologically  and 

applicable in some areas, but probably  not  everywhere. 

In the early 1 9 7 0 ' ~ ~  wildlife managers, thinking largely  about the 
'high profile' ungulates (eg. deer and  elk),  recommended  that 
clearcuts be small and  widely  dispersed to create a mosaic of stand 
age classes and to maximize the area  of  "edge": the interface 
between clearcuts and the standing  forest, which has  been shown to 
be important  for these species.  Smaller,  dispersed clearcuts are 
also aesthetically more pleasing, at least  in the earlier stages 
of harvesting an older  forest.  Small  dispersed clearcuts may 
have reduced  impacts  on fish and  water  quality,  although the 
increased  road  building  required by this strategy can exacerbate 

clearcuts increase the risk of wind  damage to  the remaining stand 
impacts  on streams under some conditions, and small  dispersed 

in  areas  subject to strong  winds. This policy  has also resulted 

patches,  and there is growing concern on the part  of some "old- 
in  a  "fragmentationsq of the remaining  old-growth  into many small 

growth"  ecologists that this threatens certain old-growth-dependent 
wildlife species(but see the comments  below). It has been 
suggested by these ecologists that a return to larger clearcuts 
should be considered  in some cases in order to retain larger  blocks 
of uncut  forest. Just how these two apparently  mutually  exclusive 
needs will be balanced is not  yet  clear. 

In general, the trend towards shorter rotations and more open 
stands  (to  promote  rapid  diameter growth) will favour early 

require the maintenance of old-growth-requiring  wildlife, 
successional  animal  species.  Where the objectives of management 

probably have to  be  used.  Where  ecologically  appropriate,  uneven- 
silvicultural systems other than even-aged  clearcutting  will 

distinct age classes  and  canopy  layers),  "snag-retention" 
aged  management,  two-storied  high  forest (ie. forest with two 

necessary  for those areas  in  which it is  desired to maintain such 
silviculture,  or  simply the use of  longer rotations may  be 

animal  species. There are very few wildlife species in  B.C. that 
are completely  dependent on old-growth.  Most species found  in  old- 
growth forests will adapt to second-growth forests as  long  as these 
provide  for the food  and  habitat  requirements  of the species. 

As a  final  note on wildlife, the problem  of  road access provided 
by forest  harvesting  should be mentioned. Some species, such as 
grizzly  bear, are probably  threatened  more by over-hunting, 
poaching,  and  "nuisance killsvt (killing of "problem"  bears)  than 
any  other  factor. The access  for  poachers  and hunters provided by 
roads,  and the increased  opportunity for  teproblems*e is  probably the 

greater  length  of  roading  associated  with  uneven-aged  management 
greatest  threat  posed by timber harvesting  for such species.  The 

or  dispersed  small  clearcuts  may  accelerate the problem  in 
comparison  with  more  conventional  clearcutting,  at  least in the 
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would  appear to be the creation of rather substantial wildlife 
#*first  pass"  logging. The only  way of dealing with this problem 

reserves (also referred to as  wilderness).  Recreation  in such 
areas  should  probably be restricted. 

7.3 Fish and Water 

As with terrestrial wildlife,  fish  are  very  habitat-dependent. 
Most  of the desirable species require cool, clear water, a 
diversity  of  stream  habitat  (alternating  pools  and riffles), and 
areas  of gravel free of  silt  and  organic  matter so that  they  can 
spawn.  Streamside  vegetation is important  because it provides bank 
stability,  root wads and  bank  overhangs (important fish habitat), 
shade (important for summer  water  temperature regulation in  many 
streams),  and  protection  from  avian predators and an 
input  of  insects  and  leaf  litter.  Periodic  inputs of large tree 
stems  is  necessary to maintain  stream  diversity:  many pools are 
created by such  large  pieces  of  organic  debris. 

Timber  harvesting can have negative  effects on fish habitat.  If 
logging  right to  the streambank causes the removal of streambank 
vegetation  and the collapse of bank  overhangs, it can result  in  a 
significant  reduction  in the carrying  capacity of a  stream  for  fish 
until these stream  characteristics  have  redeveloped (which they 
will  eventually).  Removal of all large trees and  snags  from the 
riparian  zone  will  reduce the long-term  input  of  large  organic 
debris to the stream. As the logs that are currently  creating 
diversity  in  stream  habitat  decay  and  are  not  replaced,  stream 
diversity  and  fish  carrying  capacity will be  reduced. Removal of 
streamside shade can cause  midsummer  water temperature problems  in 
some  sections  of some streams  in  areas  of the province with high 
summer  temperatures. 

Careless  harvesting in the vicinity of a  stream or river, or debris 
torrents  that  move  logging  slash  from  summer-dry gulleys into 
streams  during  heavy  precipitation  or  snowmelt  events, can reduce 
stream  diversity  and  degrade fish habitat. Such events can result 

effects on water chemistry  and oxygen  content during the summer low 
in debris jams that restrict fish movement and can have adverse 

water  flow  periods.  They  can cause major debris surges that remove 
all the natural  pool-forming debris in the stream  and  destroy the 
streambank  morphology,  both of which  are  important  determinants  of 
fish  carrying  capacity. On the other  hand,  logging debris that 

provide  temporary 
"bridges"  over small streams but does not  enter the water can 

shade and stream  protection while the 
surrounding  forest  is  regrowing. Some level of continuing input 
of organic debris  into  streams is a  necessary  part  of the normal 
functioning of a forest  stream. 

recreation  resource  values,  relatively  undisturued riparian zones 
In most  cases  where  streams  have  significant  fish, water and 

should  be  retained. This may be impossible  where there is a 
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network of  very small streams thqoughout the forest,  but it is a 
sound  management  objective.  Leaving  a single row of  windf im tr.ees 
standing alongside a  stream or river  generally does not constitute 
an  adequate  riparian  leave-strip,  but  in  many cases problems of 
windthrow will make it difficult to retain a more substantial 

tree-heights) . In many valleys this would require a substantial 
streamside stand of trees unless the strip is rather wide (several 

portion  of the most  productive  forest  land to be reserved as a 
riparian zone.  Only  for those streams or sections of streams that 
have unusually high values (for recreation, or critical  spawning 
areas)  will reservation of  very  wide riparian zones be justified. 

understory trees can constitute  a  satisfactory  riparian zone that 
In  some cases, careful removal of the very  large trees leaving the 

avoids the problems of windthrow. The recently  adopted  Coast 
Fishery/Forestry Gui'delines are reported to have resulted in an 

resource. As in all aspects of forestry, such guidelines  must be 
improvement  in the way  harvesting affects the stream  and fish 

deal  with the complexity and variability of most field  situations. 
site and situation specific; they must be flexible  and able to 

Similar guidelines will  be  introduced  in the interior within the 

was so common in the 1960's and 1970's appears to have been  greatly 
next few years. The negative  impact  of  harvesting on streams that 

reduced by the introduction  of  guidelines, but constant  vigilance 
is needed to minimize  such  impacts. 

Frequently, the major damage done to streams  and  fish habitat is 
associated  with  roads,  rather than the harvesting  itself. 
Siltation and  landslides  caused by roads can have serious negative 
effects  that can vary  in  duration  from  temporary (one or two years) 
to  prolonged  (many  decades). Where harvesting  leads to erosion and 
landslides,  and  where slash in  gullies can become  debris torrents, 
it  is the harvesting  itself that is the problem.  If the risk of 
such damage from  a  particular  harvesting  method is high, 
alternative  harvesting  systems  should be  used.  Where the risk is 
high  under  any  harvesting  system  and the fish  and  stream values are 
high, the forest  should  probably  be  designated as "protection 
forest1*  and  left  unharvested. 

Water  quality has important  implications  for  fish.  It also has 
value in terms of the use  of  water  for  drinking,  irrigation  and 
for  aesthetics.  Road  and  bridge  building can result  in periods of 

events. Landslides caused by roads or  clearcutting on steep 
stream  sedimentation  especially  during  high rainfall or snowmelt 

unstable slopes can result  in siltation problems. 
accumulations  of  branches  and  foliage can cause taste problems in 

Excessive 

drinking  water,  and the concentration of various nutrients in 

years after  clearcutting. Such nutrient  enrichment caused by 
streamwater,  especially  nitrogen, may be elevated for one or two 

harvesting  is  generally  temporary,  generally does not pose human 
health  problems,  and  may  increase the fish  productivity of 
nutrient-deficient streams and  lakes.  Where  a lake is already 
overly  enriched  (ie.  polluted) by sewage,  industrial waste, and/or 
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agricultural  activities,  even small increases in inputs of 
nutrients  caused by harvesting  may be undesirable  and  unacceptable. 
Such  inputs  are  generally  minor,  and  detectable stream enrichment 
immediately  downstream of a  clearcut  normally  becomes undetectable 
in a  relatively  short distance downstream (100 - 1000 m) due to 
dilution  or the uptake of nutrients by chemical and ecological 
processes in the stream. 

7.4  

In most  cases, timber harvesting  improves range values by 

herbs  and  shrubs.  Clearcutting  in the hottest, driest climates of 
increasing the availability  of  light,  moisture  and nutrients to 

southern  British  Columbia  is  not  desirable  either  silviculturally 
or from the point  of  view of range values. As with wildlife, sheep 

heat  of the summer,  and  protection  from  wind-chill in colder 
and cattle in  such  ecosystems  require access to shade during the 

seasons.  other  silvicultural  systems  should  be used in such 
forests,  and  increasingly they are. Generally, there are few 
conflicts  between  harvesting  and  range,  and where conflicts occur 

solved  by  careful management of the grazing animals. In several 
(eg. trampling or browsing of  seedlings), they can usually  be 

parts  of the interior,  clearcutting  followed by grass seeding is 
a  satisfactory way  of  providing  rotational grazing at the start  of 
each tree crop rotation (eg.  lodgepole  pine  forests  in the 
Cariboo).  However,  excessive  competition  for soil moisture between 
young trees and grasses will  occur if the grass is permitted to 
become too vigorous  and  abundant,  and this can  severely  impede 
early tree growth. 

7.5 Recreation 

Of all the issues  currently  faced by foresters,  it  is the conflict 
between  timber  harvesting  and  recreation that is the most 
contentious.  Although  many  of the legal  battles  being  waged 
between  environmentalists  and the forestry  profession in the U . S .  
Pacific  Northwest  are  over  wildlife  habitat  for  "rare  and 
endangered speciesll  (eg. the spotted owl issue), this is as much 
a consequence of the nature of U . S .  legislation as it is a concern 
about the animal  species.  Although there is  certainly concern 
about  conserving species where  their  survival is threatened, and 
rightly so, in  many cases legislation to protect rare and 
endangered  species is  being  used  to  prevent  areas  of  old growth 

wilderness recreational  significance from  being  harvested. 
that  are valued  largely  for  their aesthetic, spiritual, and 

There can be little  doubt that the recreational significance of the 

and recreational  implications  of  timber  harvesting  should have been 
forests  of  British  Columbia is increasing  and that the aesthetic 

Had this occurred,  some of the current conflicts might have been 
a  major  management  consideration at  least  a couple of decades ago. 

avoided.  Much  of the most  spectacular  scenery  and  recreationally- 
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already  protected in parks,  but there are also large areas of 
significant  forest  land  in this scenically spectacular province is 

world-class scenery in  areas  dedicated to timber management. 

purposes  of recreation will undoubtedly  occur, and this should be 
Further  protection of the visual resources of the province for 

certainly the provincial  and  national parks systems in British 
accounted  for  in  provincial-level  forest  planning.  Almost 

Columbia  will  be  expanded,  and this will remove areas of forest 
previously  dedicated to timber production. In addition, the 
pressure to preserve existing  visual values in timber-production 

as the second and then the third rotation tree crops are harvested. 
forests will create significant conflicts with  timber management 

Visual corridors will have to be established  in  areas that  have 
high  recreational  significance,  and  harvesting  patterns in these 
corridors  modified  according to  the dictates of recreation needs, 
landscape  architecture,  and  visual  resource  management. 

of old growth forests for recreational purposes, but in most cases 
It is probable that there will be  an increase in the reservation 

this does  not  imply the setting-aside  of  vast areas. The 
conservation of representative examples of various types of old- 
growth for recreational purposes is a separate issue from the 
creation  of  "wilderness";  different  sized  reserves  are required 
for these different types of  land  use. "Pocket wilderness1# old 

which such forest  still exists, and the forest  around these 
growth patches should  be reserved in each major valley system in 

reserves  should be managed  under  longer rotations and  with modified 
harvesting  and  silvicultural  practices. Failure to  do  this will 
undoubtedly sustain the current  polarized  battle to  save every 
unroaded major valley  in  its  entirety. 

Many  of the widely  publicized  concerns  in the media about the 
"environmental  destruction"  caused by timber harvesting appear to 
be more  related to the aesthetic  impacts of harvesting  and the 
emotional  effect this has on people than it does  with  unacceptable 
alterations  in site ecology  and the ecological  processes  of 
ecosystem  recovery. This is not to say that unacceptable 

public's perception of harvesting is based more on short-term 
ecological  changes are never  caused by harvesting, but that the 

visual  assessments than on a  scientific  evaluations  of the changes 
in ecosystem structure and  function. Greater sensitivity to 
aesthetics  and  recreational  values  may  defuse  many,  though  not  all, 
of the current  forestry-environment  conflicts.  However, care must 

term site productivity and  biotic  diversity  are  also  addressed. 
be taken that in  making forestry  look  nice, questions such as long- 

t*Ecologically-sound*g  forestry can sometimes look much less 
attractive than forestry  designed  specifically to look  nice,  but 
which  ignores the long-term  functioning  of the ecosystem. 

7.6 Wilderness 

The  term v*wilderness" means different things  to different  people, 
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but the essence of the term is an area that is  "natural"  in the 

prevailing  ecological  processes  determined by climate,  topography, 
sense  of  being  unaltered by human  activity: an area  in which the 

technology. As it  is used today, wilderness can mean a wildlife 
soils  and the native  living  organisms operate unaltered by human 

reserve, an area  for certain types of  recreation,  or an area that 
gives  pleasure to people  simply  because they know it exists. 
Wilderness  is  different  from  ecological reserves and  old-growth 
reserves,  although  a  single reserve can  fulfil all these functions. 
In many  cases,  wilderness conflicts are about recreation issues. 
In others they  are  about  old-growth,  wildlife,  or  "bio-diversity". 

dealt with according to which of these issues is the basis for the 
In all  cases, they are a question of  land  use. They should be 

land-use  conflict . 
Management  for  wilderness  is as valid  a  part of forest  land 
management  as timber management, if the maintenance of wilderness 
values is one  of the objectives of management.  That it has  not 
been  an  objective of forest  management  in  British  Columbia  is  one 
of the reasons for conflicts between foresters and wilderness 

many  other  land  uses. 
preservation  groups. In most cases wilderness is incompatible with 

Roads, timber management, wildlife 
management,  hunting with guns,  trapping,  livestock  grazing,  and 
mining are not  compatible with true wilderness. 
usually  considered to be compatible.  Low levels of hunting  and 

Fishing  is 

trapping  using  low-technology,  "traditional*q  methods may sometimes 
be acceptable,  as  long as  the harvest  is  only taking excess animals 
that  would  leave the area  or die anyway. Timber harvesting is 
normally  considered to be  incompatible,  although it  is the 
associated roads and the consequent  access by vehicles that is 
often the major  problem.  Occasional  helicopter  logging  using the 
selective  system can be compatible  with  some aspects of  "wilderness 
recreation". 

Most  of the designated  wilderness in British  Columbia  is  managed 
by the Ministry of Parks,  not by the Ministry of Forests.  Many of 
the  conflicts  between  wilderness  and  forestry  in this province 
result  from the failure of the public to understand that large 
areas  of  public  forest  not in parks  have  been  part of the timber 
production  land  base  for  many  decades  and that these areas are 
destined to be  harvested. The high  standard of living  in  British 
Columbia  has to a considerable  extent  been  possible  because these 
areas  were  dedicated to timber production. 

1 . 7  conclusions 

Timber  harvesting can result, and  often has resulted,  in  negative 

Almost  no  generalizations that are  true  for the entire  province  are 
impacts on a  variety of forest  resource  values in British  Columbia. 

possible. For almost  every  case  of  a  negative  impact of a 
harvesting  practice, it  is possible to find  a  positive outcome for 
a similar practice  elsewhere.  Exceptions  include massive soil 
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erosion, slope failures and soil compaction; debris avalanches in 
streams; and major visual  alterations to  the landscape by large 
scale clearcutting in steep mountainous country.  Their impacts are 
almost  always  negative.  However, the damage is not "forevert8. 
Forest  ecosystems have in the past,  and will in the future, recover 
from all but the most  extreme  disturbance  events,  and the "damage" 
from even these will  eventually  be  "repaired".  The question is  not 

the debate about  the impacts of forest  harvesting on other resource 
"will the ecosystem recover?", but  "how  long will it take?".  Thus, 

values should  shift  from  a  pre-occupation with "how much damage has 
been  done?" to include  consideration  of  "have the mechanisms of 
ecosystem  recovery  been  damaged?",  "how soon will lost values be 
restored?",  and  "how  long  should the ecosystem  remain undisturbed 
before it is able once again to sustain and recover from the 
subsequent  disturbance?". 

Much of the discussion in this chapter has dealt with impacts of 
timber harvesting on the resource values of a  particular  forest 
ecosystem.  Many  of the conflicts transcend this local  level.  Even 
if  site-level timber harvesting is exemplary,  a  variety of problems 
can be  created  if the rate of harvesting of the entire forest is 
too high,  if it causes age-class  distribution  problems, or if the 
spatial distribution of harvested  areas  in the landscaDe conflicts 
with  other f orest-based  resource values. These important  "forest- 
level"  aspects of timber harvesting  were given brief  mention  in 
Chapter 3, but deserve as much  scrutiny by the Commission as  the 
local site issues examined  in this paper. 

I 

! 
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CHAPTER 8. HARVESTING AND THE OLD-GROWTE ISSUE 

old-growth  forests  had  become  a major issue  for the 
&ronmental  movement  in  British  Columbia by the mid 1970's, and 
it became their major focus in the 1980's. Although this paper 

pstion of old  growth  does need to be addressed, albeit  briefly. 
is mainly  concerned  about the impacts of timber harvesting, the 

one of the major  problems with the old-growth  issue is the 
difficulty of defining  what  *qold-growth"  is (see Appendix 111). 
ais is  not so much  a  problem  of  devising an ecological definition, 

different  definitions  are  needed  for  many  of the different 
types of  forest that we have  in  British  Columbia. The main problem 
m e s  from the wide range of  values that the public associates with 
*at they think of as old-growth. These values include one or  more 
of: tree age, tree height, tree diameter,  forest stand structure, 
wcies composition, the presence  of  large standing dead trees and 
w g e  decaying logs,  and  whether  or  not the forest is a true 

hat people may think of as old-growth. In a region where all 
mccessional climax. Where there is an old climax forest, that is 

climax forest  has  been  removed by natural disturbance or logging 
and there is only  natural  second  growth,  managed  forest,  or 
previously harvested  forest, the largest,  oldest stands will be 
what many  people  will  regard as old-growth (for example,  Stanley 
Park and  Pacific  Spirit Park (previously the U.B.C. Endowment 
Lands) in  Vancouver).  Sometimes the old  large trees  that people 
value are self-replacing  climax forest. Sometimes  forests  of giant 
trees are actually  early or mid-seral stages that  in  due course of 
time are replaced by a  more  diminutive type of  forest  (eg. the 
giant eucalypt  forests of the humid  parts of Tasmania,  Australia 
which are of  fire origin and  are  replaced  in the absence of fire 
or forest  harvesting by relatively  diminutive temperate rain forest 
or Nothofasus  (southern  beech)  forest). 

Clearcut harvesting with short  rotation,  even-aged  management is 

values1#. 
incompatible  with the maintenance  of a variety of "old-growth 

However,  maintenance or renewal  of the old-growth 

Possibilities of forest  management  in  many areas. 
characteristics  mentioned above should be well within the technical 

silviculture  can  also  produce  exceptionally  large' trees in  a 
Intensive 

remarkably short  period  of time.  Uneven-aged  silvicultural 
systems, harvest systems that  retain  large  standing  dead trees and 

economically  efficient  and  pose  many  more technical problems than 
large rotting logs,  and the use  of  longer rotations may  be less 

shorter rotation,  even-age  silviculture  with clearcut harvesting, 
but these management  techniques can sometimes make it possible to 
mintain timber production  and  a  variety of old-growth values in 
b e  same  area.  Where the public demands the sustained  provision 
Of old-growth  values  in  a timber production  forest, the use of 
alternative  approaches to silviculture  and  management  should be 
considered,  as  long as  this does  not  have  an  unaccgptable  impact 
on other  forest  resource  values. 
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The  old-growth question is currently the subject of a  Ministry of I 
of  old-growth  issues,  from definition, to inventory, to research 
Forests *'strategy'' project. Committees are  examining a wide  range 

I 
needs. One could  anticipate that the strategy that will result 
will involve  a  variety of definitions of old-growth,  possibly  one 
for  each  of the major  forested  biogeoclimatic zones in the 
province. The strategy will probably  suggest  the creation of 
additional  old-growth  ecological reserves and reserves to satisfy 
recreational  needs. The latter  should be based on a management 

geographical  distribution  of  society's  needs  for  old-growth-based 
zoning approach that nominates candidate areas relative to the 

recreation. 

Whether or not  existing  old-growth  forests will survive the 
predicted global climate change,  and how such a climate change 
would  affect our ability to conserve or recreate old-growth  values, 
is not  know.  If the massive climate change that is predicted does 

be  lost  entirely. This should be considered  in creating  an  old- 
occur,  many of our old-growth reserves may change substantially  or 

growth  strategy for the province.  It may become necessary  in the 
future to establish  new forests with the specific objective of 
managing  them to become  future  old-growth  reserves. 

I 
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Most of the concerns  about the impacts  of timber harvesting in the 
past  have  addressed  issues  of site productivity, reforestation, 
soil  damage,  wildlife, fish and  water,  aesthetics, wilderness and 
recreation. These are valid  concerns,  but they are rapidly 
becoming  overshadowed by the spectre of global climate change.  It 

changes  in the concentration of ngreenhouse*q gases in the 
is argued,  and  widely  accepted,  that anthropogenical+g-induced 

to global warming. There is as yet  no  statistically-sound climatic 
atmosphere  are  altering the global radiation  balance  and  leading 

evidence that global warming has in fact  begun.  Normal climatic 
variations  associated with El  Nino, La Nina,  and  a  variety  of  other 
known climatic cycles make it difficult to reach conclusions from 
short-term  trends.  Most  predictions  about future  climate change 
have not  dealt  adequately  wit the very complex role of clouds in 
the global radiation  balance,  and this renders all existing 

uncertainty  about the "greenhouse  effect". 
predictions  very  speculative.  Consequently, there is still much 

These concerns 
notwithstanding, the majority  of  atmospheric scientists and 
ecologists  believe that it will occur, that it  is probably 
occurring  already,  and that the ecological consequences could  be 
so great as  to overwhelm  most  other  current  environmental  concerns. 

On a  geological time scale, the "greenhouse  effect" is probably 
postponing the onset  of the next  glacial  period. However, with 
time scales in the  tens of thousands of  years, this "temporaryn 
benefit13 is insignificant  compared  with the ecological and social 
disruption that will attend the anticipated rates of directional 

unprecedented  over the past million years, and perhaps over the 
change  in  global climate: rates that are believed to be 

past  sixty  million  years.  All  aspects  of  human  activity  must  be 
scrutinized to establish the extent to which  they  are  part of the 
"greenhouse  problem"  or  part  of  a  potential  solution. 

much of the earth's  land  surface, have certainly played an 
The forests of the world,  which  until about 100 years ago  covered 

important  role in the regulation  of  atmospheric  chemistry  in the 
past. Much of the world's great  fossil  fuel  deposits represent the 
storage  of  carbon  originally taken out  of the atmosphere  by  forest 

pr-rty of being  transparent to  *light*  rave lengths but to infra-red  rave lengths of radiant  solar 
energy. Such gases in  the atmosphere act l i k e  the  glass of a greenharse, trapping  solar energy and CWring an 
increase in  the  tmpzrature of the atmosphere. 

12 GreenhDuse  gases  such as carbon dioxide. methane, ozone, chlorofluorocarbons and others, have the 

13 The "greenhouse effect" u i l l  probably md when ne r rn  out of fossit fuel rnless by that time ne have 

Escalate  the p r o b l e m  af te r  the huimn contribution to atmospheric chemistry change has brrn terminated. 
inadvertently  set  in motion processes such as the  melting of p m f r o s t  and i c e  caps tha t   cwld   cont inx  t o  
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photosynthesis.  However,  over  geological time scales the role of 

been  less  important than  that of the oceans, which have removed 
forests as a long-term  carbon "sink" is generally  believed to have 

vast quantities of carbon  and  deposited them as chalk,  limestone, 
coral and fossils fuels on the ocean  floor. These are the great 
carbon deposits of  the earth., not forest-derived  peat,  coal,  and 
soil organic matter.  Forests do store carbon,  but once most 

constant. In bog  forests,  cold  northern  forests, and some cool 
forests reach maturity, their inventory of carbon becomes fairly 

temperate rain forests, there may be a  slow,  long-term  accumulation 
of soil  carbon  between successive glacial  periods,  but  in  most 
forests much of the stored  carbon  is  released  back to the 
atmosphere periodically by fire,  insects,  diseases  or  wind 
disturbance. There continues to be great  uncertainty concerning 
the short  and  medium-term roles of  forests  and  oceans,  and  recently 
it has  been  suggested that the northern  boreal  forest is increasing 
its storage of  carbon. This could be  due to accelerated tree 
growth in response to increased  atmospheric C02 concentrations and 
higher summer soil temperatures.  Unfortunately, we do  not have 

processes.  Much  more  research is needed  before we can draw firm 
reliable  quantitive  estimates  for  most of these conditions and 

conclusions on these issues. 

The area of forest  around the world  has  been  seriously  reduced  over 
the past few centuries,  and  large  quantities  of carbon dioxide 

Nevertheless,  sufficient  area of forest is left  for the 
(C02) have been  released to  the atmosphere in the process. 

contribution of the management of these forests to  the global 
carbon  budget to be one  of the factors to be considered in 
evaluating the "greenhouse  problem".  In  particular,  how  does the 
effect of converting  old-growth or previously  unmanaged  younger 
forests to young  managed  forests  affect  atmospheric C02 
concentrations? 

A s  was  described in earlier  sections, timber harvesting is followed 

without  slashburning, as a  result of post-harvest microbial 
by a  considerable  loss of carbon-rich  soil  organic matter, with or 

Where the harvested stems are  used to make disposable paper,  which 
activity. Much of this carbon is released to  the atmosphere. 

harvested carbon is also  returned to  the atmosphere.  If the 
is subsequently  burned  or  decomposes  in  a  landfill, much of the 

decomposition in these landfills is anaerobic (which it usually 

methane  being  a much more potent  greenhouse gas  than C02 (twenty- 
is), the carbon  will be released as methane rather than COZ, 

five times more effective  according to one  source). Alternatively, 
where the harvested trees are  manufactured  into  wood which is  used 
in  long-lived  buildings, the harvested  carbon is kept  out of 
circulation. 

If a  productive new forest is established  following the harvest of 
a mature  or  old-growth  forest,  much of the carbon  released  from the 
soil and  forest  floor of the old  growth may be recaptured  within 
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a few decades, or at least  over the first  rotation.  For  example, 
the  forest  floor of a  450-year-old  forest in Oregon was reported 
to have 1 7 0  tons of  carbon  per  hectare in comparison with 433 tons 

a  sixty-year-old  plantation  were  reported to contain 187 tons. If 
in the  trees (Harmon & a. Science, Feb. 9, 1990). The trees in 

gY the old-growth  forest floor were lost after harvesting 

the trees in the first  rotation.  It  would take much longer to 
(extremely  unlikely),  apparently the losses  would be recovered by 

recover the carbon  in the harvested  old-growth  boles  if these were 
manufactured  into  short-lived  products that rapidly  returned the 
carbon to  the atmosphere, rather than into long-lived timber 
products. These authors  estimated that it would take 200 years of 
new  forest  growth  for the total ecosystem carbon storage to 

year-old  plantations  only contain about 508 as  much  carbon as the 
approach  that of the old-growth  forest.  They  estimated that sixty- 

450-year-old  old-growth. 

Successive crops of trees  that are  harvested  for  lumber can 
represent  a  carbon  sink  in  comparison to  the relatively static 
inventory  of carbon in an old-growth  forest. The number of 
rotations of managed tree crops that must  be  harvested  before the 
carbon release from the old-growth  stand is compensated  for will 
depend  upon  how much carbon is lost  from the old-growth  and the 
rate of growth  of the managed  forests,  both of which will vary  from 

considerably  between the different  biogeoclimatic zones and 
site to  site within  a  particular type of  forest.  It will also vary 

subzones  in  British  Columbia. The analysis  from Oregon cited above 
is valid  for the coastal  Oregon  forests  from  which the data was 

types of  forests  in  British  Columbia.  It  is  anticipated that this 
obtained.  Similar  analyses  should  be  conducted  for all the major 

would reveal wide  differences  in the effects  on the carbon budget 
of converting  unmanaged  forest  into  managed  forest. The Oregon 
data  are  from  a  forest with biomass  and  stored carbon values that 
are  far  higher than in most  of the forests  of  British  Columbia. 
The  warmer  climate  of  Oregon  would be expected to result  in  a  more 
rapid  loss  of  forest  floor  and  soil  organic  matter  following timber 
harvesting than in the cooler  climates that characterize most of 
British  Columbia. 

The  forest  floors and mineral  soils of managed forests rarely 
contain as much carbon  as  old-growth  forest  floors  and  mineral 
soils, so a  significant  amount of carbon  must be invested  in  long- 

reduction  in soil carbon is compensated for.  If old-growth trees 
lived  wooden  structures  using  lumber  from  managed stands before the 

net release of  carbon  from the forest to  the atmosphere  following 
are  used  for  pulp rather than lumber, there will be  a considerable 

the  conversion of old-growth  forests to managed  plantations, the 
extent  of the release depending on the type of  forest. However, 
the  net  release  of  carbon by converting  old-growth to managed 
forest is considered to be  small  compared to  the global fossil  fuel 
release  of C02 (Harmon et al. 's 1990 estimate of the annual release 
of carbon from  converting  coastal  Oregon  and  Washington  old-growth 
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to second  growth is equal to about 0.3% of the annaal global fossil 

overall greenhouse problem. 
fuel release), and C02 is considered to be  only half of the 

Methane,  nitrous  oxide, 
chlorofluorocarbons,  and  other gases make up the other half of the 
annual contribution of  greenhouse gases to  the atmosphere by human 
activity. This comment does not in any  way reduce the concern  we 
should have about the release of carbon to  the atmosphere by timber 
harvesting,  but serves to put loss estimates in perspective. 

It  has  been  estimated that if all of the areas of the world  that 
have been converted to agriculture  and  other  non-forest  land  uses 
over the past two centuries could  be  instantly  reforested,  and tree 
growth  sustained at levels  approaching those of subtropical 
plantations  (most  of the deforestation  has  occurred  in the 
tropics),  about five billion tons of carbon would be removed  from 
the atmosphere  annually. This is close to  the roughly six billion 
tons of  fossil  fuel  carbon  released  annually. However, unless 
these trees were  harvested, this removal would  only  Occur  for  about 
twenty years (the time in which tropical plantations  approach 
maximum  biomass).  If,  when  they  were  harvested,  they  were  used for 
pulp, much of the carbon  would soon be  returned to  the atmosphere. 

a longer period. The fact that politically, economically and 
If they  were  used for  lumber, the carbon  would remain stored for 

socially, such massive and  instantaneous reforestation could not 
happen reduces this idea to merely  an  example that puts in 
perspective the importance of the role of forests in the global 
carbon  cycle. The idea that we should  reforest  denuded  land 
whenever possible has great  merit with respect to  the global 
climate change issue,  but  it  should  be  remembered that this would 
displace many  non-forest  plant communities and their associated 
animals,  and  would have impacts on the visual qualities of the 
reforested  landscape.  Sometimes these effects  would be welcomed 
by the  public,  and  sometimes  they  would  be  rejected. 

The conclusions that can be drawn about  forest  harvesting  and the 
"greenhouse  effect"  is  that it is important to maximize the rate 
at which  forests  accumulate  organic  matter,  and  minimize the loss 
of organic  matter  from  forests. A good  strategy  from the 
perspective of global climate is thus a  good  strategy in terms of 

However, if the harvested  materials are used by our profligate 
long-term site productivity  and the sustainability of forestry. 

society  as  throw-away  products, the overall  long-term contribution 

will be  minor,  and  may  even be  negative. In general, the net 
of  productive  forest  management to solving the "greenhouse  problem" 

organically-rich  coastal  old-growth  forest to managed plantations 
contribution of CO, to the atmosphere  caused by the conversion of 

correspondingly small part of the overall  global climate change 
is small  relative to other sources of  greenhouse gasses and  is  a 

problem. 
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CHAPTER 10. THE CLEARCUTTING ISSUE IN BRITISH COLUMBIA 

10.1 Timber Harvestinu Around the world 

Because so much of the public  concern  over timber harvesting is 
actually concern over clearcutting, this chapter attempts to 

presents  a  summary  statement  about the practice  of  clearcutting. 
synthesize  several of the points  made  in earlier chapters.  It 

Inevitably, there is some overlap  with  earlier  discussions. 

The  use  of  clearcutting as a timber harvesting system has had  a 
long  history  and  is  currently the most  commonly  used method around 
the world.  It  is ecologically the most appropriate system for 
species that are  light  demanding in their regeneration phase,  and 
in climates or on sites in which  light  competition  is  a  factor that 

close to full  light for  optimum regeneration  in humid climates or 
limits regeneration. Species like  pines  and eucalypts require 

on moist  sites,  and  species  like  Douglas-fir regenerate best  in 
clearcuts,  except  in the hottest  and  driest parts of their range. 
Clearcutting  is also ecologically  appropriate  for species that are 
adapted to the ecological conditions found  in  large openings in the 
forest  created by wildfire,  large-scale  windthrow,  and  epidemic 
insect or disease  outbreaks. This statement says nothing  about the 
size of clearcuts.  In  many cases clearcut patches have been much 

needed by light-demanding species,  and  in some cases excessive size 
larger than is necessary to create the microclimatic conditions 

of clearcuts is a  problem  for  regeneration,  wildlife  and  various 
other  values.  However, the question of the size of a clearcut area 
is a different  issue  from  whether or not  clearcutting  is the 
appropriate  harvesting  system. 

Uneven-aged  management is practised in a  variety  of countries and 
also  in  various  parts  of  British  Columbia. 
restricted to forests  of  shade-tolerant tree species,  or to sites 

It is usually 

or climates in which tree species normally  thought  of as light 
demanding  are shade tolerant or even  shade-requiring (hot, dry 
sites  in  hot,  dry  climates).  Individual tree selection, or more 

protection  forests  in  Europe to maintain continuous forest  cover 
commonly  group  selection, is used as a  harvesting  method in 

on unstable slopes or where there is a  risk  of snow avalanche or 
cold  air  drainage. Group selection or very  small  patch  cut 
harvesting is used  in some European  subalpine forests to promote 
advanced  regeneration or natural  regeneration  following  harvest. 
Individual tree selection is sometimes used  in  forests  of  extremely 
shade  tolerant  European  beech on very  fertile  moist  sites in France 
to obtain natural  regeneration  without  weed  problems.  It  may be 
done  in some areas to maintain  wildlife  winter  range, or in  areas 
of  high  recreational  value.  Helicopter  logging  in  uneven-aged 
forests  may  leave the forest  with the appearance of being 
unharvested. 

The  current  public  preoccupation  with the perceived evils of 
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clearcutting  are  not new. Historical records show that regulations 
restricting  clearcutting were introduced  in  Germany  many centuries 
ago  as a result of  problems  associated with this harvesting 
practice when applied  in  steep,  mountainous  country.  Similar 
restrictions in southern Europe  apply to steep slopes of the Alps, 
especially  in areas of  highly  erodible  limestone  or  avalanche 
danger.  However,  clearcutting is widely  used today in Germany and 

units where it is appropriate,  albeit with much smaller sizes of 
other  European countries for those species and  on those landscape 

clearcut than have been  common  in  British Columbian forestry. 

Experience with uneven-aged  silviculture in Scandinavia  over the 
first  half of this century  was  not  very  satisfactory. The cold 
northern boreal  forest  appears to  be best suited to even-aged 
management with clearcut  harvesting. The development of  cold 
soils, an acidic,  slowly-decomposing forest floor,  and dominantly 
ericaceous  vegetation  or thick moss layers can lead to reduced soil 
fertility  and  stand  growth  in these northern forests. The 
ecosystem disturbance of clearcutting,  often followed by 
slashburning or mechanical site disturbance, appears to accelerate 

productivity as long as  the disturbance is not excessive. 
the rate of many  ecosystem processes and to improve site 

Examples have been  documented  in  which  severe mechanical and 
slashburning site preparation  treatments on nutrient poor sites 
following  clearcutting  in  Sweden  have led to significant loss of 
productivity. These declines were  not  caused by the clearcutting, 
however,  and  only  occurred  on  poor  sites.  Natural unmanaged boreal 
forests in  Alaska  and  northern  Canada  also  exhibit  a  marked 
tendency to stagnation,  permafrost  and muskeg formation unless 
periodically  disturbed,  usually  by  wildfire. Periodic disturbance 
appears to be necessary to maintain these forest ecosystems in the 
productive stages of  their  successional  sequence. The climax 
condition  may be a  bog,  not  a forest. 

believed to be  superior to uneven-aged  management, there are plenty 
In contrast to these examples  where  even-aged management is 

These range from hot,  dry sites  in  California,  Washington, Oregon 
of  examples where clearcutting  has  proven to be inappropriate. 

and southern B.C. , to some  subalpine  forests, to tropical rain 
forests on poor  soils. There is little doubt that there is need 
for some expansion of the use of uneven-aged  systems in British 
Columbia,  but it should be remembered that many of the negative 
consequences  associated with clearcutting have actually  been the 
consequence  of  inappropriate  post-harvesting site preparation 
treatments,  or  excessively  large  clearcuts, rather than 
clearcutting  per se. 

different countries has almost  always  involved the transition from 
In Chapter 1, it was noted that the history of forestry  in various 

administrative, 
ecologically-based  silvicultural  strategy  because of the failure 

non-ecological  forest  management to an 

of the former  approach. As society  becomes  more aware of the 
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urgent  need to manage  our  environment  wisely, there is a danger 
that the mistakes of the early stages of  forestry  will be repeated 
in the early stages of conservation: that in  trying to ensure a 

to have blanket regulations introduced that require the universal 
sustained  supply of  certain forest  resources the public will seek 

banning  of  one  practice,  and the ubiquitous application of another, 
irrespective of the local site ecology  and other considerations. 
Timber  harvesting  practices  in  many  parts of the world certainly 
require  improvement,  and  a  significant change is needed  in the 

timber  harvesters, to  the variety of resource values that can be 
level  of  sensitivity on  the part ,of foresters,  and  especially 

made in the name of  conservation  must  be  ecologically  sound,  and 
negatively  affected by timber  harvesting.  However, the changes 

must be based on a  clear  understanding  of the rotation-length  and 
multi-rotation  consequences  of  alternative  harvesting  and 
management  strategies for all the resource values of  concern. The 
changes also require a  clear  definition of the objectives of 
management by the landowner.  Foresters work to achieve  clearly 
stated  and  achievable  goals. In British  Columbia, the goal was, 
until quite recently, to maximize the economic return from timber 
management,  and the forest  management that has  been  practised, 

government must  provide forest  industry with clear management 
including clearcutting, has  reflected this objective. The B.C. 

goals,  performance  standards,  and  operational guidelines concerning 
how the forested  landscape is to be  managed. When ecologically- 
sound  and  site-specific goals and regulations are in  place, 
foresters  can  be  held  accountable  for the achievement of these 
goals. 

10.2 Clearcuttinu  in  British  Columbia 

There  are  few  environment-related  issues in British  Columbia today 
that  transcend the clearcutting issue. It  is  intimately  related 

change,  old-growth,  and loss of biological  diversity. 
in the minds of many of the public  with  issues of global climate 

appears to be a  widespread  belief,  based on statements by some 
There 

environmentalists, that clearcutting  "destroys  ecosystems". 
Unfortunately,  most of the public  pronouncements on clearcutting 
lack a sound foundation of scientific evidence and do not  reflect 

There is sometimes  confusion  in the minds  of the public  between the 
our current  understanding of the ecology  of  our  forest  ecosystems. 

environmental  effects  of  clearcutting  and the effects of post- 

mam3ement issue  of  over-cutting.  Whether or not the forests of 
harvest site preparation  (eg.  slashburning),  and  with the forest 

B-C. are  being  logged too quickly  has  little to  do with whether or 
not clearcutting is a silviculturally  and  environmentally  sound 
Practice. 

British  Columbia has an  exceptionally  high  diversity of physical 
environments as a  result of its  high  climatic, topographic, 
geological  and  soils  diversity,  its  large  latitadinal  range,  and 
its longitudinal range from  coastal to continental  environments. 
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This physical diversity is reflected  in  a  high  geographical 
diversity  of  fauna and flora,  although the species diversity of 
individual  local ecosystems is often  quite  low relative to forests 
at lower  latitudes. This low species diversity on a  particular 
site is  believed to reflect the short  period  of time since B.C. was 
glaciated. 

Accompanying  the  physical  diversity of the province, there is a 
large  diversity of forest  ecosystem  types, with different  species, 

successional recovery,  and  non-timber  resource values. The & 
stand  structure,  sensitivity to disturbance,  patterns  and rates of 

successful  basis  for renewable resource management  in this highly 
varied  landscape is site-  and  species-specific  ecologically-based 
management  prescriptions. These must reflect management  objectives 
that are sensitive to  the local  ecological  conditions, which in 
turn set the ecosystem  potential  and constraints on management. 
Many of the past  failures of forestry  in British Columbia  and  the 
rest of  Canada have been  largely the result of applying  a single 
set of silvicultural  strategies  and  management  approaches  across 
an  ecologically variable landscape.  Inevitably,  forest  management 
applied  in such an ecologically-insensitive  manner works  well in 
some places,  is mediocre in  others,  and  is  a total failure in  yet 
other  locations. 

History  has  a  habit of repeating itself. The current public 
antipathy towards clearcutting  is  generating pressure to ban 
clearcutting  and replace it with alternative  harvesting  strategies. 
Although it is true that clearcutting  does  not  duplicate  exactly 
the large-scale  environmental  disturbance caused by wildfire or 
windthrow, the ecological  differences  between  clearcutting  and 
these natural disturbances are generally  sufficiently small that 

to the  clearcut  environment. An exception to  this might be hot, 
species  adapted to such  natural  disturbance  are  also well adapted 

dry  environments  in  which the shade  cast by standing dead trees 
following  a  fire  plays an important  role  in protecting young 

be  whole-tree  harvesting on sites  where  logging slash (rotting wood 
seedlings from  excessive  heat and  light. Another exception would 

and tree crowns)  plays  a  critical  ecological  role.  Yet  another 
exception  would  be where the frequency  of  management-related 
disturbance  is much different  from the frequency  of  natural 
disturbance.  However,  even  in these three exceptions, the pioneer 

windthrown  forest  on  such sites would  generally be reasonably  well 
tree and  other  plant species that would  invade  a  burned or 

adapted to  the clearcut  environment. 

There are certainly too many  examples  in  British Columbia where 
clearcutting  has led to soil  erosion, wildlife habitat  damage, 
stream damage, aesthetic  damage,  delayed  forest  regeneration,  and 
reduced site productivity.  However, there are large areas of 
forests  that  have  developed  following  clearcutting that would be 
judged by international standards to be examples of excellent 
silviculture that is compatible  with  many  other  forest  resource 
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values.  Where the size,  orientation  and  method of clearcutting 
have  been sensitive to  the ecology  of the area and the crop 
species,  and to non-timber resource values,  clearcutting has been 
shown to  be silviculturally-sound  and compatible with these other 
values. 

fiere have been  relatively few attempts to try alternatives to 
clearcutting  in  British  Columbia. There are  many  areas  in the hot, 
d q  southern interior  where  non-clearcut  harvesting methods would 

more appropriate than clearcutting  for  a  variety of reasons,  and 
there  are  undoubtedly  other areas in the province where shelterwood 
or other  non-clearcut  even-aged systems could be usedto advantage. 
Some reasons for the antipathy  of B.C. foresters towards these 
other  harvesting methods include the virtual  impossibility  of 
conducting  selection  logging or other  uneven-aged systems in west- 
coast  old-growth  "rain  forest"  without  damaging the residual trees, 
the failure of a few early  experiments  in the interior with  some 
classical  European  harvesting  systems,  and the very negative 
effects  of  poorly-regulated  selective  logging  ("diameter-limit 
cutting"  and  "high-grading")  in some parts of the interior. As  has 

dictates the manner  in  which  forests  are  harvested,  and  wind has 
always  been the case in  European  silviculture,  wind sometimes 

caused the failure of  many  experiments with alternatives to 
clearcutting  old-growth or unmanaged  younger  forests. 

Undoubtedly these early failures were  over-generalized,  and they 
may sometimes have been  used as an excuse to clearcut  in forests 
where  other  harvesting systems would have been  better. However, 
there is also little  doubt that clearcutting,  albeit with smaller 
and dispersed  openings  where  appropriate,  is the most  effective, 
safe  and  ecologically-sound  way to harvest  most of the remaining 
old-growth  coastal  forests. The same is true for  many  of the 

well prove to be  practical, and  even superior,  in some future 
interior  mature and  old-growth forests. Although other systems may 

second-growth stands, it is often  impossible to use  harvesting 
methods that work  well  in  highly  cultured,  managed  forests  in the 
harvesting of  old-growth  forests.  In the case of large areas of 
insect-killed  single  species  forests in the interior  (eg.  pine  or 
spruce), there is  generally  little  alternative to clearcutting. 
Where  only  one  of  several  species has been  killed,  salvage  logging 
can create or maintain  uneven-aged  stands. 

The  confusion  between  clearcutting  and  over-harvesting  is 
unfortunate.  It is argued  convincingly by many that the current 
rate Of forest  harvesting is not  sustainable given the current 
level Of forest  management.  Where this is  proven to  be the case, 
the rate of harvesting  should  be  reduced to a  sustainable  level, 

to a  rational  level of flexibility  in the actual  annual 
cut- Whether  or  not the annual  allowable  cut  is  achieved by 
clearcutting  or  some  other  method of harvest is a completely 
separate  question. 
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The issue of overcutting is very  important  not  only because of the 

because  it can create future age-class distribution problems in our 
implications  for  future  jobs  and  provincial  revenues,  but also 

spatial  arrangement of different  age-classes  across the landscape 
forests  (see  Chapter 3). The age-class  distribution  and the 

have important  implications for wildlife  habitat,  and also for 
range and recreation values.  They  can  have  significant effects on 
water and fish resources. 

10.3 Predictina tho Lona-term  ConseQuences of Alternative Forest 
Harvestina Strateaies 

One of the difficulties in making  choices  between  different  ways 
of managing  and  harvesting  British  Columbia's  great  diversity of 

of the different  management  strategies. The forest  growth  and 
forests  is the lack of  rotation-length  experience of the outcomes 

yield  prediction tools used  by  foresters are mostly  a simple or 
sophisticated  projection of  past  patterns  of  growth  into the 
future.  Lacking  evidence of past growth under  a  variety of 
different  harvesting  patterns, these growth and  yield  prediction 
tools cannot give us  a  "crystal  ball" to foresee how our forests 
would  respond to different  harvesting  and  other management 
practices. Nor can they predict  future  forest  growth under altered 
climatic  conditions. 

In  many parts of Europe  and  Scandinavia, there is several 
rotations-worth of experience  concerning the response of  forests 
to  various  management  strategies. In  the absence of such 
experience  in  British  Columbia, there is a need to  use  this 
overseas  experience,  where  it is ecologically,  socially,  and 
silviculturally  appropriate. There is also a  need to use ecosystem 
management simulation models  such as FORCYTE (FORest nutrient 
Cycling  and  Yield  Trend  Evaluator) or FORECAST (FORestry and 

rotation-length  experience, models of this type can be  used to 
Environmental  Change  ASsessmenT) . Until we have gained  our  own 

produce the best  currently  available  scientifically-educated 

different  management  and  harvesting  regimes  (see  Appendix 11), and 
"guesst*  as to probable future trends in  forest growth under 

under possible future  climatic  regimes. At least they should be 
able to provide us with  a  ranking of the potential outcomes of 
different  ways  of  managing  our  forests. 

The  Bureau  of  Land  Management  in  Oregon,  faced with a  public 
challenge to the believability  of their conventional growth and 
yield  prediction  models,  have  been  using FORCYTE, and there is a 
growing  interest  amongst the Forest  Growth  and  Yield  Cooperative 
of the Pacific Northwest  in  developing/using such models as  an 
adjunct to their traditional  yield  predictors.  It  is time that 
this third generation type of growth  and  yield  model is utilized 
to  help  predict how various  different  forest types will respond to 
various  alternative  management  strategies. 

CHAPTER 11. IMPACTS OF HARVESTING ON TEE NATIVE PEOPLES 
OF BRITISH  COLUMBIA 

This  paper  was  not  intended to address the native land claims 

peoples of the province are restricted to  the actual and  potential 
issue,  and will  not do so. Comments with respect to  the native 

impacts of forest  harvesting on this sector  of B.C. society. 

Timber  harvesting has several  actual or potential  impacts on the 
native  peoples  of the province.  By  providing  employment  in  rural 
and remote areas, timber harvesting  and the associated 
transportation,  manufacturing  and  silvicultural activities can make 
an important  social  contribution.  Where  native  peoples have been 

tenures, they have been  able to develop  community-based  forest 
successful  in  obtaining  and  operating  cutting rights on forest land 

industrial  activities. These have contributed  employment  and  a 
significant  financial  input to  the community.  It  is  anticipated 
that the contribution of the native  peoples to  the management of 
the  province's  forests will increase,  and that timber harvesting 
will  become a significant  economic  base  for  many of the native 
communities  in the province. 

Where timber harvesting  increases  populations of game animals, this 
will be a  benefit to those native  communities that utilize these 
game species for  food,  employment  and  income.  Similarly,  where 
harvesting  has a negative  impact on wildlife (eg.  fur-bearing 

will be a negative  impact on native  communities that are  dependent 
species that are  dependent  on  old-growth  or  mature  forest), there 

on trapping these animals.  Forest  access  provided  by  logging roads 
may increase  both  legal  and  illegal  hunting pressure on  wildlife, 
with  negative  consequences  for  native communities that utilize the 
wildlife  resource.  Negative  effects on fish  and  water will have 
a negative  effect on native users of these resources. 

The  native  peoples  of  British  Columbia  have  traditionally  enjoyed 

particular  historical  and  spiritual  importance,  and timber 
the spiritual values of the forest. Certain  forest  areas  have 

harvesting may have  negative  effects  on these values.  For  some 
members of the native  peoples, these historical  and  spiritual 

material  values. 
attributes  of  the  forest will be of equal or greater  value than the 

has not  been  given  adequate  attention in the past. Consideration 
The  impact  of  land  use  on the native peoples  of  British  Columbia 

Of this issue  should  be  one  of the several  factors  that determines 
if, how, and  when  timber  harvesting  takes  place. 
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CHAPTER 12. SUMMARY AM) RECOMI4ENDATIONS 

It  is difficult to simmarize the diversity  of  issues covered by 
this paper in  a  few  brief  statements.  However, the following 
points capture the main  ideas  presented  in the body  of the paper. 

a. An examination  of the development of forestry in British 
Columbia  over the past  century shows many  parallels with comparable 
forest histories elsewhere  in the world. This suggests that  we can 
learn  from the history  of  countries that are  already at a more 
advanced stage in the evolution of the  use of their forested 

must  become sustainable in terms of the values desired by society 
landscapes. The major lessons to be learned  are that: 1. forestry 

from the forest; 2. in the case of  publicly-owned forests (as in 
British  Columbia), the government  must develop a clear set of 
objectives,  policies  and  performance standards under which 
industrial  forestry  enterprises can operate.  Without the 

management that is practised will satisfy the prevailing  desires 
appropriate policies in place,  it is unlikely that the forest 

of society  for their forest-based  resources; 3. foresters must 
become  more sensitive to  the attitudes of society towards forestry 
and the environment.  They  must  also  be more open to input  from 
local communities concerning  how  the  forests  should  be  managed; 
4. regulations designed to improve the quality of forest  management 
and to protect the environment  must be ecologically  sound.  They 
must be sensitive to  the emotional  impact  of  forestry practices on 
the public,  but there must  be a balance  between  what is socially, 
economically  and  ecologically-sound,  and public responses based 
largely on this emotional  impact;  and 5. unless foresters and 

the available knowledge about how forest  ecosystems function and 
forest scientists invest  more  effort  in  communicating to  the public 

management,  forestry  will be controlled more by political than by 
respond to disturbance,  and the objectives  and methods of 

technical and  scientific  criteria.  In  many  cases,  political 
control  will  not  improve, and  may well  impair, the degree to which 
society's demands on the forested  landscape  are  satisfied  over  the 
long-term. 

b. Forest  harvesting  decisions  in  British  Columbia in the past 
have generally been based more on  technical  and  economic  criteria 
than on silvicultural  and  ecological  criteria. As in  most  forests 
of the world, there has been  a  persistent failure by  forest 
harvesters to understand,  consider,  and  respect the soil  component 
of the forest  ecosystem.  Significant  and  unacceptable damage has 
been,  and sometimes continues to be done to soils,  and  long-term 
site productivity has been  impaired  in some areas.  Although 
silviculture  in  British  Columbia  has  recently  been  placed on a 
sound  ecological  footing  (it  must be practised on the basis of the 

harvest  Silvicultural  Prescription  based on this system, must be 
biogeoclimatic  ecological site classification  system and a  Pre- 

done  before  any  logging is permitted), this does  not  yet appear to 
be adequately  reflected in the way forest  harvesting is being 
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conducted  in  some  areas,  although  improvements  have  been made. 
Much more effort is needed to educate  forest harvesters about 
soils,  and  about the impacts of  harvesting activities on a  wide 
variety  of  resource  values. The planning role of the professional 
forester  should be strengthened to include  a greater influence over 
the  harvesting  phase  of the silvicultural  cycle. 

c. Many  of the "environmental" problems covered by forest 
harvesting  are  related to roads and the aesthetic impacts of 
clearcutting.  Stricter controls should  be  exercised over the 

permanent roads.  Temporary  roads,  skid trails, and landings should 
location, design,  drainage,  construction  and maintenance of 

be rehabilitated to prevent  erosion,  and the disturbed  area 
returned to a productive  condition. More attention should be  paid 
to the aesthetics  of  clearcutting,  in terms of the size, shape, 
orientation,  and  location of the openings, as well as  to  the 
ecological  impacts. 

d. Because  forestry  in  British  Columbia  began with harvesting of 
unmanaged  forests,  harvesting  became  "the tail  that wags the dog". 
In countries where tree crops have been grown from an initial  non- 

activity  in the crop production  cycle. As British  Columbia moves 
forested  condition,  harvesting is simply the final silvicultural 

from  old-growth  harvesting to the management  of second growth 
forests,  timber  harvesting  must take its appropriate place in the 

much  easier to apply  guidelines that will limit the negative 
overall  forest  management  scheme.  Once this is  done, it will be 

by forests. 
impacts  of  harvesting on the variety  of resource values  provided 

e. The current  preoccupation of the environmental  movement with 
old-growth  forests requires that silvicultural systems be 
implemented that can sustain or re-create a variety  of  old-growth 
characteristics in managed stands where this is appropriate. This 
may require  longer  rotations,  and the use  of two or even three- 
storied  high forest, group  selection, or small patch cuts systems 
where these are  ecologically  and  silviculturally  feasible. The 
alternative is for  a  continuation of the transfer of  significant 
areas  of the timber production  land  base to unmanaged  old-growth 
reserves.  The  area  of  old-growth  stands  reserved  from  logging  will 

completed  and  additional  parks  are  created.  But by appropriate 
increase  anyway as the province's  ecological reserves system is 

changes to silviculture, timber production  and  old-growth values 
could  probably  coexist in some areas. 

consequences of current  harvesting  impacts  in  most  of the forests 
f. Because we have  no  experience of the rotation-length 

of  British  Columbia,  nor  of the alternatives we might wish to 
institute, it is difficult to compare their relative outcomes. 
Because  current  yield  prediction  models  used  in the province are 
insensitive to the question of soil  damage  and the sustainability 
Of Yield,  they  do  not  provide  suitable  predictive tools with which 
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to  rank the various  alternatives. Although reductions in A X ' S  are 
made to account for  estimated losses in site productivity, there 
is  a  great  paucity  of empirical evidence as  to how large these 
reductions should be. There is therefore an  urgent  need to 
develop,  test,  and  implement  ecosystem-level  planning tools by 
which to rank the probable consequences of different harvesting 
strategies,  in  association with various  different combinations of 
other  silvicultural  practices,  for  a  variety of resource values. 

we be in a position to select the harvesting  and silvicultural 
Only when we have scientifically-sound  predictors of this  type will 

strategies that will give the best overall management results over 
multi-rotation time scales. This would  seem to be a more logical 
approach than simply  reducing AAC's when evidence suggests that the 
harvesting and/or other  management  practices have reduced site 
productivity. Such models  are  not  needed to prevent the more 

the landscape.  However,  they are needed to rank the long-term 
obvious examples of  damage to soils and the aesthetic  quality of 

and to predict some of the less  visually  obvious  long-term impacts 
consequences of various  alternative  solutions to  these problems, 

of timber harvesting. 

g. Harvesting  systems  must be developed that are ecologically- 

of forest-based resource values.  They  must  be site and site 
sensitive  and  will  result  in  sustainable  development  of  a  variety 

condition-specific (as defined  in  Pre-harvest Silvicultural 
Prescriptions),  and  must be an  integral  part  of  a sustainable, 

management  objectives  for  each  particular site and  for the overall 
rotation-length  silvicultural  system that will satisfy the 

harvesting  must be designed to maintain  a  defined temporal pattern 
forest  management  unit. The type, spatial  pattern,  and rate of 

of local  and regional biological  diversity  over the rotation,  and 
the desired~ temporal and  spatial  patterns of abundance of 
designated wildlife species. 
quantity,  and regimen of  streamflow  must be maintained, allowing 

Fish  habitat  and the quality, 

for the fact that various  habitat  and  water characteristics will 
vary over the life of the tree crop. The harvesting systems must 
be sensitive to local  concerns  about  aesthetics,  must reflect the 
recreational  and  visual  values  of the area,  and must consider the 
impacts on the native  peoples  and  their  way of life. 

Designing  harvest systems that satisfy all of these criteria 
requires  a  comprehensive  inventory of all the significant resource 
values  in  an  area,  an  explicit  statement of the objectives of 
management  with  respect to these values, a formal plan as to how 
the objectives for  each of these resource  values are to be 
satisfied,  and  a  monitoring  and  record-keeping system to ensure 

harvesting conflicts  in the province can be attributed to  this lack 
that  goals are  achieved. Many of the problems with timber 

of an adequate  management  planning  framework  in the past, or to a 
failure to implement or adhere to established plans and 
regulations.  Institutional  adjustments  should be sought that would 
integrate  more  closely the management  planning  for the various 
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different  forest-based resource values.  Integrated  land  use 
management  plans  should  be  developed  by  multi-disciplinary 
management  teams, the structure  and terms of reference  for  which 
should  be  decided by the objectives of management. 

h. Much of the  public's  concern  about  forestry  arises because of 
a general  antipathy towards clearcutting. There is a  widespread 

management reasons for this type of harvesting, and  about when and 
la& of understanding about the ecological, silvicultural,  and 

where  it is or  is  not  ecologically  appropriate. The forestry 
profession  must  invest  many  more  resources  in  assisting the 
concerned  sectors  of the public to understand the positive and 
negative  aspects  of a variety of different  harvesting  systems, the 
reasons  why  they are used,  and the social  and  environmental 
constraints  that  determine  which  harvesting systems could and 
should be  used  in  a  particular type of  forest. This investment 

should  focus  on  developing  scientifically  accurate  educational aids 
should  not take the form  of  high-priced  media  advertising,  but 

for  schools,  demonstration  forests,  public  involvement  projects 

tours  of  forests.  Only if the public  is  informed  about the social 
(eg. "adopt  and  manage a hectare  of  forest I' projects),  and public 

and scientific  basis  for  forest  resource  management decisions will 
the  democratic  process  lead to forest  policy  and regulation that 
ensures the conservation of all the values  of the forest for 
society,  and the sustainable  development of  our forested 
landscapes. 

profession  must  engage in a critical  self-examination.  Old methods 
Complementing these public  education  activities, the forestry 

and techniques must be replaced  where they are no longer 
appropriate,  and there must  be  a  willingness to listen to  the 
public  and institute those changes  that  are  ecologically-sound, 
silviculturally  effective,  and  commensurate  with the overall social 
goals of the province. 
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Future Shock in  Forest Yield Forecasting: 
The Need for a  New  Approach 

by 

J.P. Klrnrnins' 

Abstract  
The traditional  method of predicting  future  yleids 

of conventional  forest  products  andlor  biomass  is 

01 unmanaged  stands,  or 01 stands  subject lo one, or  a 
basedonanemplrical bioassayolthegrowthpotential 

small number of. management  practices.  The  method 
employs  the  historical  pattern of stem  volume  and/or 
forest biomass  accumulation  in  the  form of volume-  or 
biomass-over-age  curves.  This  type of yield  predlctor. 
which  may  be  presented as a  simple  yield  table  or  a 
morecomplex  mensuralional  computeryleld  model,  is 
widely considered to produce  believable  luture  yield 
Predictions.  However,  the  predictions  will  only  be 
accurale if the  luture  environmental conditions and 
management  regimes  are  similar lo those  that  per- 

accumulation on which the yield  model is based 
tained  over  the period during  which  the btomass 

occurred.  This is unlikely  because  the  continued 
growth of the  human  population  and  the  resultant loss 
01 lorest  land  wdl  require  a  great  lntenstlication of 
forest  management. The slgnlficant  changes In man- 
agement  that  many  believe  await  forestry in the  not- 
too-distant  future in many  parts 01 the  world  will  render 

addition.  human-induced  changes in atmospheric 
such  conventtonal  predlctions  very questlonable. In 

chemistry  may  result  in  changes  In the climatic  (the 
"green-house  gases"  problem).  canopy  or  soil  condi- 
tions  (the  "acid  rain"  problem)  that  determine  tree 
growth. 

Computer  models 01 forest  yield  based  solely  on 
the  Slmulatton of the  btologtcal  processes  that  deter- 
mine  tree  growth  do not at present ofler  a  vlable  alter- 
native. Either we d o  not ye1 know  enough lo build,  or 

calibrate  such  process  models  at  an  adequate  level of 
we do  not have sufficient  resources lo develop  and 

Complexity. 

What is  needed is a  generatlon of hybrtd  yield 
modelsthatcombinetradltional mensuralional  models 
with a stmulatlon 01 those  growth-regulating  pro- 

Resume 
La methode  hablluetle de prediction  des  rende- 

encore  de  la  blomasse est basee sur  une  bio- 
mentS lulurs  des  produits  forestiers  convenlionnelsou 

eStlmafiOn emptrlque. du potentiel  de  croissance de 

soumls A une ou a un  pellt  nombre  d'interventions 
peuplements  non-amenages. ou de  peuplements 

sylvicoles.  Cette  methode  utilise  le  scheme habitue1 du 
volume  de  la  tige  represente  par  une  courbe  en  lonc- 
lion  de  I'age et  de  I'accumulation  de la biomasse  lore- 
stiere en  lonctlon  de I'Age. Ce genre  de  predicteur  du 
rendement. qut peut  prendre  la  forme  d'une  simple 
tablede  rendemenl  oud'uncomplexe  modeieinforma- 
lise  de  rendement  tlre  de  donnees  dendrometriques. 
est largement  considere  comme  pouvant  produire des 

ces predictions ne seronl precises  que si les conditions 
predictions  vaiables des rendements  futurs.  Toutelois 

environnemenlales et les  regimes  d'amenagements 
futurs  ne Son1 semblables a ceux  qui  prevalaient  au 
Coursde  la periodependantlaquellel'accumulationde 
la blomasse s est  falte  pour  etablir  le  modele de rende- 

sance conlrnue de la populatlon humame et les pertes 
ment. Cela  est lo in d'en Ctre le cas  pulsoue la c r o w  

occaslonnees  par le ta l l  m h e  au  domame  foresuer 
necessiteront  de  plus  amples  lravaux  d'amenagement 
forestler.  Les  changements  significatifs  en  amenage- 
ment  qui  semblent  altendre la foresterie  dans un futur 
pastreseloignedansplusieursregionsdumondemet- 
front  en  doute  de  telles  predictions  conventionnelles. 

I'alchimie  atmospherique  peuvenl aboutir des  modi- 
De  plus.  les  changements  causes par I'homme  dans 

ficatlons  des Cond111ons climatiques  (le  probleme de 
I"'ef1et de Serre" des  gar).  dendrologiques  ou  pedolo- 
giques  (le  probleme des  "piuies  acides")  qui  afleclent 
la Croissance  des  arbres. 

Le, modeles  informatises de rendement  forestier 

giques  qut  alfectent la crotssance  des  arbres  ne  re- 
issus  seulement  d'une  slmulalion  des  processus  biolo- 

presentent pas a c e  moment  une  solution viable. Nous 
n'en  savons  pas  encore  asser  pourconstruire.  ou  nous 
n'avons  pas  les  ressources  suffisanfes  pour deve- 
IopperoupourcalibrerdetelsmodblesdeprocessusA 
un  nlveau  addquat  de  complexltb. 

Nous  avons  besoin  d'une  generation  de  modeles 
hybrldes  de  rendement qul lnclut le4 modeles  den- 
drombtriques  traditionnels et une  simulation  des Pro- 
cessusreguiateursqui  sont slgnificativementmodilies 

aussi  par un changement  de  I'alchimie  atmosPherique 
par un chagement  des  pratiques  sylvicoles ou  encore 

et du  climat.  L'un  de ces  modeles  est  FORCYTE:  "The 







1 concerns wltl moan for future forest  growth However.  !he 
dlttlcult 10 predcct wllll any cerlalnt\  n.hal  Ihose enwtonmontal 

evldence IS lncreaslngly persuasive thal. 11 lhis  premlse IS 
correcl.  lhese  Iwo  human-Induced  allerallons 0 1  Ihe global 
envvronmenl wlll resutl In appreciable chanaes In growlh 
envlronmenl lor lrees In many parts 01 the world. 

The imPOrtanl COnClUSlon lrom lhos sectlon IS lhal  human 
p0pUlallOn growlh Wlll resull ln slgnlltcanl  changes In the 
envlronmenlal  condlllons lhal delermme  lorest  growth so lhal 

aues11onable basts on whlch IO Dredlcl  tuture  growth on thal 
the DaSl record 01 growlh on a  partlcutar %le wtll become  a 

bellevablllly 01 lradlltonal  yteld  lorecastmg  melhods. 
5118. AS we  shall  see.  lhts  raises  serlous  questtons aboul  the 

However.  belore  analysmg  Ihe  slrengths  and  weak. 
nesses 01 avaltable yreld predcllon systems. we must con- 
slder the baslc  nature 01 predlclton In complex  syslems 

Pred ic t i on  In Complex  Systems:   The  Need For a 
New M e t h o d  of Pred ic t l ng  The Produc l l v l t y  and 
Yleld 01 Fores t   Ecosys tems 

One of the most lmporlant  Canadlan  papers In ecology 
was wllllen by Rowe (1961). In it he  noled  thal  blologlcal 

mlegratlon"  Such  levels  can be  delmed as Ihe  tolal envrron- 
systems can be  ranked Into "lrue levels-of-biologtcal- 

men1 01 Ihe levels 01 blologcal organizatton belowlhem Three 
lrue  levels 01 lnlegratlon are  Idenlllled:  cells.  lndlvtduals and 
ecosyslems Netlher  populaltons nor communtlles  are  lrue 
levels-of-tnlegratlon. even  though lhey are  legmmale  levels 0 1  
blologlcat  organlzatlGn and oblects of SIudy Populallons  are 
no1 the lolal envlronmenl 01 mdtvtduals. nor are  communtlles 
Ihe total envlronment 01 populattons or 01 lndlnduals  Indlndu. 
ais.  pouulallons  and communmes exst In landscapes ( l e  
ecosystemsl. not as  lsolaled entlhes.  The ecosyslem 15 Ihus 
Ihe envlronment lor all of these  levels 01 blologlcal  organaalton. 

Rowe DOlnled OUI  thal  evenls or condlllons at any  level 01 
b!oloalcal  organtzatton (e g tndlvtduals.  populaltons or com- 
munltlesi can only be completely explained. and thus pre- 
dlcled. on Ihe  bass 01 knowledge of the  next  true  level-01- 
lnlegratlon  above 0 e  ecosystemsl  Conversely.  undersland- 
tng mdlvtdual  blologlcat  processes at  any level of btotoglcal 
organlzatron  generally  Involves a knowledge 01 lower  levels of 
blologcal organtzatton. For example. a complele  undersland- 
tng 0 1  plant  growth  requlres  a  knowledge 01 cellular  physlol- 
ogy However.  nellher  a  knowledge of cellular physiology. nor 
an  underslandlng of Ihe populallon  processes 01 Competlllon 
and  morlallly. wdl urovlde. on 11s own. an  accurale  predlcllon of 
Ihe tuture  growth of a  Ioresl In 11s nalural  landscape (ecosys- 
!em) setting 

Accurale  predtctlon 01 the  tuture 01 populattons (e g a 

edge 01 Ihe  complex  assemblage 01 blollc and ablollc  lactors 
herd 0 1  deer. a sland 0 1  trees) can only come from a  knowt- 

lhat  affect  lhat  populallon Thts  suggests  lhat  yield  predlctlon 
tn lree  populallons or lorest  communltles  should  be 
apptoached lrom the  ecosyslem  level-ol-inlegration  ralher 
lhan from the  lndivldual  tree.  lree  populatton ( l e  slandl or 
communlly level.  Thts  concept  is  Itluslrated In Figure 2. Based 
on lhese  tdeas  and on Ihe  above  three  premlses  and  lhelr 
coroltarles. I advance  Ihe  lollowlng  addttlonal  premlses  and 
corollaries. 

requlred from a  dwlndltng forest  land base.  sllvlcullure and 
Prambe 4: Because increased produclton wtll be 

toresl  management must become  more  successlul and lhere 

ces  mal  fake toresc land permanenfly OUI 01 producllon. that 
musl be lewer "rrilslares"  lnapproprtate  management  practl. 

cause  a detav In plOdUCl!Oll or whlch  tower the produclivtly 01 
Ihe  land on anythlng  more  lhan  a  temporary basus w~tl  be 
lncreaslngly  unacceplable. 

Corollary: Yleld lorecasung must be  conducled usmg a 
melhod !hat wlll  glve  accurale  predlclions and wdl perm11 a 
comparison 01 me  expected yteld conseauences 01 a vanety 
0 1  allernatlve  management  strategles This requwes lhat yield 
predlcllon  models  bedeveloped  altne  ecosyslem rather lhan 
a1 the bopulallon or comrnunlty level 01 blologtcal  organlzalion 
Because of the spattal  complextly 01 loresled landscapes. 
such  yleld  predrclors  should  be  ecosyslem-specllic  and 
should be  used in confunctlon wolh some  system oi ecological 
5118 ClaSSIIIcallOn (e g btogeocllmallc ClaSsIItcallon: Kralina 
1969.  1972: Kolima.  1981;  Klmka el a,.. 1980). 

Corollary:  Because a wlde  varlely 01 sate preparatlon 
and sland  management  acltvllles  have  lrnpticatlons for lulure 
producltvtty  and yletd.  envtronmental mpac l  assessmenl 
(EIA) tools must be  developed  thal will perm11 foresters 10 
assess  the  long.lerm  yteld consequences of thelr  manage- 
ment  acI!vllles  Yield  lorecaslers  should  lncorporale the ablllty 
lo undetake EIA 0 1  allernaltve  sland  management strategles 

w ~ l l  be grown tn the lulure wtll frequently be  stgnlllcanllydlller- 
Prernlse 5: Because  Ihe cOndll!ons under  whlch  lrees 

en1 from those 01 Ihe  past.  lradlttonal  methods 01 yseld predlc- 
tlon whtch are based on an  emplrtcal  btoassay of past envlr- 
onments WIII. on lheir  own.  have  greatly  reduced value  tor 

accuracy or llexlblhty lhal wlil be required In Ihe  lulure 
predtclmg lulure ytelds  They wdl no1 provlde  Ihe degree 01 

Corollmy: There 15 an urgenlneed  todevelopandapply 
new  melhods  by  whlch lo make  accurale predlcllons 01 the 

nomlc  consequences 01 current. as  welt as of new  and lre- 
shorl-.  medium-  and  long-lerm  yteld. environmental and eco- 

quently  unlrled.  loresl  management  strategles - slrategtes 
that w~ l l  have to be  used il we are to gel  Increased yleld from a 
dlmlnlshlng land area al a reasonable economlc cost 

II weareloavotd  usmgmanagemenl  practIcesthaltower 

cost of suslalnlng  forest  produclion. we must have  betler 
ylelds and the  produclrvlly 01 Ihe land. lhereby lncreasmg  the 

methods 01 predtctmg lhe outcomes 01 our  managemenl. 

gomg to revolullonae  loreslry  over  Ihe  nexl torty years, lust as 
The  current  momentum 01 human population growlh IS 

growlh  over  the past forty years hasrevoluttonued  agrlcutture 

Ihe  past  Tradltlonal  melhods 01 yleld  predlcllon  based on 
The lulure oi foreslry is cerlatnly no1 gomg to be  the same  as 

hlslorlcalgrowlhpalternsachlevedunder Iherelallvely  slabte 
and unchangmg  envlronmenlal COndlllOns and management 

dtctor tor a  lulure  lhal  is  Ihe  same as. or very similar lo. Ihe 
reglmes 01 the  past  are  probably Ihe  besl  practtcal yleld  Dre- 

pas1 However. thelr predictlons  are no1 very  bellevable In a 
slgnhcanlly  dlllerenl  lulure 

Because of accelerated  rates 01 change tn management 

consequences 01 allernalive  tulure  management  slrategtes 
methods.  the lfme avadable to gain  emplrtcal  evldence 01 Ihe 

w4l decrease.  maklng it dllllcutl lo go on relymg solely on 
Irad!llonal.  emalrlcal  methods 0 1  developtng yeld predrclors 
New  approaches to yield pledlclton  are  requlred that can 
accommodale  changes In future  management  wllhoul wamng 
the many  years that  are  reaulred by Ihe  tradlltonal  method.  To 
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achleve the dewed  accuracy In oredlclma yeld In chanand 
loresl  enwronmenls we need  a  more  flerlble  lype 01 model 
thal  can  take  account 01 how. mtenslllcahon 01 local Smd 
management andlor  changes In global  condlltons wtll ~ n l l u -  
ence  growth  processes  Because we are managmg land- 
scaoes no1 tree  PoDulatlons. we mu51 use ecosyslem-level 
ralher than population-level models 

Belore  proceedmg to a dscusslon 01 a posstble deslgn 
lor a new yteld  predtctlon  system, we shall  examtne  more 
closely  Ihe  slrengths  and  weaknesses 01 the  Iwo malor 
approaches  thal  are  currently available' lradlllonal  emplrrcal 
Systems and  blologlcal  process Slmulallon  syslems 

The Strengths and Weaknesses of Trad i t iona l  and 
Process Simulalion Approaches lo Yield Predlction 

(a)  Tradlllonal emplrlcal models 

Tradtllonal  methods 01 yleld  predlclton  are  based  on an 
empmcal.  htslorlcal  bloassay 01 the total. Integrated  lorest 
ecosyslem  They  predlcl Iuture growth  by  prolecltng lrom Ihe 
hlslortcal  record 01 past  growlh As such, lhey  are  ecosystem 
level  models They satlsly  Rowe's requtrement  lhat tn order to 
make  a  predlctton of events (yleldl at the population level 
(standollrees).onemuslellherconslderexpl~ctlly.oraccount 
lmpllcllty  lor  processes and  events at Ihe next true level-ot- 
lntegrallon  above (Ihe ecosystem).  This IS done 8mpltcllly In 
emplrtcal  models  by  means 01 the bloassay 01 past  tree 
growlh w h c h  hastnlegratedallolthelactorsdelermtnlnglree 
growlh on the w e  over  an  extended perlod 01 htstorlcal ttme 

. Olher  advanlages ot lradltlonal  methods of yleld  predlc. 
lton~ncludethelactthatlheydonotretyonoursl~lltncomplete 

are lhey  reslrtcted  by the tune. manpower and hanctal  con- 
underslandlng 01 many  aspects 01 how ecosyslems  work. nor 

on those  mator  determlnantS 01 tree  growth lhat we do unaer- 
stra~n~slhaloltenl~m~lourab~l~tylogatherdelalled~nlormat~on 

stand  reasonably  well 

llonal emDlrlcat  yteid preolclors are all that we need However. 
On l t rs l  conslderallon. 11 mlghl thus  seem that Ihe tradl. 

Ihere I S  Ihe  one  malor  shortcommg lhal has  already been 
rnentloned JUSI as  regressdon equallons  are  only  valid over 
Ihe  range 01 data lrom whlch lhey were  derwed.  and JUSI as 

(Independent varlables)  lhat tnlluence  the aependenl 
smgle.lactor regresslon  models are only valtd 11 olher factors 

varlablemdependenl vartable  relatlonshlp (but are not 
represenledl  remaln the same.  emplrlcal  models  are Only 
vatad tor the  envtronmenlal  and  management  condtllons under 
whch Ihe  tree  growth  on  whlch they are  based  occurred. 

I1 the future 1s the  same as the pasl. we do  not need new 
types 01 yleld  predlctors. But ) I  Ihe  luture~sdillerent,and  lhere 

then. as wtlh  a  regresstcn Eqi;atiin apphed  outslde 01 the 
IS comoelltng  evjdence  lhat 11 wtll be (see above discusslon). 

range 01 11s data. or a  slngle-tactor  equallon  applied under 
very d~tlerent  ctrcumslances. the predictions 01 traditlonal. 
emplrlcal  yleld  models.  on  lhelr  own,  are very questtonable. 
Because Such models only account lor ecoysystem pro- 
cesses  tmpllcMy.  they are mllexlble.  and tn (he  absence 01 
empmcal  response  dala  they  cannol  deal  readtly  wlth 
management-mducei; LI IU~L.  ii8 I I IU~G ~IULIS$PSO~ changes 
assoctated w8lh atmdspherc  alleratlon  Th~s IS true 01 both 
convenllonal yield table  models and mensuraltonal  computer 
slmulalton  models Multiple represslon  models are able Io deal 
wllh several  mdependent  varlables at Ihe Same lime and 

consiltute a oreat mvrovemenl over striate-lactor equal~ons 
DUI lhey  also lend 10 have problems @ I  mllexl@8l~lv  because  as 
wllh most process  models IdlSCusSed below1 they usualtv do 

ecosystem-level  models 
no1 Include ~ut t~c ten l  comple$lty IO make lhem truly 

(b)  Process  flmulallon  models  (sometimes  referred lo as 
"btologlcal" models) 

Dur~ngthelale1960'sandthe1970'stherewasallurryol 
actrvdy by  blologlsts  and  ecologlsts  in  process slmulatlon 
modelllng 01 loresl  growth The dependent  varlable 01 growlh 
was  related IO a number 01 Independent.  arowth-delermtnmg 

models to become Ihe  bas6 01 a slmulallon 01 growlh 
vartatdes. and  these relat1onshtps were combtned In cornpuler 

Modetlers tn Ihe  Internatlonal Biological Program  and  olhers 
smcethenwhohaveadoptedthsapproach havemadegreat 
Conlrlbutlons io lorest  sclence  by provvdlng an  excellent 
mechanlsmlor  Ihe  synlheslsol  knowledge  Ideasanddata.  by 
guldlna  research  Ihrough Ihe ldenlttlcat#on ot knowledge 
gaps  and by the creallon 01 Inlerestlng.  lestable hypotheses. 

There IS no lundamenlal  reason whv 11 Should no1 eventu- 
ally  be ~05s1bte t~producebellevableored~ct~onsoIthefuture 

edge 01 ecosystem processes  However. as a class of model. 
luncllonlng 01 an enllre  ecosyslem based  solely on a knowl- 

blologtcal  process  slmulalors  have no1 yet proven Io be  very 

lorest  produclwtty  and  yleld. Thls lallure  resulls from one or 
uselul (i e  bellevable) as practlcat  long-term Dredlctors 0 1  

more 01 the  tollowlng: 

( I  ) the  lack 01 delalled.  slle-specIItc  knowledge 01 many 

(2) the fatlure Io Include extshna knowledge 01 ecosyslem 
ecosystem  processes 

processes In such  models (e g altemptlng 10 DredlCl the 

populahon level  ralher  lhan  lrom the ecosystem level 01 
DoDvlalton  even1 01 growth  uslng  knowledge lrOm the 

ntegrallon. or the orntsston lrom a model 01 one or more 

(3) lechnlcal  andfor  economc  ddlicultles In obtatnlng  the 
malor  delermlnants 01 growth) 

data necessary to adeaualely  cattbrale  process  models 
thal do descrtbe  these  ecosystem  processes 

generally not had sutllctent ComPlexlly to make  them truly 
Potnts I and 2 reter tothelact lhal process  models  have 

ecosyslem-level  models. whlle potnt 3 refers to Ihe practical 
dllllculltes lhat attend  Ihe  development  and use 01 ecosyslem- 
level  process  models 

revealing areas 01 Inadequate underslanalna 01 ecosYslems 
The malor praclcat value 01 orocess  models has been In 

andingu~d~ngresearch.ratherlhaninmarshalllngwhalwedo 
know  Into a usable Dredtcttve framework lor fOreSI land  man- 
aoemenl  Process  models are atlracllve In lhal they Oiler an 
explanation  lor  some  aspecls 01 h O W  ecosyslems  work.  and 
they  have the tlexlbtllly lo deal wllh  luture Change tn those 
processes - a ltex~b~l~tythallrad~l~onalemp~rlcalmode~s~ack 

knowledge, thal blotoglcal  proceqs slmulalbon models Should 
However.  there IS lltlle  reason IO belteve.  gtven  our  present 

be able. on [hell own. IO accurately  predlct  luture  stales 01 an 
enttre.  complex  ecosystem. and I V  parllcular. the l e e  growth 
component  thereol Scienltsts sltll requtre the emPtllCal crutch 
01 a booassay  tn makmg  bellevable  oredlctlons 01 the  behawor 
01 b$ologlcal  systems as complex as lorests far lnlo  Ihe  luture 
This  has  lead  some  (oresters to believe Ihal II IS a waste 01 m e  
to fry IO predlcl  the  future wttn such  models.  and  these  lor- 
esters  have  relecled the conceolo1 process moaelllng In yield 
predtctlon. 
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slmulatlon  approaches In yield lorecastlng  have  advantafles 
Bolh Ihe ttao!tlonat emplrtcal an0 the  btologlcal  process 

and slrenglhs. but lhey also  bnth Sutler lrom weaknesses that 
render lhem unsullable.  on  lhelr  own  as the yleld  predlctton 
SyStem 01 Ihe  iulure  In Ihe nekl  secllon I shall  suggesl  an 
alternattve approach  thal otlers  a  conslderable  Improvemen1 
on  these  two  systems 

What  Type 01 Mode l  Will Give The Best Long-term 
Pred ic t ions  01 Forest Yleids? 

I belteve Ihatthebestapproachlomaklnglong-lermyletd 
predlctlons ~n torestry.  gtven our presenl  sclenlll8c under- 

tradtllonal and the process slmulallon approaches'  models 
slandmg IS to develop  models  that are a hybrld  belween  Ihe 

that  are ecoloqcatly sound tn thal they  mregrale  implicllly. 
Ihrough a htslorlcal  bloassay.  all  the  slgnltlcant  delermlnants 
of growth on a  sile (and are  lheretore  ecosystem  level mo- 
delsl. bul whlch also  slmulale those aspecls 0 1  ecosyslem 
structure and tunchon  that are slgnllicantly  changed by 
changtng  managemenl  and/or  changlng  cltmalic  condltions 
Such  models  would  have  a  believable. eCOlOgZally-5Ound 
predrctlve loundallon out would  also have  Ihe ltextb$llty IO 
accounl tor the  ellecls 01 changes In managemenl  and/or lor 
the ellects 01 human-Induced  global  alteraltons In almos- 
pherlc  Condlllons on  lhese hlstorlCally.baSed predlclrons. 

comparlment  andprocesstoproducea  uselulmanagemenll 
NO. we do not need to simulate  every  mlnule  ecosyslem 

yteld predlclor.  because by ustng an hlslorlcal  bloassay we 
oblatn  an imp le~ l  !ntegralton 01 the yeld consequences 01 
much 01 the complex  slructure  and  luncllon 01 the ecosyslem 
Anyway, we do no!  yet have etther the  knowledge or Ihe  data 
to underlake  a  aelalled  slmulatlon 01 all aspecls 01 an  ecosys- 
tem. ana generally we do no1 have  Ihe  money  and llme IO 
collect  all the data lhal would be  necessary  even 11 we dld 
have  Ihe  knowledge Eul we do  have much 01 the knowledge 
and data needed to bulld  usable  hybrld  empmcal-process 

producl 01 35 years 01 bastc  forest  research and PUI lhem to 
models It IS ltme to harness  Ihe  knowledge  and  dala lhat are a 

use In  mprovlng our abtlily 10 predcl the consequences tor 
luture vtelds and  economlc  perlflrmance 01 our manaaemenl 

belween  rnanagemenl  alternatwes. 
BCIIvIItes. thereby  helplng  loreslers to make wtse  Chorces 

Whal  types 01 process  should  be  slmutated In such  a 
hybrtd  model? To  answer lhls we need Io constder  Ihe loresl tn 
11s most fundamental  lerms' energy (Flaure 31 A loresl IS a 
nalural energy-processlnglstorage syslem In whch energy 
accumulales In various compartments  (plants.  herblvores. 
decomposer  organlsms.  etc ) as a  result of the balance 01 
energy gams and  losses Io and from those  comparlmenls 
The eneray Itows are regb:a;id by a uardei) 01 lactars lhat can 
be  classifled mlo three  malor  groups: 

1. Faclors  largely unlnlluenced by lares1  management 

Irosl-tree growmg  season  an0  day  length  play a malor  role In 
Sile lactors  such as regtonal lenperalures. wlnd  patterns. 

determtnmg tree gr0vAh and  olher  energy  tlows.  but  they  are 
mostly unaltered by local lorest  managemenl Therr ellect IS 
lmpltctl In emplrtcal  lree growth  data  and  need not be stmu- 

the potenllal Io aller  reglonel  cllmates. bUI changes In lhe 
tated expllcllly E x l r p m a l ~ , I ~ n a - ~ r a I ~ r l o l n r a e l a l ~ l n  may  have 

Intenstly 01 local stand  managemenl  are  unltkely IO have  such 
anetlect  However,  changes In mlcro-cl!maleand  such  phen- 
omena as cold-atr dramage  may. tn some  cases. requore 

iepwsentalhon ana 11 one W W m  1 0  DredlCl theconsequences 
lor lulure yield 01 human-mducrd alteral!ons In clmatc and 
wealher Ihe  ellecls 01 lhese  reglonal sble lactors musl be 
included In some  way 

2. Factors  partially  under  the  lnlluence 01 lorest 
managemenl 

Sile  lac(or5  such as soli molsture  and sod aeratton  are 
very tmporlanl In determining lree btOmaSS accumulallon 
rales. bul In most cases  lhey are more or less  permanent sue 
lealures  whose  etlecl on lree  growth IS reflected  mpllcllly In 
tradillonat yleld  tables  However.  on some 5118s these  lactors 

compacllon. soil dratnage. toss 01 sod organtc matter and so11 
may  be  slgnllicantly  allered by changes In management (so11 

slructurel. so 11 may  be deslrable tor a yteld model to have  Ihe 
abllily. as a  stmutallon  opllon Io examme the consequences 
lor lree  growlh  and yreld 01 changes In these  slte  parameters 

lree growlh.  buI  unltke the conllnuous stte lactors 01 ctlmale 
Diseases. lnsecls and lire are also lactors thal lnlluence 

and sod they  are  generally  eplsodtc  Because  (hey  are 10 

the  hre.  Insect.  and  dtsease  conalhons  thal  perlatned  durmg 
some  extent  under  the  control 01 the  manager (who  can alter 

based). 11 IS deslrable  for a model to be  able to slmulate 
lhe perlod 01 loresl  growlh  on  whtch  Ihe  empmcal  bloassay IS 

these  pfocesses rank tower In priorrty lor slmulallon lhan 
explcrtly  Ihe  ellecls 01 these  three  lactors on yleld  However. 

Ihose In Ihe  thlrd  calegory 

3. Faclorr  Ihal  are  largely  controlled  by the lorenter 

The  srlvlcullural laclors 01 specles.  genotype.  stand  den- 
s q  and  brush  compettlton  have a malor  lnlluence over lree 
btomass  accumulallon.  and  all 01 lhem  can be  slrdngty  Influ- 
enced by the  toresler  and  by  changes In lorest  management 
They should.  therelore.  be  represented In a yteld predtclton 

represenled by usmg ddlerenl emplrccal growlh curves  bul 
model Dlllerences In species genolype can slmply be 

predrcllon 01 Ihe  ellects 01 stand  denstly  manlpulallon and 
brush  control  on  btomass  accumulatton  and  yleld  requlres a 
slmulat!on 01 llght  proilles. 01 compelltlon tor Itghl and 01 the 
ellecls 01 shaolng 

laclor 01 nulrtent avatlabllily. This IS the stle tactor thal IS mosl 
In addttton to sdvcultural constderatlons.  there IS the stte 

easlly inlluenced by management  and IS very SuSceDttttle to 
change as management IS Inlensdied II is also  sublecl to 
alleralion  by  such  phenomena as actd ram  The relallonshlp 
between lree  growth  and  nutrlenl  avallablllty should therefore 
be  stmulaled In a  yteld  predlctlon  model 

A mmmum deslgn  requlremenl  lor  a  hybrld  emplrlcal- 
process  sland  yletd  model 1s that 11 should  Include lhe factors 
in group  three. a slmulallon 01 ltghl  proliles  and the ellects 01 
shade on growth  and of nutrient  avallablltty  and its ellecls on 
growlh 111sa1sodesirabtethatsuchamodelhavetheabilil~lo 
s1muiate those laclors in group two that are  germane Io the 

the ellecls 01 lire.  tnsecls  and dtSeaSe and 01 changes In  Slle 
partocular swatron that is to be simulated:  e 9. one or more 01 

moisture  slatusand soil cornpactronon  yield.  Oneexamoleo1 
such a model IS FORCYTE (FORest nutrlenl  Cycling  and Yield 

(Figure 4)  Inclusion 01 some 01 the lactors In group One Wlll be 
Trend  Evalualor  (Kimmrns  and  Scoullar. 1983. 1984. 1985) 

necessary il one wshes to examtne the e l k 1  Of ChaIlC 
change  on forest  growth  The  current  version 01 FORCYTE 
does not have Ihis capabillly and is therelore  limlted lo (he 
analysis 01 stand  management  ellects  on  yield.  However. the 
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INTRODUCTION necessaryforconiferouscropsplantedonmostCana- 
dianclear-cutsin  1989toreach harvestablecondition. 

future of the  worlds  forests is the  continuing  growth  the  area of forest’and an  increase in demand  from 
The  single  most  important factor affecting the Human population  growth will lead loa  reduction in 

of the human  population, to an  anticipated level of the remaining forest for limber  products (Council 
about 11 billion  (World Bank  1984; Reppetto 1987: on Environmental Quality 1980: Industrial Working 
Brown et al. 1988). This  doubling of the  present Party 1982:  Ford 1983). renewable  biomass  fuels. 
population is expected to occur within the time chemical feed stocks. clean water. water  storage. 
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MODELING THE SUSTAINABILITY OF 
FOREST PRODUCTION AND  YIELD 

FOR A CHANGING  AND UNCERTAIN  FUTURE 

Unrversity of Bnrish Columbia 
J.P. Klmmlns 

Vancouver, B.C. 

DEDICATION 

This paper is dedicated with great respect to the memory of Dr. Peter J. 
Rennie. who has been an inspiration to those working in long-term site productiv- 
ity since his pioneering work  in lhe United  Kingdom in the early 1950s. His more 
recent  concerns  over acid rain and  the  greenhouse effect provided  leadership lo 
forest  scientists working on  these  topics. He will be missed  but  remembered with 
respect. 

ABSTRACT 

The  expected  growth of the human  population to about 11 billion within the 
next rotation of most  northern  temperate forest crops will put greatly increased 
and varied demands on today’s forested lands. Development of the timber resources 
on these  lands  must be demonstrably  sustainable if lorest  management is lo help 
arrestraUierthanaggravate thecontinuingdeteriorationoftheglobalenvironment. 
The  experience-based  models traditionally used by foresters  cannot  predict 
future forest growth and yield accurately for the  altered growing  conditions  that 
are  expected to accompany  the  population  increase.  Knowledge-based,  process 
simulation stand growth  models are the only way of predicting Iuture forest 
growth on a  particular site in the  absence of accurate  data on the  past growth of 
forests on that site. Because  they  have either been loo simple or, if sufficiently 
complex,  have  had  unacceptably large calibration  data  requirements  that  have 
limited their portability. they  have been restricted to research and  educational 
applications.Anallernativeapproachcombines“historical bioassay”andprocess- 
based  modeling approaches  into “hybrid simulation”  stand  models  that  can 
provide  a way to rank the most  probable  outcomes  and  the  sustainability of 
alternativesla~ld-level~n~lage~ne~~tstrategiesu~lder~lticipatedgrowi~lg!co~~ditio~~s. 
As the world experiences  increasing  problems of air  pollution, soil degradation. 
and  deforestation.  there is an  urgent  need for foresters lo use  ecosystem-level 
growth  models  that are  sensitive  to  human-induced  and  naturally  caused  environ- 

. mental  changes. 



transportation and  power-transmission corridors, 
recreatiorlal experiences,  and  wilderness  and wild- 
lilr va l~~rs .  hlnre lorest  resources will be  demanded 
Irom a forest  land base that is increasingly restricted 
IO less productive sites with poorer  soils  (Thotud 
1983). Accompanying the population  growth. it is 
expected that air pollution will get a lot worse before 
it gets better. with attendant  problems of acid  rain, 
ozone damage to vegetation,  and  climate  change 
due lo the accumulation in the  atmosphere  of  green- 
house gasses. (Shands  and Hoffman  1987; Bolin et 

al. 1989). 
al. 1986; Bell 1986;  Morrison  1983. 1984; Binkley et 

The United Nations  reacted to  these  concerns 
by appointing the World Commission on Environ- 
ment  and Development  under the  chairmanship 01 
Norway's Prime Minister. Dr. Cro Harlem Btundtland. 
A major conclusion of their final report, Our corn- 
rnon future (World Commission on Environment  and 
Development  1987). was  thatalthough  theindustrial- 
ized countries  bear a heavy responsibility for the 
present and past delerioralion of the global environ- 
ment, the greatest  long-term threat to the environ- 
ment comes lrom poverty  in the rapidly growing 
populations of third world countries. Unless this 
issue of global poverty  can be addressed.  the  pros- 
pects for sustaining or improving the present global 
environment  are not very good.  The United Nations 
Commission concluded that the best hope lies in the 
wise  and sustainable  development of renewable 
resources. Only by doing this can the  question of 
global poverty  and  unregulated  human  population 
growth be resolved. Resources  must  be  developed, 

demonstrablyso.  Thedevelopment of reswrcesrnust 
but this development  must  be  sustainable,  and 

alsobeconductedinamannerthatdoesnotthreaten 
other aspects of the global environment. 

Thedernonstrationofsustainabilityrequiresthe 
use of local. regional, and global resource develop- 
ment planning tools that  are  capable of predicting 
the probable  long-term consequences  of  current 
strategies of resource  use. I t  was  suggested at an 
IUFRO (International Union of Forestry Research 
Organizations) Working Group  meeting in 1987 that 
stand-level sustainability in temperate  forestry 
involves time scales  equal to at least three  rotations 
of  temperate  tree  crops (i.e.. 150-300 years).  The 
objectives of this paper  are  to  show  that  currently 
used traditional stand-level forest growth and yield 
models  are  inappropriate tools for  assessing  the 
stand-level sustainability of current forest practices 
in most areas  of the world and to  propose  an  alterna- 

7 

live stand-level  growth  and yield  modeling strategy. 
More complete  documentation  of  argumenls  pre- 
sented  here have beell presented elsewhere (e.g.. 
Kimrnins 1985.1986.1988~KimminsandSollins 1989). 

TRADITIONAL CROWH AND MELD  STAND 
MODELS IN FORESTRY: 

experience-based  prediction of 
forest  growth  and  yield 

man  mensuralionists in the late 1700s. the standard 
Ever since the method was formalized by Cer- 

method of stand-level yield prediction in forestry 
has been the forward projection of past  patterns of 
forest growth  (Assmann 1970). This method.  which 
constitutesa historical bioassayofthe growth  poten- 
tial of a site, has  the  great  advantage of not being 
limited by our  still-incomplete knowledge of the 
ecological and physiological determinants of growth 
or by research  budget  and  human  resource limita- 
tions that constrain  our'attempts to improve  this 
knowledge. Yield tables.  and  the yield equations or 
mensurational  models  based  thereon,  are implicitly 
ecosystem-levelmodels,becausethehistorical record 
of stand development  and  biomass  accumulation 
integrates the sum of edaphic, climatic, and biotic 
lactors  that  has aflected the trees  over  the  entire 
rotalion. 

I t  is hard to imagine a more believable and 
practical  stand-level  growth  and yield prediction 
tool than the traditional  mensurational  model if, and 
only i f ,  one assumption is satisfied: that  the future 
growing  conditions  are sufficiently similar to those 

was  based (Fig. 1). Within one  rotation of the formal- 
that existed during  the  rotation  on  which  the model 

ization of the yield table  method, German mensura- 
tionists were reporting  that  on  some sites and  under 
some  management  regimes, the predictions of 
mensurational  models  could  be  unreliable (Eber- 
meyer 1976 Rennie 1955.1957;Assmann 1970). This 
conclusion  was  the result of yield declines in north 
German pine forests  in  which litter (needles  and 
branches) was  raked  annually to provide fuel, bed- 
ding  for  cattle, and  organic lertilizer. Since  that time. 
yield declines as a result of inappropriate  manage- 
ment  practices  have  been  reported  elsewhere (e& 
second-rotation yield declines in radiata  pine in 
south Australia (Keeves 1966; Squire et al. 1979; 
Farrell et al. 1981; Squire 1983). and there  are many 
reports  of yield increases  that have resulted from 
management-induced  improvements in growth con- 
ditions. Clearly, the historical bioassay approach is 





Inadditiontoclimatechange,theapparenttrend 
toward more  complete utilization 01 forest  biomass 
(harvest 01 all above-ground  biomass, or 01 com- 
plete trees including stumps  and large roots)  on 
shorter  rotations using mechanized harvesting  poses 
the risk of significant short  and long-term change in 
soil organic  matter and nutrient  resources. Loss of 
soil organic  matter has important  implications lor 
soil physical structure. soil susceptibility to erosion, 
soil biology. and soil moisture  and  nutrient  holding 
capacity. These soil parameters. in conjunction with 
the total inventory and availability of nutrients. are 
major determinants of short-  and long-term site 
productivity.  Signilicant reductionsinavailable  nutri- 
ents due to intensification of management  and  bio- 
mass removals will require lertilization i f  productiv- 
ity is lo be sustained (Keeney 1980). 

Although growth  reductions  due lo nutrient loss 
have not been as widely documented as growth 
improvementsdue tofertilization,thereisan increas- 
ing  body 01 anecdotal  and  experimental  evidence 
lrom research  and long-term lield trials  that docu- 

unsuitable as a basis lor  yield prediction il the luture 

al~lt.val~~eL~runchangingconditionsnohvitlatanding. 
is significantly diflerellt lrom the past. its undeni- 

estgrowthandyieldthusdependso~~whetherornot 
The evaluation ol traditional approaches to for- 

one believes that future growing conditions will be 
slgniflcantly dilferent lrom those of the past. Recent 
predictions about global climate  change (e& Bolin 
et al. 1986; Shands  and Holfman 1987) provide  per- 
suasiveevidencethat  climates will bealtered signili- 
cantly within the next rotation 01 nortbern  conifers. 
Although there is still great uncertainty  about  these 
long-term climate  predictions  at a regional level. 
there appears to be a broad degree 01 unanimity 
amongclimatologiststhattheaverageworldtemper- 
ature will increase  between 1.5 and 4.5% that  the 
effects will be much  greater at higher latitudes 
(especially in the  northern  hemisphere)  than  near 
the equator. and that  winter warming will generally 
begreaterthansummerwarming.Despitetheregiona1 
uncertainty. which willprobablycontinuelor at least 
the  next decade.  these generally agreed-upon glob~al 

doubts  about  the validity of the historical  bioassay 
predictions are sufficient on their own to cast grave 

in many parts of Canada. Cold, northern  forests may 
experience improved  growth, while some  southern 
lorestsmaybedisplacedbygrassland.Speciesrequir- 
ins  winter chilling may be lost in southern or coastal 
areas. 

. 
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mentS growth losses (e.g., Lundlnark 1977. 1983, 
1986;  Anderson  1984; Squire 1983). ‘I.tlere is abun- 
dant  evidence of slower tree growti1 011 illlertile sites 
t h l  On lerliie Sites and  evidence that tree growth is 
limited by nutrient shortages in all the lorest regions 
of Canada  (Mahendrappa et at. I%%). Combined 
with the  principles of lorest tree nutrition  (lugestad 

biogeochemical  theory (e.& Atliwill and Leeper 
1987),sitenutrientmana~ement(e.g..~i~~kley1986). 

system  models (Aber and Melillo 1982; Kimmins 
1987). and  nutrient-based  lorest  management or eco- 

1988;  Kimmins and Scoullar 1979.1981.1983; Pastor 
and Post 1985;Agren 1986),anunequivocal  casecan 
be  made  that significant nutrient  depletion  due to 
intensive  biomass  harvesting will reduce  productiv- 
ity on many lorest sites. It has been  suggested that 
many lorest areas  have  the climatically  determined 
potential togrow at double or even  triple the  current 
rates (Axelsson 1983b; Gordon 1982; Cordon et al. 
1982) but that  the  attainment of this  potential is 
normally  limited by inadequale nutrition (Axelsson 
1983a. 1985). 

Soil degradation  can  cause growth losses at  the 
regional level  by reducing the  area available lor 
lorest growth and by reducing  growth on  areas  that 
remain lorested. It has recentlybeenestimated(Utzig 
and Walmsley 1988) that  management-related soil 
degradation in British Columbia  may be causing as 
much as $80 million worth 01 lost forest growth 
annually  and  that  this loss is increasing by  $10  mil- 
lionayear.Althoughthedataonwhichthisestimate 
is  based,  and  therefore its magnitude,  can be 
questioned.  the lac1 that soil degradation is occur- 
ring is unquestionable. It is clear  that  there is a 
totally unacceptable level 01 soil degradation in the 
province(Lousier  and Still  1988). a degradation  that 
renders  the  predictions of traditional yield models 
highly suspect. 

Climatic and  edaphic  changes are not  the  only 
factors  that may alter lorest growth and  cause future 
growth  and yield to difler from that of the past. The 
impact of biotic lactors may also change. The  abun- 
dance  and  species  composition 01 non-crop vegeta- 
tion may change from one rotation to the next 
(Nambiar and Zed  1980; Squire 1983). resulting in 
delays or reductions in crop  tree  development  due 

or the  alteration of the soil nitrogen status.  The 
to competition.  allelopathy, physical interference. 

management-induced removal or increase of early 
successionalnitrogen-lixingspecies(e.g.,alder)can 
reduce or augment soil nitrogen  levels,  with  impor- 
tant  consequences lor tree growth (Binkley 1983). II 



~~~ 

. .. 
~~~~~~~ ~~~~ ~~~~~ ~~~~~ 

IO 

climatechangeoccursandcausesincreasedphysio- not believe that rntation.lellgtll yield predirtiolls 

mayincrease,withimplicationsforgrowthandyield. are  credible. 
logical stress in  trees. disease and  insect  problems based on unmodified 11istorical-bioassay models 

II the climate  becomes  hotter  and  drier, fire may be 
expected to exact  a  greater toll. reducing regional 
forest yields both by reducing the area of mature PROCESS-BASED FOREST  GROWTH 
forest and, in some cases, by damaging the soil or SIMULATION MODELS: 
its lertilily. knowledge-based  prediction of 

forest  growth  and  yield 
Where one wishes to predict  the  short-term 

growth response of lorest  stands lo silvicultural 
treatments. the traditional historical bioassay  ap-  comings of the  traditional  approach to growth and 

The  response  of  forest  scientists to the short- 

proach may be acceptable  and even optimal. It is yield prediction has b e e n  lo develop nlodels Illat 
unlikely that radical changes in growing conditions describe, mechanistically. the  processes that deter- 
will occur in a  stand within a 5- or possibly even a mine  the  quantity of economically  recoverable 
10-year period, IorexampkShort-termsilvicultural biomass. These models  attempt In represent the 
responses are relatively uninteresting in Canadian majorecologicaland physiological factorsthatdeter- 
forestry. however. It is the  consequences of our mine the  proportion of solar  energy  thabecomes 
management actions and silvicultural investments storedaseconomically harvestableproduction(i.e.. 
over the  entire rotation that is of major  importance yield) (fig. 2). This is usually done by establishing 
(e.g.. Lundmark 1977; Kimmins 1986). Considering relationshipsbetween growth-related parametersand 
the changes in forest management that I would anti- a variety of abiotic  and biotic determinants of net 
cipate  over  the next 30-50 years (half of a  rotation: biomass accumulati~~n.  conll~initq these relalion- 
seeTable 1)andthepredictedclimaticchanges.ldo shipsintoamalhematicalmode1,supplyingthemodel 

Table 1. Canadian forest management  in  the  future 

Possible changes Possible consequences' 

Shorter  rotations  Depletion of soil organic 
Intermediate harvests  (Ihinnings)  and  nutrienls 
More-complete  biomass utilization 
Slash and, in some  cases, litter 

Greater mechanization Soil compaclion  and  erosion 
Greater control of noncrop Loss of species diversity and 

vegetation disruption 01 successiollal 
processes 01 soil and site 
recovery 

Wider spacing  and  pruning Increased competition from 
noncrop vegetation 

Greater use 01 N-fixing species Improved site N status  and  greater 
diversity of weed species 

Greater use of nurse  crops, Altered soil fertility and 

Illcreased use 01 lertilization and  use of Improved soil lertilily and 

.. 
utilization 

alternating  crops,  and species mixtures  nutrient cycling 

forest  as  a living filter to recycle organic  matter 
urban waste (sewage  sludge  and  processed 
domestic  garbage) 

' %me 01 IIW anticipated changes are expected lo re~ull in improved  growlh  and yield. Olhers  are  expected IO have a 

negalive ellecl. 
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will1 input data 011 the  expected  future  values of 
these yield determinants.  and running the  model on 
a computer (Fig. 3). 

prediction (11 lorest growth and yield because it  h a s  
Theoretically.  this is an ideal approach to the 

the llexibility to deal with altered  luture growing 
conditions. In reality. the  enormous  complexity 
involved in representing all the  myriad processes 
that  determine net biomassaccumulation in harvest- 
able biomass components over an entire  rotation 
has limited such  models to an educational  and 
research role. In most cases, process-based models 
of forest growth have lacked one  or  more  major 
determinants of growth. The  reasons for this  include 
inadequatescientilicunderstandingoltheprocesses 
involved. a lack of knowledge about a known pro- 
cess by the individual developing  the  model,  incorn- 
plete  data lor calibrating the simulation of a known 
process.  the  objectives of a  particular  model  (which 
may have  been to model an individual process  or 
subset 01 the  ecosystem  rather  than  the  entire  rota- 
tion length forest growth process).  or  the lack 01 
access  to a  computer powerful enough to incorpo- 
rate  simulations 01 all known processes. 

There is a growing number of ecosystem-level 
models 01 lorest growth (e.g.. Mohren 1987; Barclay 
and Hall 1986) that do include  a  large  proportion 01 
the  important  growth-determinants,  and  eventually 
we may have  process-based  models  that  provide  a 
practical  alternative to the traditional  historical bio- 
assay  model. For the  loreseeable  luture,  however, 
the  practical  application 01 process-based  models 
will probably be limited by their heavy calibration 
data  demands, which limit their  portability. This 
limitation has led to the development of a  third 
approach to the  prediction 01 luture forest growth: 
hybrid sirnulation modeling. 

HYBRID SIMULATION hlODELlNG OF 
FOREST  GROWTH AND YIELD 

The llexibilityofthe historical bioassayapproach 
and  the  olten  overwhelming  complexity 01 the 
process-based  simulation  approach  has  created  a 
need lor a new method of stand-level  growth  and 
yield prediction.  This  need  can  be  satisfied by com- 
bining the two other  approaches into a hybrid simu- 
lation model. 

Thehybridsimulationapproach(Fig.4)assume.s 
that the  historical  pattern 01 biomass  accumulation 

is the best estilmte wc. II;IVC 1 1 1  I t l t l t r t ,  gr#nstil 111 ;I 

species  or cnmrnunily under urlcllallsillq grouli! 
conditions (Fia. 1) .  I t  then a s k  the question. "call 

determining factorskg.. nutrient availability, licllt. 
this historical  pattern be repeated il certaill ?rowti+- 

competition)  change irr  the luture?" In most of tlte 
luture  scenarios one may wish I C I  ct,llsider. ~wly a 
subset 01 the major arowlll-deternllllillg processes 
or factors are expected to change. I t  is a less com- 
plex simulation t a s k  to modify the historical growttl 
pattern  according to a  sirnulation ol this suhset  than 
to simulate all aspects of ecosystem lunction t l~at 
determine  net biomass  accumulation Over rotation 

This first  and  best-known  example of this ap- 
proach  is  the JABOWA series 01 models.  developed 

Aber and Melillo (1982). Weinstein et  al. (1982). 
initially by Botkin et al. (1972) and  elaborated by 

Shugart (1984). Pastor and Post (1985). and Smith 
and Urban (1988; see also Shugart et  al. 19%). Mod- 
els in the JOBOWA series  are  gap  models  (Shugart 
and West 1980) designed lo simulate lorest succes- 
sion  over long time  periods  (many  centuries).  and 
lhissimulation  approach  has  proven to beextremely 
successlul lor this purpose.  These  models  have  also 
demonstrated  their value lor use in predicting  the 
ellect of climatic  change on forest composition  and 
succession (Solomon and West 198i; Pastor and 
Post 1988). and  there  have  been  eflorts. though less 
extensive  than for the  successional  and  climate 
change  applications.  to  use  the  models to predict 
the long-term irnpacts 01 lorest nmagemerrt on site 
productivily (Aber et al. 1979, Waldrop et  al. 1986). 

which minor  vegetation  (i.e..  the  understory) d w s  
For multi-tree  species,  unmanaged  forests in 

not play a signilicant erotogical role in determining 
site productivily,  the JAUOWA series  has much to 
offer.  These  gap models use a variety 01 growth 
modifiers (the number and type ol modifier varies 
between the dillerent  models in the series) lo alter 
the historical patlernolgrowth 01 trees regenerating 
naturdlly in small  gaps  created by the  death 01 indi- 
vidual trees. The  modiliersare  calculated  from input 
data  or  are simulated  dynamically within a model 
run.  There is some  concern  (Shugart 1984) that the 
model's  simulation 01 the  response 01 the vegetation 
to large-scaledisturbance(1ire. insects.  clear-cutting) 
may deviate increasingly lrom reality as the sirnu- 
lated area on which vegetation is removed deviates 
moreand  more from thesmall  gap(e.g.. I / \ ( )  or 1/12 
ha) that is assumed i n  the  motlel~slrlicture. l'hus. 
although  the patterns 01 succession in a forest Clem- 
cut in 50-ha patches may diller  significantly lrom 
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succession in  an  unmanaged  lorest.  the  JABOWA 
series mt~dels will simulate a similar  pattern of suc- 
ressiwllortl lese tw~~tlil lere~~tsc~lesoldisturt~ance. 
'l'lle exlent 01 this pcJssilJle error  has  not  yet  been 
quantilied  rigorously  to  my  knowledge.  Recent  and 
current  modilications  of  the  JABOWA  approach,  for 
exa111~1le.Zt~L.I~~'(Smitlra~1dlJrban1988)shouldover- 
colne  several of these  shortcomings. 

As the  JABOWA series of gap  models  was  being 
developed by U.S. forest  ecologists.  the  need  lor a 
rnoremanagernent-orientedhybridgrowthandyield 
model  led to the  development of FORCYTE i n  Can- 
ada (Kirnmins 19XX, Kimmins  and  Scoullar 1979. 
I!IHI. 1983, 1 9 9 0 ) .  l h e  genesis of this  development 
was the ENFOH (ENergy  Irom  the  FORest)  program 
developed  jointly  by  Forestry  Canada  and  Energy, 
Mines  and  Resources  Canada.  The  objective of the 
model was to  examine  the  economic  and  energy 
cost-benefitperlormanceolalternativeforestenergy 
plantationorotherintensivehiomass-lor-energyman- 
agemenl  stratexies.  In  satisfying  this  objective i t  
becamenecessarytodeveloparatherdetailedsimu- 
lation 01 lorest  ecosystem  function.  The  result  was a 
hybrid  simulatlon  lorest  ecosystem  management 
modeling  framework  that  has  proven  to  be  applica- 
ble in  a  variet). ol forestry  and  agrolorestry  situa- 
tions  around  the  world. 

The FORC'ITE models  have  several  capabilities 
that  are not  yet available in the  JABOWA  series. 
Conversely.  the  JABOWA-derived  models  have  some 
abilities  that  have  not  yet  been  added to the  latest 
FORCYTE version  (FOKCYTE- 11 ).The  choice 01 which 
type of model to use  will  therefore  depend  on  the 
particular  objectives of the  model  user. 

The  structure  and  capabilities of the FORCYTE 
series will not  be  described  here.  Details  can  be 
lound  in  Kimmins (1986. 1988). Kimmins  and  Sollins 
(1989). and  Kimmins  and  Scoullar (1990). 

CONCLUSIONS 

of the  recommendations 01 the  World  Commission 
Although  there  is  debate  over  the  implications 

on  Environment  and  Development.  there  is  little 

ent  and  future  resource  use  and  development  must 
disagreement  over  the  need to ensure  that all pres- 

be sustainable  and  demonstrably so. This  consen- 

~"~."L- ~ ~ ~~ ~ ~~ ~~ 

I S  

susimpliestheneedlorplanningt~~~~lswitt~wl~ichto 
examine  the  sustainability ol lorest  management 
The tradit ional  lorest  growth ant1 yield prerllctlon 
methods  used in lorestry  are  only  credible  In th is 
role il one  assumes  that  luture  growing  conditiorls 
(delined  by  the  combination ol management  prac- 

similar to those of the  past. The evidence in Iavor n f  
tlcesandenvironmentalcondit~ons)willremainven 

no  future  change  in  growing  condi t ic~~~s is very  weak 
in  comparison to that  indicating  signilicant  change 
in  soils,  climate.  lire,  and  biotic  conditions. I f  one 
accepts  this  conclusion,  one  must also accept the 

and  y ie ld  predict ion tools. The  best  available  alter- 
needloranewgenerationolstand-levellorestgrowth 

native  that  has  been  developed so far  would  appear 
to be  the  hybrid  simulation  approach. 
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of thew bacteria tu provide nuvltlon for their  hosr5 
ma! have  allowed the loss of paniculate feeding 
ahilltles. for example, filter-feeding capacities. by the 
anmals. 

otic bactena is that.  unlike  the bencr-studicd free- 
OnC attnhute of all of the sulfur-oxidizing symbi- 

llwng  thinbacillus svcies. the symbiotic species store 

space. This elemental sulfur can apparently serve as 
large deposits of elemental sulfur in Ihc @plasmic 

an energy reserve  when environmenlal sources of 
sulfide are low. Elemental sulfur can form over IO% 
of the dry weight of the tissue containing the sym- 
bionts. These deposits of elemenlal sulfur disappear 
rapidly  when  the animals arc placed in sullide-fnx 
seawater. 

For background information SEE BAOWU P H ~ Y ~ Y  

mo I I~TU)OU~M: CmnnOME: PozoNoPnou: Rmmuonr 
PIGMGWS I I ~ Z V E U U ~ E )  in the McGraw-Hill Encyclopc- 
&a of Science &Technology. 

A l m a  J. Ap. Geoge N.  Somem; Russell D. Vmcr 

I .  A.  Favuzzi. Net uptake of CO, driven by sulphide 
Elbliognphy. A.  E. Andenon. J .   J .  Childrcss. and 

and thiosulphate oxidation in the bacterial symbiont- 
conIining clam Solemya rcidi. J .  ET, Biol.. 133: 
1-31. 1987; A. J .  A r p .  J .  1. Childress. and R. D. 
Vener. The sulphide-binding protein in h e  blood of 
the vestimentiferan tube worm Rfria  pachyplila is the 
exwcellularhemo~lobin.J. Erp.Biol.. 128:13%158, 
1987: 1. J .  Childress. H .  Felbeck.  and G. N .  
Somero. Symbiosis in the deep sea. Sci. Amcr.. 2 5 5 :  
115-120, 1987. 

Forest and forestry 
The pressure to feed. house, and otherwise supply the 
mwing human  population over the past  half century 
has  resulted in  an unprecedented rate of global defor- 
estation. and  an increasing extent and  intensity of 
exploitation or management of the  remaining forest. 

old-growth forest hat existed b e f o r e  humans k a m e  a 
As a r e ~ ~ l t .  the area of land supponing the mature or 

dominant ecolopical lactor is declining rapidly. There 
are  many reasons why i t  would be prudent to reserve 
significant arcns of such unlrt;!na@ forcsts. and thcrc 
is gmwing public concern that rcservations should be 
established soon. before the oppomnity has been lost. 

of an adequate series of reserves q u i r e s  a clear 
Chanderidlcr of old-growth lorest. ktablishment 

definition of o ld-pwth  forest. so that appropriate 
areas can be identified. Old-growth foresLs arc how 
forests that have developed for  a sufficient period of 
time in the absence of catasvophic disturbance (for 
example. catastrophic fur. insect epidemics, or wind 
damage:  clearcut hawesung) to satisfy some particular 
definition of the  key characteristics of tlus kind of 
forest. The definition will be different for different 
t y ~ s  of forcst. Old-gnrwth conifemus borcnl k)rcst in 
nonhcm Canada or the Soviet Union is differcnt from 
old-growth conifemus temperate rainforest in the Pa. 
cific Nonhwest of the  United States, as is o ld-pwth  
temperate  rainforest in  Tacmania (giant eucalyptus 

forest see illus.) from the Pacific  Northwest old- 
gmwth. and old-grnwth bccch  forest in  Europe fm 
that of the eactem United States deciduous hardwrrd 
forest. Some characteristics of old-growth ma! k 
common to most of these definitions. but other! FIU 
be specific to a certain t y ~  of forest. These chara- 
tenstics will probably include one or more of Ihr 

composition. suucturc. and successional stage of Ih: 
following: age  and size of dominant mer. spccicr 

foreqt. and accumulation of dead organic matter. 

or the time since the prcvious catasmphic dsw- 
Ape of dominanl I m s .  The age of the dominant ms. 

bance, is a primary characteristic of old-pwzh fora 
Many of the characteristics that  make old-pwh 
forests different from younger forem take a long t~m 
to dcvclnp. n ~ d  SII st:lncl or trcc  npc ntny bc the hrrt 
single indicator of tllc old-growth condition. Doupla. 
f i i  forests on productive sites in the  United Stata 
Pacific Northwest may develop some old-puth 
characteristics in IS0 to 250 years; however. full 
development of Douglas-fu as an old-Foowlh tm my 
require 500 years or more on p m d  sites. and mwh 
longer on sites when: the trccs grnw slowly. For uu 
species (such as pines) that do not l ive as  long ~t 

Douglas-fir (which can sometimes live  for more than 
l o o 0  years). the old-growth condition will dcvcly 
much sooner. Old-growth balsam fir stands in eatltlll 
Canada may be ahout 150 years old. or younger. 

wih old-growth forcrts arc simply thc result of Ih: 
S l a  of domlnanl I m s .  Many o f  lhc v:~Iucs n w ~ i : ~ l c d  

presence of many  very large trees. Such trees hau 
recreational (esthetic and spiritual) values for humm 
and  habiwt  values  for old-gmwth-dcpcndcnt s p m  
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dtildlife. For long-llved Pacific  Northwest species 
stch  as Douglas-fir. western redcedar. or Sitka 
v c e .  11 ma) take 500 to l o o 0  years for the u e c s  to 

; rhlcve  thclr  maximum diamcten. although height 
t plrwth may beconlc very slow (11 evcn stop  after only 
8 arouple of hundred  years.  Alaska  yellow cedar can 
i mnunue to increase in diameter for as long as 1500 1 * c a ~  In the  forests of glant Eucolyprus species which 1 bw In  the humid parts of Ausualia. maximum Uce 

$ne ma)  be achleved In less than 350 years on some 
! stes 

! Vcles obviously satisfies the o l d - p u ~  definition. 
! The enormous size of thew temperate  rainforest 

!   or ever. many uee spectes In old-growth tropical: 
* rmperate deciduous. and borcal  forests  achlevc  much 
~ mare modes1 dmensionr. even In old age. I t  is just as 
j rnpnant that areas of these more diminutive old- 

: ae found  in both old-growth and  younger forests. but 
* Spcc~cs compositim Many  plant  and  animal species 

* here  are some species that have a preference for. or 

j example. in the Douglas-fir forests of the Pacific 
ae largely restncted to. some types of old-growth. For 

Nonhwest. the northern s p n e d  owl, Vaux's swift. 
me fksher.  the u'estem red-backed vole, and the 

: Olympic salamander have a preference for. or are 
; depdenl on, old-growth forest. Plant spec~cs diver- 

s q  may be lower in some  types of coniferous old- 
pwh than in somewhat younger forests on the  same 

higher in these old-Fowth forests than In  the younger 
sire. but it IS thought that total species diverstry  may be 

lorests that prccede them. Old-growth uoplcal foresls 
p e r a l l y  have a higher species diversity  than wcond- 
q uopical forest. Thus, old-growth forests some- 

' younger forests in the same m a .  and where this is true 
umes have a different combination of species than 

old.powth can be Characterized  by a unique combi- 
nation of species. Thts uniqueness may  be mainly in 
he animal species, or in the plant. animal, and 
micmblal specm. 

cllmar; or self-replacing biotic community (for exam- 
Successional stave. Old-growth forest is sometimes a 

' plc. westem  hemlock  and westem redcedar forest in 
the Pacific Nonhwest). However. some of the  largest 
and most magnificent old-growth forests in the world 
(for example.  the  giant eucalypt forcsts of AusuaJia) 
require penodlc disturbance if the  large mes are to be 
prpetuated. Without disrurbance these forest gianu 
uc replaced by relatively diminutive temperate rain- 
Ions! species. Douglas-fir and  Sitka spruce in the 
humid coastal Pacific Northwest also require disNr- 
bance.  but because they can be so long-lived they may 
survive  in  the forest  for a very  long  lime  without 
dlsrurbance once  they are established. In pans of the 
world where forest fire has been a frequent and 
dominant ecologlcal factor. vast areas may  be covered 
by pine, eucalypt. or olhcr firemainmined pioneer 
mc rvcies. Old-growth in  such areas is  usually  the 
oldest stands of these pioneer specles. 

Accumulation ol dead ofpanic maltcr. Old-growth for- 
c q ~  in h e  C W I  humid c ~ u s t a l  areas of the  Pacific 
Eiuni~wcbt arc dicn chxraclcrlrcd by an abundance of 

I 

p~ulh forests  are reserved. 

large decomposing logs on the ground. a thlck fore?! 
floor. and  many large dead utes (snags). In dner or In 
warmer areas where the decomposmon of O ~ ~ M I C  

matter  is  rapld (because of fire in hot dry cllmates and 
mptd decomposltlon In hot  humid cl!mrtesl. old- 
prowth  may  lack such large accumulations of dead 
organic mancr. Thus. the  ground in old-growth u o p  
ical forest usually has a very different appearance from 
h e  ground in Pacific Nonhwest coastal old-growth 
forest. If a previous Pacific Nonhwest forest was 
killed  by a wildfire  which  left a lot of large dead ucei 
standing and did not consume the o r p i c  maner on 
the pmund. thew IWO amibutcs of old-growh can be 
found in relatbvely  young forests. 

regenerated ahcr fire. windblow. or logging are ohen 
Forest stlychllc The trees in  young forests that have 

relatively uniform in site and age. Such forests tend to 
have a uniform and closed  canopy and a monotonous 
structure. In conuast. many types of old-growth are 
chatactenred by a very variable snucture. Climax 
old-growth forests gcnenlly have utes of all sizes and 
ages in intimate mixture. or may consist of a mosac of 
small patches of forest of different size and age. all the 
u c e s  within  each  patch k i n g  quite similar. Thew 
small patches may  have originated in gaps in the 
overstory canopy created by the death of individual 
large  old trees. This structural diversity in the over- 
story leads to increavd spatial diversity in the  under- 
story. The combined overstory and  understory  plant 
diversity often leads to increasdanimal diversity. 

v q  in different types of forest. and it would be 
The meaning of the term old-growth will obviously 

inappropriate to use the same definition everywhere. 
Separate definitions are  needed for each type of forest 
in order to ensure that representative areas of  all  the 
world's great diversity of old-FowIh forests BR con- 
sewed. 

Old-gmwth toast arefvalionr. Because old-growth 
forest varies so much in its characteristics in different 
p a  of the world, and because of the lack of accurate 
up-to-date  information  about  most of the world's 
forests, it is difficult to say just how  much old-growth 
forest remains However. the pressure to exploit 
and  manage  the world's forests increases. the remain- 
ing area that satisfies some definition of old-growth is 
declining rapidly, and it becomes mure and more 
imponant that adequate areas of old-growth are re- 
served in the near fuNre. Such a m s  are nceded for a 
variety of pwpows: as ecological reserves. for  recre- 
ational  and  public educational activities. for  research 
and  professional education. as wildlife habitat. and for 
the maintenance of species and genetic diversity. 

aped ecosystems as ecological rewrves or envimn- 
Ecoloplral R S C M ~ .  Examples are needed of unman- 

mental  benchmark mas against which can  be mea- 
sured the impacts of forest management. and the 
effects of anhpogenically induced changes in am& 
spheric chcmisuy (for example. acid rain). and  the 
accompanying effects on climate (the grccnhouse 
effect) and  radiation  quallty (increases in uluavlolet 
radiation due to changes In uzone in the uppcr atmo- 
sphere). 
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l u r c s t  IS rcquircd for rccrutlonal and  puhlic  cdura. 
RccrcaUonalwndpubllccduullonrlrc(lvlUcr Old-gruwth 

timlal acttvitlcs. M R I I Y  illdlvidualc lind vicwlng of 
old-growth furcst very atmctivc. and  thc kerwlcdpc 
that the ecosystem  hac been relatively undlrturted by 
humans. or at least by industrialization. for a long 
pcricd of time gives  such foresLc emotional and 
spintual  values  that are very  diffcrent from those of 
younger.  manaecd forcsts. The presence of very  large 
or very old vEes IS i m p h u t  in this respcct. 

gmuzh forest art needed for resemh and  professional 
Rcscanh and pmlesslonal cducalton. Areas of old- 

educallon. More needs to be understood  about the 
ecosystem conditions to which late successional spe- 
cles  have  become  adapted i f  the methods of managing 
such  species lor timber or other forest values are going 
to be successful 

Habilal. Old-gmwth forest may be rcquind as hab- 

old trees or other  features of t h e  o ld -pw 'b  forest 
itat for certain wildlife species which depend  on large 

ecosystem. Unless wildlife species that  arc  character- 
istic of old-growth forests can  adapt to tk tcological 
conditions  present in younger.  manaped fomts. or 

can be reproduced  by  appropriate forest and wildlife 
unlcss  the ecological  conditions these specics require 

management  techniques in the managed forest. such 
species  may be lost from an a m  or may  even become 
extinct. 

high  rcpional biological  diversity may q u i r e  the 
M8lnfenancc 01 biological divcrrlfy Maintenance of 

reservation of a m s  of old-growth.  Although scattered 
areas of clearcut  harvesting in an extensive area of 
unbroken old-growth forest will often increase  the 
species diversity of the  region.  diversity  may  decline 
again i f  the entire area is converted to young managed 
forest.  The  extcnt of this decline will depend in  pan on 
how  rapidly the a m  is convencd to young lurest (that 
is. how m h y  different age  classes of forest arc 
created). Maximum regional  diversity  may result from 
a mosaic of young managed forest of various ages 
conlbined with ecologically  significant ares 01 old- 
growth reserve. 

old-Fowlh reserves are rquircd than to define their 
Slze and localion. I t  is much easier to a p m  that 

optimum size and location.  The  size  required to 
sustain  specilic  old-growth  values wil l depend  on 
what thc values are. the type of forest. the climate. and 
the land use of the area around thc mserve. 

may be very  suszcptible to damage or  alteration  by 
If old-growth forest reserves are tw small.  they' 

wind. I f  their purpose is to provide wildlife habilat. 
they must be large enough to satisfy the territorial and 
other spatial  requirements of the panicular s p i e s .  If  
the population of an old-growWependcnt  wildlife 
species in a reserve i s  tw small. i t  may  lack  sufficient 
genetic  diversiry  or bneding population size to be able 
to survive. Similarly. i f  the reserves are tw small. 
wildlife prcrsurc on thc plants niay be s o  grcat that  the 
floristic composition and snucture of the forcst may 
change  over time and some plant species  may be lost. 
T h i s  would  greatly  reduce  the  value of such ar:as as 
ecological reserves. Unfonunatcly. for most species. 

~~~ 

" 

kn4,wlcdgc 01 t l ~ c  CIIIII.:~ m t w t ~ m  WU;, ,,I,I yrt,urr 
fwcrt i s  irI:rdcqu:IIc It I\ t l ~ c  r y u n ~ n  llll.t Tcld.. 

Fists WIIU arc \tucl>wF t ~ l & ~ t t w t i ~  h t  111c \ i / c  u r . n  
rcSCrvCS i s  gc1l":llly 1,") \111:111 I,, C"\U,C tl,:11 til? 

old-powth condition will bc c<mccrvcd 
There ic a tendency tn want t o  rcvnr d 

old-growth  on vcry prtductivc sllcs Ihcc;lu\r 01 thr 
magnificence of Ihe large trees on such sttcsl and IC 

ignore old-growth forcst on lcss  productive w e t  

satisfy  tnany of t l ~ c  rccrcatlonal and ccl l lctc ncrtlc In: 
which  lack big  vets Althouph thl7 appnlpch ma! 

old-growth rescrvcs. it is not a sullablc h;lw nn uhrch 
toestablish  an adequate  syctcm of cccrloprcal rrscrvc$. 

ecosystems in a panicular  climatic zone l h c  ccthctic. 
which should be reprcscnotive of all thc old-grnwh 

emotional. and  spiritual  values of big-trec foreslc do 
not necessarily  satisfy  the  other  reasons for o l d - p u i t  
reserves. However. the prcssure frum furest  harvect- 
ing is normally greatest for forests with  big uecs. and 
this is the most threatemd  type of old-powth It 15 

appropriate.  therefore.  that  consewatson effom should 
focus initially on this type of forest. 

rescrves  should be decided  on a site-specific-and 
It is  clear that the size and  location of old-pmlh 

objective-specific  basis. 
Old-QmWIh lorest valUGS. Ecosystems are . cm- 

stantly  changing.  Natural or human-aqsisted  invasionr 
of "new"  insects.  diseaccs.  and  plant  competitors: 
changes in the frequency  and  intensity of fire; chanprr 

ecosystcm prweascs.  tugcthcr with the  natural P- 
in climate. animal  populatimc, soil fertility.. and 

quence of community changc  that normally follorr 
ecosystcm  disrurbance  lecological  succession).. all 
contribute to alterations in the  structure.  function. and 
spccies  composition of furest ecosystcnr\  as. tire 
passes. Rescrving a particular a m  of old-powthdrrs 
not gumntce thnt futolc pcncrationc can cltjoy.thc 
particular set of valucs that led to the initial reservation 
of that  area. 

The best way of ensuring  that  future generatinns 
wil l he able to clljoy  old-growth furest. and  that thy 

successes  and failures of environmental and resourn 
will have  an ecological  benchmark  against  which tk 

management  can be judgcd, is  to recognize that forts! 
ecosystems  changc. to understand  how  thcy chanpc 
naturally. and to identify  how that  change is alfectcd 
by  human  activities. On thc  baric of this  undcnland- 
ing  for particular kIR.stc in panicular  climxtcs and 
landscapes. strategies can be devised to prnvidaa 
continuous or renewable  supply of o ld -pw lh  f o r e s t  
valucs. 

Any program of old-growth cunscrvation wilt un- 
doubtcdly  include reserves that will remain unman- 
aped in pcrpctuity.  ecosystcm ch;mge being n h s c d  
and recorded  hut not managed. I n  some  cases  thls ma! 
involve an  entire  major  valley system  (greater than 
50.WK) acme  or 20.0(10 hcctarcs). the size and Inration 
of which will hc dctcnnirlcd hy tltc ohjcctivcs of thc 
rescrvc. In nt;tny  cascs. however.  rcscrvation ohjcc. 
tives  may be saticficd  bcttcr  by  thc  dictrihution of thc 
same  arca between a serics of pocket  wildcmcsc 
reserves varying in area from several  hundred to a i c w  



lhourdnd hectares ( I  hcctue = 2.5 acrcs).  the  size 
dipdlng on the p a n l c u l ~   t y p  of Inrest  and the 
pmcular old-grouzh values that  are to be conserved. 
At kaht (IIW such re.*~rvc sl1oulJ Ir esvahlishcd In each 
mqur  valley systenl and should  include the  range of 
I I ~ C S  wthln that system. In many C ~ S .  this  can  be 
d m  hch t  hy havtllg tile R ' I ~ I V C  go fr tm vallc? bottom 
to tllc hclFht 0 1  land or hy  rcscrvtllg an entire small 
vr l l~y watcrshcd 

In those cases In whlch pefpctuatlon of the desmd 
old-pruwth  values rqulres pcnudlc dlstuhance  (for 
caallplc. thc giant cucalypl old-growlh forcst in 
souhcrn Austrdlla]. management and hmesl of fm- 
csts on a long rotatam nwch as severdl hundred 
yean,  may be nccessq. Such long-rnutlon manage- 
nvnt areas could conveniently be clustered  around  a 
permanent old-grouth reserve. Altemdtlvely. the con- 
cept of tempwry old-gmwth  rcxrvcs could be 
adopted. l h i s  could involve a two-tier system of 
merves: a set of o l d - p w h  reserves  pawed with a set 
of younger  reserves (u hich include  mature trees). I f .  
with the passage of time. natural  ecosystem  change 
reduces  the m a p  values for which an o l d - p w t h  
lcserve  was eslahllshed. i t  would be hmestcd. and 
rcphccd hy tltc ytrumgcr wxrvc. 1111s would he left 
unmmagcd until such time that i t  also lost its major 
values, when 11 would. in turn. be replaced by a 
younger stand whlch had been put into secondary 
reserve  status at thc time the initial old-growth reserve 
wa,  harvested. Thls strategy would  maintan areas of 

The tmr scale for this roution of  old-growlh arw 
old-gnrwth In pc'pctuily hut  nut in thc same Iwalon 

would  depend on the time scale of natural change,  and 
no change In area mtght be necessary for  one or two 
csntuncs. 

COnclUSiDnS As  humans  continue to alter the sur- 
face of the W. i t  beconles  increasingly imponant to 
create ecological reserves  and environmental  bench- 
mark mas and to reserve  areas of old-gmwth  wildlife 
habitat  and wilderness. Sometimes  these  reserves can 
& located in existing park m a s .  but in most pans of 
Ihe world there is  a pressing  need to cmte  new 
rcserves outside  parks. Success in conserving old- 
p w h  values  requtres  a  clear definition of what 
old-growlh is. Because old-growth forests  vary so 
much in their  characteristics in different pans of the 

thls type of forest i s  needcd. Al l  ecosystems  change 
world, a flexible. site-specific approach to defining 

with tlme. and  conservation  swdtegics  shnuld recag- 
ntzc this  propensity to change. I f  neceswy. conser- 
vatlon must include management smtegics to ensure 
hat future gcncrat~ms are ahlc tu cnjny the full 
d lvcnt ty  of uld-growth forcsta that  can be found  on the 
planet Eanh. 

For hackground infomlation s t [  E C O I W ~ A L  COUUII- 

mu; ECOLWICN s u c c ~ ~ s ~ ~ ~ ~ ;  EC.<JWS~EM; F o r m  Ecomr, 
F o r m  E C O I I ~ ~ ~ ;  F o n ~ n  ! I R E  ~ N T R O L ;  Fonm w m x m m ,  
t m m  R L ~ O U ~ C L I :  RrroaLsr*i ,rm; TRLE DI.SLUEI in thc 
h l d h w - H ~ I I  Encyclalpcdia o f  Science & Technol- 
"gy. 

J P KKnmKls 
Bjb l jopphy.  J .  F. Franklm e l  al.. Ecological char- 

Fuse (electricity) 157 

acteristics of old-groouzh Douglas-fir forests. USDA 
For. Sew.. PNW For. Range Eap. Sta. Gen.  Tech. 

Forcsr; Island Btogcogrq~hy Theory and rhc Prcser- 
Rep PNW-I 18. 1981; L. D. Harris. The FraRmenrrd 

Forcsr Ecology, 1987; T. A. Sples and J.  F. Franklin, 
~,mon of BIOIIC Dnrrsrfy. 1984; J .  P. Kimmins. 

Old-growth and forcst dynamics in the Douglas-fir 

ArcasJ.. 8(3):1SiL201. 1988. 
rcglon of western Oregon and Washtngton. Nor. 

Fuse (elecbicity) 
Conventional high-voltage fuses used on elccmc dis- 
tribution  lines  rely  on a separately tripped protective 
device IO deal with  low overload  currents.  Recently 
developed types of s ~ c a l l c d  full-range fuses cover  the 

element. This article  diwusws the drawbacks of con- 
whole range of  cumnt overloads in a single fuse 

ventional  high-voltage fuses. thc reasons for their 
unsatisfactory  performance at low overcurrenu. and 
the design and application of t h e  new full-range fuses. 

High-voltage lures. High-voltage  current-limiting 

distribution I r & f ( m r  systems. Advanlagcs of this 
electrical fuscs arc widely used for the protection of 

type of fuse m its ability to intcmpt  high levels of 
shon-circuit current  and its energy-limiting  action 

and  associated  lines  and  equipment in the  event of 
which ensures  against serious damage to transformers 

major faults. 

high-voltage fuses have a welldefined lower limit to 
Unfonunately.  unlike most low-voltage fuses. these 

the range of fault  currents which  can be safely inter- 
rupted. Typically a 15-kV. 50-A fuse may  have  a 
minimum melting current of about75 A ( I  .5 times the  
rated  current 1.). yet t h e  minimum safe intcmpting 
current could be as high as 150 A (3 times 1.). This 

I .  and 3 1. Ihe fuu could be called upon to clear a 
would ntean that in the  band of currents  between I .5 

disruptive failure could occur with conscqucnt risk of 
system fault. yet would not be able to do so safely. A 

severe  damage to surmunding equipment. In many 
service  conditions this unsafe  zone is made wider 
(Fig. 1) because of the derating effect of fuse cnclo- 
SUES and the presence of neighboring fuses of a 
Ihree-phase set. In the relevant fuse specifications 
these fuses m termed  backup fuses since, for those 
applications  where low overcurrent faults arc thought 
likely to occur,  some  other protective device has to be 

currents. Backup fuses arc therefore ohen used either 
used in series with the  fuse to take carc of low fault 

in series with expulsion fuses or in assmiation wilh a 
fusc  swatch lnppcd aut  by the fuse striker pin. Used in  

cumnts. but the s ix .  cost. and complexity of the 
this way.  backup fuses are perfectly safe  at all fault 

installation m adverjely affected. For such applica- 
tions the need has long been  recognized for an 
improved type of high-voluge  current-limiting fuse 
which would have no  lower safe interrupting current 

application as t h e  sole pratmive device. 
limit and which could thcrefure be used i n  any  service 

A design for such a fuse was l i n t  dexribcd  in 1965. 
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