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3. Benthic Invertebrates 
3.1 Introduction 

Benthic invertebrates have been of central importance in biomonitoring studies for many years (Barbour et 
al. 1999). Advantages of using benthic invertebrates include the following; 
¶ Many have limited migration patterns or a sessile life cycle during their aquatic phase, which means 

they provide a solid integrated understanding of localized, site-specific conditions. 
¶ Many have a terrestrial winged phase to their life cycle, which means that every year to every few years 

an entire watershed is recolonized. 
¶ Benthic invertebrates have a complex life-cycle that lasts approximately one year or longer, which 

means the community integrates the effects of transient, short-term, and seasonal variations. 
¶ Most are relatively easy to identify to family and many taxa can be readily identified to genus or even 

species, which provides an in depth understanding of community structure. 
¶ Benthic invertebrate communities are diverse and are composed of species that included a range of 

trophic levels, feeding strategies and pollution tolerances, which provides a comprehensive basis for 
interpreting community status and environmental effects. 

¶ Sampling protocols are well established and field tested and have minimal detrimental effects on stream 
communities. 

¶ Benthic invertebrates are abundant in most streams, which means that adequate numbers of organisms 
for a robust analysis can be easily collected. 

 
Due to their sedentary nature, relatively long lifecycles, abundance, and high community diversity, benthic 
invertebrate communities provide insight into the long-term health of aquatic ecosystems within a small 
spatial area (i.e. site).  
 
Benthic invertebrates have been monitored annually in the RMOW study area since 2016 (PALMER and 
Snowline 2017, 2018, 2019) in four streams: Jordan Creek (JOR-DS-AQ31), Crabapple Creek (CRB-DS-
AQ01), River of Golden Dreams (2 sites: RGD-AQ11 and RGD-DS-AQ12), and 21 Mile Creek (21M-DS-
AQ21).  
 

3.2 Methods 

3.2.1 Benthic Invertebrate Sample Collection 

Rapid Bioassessment Protocols (RBP) for streams and wadeable rivers were developed decades ago in 
response to a need for rapid, cost-effective survey techniques that were nevertheless scientifically valid, 
easily translatable, and environmentally benign (Barbour et al. 1999). Integral components of an RBP 
include large composited samples, coordinated habitat characterization, and either multimetric analyses 
with performance-based evaluation or development of regional reference conditions for benthic invertebrate 
communities using multivariate ordination (Barbour et al. 1999).  
 
In Canada, Environment and Climate Change Canada has developed a national RBP called the Canadian 
Aquatic Biomonitoring Network (CABIN) that provides a standardized sampling protocol and a multivariate 
Reference Condition Approach (RCA) for assessment of benthic invertebrate communities (Barbour et al. 
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3.2.2.1 Quality Assurance/Quality Control 

Cordillera Consulting has over ten years’ experience in taxonomic analysis of benthic invertebrates from 
streams, rivers and lakes of western Canada. The following QA/QC procedures were followed by Cordillera 
Consulting: 
¶ Complete, blind re-identification and re-enumeration was completed in-house by a second taxonomist 

(i.e. not the taxonomist who originally processed the samples) 
¶ Samples for taxonomic quality control were randomly selected and quality control procedures were 

conducted as the samples progressed through the laboratories. 
¶ The second taxonomist calculated and recorded four types of errors: 

ƴ Misidentification error; 
ƴ Enumeration error; 
ƴ Questionable taxonomic resolution error; and 
ƴ Insufficient taxonomic resolution error. 

 
The percent total identification error rate was calculated as: 
 

(Ὓόά έὪ Ὥὲὧ𝑖𝑖ὶὶὩὧὸ ὭὨὩὲὸὭ𝑖𝑖ὭὧὥὸὭ𝑖𝑖ὲί ÷  𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ὰ έ𝑜𝑜Ὣ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 Ὥὲ 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎)  × 100 
 
The average identification error rate of audited samples did not exceed 5%. All samples that exceeded a 
5% error rate were re-evaluated to determine whether repeated errors or patterns in error contributed 
(Appendix B). 
 

3.2.3 Data Analysis 

3.2.3.1 CABIN Multivariate Reference Condition Approach and Assessment 

The 2019 benthic invertebrate sampling results (habitat and taxonomy data) were entered into the online 
CABIN database. Data from 2016 to 2019 sampling are stored in the database for ease of access, data 
security and to allow CABIN analyses to be performed. The benthic invertebrate data were analysed using 
the Reference Condition Approach (RCA) adopted from Environment Canada’s CABIN protocols (ECCC 
2011; Palmer and Snowline 2017, 2018). In 2016 and 2017, the benthic invertebrate data were compared 
with the Fraser River-Georgia Basin Reference Model (2005) to make this assessment. However, in 2018 
the Fraser River-Georgia Basin Reference Model error rates of correctly assigning a site to the appropriate 
reference group were noted to be unacceptably high. Environment Canada recommended conducting the 
RCA analysis (for all years and sites) using the updated Fraser River Reference Model (2014) to provide 
more reliable results. Accordingly, for this report, the data (all years) were compared with the Fraser Basin 
Reference Model, a long-standing reference model first developed in 1999 (Rosenberg et al. 1999), 
updated in 2005 (Sylvestre et al. 2005), and updated again in 2014 (Strachan et al. 2014). 
 
The model assigned each site to a reference group based on habitat variables as well as the type and 
proportion of taxa present (Sylvestre et al. 2005). The samples from the five sites and four years were 
assigned to one of a total of four reference groups (Table 3-1).  
 
The multivariate ordination (Appendix B) used in the RCA was developed using Bray-Curtis Index (BCI) 
data calculated for the RCA as a complete data matrix. For the test sites, the Bray-Curtis Index (BCI) was 
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Photo 5-13. The last above-ground flow of Sproatt Creek disappears underground (as marked by 

arrow) ~110 m upstream of the railway tracks on September 6, 2019. See Figure 5-2 for 
location and context. 
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Photo 6-2. Other evidence of recent beaver activity: a lodge (left); tracks (middle); and a runway 

through adjacent vegetation (right). 

 
In most cases, it is possible to confidently identify where a lodge, burrow, dam, or area is active based on 
observations that include: 
¶ Sightings of beavers, especially if entering and exiting structures; 
¶ New construction or repair, especially in the fall; 
¶ Functioning and freshly-maintained dam(s) 
¶ Fresh food caches submerged at the entrance to a lodge; 
¶ Beaver tracks; 
¶ Well-worn paths (tunnels and slides) through vegetation that links to the lodge’s pond; and 
¶ Evidence of extensive clippings and cuttings along those paths. 
 
Signs of inactivity include: 
¶ Absence of any beaver sightings in the area;  
¶ Absence of a structurally sound lodge;  
¶ Absence of functioning or freshly-maintained dam(s); and 
¶ Absence of any other fresh signs (i.e., that were obviously not from the survey year). 
 
Since it is not always possible to conclude whether there has been recent activity, past reports have 
included a third classification (Unknown). For 2019, this uncertainty has been recognized by question marks 
beside a record, that is, “Active” or “Inactive.” This change forced surveyors to choose which of the two 
classifications was most probable and was meant to allow easier interpretation of population trends. 
 

6.2.2 Data Analysis 

Three factors introduced uncertainty into the 2019 estimate of Whistler’s beaver population. Firstly, and as 
discussed above (Section 6.2.1), it was not always possible to conclude whether a lodge was occupied. 
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Secondly, it is likely that not all occupied lodges were detected, though the number of undetected lodges 
continued to fall as the census built on past years’ results. Thirdly, the population estimate relies on a 
multiplier of beavers per lodge that has not been verified (and would require extensive research beyond 
the scope of this project). It is therefore necessary to rely on data published from other areas. 
 
The number of beavers per colony (overwintering lodge or possibly bank burrow) is based on several 
factors, especially habitat type and beaver density (Müller-Schwarze and Sun 2003). In 2008, data was 
averaged from five studies to derive an estimate of the total Whistler beaver population based on a 
multiplier of 5.8 beavers per lodge (Mullen 2008). This multiplier has been used each year since to derive 
an estimated total population. Other studies (Müller-Schwarze and Sun 2003) reported the average number 
of beavers per family from twelve locations that ranged from 4.1 to 8.2 and in which half were 5.1 or below 
and the average was 5.6 (Table 6-1). While these figures suggest the past multiplier used for Whistler 
studies date is reasonable, Section 6. 3 includes low, middle, and high estimates of Whistler’s beaver 
population. 
 
Table 6-1. Number of beavers per family in various locations (Müller-Schwarze and Sun 2003). 

Location Avg. No. per Family Location Avg. No. per Family 

Alaska 4.1 Alleghany 5.4 
Montana 4.1 Ohio 5.9 
Newfoundland 4.2 Colorado 6.3 
Adirondacks 4.3 Isle Royale 6.4 
California 4.8 Massachusetts 8.1 
Michigan 5.1 Nevada 8.2 
 

6.2.3 Quality Assurance and Quality Control 

Results from beaver surveys are comparable year to year, with the caveat that the survey effort and 
reliability has been variable to an unknown degree. It is nonetheless certain that population estimates have 
become more reliable since 2016 when survey efforts were expanded. Surveys each year since 2016 has 
built on the previous years’ results and improved the accuracy of the census. 
 

6.3 Results and Discussion 

6.3.1 2019 Surveys 

For the fourth consecutive year, beaver surveys detected more active colonies and came closer to a full 
census of beavers in Whistler. A total of 65 lodges were surveyed of which 27 were determined to have 
active colonies (Table 6-2). This result continues the upward trend of both number of total lodges and active 
colonies surveyed since surveys began in 2007. 
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CABIN/RCBA

Date: January 28, 2020 6:28 PM

Habitat Description
Variable 21M-DS-AQ21 Predicted Group Reference

Mean ±SD
XSEC-VelMethod (Category(1-3)) 1 3

Climate
Precip02_FEB (mm) 155.11000 171.50745 ± 107.47690
Temp07_JULmax (Degrees Celsius) 18.24000 20.34230 ± 2.49485

Landcover
Natl-SnowIce (%) 26.43000 3.62533 ± 10.17162
Natl-Water (%) 2.82000 1.80201 ± 1.29922
Natl-WetlandHerb (%) 0.00000 0.68488 ± 0.92347

Substrate Data
%Bedrock (%) 0 0
%Boulder (%) 1 0
%Cobble (%) 3 58
%Gravel (%) 12 1
%Pebble (%) 84 41
%Sand (%) 0 0
%Silt+Clay (%) 0 0
D50 (cm) 3.00 3.30
Dg (cm) 2.8 6.6
Dominant-1st (Category(0-9)) 4 4 ± 2
Dominant-2nd (Category(0-9)) 5 4 ± 2
Embeddedness (Category(1-5)) 4 4 ± 1
PeriphytonCoverage (Category(1-5)) 1 3
SurroundingMaterial (Category(0-9)) 3 2 ± 1

Topography
SlopeAvg (%) 39.45000 30.12236 ± 18.75100

Water Chemistry
General-DO (mg/L) 14.6000000 9.3400000 ± 2.0171679
General-pH (pH) 6.2 6.8 ± 1.0
General-SpCond (µS/cm) 38.1000000 176.1000000
General-TempWater (Degrees Celsius) 19.9000000 13.2730769 ± 4.7663725



























CABIN/RCBA

Date: January 28, 2020 6:28 PM

Site Description
Study Name BC-Resort Municipality of Whistler-Ecosystem Monitoring
Site CRB-DS-AQ01
Sampling Date Jul 25 2017
Know Your Watershed Basin Harrison
Province / Territory British Columbia
Terrestrial Ecological Classification Pacific Maritime EcoZone

Pacific Ranges EcoRegion
Coordinates (decimal degrees) 50.12639 N, 122.97167 W
Altitude 643
Local Basin Name Crabapple Creek

River of Golden Dreams
Stream Order 2

Figure 1. Location Map

Across Reach (No image found)
Aerial (No image found)

Down Stream (No image found)
Field Sheet (No image found)

Miscellaneous (No image found)
Substrate (No image found)
Up Stream (No image found)

Cabin Assessment Results
Reference Model Summary

Model Fraser River 2014
Analysis Date January 28, 2020
Taxonomic Level Family
Predictive Model Variables Dominant-1st

Natl-SnowIce
Natl-Water
Natl-WetlandHerb
Precip02_FEB
Reach-Riffles
Sedimentary
Slope
SlopeAvg
stream order
Temp07_Julmax
Width-Bankfull

Reference Groups 1 2 3 4 5 6















































CABIN/RCBA

Date: January 28, 2020 6:29 PM

Habitat Description
Variable JOR-DS-AQ31 Predicted Group Reference

Mean ±SD
%Cobble (%) 52 53 ± 11
%Gravel (%) 8 5 ± 4
%Pebble (%) 25 30 ± 12
%Sand (%) 0 0 ± 0
%Silt+Clay (%) 0 1 ± 3
D50 (cm) 12.00 8.04 ± 4.60
Dg (cm) 9.2 8.2 ± 3.1
Dominant-1st (Category(0-9)) 7 6 ± 1
Dominant-2nd (Category(0-9)) 6 6 ± 1
Embeddedness (Category(1-5)) 5 4 ± 1
PeriphytonCoverage (Category(1-5)) 1 2 ± 1
SurroundingMaterial (Category(0-9)) 3 3 ± 1

Topography
SlopeAvg (%) 40.36000 31.09165 ± 12.51836

Water Chemistry
General-DO (mg/L) 9.3200000 11.4180702 ± 1.2821697
General-pH (pH) 7.1 7.7 ± 0.7
General-SpCond (µS/cm) 63.6000000 105.8321429 ± 89.5097928
General-TempAir (Degrees Celsius) 17.4 12.1 ± 4.3
General-TempWater (Degrees Celsius) 15.8000000 7.6535897 ± 3.4680513
General-Turbidity (NTU) 0.6300000 0.5500000 ± 0.6138116



























































































CABIN/RCBA

Date: January 28, 2020 6:30 PM

Community Structure
Phylum Class Order Family Raw Count Total Count

Plecoptera Chloroperlidae 34 130.8
Nemouridae 26 100.0
Perlodidae 5 19.2

Trichoptera Rhyacophilidae 1 3.8
Total 302 1,161.5

Metrics
Name RGD-AQ11 Predicted Group Reference

Mean ±SD
Bray-Curtis Distance 0.7 0.4 ± 0.2

Functional Measures
% Filterers -- 1.2 ± 1.0
% Gatherers 23.5 55.3 ± 17.5
% Predatores 17.9 22.0 ± 15.6
% Scrapers 67.2 53.5 ± 23.0
% Shredder 8.6 30.3 ± 22.3
No. Clinger Taxa 9.0 13.6 ± 4.4

Number Of Individuals
% Diptera + Non-insects 18.5 20.6 ± 17.1
% EPT Individuals 81.5 78.2 ± 17.8
% of 5 dominant taxa 87.1 86.1 ± 8.2
No. EPT individuals/Chironomids+EPT Individuals 1.0 0.8 ± 0.2
Total Abundance 1161.5 3776.0 ± 2948.0

Richness
Chironomidae taxa (genus level only) 1.0 1.0 ± 0.2
Coleoptera taxa 0.0 0.2 ± 0.4
Diptera taxa 4.0 2.9 ± 1.4
Ephemeroptera taxa 3.0 3.3 ± 0.9
EPT Individuals (Sum) 946.2 2962.4 ± 2556.9
EPT taxa (no) 7.0 9.8 ± 2.6
Odonata taxa -- 0.0 ± 0.0
Pielou's Evenness 0.8 0.7 ± 0.1
Plecoptera taxa 3.0 4.0 ± 1.2
Shannon-Wiener Diversity 1.9 1.8 ± 0.4
Simpson's Diversity 0.8 0.7 ± 0.1
Simpson's Evenness 0.4 0.3 ± 0.1
Total No. of Taxa 12.0 14.8 ± 4.3
Trichoptera taxa 1.0 2.5 ± 1.5

Frequency and Probability of Taxa Occurrence
Reference Model Taxa Frequency of Occurrence in Reference Sites Probability Of Occurrence at

RGD-AQ11Group
1

Group
2

Group
3

Group
4

Group
5

Group
6

Ameletidae 29% 26% 26% 46% 0% 69% 0.31
Ametropodidae 0% 0% 0% 0% 0% 6% 0.01
Anisitsiellidae 0% 10% 0% 0% 0% 4% 0.01
Apataniidae 7% 2% 5% 11% 8% 8% 0.07
Arrenuridae 0% 2% 0% 0% 15% 0% 0.03
Asellidae 0% 2% 0% 0% 0% 0% 0.00
Athericidae 0% 8% 0% 9% 8% 0% 0.04
Aturidae 4% 6% 0% 5% 0% 2% 0.02
Baetidae 97% 92% 79% 93% 62% 84% 0.82
Blephariceridae 1% 0% 0% 2% 0% 2% 0.01
Brachycentridae 42% 53% 5% 35% 15% 27% 0.21
Caenidae 0% 0% 0% 1% 38% 0% 0.07
Capniidae 81% 60% 37% 65% 31% 69% 0.50
Ceratopogonidae 23% 23% 5% 27% 54% 14% 0.21
Chironomidae 100% 100% 89% 99% 100% 100% 0.96
Chloroperlidae 87% 61% 95% 92% 31% 76% 0.79
Crangonyctidae 1% 2% 0% 0% 8% 0% 0.01
Curculionidae 0% 0% 0% 1% 0% 0% 0.00























































































































































Valley 
Side Site Date Easting Northing

Elev. 
(m) Weather

Water 
Temp. 

(°C)

Air 
Temp. 

(°C)
Channel 

Width (m)
Wetted 

Width (m)
Disch-
arge

Mean 
Depth 
(cm)

Stream 
Disturb-

ance
Stream 
Morph.

East Archibald Creek - 1 2019-09-04 502387 5550606 695 Sunny 11.4 18.0 4.0 2.4 Med 12 Med. Step Pool
East Archibald Creek - 2 2019-09-04 502854 5550298 835 Sunny 11.2 15.0 2.7 2.2 Med 18 Med. Step Pool
East Archibald Creek - 3 2019-09-04 503310 5549422 1026 Sunny 9.4 17.0 2.2 0.9 Med 8 Low Step Pool (Riffle)
East Blackcomb Creek @ Yummy Numby 2019-09-06 505211 5552576 762 Sunny 8.0 11.0 8.4 5.0 Med 16 Low Cascade (Step Pool)
West FJ Unnamed 2019-09-05 496157 5548481 699 Cloudy 11.0 18.0 8.0 2.0 Med 12 High Step Pool
West FJ West Creek - 1 (South Flank) 2019-09-05 496383 5548374 648 Cloudy 11.2 18.0 4.1 1.5 Med 12 High Step Pool
West FJ West Creek - 3 (Into the Mystic) 2019-09-03 496022 5549522 1119 Sunny 11.3 14.0 2.2 1.2 Med 10 Low Cascade (Step Pool)
West Sproatt Creek - 1 (Danimal South) 2019-09-03 499063 5549434 692 Lt. Rain 12.9 16.0 6.6 2.2 Med 9 Low Riffle (Step Pool)
West Sproatt Creek - 2 (Don't Look Back) 2019-09-03 498996 5549662 790 Lt. Rain 12.3 17.0 7.8 1.5 Med 10 High Riffle (Step Pool)
West Sproatt Creek - 3 (Flank Trail) 2019-09-03 498483 5550455 996 Sunny 12.0 15.0 5.0 0.8 Med 12 High Step Pool
West Van West - 1 (Flank Trail) 2019-09-05 497563 5549038 706 Sunny 12.5 16.0 5.1 1.3 Low 12 High Step Pool
West Van West - 3 (Into the Mystic) 2019-09-03 497125 `` 1036 Sunny 11.7 14.5 4.2 1.5 Low 12 Med. Step Pool
East Whistler Creek - 1 2019-09-06 501041 5549045 692 Sunny 11.0 11.0 6.2 6.0 Med 12 Med. Step Pool
East Whistler Creek - 2 2019-09-05 501417 5548276 879 Sunny 10.0 11.0 5.1 2.1 Med 18 Low Riffle (Step Pool)
East Whistler Creek - 3 2019-09-05 501649 5547961 972 Sunny 10.2 11.0 4.1 2.3 Med 15 Low Step Pool
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