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f igure 26a  Detailed and labelled view of the north section of Study Area 30.
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f igure 26b  Detailed and labelled view of the north-central section of Study Area 30.
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f igure 26c  Detailed and labelled view of the south-central section of Study Area 30.
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f igure 26d  Detailed and labelled view of the southern tip of Study Area 30.
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Findings

More than 15 watersheds received quality ranks of “very good.” Fourteen of these were outside of pro-
tected areas and one “very good” ranked (watershed 7138) was within a protected area; see Table 39. 
Protected areas contained four watersheds that received a quality rank of “very good” and were greater 
than 1000 ha; see Table 40. 

table 39  Largest and highest quality undeveloped watersheds for Study Area 30, ranked ascending by size 
and quality

Rank by size and 
quality

Watershed ID 
number Rank

Watershed area  
(ha)

Forested 
(%)

Area within  
protected areas 

(%)

1 9904 VG 23704 49.9 0.0

2 9270 VG 20103 46.5 0.0

3 9636 VG 17225 60.3 0.0

4 6722 VG 16226 79.1 0.6

5 7138 VG 14531 79.8 93.8

6 7640 VG 11573 87.4 0.0

7 8281 VG 10894 50.1 0.0

8 8250 VG 10228 79.5 0.0

9 9387 VG 9647 75.4 0.0

10 8065 VG 9333 44.7 0.1

11 7356 VG 8893 82.3 0.0

12 8206 VG 8840 46.8 0.0

13 9904 VG 23704 49.9 0.0

14 9270 VG 20103 46.5 0.0

15 9636 VG 17225 60.3 0.0

table 40  Undeveloped watersheds contained most within protected areas in Study Area 30

Rank by 
 protected areas

Watershed ID  
number Rank

Watershed area  
(ha)

Forested 
(%)

Area within  
protected areas 

(%)

1 6997 VG 3467 96.4 100.0

2 8360 VG 564 61.4 100.0

3 7238 VG 392 95.8 100.0

4 7238 VG 392 95.8 100.0

5 8295 G 191 58.5 100.0

6 7113 VG 112 97.8 100.0

7 8378 VG 932 51.8 99.2

8 7097 VG 1595 87.5 98.7

9 7138 VG 14531 79.8 93.8

10 7047 VG 1134 88.3 90.5

11 8179 G 8767 57.3 85.1

12 7288 VG 2129 88.2 72.1

13 9357 VG 3296 56.4 4.2
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CONCLUSIONS AND RECOMMENDATIONS

British Columbia is Canada’s most ecologically diverse province. The extent to which our current forest 
practices (including cumulative previous forest development) sustain natural diversity and forest pro-
ductivity is uncertain. The forest ecology and the landforms that support forestry have been classified 
using ecoregions, biogeoclimatic zones, and ecological aquatic units. (Demarchi et al. 1990; Meidinger 
and Pojar 1991; Ciruna and Butterfield 2005). These classifications allowed ecologically similar areas 
to be separated into study areas within which management practices can be expected to create similar 
results. Managing forest ecosystems to sustain ecological function and provide commercial values and 
non-commercial values is complex. The effects of natural disturbances and human disturbances such as 
harvesting and roads are cumulative and can change large areas over long periods. These gradual cu-
mulative effects can only be understood if natural areas research can provide data with which to make 
comparisons. sfbms are an essential element in providing data to measure sustainability and apply a 
science-based approach to inform and adapt our practices. 

Historically, most monitoring and research has taken place at a stand level and information for man-
agement has been extrapolated through assumptions and computer forecasting to landscape and forest 
estate modelling. 

Results are presented in five broad categories where:

1. Candidate sfbms would come from entirely within Parks and Protected Areas (ppas).  
There are three study areas where sfbms would be available entirely from within protected areas. 
These study areas are: 

	 Study Area 20:	 West Kootenays (Nelson–Creston–Nakusp)
	 Study Area 21: 	 Shuswap Highland (Vavenby–Sicamous)
	 Study Area 22:	 Selkirk-Bitterroot Foothills (Grand Forks–Castlegar)

	 In these areas there are no undeveloped watersheds outside of ppas. If these watersheds were to be 
sfbm areas they could be recognized within the park management plan or established as Ecologi-
cal Reserves within the existing ppas. 

2. Candidate sfbms would come mostly from within ppas.  
There are five study areas in which most sfbm candidates are located within ppas and fewer  
sfbms are located outside of ppas. These study areas are:

	 Study Area 15:	 Upper Fraser Trench and Cariboo Mountains (McBride)
	 Study Area 23:	 Southern Interior Plateau (Vernon–Penticton–Princeton)
	 Study Area 24*:	 North and South Thompson Uplands (Kamloops–Merritt)
	 Study Area 26:	 Central and Western Chilcotin Ranges (Nemiah)
	 Study Area 29:	 Northern Interior Plateau (Smithers–Tweedsmuir–Quesnel)

*	 Study Area 24 had a number of candidate watersheds identified but the quality of these could not 
be evaluated due to the absence of reliable forest cover information. In these areas there are unde-
veloped watersheds inside and outside of ppas. To determine the best candidates the condition of 
all sfbms would need to be field checked and options developed. If the watersheds within ppas are 
better suited they can be recognized within the park management plan or established as Ecological 
Reserves within the existing ppas. Better candidates outside of ppas would require initial volun-
tary industry-led protection as they are outside of existing land use plan protection. 
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3.	 Candidate sfbms would come primarily from areas outside of ppas.  
There are nine study areas in which most sfbms are located outside of ppas. These study areas are: 

	 Study Area 2 :	 Taiga Plains (Fort Nelson)
	 Study Area 12 : 	 Omineca Mountains–Manson Plateau (Mackenzie–Germansen Landing)
	 Study Area 13 :	 Central Canadian Rocky Mountains (Pine Pass)
	 Study Area 14 :	 Upper and Mid-Fraser Basin (Prince George–Fort St. James)
	 Study Area 17:	 Quesnel Highlands (Quesnel–Canim Lakes)
	 Study Area 19:	 East Kootenays (Golden–Cranbrook)
	 Study Area 25 :	 Leeward Pacific–Pavilion Ranges (Lillooet)
	 Study Area 27:	 Mid-Fraser Basin (Alexis–Anahim)
	 Study Area 30:	 Nass Basin–Bulkley–Nass Ranges (Terrace–Hazelton–New Aiyansh)

	 These areas contain the most undeveloped watersheds outside of ppas. To become sfbm areas the 
condition of candidates would need to be field checked and options developed. If the watersheds 
within ppas are better suited they can be recognized within the park management plan or estab-
lished as Ecological Reserves within the existing ppas. Better candidates outside of ppas would 
require initial voluntary industry-led protection as they are outside of existing land use plan pro-
tection and beyond interim discretionary protection from provincial officials.  

4. 	Candidate sfbms that are of limited and of poor quality.

	 Study Area 1:  Boreal Plains (Fort St. John–Pouce Coupe)

	 In this study area there are few remaining candidate watersheds, likely reflecting the low productiv-
ity in this area. The condition of identified candidate watersheds would require ground-truthing.  

5. 	Candidate sfbms that are no longer available due to development history.  
There are two study areas where there are no options for sfbms either due to an absence of  
forested ppas or because of the history of forest development. These areas are:

	 Study Area 16:	 Bowron Valley (southeast of Prince George)
	 Study Area 28: 	 Mid-Fraser Cariboo Basin Cariboo Plateau (Williams Lake–Clinton)

There are no options for sfbms in these study areas.

The mountain pine beetle and the expedited salvage underway in British Columbia creates an urgent 
need to establish sfbm benchmarks in these areas. The greatest urgency is for nine study areas where 
the better sfbms are primarily outside of ppas. A more detailed assessment would need to be done in a 
co-ordination with planning and approval of mountain pine beetle salvage areas and prior to granting 
of new salvage licences.

All of the better potential sfbm candidates have watershed identification numbers linking table sum-
maries and ratings to maps. No watershed names were supplied but are available from sources such as 
the BC Recreational Atlas (P.T.C. Photo Composing Ltd. 2001). Many of the smaller third-order water-
sheds may need to be identified as portions of larger systems to provide local familiarity with these areas.

Parks have a dual role of recreation and conservation. For these areas to serve as sfbms, they would 
need to be identified in Parks Management Plans as areas with research priority or designated as Eco-
logical Reserves, which are a legislated tool available for natural areas research designation. 
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Recommendations

The benefit of sfbms and the means to establish them will only occur if there is widespread support 
from those most directly involved. It is recommended that the range of institutional mechanisms that 
could be used to officially create and maintain sfbms over the long term be explored.

A workshop can provide a larger forum to more fully explore the need for, and the mechanism to, 
establish and gauge support for a system of sfbms. Anticipated participants would be universities, 
colleges, First Nations, federal and provincial governments, foresters, and biologists who already have 
established research benchmarks and others who have expressed interest and bear responsibility for 
sustainable forest management.

Interim informal protection of candidate areas would be needed from the forest industry if there is to 
be protection of sfbms outside of ppas at this time. Regional assessment would be needed to provide a 
more operational check on the suitability of identified areas.

An approach using working targets for each study area could be evaluated in a workshop-like setting. 
Some areas have the potential for more than a single sfbm and the benefits of multiple sfbms need to 
be evaluated. 
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APPENDIX I A  GLOBAL CONTEXT FOR BRITISH COLUMBIA

British Columbia has a high percentage of its land base in forests, a relatively short history of forest 
development, and a relatively low population, resulting in large areas of forest ecosystems that are less 
altered than in many other countries. As a result, British Columbians have large areas in which natural 
capital is relatively intact and therefore we have more forest management choices than people in most 
other areas of the globe. We are also fortunate to be able to draw on the experience and expertise of 
scientists and governments from around the world. These factors provide an unprecedented opportunity 
for the establishment of sfbms in the province. 

A landmark report, Millennium Ecosystem Assessment–Living Beyond Our Means: Natural Assets and 
Human Well Being, initiated by the United Nations’ Secretary General in 2000 and released in 2005, pro-
vides a global context for benchmarks and for choices available to British Columbians.18

The objective of this United Nations report is to assess consequences of ecosystem change for human 
well-being. Governments, independent scientists, and the business community scrutinized each section 
of the report. It represents reviews by 1360 experts worldwide. The findings inform the issue of uncer-
tainty, choices for the long-term health of ecosystems, and sustainable forestry benchmarks for British 
Columbians. 

Key messages include:

The Bottom line

At the heart of this assessment is a stark warning. Human activity is putting such a strain on the 
natural functions of Earth that the ability of the planet’s ecosystems to sustain future generation can no 
longer be taken for granted. Healthy Ecosystems are central to the aspirations of human kind.

Spending the Natural Capital 

The benefits from our engineering of the planet have been achieved by running down natural capital 
assets. Unless we acknowledge the debt and prevent it from growing we … risk … sudden changes 
to the planet’s life support system from which even the wealthiest may not be shielded. The natural 
balance sheet we bequeath to future generations depends on choices made at every level and in every 
corner of the planet.

Pressures and Changes

No period has experienced interference with the biological machinery of the planet on the scale wit-
nessed in the second half of the twentieth century.

Moving Species

Another major change might be termed the globalization of nature. As people become increasing 
mobile, plants and animals have been transported to parts of the world where they never previously 
existed. This has led to some remarkable exchanges of species. … This is more than just a question of 
the purity of nature. … A species introduced can dramatically change the local system and the services 
it provides.

18  The report is available online at http://www.millenniumassessment.org/documents/document.429.aspx.pdf

http://www.millenniumassessment.org/documents/document.429.aspx.pdf
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Changing the Climate

Nature has always adapted to changes in climate, but this shift is likely to pose unprecedented chal-
lenges to its resilience for two main reasons.

First the anticipated speed of climate change is greater than anything seen for at least 10,000 years, 
making it far more difficult for species to move to suitable areas or adapt to the new conditions by 
evolving new survival mechanisms.

Just as important, the options available to plants and animals have been greatly narrowed by the mas-
sive changes humans have made to the landscape. Many species are in effect surrounded by urban or 
intensively farmed regions, shutting off “escape” routes and making them highly vulnerable to climate 
change.

Climate Change

The Millennium Assessment Report notes that changes in climate in the last century equal that of the 
preceding 10 centuries. Climate change affects all ecosystems and adds a layer of uncertainty and com-
plexity to an already complex situation outlined in the previous section. Given the high likelihood of 
continuing accelerating climate change, natural benchmarks allow British Columbians to have some 
areas in natural condition in which to monitor and measure response. 

The State of Environment Report (soer) 2002 indicates that all areas of British Columbia are chang-
ing, but not at the same rate. Hamman and Wang 2006, through climate modelling, forecast climate 
conditions for the current biogeoclimatic zones in British Columbia. It is unlikely that the plant com-
munities that we now recognize will persist in the communities as we know them and move to follow 
the climate envelope predictions. This has implications for forestry. Conditions for the Interior Douglas-
fir zone will, for example, extend on the leeward side of the coast range to Smithers and areas around 
Prince George within 20 years. The Englemann Spruce–Subalpine Fir zone will move north into areas of 
Boreal Black and White Spruce. 

During the twentieth century, coastal British Columbia warmed by 0.5 to 0.6°C, about the same as the 
global average. The Central and Southern Interior regions warmed by 1.1°C, or twice the global aver-
age. In northern British Columbia, the warming trend of 1.7°C is nearly three times the global average. 
Climate models predict further warming in British Columbia at the rate of 1–4°C in this century, with 
the interior warming faster than the coast.19 Figure 27 presents recent data showing trends in daily maxi-
mum temperature from 1950–2002.

Potential impacts of increasing atmospheric temperatures include: change in river temperatures and 
flow patterns resulting in disruption of salmon migration and spawning, spread of pests, such as moun-
tain pine beetle, and reduced soil moisture in some areas. 

The relatively small change in mean annual temperature, approximately 0.7°C, already appears to 
have remarkable economic and ecological consequences. The current mountain pine beetle epidemic is 
the largest recorded for this species.

In addition to the broad changes noted by soer, Hamman and Wang (2006) forecast where climate 
zones similar to those of the bec zones will be in 50 to 100 years.  

19  Data from Environment Canada. Analysis by Canadian Institute for Climate Studies, 2001, for Ministry of Water, Land and 
Air Protection. url:  http://www.env.gov.bc.ca/soerpt/pdf/ET2002Oct221.pdf 

http://www.env.gov.bc.ca/soerpt/pdf/ET2002Oct221.pdf
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f igure 27  Trends in daily 
maximum temperature from 
1950 to 2002 for British  
Columbia.	                                           

Source:  Environment Canada. 
Temperature and Precipitation. Ecoinfo 
Web site. url:  http://www.ecoinfo.ec.gc.
ca/env_ind/region/climate/climate_e.cfm 

An understanding of ecosystems is central to forest management decisions such as tree species selec-
tion for reforestation and selection of appropriate seed from appropriate zones. With rapid changes in 
climate some of the current practices may need to be adjusted as seed zones and trees planted today will 
mature under warmer, drier conditions. Forests we see today may be considered relic in terms of having 
been developed under different climatic regimes. The sampling of these forests underpins the Biogeo-
climatic Ecosystem Classification (bec) and the management guides for tree species selection and seed 
zones when considering climate change. Tree species, as well as many other plant and animal species, 
differ in their ability to migrate through landscapes to suitable habitats. This uncertainty underscores 
a need for benchmarks in which to measure and observe how ecosystems in a natural state respond to 
climate change without the confounding changes of forest management. 

http://www.ecoinfo.ec.gc.ca/env_ind/region/climate/climate_e.cfm
http://www.ecoinfo.ec.gc.ca/env_ind/region/climate/climate_e.cfm
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APPENDIX II CR ITERIA FOR PROTECTED AREAS

Protected Areas System

Twelve percent of the province, or a doubling of the protected areas, was set as the goal for land use 
planning tables tasked with implementing the Protected Areas Strategy for British Columbia. 

The 12% goal was taken from the Bruntland Report (1987) http://www.brundtlandnet.com/brundt-
landreport.htm, which suggested a tripling of protected areas globally from 4 to 12%. There is no 
scientific justification for choosing 12%.

The expansion of the system of protected lands, beginning in the mid 1990s and still continuing 
through the completion of land use plans at consensus-based planning tables, has been enormous. Many 
of the new protected lands, or the watersheds within them, may be able to serve as sustainable forestry 
benchmarks. The following are the goals that have guided the growth of the province’s Protected Areas 
System.20

Goal 1: Representativeness  To protect viable, representative examples of the natural diversity of the 
province, representative of the major terrestrial, marine and freshwater ecosystems, the characteris-
tic habitats, hydrology and land forms, and the characteristic backcountry recreational and cultural 
heritage values of each ecosection. Wherever possible, protected areas should combine natural, cultural 
heritage and recreational values. Where it is not possible to combine these in a common area, they 
may be represented separately. Where it is not possible to represent all values, the natural values will be 
given priority.

Goal 2: Special Features  To protect the special natural, cultural heritage and recreational features 
of the province, including rare and endangered species and critical habitats, outstanding or unique 
botanical, zoological, geological and paleontological features, outstanding or fragile cultural heritage 
features, and outstanding outdoor recreational features such as trails.

 Implementation of the land use plans has nearly been completed for British Columbia, and as such, 
the expansion of province’s system of protected lands will soon be completed. At the time of writing, 
the North and Central Coast, and Queen Charlotte Island planning processes are nearing completion. 
Merritt has been identified as needing a land use plan, but no date has yet been set. Since protected areas 
have, by definition, been removed from the timber harvesting land base, they should be reviewed as a 
first and primary potential source of sfbms. 

Ecological Reserves

The Ecological Reserve Act21 was passed in 1971, along with the establishment of the first set of Ecological 
Reserves (ers). It was the first legislation of its kind in Canada. This Act represents a keen understand-
ing of the need for benchmarks for scientific research in natural areas and a well-established confidence 
in science-based decision making. Part of the rationale in support of the er Act was the need to protect 

20   Further information is available at http://srmwww.gov.bc.ca/ecology/ecoregions/section.html,  
and http://www.for.gov.bc.ca/hre/becweb/
21  url:  http://www.env.gov.bc.ca/bcparks/eco_reserve/ecoresrv/ecoresrv.html

http://www.brundtlandnet.com/brundtlandreport.htm
http://www.brundtlandnet.com/brundtlandreport.htm
http://srmwww.gov.bc.ca/ecology/ecoregions/section.html
http://www.for.gov.bc.ca/hre/becweb
http://www.env.gov.bc.ca/bcparks/eco_reserve/ecoresrv/ecoresrv.html


96

a system of representative ecosystems in their natural state to give society places to study and understand 
how they functioned. A major motivating factor of one of the champions of ers, Dr. V. Krajina, was the 
need for a system of ers in forested areas to increase our understanding of how to manage forests. More 
on the role that Dr. Krajina performed and his contribution to nature conservation can be found at 
http://www.metla.fi/archive/forest/1993/06/msg00002.html

  The purposes of the er Act are as relevant today as when first enacted. The er Act and regulations 
can be found at http://www.qp.gov.bc.ca/statreg/list_statreg_e.htm

The purpose statement says: 

The purpose of this Act is to reserve Crown land for ecological purposes, including the following areas:

(a)	 areas suitable for scientific research and educational purposes associated with studies in  
	 productivity and other aspects of the natural environment;

(b) 	 areas that are representative examples of natural ecosystems in British Columbia;

(c) 	 areas that serve as examples of ecosystems that have been modified by human beings and offer 	
	 an opportunity to study the recovery of the natural ecosystem from modification;

(d) 	 areas where rare or endangered native plants and animals in their natural habitat may be 
	 preserved;

(e) 	 areas that contain unique and rare examples of botanical, zoological or geological phenomena.

http://www.metla.fi/archive/forest/1993/06/msg00002.html
http://www.qp.gov.bc.ca/statreg/list_statreg_e.htm

