Ecological Representation in Non-harvestable Areas on Vancouver Island
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Part 1: Project summary

During 2002, with the cooperation of MWLAP, MSRM, MoF, and the major companies holding tenures on Vancouver Island (Canadian Forest Products, International Forest Products, Timberwest, Western Forest Products, and Weyerhaeuser), we initiated a project to evaluate the extent of protection of ecosystems on Vancouver Island.  Specifically, we intended to document the amount of each ecosystem on Vancouver Island that will be unharvested over the long term.  The first part of this report (pages 1-6) document issues that arose during the project, in the hopes that they can be improved upon in the future.  The second part (page 7 and on) presents the methods, results and interpretations of the analysis itself.


The companies provided us with tabular data documenting the ecosystems that are encompassed by their tenures and the extent to which those ecosystems are represented in the non-harvestable landbase.  MSRM provided us with spatial TSR data for three Timber Supply Areas (Kingcome, Arrowsmith, and Strathcona) and as much Terrestrial Ecosystem Mapping (TEM) data as they could find.  We used the spatial data and ecosystem mapping to generate tabular data describing the amounts of non-harvestable forest similar to that provided by the companies.


Several problems characterize this project and make the summaries in the second part of the report tentative.  Most of the problems occurred in acquiring and using data from public lands and private lands.  Tree Farm License data was the most complete and reliable; the companies were able to complete the calculations we requested and provide us their data very quickly.  Regarding the data from the TFL’s, only a few problems were present:

· Timberwest provided us with data for one TFL but not the other as it was in the process of being sold. 

· Three of the 5 companies had Terrestrial Ecosystem Mapping for their entire areas and so had ecosystem information as fine as site series, but for two companies the TEM information was incomplete:   Most of Interfor’s tenures were contained in the TSA information, so the company didn’t provide information directly.  However, some of their tenure doesn’t have TEM mapping.  Weyerhaeuser had partial TEM mapping and so has site series coverage for only part of their areas.

· Since the information from companies was tabular, it was not possible to check for overlaps in coverages between TFL and TSA’s, and it was only possible to check calculations in a cursory fashion.  It seems that the designation and calculations were done correctly, but overlapping TSA/TFL coverages could exist.

· As was understood and accepted at the inception of the project, the companies chose not to provide information on their private lands. 
· A general weakness is the lack of mapping of urban, municipal, agricultural, and small private forest land (as well as the unavailability of company private land).  This lack of information makes it impossible to total amount of each ecosystem on Vancouver Island, or estimate amounts of productive forest.

For public lands, the problems were (and are) larger.  First, there are holes in the required data:

· While most parks are assigned BEC variants, they largely do not have ecosystem mapping (TEM), mapping of non-forest areas, nor information on site index to estimate the amount of productive forest.  Consequently, most parks could not be included in analyses that went beyond variant level.  Even new parks, such as those in Clayoquot Sound, which once had ecosystem mapping, now often have no mapping available.  With all the resources directed to Clayoquot Sound, there is no site series mapping in those parks.  Even defining what parts of shoreline parks were terrestrial versus marine was sometimes unclear.  Different ministries have different versions of the park inventory data.

· Much of the TSA area did not have TEM mapping.  What TEM mapping was done was difficult to find and access.  There were long delays in obtaining TEM data, which largely are controlled at the District level.  Dan Sirk did an excellent job, but even he could not obtain some of the datasets.  More TEM projects have likely been completed for TSA areas, but it is unclear where they are archived.  For some Biogeoclimatic variants (e.g., CWHxm1) only 1% had TEM site series mapping.  TEM coverage in TSA’s is shown in Figure 1; Figure 2 shows TEM coverage assuming all TFL’s had TEM.
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Figure 1.  TEM data coverage for TSA areas on Vancouver Island.
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Figure 2.  TEM coverage and TFL coverage (assuming TEM for all TFL area).

Secondly, there are problems with the data we were able to acquire:

· The TSA coverages overlapped with each other.   Specifically,  Kingcome and Arrowsmith TSA datasets overlapped with the Strathcona TSA dataset, resulting in double counting of area.  Once that overlap was apparent, we clipped out Strathcona TSA area from the Kingcome and Arrowsmith TSA datasets. 

· Data for TFL areas were contained within the TSA dataset.  We used a TFL coverage map to identify TFL areas to prevent double counting of area.  All the clipping and dealing with overlaps likely results in some errors.  With 5 different GIS analyses from four companies and the combined TSA’s, compounded by numerous datasets for the TSA areas, a considerable effort was required to avoid double-counting areas.  In initial iterations of the GIS analyses, for example, some park areas were counted up to 3 times.  Although we think we eliminated these overlaps, we may have missed some, and we may also have eliminated some areas that were not actually overlapping.  Doing a single GIS summary on a seamless dataset would be the surest way of eliminating this problem, but it would require data sharing by the companies and better organization by MSRM.

· Initially, the TSA coverages included more area than the total of Vancouver Island.  This is partially because large areas of ocean are included in the TSA’s and given a BEC label.  We believe we were able to remove that non-forested area, by removing polygons labeled as non-forest in appropriate areas.  Non-forested areas do not affect our calculations of non-harvestable land, so the inclusion of ocean did not affect those results, but not being able to total areas to come up with the landbase on Vancouver Island made checking coverages difficult (see point below).

· The TSA area seems to include some of the Gulf Islands, or at least reports parks on the Gulf Islands.  It is not clear exactly which total area is included in the analysis: parts of Vancouver Island plus parts of some adjacent islands.

· Because 5 separate GIS summaries were done, it is not clear exactly what areas are, in fact, missing.  Compounding the problem, the only readily available summary of total areas of the BEC variants that could act as a check was several years old (an issue for comparing parks areas, which have changed since then), and included non-forest area (compared to forested only in this project).  It was also unclear what areas, if any, that previous summary covered besides Vancouver Island (e.g., Gulf Islands, islands to the northeast of Vancouver Island, etc.)  In short, we know we are missing some areas, but are uncertain exactly how much of each variant.

· TSA coverages for mid- and southern portions of Vancouver Island are biased to non-harvestable areas, because, they include parks, but do not include many other tenure types such as private forest, agricultural lands, etc within their boundary.  As such, they seem to include large proportions of protected forest, while actually the amount of protection is very small.  We used information from a previous analysis of Weyerhaeuser’s private forest lands to estimate protection in areas other than parks in those drier variants.  This more complete analysis would not be possible with currently available data.

· Data dictionaries were not provided with all TSA datasets and attribute designations differed among the TSA datasets.  For example, it was clear that partial constraints are defined differently among TSA’s.  Although we gleaned what we could from TSR documentation, the analysis of the TSA data could not separate partially constrained areas with <50% and >50% netdown, as we had originally intended.  Summaries of partially constrained areas in this report therefore contain a mix of all partially constrained areas and only those with >50% netdown, and so are difficult to interpret.  

· TEM attributes differed among the data sets.  There is considerable work to be done to compile a seamless TEM dataset.

· Some terms, while seemingly carefully defined in the instructions for the GIS analyses, were interpreted differently by different analysts, including different definitions of partial constraints, different ways of buffering the non-harvestable landbase, and probably other ways that are not yet apparent.  As above, a single GIS summary of one complete dataset would avoid these additional sources of uncertainty.

Next Steps

A more complete, reliable analysis of ecosystem representation in the non-harvestable landbase is a key step in providing context for sustainable forestry plans.  The analyses would indicate to each tenure holder which ecosystem they had the most responsibility for, which ecosystems are indeed rare, where harvesting pressure would suggest more cautious stand level practices and intensive monitoring, and where discretionary reserves should be placed.  We would assume that the scattered spatial nature of BCTS holding would make a regional context for their management especially useful, assuming they will actually embark on sustainable forestry planning.  We strongly believe this analysis should be done for Vancouver Island, but realize that with the holes in the coverage and problems with the data we were able to obtain, our attempts fall short.  Before this analysis can be improved, or even done adequately, several things need to occur:

· First, this project needs to be undertaken by government.  During the period of the project about half the companies have changed ownership, and all have had their tenures altered.  BC Timber Sales has acquired 20% or more of the landbase.  With such changeable ownership and tenures, it makes no sense to have companies calculate or maintain information on regional issues.  Government agencies, responsible for stewardship of the forests, should be providing this information on regional context.

· TEM mapping, or equivalent, needs to be in place for all Parks. Otherwise they are large holes protecting unknown amounts of productive forests in unknown site series.

· TEM mapping needs to be completed (and existing TEM data recovered and cleaned) for TSA areas.  

· TEM mapping needs to be done for the remaining company lands.

· Spatial data bases for Vancouver Island, including TSAs and TFLS and other private forest, need to be combined and resolved.  With tabular data from companies and spatial data from TSAs, it is impossible to see potential overlaps.  The data base needs to be spatial.  This needs to be done by somebody in government intimately familiar with the coverages of each TSA.  Overlaps need to be recognized and deleted; line work needs to be cleaned.  Non-forested areas need to be clearly labeled.  Ocean needs to be separated out, including straights and areas between islands.  Productive forest in private land, urban, municipal and rural areas need to be delineated and any small parks that contribute to forested land need to be outlined.

· We need to know how BC Timber Sales plan to manage their landbase.  They are large tenure holders across Vancouver Island.  Without knowing the amounts of nonharvestable areas in their landbase, the status of forests on more that 20% of Vancouver Island is unknown.  As well, BCTS plans will affect what each company does on their remaining tenure.  For example, BCTS has several areas of Weyerhaeuser’s Old Growth stewardship zones.  It is doubtful they will be managed to only harvest 30% of the area as Weyerhaeuser had planned.  BCTS also has several proposed Marbled Murrelet and Northern Goshawk areas planned by CanFor.  Since these areas are simply proposed and not in law, there is no commitment from BCTS to hold to the proposals.  What they choose to do will affect District totals for Wildlife Habitat Areas and thus affect what other companies protect.


Part 2: The Representation Analysis

Introduction

Value of representative areas


Maintaining representative unmanaged areas is an important coarse-filter strategy to help maintain species diversity.  Ecological representation has been adopted as part of conservation and monitoring strategies by several companies and the provincial government in BC, and by many other jurisdictions around the world.  Unmanaged areas make several contributions to sustaining biological diversity: 1) They are the main way of accommodating the majority of species that are too poorly known to manage on an individual basis.  2) They act as a safeguard for inevitable mistakes in strategies to maintain known species in the managed part of the landbase.  3) Unmanaged areas allow some opportunities for natural disturbances, important for many species, which are often suppressed or affected by salvaging in the managed landbase.  4) Larger areas of unmanaged forest can serve as baselines to compare against managed stands.

Representing ecosystem types


To provide these benefits, unmanaged areas need to represent the range of ecosystem types in an area, because many organisms are associated with a limited set of ecosystems.  This is particularly true of the many small, non-mobile and poorly-known species that are a main reason for unmanaged areas.  In BC, the BEC system provides a useful hierarchical system that classifies ecosystems more broadly as geographic or elevational expressions of the climate regime (BEC variants) and more finely by site moisture and productivity, as identified by indicator vegetation species (site series).  These BEC levels probably “bracket” the ecosystem associations of many species – that is, few species are likely associated with single site series, but nor do they occur equally across the full range of sites within a variant.  Instead, many are associated with grouping of several site series within a variant.  Because we clearly do not know these ecosystem associations for all organisms, a reasonable approach is to examine ecological representation at both the variant and site series levels.

Other features of representative areas


Representing the range of ecosystem types is key to unmanaged areas meeting their various conservation roles.  Several other characteristics can also affect the contribution of unmanaged areas, including site productivity and spatial arrangement.  Species richness increases in more productive sites, so that unmanaged areas slanted towards less productive sites can fail to maintain all species.  A main aspect of spatial arrangement is concern that influences from nearby managed stands (“edge effects”) can reduce the effectiveness of unmanaged areas, especially where these are small or thin shapes.

For a given area of unmanaged forest, the ideal is therefore proportional representation of different ecosystem types (or some over-representation of rarer types), including substantial amounts of productive stands and interior area.  Current age is less of an issue in evaluating this coarse-filter, long-term indicator, because young unmanaged stands will age, and any natural disturbances in the unmanaged landbase contribute to its role in maintaining species associated with these disturbances.  The emphasis on long-term unmanaged status rather than current age is a difference between a representation analysis and analyses of “seral stage targets” sometimes done as part of current landscape planning.

Non-harvestable landbase


Conservation discussions and assessments of ecological representation usually focus on official protected areas.  However, in managed forests, particularly in complex terrain like coastal B.C., many other operational and regulatory constraints cause areas to remain unharvested.  These include riparian areas, steep slopes, sensitive soils, visual quality areas, wildlife habitat areas, inoperable areas, and sites not suitable for forestry.  These typically comprise an area greater than official protected areas, and can exceed many conservation recommendations for percentages of unharvested area.  These non-harvestable areas have been considered a core part of regional conservation strategies.


Within the non-harvestable landbase, there are different types of constraints on harvesting that should be considered separately, because they have different implications for the types of ecosystems that are being represented, and how likely the areas are to remain harvestable in the long-term.  The most certain representation is provided by regulatory constraints that are likely to affect typical examples of ecosystems, such as protected areas, riparian reserves and wildlife habitat areas.  Harvest constraints due to site conditions, such as commercially non-productive areas, poor growing sites or problem forest types are less likely to represent ecosystems with a full complement of species.  Other constraints, such inoperable areas are less likely to remain non-harvestable in the long-term, as technologies and markets change.

Analyzing these different types of non-harvestable areas separately, avoiding double-counting where they overlap, is useful in evaluating how typical and permanent non-harvestable areas are likely to be in different ecosystem types.  Additionally, some areas have substantial reductions in timber harvest rates, without being fully constrained.  These partially constrained areas are useful to track, even if they do not make the same conservation contributions as fully constrained areas, because they offer opportunities for planning to improve representation of particular ecosystem types without incremental timber costs.

Management feedback of representation information


Information on ecological representation in non-harvestable areas is useful to forest managers in several ways.  Most links to management focusing on improving the weakest aspects identified in a representation analysis.  We are much less interested in evaluating if arbitrary targets are met. 

1) Locating reserves for old forest.  Ecosystem representation is a direct goal for Old-growth Management Areas (OGMA’s) and any other old growth zoning being planned by companies.  Reserves can be placed in areas with lesser representation in the non-harvestable landbase. 

2) Planning within intermediate-use or integrated management zones.  Ecosystem representation can help guide planning within such zones established by government and some companies.

3) Evaluating other reserves.  Locations of some reserves, such as ungulate winter ranges or wildlife habitat areas, have some flexibility.  If these can be located in areas with poor representation, they contribute to broader biodiversity goals beyond their focal species.  

4) Prescribing retention levels in managed stands.  Many companies are using retention systems, with a range of retention levels.  Higher retention levels are most useful in ecosystem types with the lowest levels of non-harvestable area.  

5) Planning landscapes to buffer non-harvestable areas.  When edge effects in non-harvestable areas are a dominant concern, retention patches and cutblock scheduling can be planned to provide buffers to non-harvestable areas over time.  

6) Focusing monitoring.  Government and many companies have biodiversity monitoring programs, which can never address all questions for all species everywhere.  Information to improve management is most important in ecosystem types with the lowest levels of representation, providing a way to focus monitoring effort.

Regional view

Because of these feedbacks to management and its role as a coarse-filter indicator of biodiversity, analysis of ecological representation is of interest to several companies and the provincial government.  Analyses within a single tenure can be useful, but always have the problem that tenure boundaries are rarely meaningful ecologically – most ecosystem types occur on multiple tenures.  A more efficient and ecologically appropriate analysis takes a broader view, assessing the representation of ecosystems across large regions.  This was the motivation for the current project, which analyses ecosystem representation in non-harvestable areas across Vancouver Island.  While some ecosystem type extend off the Island, to the BC mainland and adjacent U.S., Vancouver Island is a good “region” for such an analysis because of its large area and the fact that, as an island, the set of organisms in particular ecosystems is distinct from similar ecosystems on the mainland.

The project involved compiling the appropriate analyses of information from the public TSA’s and from the TFL’s of 4 main forest licensees on the island at the time: CanFor , TimberWest, Western Forest Products, and Weyerhaeuser.  (Interfor’s information was contained in the TSA datasets).  One goal of the project was simply to see how feasible it was to compile information from the various sources for a large regional analysis.

Methods

The project was co-ordinated by Laurie Kremsater and David Huggard through UBC.  They provided initial guidance to project partners on how to do the analyses.  The companies or their consultants did the GIS work for their TFL’s.  Compiling map information and the GIS analysis for the public TSA areas were done by Cortex Consulting.  The results of the TFL and TSA analyses were provided as (non-spatial) databases in various formats to the project co-ordinators, who checked the results for any obvious analysis problems and then summarized the combined datasets.  The intent was to analyze representation of the ecological units, not the situation in individual tenures, so information from the different TSA or TFL areas was not distinguished after the initial data-checking.

GIS analysis

The GIS analysis consisted of intersecting a map layer of Terrestrial Ecosystem Mapping (TEM) results with layers delineating the various types of harvest constraints, productivity and site index values when available, and a layer with edge buffers into the non-harvestable landbase.  Details about these components include:

TEM: TEM procedures classify site series based on a combination of air photo interpretation and ground-truthing.  Resulting map polygons may have a single site series, or up to 3 site series with information on their decile composition in the polygon.  Checks of TEM usually reveal a fairly high classification accuracy.  TEM procedures and data files are standardized provincially, providing consistency across different companies’ data.  Areas without TEM, but with larger scale variant mapping were included in some cases, because this information can be used for variant-level analyses.

Harvest constraints: The representation analysis can only use harvest constraint information that has been mapped.  Fortunately, most constraints have been mapped, because the information is needed for spatial timber supply analyses conducted for TSA’s and TFL’s.  Some companies provided information on constraints grouped into the main classes used in the analysis: regulatory constraints, constraints due to commercial non-productivity or problem forest types, inoperable, and partial constraints.  Other companies provided information on each individual constraint type.  These were grouped into the above classes before the combined data were summarized.

Partial constraints were defined as areas with timber netdowns <100% but >50%.  Areas with netdowns <50% were considered part of the standard timber-harvesting landbase, because these lower constraint levels are usually met with existing constrained areas or through lengthened rotations.  That is, they do not provide special opportunities for increasing representation to the same extent as areas with >50% netdowns.  Two companies provided actual values of netdowns for each polygon, which were used to define the partially-constrained areas.  (Some of these polygons included both partial netdowns and a designation as fully constrained due to inoperability, etc.  These polygons were assumed to be fully constrained).  Unfortunately, the analysis of the TSA data could not separate partially constrained areas with <50% and >50% netdown.  Summaries of partially constrained areas in this report therefore contain a mix of all partially constrained areas and only those with >50% netdown, and so are difficult to interpret.

In all summaries, a field denoted if the area was in a park, along with the name of the park.  This was needed to avoid double-counting park areas, which were occasionally included as part of 2 adjacent tenures or in 2 or more TSA datasets.

Productivity and site index: The databases provided a field indicating whether the polygon is considered commercially productive forest.  This allowed a separate analysis of representation excluding areas that are non-harvestable because they are commercially non-productive (including problem forest types).  Site index information was also provided where it was available.  Site index was grouped into <25m and >25m at 50 years for a separate analysis of representation of high site index areas.

Edge buffers: Buffers 0-50m and 50-200m from the edge of the non-harvestable landbase (NHLB) were used to assess amounts of non-harvestable area within 50m of harvestable stands, within 200m and “interior” area >200m from harvestable stands.  An edge distance of 50m is a typical maximum value for most documented biological edge effects, while 200m represents the few longest documented biological edge effects caused by adjacent managed stands.  Internal polygon edges within the NHLB were not buffered.  All companies and the TSA analysis provided buffers into the NHLB; not all GIS analyses buffered out from the NHLB into the harvestable stands (because this edge effect was not a priority).  An important point is that these buffers represent distances from stands that could (and presumably will) be harvested at some point, not just edge effects from stands that have actually been harvested already.  Interior non-harvestable area therefore represents areas that should never have a harvested stand within 200m.

All but one GIS analysis used the boundary of the NHLB for the buffering; the other company buffered out from the boundary of the standard timber harvesting landbase combined with the partially constrained landbase.  Although these seem to be the same, they do differ in that the latter does not include edge effects into the NHLB caused by non-forested areas, like alpine, lakes or ocean.  This is probably a preferred option, but the difference between the two approaches was considered small enough to ignore for the summary of the combined datasets.


Although the intent was only to include Vancouver Island, the GIS analysis of the TSA data also included adjacent Gulf Island off southeastern and northeastern Vancouver Island.

Summary of combined data

The area of polygons with more than one TEM site series were allocated to the site series proportional to their decile values.  For example, a 10ha polygon containing 70% CWHxm1 01 and 30% CWHxm1 04 site series was broken into a 7ha polygon of 01 and a 3ha polygon of 04.  Non-forested areas identified directly in the data files, by At (alpine tundra) BEC variant, or by non-forest TEM codes were excluded.  TEM results were used when there was a conflict between sources of non-forest information (e.g., a non-forest TEM code in a polygon otherwise designated as forest, or vice versa).  The assumption was that the TEM information has a finer scale of resolution for identifying non-forested sites.  Polygons with no ecosystem information were excluded.  The database from one company also indicated that constraint mapping information was no longer available for some forested areas (that is, it was not known whether or not these polygons were constrained).  These polygons with no constraint information also had to be excluded.

In several cases, area in a particular park was included in the TSA dataset and in one or two TFL datasets.  In these cases, the total area of the parks in the TSA dataset was close to the area of the park reported on the MWLAP website.  The TSA data was therefore assumed to include the entire park, and the area of that park in the TFL dataset(s) was excluded, to avoid double-counting park area.  Parks included in TFL datasets that were not included in the TSA dataset were retained for the summary.

The TSA included some scattered areas within TFL’s.  These were excluded, to avoid double-counting with the TFL datasets.

The main summary of the resulting combined dataset calculated percent area of each variant and each site series (SS) in non-harvestable areas overall, and separately for regulatory reserves, commercially non-productive plus problem forest types, and inoperable that is not in one of the other two non-harvestable categories.  Separating inoperable that is not otherwise constrained allows interpretation of the incremental contribution of inoperable areas (which could be removed if these areas become accessible with technology or market changes).  An initial intent to further separate physical and economic inoperability was not possible because too little of the total area had information on economic operability.

This analysis was also repeated using high site index (>25m) areas only.


The percentage of the non-harvestable area of each variant or site series <50m, 50-200m or >200m from an edge was also summarized.


Because not all information was provided for all areas, the total area covered by the above summaries differed.  Results are always expressed as a percentage of the total area with information available for that summary.  The non-random nature of the missing data leads to several caveats for interpreting the results; these are repeated throughout the results section.

Adding values for managed parts of dry variants


Because information was not provided for private forests, which form a major part of the drier variants on Vancouver Island, and for some TFL areas, the current dataset represents a biased subset of the landbase in these variants.  For example, while the area of CDF, CWHxm1 and 2 and CWHmm1 and 2 included in the current analysis is a relatively small proportion of the total extent of the variants on Vancouver Island, the proportion of the total park area of these variants included in the analysis is high (Table 1).

Table 1.  Proportion of total Vancouver Island area and parks area included in current analysis, proportion of the current data from TSA areas, and decision on using a weighted average with results representing managed forests.

	BEC Variant
	Analysis Area1
	VI Total Area2
	Proportion

 in Analysis3
	Proportion of Park Area3
	Proportion

TSA4
	Conclusion
	Weight to Current Data

	CDFmm
	16,696
	124,419
	0.134
	2.7645
	1.000
	Weighted average
	0.134

	CWHxm1
	52,870
	244,451
	0.216
	0.926
	0.992
	Weighted average
	0.216

	CWHxm2
	145,189
	438,338
	0.331
	0.698
	0.618
	Weighted average
	0.331

	CWHmm1
	82,692
	140,643
	0.588
	0.935
	0.403
	Weighted average
	0.588

	CWHmm2
	57,867
	226,973
	0.255
	0.873
	0.659
	Weighted average
	0.255

	CWHvh1
	268,379
	331,163
	0.810
	0.856
	0.922
	Current data only
	1.000

	CWHvm1
	746,100
	965,932
	0.772
	0.655
	0.420
	Current data only
	1.000

	CWHvm2
	288,059
	383,210
	0.752
	0.687
	0.341
	Current data only
	1.000

	MHmm1
	180,408
	343,438
	0.525
	0.505
	0.386
	Current data only
	1.000


1 Forested area only

2 Forested and non-forested area

3 Some missing area is due to comparing forested area in this analysis to total area overall

4 Proportion of the current dataset that is TSA area

5 This value >1 reflects different landbases being compared (e.g., Gulf Islands included in the current dataset), and/or inclusion in current dataset of recently created park area in this zone(?)
To provide a more accurate picture of representation in the drier variants, we therefore used a weighted average of results from this analysis and results from an earlier representation analysis of Weyerhaeuser’s TFL and private forest land.  Results from the current analysis were weighted by the proportion of the total extent of the variant on Vancouver Island that was included in the current dataset; the Weyerhaeuser results were assumed to represent the rest of the variant.  (Note that the values in Table 1 are based on forested area for this analysis, versus total area – including non-forest – for the overall variant and parks areas.  For some of the wetter ecosystems, such as MH, the proportion of total area and of parks area included in the analysis was also considerable less than 1, but the proportions were similar.  This suggests that the “missing area” is primarily non-forest, and that, in any case, the current data is not strongly biased towards parks).

This procedure was used for variant-level results, overall and for just productive or high SI stands.  The original Weyerhaeuser analysis did not include site series level results.  To weight the site series results of the current analysis, the ratio of the weighted variant-level representation value to the value from the current study was used to adjust the values for individual site series within the variant.  For example, in the CWHxm1, 33.1% of the variant’s area was included in the current analysis (almost all in the TSA).  The NHLB percentage was 32% for this dataset, compared to 7.9% on Weyerhaeuser’s operating area in the CWHxm1.  This produced a weighted average of 33.1%*32%+(100-33.1%)*7.9% = 15.8%.  The NHLB percentage for the CWHxm1 01 site series was 21% in the current dataset.  This value was scaled by the same ratio to produce a weighted average value of 10% (=21%*15.8%/32%), and so on for the other site series in that variant.


This procedure was approximate, because it makes two assumptions: 1) that the original Weyerhaeuser results represent the proportion of the variant not included in the current analysis, and 2) that the current analysis and the information on the overall extent of the variants on Vancouver Island use the same definition of “Vancouver Island”.  The question with the second assumption is which of the adjacent islands are included.  Also, the information on the total extent of the variants includes non-forested area within the variants, which was excluded from this analysis (at the GIS stage in some cases).  The weighting procedure is therefore approximate, but the best that can be done to reduce the biases in the subset of the landbase included in the current analysis.

Results

Total area


The total area of forested land included in the analysis was 1,837,286 ha, including some area on adjacent islands.  Main forested areas without data were private lands owned by the forest companies, some parts of TFL’s with inaccessible constraint data or affected by recent sales of the timber companies, other private land, federal land and municipal areas.  Various parts of the TSA were also missed, due to difficulty obtaining coherent GIS data for public land.

Variant-level representation

CWHvm1 is by far the largest variant in the dataset, followed by CWHvm2, CWHvh1 and MH (Figure 3).  CWMxh2 is the largest of the drier variants.
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Figure 3.  Proportion of the analysis area in each of the 9 BEC variants.  Variants are arranged from drier, more southerly on the left, to wetter, more northerly on the right.  Within a subzone, “1” variants (e.g., CWHxm1) are lower elevation than “2” variants (e.g., CWHxm2).

Using the weighted average values as the “best guesses” for the drier variants, the overall proportion of variants included in the non-harvestable landbase increased from the drier, more southerly variants to wetter, northerly and high-elevation variants (diamonds in Figure 4).   Less than 10% of the overall forested area of the 2 driest variants was non-harvestable, compared to over 75% of the MH.  Within a subzone, the higher elevation variant (“2”) has about 1½ times as much non-harvestable area as the lower variant (“1”) in the CWHxm and CWHvm, but the 2 variants have the same level of representation in the CWHmm.  The data from this project alone (tops of bars in Figure 4), which includes only a small proportion of the area of the driest variants, does not show this pattern, because with no private land in the analysis, the data include all park area and very little managed forest area in the dry variants.

Considering only the commercially productive part of the landbase (“P” in Figure 4), the same pattern is seen, with increasing non-harvestable representation in the wetter and more northerly variants.  Representation in the productive landbase is only slightly lower than the 
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Figure 4.  Overall non-harvestable proportion of BEC variants (diamonds), proportions in just the commercially productive stands (“P”) and stands with site index >25m at 50 years (“H”).  Weighted averages are presented for the drier variants; tops of bars indicate the results from only the non-typical subset of areas available for this analysis (see text).  Also see text for caveats on interpretation of high site index results.

overall levels for the drier variants, because most of the area of these variants is considered commercially productive.  Commercially non-productive land is a greater proportion of the total non-harvestable area in the wetter variants, but non-harvestable levels are still relatively high in the productive landbase.


Among only high site index areas, non-harvestable proportions are considerably lower (“H” in Figure 4).  However, these results need to be interpreted cautiously, because site index information was not available for most park areas; the results for high site index areas therefore only included non-harvestable area outside of parks.  Within this subset, there is still a general trend for increasing representation in wetter variants, although only MH has >20% non-harvestable in high site index stands (which are rare in this high-elevation zone).


Most of the non-harvestable area is due to regulatory reserves, including parks, riparian reserves, wildlife habitat areas, old-growth management areas, etc. (Figure 5).  Commercially non-productive areas are only a substantial part of the non-harvestable landbase in the wettest variants (as shown in Figure 4).  Areas that are inoperable but not otherwise constrained make up a relatively minor component of the non-harvestable area.  This means that results would not be very different if inoperable areas became harvestable due to technological or market changes; much of the inoperable area has other constraints as well.


  Partially constrained areas made up 5-20% of the area of most variants (Figure 5).  However, the TSA analysis included any areas with constraints above standard operating conditions as “partially constrained”.  Much of the area considered partially constrained may in fact not end up being managed any differently from the standard operational landbase.  Also, differences in the proportion of partially constrained area between variants mainly reflect what proportion of the information for that variant came from TSA (as opposed to company) data.
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Figure 5.  Breakdown of the non-harvestable landbase into regulatory reserves (parks, riparian areas, wildlife habitat areas, old-growth management areas, etc.), commercially non-productive areas outside of regulatory reserves, and inoperable areas that are not otherwise constrained.  Definitions of partially constrained areas differed among different GIS analysts; see text for caveats.  Main bars are the weighted average “best guess” values; narrow bars for drier variants are results for just the non-typical subset of data available for this analysis.


Edge effects in the non-harvestable landbase were greatest in the dry variants, decreasing in the wetter and more northerly variants (Figure 6).  More than 90% of the CDF non-harvestable area was within 50m of a harvestable stand, whereas only about 20% of the CWHvh1 and MH non-harvestable was that close to harvestable areas.  Similarly, about 40% of the non-harvestable area in wetter variants was >200m from the nearest harvestable stand, while this “interior” non-harvestable area was very rare in the CDF or CWHxm.  The greater proportion of non-harvestable area away from harvestable edges in the wetter variants is due to the greater overall non-harvestable area and resulting larger patch sizes, as well as the relatively greater importance of small reserves or linear riparian reserves in the drier variants.
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Figure 6.  Proportion of the non-harvestable area in the 9 variants that is <50m, 50-200m or >200m from a harvestable stand.  (Note that the nearest harvestable stand has not necessarily been harvested, but it is available for harvest at some time).

Site series representation

Results are presented here for individual site series in 4 of the 9 variants.  Site series results are not presented for CDF and CWHxm1, because these variants had little site series information available in this analysis.  The results for CWHmm1 and mm2 are similar, and the results for CWHvm1 and vh1 are typical of results for CWHvm2 and MH.

Note that results at the site series level only include areas where TEM mapping was available.  In particular, site series information was not available for several parks, and also for some areas in TFLs.  Other caveats mentioned for the variant-level results (e.g., no site index information for many parks) also affect the site series results.


Some general summary points for the site series results for the 9 variants include:

· All variants are dominated by 01 site series, making up at least 50% of the total area.  The dominance of 01 site series suggests either that this site series is very broadly defined for coastal variants, or that the TEM analysis tended to favour this identification.  This would present problems for the biological interpretation of representation results, if organisms discriminate among different ecosystem types that are lumped as 01.  However, we expect that few, if any, organisms are associated exclusively with any one of the circum-mesic site series, so that a relatively broad definition of 01 site series in the TEM data is not likely to be obscuring any unique ecosystem types.

· The drier variants show a U-shaped pattern of site series representation, with the lowest levels of non-harvestable area in the circum-mesic sites, especially 04, 01 and 05.  Xeric (02) and wet sites series (09 and greater) are usually well-represented, with a few exceptions (possibly simply due to chance with the rare wetter types).  The wetter variants show more variable patterns among the site series, though with higher overall representation, few individual site series have low representation.

· Productive forest shows a similar U-shaped pattern across the site series gradient in drier variants, though less pronounced.  A few circum-mesic site series, especially 04 sites, do show anomalously low levels of representation compared to the variant average.  Results for productive forest representation are also more variable in the wetter variants: some site series show substantially lower representation in productive sites than overall, while others show little difference.  Non-harvestable representation of high site index stands can be very low for some site series, in drier and wetter variants.  The results for high site index stands are dubious, however, because of lack of site index information for many parks.

· Most of the non-harvestable area across the site series in drier variants is near a harvestable stand, reflecting the lower overall amount of non-harvestable area in these variants, and the relatively greater importance of small or narrow reserves for creating non-harvestable area.  Few site series in the wetter variants have low levels of interior non-harvestable area, and these are mostly rare site series.

CWHxm2


As in all the variants, 01 site series dominate the CWHxm2 (Figure 7).  03 site series make up 20% of the variants, with none of the other site series >10% of the area. 
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Figure 7.  The site series composition of CWHxm2.  Site series are shown from driest (left) to wettest (right), although site productivity also differentiates some site series.


Proportion of each site series in the overall non-harvestable landbase shows a U-shaped pattern, with highest representation in xeric and hydric sites, and lowest in circum-mesic site series (diamonds in Figure 8).  The exception was the wettest forested site series, 11, with somewhat lower representation than other hydric sites.  Within the circum-mesic site series, there was no consistent difference in representation of the common versus rare site series.  Within just the commercially productive landbase, representation showed a similar but less pronounced U-shape (“P” in Figure 8).  Representation of stands with high site index is similarly lowest in the circum-mesic sites, but it is also low for the driest and wettest site series (where high site index stands are rare). CWHxm2 04 sites have a particularly low level of non-harvestable area among high site index stands.
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Figure 8.  Overall non-harvestable proportion of site series within CWHxm2 (diamonds), and proportions in commercially productive stands (“P”), and stands with site index >25m at 50 years (“H”).  Symbols are the weighted averages; tops of bars indicate the results from only the non-typical subset of areas available for this analysis (see text).


Proportions of the non-harvestable area that are within 50m of a harvestable stand are high for all site series within CWHxm2 (Figure 9).  Non-harvestable area >200m from a harvestable stand is correspondingly low, <20% of the non-harvestable area for all site series.  This interior non-harvestable area is especially rare in the 04, 08, and 09 site series, which are uncommon overall.  The lack of interior in these rare site series mainly reflects the fact that they occupy small areas, often separated into many small reserves.
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Figure 9.  Proportion of the non-harvestable area in site series in CWHxm2 that is <50m, 50-200m or >200m from a harvestable stand.

CWHmm1

The CWHmm1 shows a similar dominance of mesic 01 site series, with moderate amounts of 03, 05 and 07 site series, and very low levels of the wetter forested site series (Figure 10).
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Figure 10.  The site series composition of CWHmm1.  Site series are shown from driest (left) to wettest (right), although site productivity also differentiates some site series.


Representation of site series in the CWHmm1 shows the same pronounced U-shaped pattern as in the CWHxm2, with lowest levels in the 3 circum-mesic sites (04, 01, 05).  A difference, however, is the hydric sites, especially CWHmm1 10 and 12, with lower representation than other wet sites in this variant.  This result may simply be a chance effect for these rare site series, or it may be because these wet sites are often included as secondary site series in TEM polygons that are mainly mesic site series (and hence usually harvestable).  The analysis would not then have fine enough resolution to separately designate constraints for these rare wet site series.  Results were similar for only commercially productive stands (“P” in Figure 11), and for higher site index stands (“H” in Figure 11).  As with CWHxm2, 04 site series in CWHmm1 had particularly low levels of productive and high site index non-harvestable areas.
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Figure 11.  Overall non-harvestable proportion of site series within CWHmm1 (diamonds), and proportions in commercially productive stands (“P”), and stands with site index >25m at 50 years (“H”).  Symbols are the weighted averages; tops of bars indicate the results from only the non-typical subset of areas available for this analysis (see text).

In contrast to the CWHxm2, percentage of the non-harvestable landbase that was away from harvestable stands decreased from the driest to wettest site series in the CWHmm1 (Figure 12).  The low levels of interior non-harvestable in the wetter site series reflects their small areas and the predominance of riparian reserves as the source of non-harvestable area in these sites.  Interior levels are also low for the rarer circum-mesic site series 04, 06 and 08.
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Figure 12.  Proportion of the non-harvestable area in site series in CWHmm1 that is <50m, 50-200m or >200m from a harvestable stand.

CWHvm1


CWHvm1 is also dominated by mesic 01 site series, with 4 other circum-mesic sites moderately common, and many rare site series (Figure 13).
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Figure 13.  The site series composition of CWHvm1.  Site series are shown from driest (left) to wettest (right), although site productivity also differentiates some site series.


The proportions of site series in the non-harvestable landbase overall in CWHvm1 (diamonds in Figure 14) was more equitable – less “U-shaped” – than in the two drier variants presented above.  Most site series had between 15 and 35% non-harvestable area, except for the driest 02 and two wet site series with higher levels.  Representation in commercially productive forest was lower, but mainly for the site series with higher overall representation (“P” in Figure 14).  Only CWHvm1 09 and 14 site series had low levels of productive non-harvestable area.  High site index sites, however, had low levels of non-harvestable representation for several site series in the CWHvm1, particularly circum-mesic sites 04, 01 and 05 (“H” in Figure 14; but see previous caveat about lack of site series information from many parks).
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Figure 14.  Overall non-harvestable proportion of site series within CWHxm2 (diamonds), and proportions in commercially productive stands (“P”), and stands with site index >25m at 50 years (“H”).  Also see text for caveats on interpretation of high site index results.

With higher overall levels of non-harvestable area, and larger total extent, the CWHvm1 site series had considerably higher proportions of their non-harvestable areas away from harvestable stands (Figure 15).  Only the wettest site series had low levels of interior non-harvestable area.
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Figure 15.  Proportion of the non-harvestable area in site series in CWHvm1 that is <50m, 50-200m or >200m from a harvestable stand.

CWHvh1


CWHvh1 was also dominated by 01 site series, with all other site series <11% of the total area of the variant (Figure 16).  The rarest site series covered a range from the driest 02, through broadly circum-mesic sites 04 and 08 to wetter sites 10 and 13.
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Figure 16.  The site series composition of CWHvh1.  Site series are shown from driest (left) to wettest (right), although site productivity also differentiates some site series.


In contrast to the other variants, the CWHvh1, with higher overall levels of non-harvestable area, showed no consistent pattern in representation across the gradient of site series (Figure 17).  Lowest levels were in the moderately common site series 05 and 09.  Results for representation of commercially productive stands were also highly variable, with some site series showing substantially less representation in productive stands and others with little difference between overall and productive representation.  Representation of high site index stands, which are rare in this ecosystem type, was low in almost cases compared to overall representation, but again, site index information is missing for most park area.
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Figure 17.  Overall non-harvestable proportion of site series within CWHxm2 (diamonds), and proportions in commercially productive stands (“P”), and stands with site index >25m at 50 years (“H”).

Corresponding to the high levels of non-harvestable area and large total area of this variant, the proportion of non-harvestable area away from harvestable stands was high for all site series (Figure 18).  Only 05, with the lowest overall representation, had >50% of its non-harvestable area within 200m of harvestable stands.
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Figure 18.  Proportion of the non-harvestable area in site series in CWHvh1 that is <50m, 50-200m or >200m from a harvestable stand.

Discussion

Limitations of the analysis


The analysis presented here has a number of problems arising from data limitations and the decentralized nature of the analysis (5 separate GIS analyses).  How much each of these has affected the results cannot be known until a more complete analysis is done.  The main issues are:

1. Incomplete coverage.  Missing private forest land and some TFL area was a major deficiency in this project.  Lands managed by some smaller forest operators, municipal lands, other private land and federal areas were also missing.  Future analyses might be able to make more careful guesses at the contributions of these areas than was possible in this limited project, but ultimately, information from the complete landbase is needed for a complete analysis.

2. Uncertain coverage.  Because 5 separate GIS summaries were done, it is not clear exactly what areas are, in fact, missing.  Compounding the problem, the only readily available summary of total areas of the BEC variants that could act as a check was several years old (an issue for comparing parks areas), and included non-forest area (compared to forested only in this project).  It was also unclear what areas, if any, that previous summary covered besides Vancouver Island (e.g., Gulf Islands, islands to the northeast of Vancouver Island, etc.)  In short, we know we are missing some areas, but are uncertain exactly how much of each variant.

3. Approximate weightings.  The data for the 5 drier variants in this project was clearly incomplete, mainly because of missing private forest land and some TFL area.  The use of previous results from Weyerhaeuser’s complete Vancouver Island tenure (including private land) helped to correct for this bias and provide a better estimate of the overall non-harvestable areas in these variants.  However, the weightings used were still approximate, for the reasons given in the methods sections.  Again, a future analysis needs to use a complete landbase to provide rigorous results.

4. Lack of information for parks.  Lacking TEM mapping in many parks areas, and site index information for almost all of them, led to most parks being excluded from the analyses that went beyond the basic variant-level summary of total non-harvestable area.  This downwardly biases amounts of non-harvestable for these analyses, although the situation is confused also by missing information for some managed land (and the issues in the above points).  Even defining what parts of shoreline parks were terrestrial versus marine was sometimes unclear.  Completing TEM mapping and finding some way to index site productivity of parks areas is required to avoid continuing doubts in future analyses.

5. Uncertainty about overlaps.  With 5 different GIS analyses, compounded by numerous datasets for the TSA areas, a considerable effort was required to avoid double-counting areas.  In initial iterations of the GIS analyses, for example, some park areas were counted up to 3 times.  Although we think we eliminated these overlaps, we may have missed some, and we may also have eliminated some areas that were not actually overlapping.  Doing a single GIS summary on a seamless dataset would be the surest way of eliminating this problem, but it would require data sharing by the companies and better organization by MSRM.

6. Different GIS implementations.  Some terms, while seemingly carefully defined in the instructions for the GIS analyses, were interpreted differently by different analysts, including different definitions of partial constraints, different ways of buffering the non-harvestable landbase, and probably other ways that are not yet apparent.  As above, a single GIS summary of one complete dataset would avoid these additional sources of uncertainty.

7. Limitations of BEC/TEM.  A more fundamental issue is that TEM site series units are only one way of defining “ecosystem types” for an analysis of ecosystem representation.  Ideally other characterizations of ecosystems would also be examined, such as rare ecosystem types not covered well by the BEC system, other ecosystem classification systems, different slope positions or elevations or different productivities.  All of these can affect which organisms are maintained in the non-harvestable landbase.  However, given the near-impossibility of assembling a coherent TEM dataset, using a more complete definition of “ecosystem type” is unlikely to be feasible for a regional analysis on Vancouver Island.


Overall, our main emphasis is that there are numerous ways that the results presented here could be wrong, to an uncertain degree.  Results should be considered tentative until a complete co-ordinated dataset is available for a comprehensive analysis.

Representation results


Despite these many limitations, the analysis did show some clear patterns that are likely not artifacts of the limited subset of available data or analysis difficulties.  The most important result for regional conservation and management is the strong trend towards decreasing proportions of non-harvestable area for the drier variants on Vancouver Island.  The lowest values in the CDF and CWHxm1 (7.8% and 9.8%) do not include most urbanized and agricultural area, which would further lower the percentages.  A clear priority for regional conservation on Vancouver Island should be increasing the representation of these dry variants in non-harvestable areas.  Even small incremental increases would have considerable value.   This is particularly the case because most of the extent of these ecosystem types off Vancouver Island is also highly developed or intensively managed (e.g., private forest land in Washington state), whereas there is considerably more non-harvestable forest similar to the wetter ecosystem types on the BC mainland.


The overall levels of non-harvestable areas for the wetter variants are high, and even the moderately dry mm variants have levels of representation near the frequently-mentioned conservation target of 30%.  However, some of this representation comes from commercially non-productive forests, so that the representation of productive forest is lower.  It is uncertain whether commercially non-productive forest – which can include old-growth forests with low standing volumes of merchantable timber, as well as rocky areas, wetlands or frequently disturbed slopes – contains the same array of species as commercially productive stands.  This is a question that could be answered empirically, by field projects comparing productive and non-productive stands, but there is very little research on this topic.  Until empirical results are available, it is prudent to doubt that commercially non-productive areas maintain the same species as the rest of the forest, and to always consider the representation values for productive forest along with the overall values.


It would be even more useful to be able to examine representation for just high site index stands.  These stands are more productive for some species, and may maintain species not found in poorer growing sites.  Productive growing sites are also typically more poorly represented than poorer growing sites in analyses of ecological representation in many areas of the world.  The results of this analysis suggest that representation of high site index areas in non-harvestable areas may be less than half that of poorer growing sites.  However, these results are biased to an uncertain extent by the lack of site index information for many parks.  Finding some way to estimate site index for areas within parks, or some other index of ecological productivity that could be applied across the region, would add an important component for interpreting the ecological implications of the representation results.


Inoperable areas can be an important source of non-harvestable area in mountainous country.  However, there is always a concern that these are less reliable sources of unharvested forest in the long-term, as operability can change with improved technology or changing markets.  In practice, operability lines are frequently remapped.  However, the analysis showed that inoperability is rarely the only reason that an area is non-harvestable.  Instead, most inoperable areas are also constrained from harvest for other reasons, including commercial non-productivity, sensitive soils, terrain issues and visual quality.  This means that even if all operability constraints were removed, there would be relatively little change in the non-harvestable results, and the main patterns would not change.  Changes that make commercially non-productive stands harvestable would have a greater effect on reducing the amount of non-harvestable forest, as would any policy or technology changes that allow harvesting in regulatory reserves (e.g., single stem harvesting in riparian reserves).


The U-shaped pattern of non-harvestable proportions across the site series gradient within drier variants is expected, given the additional constraints that are likely to apply to the driest and wettest sites.  One implication of this pattern is that stand-level retention, which sometimes favours rocky or wetland sites because of their unique ecological values, should also be encouraged to include circum-mesic site series.  These are the sites most in need of additional non-harvested areas across the landscape.  Another implication of having the lowest representation in circum-mesic sites is that – because these site series dominate the composition of the variants – variant-level results are likely to be a reasonably conservative assessment for the individual site series within the variant.  That is, the results do not show individual site series that have much lower levels of representation than the variant average.  Instead, the anomalous results tend to be high levels of representation for rarer site series at the extremes of the moisture gradient.


Edge/interior areas were used here to index the spatial arrangement of non-harvestable areas, for a number of reasons explained elsewhere.  The edge results reinforce the main message: there is a strong gradient from dry to wet variants, with the main concern in dry areas.  Because of their low total area and small size or elongated shapes, non-harvestable areas in CDF and CWHxm are almost never >200m from harvestable stands, and the large majority of this area is <50m from a harvestable stand.  We do not know how far into non-harvestable areas the effects of adjacent harvested stands extend, particularly because not all stands adjacent to non-harvestable areas will be young at the same time.  However, the possibility of negative edge effects, at least within 50m of managed stands, does reduce confidence in the ability of the relatively small amount of non-harvestable areas in dry variants to maintain all species.  One implication is continue to collect empirical information on edge effects that can be used to evaluate the value of small or narrow areas of non-harvestable forest.  Practical implications include using within-stand retention to help buffer non-harvestable areas in dry variants, and planning harvests in time and space so that stands adjacent to a non-harvestable areas are not all young at the same time.


One more general point arising from this regional analysis is that the results presented here are not particularly surprising: they have mostly been well recognized for some time.  The important issue is whether on-the-ground progress is being made in addressing the obvious weak points in representation on Vancouver Island.  Reassessment of representation across the island should be done in 5 years or so, ideally with all the data and analytical problems solved, to assess this progress.
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