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Abstract 

The Province of British Columbia is using bioassessment within the framework of the 

reference condition approach (RCA) to complement a suite of water quality monitoring tools.   The 

RCA is cost effective, it is scientifically defensible, and it is well accepted around the world 

(Bailey et al. 2004).  The Province uses the RCA among other tools to document emerging water 

quality issues (e.g. non-point source pollution), and to track trends in stream condition across the 

Province for periodic reports such as State of the Environment Reports.  RCA is a tool available to 

industry for environmental effects monitoring and assessment in the permitting process for resource 

development; and also to non-government organizations (e.g. Columbia Trust Basin) for monitoring 

their local watersheds.  The Province provides the RCA infrastructure as a service for both 

government and industrial applications. This infrastructure includes development of predictive 

models that are a critical part of the RCA tool. The Province provides updates to those models to 

ensure continuity of water quality assessment using RCA.   

A coastal RCA model was built for streams on Vancouver Island and south Gwaii Hanaas 

that were sampled between 2001 and 2010.  Benthic invertebrate assemblages and habitat attributes 

from 106 reference sites were used to build the model.  Three predictor variables (percent minimum 

watershed elevation, percent wetlands area, and number of National Parks in the catchment) were 

found best able to differentiate three groups of assemblages in reference condition.   Using these 

predictor variables, the model has an 82% success rate in correctly classifying a sample to a reference 

group. Model accuracy, defined as the proportion of multiple samples from seven reference sites that 

are correctly assessed, was 88%.  Model precision, defined as the proportion of independent samples 

collected from a single test site on the same day that tested the same, was 70%.  

Environment Canada maintains a publicly available database called the Canadian Aquatic 

Biomonitoring Network (CABIN). CABIN is used to host bioassessment models, store and share 

data, and users can run test site assessments on the CABIN website.  The Coastal model has been 

uploaded to the CABIN website and is available for use by qualified users.  The purpose of this 

document is to describe the predictive bioassessment model, called the Coastal model 2010, and to 

provide background information to support use of the model by people having some knowledge of 

CABIN and RCA.   

Keywords:  bioassessment, biomonitoring, benthic invertebrates, reference condition approach, 

freshwater streams, CABIN, Coastal RCA  
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1 Introduction 

Stream invertebrates are central to stream ecology by providing a link between organic matter 

resources and fishes (Hauer and Resh 1996).  Invertebrates are ideal for stream bioassessment because 

they are ubiquitous, they are present in diverse assemblages, they are mostly sedentary, they have 

individual habitat preferences, and they have ranges of sensitivities to disturbance (Karr and Chu 1999).  

These attributes make invertebrates the organisms of choice for assessing effects of disturbance in stream 

ecosystems.  In classic sampling layouts, invertebrate assemblages are compared between undisturbed and 

disturbed sites, before and after some change has occurred over the landscape or aquatic environment. 

This layout is often called the before after control impact design or BACI (Green 1979).  However, 

biological assemblages can change along stream gradients (Rempel et al. 2000), which complicates valid 

comparison of undisturbed and disturbed sites on streams for purposes of assessing effects of disturbance 

in classic BACI study designs.  More importantly, BACI designs lack true replication and treatments or 

disturbance usually cannot be randomized among sampling sites, which introduces statistical flaws in 

analyses used to assess effects (Hurlbert 1985). Confounding of disturbance by unrelated factors can also 

play a role (Smith et al. 1993). Advances to improve confidence in analysis of a BACI layout have been 

proposed that involve paired control and impact sites (Stewart-Oaten et al. 1986) or asymmetrical designs 

whereby undisturbed sites are widely distributed to avoid temporal and spatial confounding (Underwood 

1992, Underwood 1994).  The reference condition approach (RCA) was developed to further avoid 

statistical difficulties (Bailey et al. 1998, Bailey et al. 2004).  The RCA involves development of a model 

that uses extensive empirical data to describe the reference condition of invertebrate assemblages and 

habitat attributes within a region of interest. Biological and habitat data from a site of unknown condition 

can be tested using the model to determine if it is in reference condition or if it diverges from reference 

condition by some amount.  Once the model is developed, the ability to compare a test site with an 

appropriate reference condition is attractive because it offers a fast and cost effective approach to 

assessing site condition.  

Environment Canada sets the standards for a national bioassessment program using the RCA.  

The Canadian Aquatic Biomonitoring Network (CABIN) includes a website with on-line training 

opportunities and an on-line database for housing RCA models, sharing and storing data and running test 

site assessments.  The Province of BC has adopted the reference condition approach (RCA) using CABIN 

protocols.  CABIN compliments other assessment tools to provide wide ranging options for water quality 

assessment in the Province.  
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Provincial coverage by RCA models has grown considerably over the past 10 years.  

Environment Canada established the first model for the Fraser River (Reynoldson et al. 2001, Mazor et 

al. 2006), which was expanded to include the Georgia Basin (Sylvestre et al. 2005).  Other RCA models 

followed for the Skeena Region (Perrin et al. 2007, Bennett 2010) and the Skagit River Watershed (Perrin 

and Bennett 2010).  A network of 2173 stream sampling locations now covers roughly 60% of the 

Province (Stephanie Strachan, pers. comm., March 2012), all managed by Environment Canada in the 

CABIN database.   

This report describes a new model for use in coastal areas of British Columbia.  The report 

provides a summary of model structure mainly for people who are familiar with RCA and CABIN 

protocols. For more detailed information on the RCA, readers are referred to the book published by 

Bailey et al. (2004) and resource documents on the CABIN website
1
. 

2 METHODS 

2.1 Study area 

Empirical data for model development were from sites sampled on Vancouver Island and the 

southern Gwaii Hanaas (Figure 1).  The area is part of the Pacific Maritime terrestrial ecozone that is 

characterized by deep fjords rising to the rugged Coastal Mountain Range.  Vancouver Island covers an 

area of 32,124 km
2
, while Gwaii Hanaas National Park Reserve is an archipelago of 138 islands covering 

an area of 1,470 km
2
.  Three biogeoclimatic (BEC) zones are predominant in the area including the 

Coastal Western Hemlock zone at lower elevations, the Mountain Hemlock Zone at higher elevations and 

the Coastal Douglas Fir Zone in a small area of southeast Vancouver Island.  In all three BEC zones, 

mild, wet winters are common.  The Coastal Douglas Fir Zone occurs in the rain shadow of Vancouver 

Island and has drier, warmer summers compared to the forests in the Coastal Western Hemlock and 

Mountain Hemlock Zones.  Overall, a wet, mild climate is common at lower elevations, with slightly 

cooler temperatures in winter compared to summer.  At higher elevations in the Coastal Mountains, up to 

70% of precipitation can fall as snow, usually occurring in fall and winter months.    

                                                      
1
 http://www.ec.gc.ca/rcba-cabin/default.asp?lang=En&n=72AD8D96-1 
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Figure 1  Location of the stream bioassessment sites on Vancouver Island and South Gwaii 
Hanaas, British Columbia. Procedures for the selection of sites are explained in Section 
2.2.  
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2.2 Selection of reference sites 

Prior to 2008, reference sites were selected using local area knowledge and the best professional 

judgment of local government scientists and project partners.  Beginning in 2008, a geographic 

information systems (GIS) based tool was developed and implemented to select reference sites before 

sampling in the field.  The geographic information systems (GIS) analyses were used to first compile a 

short-list of watersheds.  A query was then run to select watersheds from the short-list meeting region-

specific criteria among the following variables (Norris 2012): 

1. < 20% of watershed area harvested since 1980, 

2. < 20% watershed area burned in the preceding 5 years, 

3. < 10% of watershed area affected by moderate or greater infestation of Mountain Pine 

Beetle, 

4. < 30% of watershed area that was agricultural land 

5. < 8% of watershed area that was urban 

6. Road density < 0.5km/km
2
 in the watershed 

Mountain Pine Beetle infestation has not been a concern on Vancouver Island since Lodgepole 

pine are uncommon in this area.  However, the criterion was still included as it is part of the provincial 

tool.    

Stream segments were selected if they met another set of criteria:  

1. > 2km downstream of waterbodies <5km
2
 and >5km downstream of waterbodies >5km

2
, 

2. >500m downstream or >50m upstream of a flow control structure,  

3. Without industrial discharge monitoring (EMS) points on 1
st
 and 2

nd
 order streams or > 10 

km downstream of EMS points on higher order streams, 

4. >50m upstream and/or  >500m downstream of any road crossing, 

5. >500m upstream and not downstream of a past or producing mine, and  

6. Without anthropogenic disturbance in a 30m streamside riparian buffer including 

agriculture, urban, transportation, forest harvest since 1980, forest burn since 2003, and 

roads (Norris 2012).   

Of the sites that were selected in the GIS screening, knowledge from people familiar with the 

watersheds was used to filter out sites that were potentially affected by some land use activity that was not 

in the GIS data layers. 

 



Coastal RCA model 2012  5 

BC Ministry of Environment 

October 2012 

 

2.3 Field sampling  

All sampling and measurements in the field occurred during low flow in late summer (August 18 

to September 25) of 2001 through 2010. Sampling was completed by staff of Environment Canada, BC 

Environment, and Parks Canada.  A standard field data sheet that was used by Environment Canada is 

available on the CABIN website.  Field sheets used by Parks Canada and BC Environment were altered 

from the Environment Canada sheets to collect some additional information and are available from the 

author of this report (Leon.Gaber@gov.bc.ca).  Invertebrates were collected with a 400m mesh kick-net 

following procedures outlined in the Canadian Aquatic Biomonitoring Network Field Manual 

(Environment Canada 2010a).  Laboratory sorting and subsampling procedures followed those outlined in 

the Canadian Aquatic Biomonitoring Network Laboratory Methods manual (Environment Canada 

2010b).  

Habitat attributes for each site were measured in the field according to procedures in the federal 

and provincial field manuals (Environment Canada 2010a, Ministry of Environment 2009) and by 

calculation using GIS techniques.  The complete list of these variables and their source of measurement is 

provided in Appendix B.  This list formed the candidate predictor variables for model development.  

Calculation of watershed area upstream of a sampling site and areas of various land uses or land 

disturbance upstream of a sampling site was described by Norris (2012).  A list of these variables, their 

descriptions, and source of data is provided in Appendix A.  Spatial datasets were accessed through the 

BC Geographic Data Warehouse (BCGW) except where noted in Appendix A.   

2.4 Model development 

Family level invertebrate counts from reference site samples were exported from CABIN and 

imported into PRIMER multivariate software (Clarke and Gorley 2001, Clarke and Warwick 2001).  Only 

taxa verified by a CABIN taxonomist
2
 with a voucher specimen were used in the model development.   

Ostracods, Cladocerans, Copepods, Porifera, Nemata, Nematomorpha, and Nemertea, and non-aquatic 

taxa were omitted according to procedures in Environment Canada (2010b). The final list of taxa used in 

model development is in Appendix C.   

As there is no a priori theoretical criteria for selecting the best data transformation (Legendre and 

Gallagher 2001), square root, fourth root, and logarithmic [log10 (x+1)]) transformations were each 

applied to the raw data.  A similarity matrix was formed from each set of data produced by the data 

transformations by calculating similarities between every pair of samples within each data set using the 

                                                      
2
 CABIN taxonomists included Pina Viola, Heather McDermott and Kristie Heard (Environment Canada). 

mailto:Leon.Gaber@gov.bc.ca
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Bray Curtis coefficient (McCune et al. 2002).  This procedure resulted in four similarity matrices 

corresponding to the untransformed, square root, fourth root, and log transformed data sets. 

Cluster analysis was used to create a dendrogram using the group average linkage in the 

hierarchical, agglomerative clustering algorithm in PRIMER for each of the four sets of invertebrate data.  

A routine in PRIMER called SIMPROF identified groups of samples that should be further divided into 

subclusters based on differences in community structure.  Final groups of samples were those that were 

apparent in the dendogram along with the SIMPROF output. To avoid forming groups with few samples 

that could be mistaken for outliers, the minimum number of samples within a group was eight. This 

procedure resulted in seven unique sample groupings ; two different sample groupings derived from the 

untransformed data, one from the square root transformed data, two from the fourth root transformed data 

and two from the log10(x+1)-transformed data.  Sample groups were confirmed using non-metric multi-

dimensional scaling or NMDS run in PRIMER using procedures described by Clarke and Gorley (2001).  

Habitat measurements were compiled using the same sample identification codes that were used 

for the corresponding benthic invertebrate samples.  Modeling began with 101 potential predictor 

variables as listed in Appendix B.  Habitat variables were removed from inclusion in the modeling if they 

were not measured at all sites or they were considered sensitive to anthropogenic disturbance.   For each 

of the seven unique sample groupings of biological data (two sample groupings derived from the 

untransformed data, one from the square root transformed data, two from the fourth root transformed data 

and two from the log transformed data), automated forward and backward stepping discriminant function 

analysis (DFA) was run in Systat v11 (Systat 2004) with an F-to-remove minimum of 2.0 for each 

potential predictor variable. The analysis provided functions of habitat variables that discriminated 

between the biological sample groups in each of the seven unique sample groupings. From the initial 

automated stepping, variables were excluded one at a time in an iterative fashion based on tolerance and 

F-to-remove values (i.e. variables with the lowest F-to-remove and lowest tolerance values were removed 

first, followed by the next lowest).  The procedure was continued until removal of an additional variable 

decreased overall prediction rate by more than 2% and/or reduced prediction rate for an individual 

reference group by more than 5%.  In general, unless a variable had undue influence over the prediction 

rate of the model, only variables with a tolerance value over 0.5 were kept.  Remaining predictor variables 

were then substituted one at a time with other variables which showed similar discrimination between 

groups based on boxplots and ANOVA’s of variables.  In some cases, several combinations of variables 

provided similar prediction rates.  In these cases, several combinations of variables provided similar 

prediction rates and all were kept for comparison.  For each of the forward and backward iterations, the 

models having the lowest classification error rate using the jackknife procedure in Systat, a low number 
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of predictor variables (habitat attributes), and high tolerance values among predictor variables (indicates 

little or no colinearity of predictors) were accepted.  In the jackknife procedure, an observation from a 

known group is removed from the DFA and is re-substituted back in to see how well the model is able to 

classify that site to the correct sample group.  This process resulted in 55 different models, each having 

different combinations of predictor variables.    

In building this model several a priori criteria (Table 1) were established to facilitate the selection 

of a final model from the numerous possible models created during the iterative model building process.  

A desirable model will have a high prediction rate (i.e. correctly classifying sites to the group to which 

they are assigned).  It will have as many groups as is ecologically significant, as having more defined 

ecologically significant assemblages reduces variability around those assemblages (as opposed to 

grouping assemblages which are similar but ecologically distinct), thereby increasing sensitivity to 

anthropogenic disturbance.  This criterion is offset by the criteria having high average group size.  Larger 

groups will better characterize the natural variability of an assemblage and hence reduce the probability of 

a Type II error (i.e. probability ellipses will be smaller).  A desirable model will be as balanced in group 

size as possible.  This will ensure similarity in characterization of variability across groups.  A desirable 

model will also include as many potential reference sites as possible.  This will capture as much of the 

overall assemblage variability in the study area as possible.  A desirable model will also have balanced 

classification error rates across groups so that a model is not chosen solely on overall classification rate 

(e.g. a model with a very high overall classification rate but low classification rate for one or two groups 

would be less desirable than a model with a slightly lower overall classification rate but similar 

classification rate across groups).  Finally, a desirable model will have as few predictor variables as 

possible as a parsimonious model will tend to be better at prediction of new data than an equally 

predictive model with more variables.  The models were each scored based on these seven criteria that are 

summarized in Table 1.   

 

Table 1. Seven criteria used to evaluate predictive models. 

Criterion Description Calculation 

Prediction The model has the highest prediction 
rate above random chance as 
possible. 

Model prediction rate – random 
prediction rate 

Groups More reference groups are better Count of reference groups 

Balanced 
Errors 

Prediction rate across groups is as 
equal as possible. 

Variance in prediction rate across 
groups / Mean of prediction rate 
across groups 
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Criterion Description Calculation 

Robust The fewer the predictors the better  Count of predictors 

Sites The model includes as many reference 
sites as possible and a low number of 
reference sites are excluded as 
outliers. 

Count of reference sites included in 
groups. 

Average 
Group Size 

Average number of sites per group is 
as high as possible. 

Mean number of sites per group. 

Balanced 
Group Size 

There is an even distribution of 
reference sites across the groups (i.e. 
the average number of sites per group 
is as equal across the groups as 
possible). 

Variance in site number per group / 
Mean site number per group 

 

The calculated score for each of the criteria was standardized to a value between 0 and 100 across 

all 55 models, with the model scoring the highest value for each criterion receiving a score of 100 and a 0 

for the model scoring the lowest.  For example, the prediction value for a site in a model with three 

reference groups has a 33% probability of random assignment to the correct group.  If the site has a 90% 

probability of assignment to the correct reference group, the score would be 57 (score = model prediction 

rate of 90 – random prediction rate of 33).  If a score of 57 was the highest among all models for that 

criterion, it would be given a standardized score of 100.  The scores for each of the seven criteria were 

then summed to give a total score for each model.  Three different weighting schemes were applied to the 

seven scoring criteria based on best professional judgment, as summarized in Table 2.  For example, a 

high prediction rate was judged more important than having a higher number of reference groups.  All 

models were then scored according to the seven criteria using three different weighting schemes which 

resulted in four scores for each model (the unweighted score and three differently weighted scores).  Each 

of the 55 models was then ranked according to the score for each weighting scheme and the final model 

chosen was that which had the lowest sum (highest rank) of the three weighted scores.   

 

Table 2. Weighting schemes for scoring criteria used to evaluate model performance. 

Weighting 
Scheme 

Assigned weights for scoring criteria 

Prediction Groups 
Balanced 

Errors Robust Sites 

Average 
Group 
Size 

Balanced 
Group 
Size 

Unweighted 1 1 1 1 1 1 1 

Weighted 1 5 2 4 3 1 1 1 

Weighted 2 6 2 3 2 1 0 1 
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Weighted 3 0.4 0.15 0.2 0.15 0.05 0 0.05 

 

 

 

2.5 Evaluation of distinctiveness of the reference groups  

Samples within each reference group of the selected model were viewed on an MDS ordination to 

determine the distinctiveness of biological assemblages within sample groups.  A one way analysis of 

similarity percentages run in PRIMER (SIMPER, Clarke and Warwick 2001) assisted with the 

interpretation by showing the invertebrate families that explained dissimilarities between sample groups 

and similarities within sample groups. The composition of invertebrates in sample groups was 

summarized graphically by counts of individuals among invertebrate orders.  The five top-ranked 

invertebrate families contributing to within-group similarity and between group dissimilarities were listed 

along with values of family richness, total abundance and Simpson’s Diversity calculated as:   

1 – D = Σ(pi)
2           Equation 1 

  
Where:  (1-D) = Simpson’s index of diversity and 

pi = Proportion of individuals of family i in the community 
 

Simpson’s Index is a measure of community heterogeneity and tends to weight the common taxa 

more than the rare taxa (McCune et al. 2002). This measurement provided a suitable contrast to 

taxonomic richness that weights all taxa evenly.  

 

2.6 Model accuracy and precision  

Accuracy and precision of the selected model was examined by testing replicate samples that 

were collected from both reference and test sites during a single site visit.  Model accuracy was the 

proportion of multiple samples from reference sites that were correctly assessed.  Model precision was the 

proportion of independent samples collected from a single test site on the same day that tested the same. 

Test procedures followed CABIN protocols described by Sylvestre et al. (2005).  These 

procedures show the amount of divergence of the assemblage found in a test sample to the assemblages 

found in reference condition for comparable habitat attributes that are defined by predictor variables in 

the model. Results were plotted on an ordination of the test sample and corresponding reference samples. 
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The ordination was plotted in three dimensions (axis 1, axis 2, axis 3), which resulted in three two-

dimensional images of the ordination (axis 1 versus axis 2, axis 2 versus axis 3, and axis 1 versus axis 3).  

On each of the three two-dimensional ordinations, ellipses were overlaid using the ellipse function in 

Systat to show 90%, 99% and 99.9% probability levels.  A sample lying outside the 90% ellipse had a 

10% probability of belonging to the reference condition, while a sample lying outside the 99.9% ellipse 

had a 0.1% probability of belonging to the reference condition.  Divergence of a test sample from 

reference condition on the ordination was coded according to stress criteria that are defined in CABIN 

protocols (Figure 2): 

1. Pass (Reference condition, test site laid inside the 90% ellipse in all three plots) 

2. Slightly stressed (test site was situated between the 90% and 99% ellipses in at least one plot but 

it was never outside or on the 99% ellipse in any plot) 

3. Stressed (test site was situated between the 99% and 99.9% ellipse in at least one plot but it was 

never outside or on the 99.9% ellipse in any plot) 

4. Severely stressed (on at least one plot the test site was situated outside or on the 99.9% ellipse) 

If a test site lay on top of a line delineating a probability ellipse, then that site was assigned a 

worst case rating (e.g. if the site laid squarely on the 90% ellipse, the site was considered slightly 

stressed).   

 

   

Figure 2.  Ordination plots for a hypothetical test site shown as a solid red circle and reference 
sites shown as open blue circles belonging to a given sample group.  The ellipses 
correspond to 90% (inner ellipse), 99% (middle ellipse), and 99.9% (outer ellipse) 
probabilities. The conclusion is that the test site in this example is not stressed 
(Reference Condition) because it lay inside of the 90% ellipse in all three plots. 
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3 Results and Discussion 

3.1 Groups of biological reference samples 

A total of 116 benthic invertebrate samples from the 106 reference sites (Figure 1) were included 

in model development. The samples were collected between 2001 and 2010 according to effort shown in 

Table 3. There were more samples than sites because eight sites were sampled more than once and the 

samples from different years were included in the modeling.    

Table 3. Distribution of potential reference sites sampled in each year  

Year # of sites sampled 

2001 21 

2006 19 

2007 28 

2008 32 

2009 9 

2010 7 

Total 116 

 

The best model was based on fourth root transformed family-level count data.  The cluster 

dendogram along with SIMPROF analysis and MDS ordination showed three reference groups having 32 

observations in Group 1, 36 observations in Group 2, and 34 observations in Group 3. There were 14 

outliers. Little overlap of the sample cloud between groups was found (Figures 3 and 4).   

Multiple observations from a single reference site were included in the model for five sites (Table 

4).  In all five cases, the multiple replicates clustered to the same group.  In three cases, one or more 

observations from a single reference site were outliers that were not used in the model.   

Table 4. Repeat reference sites included in the Coastal model building.   

Site Years Sampled Group 

RED01 2008, 2009 outliers 

DEL01 2006, 2007 outlier, 2 

WIN01 2006, 2008 2 

FIL01 2007, 2008 1 

NWCS01 2006, 2009 2 

TSUL01 2006, 2008, 2009, 2010 3 

UDC01 2008, 2009 outliers 

CHR01 2007, 2009 3 
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Figure 3.  The cluster dendogram based on fourth-root transformed family level invertebrate counts from Coastal reference sites samples.  
SIMPROF results are overlaid where a red line joining two or more sites or groups of sites indicates no significant difference between further 
groups, while a black line indicates further splitting of groups creates differences which are statistically significant(in terms of community 
structure between sites).
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Figure 4.  Two-dimensional non-metric multidimensional scaling (NMDS) ordination of Coastal 
model samples based on cluster groups identified in the dendogram in Figure 3.   
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3.2 Predictor variables 

A combination of three predictor variables (Table 4) best differentiated the three reference 

groups.  They were: 

 Minimum elevation of the upstream watershed of the sampling site,  

 Percent of the catchment area that is wetland  and  

 The number of national parks in the watershed.   

Tolerance values were > 0.86 indicating negligible colinearity between the predictors.  The number of 

parks was the strongest predictor (F-value = 50.6), followed by percent wetlands (F-value = 25.4) and 

finally minimum upstream watershed elevation (F-value = 15).  Group 2 samples were from lowest 

elevations where wetlands were present in less than half of watersheds and represented ≤0.33% of 

drainage areas.  Eighty-three percent of Group 2 sites were downstream of a national park.  Group 3 

samples were from intermediate elevations with the most wetlands (mean 0.43%) and no national parks.  

Group 1 samples were from higher elevations where wetland was present but represented ≤0.26% of 

drainage areas and 9% of sites had a national park upstream.  There was large overlap of the elevation 

range between sample groups, indicating a gradient of change in invertebrate assemblages from small 

streams in the alpine to larger streams at lower elevations.   

Table 5. Mean, median, and range of three Coastal predictor variables for each of the three 
reference groups and a count of the number of sites in each group capturing a national 
park. 

Predictor Variable & Descriptive Statistic 

  

Group 1 Group 2 Group 3 

n=32 n=36 n=34 

WATERSHED_MIN_ELEVATION (m) 
Minimum elevation (meters) of the 
watershed upstream of sample site 

 

Mean 217 22 121 

Median 239 13 58 

Range 12 - 612 5 - 192 6 – 418 

WETLANDS_AREA (%) 
Area (% of WATERSHED_AREA) of 

wetlands within sample site watershed. 

Mean 0.05 0.02 0.43 

Median 0 0 0.39 

Range 0 – 0.26 0 – 0.33 0 – 1.22 

PARKS_NATIONAL_COUNT 
Number of national parks within the 

sample site watershed 

Mean 0.1 0.8 0 

Count 3 30 0 

Median 0 1 0 
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Predictor Variable & Descriptive Statistic 

  

Group 1 Group 2 Group 3 

n=32 n=36 n=34 

Range 0 - 1 0 - 1 0 

 

Elevation is known to influence benthic macroinvertebrate abundance and diversity (Lang and 

Reymond, 1993; Ward, 1994; Füreder et al., 2002).  The study area of this RCA model includes 

Vancouver Island and Southern Gwaii Hanaas, making the likely impact of elevation on benthic 

organisms more acute as lower elevations will, in most cases, correspond to coastal locations with higher 

precipitation and different vegetation than more elevated inland sites.  The percent of wetlands in the 

catchment area is also a predictor in this model.  Wetlands act as refugia for taxa during times of stress or 

disturbance and act to reduce the severity of hydrological disturbance (Malmqvist, 2002; Ward et el., 

2002).   During summer low flows, these semi-lentic ecosystems play an important role in maintaining 

species diversity. The number of national parks in the catchment area was also a predictor variable of this 

model.  This variable ranged from zero to one and therefore represents the presence or absence of a 

national park.  When measuring the impact of parks or protected areas on benthic community structure, 

percentage of park or protected area is commonly used (Bailey et al. 2007).  The fact that the number of 

national parks in the catchment area turned out to be a better predictor suggests the possibility of a non-

linear relationship between benthic taxa and national parks.  This variable was an important discriminator 

of reference group 2 (see section 3.2) which is predominantly made up of small coastal watersheds (see 

section 3.3).  Because of their size and relatively small change in elevation, these watersheds could have a 

high degree of connectivity, allowing taxa to easily recolonize anywhere in the watershed.  Assuming 

national parks are acting as a source pool (Poff 1997) from which taxa continually re-colonize a 

watershed after disturbance, a non-linear relationship between taxa and national parks makes sense. 

The probability of assigning a site to the correct sample group was 82%, measured by the overall 

jackknife classification success.  Classification success by sample group ranged from 85% for Group 3 to 

78% for Group 1.   

 

Table 6. Jackknifed classification success matrix. Classification success rate is determined as 
the number of samples correctly classified divided by the total number of samples in the 
group times 100. The number of reference sites in each sample group is shown in 
brackets. 
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Reference Group Group 1 Group 2 Group 3 
%correct 

classification 

1 (n=32) 25 3 4 78 
2 (n=36) 1 30 5 83 
3 (n=34) 5 0 29 85 

Total (n=102) 31 33 38 82 
  
 
 
 
 

3.3 Description of reference sample groups  

All sample groups had 18 to 21 families per sample, high heterogeneity (Simpsons Index of 0.77 

to 0.80) and abundances ranging from 778 to 2147 individuals/sample (Table 7).  The Ephemeroptera, 

Plecoptera, and Trichoptera (EPT) taxa were abundant in all groups ranging from 56% of individuals in 

Group 3 samples to 80% of individuals in Group 1 samples (Figure 5).   

 

Table 7. Mean (± standard deviation) total abundance, family taxa richness and Simpson’s 
Diversity Index for each of three Coastal reference groups.  Family abundance data in 
bold text mark taxa identified using SIMPER that cumulatively contributed to more than 
90% of the within group similarities. 

Variable 

Mean value ± SD in a sample group 

Group 1 Group 2 Group 3 

Number of Sites 32 36 34 
Abundance (number of individuals per 
sample) 867 ± 637 778 ± 493 2147 ± 1463 

Family Taxa Richness 18.5 ± 3.1 20.5 ± 3.8 21.3 ± 3.5 

Simpson's Diversity Index 0.79 ± 0.09 0.77 ± 0.15 0.80 ± 0.08 

Average within-group sample similarity 39.2% 35.1% 32.6% 

Baetidae (Mayfly) 129 ± 203 236 ± 285 343 ± 492 

Ephemerellidae (Mayfly) 63 ± 81 13 ± 20 101 ± 249 

Heptageniidae (Mayfly) 153 ± 105 42 ± 61 236 ± 289 

Chloroperlidae (Stonefly) 45 ± 45 28 ± 31 117 ± 123 

Nemouridae (Stonefly) 64 ± 122 64 ± 103 127 ± 164 

Taeniopterigydae (Stonefly) 146 ± 122 0 ± 0 4 ± 20 

Empididae (True fly) 3 ± 6 12 ± 12 7 ± 13 

Chironomidae (True fly) 103 ± 112 122 ± 153 436 ± 576 

Simuliidae (True fly) 7 ± 15 7 ± 16 165 ± 296 

Tipulidae (True fly) 4 ± 5 20 ± 18 14 ± 17 

Hygrobatidae (Acari) 2 ± 3 15 ± 28 9 ± 17 

Lebertiidae (Acari) 4 ± 14 19 ± 27 10 ± 17 
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Sperchonidae (Acari) 8 ± 14 20 ± 31 8 ± 13 

Torrenticolidae (Acari) 16 ± 34 4 ± 9 109 ± 116 

Glossosomatidae (Caddisfly) 42 ± 100 23 ± 47 18 ± 32 

Hydropsychidae (Caddisfly) 2 ± 6 1 ± 3 52 ± 92 

Lepidostomatidae (Caddisfly) 4 ± 12 15 ± 68 101 ± 248 

Limnophilidae (Caddisfly) 3 ± 6 21 ± 41 3 ± 6 
 

 

Group 1 samples (n=32) had moderate invertebrate abundance (mean individuals per sample, 867 

± 637 SD) and richness (mean number of families, 18.5 ± 3.1 SD).  The most abundant taxa in Group 1 

were the mayfly families Heptageniidae and Baetidae, and the stonefly family Taeniopterygidae (Figure 

5) which together accounted for 58% of within-group similarities.  Similarity among all samples in the 

group was 39% (Table 6).   Taeniopterygidae was not present in Group 2 samples and present in small 

numbers in Group 3, making it a good Group 1 indicator (Figure 6).  Minimum elevation at Group 1 sites 

was 217 m with an average of 0.05% of the catchment being wetland .Only three drainages contained one 

national park.  Median catchment area was 15.9 km
2
 for Group 1 sites and it ranged from 0.8 to 93.6 km

2
. 

Group 2 sites (n=36) were characterized by moderate invertebrate abundance (mean individuals 

per sample, 778 ± 493 SD) and taxa richness (mean number of families 20.5 ± 3.8 SD).  Within-group 

similarity was 35%, and the most abundant taxa in Group 2 were the mayflies Baetidae and 

Heptageniidae, Chironomids (true fly) and the stonefly families Nemouridae and Chloroperlidae (Figure 

5).  The average area of land covered by wetland among Group 2 sites was 0.02%.  Site elevation in 

Group 2 was lowest among groups ranging from 5 to 192 m above sea level (asl), with a mean elevation 

of 22 masl.  Eighty-three percent of the Group 2 sites were within National Park boundaries, particularly 

South Moresby National Park.  Only six of the sites in Group 2 were not from the South Moresby 

National Park. Only three of the sites sampled in the park did not cluster with reference Group 2.  Median 

catchment area was 4.9 km
2
 among Group 2 sites and it ranged from 0.5 to 20.9 km

2
. 

Group 3 samples had highest numbers of invertebrates (n=34, mean abundance 2147 ± 1463 SD) 

and greatest richness (mean richness 21.3 ± 3.5 SD) compared to the other groups.  Chironomids (true 

flies), mayflies (Baetidae and Heptageniidae), simuliids (black flies), the stonefly Nemouridae, and the 

water mite Torrenticolidae were common in Group 3 samples.  The chironomids, heptageniids, and 

Torrenticolidae were particularly abundant and could be considered indicators of the Group (Figure 6).  

Heptageniids were identified as an important taxon in discriminating group 3 samples from other 

reference groups samples (Table 7).  Average similarity among assemblages was 33%.  Wetlands were 

more common in Group 3 catchments than in the other groups but still accounted for less than 0.5% of 



Coastal RCA model 2012  19 

BC Ministry of Environment 

October 2012 

 

catchment area.   All Group 3 samples came from Vancouver Island.  Median catchment area was 20.1 

km
2
 for Group 3 sites and it ranged from 1.6 to 477 km

2
. 

 

 

Figure 5. Taxonomic composition of reference sample groups.  Data for each reference group 
are shown as percentages of the total count (top) and as the mean number of individuals 
per sample (bottom) for each taxonomic group.  “Other” taxa include Amphipods, 
Isopods, Bivalves (clams), Lepidopterans (butterflies), Hydrozoans, Collembolla 
(springtails) and Clitellata (leeches).   
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Table 8. SIMPER output to identify families discriminating between pairs of reference group 
samples using the average dissimilarity between groups divided by the standard 
deviation.  Taxa that were considered good discriminators between groups are marked 
with an asterisk (*) and shaded gray.  Average dissimilarity between group pairs is 
shown at the bottom of the table.   

Common 
Name 

Family 
Dissimilarity between reference group pairs (Diss/SD) 

1 & 2 1 & 3 2 & 3 

Acari Hydryphantidae   0.74   

Acari Hygrobatidae 0.49   0.54 

Acari Lebertiidae 0.82   0.80 

Acari Sperchonidae 0.77   0.70 

Acari Torrenticolidae 0.62 1.37* 1.41* 

Beetles Elmidae   0.48 0.49 

Caddisfly Glossosomatidae 0.56 0.49 0.55 

Caddisfly Hydropsychidae   0.52 0.52 

Caddisfly Lepidostomatidae 0.27 0.54 0.57 

Caddisfly Limnephilidae 0.49   0.47 

Caddisfly Rhyacophilidae 1.01 0.69   

Flatworms Planariidae 0.67 0.57 0.43 

Gastropods Planorbidae     0.42 

Mayfly Ameletidae 0.38   0.43 

Mayfly Baetidae 0.97 0.93 1.00 

Mayfly Ephemerellidae 0.84 0.53 0.44 

Mayfly Heptageniidae 1.41* 1.07* 1.01* 

Mayfly Leptophlebiidae 0.93 0.92 0.77 

Oligochaetes Lumbriculidae 0.32     

Oligochaetes Naididae     0.43 

Oligochaetes Tubificidae   0.22 0.32 

Stonefly Capniidae   0.61   

Stonefly Chloroperlidae 0.80 0.96 0.99 

Stonefly Nemouridae 0.87 1.00 0.97 

Stonefly Taeniopterygidae 0.79 0.70   

True Fly Chironomidae 1.05* 0.95 1.00 

True Fly Empididae       

True Fly Simuliidae 0.52 0.58 0.59 

True Fly Tipulidae 0.85   0.80 

     AVERAGE DISSIMILARITY (%) 71 72.7 74.6 
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Figure 6. Bubble plot overlays for four taxa discriminating most between reference groups in the 
Coastal model.  For each family, the total abundance per site coded by reference group 
(1, 2, and 3), overlays the NMDS ordination of family-level data.  Bubble size indicates 
untransformed taxon abundance (number of individuals per sample).   

Chironomidae

300

1.2E3

2.1E3

3E3
2

2

2

2

2

2

2

2

2

2

2

2

1

2

2

2

2 2

1

2
2

2
2

2

2

2

2

2

2

1

2

2

1

3

3

1

1
1

1

1
1

1

3

2

2

1

3

1

33

3

3

1

3

2

3

3

3

1

1 1

1

3

3

3

3
3

3

2

22

2

3 3

1

1

1

1

1

3

3

1

3

3

1

1

3

3

3

1

11

1

1

1

3

3

3

3

3

3

3

2D Stress: 0.25

Taeniopterygidae

100

400

700

1E3
2

2

2

2

2

2

2

2

2

2

2

2

1

2

2

2

2 2

1

2
2

2
2

2

2

2

2

2

2

1

2

2

1

3

3

1

1
1

1

1
1

1

3

2

2

1

3

1

33

3

3

1

3

2

3

3

3

1

1 1

1

3

3

3

3
3

3

2

22

2

3
3

1

1

1

1

1

3

3

1

3

3

1

1

3

3

3

1

11

1

1

1

3

3

3

3

3

3

3

2D Stress: 0.25



Coastal RCA model 2012  23 

BC Ministry of Environment 

October 2012 

 

3.4 Accuracy and Precision  

Replicate samples were collected from several sites in the same year for testing model accuracy 

and precision (Table 9).  

Accuracy was the rate at which replicate test samples from four different reference sites were 

found to be in reference condition.  Results in Table 9 show model accuracy of 88% which is close to the 

expected Type 1 error rate (10%) defined by the reference condition probability ellipses.  Using a 90% 

probability ellipse to define the reference condition potentially leaves 10% of the reference sites outside 

the ellipse, which means that the probability of finding a test site to be impaired when it is actually in 

reference condition (a type 1 error) for RCA bioassessments is expected to be 10% (Downie 2011).  

Precision was the rate at which replicate test samples that were collected on the same day tested the same.  

There were five samples collected in 2005 for this test.  Table 9 shows that overall precision among these 

samples was 70%.  

In three cases there was not 100% agreement between samples from a single site.  Samples 

differed by one stress band in two cases, FP-KOK02 and VI-STR03, and by more than one band in one 

case, FP-SAN01.  

 

Table 9. List of sites and test site assessments for determining accuracy and precision. MB 
indicates the sample was used in model building. P shows the test sample was in 
reference condition following testing using the coastal model. SL shows the test sample 
was slightly stressed and SS indicates the test sample was severely stressed. 

Site Status Year Group 

Assessment Result Agreement 
between 
samples 

(%) 
Sample 

1 
Sample 

2 
Sample 

3 

GH-ARR01 Ref 2007 2 MB P P 100 

GH-MER01 Ref 2008 2 MB P P 100 

VI-BUT01 Ref 2001 1 MB P P 100 

VI-STR03 Ref 2001 1 MB SL P 50 

FP-ENG01 Test 2005 3 SL SL SL 100 

FP-COW03 Test 2005 3 SS SS SS 100 

FP-KOK02 Test 2005 3 SL SL S 50 

FP-SAN01 Test 2005 3 S SS SL 0 

FP-TSO01 Test 2005 3 P P P 100 
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4 Important considerations 

There are several important things to keep in mind when conducting bioassessments and interpreting 

results (adapted from Bennett 2010): 

 RCA bioassessment should be used as a screening tool and in a weight-of-evidence approach to 

impact assessment.  It is important to consider other lines of evidence (e.g. invertebrate metrics, 

water chemistry, sediment chemistry) before drawing final conclusions and taking management 

actions.   

 The probability of making a type 1 error (finding a test site to be impaired when it is actually in 

reference condition) for Coastal RCA bioassessments is 10% because using a 90% probability 

ellipse to define the reference condition potentially leaves 10% of the reference sites outside the 

ellipse.  Reducing the type I error rate by using a different ellipse results in a trade-off with type 

II error rates, and may not be desirable from a management perspective.  For more information on 

errors, please see Downie (2011). 

 Spatial datasets for this study were selected from what was available at the time of the model-

build.  As time goes on, more accurate spatial datasets may be available, but for site-testing 

purposes, it is critical to compile data for each test watershed from the same sources and using the 

same methods that were used to compile data for the reference sites used to build the model.  

Prediction of a test site to a reference group based on values of predictor variables by using data 

substitutions (e.g. using real precipitation data measured from within a watershed rather than GIS 

calculated values from the appropriate data layer) are not acceptable.  To maximize success of 

predicting a test site to the most appropriate reference group, it is critical that the values for the 

predictor variables have been calculated for the test site according to the methods in Norris 

(2012).   

 Test site analyses in CABIN are run on untransformed biological data, not fourth-root 

transformed data as were used for model-building.  An evaluation of a model built for the Skeena 

region included comparison of assessment outputs for untransformed and fourth-root transformed 

biological data for 94 sites and found that results matched in 68 cases (72% agreement) (Bennett 

2010). 
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5 Application of RCA bioassessments for impact assessment 

The BC Ministry of Environment has proposed using CABIN protocols for monitoring the effects 

of pulp mills, fertilizer application, urbanization / stormwater, sewage discharge, cumulative effects 

resulting from the construction of the Northern Transmission Line, and State of the Environment 

Reporting (pers. comm.., Greg Tamblyn, June 28, 2011).  Reference Condition Approach bioassessments 

have wide application and the list of applied examples is growing.  On Vancouver Island, stream 

bioassessments conducted in the Quinsam River helped to identify and separate impacts related to non-

point sources in the lower watershed (e.g. increased nutrients in agricultural land run-off) from those 

attributable to coal mining activities in the upper watershed, which played a more minor role (pers. 

comm., Deborah Epps, March 2012).  In the Cariboo Region, stream bioassessments of accelerated 

clearcut logging in watersheds heavily infected by mountain pine beetle are on-going by Forest, Lands 

and Natural Resource Operations using the Fraser model (pers. comm., Joanne McLeod, March 2012).  In 

the BC Interior, the Department of Fisheries and Oceans (DFO) has used CABIN and RCA as part of the 

Wild Salmon Policy (WSP) in two drainages (Branton et al. 2006).  In the Skeena Region, the Ministry of 

Environment has used RCA bioassessments as an impact assessment tool to evaluate aquatic ecosystem 

integrity in the vicinity of a range of anthropogenic activities including solid waste management facilities 

(landfills), agriculture and mining, and to monitor cumulative effects.  Several mining companies within 

the Skeena Region have collected baseline data for environmental assessment applications using CABIN 

protocols with the goal of testing the viability of the Reference Condition Approach as an assessment tool 

in their situations (e.g. highly mineralized areas often above treeline).  Furthermore, an existing 

molybdenum mine in the Skeena Region has begun collecting data to change their existing monitoring 

program to include RCA bioassessments as part of their federal environmental effects monitoring (EEM) 

requirements (pers. comm.., Greg Tamblyn, March 2012).  In the Skagit watershed, an RCA model was 

developed by a trans-border group to assess water quality (Perrin and Bennett 2010, HMCOL 2010).   

Outside of BC, the use of predictive modelling for biomonitoring continues to grow as well.  As 

tribute to this, the Society for Freshwater Science (formerly North American Benthological Society) is 

hosting a special session on bioassessment at their annual general meeting in 2012.  In the Yukon, aquatic 

health biomonitoring using an RCA model housed in CABIN is connected to a regulatory system through 

an Adaptive Management Framework, where the RCA is used in support of the Fish Habitat Management 

System for Yukon Placer Mining, developed under the Fisheries Act.  Aquatic health biomonitoring using 

an RCA model housed in CABIN is one of three monitoring components considered along with 

traditional knowledge in an Adaptive Management Framework.  The objectives of the management 

system are to recognize the importance of fish and fish habitat supporting fisheries, and the importance of 
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a sustainable placer mining industry. (Robert Thomson, pers. comm., March 2012).  As a final example, 

recent research suggests that despite measurable climate change effects on biota, reference sites sampled 

15 years prior to test sites still provided a suitable benchmark (Nichols et al 2010).   
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Appendix A.  Complete list of GIS variables, descriptions, and data sources.   

Variable Description Data Source(s) 

SITE_LONGITUDE 
Longitude of the sample site 
(decimal degrees) Taken from the GIS points dataset (location of the biomonitoring sites) 

provided by the client - each site location is edited slightly to ensure point 
is directly on the centreline of Freshwater Atlas stream or river. SITE_LATITUDE 

Latitude of the sample site 
(decimal degrees) 

ECOREGION Federal ecoregion at sample site 
Ecoregions of Canada (Environment Canada): 
http://www.ec.gc.ca/soer-ree/English/Framework/Nardesc/canada_e.cfm 

ECOZONE Federal ecozone at sample site 

BEC_ZONE_AT_SITE 
BEC (Biogeoclimatic Ecosystem 
Classification) zone at sample site 

WHSE_FOREST_VEGETATION.BEC_BIOGEOCLIMATIC_POLY 

WATERSHED_AREA 
Area (hectares) of the watershed 
upstream of sample site (sample 
site watershed).  

WHSE_BASEMAPPING.FWA_STREAM_NETWORKS_SP, 
WHSE_BASEMAPPING.FWA_WATERSHEDS_POLY, Digital Elevation 
Model at \\Giswhse.env.gov.bc.ca\Whse_np\corp\arcwhse\gdbc\tdem_bc 

STREAMS_LENGTH 

Length (km) of Freshwater Atlas 
streams (including along the 
centreline of lakes, wetlands, and 
wide "double-line" river segments) 
within sample site watershed.  

WHSE_BASEMAPPING.FWA_STREAM_NETWORKS_SP 

STREAM_ORDER_20K_FWA 
Stream order at sample site, 
based on 1:20,000 scale 
Freshwater Atlas 

WHSE_BASEMAPPING.FWA_STREAM_NETWORKS_SP 

STREAM_ORDER_50K_WA 
Stream order at sample site, 
based on 1:50,000 scale 
Watershed Atlas 

WHSE_FISH.WDIC_WATERBODY_STREAM_LINE_SVW 

LAKES_AREA 
Area (% of WATERSHED_AREA) 
of lakes and man-made reservoirs 
within sample site watershed. 

WHSE_BASEMAPPING.FWA_LAKES_POLY, 
WHSE_BASEMAPPING.FWA_MANMADE_WATERBODIES_POLY 



Coastal RCA model 2012      31 

BC Ministry of Environment 

October 2012 

 

Variable Description Data Source(s) 

RIVERS_AREA 

Area (% of WATERSHED_AREA) 
of wide (mapped with a "double-
line") segments of rivers and man-
made canals within sample site 
watershed.  

WHSE_BASEMAPPING.FWA_RIVERS_POLY, 
WHSE_BASEMAPPING.FWA_MANMADE_WATERBODIES_POLY 

WETLANDS_AREA 
Area (% of WATERSHED_AREA) 
of wetlands within sample site 
watershed. 

WHSE_BASEMAPPING.FWA_WETLANDS_POLY 

ICE_AREA 
Area (% of WATERSHED_AREA) 
of ice within sample site 
watershed.  

WHSE_BASEMAPPING.FWA_GLACIERS_POLY 

FOREST_YOUNG 

Area (% of WATERSHED_AREA) 
of forest with age less than 140 
years and greater than 6 m in 
height within the sample site 
watershed, and that has NOT 
been harvested since 1980 

WHSE_FOREST_VEGETATION.VEG_COMP_LYR_R1_POLY, 
calculated area of FOREST_HARVESTED_1980_AFTER 

FOREST_100 

Area (% of WATERSHED_AREA) 
of forest with age greater than or 
equal to 100 years within the 
sample site watershed  

WHSE_FOREST_VEGETATION.VEG_COMP_LYR_R1_POLY 

FOREST_OLD_GROWTH 

Area (% of WATERSHED_AREA) 
of forest with age greater than 140 
years and greater than 6 m in 
height within the sample site 
watershed 

WHSE_FOREST_VEGETATION.VEG_COMP_LYR_R1_POLY 

FOREST_BURNED_1988_AFT
ER 

Area (% of WATERSHED_AREA) 
of forest burned after 1988 (but 
after 2008, since the project is for 
2008 sample sites) within the 
sample site watershed  

WHSE_LAND_AND_NATURAL_RESOURCE.PROT_HISTORICAL_FIR
E_POLYS_SP 

FOREST_BURNED_2000_BEF
ORE 

Area (% of WATERSHED_AREA) 
of forest burned before 2000 
within the sample site watershed 

WHSE_LAND_AND_NATURAL_RESOURCE.PROT_HISTORICAL_FIR
E_POLYS_SP 
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Variable Description Data Source(s) 

FOREST_HARVESTED_1980_
AFTER 

Area (% of WATERSHED_AREA) 
of forest harvested after 1980 
within the sample site watershed 

WHSE_FOREST_VEGETATION.VEG_COMP_LYR_R1_POLY, 
WHSE_FOREST_VEGETATION.RSLT_OPENING_SVW 

AGRICULTURE_AREA 

Total area (% of 
WATERSHED_AREA) classified 
as agriculture within the sample 
site watershed 

WHSE_BASEMAPPING.BTM_PRESENT_LAND_USE_V1_SVW 

ALPINE_AREA 
Area (% of WATERSHED_AREA) 
classified as alpine within the 
sample site watershed 

WHSE_BASEMAPPING.BTM_PRESENT_LAND_USE_V1_SVW 

AVALANCHE_AREA 

Area (% of WATERSHED_AREA) 
classified as sub-alpine avalanche 
chute within the sample site 
watershed 

WHSE_BASEMAPPING.BTM_PRESENT_LAND_USE_V1_SVW 

BARREN_AREA 
Area (% of WATERSHED_AREA) 
classified as barren surfaces 
within the sample site watershed  

WHSE_BASEMAPPING.BTM_PRESENT_LAND_USE_V1_SVW 

MINING_AREA 
Area (% of WATERSHED_AREA) 
classified as mining within the 
sample site watershed 

WHSE_BASEMAPPING.BTM_PRESENT_LAND_USE_V1_SVW 

URBAN_AREA 
Area (% of WATERSHED_AREA) 
classified as urban within the 
sample site watershed 

WHSE_BASEMAPPING.BTM_PRESENT_LAND_USE_V1_SVW 

RANGELANDS_AREA 
Area (% of WATERSHED_AREA) 
classified as range lands within 
the sample site watershed 

WHSE_BASEMAPPING.BTM_PRESENT_LAND_USE_V1_SVW 

RES_AGRI_AREA 

Area (% of WATERSHED_AREA) 
classified as residential agriculture 
mixtures within the sample site 
watershed 

WHSE_BASEMAPPING.BTM_PRESENT_LAND_USE_V1_SVW 

ROADS_LENGTH 
Length (km) of roads within 
sample site watershed 

WHSE_BASEMAPPING.DRA_DIGITAL_ROAD_ATLAS_LINE_SP 
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Variable Description Data Source(s) 

MINES_ACTIVE 
Number of active/producing mines 
within the sample site watershed 

WHSE_MINERAL_TENURE.MINFIL_MINERAL_FILE 

SITE_ELEVATION 

The elevation (meters) of the 
sample site. Note: in some cases 
where the lower portion of the 
watershed wasn't drawn to exactly 
include the site location, the 
SITE_ELEVATION could be a few 
meters lower than the 
WATERSHED_MIN_ELEVATION.  

\\Giswhse.env.gov.bc.ca\Whse_np\corp\arcwhse\gdbc\tdem_bc 

WATERSHED_MAX_ELEVATI
ON 

Maximum elevation (meters) of 
the watershed upstream of sample 
site 

\\Giswhse.env.gov.bc.ca\Whse_np\corp\arcwhse\gdbc\tdem_bc 

WATERSHED_MIN_ELEVATIO
N 

Minimum elevation (meters) of the 
watershed upstream of sample 
site 

\\Giswhse.env.gov.bc.ca\Whse_np\corp\arcwhse\gdbc\tdem_bc 

WATERSHED_MEAN_ELEVATI
ON 

Mean elevation (meters) of the 
watershed upstream of sample 
site 

\\Giswhse.env.gov.bc.ca\Whse_np\corp\arcwhse\gdbc\tdem_bc 

SLOPE_LT30PCNT 
Area (% of WATERSHED_AREA) 
with slope less than 30% within 
the sample site watershed 

\\Giswhse.env.gov.bc.ca\Whse_np\corp\arcwhse\gdbc\tdem_bc 

SLOPE_3050PCNT 
Area (% of WATERSHED_AREA) 
with slope 30% to 50% within the 
sample site watershed 

\\Giswhse.env.gov.bc.ca\Whse_np\corp\arcwhse\gdbc\tdem_bc 

SLOPE_5060PCNT 
Area (% of WATERSHED_AREA) 
with slope 50% to 60% within the 
sample site watershed 

\\Giswhse.env.gov.bc.ca\Whse_np\corp\arcwhse\gdbc\tdem_bc 
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Variable Description Data Source(s) 

SLOPE_GT60PCNT 
Area (% of WATERSHED_AREA) 
with slope greater than 60% within 
the sample site watershed 

\\Giswhse.env.gov.bc.ca\Whse_np\corp\arcwhse\gdbc\tdem_bc 

PROTECTEDAREAS_PROV_C
OUNT 

Number of provincial protected 
areas (provincial parks, ecological 
reserves, protected areas, 
recreation areas, conservancy 
areas, wildlife management areas) 
within the sample site watershed 

WHSE_TANTALIS.TA_ADMIN_AREA_SHAPES, TA_ADMIN_AREAS 

PROTECTEDAREAS_PROV_A
REA 

Area (% of WATERSHED_AREA) 
of provincial protected areas 
(provincial parks, ecological 
reserves, protected areas, 
recreation areas, conservancy 
areas, wildlife management areas) 
within the sample site watershed 

WHSE_TANTALIS.TA_ADMIN_AREA_SHAPES, TA_ADMIN_AREAS 

PARKS_NATIONAL_COUNT 
Number of national parks within 
the sample site watershed 

WHSE_ADMIN_BOUNDARIES.CLAB_NATIONAL_PARKS 

PARKS_NATIONAL_AREA 
Area (% of WATERSHED_AREA) 
of national parks within the sample 
site watershed 

WHSE_ADMIN_BOUNDARIES.CLAB_NATIONAL_PARKS 

ALR_AREA 

Area (% of WATERSHED_AREA) 
designated as Agricultural Land 
Reserve use (ALR) within the 
sample site watershed 

WHSE_ADMIN_BOUNDARIES.ALC_AGRI_LAND_RESERVE_POLYS 

BEDROCK_SEDIMENTARY_A
REA 

Area (% of WATERSHED_AREA) 
of bedrock classified as 
sedimentary within the sample site 
watershed 

WHSE_MINERAL_TENURE.GEOL_BEDROCK_UNIT_POLY_SVW 
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Variable Description Data Source(s) 

BEDROCK_INTRUSIVE_AREA 
Area (% of WATERSHED_AREA) 
of bedrock classified as intrusive 
within the sample site watershed 

WHSE_MINERAL_TENURE.GEOL_BEDROCK_UNIT_POLY_SVW 

BEDROCK_VOLCANIC_AREA 
Area (% of WATERSHED_AREA) 
of bedrock classified as volcanic 
within the sample site watershed 

WHSE_MINERAL_TENURE.GEOL_BEDROCK_UNIT_POLY_SVW 

BEDROCK_METAMORPHIC_A
REA 

Area (% of WATERSHED_AREA) 
of bedrock classified as 
metamorphic within the sample 
site watershed 

WHSE_MINERAL_TENURE.GEOL_BEDROCK_UNIT_POLY_SVW 

BEDROCK_ULTRAMAFIC_ARE
A 

Area (% of WATERSHED_AREA) 
of bedrock classified as ultramafic 
within the sample site watershed 

WHSE_MINERAL_TENURE.GEOL_BEDROCK_UNIT_POLY_SVW 

BEC_ZONE_BAFA_AREA 

Area (% of WATERSHED_AREA) 
of BEC (Biogeoclimatic 
Ecosystem Classification) zone 
classified as BAFA within the 
sample site watershed 

WHSE_FOREST_VEGETATION.BEC_BIOGEOCLIMATIC_POLY 

BEC_ZONE_BG_AREA 
Area (% of WATERSHED_AREA) 
of BEC zone classified as BG 
within the sample site watershed 

WHSE_FOREST_VEGETATION.BEC_BIOGEOCLIMATIC_POLY 
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Variable Description Data Source(s) 

BEC_ZONE_BWBS_AREA 
Area (% of WATERSHED_AREA) 
of BEC zone classified as BWBS 
within the sample site watershed 

WHSE_FOREST_VEGETATION.BEC_BIOGEOCLIMATIC_POLY 

BEC_ZONE_CDF_AREA 
Area (% of WATERSHED_AREA) 
of BEC zone classified as CDF 
within the sample site watershed 

WHSE_FOREST_VEGETATION.BEC_BIOGEOCLIMATIC_POLY 

BEC_ZONE_CMA_AREA 
Area (% of WATERSHED_AREA) 
of BEC zone classified as CMA 
within the sample site watershed 

WHSE_FOREST_VEGETATION.BEC_BIOGEOCLIMATIC_POLY 

BEC_ZONE_CWH_AREA 
Area (% of WATERSHED_AREA) 
of BEC zone classified as CWH 
within the sample site watershed 

WHSE_FOREST_VEGETATION.BEC_BIOGEOCLIMATIC_POLY 

BEC_ZONE_ESSF_AREA 
Area (% of WATERSHED_AREA) 
of BEC zone classified as ESSF 
within the sample site watershed 

WHSE_FOREST_VEGETATION.BEC_BIOGEOCLIMATIC_POLY 

BEC_ZONE_ICH_AREA 
Area (% of WATERSHED_AREA) 
of BEC zone classified as ICH 
within the sample site watershed 

WHSE_FOREST_VEGETATION.BEC_BIOGEOCLIMATIC_POLY 

BEC_ZONE_IDF_AREA 
Area (% of WATERSHED_AREA) 
of BEC zone classified as IDF 
within the sample site watershed 

WHSE_FOREST_VEGETATION.BEC_BIOGEOCLIMATIC_POLY 

BEC_ZONE_IMA_AREA 
Area (% of WATERSHED_AREA) 
of BEC zone classified as IMA 
within the sample site watershed 

WHSE_FOREST_VEGETATION.BEC_BIOGEOCLIMATIC_POLY 

BEC_ZONE_MH_AREA 
Area (% of WATERSHED_AREA) 
of BEC zone classified as MH 
within the sample site watershed 

WHSE_FOREST_VEGETATION.BEC_BIOGEOCLIMATIC_POLY 

BEC_ZONE_MS_AREA 
Area (% of WATERSHED_AREA) 
of BEC zone classified as MS 
within the sample site watershed 

WHSE_FOREST_VEGETATION.BEC_BIOGEOCLIMATIC_POLY 

BEC_ZONE_PP_AREA 
Area (% of WATERSHED_AREA) 
of BEC zone classified as PP 
within the sample site watershed 

WHSE_FOREST_VEGETATION.BEC_BIOGEOCLIMATIC_POLY 
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Variable Description Data Source(s) 

BEC_ZONE_SBPS_AREA 
Area (% of WATERSHED_AREA) 
of BEC zone classified as SBPS 
within the sample site watershed 

WHSE_FOREST_VEGETATION.BEC_BIOGEOCLIMATIC_POLY 

BEC_ZONE_SBS_AREA 
Area (% of WATERSHED_AREA) 
of BEC zone classified as SBS 
within the sample site watershed 

WHSE_FOREST_VEGETATION.BEC_BIOGEOCLIMATIC_POLY 

BEC_ZONE_SWB_AREA 
Area (% of WATERSHED_AREA) 
of BEC zone classified as SWB 
within the sample site watershed 

WHSE_FOREST_VEGETATION.BEC_BIOGEOCLIMATIC_POLY 

PPT_JAN_M 

mean monthly precipitation per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource- 
January 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

PPT_FEB_M 

mean monthly precipitation per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource- 
February 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

PPT_MAR_M 

mean monthly precipitation per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource- 
March 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

PPT_APR_M 

mean monthly precipitation per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource- 
April 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

PPT_MAY_M 

mean monthly precipitation per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource- 
May 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

PPT_JUN_M 

mean monthly precipitation per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource- 
June 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

PPT_JUL_M 

mean monthly precipitation per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource- 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 
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Variable Description Data Source(s) 

July 

PPT_AUG_M 

mean monthly precipitation per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource- 
August 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

PPT_SEP_M 

mean monthly precipitation per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource- 
September 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

PPT_OCT_M 

mean monthly precipitation per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource- 
October 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

PPT_NOV_M 

mean monthly precipitation per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource- 
November 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

PPT_DEC_M 

mean monthly precipitation per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource- 
December 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

PPT_ANN_M Mean Annual precipitation 
WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

TEMP_JAN_M 

mean monthly air temperature 
(buffered to stream reaches per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource - 
January 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

TEMP_FEB_M 

mean monthly air temperature 
(buffered to stream reaches per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource - 
February 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 
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Variable Description Data Source(s) 

TEMP_MAR_M 

mean monthly air temperature 
(buffered to stream reaches per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource - 
March 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

TEMP_APR_M 

mean monthly air temperature 
(buffered to stream reaches per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource - 
April 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

TEMP_MAY_M 

mean monthly air temperature 
(buffered to stream reaches per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource - 
May 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

TEMP_JUN_M 

mean monthly air temperature 
(buffered to stream reaches per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource - 
June 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

TEMP_JUL_M 

mean monthly air temperature 
(buffered to stream reaches per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource - 
July 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

TEMP_AUG_M 

mean monthly air temperature 
(buffered to stream reaches per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource - 
August 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

TEMP_SEP_M 

mean monthly air temperature 
(buffered to stream reaches per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource - 
September 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 
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Variable Description Data Source(s) 

TEMP_OCT_M 

mean monthly air temperature 
(buffered to stream reaches per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource - 
October 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

TEMP_NOV_M 

mean monthly air temperature 
(buffered to stream reaches per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource - 
November 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

TEMP_DEC_M 

mean monthly air temperature 
(buffered to stream reaches per 
watershed unit (average 30 yrs of 
data 1961-1990) ClimateSource - 
December 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

TEMP_ANN_M Mean Annual air temperature 
WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

MAX_JUL 
Maximum July temperature per 
watershed 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

ACC_PPT_YL 

accumulative precipitation yield 
(accumulated gridded precipitation 
average annual precipitation total 
the entire upstream drainage area 
of each watershed unit 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

DD0 

Number of degree days above 
0oC per watershed unit (based on 
air temperature data from 
ClimateSource) 

WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

GRAD_MOD stream gradient model 
WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

HYDRO_MOD flow regime model 
WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

TEMP_MOD temperature model 
WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 
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Variable Description Data Source(s) 

NUTR_MOD nutrient model 
WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

RIVER_CLAS river ecosystem class 
WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

RIVER_TYPE river ecosystem type 
WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 

RIVER_SUBT river ecosystem sub-type 
WHSE_LAND_AND_NATURAL_RESOURCE.EAUBC_RIVERS_SP 



Coastal RCA model 2012  42 

BC Ministry of Environment 

October 2012 

 

Appendix B  List of potential predictor variables included for model 

development.   

Predictor Variable 
Method 
(Field 

or GIS) 
Description 

LONGITUDE GIS Longitude of the sample site decimal degrees) 

LATITUDE GIS Latitude of the sample site (decimal degrees) 

ECOREGION GIS Federal Ecoregion at sample site 

WATERSHED_AREA GIS 
Area (hectares) of the watershed upstream of sample 
site (sample site watershed). 

STREAMS_LENGTH GIS 
Length (km) of Freshwater Atlas streams within 
sample site watershed. 

ST_ORDER_1_20 GIS 
Stream order at sample site, based on 1:20,000 scale 
Freshwater Atlas 

LAKES_AREA GIS 
Area (% of WATERSHED_AREA) of lakes and man-
made reservoirs within sample site watershed. 

RIVERS_AREA GIS 
Area (% of WATERSHED_AREA) of wide segments of 
rivers and man-made canals within sample site 
watershed. 

WETLANDS_AREA GIS 
Area (% of WATERSHED_AREA) of wetlands within 
sample site watershed. 

ICE_AREA GIS 
Area (% of WATERSHED_AREA) of ice within sample 
site watershed. 

FOREST_YOUNG GIS 

Area (% of WATERSHED_AREA) of forest with age 
less than 140 years and greater than 6 m in height 
within the sample site watershed, and that has NOT 
been harvested since 1980 

FOREST_100 GIS 
Area (% of WATERSHED_AREA) of forest with age 
greater than or equal to 100 years within the sample 
site watershed 

FOREST_OLD_GROWTH GIS 
Area (% of WATERSHED_AREA) of forest with age 
greater than 140 years and greater than 6 m in height 
within the sample site watershed 

ALPINE_AREA GIS 
Area (% of WATERSHED_AREA) classified as alpine 
within the sample site watershed 

AVALANCHE_AREA GIS 
Area (% of WATERSHED_AREA) classified as sub-
alpine avalanche chute within the sample site 
watershed 

BARREN_AREA GIS 
Area (% of WATERSHED_AREA) classified as barren 
surfaces within the sample site watershed 

WATERSHED_MAX_ELEVATION GIS 
Maximum elevation (meters) of the watershed 
upstream of sample site 
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Predictor Variable 
Method 
(Field 

or GIS) 
Description 

WATERSHED_MIN_ELEVATION GIS 
Minimum elevation (meters) of the watershed 
upstream of sample site 

SLOPE_LT30PCNT GIS 
Area (% of WATERSHED_AREA) with slope less than 
30% within the sample site watershed 

SLOPE_3050PCNT GIS 
Area (% of WATERSHED_AREA) with slope 30% to 
50% within the sample site watershed 

SLOPE_5060PCNT GIS 
Area (% of WATERSHED_AREA) with slope 50% to 
60% within the sample site watershed 

SLOPE_GT60PCNT GIS 
Area (% of WATERSHED_AREA) with slope greater 
than 60% within the sample site watershed 

PROTECT_PROV_COUNT GIS 

Number of provincial protected areas (provincial parks, 
ecological reserves, protected areas, recreation areas, 
conservancy areas, wildlife management areas) within 
the sample site watershed 

PROTECT_PROV_AREA GIS 

Area (% of WATERSHED_AREA) of provincial 
protected areas (provincial parks, ecological reserves, 
protected areas, recreation areas, conservancy areas, 
wildlife management areas) within the sample site 
watershed 

PARKS_NAT_COUNT GIS 
Number of national parks within the sample site 
watershed 

PARKS_NAT_AREA GIS 
Area (% of WATERSHED_AREA) of national parks 
within the sample site watershed 

BEDROCK_SEDIMENTARY_ARE
A 

GIS 
Area (% of WATERSHED_AREA) of bedrock 
classified as sedimentary within the sample site 
watershed 

BEDROCK_INTRUSIVE_AREA GIS 
Area (% of WATERSHED_AREA) of bedrock 
classified as intrusive within the sample site watershed 

BEDROCK_VOLCANIC_AREA GIS 
Area (% of WATERSHED_AREA) of bedrock 
classified as volcanic within the sample site watershed 

BEDROCK_METAMORPHIC_ARE
A 

GIS 
Area (% of WATERSHED_AREA) of bedrock 
classified as metamorphic within the sample site 
watershed 

BEDROCK_ULTRAMAFIC_AREA GIS 
Area (% of WATERSHED_AREA) of bedrock 
classified as ultramafic within the sample site 
watershed 

BEC_ZONE_yyy_AREA GIS 
Area (% of WATERSHED_AREA) of each BEC zone 
present in a watershed (one value for each BEC zone 
type) 
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Predictor Variable 
Method 
(Field 

or GIS) 
Description 

PPT_mmm_M GIS 
mean monthly precipitation per watershed unit 
(average 30 yrs of data 1961-1990) for each month 
(mmm) (Jan-Dec) 

PPT_ANN_M GIS Mean Annual precipitation 

TEMP_mmm_M GIS 
mean monthly air temperature (buffered to stream 
reaches per watershed unit (average 30 yrs of data 
1961-1990) for each month (mmm) (Jan - Dec) 

TEMP_ANN_M GIS Mean Annual air temperature 

MAX_JUL GIS Maximum July temperature per watershed 

ACC_PPT_YL GIS 
accumulative precipitation yield (accumulated gridded 
precipitation average annual precipitation total the 
entire upstream drainage area of each watershed unit 

DD0 GIS 
Number of degree days above 0°C per watershed unit 
(based on air temperature data from ClimateSource) 

GRAD_MOD_N GIS 

Stream gradient model:  1:50000 watersheds 
categorized into steep, moderate, or shallow based on 
provincial gradient classes derived via digital elevation 
maps.

 3
 

HYDRO_MOD_N
 

GIS 

Flow regime model:  Long-term climate data is 
analyzed by 1:50000 watersheds to classify flow 
regime as low, moderate, or high for each season 
(winter, spring, summer, fall).

 2
 

TEMP_MOD_N GIS 

Temperature model:   Long-term climate data is used 
(maximum July air temperature and degree-days) to 
create a temperature model for 1:50000 watersheds.  
Cold, cool, and warm water temperatures for each of 
low, moderate, and high degree days.

 2
 

NUTR_MOD_N GIS 

Nutrient model:  Seven different nutrient classes are 
created for 1:50000 watersheds via bedrock geology 
(alluvium, serpentine and other chemical sediments, 
carbonates, hard sedimentary rocks, volcanic, 
intrusive and metamorphic).

 2
  

RIVER_CLAS_N GIS 
River ecosystem class:  1:50000 watersheds broken 
down into hydrologic connectivity classes: headwater, 
tributary, mainstem, coastal.

 2
 

RIVER_TYPE_N GIS 

River ecosystem type:  1:50000 watersheds broken 
down into river ecosystem types under each river 
ecosystem class.  There are coastal, interior low relief 
and interior high relief ecosystem types for headwater, 
tributary, and mainstem classes.  For coastal class 
watersheds there are outer coast & islands and inner 
coast and fjords types.

 2
 

RIVER_SUBT_N GIS river ecosystem sub-type
2
 

PPT_ANN_MEDIAN GIS Median annual precipitation 

                                                      
3
 These model variables and river types are from the Ecological Aquatic Units of BC.  

http://science.natureconservancy.ca/resources/docs/EAU_BC_Nov2007_nomaps.pdf  (Ciruna et al. 2007) 

http://science.natureconservancy.ca/resources/docs/EAU_BC_Nov2007_nomaps.pdf
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Predictor Variable 
Method 
(Field 

or GIS) 
Description 

TEMP_ANN_MEDIAN GIS Median annual temperature 

SPR_PPT Calc Mean spring precipitation 

SMR_PPT Calc Mean summer precipitation 

FLL_PPT Calc Mean fall precipitation 

WTR_PPT Calc Mean winter precipitation 

SPR_TEMP Calc Mean spring temperature 

SMR_TEMP Calc Mean summer temperature 

FLL_TEMP Calc Mean fall temperature 

WTR_TEMP Calc Mean winter temperature 

ALTITUDE GIS 
 

POOLS FIELD Presence or absence of habitat type 

RAPIDS FIELD Presence or absence of habitat type 

RIFFLES FIELD Presence or absence of habitat type 

RUNS FIELD Presence or absence of habitat type 

CONIFERS FIELD Presence or absence in streamside vegetation 

DECID FIELD Presence or absence in streamside vegetation 

GRASS FIELD Presence or absence in streamside vegetation 

SHRUBS FIELD Presence or absence in streamside vegetation 

SLOPE FIELD stream gradient 

SUBST_2ND FIELD Subdominant substrate particle size class 

SUBST_DOM FIELD Dominant substrate particle size class 

VELOCITY_AVG FIELD Mean velocity 

VELOCITY_MAX FIELD Maximum velocity 

BANKFULL FIELD Bankfull width 

WETTED FIELD Wetted width 

EDU Calc 

Ecological drainage units represent distinct major 
drainage basins that contain unique fish assemblages 
based on broad zoogeographic, physiographic and 
climatic patterns.

 4
 

PPT_ANN_ACCUM Calc annual accumulative precipitation yield 

 

                                                      
4
 Model variable from the Ecological Aquatic Units of BC.  

http://science.natureconservancy.ca/resources/docs/EAU_BC_Nov2007_nomaps.pdf  (Ciruna et al. 2007) 

http://science.natureconservancy.ca/resources/docs/EAU_BC_Nov2007_nomaps.pdf
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Appendix C.  Taxa list for Coastal model.   

Phylum Class Order Family Common Name 

Annelida Clitellata Haplotaxida Enchytraeidae Oligochaetes 

Annelida Clitellata Haplotaxida Haplotaxidae Oligochaetes 

Annelida Clitellata Haplotaxida Naididae Oligochaetes 

Annelida Clitellata Haplotaxida Tubificidae Oligochaetes 

Annelida Clitellata Lumbriculida Lumbriculidae Oligochaetes 

Annelida Clitellata Rhynchobdellida Piscicolidae Leeches 

Arthropoda Entognatha Collembola Hypogastruridae Springtails 

Arthropoda Entognatha Collembola Isotomidae Springtails 

Arthropoda Entognatha Collembola Poduridae Springtails 

Arthropoda Entognatha Collembola Sminthuridae Springtails 

Arthropoda Insecta Coleoptera Curculionidae Beetles 

Arthropoda Insecta Coleoptera Dytiscidae Beetles 

Arthropoda Insecta Coleoptera Elmidae Beetles 

Arthropoda Insecta Coleoptera Hydrophilidae Beetles 

Arthropoda Insecta Diptera Ceratopogonidae True Fly 

Arthropoda Insecta Diptera Chironomidae True Fly 

Arthropoda Insecta Diptera Dixidae True Fly 

Arthropoda Insecta Diptera Dolichopodidae True Fly 

Arthropoda Insecta Diptera Empididae True Fly 

Arthropoda Insecta Diptera Psychodidae True Fly 

Arthropoda Insecta Diptera Simuliidae True Fly 

Arthropoda Insecta Diptera Tipulidae True Fly 

Arthropoda Insecta Ephemeroptera Ameletidae Mayfly 

Arthropoda Insecta Ephemeroptera Baetidae Mayfly 

Arthropoda Insecta Ephemeroptera Baetiscidae Mayfly 

Arthropoda Insecta Ephemeroptera Ephemerellidae Mayfly 

Arthropoda Insecta Ephemeroptera Heptageniidae Mayfly 

Arthropoda Insecta Ephemeroptera Leptohyphidae Mayfly 

Arthropoda Insecta Ephemeroptera Leptophlebiidae Mayfly 

Arthropoda Insecta Lepidoptera Pyralidae Butterfly 

Arthropoda Insecta Plecoptera Capniidae Stonefly 

Arthropoda Insecta Plecoptera Chloroperlidae Stonefly 

Arthropoda Insecta Plecoptera Leuctridae Stonefly 

Arthropoda Insecta Plecoptera Nemouridae Stonefly 

Arthropoda Insecta Plecoptera Perlidae Stonefly 

Arthropoda Insecta Plecoptera Perlodidae Stonefly 

Arthropoda Insecta Plecoptera Taeniopterygidae Stonefly 

Arthropoda Insecta Trichoptera Apataniidae Caddisfly 
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Phylum Class Order Family Common Name 

Arthropoda Insecta Trichoptera Brachycentridae Caddisfly 

Arthropoda Insecta Trichoptera Glossosomatidae Caddisfly 

Arthropoda Insecta Trichoptera Hydropsychidae Caddisfly 

Arthropoda Insecta Trichoptera Hydroptilidae Caddisfly 

Arthropoda Insecta Trichoptera Lepidostomatidae Caddisfly 

Arthropoda Insecta Trichoptera Leptoceridae Caddisfly 

Arthropoda Insecta Trichoptera Limnephilidae Caddisfly 

Arthropoda Insecta Trichoptera Philopotamidae Caddisfly 

Arthropoda Insecta Trichoptera Polycentropodidae Caddisfly 

Arthropoda Insecta Trichoptera Rhyacophilidae Caddisfly 

Arthropoda Malacostraca Amphipoda Gammaridae Amphipods 

Arthropoda Malacostraca Amphipoda Hyalellidae Amphipods 

Arthropoda Malacostraca Isopoda Limnoriidae Isopods 

Arthropoda Malacostraca Isopoda Sphaeromatidae Isopods 

Chelicerata Arachnida Sarcoptiformes Hydrozetidae Acari 

Chelicerata Arachnida Sarcoptiformes Trhypochthoniidae Acari 

Chelicerata Arachnida Trombidiformes Aturidae Acari 

Chelicerata Arachnida Trombidiformes Feltriidae Acari 

Chelicerata Arachnida Trombidiformes Hydryphantidae Acari 

Chelicerata Arachnida Trombidiformes Hygrobatidae Acari 

Chelicerata Arachnida Trombidiformes Lebertiidae Acari 

Chelicerata Arachnida Trombidiformes Limnocharidae Acari 

Chelicerata Arachnida Trombidiformes Mideopsidae Acari 

Chelicerata Arachnida Trombidiformes Sperchonidae Acari 

Chelicerata Arachnida Trombidiformes Torrenticolidae Acari 

Cnidaria Hydrozoa Hydroida Hydridae Hydrozoans 

Mollusca Bivalvia Veneroida Pisidiidae Bivalves 

Mollusca Bivalvia Veneroida Sphaeriidae Bivalves 

Mollusca Gastropoda Basommatophora Ancylidae Gastropods 

Mollusca Gastropoda Basommatophora Planorbidae Gastropods 

Mollusca Gastropoda Heterostropha Valvatidae Gastropods 

Platyhelminthes Turbellaria Polycladida Leptoplanidae Flatworms 

Platyhelminthes Turbellaria Tricladida Planariidae Flatworms 

 


