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Abstract: We projected consequences of climate change on future vegetation structure and 
vertebrate distributions, and in some instances were able to test projections. Four different means of 
projection were evaluated: conventional climate envelopes, key features determining responses to climate 
(e.g., temperature tolerance and rooting depth of wetland plants, specific indices formulated for a 
community type (e.g., drying index for wetlands), and cominations of climate preferences of species with 
probable changes in insect, disease, fire and other abiotic factors, such as miscued epigentic responses 
(e.g., future forest composition). Predictions of what British Columbia’s plant and animal communities will 
become are rife with uncertainty. There are three major sources of uncertainty: predicting the climate, 
predicting individual species’ responses, and predicting changes in factors modifying species' responses 
(e.g., pathogens, fires). We tested the accuracy of the wetland drying index against a series of measured 
wetland depths in two Ecoprovinces and the accuracy of climate envelopes for birds against measured 
distributions in the 1960s and 1990s. Key findings are summarized, as are are means of making selected 
vegetative communities more climate resilient – specifically, forests, wetlands and alpine. 

1 Introduction
This project strengthens projection of consequences of climate change by incorporating influences of 
evapotranspiration and moisture stress more completely. It develops a drying index useful at the 
provincial scale and relates biodiversity attributes including vegetation structure, distribution of modern 
wetlands and vertebrate species to moisture balance data. The relations are then projected into future. 
Projections focus on plant community structure rather than species composition because greater 
confidence can be developed around changes such as decreases in amounts of emergent plants and 
greater or lesser amounts of hardwood species than can be developed for each of the wide range of 
species comprising vegetation. This way, the project addresses two major forest management issues: 1) 
how is the capacity of the environment to sustain biodiversity likely to change and how should 
management practices respond, 2) how are the broad patterns of community structure likely to change 
and can silvicultural planning and practice respond. Both issues are of direct interest to First Nations.

Briefly, we established a map-based moisture balance model with particular focus on intensity and length 
of the summer dry season. In some instances, the moisture balance-vegetation structure data base is 
integrated with a refined version of Bunnell and coworkers general model of avian response to climate 
change. Key features of the latter model are classes representing migratory distance and body size. 
Integrating that model with the vegetation response permits incorporation of influences that originate 
outside of British Columbia (migratory patterns). More generally, the approach integrates responses of 
plants and animals to changes in moisture and temperature resulting from climate change.

Using data of future climatic conditions from climate models available from ClimateWNA,1 a range of 
future vegetation structure and wetland distribution patterns is developed for specific areas of the 
province. The future distribution and abundance of selected plant communities and bird species are 
derived and projected on maps or described verbally. Those examples illustrate the nature and extent of 
1 http://www.genetics.forestry.ubc.ca/cfcg/ClimateWNA/ClimateWNA.html

http://www.genetics.forestry.ubc.ca/cfcg/ClimateWNA/ClimateWNA.html


likely changes and help reveal both the range of silvicultural practices likely to be affected and the 
direction these should take to sustain forest-dwelling biodiversity. More generally, the magnitude, rate and 
location of change can help guide the choice and location of proactive measures to help sustain 
biodiversity.

Objectives at the outset of the project were:
1) Provide spatially explicit projections of likely changes in key vegetation attributes especially 
structure (e.g., wetland types, amount of shrubs, conifer-hardwood mix, grasslands).
2) Provide projections of likely responses of selected groups and possibly species of animals to 
changes in plant community structure (including forests). 
3) Evaluate the geometric, land form consequences of climate change on flora and fauna.
4) Provide a risk assessment framework that can guide proactive actions to mitigate impacts of 
climate change on community structure and associated processes.

Deliverables for 2010-11 objectives were:
1) Develop a wetland vulnerability index combining wetland type and associated waterbird species.
2) Evaluate accuracy of the wetland vulnerability index against measured water depths. 
3) Provide spatially explicit projections (maps) of likely changes in vegetation community structure key to 
sustaining organisms. 
4) Provide projections of likely responses of selected groups and possibly species of animals to changes 
in vegetation community structure and potential adaptive measures (including forest practices). 

2 Results and associated methods
Methods are briefly summarized with results for each of the 2010-11 deliverables. Relations with initial 
objectives and associated reports are noted. Progress on the long-term risk assessment framework that 
can guide proactive actions is also reported. Reports on specific issues desired by cooperators are noted.

2.1 Wetland vulnerability index combining wetland type and associated waterbird species.
Objectives: We had 4 objectives: 

1) to describe features of wetlands in the Central Interior and Southern Interior Ecoprovinces,
2) to create a drying index from selected climate variables that expresses vulnerability of wetlands to 

climate change,
3) to project trends in climate variables expected to influence small wetlands and lakes in the central 

and southern interior of British Columbia, and 
4) to provide maps of the projected risk. 

Data and methods: Relative vulnerability to climate change was assessed for 31,877 small wetlands 
(which we defined as 10 ha or smaller) covering about 35,000 ha in the Southern Interior Ecoprovince 
and 131,866 small wetlands covering 145,756 ha in the Central Interior Ecoprovince. 

ClimateWNA software was used to generate climate variables used. ClimateBC extracts and downscales 
historical monthly data using PRISM (parameter-elevation regressions on independent slopes model; 
Daly et al. 2002).It also downscales and integrates future climate datasets (2020s, 2050s and 2080s) 
generated by various global circulation models or GCMs (Wang et al. 2006).That yields historical data 
and data projected under specific GMCs for a range of climate variables at regional or sub-regional scales 
(Wang et al. 2006).We used the approach to create seasonal climate variables for specific locations, 
based on latitude, longitude and lowest elevation of a 16-ha grid generated for the SIE study area.

Two climate variables were selected for evaluation: annual precipitation as snow (PAS) and summer 
heat-moisture index (SHM index).These variables were chosen from available variables because they 
were expected to have the greatest effect on the water balance of wetlands in the study area.PAS was 
expected to provide a primary water source (input) for wetlands, while SHM was expected to provide an 
indication of drying trends (output) for wetlands.
      PAS is a direct measure of snow precipitation (mm).It is provided on a calendar year (August of the
      previous year to July of current year).   



SHM is generated by ClimateBC using the equation: (MWMT * 1000)/MSP, where MWMT is the 
Mean Warmest Month Temperature (°C) and MSP is Mean Summer (May – Sept) Precipitation 
(mm).SHM index is a derived variable, used as a limited proxy for direct measures of humidity or 
evaporation and transpiration, which are often unavailable (Tuhkanen 1980).Higher values of the 
SHM index represent a stronger drying tendency relative to lower values (due to less precipitation 
and/or higher temperature).

For use as a qualitative drying index, PAS and SHM data were normalized on a 0 – 1 scale, with higher 
values representing a higher risk of drying (PAS was normalized on an inverse scale, as high PAS 
confers low risk).Before normalizing, PAS data were log-transformed because limited amounts of very 
high snow levels (e.g., upper elevation areas) resulted in a highly skewed distribution of PAS data.These 
2 normalized values were then combined multiplicatively √(PAS x SHM) to yield a single normalized value 
representing a measure of the risk of drying, ranging from 0 to 1.Multiplicative combination permits either 
drying or lack of snowpack to have a dominating effect.For example, an area with almost no snowpack or 
very high heat moisture index may be under much greater drying stress than an area with average levels 
of both variables.An additive index would not distinguish between these two conditions. When deciles are 
presented they are calculated for all time periods within a particular scenario.

To assess vulnerability PAS and SHM variables were projected for a baseline ‘climate normal’ period 
(1960-1990) using downscaled PRISM data, and for two future scenario’s representing differing levels of 
future global CO2 production.Future scenarios selected for projection were the Intergovernmental Panel 
on Climate Change (IPCC) A2 and B1 scenarios. A2 describes a very heterogeneous world. The 
underlying theme is self-reliance and preservation of local identities. Fertility patterns across regions 
converge very slowly, which results in a continuously increasing global population. Economic 
development is primarily regionally oriented and per capita economic growth and technological change 
are more fragmented and slower than other storylines. The B1 scenario describes a convergent world 
with the global population peaking mid-century and declining thereafter, but with rapid change in 
economic structures toward a service and information economy, with reductions in material intensity and 
the introduction of clean and resource-efficient technologies. The emphasis is on global solutions to 
economic, social and environmental sustainability, including improved equity, but without additional 
climate initiatives. Green house gas emissions and temperature change are substantially lower under B1 
than under A2.Currently, either of these outcomes appears possible.

Results:Using ECHAM-5 and CGCM3 to project climate under two plausible scenarios produced strong 
effects on the relative vulnerability of wetlands to climate change. Likely outcomes are illustrated by shifts 
in deciles of the drying index values.Deciles are calculated over the entire range of projected values for a 
given IPCC scenario.IPCC scenario A2 is 'status quo'; the B1 scenario includes efforts at mitigating 
greenhouse gas emissions.For both area and number of wetlands, values of the drying index shift from 
lower to higher deciles in future time periods.In both Ecoprovinces, more extreme (and non-linear) shifts 
occur under the A2 scenario than under the B1 scenario.In the Southern Interior Ecoprovince during 
‘climate normal’ (1960s through 1990s), about 98% of the area for the smallest wetlands (<1 ha) is in 
deciles 1 through 4.Under the A2 projection, that proportion has declined to <40% by 2080.Over the same 
period, the number of small wetlands in deciles 1 through 4 declines from about 91% to 39%.Future 
conditions are less severe under the B1 scenario, illustrating the projected importance of mitigation 
efforts. Broad outcomes differ little in the Central Interior Ecoprovince. By 2080, conditions have 
worsened significantly, but projecting existing GCMs so far into the future becomes increasingly 
unreliable. More details are in the associated reports.
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2.2 Accuracy of the wetland vulnerability index against measured water depths.
Objective: To summarize approaches to evaluation and recommend a particular index for projecting 
climate effects on water levels in wetlands. To address that objective we asked four questions:

1) Does depth of wetland influence changes in water level in response to climate?
2) Is there an apparent relationship between size and depth of wetland? 
3) Do components of the water level index influence water depth in the manner anticipated? 
4) What appears to be the most simple, credible formulation of the index?

In short, this subproject was intended to determine the index employed in deliverables in subproject 2.1.

Data and methods: The Canadian Wildlife Service had acquired a series of depth measures spanning 
the period 1997 to 2007 from a group of wetlands near Riske Creek, British Columbia. Those data were 
collated by A. Breault and findings were incorporated in to analyses and reports of 2.1 for the Central 
Interior Ecoprovince (CIE). Data for the Southern Interior Ecoprovince (SIE) were provided by Dr. Tom 
Northcote and incorporated into the report for the Southern Interior Ecoprince noted under 2.1. The data 
permitted evaluation of the apparent accuracy of indices intended to project the impact of climate on 
water level as well as evaluation of different forms of the index.

For CIE, water depths were measured over 11 years, at three months in each year representing
significant periods for breeding waterfowl. These months are proxies, 2 months apart, representing:

• May – spring migration
• July – hatching
• September – broods raised, fall migration

These three months represent significant stages in the life history of waterfowl, other waterbirds and other 
organisms. Combined, they permit evaluation of the water level index over a period when weather and 
climate features varied considerably. They reveal that areas appearing favourable to waterfowl in May are 
sometimes ephemeral. We were unable to obtain empirical climate data for 2007. Analyses are thus 
restricted to the 10-year period 1997 to 2006, providing a potential data base of 30 sets of measures for 
each wetland when these are paired with empirical climate. Data were available for 33 wetlands, but 
measures were complete for only 24. One consequence of the limited sample size is that data cannot be 
grouped into more than a few strata for analysis, which largely eliminated the opportunity for addressing 
interactive effects, such as wetland size and elevation. 

For SIE, data were from two small lakes small lakes: Mahoney Lake is 18 ha in size at an elevation of 474 
m above sea level. Blue Lake is 18.9 ha in size at 835 m above sea level. Measurements spanned the 



period 184 to 2005, but were not available for every year. Climate data for each individual Lake were 
downscaled from ClimateWNA. Measured water depths were regressed against these two variables plus 
the component variables of SHM: mean warmest month temperature and mean summer precipitation. 
Regression analyses also included the multiplicative formulation of the drying index suggested by Bunnell 
et al. (2010a,b) based on their evaluation for the Central Interior and Southern Interior Ecoprovinces. 

Statistical analyses were limited to simple regression and analyses of variance.

Results: Climate variables as down scaled from ClimateBC showed strong changes between the 1970s 
and the measurement period. Impacts of PAS could not be well evaluated because the elevation range of 
measured lakes and wetlands was too small. Depth of a wetland influences the proportion of water depth 
lost, with shallower wetlands losing a greater proportion of the depth. There is an apparent relationship 
between wetland size and depth:

Maximum depth (m) = 1.85 + 0.11 Size (ha)   adjusted r2 = 0.63; p < 0.001

Size represents a useful surrogate for wetland depth, at least within the measured wetlands. Climate 
variables tested influenced the drying index in the manner expected from first principles, with the 
exception of PAS that could not be well evaluated. The simplest and most informative index has a 
multiplicative form with PAS log transformed when applied to larger areas. More details are in the 
associated reports.
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2.3 Spatially explicit projections of likely changes in vegetation community structure key to 
sustaining organisms. 

Objectives: Objectives were to:
1) Summarize the distribution of terrestrial vertebrates of British Columbia across major habitat 

types.
2) Describe empirical and projected effects of global warming acknowledging the connections 

among organisms as well as species' responses to climate variables.

Data and methods: To determine the number of native bird species breeding every year (292 species; 
others breed irregularly) we relied on records of the Biodiversity Centre of Wildlife Studies, Victoria, BC. 
The total number of mammal species breeding in the province is unclear, because it is contentious 
whether one or two species of Phenacomys are present in the province (Nagorsen 2005). We have 
assumed one, yielding a total of 106 terrestrial mammal species. Reptiles and amphibians contribute 33 
species. The BC Conservation Data Centre considers the Pygmy short-horned lizard (Phrynosoma 
douglassi) extirpated, but there is recent evidence it may still be present (Ryder et al. 2006). We included 



it in our tallies. Assignments to habitat were based on literature and statistical tests of habitat generality 
conducted within FSP Project Y081131.

Approaches for projecting consequences of climate change to habitats differed among habitats. It was 
simplest for alpine and based on projected warming and the International Civic Aviation Organization 
standard temperature lapse rate of 6.49° C/1,000 m; that is, for every 1,000 m of elevation gain the air 
cools by 6.49° C. Because the lower limit of alpine is controlled by temperature rates of warming, 
projecting warming also projects the rate at which alpine migrates upward. We note the limitations of 
favourable soil formation and other constraints. For wetlands we employed three approaches to projecting 
trends in habitat: 1) BEC zone climate envelopes, broad climate envelopes of wetland plants, and 3) 
projecting drying indices. The BEC zone approach is analogous to that of Hamman and Wang (2006) for 
BEC zones and tree species. Given the projected climate, the probable future distribution of wetland 
types was calculated using the relative frequencies of specific wetland types within BEC zones from 
MacKenzie and Moran (2004). For climate envelopes of wetland plants, using plot data for individual 
wetlands it would be possible to create empirical climate envelopes for wetland plants similar to those 
Hamman and Wang (2006) created for tree species. Given the number of site features than can influence 
the types of wetlands, we chose a simpler approach directed to expected trends. In their description of 
wetland types, MacKenzie and Moran (2004), report dominant species for each type; we collated 
published data for each of the dominant species to estimate likely responses. Sections 2.1 and 2.2 
summarize approaches taken to derive the drying index.

The approach to forested habitats combined combined climate preferences of tree species with probable 
changes in insect, disease, fire and other abiotic factors (e.g., unfortunate epigenetic responses) to 
describe probable changes in the distribution of tree species in British Columbia. 

Results: The province covers about 98,500,000 ha (surface not plan area). Most of this area is in the 
range of 700 to 1500 m amsl (above mean sea level). The elevation at which alpine begins varies strongly 
throughout the province, but broadly is about 1600 m. Only14,000,000 ha are above 1600 m amsl. As 
temperatures warm, one consequence is a dramatic decrease in habitat. There is no sleight of hand – 
these are simple, physical relationships. The threat is serious for 27 vertebrates, more vascular plants 
and fungi and an unknown number of invertebrates. Moreover, there is little that can be done. Hunter 
(2007) acknowledged that ex situ conservation, in zoos, gardens and aquaria, may have a role to play. He 
also noted, Hunter (2007:1358), that “ … if the ultimate goal is free-living populations, the dismal track 
record of restoring species that have become extinct in the wild clearly makes this an option of last 
resort.” This record will not be improved by climate change.

Among the three approaches used to evaluate wetlands, we have least confidence in the BEC zone 
climate envelopes. The method is coarse but illustrates the potential direction and magnitude of change. 
The advantage of this approach is that it is relatively simple. There are significant disadvantages, a 
product of the fact that wetlands are not simply a product of climate, but include fine-scaled topography 
and hydrography. For climate envelopes of wetland plants we collated literature on the relative response 
of dominant plant species to temperature (heat and cold tolerance) and drought (including rooting depth). 
For each major wetland type, the likely response of these species to climate trends are summarized. The 
advantage of this approach is that it reveals the probable trajectories of plant species that give wetlands 
their specific character and determine the invertebrate and vertebrate species likely to be present. The 
major disadvantage is that it employs only climate. Specific wetland communities are equally a product of 
features such as flow rate, pH and nutrient levels in the water. The approach is limited to establishing 
boundaries within which other environmental features will be influential. That can still be useful; for 
example, by focusing monitoring on areas most favourable to some invasive species. The advantage of 
this approach is that it reveals the probable trajectories of plant species that give wetlands their specific 
character and determine the invertebrate and vertebrate species likely to be present. 

For wetlands, we have most confidence in projecting drying indices for two reasons. First, it does not 
attempt to project the probable distribution of wetland types under different climate regimes; instead, it 
focuses on the likely future of existing wetlands. Second, we have been able to evaluate the accuracy of 



the approach empirically for wetlands of the Central and Southern Interior Ecoprovinces (Bunnell et al. 
2010a and b). 

Predictions of what British Columbia’s forests will become are rife with uncertainty. There are three major 
sources of uncertainty: predicting the climate, predicting the tree species’ responses, and predicting 
changes in factors modifying the trees’ responses (e.g., pathogens, fires). Challenges in predicting 
climate result because climate projection models differ and downscaling climate is difficult, particularly 
where weather stations are sparse. Challenges in predicting responses of individual tree species to 
climate result because species will be competing under a climate regime we have not seen before and 
they have not experienced before. That challenge is increased by the differential response of pathogens 
and effects of changes in fire frequency. We first examined responses of individual species, then 
considered what those imply for broad regional forests. Despite the uncertainty, some trends are more 
likely than others. We summarized our broad estimates of the relative species composition of future 
forests in British Columbia as they may appear over a rotation length.

Among the findings: 
• Ponderosa Pine may disappear as a recognizable BEC zone. 
• Throughout the southern interior, subalpine forests face serious threat, less so farther north and 

on the coast. 
• In the Central Interior, both white spruce and lodgepole will persist, but in many areas will have 

much diminished abundance. Areas of the central interior that now attain most of their 
commercial timber harvest from those species must hope that another species takes their place; 
Douglas-fir is the most likely candidate.

• Over a rotation, we expect relatively little change in tree species composition on the south coast, 
although grand fir (Abies grandis), arbutus (Arbutus menziesii) and Garry oak regeneration may 
increase. No incursions of tree species into the region appear imminent, but the composition will 
likely shift to a smaller proportion of western redcedar and yellow-cedar (particularly at lower 
elevations).

• The future composition and change in distribution of the boreal is the most uncertain because of 
difficulties in predicting the precipitation regime and uncertainties about permafrost. Fate of the 
water after melt depends on permafrost depth, local topography, and soil type and depth; water 
from melting permafrost can drain away, thereby increasing moisture stress, or pool on the 
surface (e.g., Turetsky et al. 2007). Conditions in northern British Columbia appear to favour 
lower availability of water. 

Illustrative maps and tables are included in Bunnell et al. (2011) and Bunnell and Kremsater (2011). 
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2.4 Likely responses of animals to changes in vegetation community structure and potential 
adaptive measures
Objective: There were two objectives:

1) Relate animal species to projected changes in vegetation community structure.
2) Derive potential adaptive measures to mitigate vegetative community responses and associated 

animals to climate change.

Data and methods: With one exception data and methods are those of sections 2.1 through 2.3. The 
exception is the extension of the general model of avian response of Bunnell et al. (2008). For that 
subproject, bird data were obtained from the Biodiversity Centre for Wildlife Studies, Victoria, British 
Columbia. British Columbia spans about 12° latitude (48° 30’ to 60° N) and 20° longitude (120° to 140° 
W). Each 1° of latitude and 2° of longitude represents a 1:250,000 NTS (National Topographic Survey) 
cell that can be further divided into 16 1:50,000 NTS cells (0.25° latitude by 0.5° longitude); there are 
1,171 such cells in British Columbia, of which 16 are primarily ocean. The sample units used in analyses 
were the numbers of 1:50,000 NTS cells sampled for each species during the breeding seasons of the 
1960s and 1990s. Given that data were not collected within a sample design, but include opportunistic 
contributions from naturalists, variable opportunity was controlled by restricting multiple observations in a 
cell to a single record. 

Tests of spatial occupancy examined changes between the two decades in numbers and distribution of 
occupied 1:50,000 NTS cells. Only cells sampled in both decades were included in analyses. Our primary 
interest was northward expansion, but statistical tests were two-tailed to account for possible southward 
shifts. Shifts in distribution were evaluated at 0.25° latitudinal increments using the non-parametric 
Kolmogorov-Smirnov test to allow a variety of possible distributions. For each of 32 species, we 
constrained testing of distribution to the northernmost observation of either decade.
To create climate envelopes to project responses, ten spring and summer climate variables derived from 
ClimateWNA were evaluated; mean spring temperature was most predictive. Occupancy predicted from 
climate envelopes developed from NTS cells occupied in the 1960s where then evaluated against areas 
occupied in the 1990s. For the two species that showed southward shifts in range winter, variables also 
were evaluated. 

Results: We chose to combine projections of vegetation and associated responses of vertebrates 
organisms in resultant reports and manuscripts; these are summarized above without details on individual 
vertebrate species. Major findings for the examination of the general avian response model included:

• Temperature envelopes were highly correlated with other climate variables and incomplete 
expressions of future distribution. 



• Natural history attributes of individual species had major impacts on both range expansion and 
ability to project future ranges. 

• Attributes having strong influences on range expansion included migratory distance and pattern, 
food type, breeding habitat and latitudinal distribution of the range prior to projection. 

• Waterbirds showed the greatest tendency to expand ranges. Winter climate variables appear to 
have influenced those species showing southward shifts in range, primarily through duration of 
ice cover. 

• Climate envelopes derived from 1960s climate were inconsistent predictors of the distribution of 
bird species during the 1990s. 

Potential adaptive measures to mitigate vegetative community responses and associated animals to 
climate change were noted in reports summarized above (principally Bunnell and Kremsater 2011a, b; 
Bunnell et al. 2010a,b) and were further developed for forests in report of Bunnell and Kremsater (2011a). 
Major approaches to encourage climate resilience in forests of British Columbia are summarized under 
section 3.4 in 3. Conclusions and management implications below.
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3 Conclusions and management implications
Conclusions and management implications are summarized briefly. More information is provided in 
uploaded reports.

3.1 Wetland vulnerability index combining wetland type and associated waterbird species
• Problems in down-scaling climate data are apparent.
• Based on GCM projections of climate there will be a considerable increase in both area and 

number of wetlands receiving lower snow fall and greater summer drying. 
• Many small or shallow wetlands will experience significant drying trends in the future. That in turn 

could impact waterbird populations, as the smallest wetlands, many of which may be the most 
vulnerable to drying trends, were shown to provide some of the most productive waterfowl 
habitat.

• At least two species at risk, Great Basin Spadefoot and Tiger Salamander, exploit small, shallow 
wetlands. More broadly, about 80 bird species rely on wetlands as their primary breeding habitat. 



• Opportunities to employ apparent risk by invoking triage are apparent. That is, to focus more 
closely on particular wetland areas where the associated feasibility and opportunity for 
conservation action is greatest. For example, n the Central Interior, analyses to date indicate that 
mid-elevations are a useful place to focus mitigative efforts: demands for water are less, wetlands 
are productive and many are surrounded by forest cover.

• Management options beyond triage are apparent. For example, buffers around small, non-fish-
bearing streams would help sustain water input to wetlands, as would buffers around wetlands 
that a triage approach suggests are less immediately at risk.

3.2 Accuracy of the wetland vulnerability index against measured water depths
Findings and management implications include:

• Drying and loss of wetland functions already is occurring.
• The magnitude of drying effects on water level, and likely area, is disproportionately high in more 

shallow wetlands.
• Because many wetlands have a shallow gradient, a small decline in depth produces a large 

decline in wetland area.
• Size of wetland and depth of wetlands are highly correlated, with smaller wetlands generally 

being more shallow).
• Over the ~18 million ha evaluated in CIE, about 84% of wetlands are <2 ha and likely shallow. 

Values are similar for the SIE. Small wetlands are also the most productive for waterfowl (reports 
of Section 2.1). The vast majority of the most productive wetlands in the province are also the 
most threatened. Climate projections of section 2.1 suggest that many of these will be lost over 
the next few decades.

• Where snowfall is low and temperatures are warm to hot, SHM is the dominating influence on 
resultant water levels and can be strong, completely drying wetlands < 1.5 m in depth. That 
observation has strong implications for the Southern Interior Ecoprovince.

• Consequences of climate projection are rarely tested. Features of the proposed ‘water level 
index’ that could be tested against measured depths were robust. The form of the index appears 
to have general applicability across the province, but the impact of PAS has not been adequately 
tested.

• Although the form of the index appears sound, decile values are not equable across regions, 
because of the variability in climate. They do, however, serve to indicate the relative vulnerability 
within regions over which the deciles were calculated.

• Wetlands at higher elevations are less susceptible to drying because water inputs are higher and 
the drying effects of the summer heat moisture index are lower. 

• Measures intended to encourage adaptation to climate change should focus on higher elevation 
sites. Without considerable reallocation and redistribution of water, there may be nothing that can 
be done for those at lower elevations, particularly in drier regions.

• Vegetative buffers are documented to reduce water temperature which can affect habitat 
suitability as well as associated evaporation. Drought, however, appears to have a stronger effect 
than temperature on drying.

3.3 Spatially explicit projections of likely changes in vegetation community structure key to 
sustaining organisms. 
Findings and management implications include:

• All projections include three major sources of uncertainty: predicting the climate, predicting the 
individual species’ responses, and predicting changes in factors modifying the organisms’ 
responses (e.g., pathogens, fires, other organisms).

• Species restricted to alpine are the most threatened. Despite the relatively mountainous terrain, 
alpine habitat comprises only about 15% of the provinces surface area. The is little opportunity for 
assisted migration because high elevation northern areas are limited and the north is warming 
more quickly than the south. Ex situ conservation may be the only option but has a less than 
stellar track record. 



• Portions of the province are becoming increasingly exposed to summer drying, providing a major 
threat to wetlands in those areas. The work noted in sections 2.2 was able to calibrate portions of 
the method of projected drying against measured water depths. That summarized in 2.1 reveals 
there is sufficient information to adapt a triage approach and focus efforts where conservation is 
most likely to be effective. 

• Regional forests of some areas are likely to change significantly. 

3.4 Likely responses of animals to changes in vegetation community structure and potential 
adaptive measures
Recommendations of actions to encourage climate resilience in forests are emphasized here  Findings 
and management implications include:

• Despite consistently significant shifts in distribution of some bird species between the 1960s and 
1990s,climate envelopes develop for the 1960s proved to be inconsistent predictors of areas 
occupied in the 1990s. Birds are particularly mobile organisms, but there is little reason to believe 
this phenomenon does not apply to other organism groups as well.

• Avoid entrapment: Some well-intended concepts in regulatory and certification systems no longer 
apply. For example, guidelines intended to maintain proportions of stand types on the landscape 
over time are derived from a time before effects of climate change became so evident.

• Emphasize the future: It will be different. By avoiding entrapment we do not intend doing 
whatever we want, but investing in forecasting the future so that we utilize future conditions as 
best we can. At the least, this requires better early warning systems for insects and pathogens 
and understanding of ongoing changes in stand composition (e.g., Change Monitoring Inventory 
plots).

• Adopt a policy of no regrets: Avoiding focus on a specific climate outcome by developing 
responses that seem reasonable regardless of realized outcomes. Forest planning and practice 
can either exacerbate or mitigate consequences of climate change. For example, thinning to 
increase vigour of overstory trees may prove not only an incremental silviculture option but a 
necessary step to grow trees to maturity.  

• Right species at the right place for future growth: It already is clear that many tree species will be 
unable to migrate at a pace equivalent to the rate of climate change. British Columbia has 
proceeded farther and faster than most jurisdictions in anticipating how to get the right species in 
the right place. To inform management, such new approaches should be included among high 
priority elements of monitoring intended to emphasize and expose the future.

• Encourage connectivity: Currently, the province exhibits little coordination of landscape planning 
approaches. This is a grievous lack because both the non-harvestable and harvestable 
landbases have roles in creating resilience. Landscape disturbances will increase with climate 
change and landscape planning should be able to respond and adjust to changes. The relegation 
of planning to companies and ‘professional reliance’ seriously undermines planning at the scale 
needed to confront the challenges of climate change. 

• Nurture acceptance and adaptation: Some of the changes recommended, such as relaxing 
regulatory standards on species composition, could startle the public. We need education to 
encourage changes in society’s expectations about future forest values and the management 
practices and policies intended to increase resilience.

• Reduce carbon emissions: Reduction of CO2 emissions is critical.


	Data and methods: The Canadian Wildlife Service had acquired a series of depth measures spanning the period 1997 to 2007 from a group of wetlands near Riske Creek, British Columbia. Those data were collated by A. Breault and findings were incorporated in to analyses and reports of 2.1 for the Central Interior Ecoprovince (CIE). Data for the Southern Interior Ecoprovince (SIE) were provided by Dr. Tom Northcote and incorporated into the report for the Southern Interior Ecoprince noted under 2.1. The data permitted evaluation of the apparent accuracy of indices intended to project the impact of climate on water level as well as evaluation of different forms of the index.
	For CIE, water depths were measured over 11 years, at three months in each year representing
	significant periods for breeding waterfowl. These months are proxies, 2 months apart, representing:

