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1.0 MONITORING PLAN INTRODUCTION, OBJECTIVES, AND SCOPE

1.1 Introduction

This monitoring plan outlines the methods to be used for assessing the net climate, community, and
biodiversity benefits achieved over the duration of the project period for the Denman Island Avoided
Conversion of Forestlands Project. Measurement of progress toward the achievement of community
and biodiversity objectives follows guidance from the CCBA Social and Biodiversity Impact Assessment
Manual for REDD+ Projects (Richards & Panfil, 2011), and subsequent community and biodiversity
assessment specific guidance by Richards (2011) and Pitman (2011). The methods for monitoring of
climate benefits align with and have been third party validated to the requirements of ISO 14064-2.

1.2 Review of Denman Project Objectives

As described in the Project Design Document (PDD), climate objectives are to ensure the project results
in a reduction to atmospheric greenhouse gasses through the sequestration of carbon within forests
growing on site, and the avoidance of emissions that would have occurred had the area’s forests been
removed for residential and agricultural development.

Community objectives align with social and economic goals, and ecosystem services identified as
important to the community in the Denman Island Official Community Plan (OCP). This was a community
driven process that involved considerable public consultation. Biodiversity objectives align the B.C.
Provincial Government’s goal of acquiring the project lands to conserve threatened Coastal Douglas-fir
ecosystems, as well as with important ecosystem services identified in the OCP. Biodiversity objectives
also include the provision of a 10 hectare Taylor’s Checkerspot habitat management area.

The project objectives as defined in the validated PDD are:

Climate: ensure a net positive climate benefit from the GHG emission reductions and removal
enhancements due to the avoided conversion forestlands to residential and agricultural development on
Denman Island.

Community: facilitate the achievement of community driven priorities related to maintenance of the
natural beauty of the island, promotion and support of low impact, environmentally sensitive tourism
and associated opportunities for local small scale enterprises and local products. Ensure the protection
and enhancement of recreational opportunities.

Biodiversity: preserve and protect the integrity of the natural ecosystems on Denman Island, including
the diversity, structure, and ecological functions of forests, and sensitive areas which provide important
ecosystem services including habitat for rare or endangered species. Increase the protected area of the
threatened Coastal Douglas-fir ecosystems from 4% to 4.3%.

1.3 Monitoring Plan Scope and Objectives

Denman project monitoring will assess progress toward the achievement of climate, community and
biodiversity objectives over the 30 year CCB project period. Project activities are limited in scope in the
sense that there no major infrastructure or community related programs associated with the project.
Monitoring is focused on the assessment of outcomes and impacts that result from the transfer of the
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project lands from private to public hands, and the associated change in long term trajectory from a
scenario of development to a scenario of conservation. The objectives of the monitoring plan are:

1) Measure progress toward the achievement of climate, community, and biodiversity objectives.

2) Assess for potential negative and/or unexpected outcomes or impacts that result from the project.

3) Provide feedback for continual improvement through an adaptive management process.

1.4 Monitoring Plan Approach

For community and biodiversity impact assessment, Richards and Panfil (2011) recommend the theory
of change approach (also known as the causal model) above other known methods as a credible and
cost-effective means of assessing impacts for REDD+ projects. The theory of change approach, through
an analysis of anticipated cause and effect sequences from project activities through to outcomes and
eventual long-term impacts allows for a systematic evaluation of how project interventions are expected
to achieve desired objectives. The resultant conceptual or causal model is common to monitoring and
evaluation approaches (e.g., results-based management, logic models) used by public agencies as well as
international development agencies and NGOs.

Richards and Panfil state that with regard to the monitoring of community and biodiversity benefits,
“projects are advised to avoid sophisticated monitoring methods which aim for high levels of precision,
since these are not required by the CCB Standards. On the other hand, participatory monitoring
methods may not give precise results, but generate information that is easily understood and reflects
the opinions of community members.” In keeping with this guidance, community and biodiversity
monitoring for the Denman project will focus on a small number of quantitative indicators, and collect
some additional qualitative data oriented toward understanding community perspectives toward the
ongoing impacts of the project. Climate monitoring, as stated above, follows the methods prescribed in
the validated ISO 14064 project plan.

Indicators have been designed with SMART principles in mind (e.g. Richards and Panfil, 2011). That is,
indicators have been prioritized to the greatest extent possible based on their ability to be Specific,
Measureable, Achievable, Relevant (e.g. are linked to project objectives) and Time-bound. Where
possible, indicators have been selected from the range of outputs, outcomes, and impacts illustrated in
the theory of change model, or reflect intermediate states. Due to the relatively short (30 year) CCB
project monitoring period for the project, assessment of the project’s effectiveness in achieving
biodiversity goals will be focused more toward outcomes and less on long term impacts. As monitoring
results become available it is possible that adjustments will be needed to assumptions in the theory of
change models, and/or the monitoring plan. This is the essence of adaptive management and a core
value of the CCB process.
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2.0 MANAGEMENT OF THE MONITORING PROCESS

2.1 Steps to CCB Monitoring, Reporting, and Continual Improvement

The project’s impact assessment process follows a structured series of steps, as outlined below. Details
of steps one through four are documented in the project design document.

1) Identification of project stakeholders, and climate, community, and biodiversity conditions at the

start of the project.

2) Projection of future climate, community, and biodiversity conditions in the absence of the project.

3) Design of project activities and associated theory of change models.

4) Estimation of potential negative impacts resulting from the project, and mitigation/prevention

measures if necessary.

5) Identification output, outcome, and impact indicators.

6) Development of the monitoring plan.

7) Ongoing data collection and analysis, reporting, and adjustment.

2.2 Accountability Structure

The project proponent is ERA Ecosystems Restoration Associates, now known as Offsetters Climate
Solutions (Offsetters) due to a recent corporate merger. The project proponent collaborates with BC
Parks, the agency with management responsibility for the project lands, with respect to impact
assessment indicators and monitoring activities. The project proponent also seeks input from and
maintains correspondence from project stakeholders.

2.3 CCB Monitoring Program Frequency

The CCB standard and rules currently specify a maximum period of five years between verification
events. Project monitoring is anticipated to occur at 5 year intervals from the project start date in 2010,
or more frequently.

2.4 Quality Control/Quality Assurance for Monitoring Activities

Quality Control/Quality Assurance (QC/QA) include:

1. Proper training/qualifications of field personnel for data collection where appropriate.
2. Standard operating procedures as identified in this document and as generated or updated for

monitoring events.
3. Record keeping electronic data back-up procedures at the Offsetters office in Vancouver.
4. Accuracy checks where appropriate.
5. Procedures to ensure reliable data entry and analysis, including data entry checking and regular

communications between all levels of personnel.
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3.0 CLIMATE MONITORING

3.1 Data and Information to be Reported

Climate impact project monitoring complies with two goals:

a. Ascertain the extent to which carbon stocks follow modelled trajectories.

b. Assess for any significant stand-damaging and/or stand-replacing events.

The CCBA 30 year climate impact monitoring plan for this project follows the first 30 years of the ISO
14064-2 monitoring plan validated for the 100 year ISO GHG project accounting period. The following
carbon pools will be reported to the carbon offset purchaser. Precise definitions of each pool are
described in the PDD.

Table 3.1: Carbon Pools to be Reported

Carbon Pool Unit of Measurement

Above-ground live tree biomass Tons C/ha

Below-ground biomass: living trees Tons C/ha

Dead wood and litter Tons C/ha

Soil organic carbon for residential conversion scenarios Tons C/ha

The following pools will not be monitored and reported due to their exclusion from the quantification:

 Burning of fossil fuels due to transport of equipment and personnel to the site (non-significant)
 Baseline agricultural emissions (non-significant)
 Above-ground non-tree biomass (shrubs, herbs, and mosses) (non-significant)
 Below-ground non-tree biomass (shrubs, herbs, and mosses) (non-significant)
 Soil organic carbon for conversion to agriculture scenarios (not included in the assertion)
 Increased harvesting of wood products outside the project boundary (not applicable)

3.2 Monitoring Methods

Technologies and best practice methods for the measurement, analysis, and estimation of carbon stocks
will likely evolve and improve significantly over the 30 year CCB project period. Appropriate Good
Practice Guidance at the time of each specified monitoring activity will be implemented by qualified
professionals with adequate experience, with respect to:

 Stratification for sampling purposes.

 Type and number of plots.

 Sampling and measurement procedures.

 Tools, technologies, and methods for estimating carbon stocks, including the selection and
proper use of timber growth and forest carbon models.

Table 3.2 outlines the GPG and measurements applicable to carbon stock estimation at the time of
project commencement. These data and processes will be used to ascertain the extent to which carbon
stocks follow modelled trajectories (climate impact monitoring plan purpose ‘a’). Current GPG (e.g.,
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Pearson et al. 2007) allows for the selection of either permanent or temporary sampling plots based on
monitoring objectives and strategy. Due to the length of the ISO validated GHG accounting period for
the project and the significant time periods between quantification related monitoring activities
(explained further below) temporary plots will be used.

A greater number of temporary plots will be required to meet standard practice guidance for statistical
precision, however the establishment of additional temporary plots is more practical than the regular
maintenance of a lesser number of permanent plots over the 100 year GHG accounting period. From the
plot data, biomass, dead wood and litter pools will be estimated on a per-hectare basis using
appropriate GPG and modelling technology at the time of the 30 year quantification monitoring entry. It
is expected that new technologies, including the use of remote sensing, will play a role in the methods
used.

Table 3.2: GPG Applicable at Project Commencement

Carbon Pool Current GPG for Carbon Stock Estimation Units of Measurement

Above-ground live tree
biomass

Measurement of tree heights and measurement of tree
diameters at breast height (1.3m) for trees located within
sample plots and that have greater than a specified diameter
(e.g., 5 cm, (Pearson et al. 2007)) in nested plots up to 50+ cm
dbh. A sufficient number of plots will be established in each
stratum in the project area to receive a statistical significance of
+/- 10% at 90% at the project level. Biomass will be calculated
using these parameters and accepted GPG for calculation
methods

Height: m
Diameter: cm

Biomass: tons C/ha

Below-ground biomass:
living trees

Due to the impractical nature of below-ground root
measurement, accepted and current coefficients will be used for
estimating below-ground biomass from above-ground data.

Biomass: tons C/ha

Dead wood and litter Standing dead wood is measured by means of height and
diameter as specified for above-ground live biomass above.
Coarse woody debris is measured via diameters encountered
along transects, classified by decay class.
Forest floor litter compartment samples are taken, dried, and
weighed.

Height: m, diameter: cm

Diameter in cm (Minimum 10
cm at intercept for coarse
debris)

Oven dry weight: grams,
sampling frame area: cm²

Soil organic carbon (SOC)
for residential
conversion scenarios

SOC comprises only 1.8% of the 100 year GHG assertion and
would be prohibitively expensive to measure in relation to the
small component it comprises. SOC will be re-modelled at each
specified modelling interval using appropriate GPG and updates
in the science.

Biomass: tons C/ha

Additional data (Table 3.3) will be collected to ascertain the extent to which carbon stocks follow
modelled trajectories. From this data, previous estimates with respect to operational adjustment factors
(OAF1 and OAF2) used to drive volume/age curve projections and loss from endemic mortality and stand
damaging events will be updated. Significant stand-damaging events (monitoring purpose ‘b’) will also
be assessed. Data will be collected at sample plots during scheduled monitoring plot establishment
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(Table 3.4) and through other methods including transects during field visits (level 2 monitoring entries)
or the use of remote sensing. Methods used will be collected according to GPG at the time of each
monitoring event.

Table 3.3. Additional Climate Impact Monitoring Data to be Collected

Factor Anticipated Data Collection Methods Units of Measurement

Area impacted by insects or disease Sample plots, transects, and remote sensing
images

Area in hectares, percent of stems

Impact of deer browse and the timing
and extent of browse release

Sample plots, transects, and ocular
observations

Tree height in cm, stems/ha and
distribution of released stems

Espacement and impacts from areas
of lower stocking

Sample plots, transects, point surveys,
ocular observations and remote sensing

Proportion of the area (ha)

Changes or differences in species
composition and performance

Sample plots, transects, and ocular
observations

Stems per ha, site index in meters

Differences in the projected impacts
of red alder

Sample plots, transects, point surveys,
ocular observations, and remote sensing

Area in hectares, tree heights in
meters

3.3 Scheduled Monitoring Entries

Browse Release

Deer browse has been distinguished as a factor which may delay the release of susceptible conifer
species on site. This is particularly the case for strata 6 and 8. A monitoring entry in year 5 will be
implemented to assess the progress of conifers release from browse with a focus on strata 6 and 8, and
an overview assessment of the other regenerating strata. Plots, transects, or other methods per
accepted GPG will be prescribed and established by qualified forest professionals to an adequate
intensity. Issues with the rate of release as compared to projections will be reported and further browse
assessments carried out during subsequent 5-year monitoring intervals.

Year 30 Inventory Plots and GHG Quantification

At year 30 of the project period, inventory plots will be established to provide the data necessary for a
re-modelling and re-quantification of carbon stocks. At year 30 the younger stands on the project site
will have reached an age sufficient to have expressed species dominance, preliminary growth rates and
confirm productivity levels.

Level 1 Risk of Reversal Monitoring

Level 1 is the most coarse or high level of the scheduled monitoring events to take place over the project
period. It is intended primarily to assess for disturbances that signify risk of reversal to estimated carbon
stocks in the project scenario (climate impact monitoring purpose ‘b’). Significant disturbances detected
during level 1 monitoring will be further investigated by means of elevating the scale and intensity of the
monitoring entry. If material impacts are confirmed to any of the carbon pools, these impacts will be
subject to an assessment by a qualified forest professional using appropriate GPG (see Monitoring
Commitments).
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Level 2 Monitoring

Level 2 is the next highest level of periodic monitoring intensity and involves a site visit. As with level 1 it
is intended to assess for significant disturbances that pose a risk of reversal to carbon stocks. Level 2
monitoring will also provide general overview observations on the extent to which forest growth and
performance align with projected estimates. A walk-through of representative areas of the project site
will be conducted by a qualified forestry professional. The walk-through will be supported by written
and photographic documentation, and is expected to take one day to a maximum of two days to
complete. Information gathered during permanent sample plot assessments referred to under
biodiversity monitoring in this plan will be used to supplement the walk-through data. Level 2 site visits
will occur as scheduled in Table 3.3 and may also occur as a result of issues encountered during level 1
monitoring, or as a result of ERA becoming aware of a significant disturbance.

Table 3.4 Monitoring Schedule

Year Monitoring Activity Description

5 Browse release assessment

10 Level 2 (and continued browse release assessment if necessary)

15 Level 1

20 Level 2

25 Level 1

30 Inventory plots and re-quantification of biomass

3.4 Monitoring commitments

ERA/Offsetters is responsible for the full costs of implementing the monitoring activities. Adequate
funding to cover monitoring costs throughout the 30 year project period has been set aside. A re-
quantification may be triggered if a monitoring entry determines that a change of greater than 10% to
the projected climate benefits has occurred due to disturbance or advances in measurement
technologies or quantification procedures.
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4.0 COMMUNITY IMPACT MONITORING

4.1 Alignment of Impact Monitoring with Community Derived Objectives

Denman Island residents, through development of the Denman Island Official Community Plan (OCP)
identified social and economic objectives as well as ecosystem services considered important to the
community. The creation and adoption of the OCP was a community driven process that involved public
readings and hearings. Ecosystem services identified as important to the community include:

 The ability to maintain diversity, structure and ecological functions of forests on the Island;

 Habitat for native and rare or endangered species;

 Natural beauty of the Island;

 Fresh water sources (quantity and quality) including ground water and Chickadee Lake

 Services provided by a healthy climate;

 Recreation opportunities in a natural environment.

Objectives and policies outlined within the community plan prioritize the protection of these ecosystem
services (e.g. the plans guiding objective for the natural environment as “the highest priority in land use
planning” p. 18). The OCP also identifies several social and economic factors important to the
community:

 Provide for a range of economic activities that respects the natural environment and the character
of the human community.

 Provide an environment that supports the creation and manufacture of local products and
opportunities for self employment.

 Promote and support types of tourism that are low impact, environmentally sensitive and
educational and that provide local employment.

 Protect land for conservation and recreation purposes

 Increase the amount of land designated for parks

 Ensure that land uses involving renewable resources are sustainable and compatible with the small-
scale rural character of the Island;

 Protection of archeological, historic and natural heritage sites;

 Encourage housing that accommodates the needs of a variety of families and individuals while
protecting the natural environment, the social fabric and the rural character of the community;

 Ensure that housing options are sensitive to ground water availability;

 Promote employment through agricultural activities that have minimal negative environmental
impact;

 Protect Crown lands from inappropriate development.

Figure 4.1 illustrates a theory of change model from the project PDD, derived by incorporating impacts
deemed as desirable in the Official Community Plan, as well as biodiversity related objectives on the part
of BC parks, and benefits to aboriginal peoples through increased access for the practice of traditional
cultural activities. A more detailed discussion on this process can be found in the project PDD.
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Figure 4.1. Theory of Change Model for the Denman Project

Community (and biodiversity) indicators were then developed (Table 4.1) in order to assess the progress
and/or ongoing status of various outcomes and impacts in the theory of change model. These indicators
were revised and added to based on input from the Denman Island Residents Association and
consultation with the BC Ministry of Parks. Due to the small size of the park and the difficulty and cost
associated with reliably attributing benefits such as increased economic activity from tourism directly to
the project, indicators are generally qualitative in nature and several rely on the perspectives of local
representatives and business owners.

4.2 Assessment of Negative Impacts

Transition of privately held lands to public ownership for conservation purposes based on the wishes of
Denman residents and the provincial government results in very limited potential for the generation of
material negative impacts. In other scenarios or jurisdictions where conservation projects significantly
limit the availability of resources that were previously available for local economic activity and
livelihoods the potential for negative community impacts is much greater. On Denman, however, there
was little community benefit previously available from the project lands either for local community
members or aboriginal peoples. Even when considering that as a result of the project less land will be
available for future residential or agricultural purposes, the Official Community Plan clearly indicates
conservation as the top planning priority and the community voluntarily decided in favor of the
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conservation scenario as generating the greatest net benefit. Despite a limited potential for serious
negative impacts, the possibility of their arising is addressed through community indicator 9. Interviews
will be held with representatives from the Island, from the Islands Trust planning authority and from BC
Parks.

4.3 Community High Conservation Values

Based on the discussion and results of section G1 of the PDD the various community values associated
with the project, including ecosystem services and traditional cultural identity are significant but do not
specifically meet the definition for High Conservation Values. Refer to the biodiversity section of this
document for biodiversity HCVs.

Table 4.1. Community Impact Indicators
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5.0 BIODIVERSITY IMPACT MONITORING

5.1 Monitoring Approach With Regard to Organizational Levels of Biodiversity

Ecosystem Level Monitoring

Austin et al. (2008) describe biodiversity as having three levels of organization: genes, species and
ecosystems. For Denman, given that the conservation of Coastal Douglas Fir (CDF) ecosystems was the
primary goal for the conservation of the project lands, and that CDF ecosystems have been designated
as a High Conservation Value (HCV) for the project due to their endangered status, ecosystem
biodiversity at the level of the biogeoclimatic zone is the priority for monitoring.

Pitman (2011) specifies that indicators which demonstrate a greater extent, and/or quality of natural
vegetation, combined with a demonstration of reduced anthropogenic impact may in themselves be
sufficient to successfully confirm a net positive biodiversity impact for carbon projects. He states that
measures pertaining to the level of carbon sequestration, such as area of conserved forest cover should
be the first priority for biodiversity monitoring, and notes that generally a correlation can be assumed
between the size and connectedness of forest ecosystems with levels of natural ecological function and
biodiversity.

For these reasons the primary measure of success for biodiversity conservation over time for the
Denman project will be amount of CDF and CDF/CWH transitional biogeoclimatic zone conserved (Table
5.1). This will be compared to what would have happened in the baseline scenario of conversion to
residential and agricultural development. Monitoring will not assess detailed ecosystem characteristics
or their succession over time, although there will be some general assessment of these attributes as
discussed further below. For example, the general composition of understory vegetation will be
assessed over time, though these measurements are not intended to be precise.

Species Level Monitoring

While the extent and general quality of CDF ecosystems conserved is the key measure of biodiversity
impact for Denman, Pitman notes that for REDD projects additional indicators might be necessary to
complement evidence of impact. For Denman this includes an assessment of tree species composition
(Table 4.1), which will be compared to species normally expected to occur in CDF and CWH ecosystems.
Ocular estimation of the main understory ecosystem indicator species will also be recorded.

The Taylor’s Checkerspot Butterfly as a high conservation value and endangered species is considered an
important species for monitoring. Setting realistic goals for the future population of the Taylor’s
Checkerspot is not feasible due to uncertainty around the viability of the species onsite. Indicators have
therefore focussed on continued maintenance of the Taylor’s Checkerspot reserve, presence of larvae
and host plant species, and known presence or not of the butterfly at subsequent monitoring periods.

5.2 Composition, Structure and Function

Austin et al. (2008) describe how, in addition to its levels of organization (gene, species and ecosystem),
biodiversity is often described with respect to the attributes of composition, structure and function.



14 | P a g e

Composition

Composition refers to the “identity and variety of an ecological system” (Austin, p. 9), commonly
described in terms of the species present on site. Some biodiversity indicators for Denman are
composition oriented, such as those that track the presence of tree species and understory species over
time. Biodiversity objectives for species composition over time are that they will reflect what would
generally be expected to be found in the CDF and CWH biogeoclimatic zones. For the most part, native
species have regenerated following two logging disturbances over the past 100 years. Natural species
composition will change somewhat over time as the site proceeds through natural stages of succession.
As composition varies even in natural, undisturbed stands, species composition objectives for the
project are at coarse levels.

Structure

Structure refers to the “physical organization or pattern of a system” (Austin, p. 9). Austin uses the “size
and spacing of trees in a landscape” as an example to explain structure, the measures of which, he
continues, can describe habitats and patterns across large and small scales. Several measures of
structure were taken at Denman project commencement for carbon quantification purposes. These
include the size and spacing of trees across 17 distinct forest inventory strata. Each of the strata was
differentiated from the others based on factors including identified ecosystem association, site
productivity, age of regeneration, species composition and density. Denman project climate monitoring
for carbon quantification purposes involves a significant re-measurement of tree size and spacing at year
30.

Function

Function, as described by Austin et al., “refers to the result of ecological and evolutionary processes.”
Gene flow is a function that results from processes including dispersal and reproduction. Nutrient cycling
is a function that results from processes including photosynthesis and decomposition. Water purification
is another example of function. While measurement of functions is not a specific focus for the Denman
monitoring program a proxy indicator for nutrient cycling is measured in the form of site index, or the
ability of the site to retain its natural levels of productivity or growth rate. This will be a quantitative
measurement taken in year 30, and compared to estimated site index at the project start and levels of
site index that would normally be expected for similar CDF ecosystems. Growth rates are also assessed
during intermediate monitoring events through the establishment of permanent sample plots. These
estimates are intended to provide supplementary information and are not precise.

A second measure of ecosystem function will be taken during early stages of the project period. An over
population of Black-tailed deer on the island (Odocoileus hemionus columbianus) has resulted in the
suppression of the young tree growth due to the browsing of succulent leader growth, particularly on
Douglas-fir, western red cedar and grand fir. Over time it is anticipated, based on literature review,
consultation with experts and examples on nearby sites on Vancouver Island, that regeneration height
will reach a point where deer can no longer reach the leaders, effectively enabling their release from the
suppression resulting from unnatural population levels of Black-tailed deer. This process of release will
be monitored and confirmed in years 5 and 10 of the project period.

5.3 Pressure-State-Response

Consideration of the pressure-state-response approach (e.g. Panfil, 2011), has been taken during the
development of indicators. Pressure refers to the ongoing assessment of factors that lead to biodiversity
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loss, such as the destruction of habitat due to conversion of forest land to other uses. State refers to the
assessment of the ongoing status of biodiversity values in question. Response refers to the effectiveness
of measures intended to provide biodiversity benefits. In the case of Denman this refers to protection of
the project site through its designation under conservation status. The pressure, state or response
orientation of each indicator is indicated in Table 5.1.

5.4 Monitoring Biodiversity High Conservation Values

Biodiversity High Conservation Values (HCVs) as described in the project PDD are Coastal Douglas-fir
ecosystems (under G1.8.3 threatened ecosystems), and the Taylor’s Checkerspot butterfly (under G1.8.1
b) threatened species). Indicators for the Taylor’s Checkerspot are discussed above under species level
monitoring. Monitoring the conservation and state of CDF ecosystem on site ties directly to the outcome
oriented ecosystem level indicators in Table 5.1 (e.g. indicators two and three), and the output oriented
indicator number one.

Table 5.1. Biodiversity Indicators

Indicator No. Indicator Type Goal Source/ Methods Timing

Indicators 1 through 3 are the primary measure of net biodiversity benefit from the project in that they quantify the extent of
CDF/CWH ecosystem conserved compared to what would have happened in the baseline scenario of conversion to residential
and agricultural development. Subsequent indicators provide complementary data related to ecosystem function and change
over time and provide less rigorous information about trends and biodiversity benefits over time.

Legislated designation of the
project lands under long
term protected status (park
and/or protected area).

1 Output
Response oriented

In place by 2015 and
continues to be in
effect.

B.C. legislative
records.

5 year
intervals
beginning
2015

Hectares of CDFmm and
transitional CWHxm
ecosystem that continue to
be conserved.

2 Outcome
Pressure and State
oriented at the
Ecosystem Level

383 ha of forest area
net of roads, landings
and mapable non-forest
ecosystems (see PDD
page 12 summary).

Field observation,
interview with BC
Parks Area Sup.,
available satellite
imagery. Also see
climate monitoring.

5 year
intervals
beginning
2015

Ha of anthropogenic
disturbance (e.g. trespass for
firewood or timber removal,
incidence of non-compliance
with the conservation
covenant).

3 Outcome
Pressure and State
oriented at the
Ecosystem Level

No anthropogenic
disturbance beyond
starting condition and
allowances for trail
development in the
conservation covenant.

As above 5 year
intervals
beginning
2015

Tree species composition at
year 30.

4 Outcome
State and
Composition
oriented at the
Ecosystem and
Species level.

>80% are native species
that would normally be
expected to occur in
CDFmm/CWHxm
transition ecosystems.

Detailed forest
inventory as
described under
climate monitoring.

Year 30

Expected CDFmm species that are present onsite in 2010 are (Green, Klinka 1994): Douglas-fir, arbutus, bigleaf maple,
western redcedar, grand fir and shore/lodgepole pine. Composition percentage and leading species varies by ecosystem site
series. Expected CWHxm species present onsite in 2010 are: Douglas-fir, western hemlock, western redcedar,
shore/lodgepole pine, arbutus, grand fir, red alder, and big leaf maple.
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Table 5.1 cont.
Indicator No. Indicator Type Goal Source/ Methods Timing

Tree height at year 30. 5 Outcome
State and Function
oriented at the
Ecosystem and
Species level.

Overall, heights are
within 20% of
CDF/CWH timber
growth model
projections used for the
project’s carbon stock
estimation.

Detailed forest
inventory as
described under
climate monitoring.

Year 30

This is an indirect indicator of ecosystem productivity and function including natural soil processes, nutrient cycling. This
indicator does not tie directly with expectations for site productivity related to carbon stock estimates (see climate
indicators).

Recovery and release of
Douglas-fir, cedar and grand
fir from high levels of deer
browse resulting from an
unnaturally high deer
population on the island.

6 As above A measureable release
as documented via
leader growth above
maximum browse
height.

Field observations per
climate monitoring.

Years 5
and 10

Understory shrub and
herbaceous vegetation:
CDF/CWH indicator species
(Green, Klinka 1994) and %
cover.

7 Outcome
State and
Composition at the
Species Level.

>80% are native species
expected to occur in
CDF/CWH transition
systems

Ocular estimate of
the main species
present and a photo
at 10 GPS located
permanent sample
plots.

5 year
intervals
beginning
2015

Presence of invasive species
over the 30 year project
period.

8 Outcome
State and
Composition at the
Species Level.

Measurable decline
over 30 years due to
canopy closure.

Ocular estimate and
photo at 10 GPS
located permanent
sample plots.

5 year
intervals
beginning
2015

Ecosystem productivity as a
function of growth in tree
height for younger stands,
and diameter for older
stands, at 5 year intervals.

9 Outcome
Function oriented.

A measurable increase
at 5 year intervals,
reflective of CDF/CWH
productivity levels (e.g.
within 30%).

At 10 GPS located
permanent plot
locations.

5 year
intervals
beginning
2015

Heights will be assessed for younger stands. Diameter increment will be assessed for stands for stratum 7 PSPs due to the
increased difficulty in accurately determining height increment for these older stands over 5 year periods (height
measurement is still optional). Due to the large variety in ecosystem site units, each with distinct growth rates, comparison of
plot data with projected growth rates is intended to be a general and not precise assessment. A precise assessment of site
productivity occurs at year 30 per indicator 5. Appendix B contains more detail on plot establishment procedures.

Hectares of Taylor’s
Checkerspot butterfly
reserve maintained for
species habitat management
activities.

10 Output
.

The 10ha reserve has
been maintained, either
in one contiguous or
separate segments.

Field observation,
interview with
Ministry of
Environment, DCA.

5 year
intervals
beginning
2015

Presence of larva and host
plants in the 10 ha reserve
area

11 Outcome
State and
Composition at the
Species Level

Host plants and larva
are detected.

1X1m temporary
plots located at
intervals along
transect lines running
perpendicular to the
slope gradient.

5 year
intervals
beginning
2015

Species and % cover (ocular estimate) recorded for host species. Number of larva recorded for each plot.

Presence of Taylor’s
Checkerspot butterfly

12 As above Taylor’s Checkerspot
butterfly presence
recorded on the project
site.

Based on latest and
best available BC
Environment data.

5 year
intervals
beginning
2015
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Table 5.1. Cont.
Optional Indicators

Indicator No. Indicator Type Goal Source/ Methods Timing

Presence of bird community
species over the 30 year
project period.

13 Outcome
Species richness

Presence of native
species normally be
expected to occur in
the CDF/CWH.

Presence/absence
survey per RISC
standards.

5 year
intervals
beginning
2015

This indicator has been listed as optional pending available budget, resources. Should it be decided to proceed, a detailed
survey design that meets resource availability considerations will be developed. RISC standards (e.g. BC Ministry of
Environment, 1999) indicate that 5 minute point recordings taken at designated locations, with encounters along transects
between points recorded, would be an acceptable approach. Alternate measures may be considered including the use of data
collected from local birding associations.

Complementary variables as
measured by Denman Island
elementary school students

14 Outcome
State, composition

This indicator is optional and intended as an opportunity for
the participation of the local Denman Island School and
students, at their discretion. The BC Parks Area Supervisor will
be consulted prior and safety considerations will be the
responsibility of the Denman Island School.
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APPENDIX A: VIEWPOINTS ESTABLISHED 2013

View Point 1 (UTM 0368731, 5491027): Looking north, northeast to Chickadee Lake shoreline from
southwest shore. See Appendix B, Figure 1 for mapped viewpoint locations.
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View Point 2 (UTM 0368381, 5492669): Looking west over Stratum 1a from ridge
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APPENDIX B: PERMANENT SAMPLE PLOT ESTABLISHMENT

Permanent sample plots (PSPs) were established in June, 2013 (Appendix B, Figure 1). As noted earlier in
this document under section 5.0 Biodiversity Monitoring, the purpose of the PSPs is to supplement area
based indications of the quantity of CDF/CWH ecosystems conserved with some general information
about trends in biodiversity composition, structure and function. In view of the supplementary nature of
this data, the sampling intensity (i.e. number of plots) was derived based on available resources and the
intent to collect PSP data over approximately one day in the field during each five year monitoring
period entry.

PSP locations were selected by reviewing temporary forest inventory plots established in 2010 (which
were originally located using systematic random approach) and selecting 10 plots based on the following
criteria: representation of the entire project area, representation of a range of (but not all) forest
inventory strata and ecological site units present, representation from the three age classes present in
2010 (10 year, 30 year and 80 year old stands), reasonable access from nearby roads. The 2010 plots
were not GPS located and were therefore found using a compass and hip chain. In most cases the
original plots were discovered using this method; however, where the original plot centres were not
discovered a new plot centre was established at the indicated location. The field notes and PSP location
summary document indicate when original plot locations were not found.

Appendix B, Figure 1: PSP and Viewpoint Locations
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Permanent plot centres were marked using methods approved by BC Parks. A 2 foot metal stake was
placed in the ground with a loop on which to secure flagging tape remaining exposed by two to three
inches. Red, yellow and blue winter weight flagging tape was tied to stake and the PSP number written
in felt pen. A second flagging tape was tied to a branch immediately above the plot centre and a GPS
waypoint recorded. Due to concerns with an over abundance of marking within a provincial
park/conservation area, individual trees within plots were not marked. Instead, a circular sketch of tree
location was recorded based on a northward orientation. Photos were taken in north and south
directions.

For PSPs located in forest inventory strata that were approximately 10 years of age and 30 years of age
in 2010, heights were recorded for dominant and intermediate trees using a Suunto clinometer and
loggers tape. In some cases heights of similar adjacent trees were taken via ocular estimate. Average
height estimates from 2010 were noted where available. For 80 year stands, 2010 height and diameter
data from the original cruise plots will be used. Re-measurement of diameters is obligatory for these
PSPs to confirm positive increment. Height re-measurement is optional as explained earlier in this
document.

The following are examples of plot establishment and data collection from PSPs located in each of the
10 year, 30 year and 80 year age classes from 2010. Records of all plots are kept at the Offsetters office
in Vancouver.
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PSP UTM Stratum Original Plot 2010 Age 2010 Ave Ht

1 0367652 5493756 1a Plot 1 (Located) 10 Layer 4: 1m
Layer 3: 2.5m

2013 PSP Establishment and Measurement Results

Species Ht (m) Comments

Fd 4.8

Fd 3.0

Fd 3.0
Fd 2.0

Bg 1.5

Fd 4.8

Fd 4.0

Fd 4.2

Photo 1 North
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PSP UTM Stratum Original Plot 2010
Age

2010 Ave Ht

4 0369311 5492179 5 5-20 (located) 30 Layers only recorded

2013 PSP Establishment and Measurement Results

Species Ht (m) Comments

(Fd) Suppressed by overstory

Pl .5

(Fd) Suppressed by overstory
Fd 20.3

Fd 20.7

Plot Centre
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Photo1 Looking North

Photo 2 Looking South
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PSP UTM Stratum Original Plot 2010 Approx Average Stand
Age

8 0368810 5490943 7 43 (plot located) 80

2010 PSP Establishment and Measurement Results

Species DBH Ht Comments

Cw 25.5 12.0

Hw 13.1 11.2

Cw 9.5 6.9
Fd 63.0 40.4 Corrected Age 80

Fd 82.5 36.8

Looking North


