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Executive Summary 

In 2001~ the Community Futures Development Corporation of Nadina (CFDC Nadina) on behalf of the 
Bulkley-Morice Salmonid Preservation Group (BMSPG), drafted a strategic plan for the Bulkley River 
watershed "to promote fish sustainabi!ity through education, stewardship, protection, restoration and 
enhancement of the aquatic ecosystem" (Tamblyn and Donas 2001). 

To ensure long-tenn conservation of fish and fish habita~ the strategic plan formulated a list of key 
watershed issues, objectives, and strategies to meet these objectives. One of the key watershed issues was 
water quality. To maintain or improve water quality and promote fish sustainability within the watershed, a 
recommendation was made to develop indicators that could track effectiveness of preservation and 
restoration efforts (Tamblyn and Donas 2001). The development and calibration of a Benthic Index of 
Biological Integrity (B-IBI) for the Bulkley River region was initiated in 1999, and continued in 2001 to 
help address this recommendation. 

Fish populations and habitat depend not only on clean water, but also on functioning riparian and upland 
ecosystems in order to remain healthy. The benthic invertebrate index of biological integrity (B-IBI) is a 
multimetric approach that relies on biological data to assess the condition of a stream. Biological integrity 
is defined as 'the ability to support and maintain a balanced, integrated, adaptive community of organisms 
having a species composition, diversity and functional organization comparable to that of natural habitat 
of the region' (Karr et a/. 1987). Each attribute of a sampled benthic invertebrate community, such as the 
number of mayfly taxa in a sample, is termed a "metric" (Karr 1981). Metrics that are able to clearly 
distinguish streams uninfluenced by land use from streams that are heavily influenced by land use, and 
respond predictably over a gradient of land use are assigned a scale of numerical scores over the range of 
stream conditions. Benthic invertebrates are present in all streams, and are year-round residents, making 
them a good choice for bio-monitoring. 

The B-ml has been shown to be an effective tool for assessing and measuring stream condition in a number 
of states in the USA and Japan (Fore et aJ. 1996; Karr and Chu 1999). 

Invertebrate Abundance and Sample Area 

Calibration of an index of biological integrity for stre~s within the Upper Bulkley River watershed began 
in 1999. At that time, nine metrics were identified which successfully distinguished uninfluenced from 
heavily influenced sites and were included in the locally calibrated B-IBI. However, in other on-going B­
ml projects in the Bulkley and Kispiox forest districts, naturally low invertebrate abundance at some 
uninfluenced sites was found to be skewing metric results (Bennett and Hewgill 2001, Bennett 2001a; 
2001b). As a solution to this problem, the sample area for each replicate was tripled from 0.09m2 to 0.27m2 
in the 2001 field season. Increasing the sample area for each replicate successfully increased the average 
sample size at all Upper Bulkley sites assessed in 2001, and more than 500 individuals per replicate were 
collected from each site. 

Metric Calculation 

Several changes were made in 2001 with respect to how ra~ data was treated and how metrics were 
calculated. As a result, all the 1999 data was reworked, and the metrics were re-tested. For sites sampled 
in 2001, Metrics were calculated and tested at two different levels of invertebrate identification, the family 
level and genus level. This was done to evaluate the effectiveness at the two levels in accurately 
identifying the biological condition of each sampled stream. Although genus-level identification may 
strengthen the ability to discriminate among sites of intermediate quality (Salmonweb 2001), family-level 
identification might make the sampling more affordable and less time consuming as volunteers rather than 
professionals could complete it. 

Family-level Metrics 

At the family-level, seven metrics were tested for variation across a gradient of human influence. The 
following five metrics were found to discriminate uninfluenced sites from heavily influenced sites and were 
included in the locally calibrated fiunily-Ievel B-IBI: 
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• Plecoptera (Stonefly) taxa richness 
• Trichoptera (Caddisfly) taxa richness 
• % Ephemeroptera (Mayfly) individuals 
• % Dominance (1 taxon) 
• Family Biotic Index (FBI) 

Selected metries were scored and combined to create an Upper Bulkley family-level 8-m!. 

Genus-level Metrics 

At the genus level, 21 metrics were tested for variation across a gradient of human influence. The 
following ten metrics were found to discriminate uninfluenced sites from heavily influenced sites and were 
included in the locally calibrated genus-level B-ffiI: 

• Plecoptera (Stonefly) taxa richness 
• Trichoptera (CaddisOy) taxa richness 
• % Diptera (True Flies) and non-insects 
• % Ephemeroptera (Mayfly) individuals 
• Number of intolerant taxa 
• % Predators 
• % Dominance (3 taxa) 
• % Sediment tolerant individuals 
• % Clingers 
• Hiisenhoff'Biotic Index (UBI) 

Selected metrics were scored and combined to create an Upper Bulkley genus-level B-ffi!. 

Resulb 

Metric value cut-off points were selected for scoring sites. A site scored 5 points if the metric value was 
similar to those at uninfluenced streams, 1 point ifvalues were similar to heavily influenced streams, and 3 
points if values were in-between the two extremes. Based on the metric value cut-off points, the possible 
maximum and minimum values for the 5-metric family-level B-IBI and the 10-metric genus-level B-ffiI 
were 25 and 5, and 50 and 10 respectively. The family-level and genus-level B-ffiI scores calculated for 
each of the sample sites were compared with each other. Based on pre-set metric value cut-off's, B-ffiI 
scores were used to assign a relative stream condition (e.g. excellent, good, fair, poor, or very poor) to each 
assessment site. Family-level and genus-level B-illI stream condition assignments were the same for 12 
out of 18 sampling sites. The remaining six sites were classified higher using family-level metrics than 
they were using genus-level metrics. 

Initial results suggest that both the family- and genus-level indices may be suitable monitoring tools. 
However, the family-level index may not be as sensitive to smaller changes in biological integrity, 
especially at the higher end of the scoring range (excellent sites). If the goal is to protect uninfluenced 
streams in the area, it might be more effective to use the genus-level index. However, these results should 
be re-evaluated with data from at least one more year of sampling. Calibration of the Upper Bulkley B-IBI 
remains an iterative process, and will benefit from further readjustment as more data becomes available. 

Definitions 

Benthic invertebrate: A bottom-dwelling organism without a backbone. This includes mayfly, stonejly and 
caddisj1y larvae, worms, beetles, snails, dragonfly larvae and others (Salmonweb 2001). 

Metric: A measure of a single aspect of the sampled benthic invertebrate community. 

Taxon: A single taxonomic group (i.e. genus, species,family). TIIXIl;s the plural of taxon. 

TIlXII richness: A measure of the number of taxa in a sample (e.g. mayjly taxa richness is the number of 
unique mayfly taxa in a sample) 
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1. Introduction 
In 2001, the Bulkley-Morice Salmonid Preservation Group (BMSPG) along with the Community Futures 
Development Corporation of Nadina (CFDC Nadina) created a draft strategic plan for the Bulkley River 
watershed, entitled Healthy Watersheds, Healthy Communities. The BMSPG came into being in 1998 to 
address declining salmonid stocks in the Bulkley River watershed, and is made up of representatives from 
First Nations and non-profit community organizations concerned about fish stocks and the health of the 
watershed (Tamblyn and Donas 2001). The Bulkley River watershed is known to support populations of 
approximately 23 species of economically and culturally important fish, including four species of salmon 
(FISS 2001). The primary goal of the strategic plan was "to promote fish sustainability through education, 
stewardship, protection, restoration and enhancement of the aquatic ecosystem" (Tamblyn and Donas 
2001). Tamblyn and Donas identified the following steps in the plan to fulfill the goal: 

1. Determine key watershed issues within the Bulkley-Morice watershed. 

2. Determine goals, objectives and strategies to address each key issue. 

3. Develop indicators to track effectiveness in reaching a desired end-state. 

Ensuring water quality is optimal for fish production was identified as a key watershed issue in Goal 5-1 
(Tamblyn and Donas 2001). An objective to "maintain ... or improve water quality in the Bulkley River 
and its tributaries" was established, and two of the strategies suggested to help meet this objective were: 

• to increase public involvement in Streamkeepers programs or other water quality monitoring 
programs such as an Index of Biological Integrity, and 

• to improve public knowledge ofloeal water quality through education (Tamblyn and Donas 2001). 

The benthic invertebrate index of biological integrity (B-ffiI) is a multimetric approach that relies on 
biological data to assess the condition of a stream. Biological Integrity is defined as 'the ability to support 
and maintain a balanced, integrated, adaptive community of organisms having a species composition, 
diversity and functional organization comparable to that of natural habitat of the region' (Karr et al. 
1987). Benthic invertebrates are ubiquitous, and relatively sedentary, making them a good choice for bio­
monitoring. 

The development and calibration of a Benthic Index of Biological Integrity (B-ml) for the Bulkley River 
region, was initiated to begin the third task of developing indicators to track effectiveness of preservation 
and restoration efforts. Fish populations and habitat depend not only on clean water, but also on 
functioning riparian and upland ecosystems in order to remain healthy. 

1.1 Background 
The B-IBI has been shown to be an effective tool for assessing and measuring stream condition in many of 
the states in the USA (Fore et al. 1996, Kerans and Karr 1994, Karr and Chu 1999, Major et aI. 2001, 
Maxted et al. 2000, Deshon 1995) including Ohio, where a benthic invertebrate multimetric community 
index has been adopted into biological water quality criteria in their water quality standards (USEPA 
2000). 

In 1999, with funding and support from Fisheries Renewal B.C., CFDC Nadina, the Wet'suwefen and B.C. 
Environment, calibration of an index of biological integrity for 23 streams within the Upper Bulkley River 
watershed began. The B-ml was calibrated by sampling a number of streams across a gradient of human 
influence; from uninfluenced, pristine watersheds, to watersheds with heavy human influence. Nine 
metrics were identified which successfully distinguished uninfluenced from heavily influenced sites and 
were included in the locally calibrated B-mI (Rysavy 2000a). In the same year, development and 
calibration of a B-mI specific to forest harvesting impacts was initiated in the Kispiox Forest District 
(Rysavy 2000b). 

In 2000 and 2001, the B-IBI project in the Kispiox District continued (Bennett 2001a) and new projects 
began in the Bulkley Timber Supply Area (BTSA) and the KaJum Forest District (Bennett 200 I b, Chaplin 
200 I, Bennett and Hewgill 2001). All projects were focussed on developing a B-mI specific to monitoring 
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the effects of forest harvesting on water quality and stream condition. In addition, site selection for a 
project focussed in the Morice and Lakes Forest Districts began in the fall of 2001, and sampling is 
scheduled to begin in the fall of 2002 (C. Croft, pers. comm. Sept 2001). The goal of the project is to 
develop and calibrate an indicator of stream quality specific to forest harvesting impacts for the 
Tweedsmuir Innovative Forest Practices Agreement. 

1.2 Project Objectives 
Development and calibration of a multi-metric index is an iterative process. Many changes have been 
made to the methods for field collection of invertebrates~ laboratory processing of samples~ and metric 
calculations since the Upper Bulkley B-IBI project began in 1999. 

The purpose of this project is to further explore the use of a B-ffiI as an effectiveness monitoring and 
stream condition assessment tool for long-term trend monitoring of water quality, specific to resources and 
land use influences within the Upper Bulkley watershed and nearby Nechako Plateau area. This included: 

I. reworking of the 1999 data to incorporate changes to metric calculations, 

2. sampling II new sites in 2001, and 

3. calculating both Family and Genus level metrics, checking for trends with human influence, and 
comparing the effectiveness ofB-IBI's developed for the two levels of taxonomic resolution. 

2 Methods 

2.1 Site Selection 
Eleven sites were chosen for assessment in 2001 in collaboration with Greg Tamblyn (Watershed 
Stewardship Coordinator for Nadina). Sites were selected that balanced the need to maintain consistency 
with previous B-ffil sampling in 1999, and the need to monitor streams that are priorities for current or 
upcoming restoration activities. A group of clear, non-glacial stream sites with similar stream orders, 
elevations and gradients were selected. 

Channel gradient was less than 3% at all eleven sites. Elevation of sampling sites ranged from 554 meters 
at the Deep Creek downstream site to 814 meters at the Foxy at Maxan site (as determined with a handheld 
Garmin® eTrex Venture GPS unit). Assessment sites at the streams were chosen based on easiest access. 
A list of sites sampled in 2001 and a brief description of the location are listed in Table 1, and relative 
location is shown in Figure 1. 

Table 1: List 0(2001 stream sites aod approximate locations. 

Stream Site Location 

Barren immediatelv upstream of the Hiahwav 16 crossing 

Buck@ Mall downstream of Highway 16 and CN bridge crossings 

Bvman roughly 50 m upstream of Hiahwav 16 

Cesford (downstream) roughly 100m downstream of the Highway 16 crOSSing 

Crow 50 m upstream of Maxan Lake FSR bridge aossing 

Deep downstream roughly 100 m downstream of the Farewell Rd. crossing 

Deep upstream (Reference) approx. 200 m upstream of irrigation system in Kerr's pasture 

Foxy@ Maxan 
100 m downstream of Foxv bridge crossing at 10km on Maxan Lake FSR 

McQuarrie (downstream) 50 m upstream of Hiahway 16 crossing 

Richfield @ CN immediately upstream of the CN bridge crossing 

Richfield downstream (above hwy) Richfi.eld Creek upstream of Nadina staff gauge, above the Highway 16 
crossing 
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Figure 1: Location of stream assessment sites within tbe study area (not to seale). Streams not 
sampled were not included on the map. Stream sites assessed in 1999 are marked with black circles, 
while stream sites assessed in 2001 are marked with red circles. 

2.2 Field Methods 
In 1999, the late summer, early fall season was chosen for sampling as flows are usually lower at the end of 
the summer, and stream temperatures are high. This makes it an ideal period for temperature-related 
impact assessment, benthic invertebrate sampling, and in tenns of safety and stream wadability. All sites 
were sampled during a three day period, which began on September Th, 2001. Sites were assessed and 
sampled by Shauna Bennett and Kim Hewgill. 
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The sampling for benthic invertebrates was consistent with Provincial sampling standards as outlined in the 
Freshwater Biological Sampling Manual (Cavanagh et al. 1997), while maintaining B-IBI sampling 
standards as outlined in Karr and Chu (I 999). The best natural riffles were selected at each site, and nine 
replicates (0.09 rn 2 area each) were collected starting at the downstream end of the site. Every three 
replicates were composited together to form one sample, resulting in a total of three composite samples 
(0.27 m2 area each) for each stream site. 

All samples were collected in the main streamflow at depths between 10 and 25 cm. A 250-micron Surber 
sampler modified with a Dolphin Adaptor cod end was used for sampling. Larger cobbles were gently 
removed from within the sampling area and set aside in a washbasin. Invertebrates were later picked off 
the cobbles and added to the appropriate sample jar. Substrate within the sample area was disturbed to a 10 
cm depth with a screwdriver for one minute. The sample was carefully transferred from the cod end to a 
labelled sample jar and 10% buffered formalin was added as a preservative. The three composite samples 
collected at each site were kept separate for identification and enumeration. 

After benthic invertebrates were collected and preserved, in-stream and riparian conditions were assessed at 
each site. Four field forms were filled out at each site and are included in Appendix A. The first two forms 
summarized chosen key Fish Habitat Assessment Procedure parameters (Johnston and Slaney 1996). The 
second two forms were copied from the Standard Operating Procedures for the Alaska Stream Condition 
Index (ASCD (Major and Barbour 1997). Completed field forms for each site are in Appendix B. Site 
position and information and elevation were collected using a handheld G~in eTrex® Venture GPS unit. 

Photographs were taken of the stream, riparian area, substrate size and any potential or actual land use 
impacts. One photo of each site has been included in Appendix C. 

2.3 Laboratory Procedures 
Benthic invertebrate samples were shipped to Fraser Environmental Services (FES) for sorting and 
identification to the lowest practical level (usually genus) by taxonomists Linda Currie, Jim Donkersley, 
and Sue Salter. Chironomids were identified only to the family level. As part of a large, on-going effort in 
the Skeena region, sampling methods were modified in the 2001 field season to ensure that a sufficient 
number of invertebrates were captured in each sample. Samples containing fewer than 300 individuals 
have been correlated with increased measurement error for some metrics (Fore et al. 2000). The total area 
sampled per replicate was increased in 200 I to 0.27 m2 from 0.09 m2 in the previous field seasons. 

However, for streams with abundant invertebrates, the new methods translated into greater than 1000 
individuals in many samples. To lessen processing costs and workload, the taxonomist subsampled large 
samples (with greater than 1000 individuals). If the sample contained less than 1000 individuals, the entire 
sample was sorted. If the sample was estimated to contain more than 1000 individuals, the taxonomist 
screened the entire sample using a one millimetre and 212 micron nested sieve system. The entire contents 
of the one millimetre sieve were sorted and counted while the contents of the 212 micron sieve were sub­
sampled using a Caton Tray. A minimum of 600 individuals were sorted and counted in split samples. The 
taxonomist marked any especially large individuals in a given sample with an asterix in the data report. 

2.4 Metric Calculations & Definitions 
Data for all sites was consolidated into an excel spreadsheet. All adults and pupae were eliminated from 
the raw data, and invertebrates that were not identified to the family level were ignored during metric 
calculation. Raw data has been included in Appendix D. 

A number of community attributes, known as metrics, were calculated for each site. Metrics calculated and 
presented in this report were those that have been shown in other studies to vary predictably across a 
gradient of human influence (Karr and ehu 1999, Major et al. 2001, Zweig and Rabeni 2001, Maxted et al. 
2000). 

Metrics were calculated at two different taxonomic resolutions of the data, the family-level and genus­
level, as described on the Salmonweb internet site (www.salmonweb.org). Metrics were tested at both 
taxonomic resolutions to evaluate the effectiveness at the two levels in accurately identifying the biological 
condition of each sampled stream. Generally, a genus-level index more accurately portrays stream 
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condition as there are more metrics included in the index, and more information goes into the metrics at 
lower levels of identification (Salmonweb 2001). Although genus-level identification may strengthen the 
ability to discriminate among sites of intermediate quality7 family level identification might make the 
sampling more affordable and less time consuming as volunteers rather than professionals could complete 
it (Salmonweb 2001). However7 where volunteers are used, the cost savings of invertebrate identification 
may be outweighed by the costs associated with sample storage for data quality assurance, and reference 
sample verification that would be completed by a taxonomist (Len at and Resh 2001). 

2.4.1 Family-Level Metric Definitions 
Seven family-level metrics were calculated for each site. 

• Total taxa richness was the total number of unique taxa identified in each replicate sample. The three 
replicates were averaged to give a single number for total taxa richness. 

• Ephemeroptera taxa richness was the total number of unique mayfly (Order Ephemeroptera) taxa 
identified in each replicate sample. The three replicates were averaged to give a single number for 
Ephemeroptera taxa richness. Plecoptera and Trichoptera taxa richness were calculated in the same 
way as Ephemeroptera taxa richness, except counting the number of taxa in the Order Plecoptera and 
the Order Trichoptera respectively. Ephemeroptera, Plecoptera, and Trichoptera taxa richness are 
correlated to water quality (Lenat and Resh 200 I). 

• % Ephemeroptera was the average percentage of Ephemeroptera individuals per site, including 
individuals identified to the order level. 

• Percent dominance was calculated as the proportion of individuals in the single most abundant taxon, 
averaged for the three replicates. 

• The Family Biotic Index (FBI) is a modified Hilsenhoff Biotic Index designed for family-level data, 
and was calculated by multiplying the number of individuals in each taxa by their assigned tolerance 
value (Resh et ale 1996), and then summing these values and dividing the resulting number by the total 
number of individuals in the sample. The FBI scores for the three replicates were averaged to give a 
final FBI score for the site. 

Candidate metrics for the fiunily level and their expected response to increased human influence within the 
watershed are included in Table 2. 

Table 2: Expected family-level metric response to increasing human influence within a watershed 
(modified from Karr and Chu 1999). 

Expected Response 

Category Metric Definition to IncreaSing Human Reference Influence within the 
watershed 

Taxa Richness No. of Taxa Total number of different Decrease Karr and 
& Composition taxa Chu 1999 

No. of Ephemeroptera Total number of different Decrease Karr and 
Taxa Ephemeroptera taxa Chu 1999 

Proportion of Maxted et al % Ephemeroptera Ephemeroptera Variable 2000 individuals 

No. of Plecoptera Taxa Total number of different Decrease Karr and 
Plecootera taxa Chu 1999 

No. of Trichoptera Total number of different Decrease Karr and 
Taxa Trichoptera taxa Chu 1999 

Population Measures the relative Karr and Attributes % Dominant Taxon abundance of the single Increase Chu 1999 most abundant taxon 
Tolerants/ Weighted average based 
Intolerants Family Biotic Index on the relative abundance Increase Resh etal 

(FBI) and tolerance of 1996 
organisms 
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2.4.2 Genus-Level Metric Definitions 

Twenty-one genus-level metrics were calculated for each stream site. Taxa classifications were found on 
the Salmonweb internet site (www.salmoDweb.org) or were taken from Merritt and Cummins (1996). 

• Total taxa richness was the total number of distinct taxa identified in each replicate sample. The three 
replicates were then averaged to give a single value for total taxa richness. 

• Ephemeroptera taxa richness was the total number of distinct taxa in the Order Ephemeroptera, 
identified in each replicate sample. The three replicates were then averaged to give one number for 
Ephemeroptera taxa richness. Plecoptera and Trichoptera taxa richness were calculated in the same 
way as Ephemeroptera taxa richness, counting the number of taxa in the Order Plecoptera and the 
Order Trichoptera respectively. 

• % Ephemeroptera was the average percentage of Ephemeroptera individuals per site, including 
individuals identified to the order level. 

• Diptera taxa richness was the total number of distinct Diptera taxa in each sample. The three replicate 
samples were averaged to give one number for Diptera taxa richness for each site. 

• % Dipterans was the average percentage of Diptera individuals per site, including individuals 
identified to the order level. 

• % Non-insects was the average percentage of non-insect individuals per site, including individuals 
identified to the order level. 

• Long-lived taxa richness was defined as the number of taxa that reproduce only once a year, or once 
every few years. The best available information was used for this metric, provided by Robert 
Wisseman on Salmonweb (NuWiss.Master98), and was not specific to this region. The cumulative 
number of unique long-lived taxa in all three replicates was counted (and not averaged over the three 
samples). 

• % Long-lived individuals is the average proportion of long-lived individuals per site. 

• Intolerant taxa richness was the cumulative number of unique intolerant taxa in all three replicates. 
Intolerance is relative to a broad array of disturbances (Fore et ale 1996) and information on which taxa 
are intolerant was provided by Robert Wisseman on the Salmonweb website (NuWiss.Master98.x1s). 

• % tolerant individuals is the total number of tolerant individuals in each replicate, divided by the total 
number of individuals in that replicate and multiplied by 100. The results for the three replicates were 
averaged to give one final metric score. 

• Clinger taxa richness is the total number of clinger taxa counted for each replicate and averaged to give 
one score for each site. Clinger refers to the primary behaviour exhibited by an invertebrate as 
documented by Leska Fore (Salmonweb) or Merritt and Cummins (1996). 

• % Clingers is the percentage of individuals that exhibit clinger behaviour, calculated for each replicate 
and averaged to give one score for each site. 

• % predator individuals is the percentage of individuals that belong to the predator functional feeding 
group. The results for the three replicates were then averaged to give one final metric score. 

• % dominance is the percentage of individuals that belong to the three most abundant taxa in that 
replicate. The results for each replicate were then averaged to give one final metric score for the site. 

• % sediment tolerant individuals is the percentage of individuals classified as sediment tolerant The 
results for each replicate were then averaged to give one final metric score for each site. Sediment 
tolerant taxa were defined by Zweig and Rabeni (2001) and Kleindl (1995). 

• % sediment intolerant individuals is the percentage of individuals classified as sediment intolerant. 
The results for each replicate were averaged to give one final metric score for each site. Sediment 
intolerant taxa were defined by Zweig and Rabeni (200 I) and Kleindl (1995). 
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• % Oligochaetes is the percentage of Oligochaete individuals per sample, including individua1s 
identified to order. The results for each replicate were averaged to give one final metric score for each 
site. 

• % Dipterans and Non-insects is the percentage of individuals that belong to the Order Diptera and 
those that were identified as non-insects. The percent dipterans and non-insects were averaged over 
the three replicates to give one final metric score for the site. 

• The HiisenhoffBiotic Index (UBI) was calculated by multiplying the average number ofindividuals in 
each taxa by their assigned tolerance value, and then summing these values and dividing the resulting 
number by the average number of individuals per sample. The HBI is a community index that uses a 
tolerance classification based on the effects of organic pollution (Barbour et al. 1995). 

A list of taxa, assigned functional feeding group, life history and tolerance designations have been included 
in Appendix E. Sample ca1culations have been posted by the Salmonweb organization on their internet 
website. A summary of family- and genus-level metric scores for sites sampled in 1999 and 2001 has been 
provided in Appendix F and Appendix 0, respectively. 

The twenty-one metrics considered have been successfully included in multimetric mI's in North America 
(Karr and ehu 1999, Maxted et al. 2000, DeShon 1995, Zweig and Rabeni 2001). Genus-level candidate 
Metrics and their expected response to increased human influence within the watershed are included in 
Table 3. 
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Table 3: Expected genus-level metric response to increasing human inDuence within a watersbed 
(modified from Karr and ebu 1999). 

Expected Response 
to Increasing 

Category Metric Definition Human Influence Reference 
within the 
Watershed 

Taxa richness & No. of taxa Total number of different taxa Decrease Karrand Chu 
composition 1999 

No. of Ephemeroptera Total number of different Decrease Karrand Chu 
taxa Ephemeroptera taxa 1999 

% Ephemeroptera Relative abundance of Variable Maxted et al 
Ephemeroptera individuals 2000 

No. of Plecoptera taxa Total number of different Decrease Karr and Chu 
Plecoptera taxa 1999 

No. of Trichoptera taxa Total number of different Decrease Karrand Chu 
Trichoptera taxa 1999 

No. of Long ~ived taxa Cumulative number of unique Decrease Karr and Chu 
long-lived taxa 1999 

% Long Lived Relative abundance of long- Decrease lived individuals 
% Diptera & Non- Relative abundance of all Increase DeShon 1995 insects dipterans and non-insects. 

No. of Diptera Taxa Total number of different Decrease DeShon 1995 DiJ!tera taxa 

% Dipterans Relative abundance of Diptera Increase Maxted at al 
individuals 2000 

% Non-insects Relative abundance of non- Increase Maxted etal 
insect individuals 2000 

Tolerantsl # of Intolerant taxa Cumulative number of unique Decrease Karr and Chu 
Intolerants intolerant taxa 1999 

% Tolerants Relative abundance of tolerant Increase Karrand Chu 
individuals 1999 

% Sediment Tolerants Relative abundance of Increase Zweig and 
sediment tolerant individuals Rabeni2001 

% Sediment Intolerants Relative abundance of Decrease Zweig and 
sediment intolerant individuals Rabeni 2001 

% Oligochaetes Relative abundance of Increase Maxted at al 
Oligochaete individuals 2000 

Hilsenhoff Biotic Index Weighted average based on Maxted et al 
(HBI) abundance and tolerance of Increase 2000 organisms 

Feeding / Habit % Predators Relative abundance of Decrease Karrand Chu 
Metrics predator individuals 1999 

No. of clinger taxa Total number of clinger taxa Decrease Karr and Chu 
1999 

% Clingers Relative abundance of clinger Decrease Maxted et al 
individuals 2000 

Population The proportion of the three Karrand Chu Attributes % Dominance (3 taxa) most abundant taxa relative to Increase 1999 the sample size 
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2.5 Land Use Classification 
Classification of human influence was based primarily on interpretation of Landsat) satellite imagery from 
1995, which was provided by the Ministry of Sustainable Resource Managemen~ and review of habitat and 
riparian assessment reports where available. 

Of the eleven sites sampled in 2001, only one was expected to be uninfluenced, and after review of the 
satellite image for the watershed, it appeared that there was some land clearing and possibly agriculture 
upstream of the monitoring site. For this reason, four uninfluenced sites from the nearby Bulkley District 
that were sampled for another project (Bennett and Hewgill 2002) were added to the dataset for metric 
testing. One heavily influenced stream site sampled for the same Bulkley District project (Robin) was also 
added to the dataset as it was in the immediate vicinity of the Deep Creek sites. 

There was evidence of agricultural land use or livestock access to the stream at nearly all the stream sites 
assessed in 2001. Low levels of agriculture and livestock access can lead to increased taxa richness metrics 
through introduction of alien taxa and nutrient enrichment, making it difficult to interpret metric results . 
(Karr and ehu 1999). Assessment of the local area surrounding the sampling site, and in-stream conditions 
were considered to try and further separate the similar levels ofwatershed influence. 

Stream buffers are important for predicting sediment related impacts (Richards et al. 1996). Sites with 
partially disturbed or removed riparian vegetation were expected to have lower metric scores than streams 
with intact riparian buffers, and were classified as more highly influenced (e.g. Cesford, Robin, Buck). 

Sites were classified into four categories: little or no human influence, low -moderate influence, moderate 
influence, and heavy influence. Stream sites and associated human influence classifications are listed in 
Table 4. 

Table 4: Human inRuence, location and local site riparian condition for stream sites1 sampled in 
2001 and used for testing metrics (data for sites in italics from Bennett and 8ewgill, 2002). 

Stream Site Location Riparian Condition Human Influence 
Classification 

Arnett Mature coniferous forest Uninfluenced 
Driftwood Bulkley Timber Supply Area (TSA) - see Mature coniferous forest Uninfluenced 
Reiseter East Bennett and Hewg0l2002 Mature coniferous forest Uninfluenced 
Reiseter West Mature coniferous forest Uninfluenced 
Byman upstream of Hwy 16 Deciduous forest (signs Low-Moderate 
Downstream of grazing livestock) 
Barren upstream of Hwy 16 Youn_g deciduous forest Low-Moderate 
Crow upstream of Forest Service Road Young, mixed forest Low-Moderate 
Deep Reference upstream of Farm irrigation system Mature mixed forest Low-Moderate 
Richfield above upstream of Hwy 16 Mature mixed forest, Low-Moderate 
Hwy 16 partially disturbed 
Richfield @ CN upstream of eN bridge crossing Young deciduous forest, Low-Moderate 
bridge partially disturbed 
Foxy @ Maxan above confluence with Maxan Creek Mature mixed forest Moderate 
Deep Downstream downstream of Farewell Creek Rd crossing Partially removed, Moderate 

disturbed in local area 
McQuarrie upstream of Hwy 16 Partially removed, Moderate 
Downstream disturbed (narrow 

buffer) 
Buck@ Mall downstream of Hwy 16 and railway aossing Partially removed, Moderate 

disturbed 
Cesford @ Topley downstream of HWV 16 Removed High 
Robin Bulkley TSA - see Bennett and Hewgill Removed High 

2002 

) Landsat data @ 1995 provided by the Ministry of Sustainable Resource Management, Skeena Region, 
Government ofBC. 
2 For consistency, site names are from Rysavy 20008. 
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3 Results & Discussion 

3.1 Invertebrate Abundance and Sample Area 
Other B-ffiI projects in the Skeena Region found that naturally low invertebrate abundance at some 
uninfluenced sites was skewing metric results (Bennett and Hewgill 2001, Bennett 2001a and Bennett 
2001 b). Samples containing fewer than 300 individuals have been correlated with increased measurement 
error for some Metrics (1. Karr, pers. comm. Feb 2001). For sites with naturally low invertebrate densities, 
lower taxa richness can be more strongly linked to the size of the area sampled, than to the level of human 
influence in the watershed. 

A review of the 1999 Upper Bulkley data found that 64% of sites sampled had fewer than 500 individuals 
per sample, and 16% had fewer than 300 invertebrates per sample. As a solution to this regional problem, 
the area sampled for each replicate was tripled from 0.09 m2 to 0.27m2 in the 2001 field season. As shown 
in Table 5, more than 500 individuals per replicate were collected from each site in 2001. Invertebrates 
were least abundant in Richfield Creek above Highway 16 (684 per sample), and most abundant in Foxy 
Creek upstream of the confluence with Maxan Creek (4551 per sample). 

Table 5: Average number of individuals collected per replicate at stream sites assessed in 1999 and 
2001. Sample area per replicate increased from 0.09 m2 in 1999 to 0.27 m2 in 2001. 

Stream 
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Invertebrate abundance was plotted against family- and genus-level taxa richness for streams sampled in 
1999 and 2001 as shown in Figure 2. In 1999, there was an increasing pattern of taxa richness with 
abundance at both the family- and genus-levels. Lower abundance was associated with lower taxa richness, 
although higher abundance did not always result in greater taxa richness. In 2001, there was no correlation 
between abundance and taxa richness at either the family- or genus-levels. 

While sampling over a larger area ensured that richness metric scores were not detennined by sample size 
at streams with naturally low invertebrate densities, abundance was not considered as a metric for the 
multimetric index. Although human influence in a watershed can affect invertebrate abundance (density), 
it is not expected to vary predictably with all types of increasing human influence, which makes it an 
unreliable community metric for inclusion in a multi-metric index. For example, abundance might increase 
with agricultural land use through nutrient enrichment, while it might decrease with increasing industrial 
land use and associated point source and non-point source discharges. 

35 

.I . 

35 

• a 
~30 ==-30 • a §! ~ Ott a a 

:F a <D 
•• 00 

a a ~25 a ...J 25 a a a a a 
2!- a a U) • 
~ 20 

,.,. a 0 0 :l 

~ 
• i 20 a 

CIt a • a 
!:!::. ~ 

~ 
~ S 15 

.. :: 15 ~ a ... • a ... 
«J 

t 10 t 10 0 0 
0 5 0 

5 z z 

0 0 I 
a 1000 2000 3000 4000 5000 6000 a 1000 2000 3000 4000 5000 6000 

Abundance Abundance 

Figure 2: Invertebrate abundance plotted against taxa richness (family- and genus- level) for sites 
sampled in 1999 (black diamonds) and 2001 (open boxes). 

3.2 Family-level Metrics 
3.2.1 Trends with Buman Influence 
A multimetric index combines a number ofindividual metrics into one score or value, easing comparison of 
mUltiple sites. The index of biological integrity is the sum of scores for a set of core metrics that are known 
to respond in a predictable way across a gradient of human influence (Karr and Chu 1999). Each metric is 
assigned a set of unitless values across the range of results, which reflect whether the results were similar to 
those expected of an uninfluenced stream, a moderately influenced stream or a highly influenced stream. 

Metrics can be calculated for various taxODomic resolutions of the invertebrate data including family-, 
genus- and species-level. In the Puget Sound area, Salmonweb is a community based monitoring program 
that uses a combination of a family-level 8-mI with genus- and species-level 8-ffiI's when data for the 
lower taxonomic resolutions is available. 

As shown in Figure 3, two of the seven family-level metrics tested did not vary predictably with increasing 
human influence. There was not a clear trend across the gradient of human influence with either total taxa 
richness or Ephemeroptera taxa richness. 
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Figure 3: Family-level metrics tbat did not vary predictably witb increasing land use influence for 
sites sampled in 2001. Human inOuence increases from uninfluenced on the far left (category 1) to 
beavily influenced on the far rigbt (category 4). 

Five of the seven metrics tested varied predictably with increasing human influence and clearly 
differentiated between uninfluenced sites and heavily influenced sites as shown in Figure 4. The 
proportion of the dominant taxon, the family biotic index, Plecoptera taxa richness, Trichoptera taxa 
richness and the proportion of Ephemeroptera were all successful metrics. However, there was high 
variability at moderately influenced sites for both the Plecoptera and Trichoptera taxa richness metrics. 

As expected, the proportion of the dominant taxon and the family biotic index increased with increasing 
human influence, while the other three metrics decreased with increasing human influence. 
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Figure 4: Family-level metrics that varied predictably with increasing land use influence for sites 
sampled in 2001. Human influence increases from uninfluenced on the far left (category 1) to heavily 
influenced on the far right (category 4). 

Each of the graphs for the five successful metrics was studied closely, and cut-off points were selected for 
scoring sites. Similar to Karr and ehu (1999), a site scores 5 points if the metric value was similar to those 
at uninfluenced streams, I point if values were similar to heavily influenced streams, and 3 points if values 
were in-between the two extremes. All selected metrics and scoring cut-off points are summarized in Table 
6. 

Table 6: Five metrics and scoring cut-offs chosen for inclusion in a Bulkley River watershed family­
level multimetric indeI. 

Metric Score 
Metric 1 3 5 

No. of Ptecoptera Taxa <3.5 ~ 3.5. <4.6 ~4.6 

No. of Trichoptera Taxa < 1.8 1.8- 2.3 ~2.4 

% Ephemeroptera t ndividuals <22 22-34 >34 
% Dominant Taxon > 50 30-50 <30 

Family Biotic Index (FBD >5 4-5 <4 

3.2.2 Family-level site scores based on 1999 & 2001 data 

Based on the metric value cut-offs presented in Table 6, family-level B-mI scores were calculated for all 
sites sampled in 1999 and 2001. Since there are five metries in the family-level B-mI, the maximum 
possible score for a site is 25 and the minimum possible score is 5. A score close to 25 would be expected 
at uninfluenced sites. Using an approach similar to one on the Salmonweb (2001), stream conditions were 
assigned to sites sampled in 200 I based on the B-IBI score as summarized in Table 7. The family-level B­
mI score and the average sample size for each site are summarized in Table 8. 

Table 7: Five metric Family-level B-ml scores and associated stream condition 

5-metric Family-level B-
Stream Condition IBI Score 

23-25 Excellent 
19-22 Good 
14 -18 Fair 
9 -13 Poor 
5-8 Very Poor 

For the 2001 field season, Crow, Arnett, Driftwood and Reiseter West creeks had the highest B-ffiI scores 
(25), while Robin creek had the lowest (5). With one stream scoring the lowest possible score (5) during 
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index calibration, this may potentially limit the effectiveness of the index for heavily influenced streams. If 
the conditions at that site deteriorate further, the index will not be able to reflect it. As expected, streams 
with low to moderate levels of agricultural influence and intact riparian buffers scored relatively high for 
taxa richness metrics, most likely due to nutrient enrichment. 

There were three sites (Crow, Foxy at Maxan and Richfield CN) that had an average of more than 500 
individuals per sample in both 1999 and 2001, despite the difference in sample collection area. At Crow 
and Richfield CN, there was an increase in family-level B-IBI scores from 1999 to 2001. At Richfield CN, 
scores in 1999 and 2001 both indicated good stream condition. However, at Crow the increase in scores 
from 1999 to 2001 translated to an increase from good to excellent stream condition. The higher scores in 
2001 may have been due to the increase in area sampled. At the Foxy site, there was an unexpected 
decrease in family-level B-IBI scores from 1999 to 200 I, and relative stream condition dropped from 
excellent to fair. 
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Table 8: Average number of invertebrates per sample aod 5-metric family level B-mI results for 
Upper Bulkley stream sites sampled in tbe 1999 and 2001 field seasons3

• Samples witb an average 
number of invertebrates less tban 500 have been underlined . 

1999 Field Season 2001 Field Season 

Average#of Family-Level Average # of Family- Stream 
Site Invertebrates B-IBI Score Invertebrates Level B-IBI Condition 

per sample per sample Score 

~ilport 670 25 
Barren 378 15 1376 23 Excellent 

Bessemer 1598 21 
Bob 587 9 
Buck@ Mall 380 5 3707 19 Good 

Buck @ 12 km FSR crossina 290 13 
Buck @ Bulkley R. confluence 378 9 
Bulldey @ Morice 340 11 
Bulkley @ Craker 301 15 
Bulkley @ Knockholl 440 21 
Byman 198 13 3279 23 Excellent 
Byrnan Reference 245 11 
Cesford downstream (above hwv 16) 909 9 
Cesford @ Topley (below hwy 16) 4152 9 Poor 

Cesford Reference 1683 9 
Cesford upstream 482 17 
Crow 803 21 1849 25 Excellent 
Deep downstream 3789 13 Poor 
Deep upstream 1723 23 Excellent 
Foxy@ Maxan 749 23 4551 17 Fair 
Foxy below mine 535 21 
Foxy upstream (above mine) 263 25 
Johnny David 436 13 
McQuarrie Downstream 351 11 3072 15 Fair 
McQuarrie Reference 381 19 
Richfield CN 1269 19 1749 21 Good 
RichfieJd Downstream (above Hwv 16' 359 11 684 17 Fair 
Richfield Upstream 454 15 
~mett 686 25 Excellent 
Driftwood Reference 1135 25 Excellent 
!Lemieux downstream (above Hwy 16J 979 13 Poor 
Lemieux upstream 5436 9 Poor 
Reiseter East 844 23 Excellent 
Reiseter West 846 25 Excellent 
Robin 4390 5 Very Poor 

3 Data for sites in italics from Bennett and Hewgill 2002. 
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3.3 Genus Level Metrics 
3.3.1 Trends with Human InDuence 
In 1999, twelve genus-level metrics were considered for inclusion in the multimetric index. Nine were 
found to vary systematically across a gradient of human influence. Several changes were made in 2001 
with respect to how raw data was treated, how metries were calculated, and how sites were classified. As a 
result, all the 1999 data was reworked, and the metrics were re-tested using the 2001 data. 

Twenty-one metrics were considered for inclusion in the multimetric index. Each metric was tested to 
determine whether it varied systematically across a gradient of human influences specific to the Bulkley 
River watershed, and could discriminate uninfluenced sites from heavily influenced sites using simple 
graphical analysis. 

As shown in Figure 6, eight of the twenty-one metrics tested did not vary predictably with increasing 
human influence. Similar to the family-level metrics, there was no decrease in either total taxa richness or 
Ephemeroptera taxa richness with increasing human influence. Other richness metries that did not vary 
with human influence were clinger taxa richness and Diptera taxa richness. 
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Figure 6: Genus-level metrics that did not vary predictably with increasing land use influence for 
sites sampled in 2001. Human influence increases from uninfluenced on the far left (category 1) to 
heavily influenced on the far right (category 4). 

There were 13 metl'ics that did vary predictably with human influence, and clearly differentiated between 
the two human influence extremes as shown in Figure 7 and Figure 8. However, the three metrics shown in 
Figure 7 were redundant with metrics that ended up being selected for inclusion in the genus-level B-mI 
for the Bulkley River watershed. 
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Figure 7: Genus-level metrics that varied predictably with increasing land use influence for sites 
sampled in 2001, but were redundant with otber metrics selected for the index. Human inftuence 
increases from uninfluenced on the far left (category 1) to heavily inftuenced on the far right 
(category 4). 
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Figure 8: Genus-level metrics that varied predictably witb increasing land use influence for sites 
sampled in 2001. Human inOuence increases from uninfluenced on tbe far left (category 1) to heavily 
influenced on the far rigbt (category 4). Scoring cut-offs have been drawn in for reference. 

Each of the graphs for the ten successful metrics was studied closely, and cut-off values were selected for 
scoring sites. Similar to Karr and ehu (1999), a site scores 5 points if the metric value was similar to those 
at uninfluenced streams, I point ifvalues were similar to heavily influenced streams, and 3 points if values 
were in-between the two extremes. All selected metrics and scoring cut-off points are summarized in Table 
9. 

The relative proportion of Ephemeroptera individuals (% Ephemeroptera) does not require taxonomic 
resolution lower than the Order level. Therefore, the metric results and scoring cut-offvalues are the same 
at the family- and genus-levels. 

Calculated taxa richness values for Plecopterans and Trichopterans increased only slightly at the genus­
level compared with values calculated at the family-level. Cut-off thresholds for scoring the metries were 
set at the same values for both levels ofB-ml. At the genus-level, overall taxa richness was greater in the 
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Bulkley River watershed than the Bulkley and Kispiox Forest District areas where the B-IBI is also being 
tested (Bennett and Hewgill 2002, Bennett et al. in prep.), and the cut-off values were set higher to reflect 
this. 

Table 9: Ten metria selected for inclusion in the genus-level B-ml for the Bulkley River watershed, 
and associated scoring cut-off points. 

Metric Metric Score 
1 3 5 

No. of Plecoptera Taxa <3.5 3.6 -4.5 ~4.6 

No. of Trichoptera Taxa < 1.8 1.8-2.3 ~ 2.4 

*- Diptera & Non-insects >50 30-SO <30 

*- Ephemeroptera <22 22-34 >34 

No. of Intolerant Taxa s1 2-3 ~4 

~ Predators <4.5 4.5 -10 > 10 

~ Dominance (3 taxa) >75 55-75 <55 
~ Sediment Tolerants > 10 2.1 -10 :::;;2 

Yo Clingers <20 20-40 >40 

Hilsenhoff Biotic Index (HBI) >4.75 3.75 -4.75 < 3.75 

3.3.2 Genus-level site scores based on 1999 & 2001 data 

Based on the metric value cut-offs presented in Table 9, genus-level B-mI scores were calculated for all 
sites sampled in 1999 and 200 I. Since there are ten metrics in the genus-level B-mI, the maximum 
possible score for a site is 50 and the minimum possible score is 10. A score close to 50 would be expected 
at uninfluenced sites. Using an approach similar to one on the Salmon web (200 I), stream conditions were 
assigned to sites sampled in 2001 based on the B-IBI score as summarized in Table 10. The genus-level B­
mI score and the average sample size for each site are summarized in Table 11. 

Table 10: Ten metric genus-level B-ml scores and relative stream condition. 

10-metric Genus-level B- Stream Condition IBI Score 

46-50 Excellent 
38 -44 Good 
28-36 Fair 
18 -26 Poor 

10 -16 Very Poor 

For the 2001 field season, the uninfluenced Arnett, Driftwood and Reiseter West streams had the highest B­
mI scores (48), while Robin had the lowest (12). As expected, streams with low to moderate levels of 
agricultural influence and intact riparian buffers scored relatively high for taxa richness metrics, most likely 
due to nutrient enrichment. 

Three sites (Crow, Foxy at Maxan and Richfield CN) had an average of more than 500 individuals per 
sample in both 1999 and 2001, despite the difference in sample collection area. Similar to the family-level 
B-ffiI results, at Crow and Richfield CN there was an increase in genus-level B-ffiI scores from 1999 to 
2001, while at the Foxy site, there was a decrease. Relative stream condition was fair at both Crow and 
Richfield CN sites in 1999. At both sites, relative stream condition increased to good in 200 I. At the Foxy 
site, the relative stream condition was fair in both years and the decrease in B-ffiI score was not as great at 
the genus-level as it was at the family-level. 
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Table 11: Average number of invertebrates per sample and 10-metric ,enus level B-ml results for 
Upper Bulkley stream sites sampled in the 1999 and 2001 field seasons. Samples with an average 
number of invertebrates less than 500 have been underlined. 

1999 Reid Season 2001 Reid Season 

Average # of Genus Level 
Average # of Genus Level Stream 

Site Invertebrates B-IBI Score Invertebrates 8-181 Score Condition 
per sample per sample 

~ilport 670 44 

Barren 378 34 1376 44 Good 

Bessemer 1598 32 

Bob 587 26 

Buck@ Mall 380 20 3707 32 Fair 

Buck @ 12 km FSR crossing 290 28 

Buck @ Bulkley R. confluence 378 20 

Bulkley @ Morice 340 26 

Bulkley @ Craker 301 32 

Bulkley @ Knockholt 440 44 

Byman 198 30 3279 46 Excellent 

Byman Reference 245 28 

Cesford downstream (above hwy 16) 909 28 

Cesford @ Topley (below hwy 16) 4152 16 Fair 

Cesford Reference 1683 18 

Cesford upstream 482 36 

Crow 803 34 1849 44 Good 

Deep downstream 3789 24 Poor 

Deep upstream 1723 40 Good 

Foxy@ Maxan 749 36 4551 32 Fair 

Foxy below mine 535 46 

Foxy upstream (above mine) 263 36 

Johnny David 436 30 

McQuarrie Downstream 351 26 3072 32 Fair 

McQuarrie Reference 381 38 

Richfield CN 1269 32 1749 44 Good 

Richfield Downstream (abo Hwy) 359 26 684 32 Fair 

Richfield Upstream 454 28 

Amett 686 48 Excellent 
Driftwood Reference 1135 48 Excellent 
Lemieux downstream (abo Hwy) 979 20 Poor 
Lemieux upstream 5436 26 Poor 
Reiseter East 844 42 Good 
Reiseter West 846 48 Excellent 
Robin 4390 12 Very Poor 

4 Data for sites in italics from Bennett and Hewgill 2002. 
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3.4 Taxonomic Resolution and Metric Results 
An initial stage family- and genus-level B-illI were calibrated for the Bulkley River watershed based on 
sampling in the 2001 field season at II sites, and data for another four uninfluenced sites and one heavily 
influenced site from a nearby (BTSA) project (Bennett and Hewgill 2002). B-IBI results were calculated 
for the 16 sites, and for two sites on Lemieux Creek that were sampled for the BTSA project. Data from 
the Lemieux sites were not used for testing the metrics, as both sites had some degree of influence in the 
watershed and were difficult to classify using satellite photo interpretation. 

The family-level B-ml is composed of five metrics, while the genus-level B-IBI is composed of ten 
metrics. Other studies have looked at the differences in cost and effectiveness as a monitoring tool between 
family- and genus-level multimetric indices. Bailey et al. (2001) found that in areas that are taxonomically 
rich, data at the species-level index were more effective for differentiating between reference and stressed 
stream conditions than data at the family-level. To compare the effectiveness of family- and genus-level 
data in the Bulkley River watershed in assessing stream quality, we focussed on the biotic index metrics 
and the overall B-mI scores and associated stream conditions. 

3.4.1 Hilsenhoff Biotic Index 

The premise behind the Hilsenhoff biotic index is that organic pollution tolerance differs among various 
benthic organisms, and assigning tolerance values to taxa in a sample allows calculation of a weighted 
average. Although it is generally calculated at a genus- or species-level, there is also a modified index that 
can be calculated for data at the family-level. In this study, both the genus-level Hilsenhoff Biotic Index 
(HBI) and a Family Biotic Index (FBn were calculated for all stream sites. For both indices, scores range 
from 0 to 10, and a low score indicates better water quality, while a higher score indicates poorer water 
quality. 

There are a couple of potential concerns when calculating the biotic index at the family-level. Within a 
benthic invertebrate family, there are usually many genera and species, and each of these can vary widely 
in pollution tolerance (Lenat and Resh 200 I). One tolerance value must be assigned to a family to calculate 
the index, although even trying to assign a single pollution tolerance value to a genus can be difficult as the 
species within it may have different levels of pollution tolerance. Lenat and Resh (2001) compared a 
genus-level biotic index and a family-level biotic index for three regions and found that the family-level 
biotic index did not detect the finer differences in water quality, but it could consistently separate reference 
sites from stressed sites. The family-level biotic index was not as accurate at detecting water quality 
extremes~ and missed 22 to 45% of the excellent sites and roughly 28% of the poor sites (Lenat and Resh 
2001). 

A second concern is that the tolerance values are derived from studies completed mostly in the Eastern 
United State, which likely differ substantially from the Pacific Northwest. 

In the Kispiox Forest District, the FBI was tested as an indicator of forest harvesting impacts in 2000 
(Bennett 2001a). As expected, while the FBI could detect changes in water quality between reference sites 
and sites with urban influences, it did not detect differences in water quality at any of the sites with forest 
harvesting in the watershed. 

However, in the Bulkley watershed, the biotic index was selected as a metric for inclusion in the B-mIs at 
both the family- and genus- levels. Biotic index values increased with increased human influence in a 
watershed, and clearly differentiated uninfluenced sites from heavily influenced sites at both taxonomic 
resolutions. 

When the 2001 FBI results were plotted against the HBI results as shown in Figure 9, the two indices were 
correlated (r 0.88) suggesting that they supply similar information. 
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Figure 9: Modified Hilsenhorr Family Biotic index values for streams sampled in 2001, plotted 
against Genus-level Hilsenhoff Biotic index values (n=18, .-l 0.88). 

For both the FBI and the HBI~ the range of possible scores is from 0 to 1 O~ with 0 representing the best 
water quality~ and 10 representing the most degraded water quality as shown in Table 12. For the FBI~ 
values for the 2001 sampled streams varied from 3.41 to 5.8, a total range of 2.39 points. For the RBI, 
values for the same sites ranged from 2.61 to 5.69, a total range of3.08 points. 

Table 12: Water Quality based on Hilsenboff Genus- and Family- level Biotic Index Values 
(modified from Resh et ale 1996). 

Hilsenhoff and Family 
Biotic Index Values Water Qualitv 

0.00 - 3.75 Excellent 
3.76-4.25 Very Good 
4.26- 5.00 Good 
5.01 - 5.75 Fair 
5.76 -6.50 Fairly Poor 

6.51-7.25 Poor 
7.26 -10.00 Very Poor 

The number of observations for each water quality rating based on the FBI and HBI values were plotted as 
shown in Figure 10. Similar to the results of Lenat and Resh (2001), it was found that more excellent water 
quality sites were identified with the genus-level biotic index than with the family-level biotic index. 
Although there were four uninfluenced sites in the group, the FBI classified only three sites as having 
excellent water quality, while the HBI classified nine sites as having excellent water quality. 
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Figure 10: Frequency distribution of water quality rating as measured by tbe Family Biotic Index 
and Hilsenboff Biotic Index (genus-level) for streams sampled in 2001. 

Overall, it appears that the biotic index may under-rate water quality at the family-level compared with the 
genus-level. However, in this study scoring cut-offs were adjusted for the family-level metric to 
accommodate this (see Table 6 and Table 9). 

3.4.2 Comparison of Family- and Genus- level B-mIs 
This study has focussed on initial development of two B-IBI's at different taxonomic resolutions of the 
same data for 16 stream sites. A five metric family-level 8-mI and a ten metric genus-level B-mI were 
calibrated for human influence specific to the Bulkley watershed. B-ml calibration was initiated at two 
taxonomic resolutions because the family-level 8-mI may be a less costly monitoring program to maintain 
on a regular basis, and may facilitate volunteer help with invertebrate identification compared to the genus­
level B-IBI. 

The final scores for the family- and genus-level B-mrs were plotted against one another as shown in 
Figure II. The scores for the two B-IBI's were highly correlated (r2 0.91). Stream condition thresholds 
were drawn on the graph to help identify streams that were classified differently by the two indices. 
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Figure 11: S-metric family-level B-mI scores plotted against 10-metric genus-level B-mI scores for 
sites sampled in 2001. (n = 18, .-l 0.91) 
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In twelve out of eighteen streams sampled, the fnmily-Ieve l B-IB! and genus-level B-LB! ranked Ihe stream 
cond ilion in Ihe same calegory. In 6 cases (Barren, Buck @ Mall, Cesford, Crow, Deep upstream, and 
Reiseler East), stream sites were classified one level higher by Ihe fami ly- level B-rBl than the genus-level 
B-IB!. 

Overall , Ihe fam ily- level B-IBI classified more streams as excellent stream condition than the gen us-level 
B-rBI, as shown in Figure 12. Compared 10 Ihe number of uninfluenced sites in the group (4), this number 
was relatively high. However, if the numbers of excellent and good streams are combined for each B-rBI, 
this added up to 9 streams for the genus-level index and 10 streams for the fumily- Ievel index. 
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Figure 12: Frequency distribution of stream condition for genus- and family-level B-ID! for streams 
assessed in the 200 I field season. 

3.5 B-IBI and Biotic Index Verification 
Comparison of B-IB! results between si tes on tlIe same stream provides a prelim inary means of verifYing 
the indices, especially in cases where one sile is uninfluenced. Two sites were samp led on each of three 
streams in 200!. Streams witl, two sites in cluded Deep, Richfield and Lem ieux. However, all stream sites 
had some degree of land use infl uence at both Ihe upslream and downstream sites. All metric and index 
responses between the upstream and downstream sites for the three creeks are summarized in Table 13. 

3.5.1 Deep Creek 
On Deep Creek, an upstream site was sampled Ihal was re latively unin fl uenced compared 10 tI,e 
downstream site. Bolh the fam ily-l evel and genus- level multimctric indices described Ihe downstream site 
as poor, whi le Ihe upstream sile was described as excellenl and good, respeclively. The results of fam ily­
and genus· level biotic indices described Ihe upstream water quality as very good (fam ily) and excellent 
(genus), whi le the water qual ity at the downstream site was described as fair (family) and good (gen us). 

Al the fam ily- level, Plecoptera and Trichoplera laxa richness were sl ightly lower al Ihe upstream site. 
Nutrient enrichment at the downstream site was likely the cause of the slight increase in taxa richness at the 
dowll stream site. Percent dominant taxon, relative abundance of mayflies and biotic index results a ll 
responded as predicted with increasing human influence between the two sites. 

At the genus-level, Plecoptera, Trichoptera and intolerant taxa richness were greater at the downstream site. 
Relative abundance of predalors decreased from 11.7% 10 3% at the downstream site. Ephemeroptera 
individuals and clingers decreased, and dominance and abundance of Diptera in dividuals and non-insects 
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increased at the downstream site as expected. Relative abundance of sediment tolerant individuals did not 
change between the two sites. 

Overall, the family- and genus-level multimetric indices decreased at the downstream site compared to the 
upstream site. 

3.5.2 Lemieux Creek 
On Lemieux Creek, two sites were chosen for monitoring as part of the Bulkley TSA B-mI development 
project (Bennett and Hewgill 2002). Land use influence at the upstream site was mostly livestock access to 
the stream, with some forest harvesting further upstream. The downstream site was located upstream of 
Highway 16, near the Quick Elementary School. Influences at the downstream site included agriculture, 
rural residences, road crossings and disturbed riparian areas. Stream water levels and flow were very low 
at the downstream site, and habitat was mostly pools. Classification and assignment of a relative degree of 
human influence was difficult for both sites, and neither site was used to test metrics. Both the family-level 
and genus-level multimetric indices described the downstream and upstream sites as poor. With the 
fiunily-Ievel index, the upstream site scored lower, while with the genus-level index it scored higher. The 
results of family- and genus- level biotic indices found the downstream water quality to be better than the 
upstream water quality. The downstream water quality was described as good with both indices, while the 
water quality at the upstream site was described as fair with both indices. 

At the family-level, Plecoptera and Trichoptera taxa richness were higher at the upstream site. Nutrient 
enrichment due to livestock access was likely the cause of the slight increase in taxa richness at the site. 
However, streamflow was also greater and the substrate was more suitable for invertebrate colonization at 
the upstream site. Percent dominant taxon was higher upstream than downstream, while relative abundance 
of mayflies was lower upstream than downstream. 

At the genus-level, PIecoptera, Trichoptera and intolerant taxa richness were greater at the upstream site. 
Relative abundance of predators was low at both sites, and decreased from 5.4% to 2.6% at the downstream 
site. Results for percent dominance were similarly very high at both sites. Ephemeroptera individuals 
increased from 13% to 45% at the downstream site, while clingers decreased from 13% to 8%. Abundance 
of Diptera individuals and non-insects decreased at the downstream site (42%) from the upstream site 
(75%). Relative abundance of sediment tolerant individuals was slightly greater at the downstream site. 

3.5.3 Richfield Creek 
Two sites were assessed on Richfield Creek; a site upstream of the highway crossing, and a downstream 
site located upstream of the railway bridge. The sites were expected to have fairly similar index results 
after in-stream habitat assessment was completed and satellite images were reviewed. Surprisingly, the 
downstream site above the railway bridge was described as good by both indices, while the more upstream 
site above the highway was described as fair. It was not clear why the invertebrate community at the site 
above the highway was less taxonomically rich and diverse than the downstream site. However, the biotic 
index results agreed at both the family- and genus-levels. Water quality as measured by the FBI and HBI 
was very good (3.98) and excellent (3.64) at the site above the railway bridge, while water quality at the 
site upstream of the highway was good (4.96 and 4.33) with both indices. These results are very 
preliminary but may still provide support for re-assessment of the sites in coming years, and direction for 
investigating site-specific water quality issues. 

At the family-level, Trlchoptera taxa richness and relative abundance of Epbemeroptera individuals were 
higher at the downstream site, while Plecoptera taxa richness was lower. Percent dominant taxon did not 
change between the two sites. 

At the genus-level, Plecoptera taxa richness was slightly higher upstream, while Trichoptera taxa richness 
was greater at the downstream site. There were no intolerant taxa at the downstream site, while three 
unique intolerant taxa were collected at the upstream site. The proportion of predator, clinger and 
Ephemeroptera individuals was twice as great at the downstream site, while the proportion of Diptera and 
non-insect individuals was greater at the upstream site. The proportion of sediment tolerant individuals did 
not change between the two sites. Percent dominance was slightly greater at the downstream site compared 
with the upstream site. 
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Table 13: Summary o( metric response to (amilT- and genus-level metrics between upstream and 
downstream monitoring sites on Deep, LemieUI and Richfield Creeks. A plus sign represents an 
increase at the downstream site, while a minus sign represents a decrease. 

Metrics and Indices 
Expected Response with UC~hma~~~!!.!!~~~to~D~o~wn~s~b:!ea~m~ 

increasing human 
influence 

4 Recommendations 
• Development and calibration of a B-IBI is an iterative process. Any additional benthic invertebrate or 

land use classification data collected should be used to re-check metric trends, and re-affirm the metric 
scoring cut-off points. 

• Annual variation (temporal variability) ofmetrics and index results should be evaluated by re-sampling 
some of the 200 I sites. Re-sampling uninfluenced sites would be the most practical method for 
assessment of year-to-year variability. Particularly, annual variability of metrics that represent a 
proportion of the sample (e.g. % Clingers) should be evaluated. 

• Both fiunily- and genus-level indices should be validated by sampling several sites with varying 
degrees or types of human influence on one stream. Ideally, the sampling should include an 
uninfluenced reference site. 

• Initial results suggest that both the family- and genus-level indices may be suitable monitoring tools. 
However, the fiunily-Ievel index may not be as sensitive to smaller changes in biological integrity, 
especially at the higher end of the scoring range (excellent sites). If the goal is to protect uninfluenced 
streams in the area, it might be more effective to use the genus-level index. However, these results 
should be re-evaluated with data from at least one more year of sampling. 

• For effectiveness monitoring of restoration projects, aBACI (before-after-control-impact) design is 
recommended with either index. If before data is not available, efforts should still be made to find a 

S Raw data for Lemieux Creek from Bennett and Hewgill2002. 
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suitable upstream reference site. If a reference site is not available, before sampling becomes more 
important for establishing baseline information. 

• The increase in area sampled per replicate from 0.09 m2 in 1999 to 0.27 m2 in 2001, appeared to lessen 
the taxa richness skewing error associated with naturally low invertebrate abundance in some streams. 
Any future sampling should maintain the larger area per replicate. 

• In similar B-ffiI projects, it has been recommended that a core set of streams be identified and 
monitored each year that sampling occurs. This core set of streams will be useful for assessing 
changes to B-ffiI due to widespread, naturally occurring events (for example, a very low water year). 
Ideally, this core set of streams would be made up of un influenced reference sites. 
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Stream Name: I EMS: 

Site Description: 

Date: I Time: I Field Crew: 

Comments: 

Air Temp: °C I Water Temp: °C I 

Weather Conditions: 
Now: 0 storm (heavy rain) Past 24 hours: 0 storm (heavy rain) 

o rain (steady rain) 0 rain (steady rain) 
o showers (intermittent) 0 showers (intermittent) o overcast 0 overcast 
o clearl sunny 0 clearl sunny 

Has there been a heavy rain in the past 7 days? 0 YON 

Sample Site Location Map (Draw a diagram of the site and indicate the areas sampled, and estimate the 
length of channel assessed) 

Record Time of Collection for each Benthic Sample: 
Sam Ie I: Sam Ie 2: Sam Ie 3: 

Disturbance Indicators: Check off the following disturbance indicators present at the site 
Bed Characteristics 
o Extensive areas of scour 
o Large extensive sediment wedges 
o Extensive riffle zones 
Channel Pattern 
o Multiple channels (braiding) 
Banks 
o Eroding banks 
Large Woody Debris 
o Most L WD parallel to banks 

B-IBI Field Data Sheet 

o Extensive areas of (un vegetated) bar 
o Elevated mid-channel bars o Limited pool frequency and extent 

o Isolated sidechannels or backchannels 

o Recently formed LWD jams 

Page 1 



Riparian Vegetation 
Check off the dominant v~etation !me: o Unvegetated (much bare mineral soil is visible) o Shrub I Herb o Coniferous Forest 0 Deciduous Forest o Mixed Conifer - Deciduous Forest 

Record the dominant species present: 

Record tbe Structural Stage of the dominant vegetation in the RiRm:iBn Area: 
D Non-vegetated or initial stage following disturbance, with less than 5% cover o sbrub I herb stage, less than 10% tree cover 
o pole-sapling stage, with trees overtopping tbe shrub layer, usually less than 15-20 years old 
o young forest (30- 80 years) - forest canopy is differentiating into distinct layers o mature forest - well developed understory 

CanoR~ Clo~ure (nrogortion of the surface area of the stream covered b~ the Rroiecting rinarian canoR~ o 0 - 20% covered 0 20 - 40% covered 0 40 .. 70% covered 
o 70 - 90% covered o >90% covered 

Stream Characterization Gradient {nlease estimate ofc, gradient beside box} o Glacial o Steep o Clear o Moderate 
o Stained D Low o Other 
Predominant Sorroondiof! Land Use o Forest o Field I Pasture o Agricultural o Residential o Loggina o Minim~ o Commercial I Industrial o Other 
Loeal Watershed Erosion o Heavy 
o Moderate 

None 
Stream Parameters (Record 3 measurements) 

Loeal Watershed NPS Pollution 
D Obvious sources Comments: 
o Some potential Sources o No evidence 

------

Stream Wetted Width: __ m __ m __ m Stream Bankfull Widtb: __ m __ m __ m 
Stream Wetted De th: m m m Stream Bankfull De tb: m m m 
Primary Habitat Units Present (ebeek aDY habitats that O«ODY more than 50% of the wetted width 
or the main channel 

Pools Glides Rimes 0 Cascades Other 
Sediment I Substrate 
Odors 
o Sewage 0 Petroleum 0 Anaerobic 0 Chemical 0 None 
Oils 

Absent D Sli ht 0 Moderate 0 Profuse 

Bed Material 

o Other 

Substrate Type Diameter % composition in reach (= 1 00%) 
Sands, Silts, Clays & fine <2mm 
Organic materials 
Gravels 2-64 mm 
Cobbles 64 .. 256 mm 
Boulder >2S6mm 
Bedrock >4000mm 

Cover = % 
(% cover is the percent oftbe wetted surface area that is covered by woody debris, boulders, cutbanks, 
deep pools, overhanging vegetation (within 1 m of water surface) or instream vegetation) 
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Alaska Stream Condition Index lASCD Babitat Assessment Field Data Sheet 

M ajor, E.B. and M .T. Barbour. 1997. Standard Operating Procedures/or the Alaska Stream Condition 
Index: A Modification o/the u.s. EPA Rapid Bioassessmelll Protocols. Prepared for Alaska Department 
of Environmental Conservation, Anchorage, Alaska. 

Site Name:;;-____ ________ Dateffime: ______________ _ 
Sampl ing Team : Comments: ______________ _ 

Habitat Parameter Cate~ory 

Optimal Suboptimal Marginal Poor 
I. Epifaunal Greater than 70010 of 40-70% mix of stable 20-40% mix of stable Less Umn 20"10 stable 
Substrate I Available substrate favorable for habitat; wel l-suited for habitat; habi tat habitat; lack of habitat 

Cover cpifawml coloni7 .. ation. fu ll colonization availability less than is obvious; substrate 
mix of snags, potential; adequate desirable; substrate unstable or lacking. 
submerged logs, habitat for maintenance frequently dislurocd or 
undercut banks, cobble of populations; presence removed. 
or oOler stable habitat of additional substrate in 
and at stage to al low the fonn of ncwfall. but 
full oolonization not yet prepared for 
potential (ic, logs/snag.' oolonization (may rate at 
that arc not new fall and high end o f scale) 
not transient 

SCORE 20 19 18 17 1.6 15 14 " 13 , U , 11 10 "·' 9 8 , 7 6 5 4 3.2 l ' O · 

2. Embeddedness Gravel, cobble, and Gravel, cobble, and Grave l, cobble, and Gravel, cobble, and 
bou Ider panicles are 0- boulder particles arc 25- boulder particles arc boulder particles arc 
25% surrounded by fine 50% surrounded by line 50-75% surrounded by more than 75% 
sediment. Layering of sediment.. fine sediment. surrounded by line 
cobble provides sediment. 
substantial niche space. 

SCORE '~ 2Q _' :1.9 ' '18;'17 16 .,15:'1.4 13 'iU ",.l1 '. " .10 . 9 8,';",7.;; 6 . 5 '", 4 , 3' ' 2· 4 !~~ , ' 

3. Velocity-Depth All four velocity-depth Only 3 o f the 4 Only 2 oflhe 4 habitat Dominated by I 

Combinations combinations prcsl.llt combinations present (if combinations present velocity-deplh 
(slow-dcep, s low- fast-shallow is missing., (i f fast-shallow or combination (usually 
shallow, fast -deep. tast- score lower than if slow-shallow arc slow-deep). 
shal low) missing other missing. score low). 

combinations) 

SCORE , 20 _.9 ".18 17 16 15 '.14- 13 U 11 < 10 9 8 ,. 7 6 5 4 .3 ,'2 - 1 0 
4. Sediment Little or no en largement Some ncw increase in bar Moderate deposition Heavy deposits of fine 

Deposition of islands or point bars fonnation , mostly from of new gravel, sand or material. increased bar 
and less U,an 5% (<20"10 gravel, sand or fine fine scdi ment on old deve lopment; more than 
for low gradient sediment; 5-30% (20- and new burs; 30-50"10 50% ( SOOIo for low· 
streams) of the bottom 50"10 for low-gradient) of for low-gradient) of grad ient) of the bottom 
affected by sediment lhe bollom a(Jected; lhe bollom a(Jceted; changing frequently; 
deposition. slight deposition in sediment deposits at pools almost absent due 

pools. obstructions. 10 substantial sediment 
constrictions, and deposition. 
bends; moderate 
deposition of pools 
prevalent. 

SCORE 1 10 ;'I?:~.18 17 16 15 ,.;14 13 12 J1 . "'l O. 9 8 '&7. '6 '"5 "4 ' 3 ,,2 ... 1 O. 
5. Channel Flow Water reaches base of Water fi lls >75% of the Water fills 25-75% of Very little water in 
Status both lower banks, and ava ilable channel; or the available channel, channel and mostly 

minimal amount of <25% of channel and/or rime substrates present as standing 
channel substrJte is substrate is exposed. are mostly exposed. pools. 
exposed. 

SCORE :>".20 19\"111 17 ';,16 .15 J4 13 .12 , 11 ~' 10 ~ 9 ' 8 ," '1 ~ . .. '"5 '. 4 '3_~2 - ,,'f ,.,Oj' 



6. CI, ...... , 
Alteration 

7_ rhonn.1 

Sinuousity 

SCORE 
8. Bank 

·t, 

(score each bank) 

Note: determine left or 
righl s ide by facing 
downstream 

ordrcdging 
absent or minima l; s trewn 
with normal patte rn. 

( 

Some channelization 
prescl1l, us ually in areas 
of bridge abutments; 
evidence of past 
channe li zation, ie, 
dredging, (greater than 
past 20 yr) may be 
present, but recent 
channeli :mtion is not 
present. 

,,; 20, III 18' ·.17 16"" '15 ' 14 , .. 13 • ." 12').11 
: of ri mcs(or 

bends) relat ively frequent; 
ratio of distance oclwccn 
rimes divided by widlh of 
the stream <7:1 (genera lly 5 
to 7); variety of habitat is 
key. In s treams where 
rimes are oontinllolls. 
placement of boulders or 
other large, natural 
obstruction is important. 
All 4 vcloci ty-depth 
patterns present. 
. 20 :19 ,18 17 16 

Banks stable; : of 
erosion or bank fai lure 
absent or minima l; lill ie 
potential for future 
problems. <5% of bank 
affected. 

of rimes (or 
bends) infrequent; 
distance between rimes 
divided by the widU, of 
the stream is between 7 
to 15. Only30f4 
velocity-depth pattcns 
present (ie, slow-deep, 
slow-shallow. fast-dccp, 
fast- sh,~low). 

15 , 14 13 12 1. 

infrequcnl, ' ss!a~~e~ 
of eros ion, mostly 
hcaJed over. 5-30010 of 
bank in reach has area. .. 
of erosioll. 

Marginal 
may 

be extensive; 
embankme nts or 
shoring structures 
present on both 
banks; and 40 to 80% 
of s tream reach 
channeli zed and 
di srupted. 

Occasional rime or 
bend; boUom 
contours provide 
some habitat; 
distance between 
rimes (or bends) 
divided by the width 
of the sln ... "8IT1 is 
between 15 to 25. 
Only 2 veloc ity-depth 
patterns present; 
usual ly lacking deep 
areas . 

Poor 

~~i:~l S;:::n~~!~:l over 
80% of stream reach 
cllannclizcd and 
disrupted Inslream 
habitat greatly altered 
or removed entirely. 

Generally a ll flat water 
o r shallow rimes (or 
bends); poor habitat; 
distance between 
rimes divided by the 
width of the s tream is 
a rotio of >25. 
Dominated by one 
velocity-depth pattern. 

10 9 S 7 6 -, I ·.S 4 . 3 . .2 1 0 

30-60%'~'fbank in 
reach has areas of 
erosion; high eros ion 
potential during 
floods. 

",hlp' many eroded 
areas; 'row' areas 
frequent along straight 
sect ions and bends; 
obvious bank 
sloughing; 60 - 100% 
of bank has erosional 
sears. 

~<:~r(\\~ DI~: .. :~ (RBL) :---+.;-;-'2~0"E 19~~ 7-:-7 ' 1:,--7~ 16' --+£ ' 15 '""17--;'41~312=-.:I,-,,l1+.1 " .. ~111 0:;;-';;;7-'9 ,.:;-S -,--,76"--+-7-5 '-,,;---, 4 .3::"-!;i ;; 2;-C'-i-,1-,-''''-j j) 

:'r~::t~o~~;:~~ve ~~:''::~~~~~iate ~~~~O~r~~~~c~~=d ~~~=;;'~::rfaccs ~C:,~:,~~:~:!e 
each bank) 

<:r(\ D" (LB) 

SCORE(RB) 
10_ Riparian 
Vegetative Zone 
Width (score cach 
bank riparian zone) 

: (RJl) 

riparian zone surfaces by nati ve vegetation, covered by covered by vegelation,' 
covered by native but one class of plants vcgctation; disrupt ion disruption of 
vegetation, including trees, is not well -represented; obvious; patches of streambank vegetation 
understory shrubs, or disruption e vident but bare soil or closely is very high; 
nonwoody macrophytes; not affect ing full plant cropped vegetat ion vegetation has been 
vegetati ve disruption growth potent ial to any common; less than removed to 5 
through grazing or mowing great extent; morc than onc-halfofthc centimeters or less in 
minimal o r not ev ident ; one· hal f of the potentia1 potential plant average stubble height. 
almost all plants allowed to plant stubble height stubble height 
grow 

17 16 · 15 - 1~ i .3 U , 11- . til, S · 7 6 ' cS 3 . ,2 1 .. ~. 
I;, 17 .16 " 

Wi, ' u, 'P'" 'an 7.one > 18 Width 01 npanan wne Width of riparian 
meters; human act iviti es ( ic 12- 18 meters; human zone 6-12 meters; 
parking, roadbeds, activities have impacted human activities have 
c1carcuts, lawns. o r crops) 7..onc onl y minimally. ;, 7.Dne a great 
hav , no on' dea 

Width of ri~ar.irul wne 
<6 metcrs; litt le o r no 
riparian vegetation due 
to human activities. 

f¥-' ,~O ' . ;\lS ./1 ~ :is, '.1 4 ' 13. ·l2 .~'11 ,4'H 9 " 8 'i'7 6 :5 "'4, '3, .. 2 ; 1 JL 
',,,.::0 A1S, 6 '.' i15 ' 14 13 12 . .:'11 U ' ? S ('7 "6 ,j:l.5 .. 4" !F'2' J. ~-Q 
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Figure 1: Barren Creek 

Figure 2: Buck Creek at Houston Mall 

. ! 
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Figure 3: Ryman Creek 

Figure 4: Ccsford Creek at Topley 
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Figure 5: Crow Creek 

Figure 6: Deep Creek downsl rearn 
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Figure 11 : Richfield Creek at CN tracks 

Figure 12: Richfield Creek above highway 
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Deep u.tl'8.m Deep'" Richfield CD eN Richfield ab hwy Barren Buck .... n 
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

Cia .. Orde, Family Genus E241201 E241S2oo E238141S E228631 E238828 E238824 

CoIlembois 
. , 

7 4 4 2 2 2 2 6 10 17 

CoIlembo/s Smlnthuridae 1 

Beetles 
Insecta Coleoptera 
Insects Coleoptera Curoulionlds8 
rnsecta Coleoptera DytIscidlae 
Insecta Coleoptera DytIscidiae Hydaticus? 
Insecta Coleoptera Elrnldae 6 2 6 15 4 2 5 2 12 5 9 70 17 26 
Insecta Coleoptera Elmldae Cleptelmls 
Insecta Coleoptera Efmldae HeterlmnJus 
Insecta Coleoptera Ebnldae Lara 
Insecta Coleoptera EJmldae Narpus 2 2 
Insecta Coleoptera Ehnldae Optioserws 
Insecta Coleoptera Ebnldae Zallzevla 8 2 
Insecta Coleoptera Gyrfnidae? 
Insecta Coleoptera HaRplfdae 8rychJus 
Insecta Coleoptera HalipHdae Haliplus 5 
Insecta Coleoptera Hydrophifidae 
Insecta Coleoptera Hydrophilfdae Lacobfus 
Insecta Coleoptera Notedd88 
Insecta Coleoptera stBphylinldae 

True Flies 
Insecta Diptera 2 
Insecta Dlptera Athericidae 
Insecta Olptera AtherIcidae Atherix 11 14 
Insecta Dfptera 81ephariceridae 
Insecta Diptera Cerstopogonldse 8 3 1 
Insecta Diptera Ceratopogonldae Bezzis 4 2 12 1 1 5 4 6 4 4 2 9 2 
Insecta DIptera Ceratopogonldae Ceratopogoninae 
Insecta Diptera Ceratopogonldae FOrcipomyHnae 
Insecta OJptera Chironomldae 218 3 373 2893 1888 2024 ISH 391 318 239 340 282 42 59 818 1336 1313 2034 

Insecta Olptera Culicidae 
Insecta Diptera Obddae 
Insecta DIptera Obddae Obca 
Insecta Olptera Dbddae Dixella 
Inseda Olptera Dbddae Meringodixa 
fnsecta Oiptera Dollchopodidae 
Insecta Dfptera DeuterophIebRda Deuterophlebla 
Insecta Olptera Empldidae 7 8 1 12 3 37 8 
Insecta Dlptera Empldldae CheRfera 31 33 70 52 20 19 

fhsecta Diptera Empkfidae Clinocera 

0-2 



Deep Uatraam Deep. Richfield. eN Richfield ab hwy Barren Buck. Mall 
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

Cia. Order Family Genus 1241201 1241200 E238M1 E228831 1238828 E238824 

Insecta Dfptera Empldldae Hemerodromia 2 8 2 

Insecta Dfptera Empldldae Oreogeton 
Insecta Dfptera Empldldae Wiedemannia 
rnsecta Dfptera Ephydridae 
Insecta DJptera Muscidae 
Insecta Dfptera Pelecorhynchldae Glutops 
Insects D/ptera Phorldse 
Insecta Dfptera Psychodidae 4 

Insecta Dfptera Psychodidae Marulna 
Insecta Diptera Psychodidae Pericoma 175 72 213 383 127 196 6 6 21 47 24 53 80 91 398 

Insecta Diptera Psychodidae Psychoda 
Insecta Diptefa Sclomyzldae 
Insecta Olptera Simu1iidae 3 2 7 6 10 

Insect8 Diptefs Slmuliidae Cnephi8 
Insecta Dlptera SimulHdae Sirnufium 16 10 155 46 10 41 22 48 7 

Insecta Dfptera Slmullidae Proslrnuftum 
Insecta Dfptera StratIomyidae 
Insecta Dlptera Tabanidae 
Insecta Dfptera Tabanidae Tabanus 
Insecta Dfptera Tanyderidae 1 

Insecta Dlptera llpufJdae 4 17 4 33 13 6 

Insecta Dlptera 11puIidae Antocha 2 3 24 

Insecta Dfptera TlpuHdae DIcronata 6 2 8 3 3 14 7 13 3 13 34 12 

tnsecIa Diptera TIpuIidae Hexatoma 3 4 19 5 17 4 3 4 5 3 8 7 

Insecta Dlptera Tipulidae Umnophila 
Insecta Dipters TlfJulidae Mo/ophilus 
InsecIa Dlptera Tiputidae Onnosla 
Insecta Olptera Tipu1idae Rhabdomastix 
Insecta Dfptera TlpuIfdae llputa 2 11 5 2 

Mayflies 
Insecta Ephemeroptera 122 1340 1181 36 8 542 

Insecta Ephemeroptera AmBletidae 
Insecta Epherneroptera AmeJetidae Ameretus 8 8 6 12 26 3 2 6 13 e 2 

Insecta Ephemeroptera BaetIdae 
Insecta Ephemeroptera 8aetktae AcentreAa 
Insecta Ephemeroptera 8aetidae Baetis 850 335 772 159 89 278 47 60 133 38 73 88 21 117 209 80 356 88 

Insecta Ephemeroptera 8aetldae CentroptDum 
Insecta Ephemeroptera 8aetldae Olphetor 
Insecta Ephemeroptera EphemerelDdae 18 35 63 11 61 126 8 69 27 3 7 3 188 119 13. 

Insecta Ephemeroptera EphemererJldae Attenella 
Insecta Ephemeroptera Ephemere8idae C8udate11a 

0-3 



DHpUstream DHpda Richfield. eN Richfield ab hwy Barren Bucket.an 
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

Class Order Family Gena. E248201 E24S200 E238841S E228831 &238828 E238824 

Insecta Ephemaroptera Ephemerel1idae Drunella 25 22 28 63 52 92 95 44 60 47 44 30 25 13 14 8 3 18 

Insecta Ephemeroptera Ephemereldae Ephemerella 1 

Insecta Ephemeroptera Ephemereldae SenateDa 1 2 1 1 

Insecta Ephemeroptera EphamerelHdae linpanoga 
Inseda Ephemeroptera HeptagenBdae - 21 20 133 24 37 171 54 1002 m 6 52 46 44 112 278 20 404 172 
Insecta Ephemeroptera Heptagenlidae Crnygmula 1 1 2 1 3 

Insecta Ephemeroptera Heptagenlldae Epeorus 49 27 45 22 4 3 4 10 15 1 3 3 8 10 15 2 

InseCta Ephemeroptera Heptagenlldae Heptagenla 
Insecta Ephemeroptera Heptagenlldae Ironodes 
Insecta Ephemeroptera HeptagenBdae NIxe 
Insecta Ephemeroptera HeptagenBdae Rhlthrogena 11 81 112 314 30 84 110 71 122 35 35 38 31 44 205 19 17 1 

Insecta Ephemeroptera leptophIebiIdae 5 4 30 20 8 1 4 1 69 5 8 

Insecta Ephemeroptera Leptophleblldae Paraleptophlebla 44 22 14 47 7 47 12 7 122 2 
Insecta Ephemeroptera Tricorylhidae Tricorythodes 

AlderflJes 
Inseaa Megaloptera S/aJidse Sia/is 

StonefIIe8 
Insecta PIeccptefa - ... 67 24 129 58 30 18 31 28 22 24 5 51 88 653 152 44 83 

tnsecta PIecOptera C8pnIdae - 14 17 48 29 10 9 11 14 8 53 3 4 4 50 1 

Insecta PIecoptera ChIoroperBdae - 4 14 3 1 7 12 4 11 M 96 30 4 

Insecta PIecoptera Chloropertldae Kathroperta 19 1 1 3 
Insecta PIecoptera ChIotoperI/d8e /soperia 
Insecta PIecoptera ChIoroper8dae Paraperta 
Insecta Plecoptera Ch/otoperlldae Nesvlperla '! 
Insecta PI8coptera ChIoroperildae Plumlperla 
Insecta PIecoptera Ch!oroperIdae SuNaIa 
Insecta P1ecoptera ChJoroperIidaa S\wIIsa 408 22 6 81 15 28 208 209 142 19 12 18 11 62 107 29 33 12 

Inaeda PIeccptefa LeucIridae ... 

Insecta PIecoptera Nemourldae .. 2 14 

Insecta Plecoptera Nemouridae Amphfnerm.ra 
Insecta Plecoptera Nemourldae Malenka 
Insecta Plecoptera Nemouridae Zapada 81 13 88 172 39 108 6 2 31 4 8 18 182 235 109 4 4 

Insecta PIecoptera Pertidae ... 1 4 

Insecta PIecoptera Per8dae earmeuria 
Insecta PIecoptera Pertldae Doroneuria 1 

Insecta Plecoptera Perldae Hesperoper1a 5 1 1 

Insecta Pfecoptera PerIodldae - 8 4 1 1 1 1 1 66 
Insecta Plecoptera PerIodJdae Cuftus 2 1 3 

Insecta PIecoptera Pertodfdae Isoperla 
Iosecta PIecoptera Periodidae Megarcys 2 
Inseda PIeccptera Pertodidae Skwala 5 13 6 6 
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Deep Uotream I Deep do I Rlcllfteld • eN I Rlchffeld ab hwy I Barren I Buck. Mall 
123 1 231 231 231 231 2 3 

Class Order Family Genua I &241201 &241200 E238841 E228631 E238828 E238824 

Insecta Plecoptera Pteronareyldae 
Insecta Plecoptera Pteronaroyldae Pteronarcella I I 1 3 3 I I 12 10 5 

Insecta Plecoptera pte~ Pteronarcys 
Insecta PIecoptera TaenIopterygldae I 188 36 I 86 1 I 34 1 I 4 1169 42 I 5 

Insecta Plecoptera Taenlopterygfdae Taenionema 
CaddIsfRea 

Insecta Trtchoptera re 

e r~ 
36 57 48 

12 I 8 
4 

: I 
18 7 173 26 

Insecta Ttfchoptera Ap8l8niinae ApBlsn/a 2 

InseCta TrIchoptera BrachycentrIdae 4 8 

Insecta Trichoptera Brachycentrldae Brachycentrus 4 2 ·1 

Insecta Trtchoptera B~ Mlcrasema 
Insecta Trichoptera Glossosomatklae I 2 

38 

Insecta Trichoptera GlosIosomatidae GJossosoma 2 1281 1 10 I 2 6 I 24 88 107 

Insecta Trichoptera GlosIosomatidae Protoptila 
Insecta Trichoptera Hydropsychldae I 7 2 11.0 24 651 88 33 1151 4 ! I 2 1

104 72 60 

Insecta Trtchoptera Hydropsydlidae Ardopsyche 3 14 9 5 11 3 13 2 2 6 37 26 5 

Insecta Trichopter8 Hydropsychidse Cerstopsych8 
Insecta Trichopt8f8 Hydropsychldae Cheumatopsyche 
Insecta Trichoptera Hydropsychldae Hydropsyche I 1 16 I <49 I 3 I 1 I 24 19 

Insecta Trichoptera Hydropsychldae Parapsyche 
tnsac:ta Trichoptera HydroptIIIdae I I I 1 I 1117 

6 

Insecta Trichoptera HydroptBIdae Agraylea 136 

Inseda TrIchoptera Hydroptilktae Hydroptfla 370 

Insecta Trichoptera LepIdostomatidae Lepidostoma 
Insecta Trichoptera Umnephlldae 8 

Insecta Trichoptera Umnephilldae DIcosmoecus 
Insecta Trichoptera Urnnephilldae Eccosmoecus 
In8eda TrIchoptera Linnephildae EccIIsocosmoecusl 
Inseda Trichoptera UmnephHldae EccIIsomyia 
Insecta Trichoptera Unnephtlldae Hydatophylax 
fnsecIa Trichoptera Umnephlllda8 Onocosmoecus 
Insecta TrIchoptera Umnephildae Paychoglypha 
Insecta Trichoptera Philopotamldae WonnakUa 
Insecta Trichoptera Pofycentropodidae Polycentropus 
Insecta Trichoptera RhyacophIIidae 
Insecta Trtchoptera RhyacophRldae Rhyacophila I 23 17 61 I 3 2 4 I 5 I 2 2 4 I 3 9 22 I 9 2 

Insecta Trichoptera Uenoldea 
Insecta Trichoptera uenoIdea Neophylax 
Insecta Trfchoptera Uenoldea Neothremma 

Insecta Thysanoptera 
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DHpUltntam Deep de Richfield 8 eN Rlchfleld ab hwy Barren Buck.Mall 
123 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

Cia .. Order FamDy Genua I E248201 1241200 E23880tS 028831 E238SH E238824 

inseaa Hymenoptera 1 2 1 8 2 2 8 4 

Insecta Hemiptera 
Insecta Hem/ptsre Aphid/dee I 2 I 2 I 6 2 I 6 2 I 13 

Inseda Hemfptera Corbddae 
lnsecIa Lepidoptera 

Arachnolda Hydracsrins 113 43 73168 70 402142 87 98 128 3 841 2 80 1261303 343 383 

Crustacea Amphlpoda 
Crustacea Cladocera Chydortdae 
Crustaoea Decapoda 
Crustacea Copepoda 
Ovstaces H8J1)8CticoIda 
Crustscea CycIopoids 4 I 2 4 

Crustacea Isopoda 
Crustacea Mysls 
Crustacea Ostracoda 36 I 24 8 72 I 4 8 I 49 I 16 4 

Hirudinea 
OIJgochaeta - I 9 I 7 

1 I 4 4 I 8 2 I 1 I 84 13 

Hydrez08 1 

Gastropocfa -
PeIecypoda -
Pelecypoda Veneroida Sphaeridae 
~a Unionotda Unlonacea 

I ~ 181 23 181 5 2 I 42 1 I 1 I 17 45 

Turbelarta . 5 8 3 5 4 3 21 2 
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Crow FOXY. Moan Ryman. Cesford • Topley McQuarrie die 
1- 2 3 1 2 3 1 2 a 1 2 S 1 2 3 

Cia .. Order Family Genus 1238838 1238838 E238629 &238838 E238821 

CoIIemboIa 1 4 1 2 19 1 5 2 11 

CoIIemboIa SmlnthUrid88 4 1 4 

Beetles 
Jnsecta Coleoptera I 50 I 2 I 4 

1nseG1B Coleoptera CUrcuI/onkJae 
lnseda Coleoptera DytfscIcfsae 
InSecta Coleoptera OytIscIdJae Hydaticus? 
Insecta Coleoptera Elmldae I 124 82 I 40 43 I 2 I 9 6 7 I 5 

InseCta Coleoptera Elmldae Cteptefmls 
Insecta Coleoptera Elmldae Hetertlmnlus 
fnsecta Coleoptera Elmldae Lara 
Insecta Coleoptera Elmidae Narpus I 5 

Insecta Coleoptera Elmldae Optloservus 
Insecta Coleoptera Elmidae Zaitzevia 29 4 I 4 I 15 

Insecta Coleoptera Gyrinidae? 
Insecta Coleoptera Haliplidae Brychfus 
Insecta Coleoptera HaJipDdae Halip!us 
Insecta Coleoptera HydrophHidae 
Insecta Coleoptera Hydrophlidae Lacoblus 
Insects Coleoptera Noteridae 
InS8G1a Co/eoptef8 stsphylln1da8 

TrueFiIea 
Inseda DIptera 
Insecta Dlptera Att1ericIdae 
Insecta DIptera Att1ericIdae Atherix t 2 
Insecta Dfptera BIepharIcertdae 
Inseda DlpterB CeratopogonldBfJ I 3 I 36 32 I 21 

11 I 3 

Inseaa Dlptera Ceratopogonldae Bezz/s 8 3 62 32 I 15 15 11 

Insecta Dlptera Ceratopogonfdae Ceratopogonlnae 
Insecta Dfptera Ceratopogonidae Fordpomy!lnae 
Insecta ~era Chfronomldae I 212 172 583 I 2144 2510 1177 I 380 824 574 I 1482 6883 2318 I 1181 1844 1MO 

Insecta OJptera Cuftcidae 
Insecta Dfptera Dbdda8 
Inseda Olptera Oixldae DIxa 
h1seda Dtptera Dbddae DbcaIIa 
Insecta Dlptera Dbddae Meringodbca 
Insecta Dfptera DoIichopodidae 
tnsecta Olptera Deuterophlebidae DeuterophIebIa 
Insecta DIptera Empldidae I I 1 I I 1 I 1 12 
Insecta Dlptera Empkfidae Chelifera 4 2 3 1 1 .. 6 
fnsecta Dfptera Empldidae Clinocefa 
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Crow Foxy. Moan Bymancla C.sford 8 Topley McQuarrie dis 
1- 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

Class Order Famly Gen. E238838 E238838 W8829 1:238831 E238827 

fnseda DIptera Empldldae Hemerodromfa 8 5 

lnseda Dfptera Empldidae Oreogeton 11 
rnsecta DIptera Empldldae Wiedemamla 
Insecta Dlptera Ephydrldae 
Insecta Olptera MuscIdae 
Insecta Dfptera PeIecorhynchfdae Glutops 
Insecta Diptera PhoItdae 
tnsecta Olptera Psychodidae 
lnsecIa Dlptera Psychodidae Marulna 
Insecta Dfptera Psychodidae Pericoma I 7 32 71 I 389 493 212 I 74 140 117 I 80 35 151 I 46 23 ·24 

InseCIa Olptera Psychodidae Psychoda 
Insects DipterB Sciomyzidse 
Insecta Olptera Slmullldae I 2 84 2 I 2 18 5 I 4 I 10 12 
Insecta Dlpter8 SlmuUidse Cnephia 
Insecta Olptera Sfmulldae Sinulfum 92 78 I 1079 7 101 3 19 25 

Insecta Olptera SinuUidae Prosimullum 
Insecta Dlptera StratIomyidae 
tnseda Diptera Tabanidae 
Insecta DIptera Tabanidae Tabanus 
Insecta Olptera Tanyderidae 
Insecta Diptera Tlpulidse 

I 
12 

I 
7 

I : 1 I 4 : I 57 

Insecta DJptera llpuIdae Antocha 12 4 9 

Insecta Dlptera 11puIIdae Diaonata e 4 3 12 ~ 12 4 7 

Insecta DIptera llpu1idae Hexatoma 3 4 12 2 
Insecta Dlptera TJpuRdae Umnophlla 
Insects Diptera Tlpulldse Moloph/lus 
Insecta Diptera 11pu8dae Ormosia 
Inseda Dfptera 11puIIdae Rhabdomastlx 
fnsecta Olptera llputIdae Tlpula 

Mayflies 
Insecta Ephemeroptera 245 245 I 1045 197 282 434 
Insecta Ephemeropters AmeletJdse 
Insecta Ephemeroptera Ameletlclae Ameletus I 4 1 I 13 8 23 2 11 I 2 3 11 I 1 2 

Insecta Ephemeroptera Baetfdae 
Insecta Ephemeroptera Baetidae AcentreUa 
tnsecta Ephemeroptera Baetldae Baetis I 186 879 498 I 409 1478 888 I 85 873 228 I 46 19 49 I 192 192 228 

Insecta Ephemeroptera Baetklae Centroptilum 
Insecta Ephemeroptera Baelidae Diphetor 
Insecta Ephemeroptera EphemereHidae 200 40 I 84 135 87 I 612 144 I 19 20 43 I 69 232 229 

IJ:Iseda Ephemeroptera Ephemerellklae AUenella 
Insecta Ephemeroptera Ephemerellfdae Caudatella 
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Crow Foxy. Maxan Rymanda Cesford 8 Topley McQuarrie dIa 

1- 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

Cia .. Order FamUy Genus E238838 1238838 E238829 E238835 E238827 

Insecta Ephemeroptera EphemereUidae DrunelJa 81 144 137 192 134 88 61 47 51 10 7 12 11 5 5 

Insecta Ephemeroptera EphemereHidae Ephemerella 
Insecta Ephemeroptera EphemerelBdae SerrateDa 4 2 
Insecta Ephemeroptera Ephemereldae Tmpanoga 
Insecta Ephemeroptera HeptageniJdae 2 248 57& 8 82 231 44 1257 1130 20 4 137 88 208 581 

Insecta Ephemeroptera HeptagenHdae Cinygmula 11 7 7 8 7 7 9 

Insecta Ephemeroptera Heptagenldae Epeorus 31 85 55 8 15 8 3 22 12 34 

Insecta Ephemeroptera Heptagenfldae Heptagenfa 
Insecta Ephemeroptera Heptagenlktae lronodes 
Insecta Ephemeroptera Heptagenftdae Nixe 
Insecta Ephemeroptera Heptagenildae Rhlttvogena 59 70 76 17 25 108 218 171 7 2 238 174 118 

Insecta Ephemeroptera leptophlebHdae 2 5 3 2 

Insecta Ephemeroptera leptophIeblidae Parafeptophlebia 2 23 27 16 

Insecta Ephemeroptera TricorythIdae Tricorythodes 11 8 12 
Alderfllas 

Insecta Megaloptera Sial/de Sl81ls 
Stonefllea 

Insecta Plecoptera 40 48 37 81 132 48 50 247 56 32 36 50 16 26 39 

Insecta Plecoptera Cspnidae 11 16 7 2 8 9 28 10 17 39 48 89 

tnseda Plecoptera Chloroperldae 20 15 80 3 32 28 11 19 15 11 18 14 

Insecta PIecoptera ChIoroperUdae Kathroperta 

Insecta Plecoptera Chlotoperfldae lsoperls 
Insecta PIecoptera ChloroperUdae Paraperta 
Insecta Plecoptera ChloroperlkJae Nesvlperla ? 
InseGta Plecopters ChIoroperlldae Plum/perla 
Insecta PIecoptera ChIoropertJdae SuwaIfa 
Insecta PIecoptera ChIoroperDdae Sweftsa 116 95 35 39 54 49 92 256 59 74 102 51 110 86 48 

Insecta Pfecoptera L.eucb1dae 
Insecta Pfecoptera Nemourldae 4 

Insecta Plecoptera Nemourldae Amphlnemura 
Insecta PIecoptera Nemouridae Malenka 
Insecta Plecoptera Nemourtdae Zapada 1 12 8 10 39 80 22 168 91 21 14 24 50 40 

Insecta PIecoptera PerBdae 1 2 9 1 

Insecta Plecoptera Periidae CaUneuria 
Insecta Plecoptera PerBdae Doroneurfa 17 

rnsecta Pfecoptera PerDdae Hesperoperta 
Insecta PIecoptera Perlodldae 2 7 1 6 

Insecta PIecoptera PerIodldae Cuftus 5 
Insecta Plecoptera Pertoclidae Isoperta 
InsecIa PIecoptera Pertodidae Megarcys 12 2 1 9 1 

.. Insecta PIecoptera Pertodldae SkwaIa 4 3 8 3 
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Crow I Foxy. Maxin I Bymanda I Cesford@Tapley McQuarrie dJ8 

1- 2 3 1 2 3 1 2 3 123 1 2 3 

Cia .. Order Fam!l Ge .... I E2388sa 1238838 E23I829 E238835 E2S8827 

Insecta PIecoptera Pteronarcyldae 
Insecta PIecoptera Pteronarcyldae Pteronarcella 
Insecta Plecoptera PteronarcyIdae Pteronarcys 
Insecta PIecopteta Taeniopterygldae I 5 2 I 6 30 79 86 .. I 7 5 2 
Insecta PIecoptera Taeniopterygldae Taenlonema 

C8ddllflle8 
Insecta Trichoptera 24 16 17 100 166 21 72 212 424 I 14 2 18 I 11 15 

Insecta Trfchoptera Apatsnlinae Apatsnia 
Insecta Trichoptera B~ 
Insecta Trichoptera Brachycentridae Brachycentrus 

I 
2 

:1 
3 

1 ~ 
10 

Insecta TrIchoptera ~ MJcrasema 1 

Insecta Trichoptera Glossosomatidae 3 8 
Insecta Trichoptera Glossosomatidae GIossosoma 3 6 5 46 58 25 48 6 

Insecta Trichoptera Glossosomatidae ProtoptiJa 
Insecta Trichoptera HydropsychJdae I 4 3 : I 28 

5 ~5 I 83 264 42 
5 I ~ 57 27 

Insecta Trichoptera Hydropsychidae Arctopsyche 16 3 4 8 

Insecta Trlchoptera HycJropsychldae Ceratopsyche 
Insecta Trichoptera Hydropsyctidae Cheumatopsyche 
fnsecta Trichoptera Hydropsychldae Hydropsyche I 212 51 
Insecta Trtchoptera Hydropsychldae Parapsyche 
Insecta Trichoptera HydroptBldae I 1 
Insecta TrIchoptera HydroptiBdae Agraytea 
Insecta Trichoptera Hydroptlldae HydroptDa I 2 

Insecta Trichoptera lepldostomatldae lepldostoma 
Insecta Trichoptera UmnephHldae I 370 6 

InsecIa TrIchoptera Umnephldae Dlcosmoecus 
Insecta Trichoptera Umnephldae Eccosmoecus 
Insecta Trichoptera Unnephldae EccIIsooosmoecus 
Insecta Trichoptera UmnephBldae Ecclisomyla 
Insecta Trichoptera Umnephllldae Hydatophylax 
Insecta Trichoptera llmnephlDdae Onocosmoecus 
Insecta Trichoptera Umnephfldae Psychoglypha 
Insecta Trichoptera PhiJopotamldae Wonnaldfa 
InsecIa Trichoptera Potycentropodldae Polycentropus 
lnseda Trichoptera Rhyacophidae 
Insecta Trichoptera RhyacophiIidae Rhyacophlla I 18 51 64 I 32 44 166 I 16 3 I 15 12 12 I 2 .. 7 

Insecta Trtchoptera Uenoldea 
Insecta Trichoptera Uenoidea NeophyIax 
Insecta Trfchoptera Uenoidea Neothremma 

Insecta Thysanoptera 
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Crow Foxy.Maun Bymanda ~flTopI., I McQuanie dI8 

1- 2 3 1 2 3 1 2 3 1 2 3 1 2 3 
Cia .. Order Family Genua E238838 E238838 E238I29 E238831 E2U627 

Insecta Hymenoptera 3 19 13 21 

Insecta Hemiptera 2 
Insecta HemIptera AphIdid8e 1 1 37 23 I 1 5 
Inaeda Hemiptera Corbddae 
Insecta lepidoptera 

Arachnolda Hyr:JracsrIna I 47 26 82 I 97 203 247 I 281 111 408 I 38 49 151 I 102 174 391 
Crustacea Amphfpoda 
Crustacea CIadocera Ct¥fondae 
Crustacea Decapoda 
Crustacea Copepoda 
Ctustacea Harpacticoida 
Crustac9a Cyc/opoid8 
Crustacea Isopoda 
Crustacea Mysi8 
Crustacea Ostracoda 4 I I 1 13 80 20 
HlnJdfnea 
Ollgochaeta • I 4 13 I 2 40 1 I 328 185 242 I 36 58 52 
Hydrazoa 
Gastropoda • 
PeIeGypoda -
Pelecypoda Venerolda Sphaerlidae 
Pelecypoda Unionoida UnJonac:ea 

I 9 14 45 1 I ~ 10 I 81 I 2 
Turbellaria .. 2 3 7 6 4 6 17 15 6 3 5 14 4 

0-11 



Ph~um Class Order Family Genus CL FFG Tn LL %Sv HBI 

CoIIembola CG 
CoIIembola Sminthuridae 

INSECTS BeeOes 
Insecta Coleoptera UN 

Arlhropoda Insecta Coleoptera Curcullonidae SH 
Arthropoda Insecta Coleoptera Dytiscidiae PR T LL 100 5 

Insecta Coleoptera Dytiscldiae Hydaticus? PR T 5 

Insecta Coleoptera Elmidae CL CG LL 100 4 

Insecta Coleoptera Elmidae Cleptelmis CL CG LL 100 
Arthropoda Insecta Coleoptera EJmidae Heterllmnlus CL CG LL 100 4 

Arthropoda Insecta Coleoptera Elmidae Lara CL SH LL 100 4 
Arthropoda Insecta Coleoptera Elmidae Narpus CL CG LL 100 4 
Arthropoda Insecta Coleoptera Elmidae Optioservus CL SC T LL 100 4 

Arthropoda Insecta Coleoptera Elmidae Zaitzevia CL CG T LL 100 4 

Insecta Coleoptera Gyrinidae? PR T LL 100 
Arthropoda Insecta Coleoptera Haliplidae Brychius CL MH T LL 100 5 
Arthropoda Insecta Coleoptera Haliplidae HaUplus MH T LL 100 5 
Arthropoda Insecta Coleoptera Hydrophilidae PR LL 100 5 

Arthropoda Insecta Coleoptera Hydrophilidae Lacobius PR LL 100 5 

Insecta Coleoptera NoteOOse PR 
Insecta Coleoptera StaphyUnidae CL PR 

True Files 
Arthropoda Insecta Diptera UN 
Arthropoda Insecta Diptera Athericidae PR T 2 

Arthropoda Insecta Diptera Athericidae Atherix PR T 4 

Arthropoda Insecta Oiptera Slephariceridae CL SC I 0 

Arthropoda Insecta Diplera Ceratopogonidae PR 6 

Arthropoda Insecta Oiptera Ceratopogonidae Bezzia PR 
Arthropoda Insecta Diptera Ceratopogonidae Ceratopogoninae PR 6 

Arthropoda Insecta Diptera Ceratopogonidae Forcipomylinae PR 6 

Arthropoda Insecta Diptera Chironomidae UN 6 
Insecta Diptera Culicidae CG T 8 

Arthropoda Insecta Diptera Oixidae CG 2 

Arthropoda Insecta Diptera Dixidae Dixa CG 2 

Arthropoda Insecta Oiptera Obddae Dixella CG T 2 

Arthropoda Insecta Diptera Dixidae Meringodixa CG 2 

Arthropoda Insecta Diptera Dolichopodidae PR T 8 
Arthropoda Insecta Dlptera DeuterophlebUdae Deuterophlebla CL SC I 0 

Arthropoda Insecta Oiptera Empididae PR 6 
Arthropoda Insecta Diptera Empididae Chelifera PR 6 
Arthropoda Insecta Diptera Empididae Clinocera CL PR 6 
Arthropoda Insecta Olptera Empididae Hem erodromia PR T 6 
Arthropoda Insecta Diptera Empldidae Oreogeton PR 6 

Arthropoda Insecta Diptera Empfdidae Wledemannia CL PR 6 
Insecta Diptera Ephydridae CG T 6 

Arthropoda Insecta Diptera Muscidae PR T 6 
Arthropoda Insecta Diptera Pelecorhynchidae Glutops PR I 3 
Althropoda Insecta Dlptera Phoridae CG 

Insecta Diptera Psychodidae CG 10 

Arthropoda Insecta Diptera Psychodidae Maruina CL SC 2 
Arthropoda Insecta Diptera Psychodidae Pericoma CG 4 
Arthropoda Insecta Diptera Psychodidae Psychoda CG T 10 
Arthropoda Insects Diptera Sciomyzidae PR 
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Phllum Class Order Famlll Genus CL FFG Til LL %BY HBI 

Insecta Diptera Slmuliidae CL CF 6 
Arthropoda Insecta Dipte18 Simuliidae Cnephl8 CF 
Arthropoda Insecta Diptera SimulUdae Simulium Cl CF 6 
Arthropoda Insecta Diptera Simuliidae ProsimuUum Cl CF 3 

Insecta Diptera Stratiomyidae CG T 8 
Insecta Diptera Tabanidae PR T 8 
Insecta Diptera Tabanidae Tabanus PR T 5 
Insecta Diptera Tanyderidae UN I 1 
Insecta Diptera Tipulidae UN 3 

Arthropoda Insecta Diptera TJpulidae Antocha CL CG ST 3 
Arthropoda Insecta Diptera TJpulidae Dicronata PR ST 3 

Arthropoda Insecta Diptera TJpulidae Hexatoma PR ST 2 
Mhropoda Insecta Diptera TtpuBdae Umnophila PR T 
Althropoda Insecta Dlptef8 Tlpulidae MoiophiJus UN I 

Insecta Diptera Tipulidae Ormosia CG 3 
Insecta Diptera Tipulidae Rhabdomastix UN 3 

Arthropoda Insecta Diptera TJpulidae TIpula OM 4 

Mayflies 
Insecta Ephemeroptera UN 
Insecta Ephemeroptef8 Ameletidae CG 
Insecta Ephemeroptera Ameletidae Ameletus CG 0 

Arthropoda Insecta Ephemeroptera Baetidae CG 4 

Arthropoda Insecta Ephemeroptera Baetidae Acentrella CG 4 

Arthropoda Insecta Ephemeroptera Baetidae Baetis CG 5 
Arthropoda Insecta Ephemeroptera Baetldae Centroptilum CG T 2 
Arthropoda Insecta Ephemeroptera Baetidae Diphetor CG 4 

Insecta Ephemeroptera Ephemerellidae CL CG 1 

Arthropoda Insecta Ephemeroptera Ephemerellidae Attenella CL CG 2 
Arthropoda Insecta Ephemeroptera Ephemerellidae CaudateUa CL CG 1 
Arthropoda Insecta Ephemeroptera Ephemerellidae DruneUa CL CG 
Arthropoda Insecta Ephemeroptera Ephemerellidae Ephemeralla CL CG 
Arthropoda Insecta Ephemeroptera Ephemerellidae Serratella CL CG 2 
Arthropoda Insecta Ephemeroptera Ephemerellidae Timpanoga CL CG 7 

Insecta Ephemeroptera Heptageniidae CL SC 4 

Arthropoda Insecta Ephemeroptera Heptageniidae Cinygmula CL SC 4 

Arthropoda Insecta ~emeroptera Heptageniidae Epeorus CL SC 0 

Arthropoda Insecta Ephemeroptera Heptageniidae Heptagenia CL SC 4 

Arthropoda Insecta Ephemeroptera Heptageniidae I ron odes CL SC 3 
Arthropoda Insecta Ephemeroptera Heptageniidae Nixe CL SC 2 
Arthropoda Insecta Ephemeroptera Heptageniidae Rhithrogena CL SC 0 

Insecta Ephemeroptera Leptophlebiidae CG 2 
Arthropoda Insecta Ephemeroptera Leptophlebiidae Paraleptophlebia CG 4 

Arthropoda Insecta Ephemeroptera Tricorythidae Tricorythodes CG T 4 
Alderflles 

Arthropoda Insecta Megalopte18 Sialidae Sia68 PR 
Stoneflles 

Insecta PIecoptera UN 
Arthropoda Insecta Plecoptera Capnidae SH 1 

Insecta Plecoptera ChloroperJidae CL PR 1 
Arthropoda Insecta Plecoptera Chloroperlidae Kathroperla CL PR 0 

Insecta PIecopte18 Chloroperlidae /soperla CL PR 
Insecta Plecoptera Chloroperlldae Paraperla CL PR 0 
Insecta PIecoptera Chloropertidae Neaviperla ? CL PR 
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Phllum Class Order Family Genus CL FFG Tn LL %SV HSI 

Arthropoda Insecta PlecoptSI8 Chloroperfidae Plumiperla CL PR 
Arthropoda Insecta Plecoptera Chloropef1ldae Suwallla CL PR 0 
Arthropoda Insecta Plecoptera Chloroperlidae Sweltsa CL PR 1 
Arthropoda Insecta Plecoptera Leuctridae SH 0 

Insecta Plecoptera Nemouridae SH 2 
Arthropoda Insecta Plecoptera Nemouridae Amphinemura SH 2 
Arthropoda Insecta Plecoptera Nemouridae Malenka SH 2 
Arthropoda Insecta Plecoptera Nemouridae Zapada SH 2 

Insecta Plecoptera Perlldae CL PR LL 100 1 
Arthropoda Insecta Plecoptera Perlidae Calineuria CL PR LL 100 2 
Arthropoda Insecta Plecoptera Pertidae Doroneuria CL PR LL 100 1 

Arthropoda Insecta Plecoptera Perlidae Hesperoperfa CL PR LL 100 2 
Insecta Plecoptera Pec10didae CL PR 2 

Arthropoda Insecta Plecoptera Perlodidae Cultus Cl PR 2 
Arthropoda Insecta Plecoptera Perlodidae Isoperta CL PR 2 
Arthropoda Insecta Plecoptera Perlodidae Megarcys CL PR 2 
Arthropoda Insecta Pfecoptera Periodldae Skwala CL PR 2 
Arthropoda Insecta Plecoptera Pteronarcyidae CL OM LL 100 0 
Arthropoda Insecta Plecoptera Pteronarcyldae Pteronarcella CL OM LL 100 0 
Arthropoda Insecta Plecoptera Pteronarcyidae Pteronarcys CL OM LL 100 0 

Insecta Plecoptera Taeniopterygidae OM 2 

Insecta Plecoptera Taeniopterygidae Taenionema OM 2 
Caddlsfllea 

Insecta Trichoptera UN 
Atthropoda Insecta Trlchoptera ApatanUnae Apatania CL se 
Arthropoda Insecta Trichoptera Brachycentridae CL UN 1 

Arthropoda Insecta Trichoptera Brachycentridae Brachycentrus CL OM LL 100 1 

Arthropoda Insecta Trichoptera Brachycentridae Micrasema Cl MH 1 

Arthropoda Insecta Trichoptera Glossosomatidae CL SC 0 
Arthropoda Insecta Trichoptera Glossosomatldae Glossosoma Cl SC SIT 1 
Arthropoda Insecta Trichoptera Glossosomatidae Protoptila Cl SC 1 

Arthropoda Insecta Trichoptera Hydropsychidae CL CF 4 
Arthropoda Insecta Trichoptera Hydropsychidae Arctopsyche CL CF SIT II 100 
Arthropoda Insecta Trlchoptera Hydropsychidae Ceratopsyche CF 
Arthropoda Insecta Trichoptera Hydropsychidae Cheumatopsyche CL CF SIT 8 
Arthropoda Insecta Trlchoptera Hydropsychidae Hydropsyche Cl CF SIT 4 

Arthropoda Insecta Trichoptera Hydropsychidae Parapsyche CL CF SIT Ll 100 0 

Arthropoda Insecta Trichoptera Hydroptilidae CL PH 4 
Arthropoda Insecta Trichoptera Hydroptllldae Agraylea PH 8 
Arthropoda Insecta Trichoptera Hydroptllidae Hydroptila CL PH T 6 
Arthropoda Insecta Trichoptera Lepldostomatidae Lepidostoma SH 1 
Arthropoda Insecta Trichopteta Limnephilidae UN 4 
Arthropoda Insecta Trichoptera Umnephilldae Dicosmoecus OM LL 100 
Arthropoda Insecta Trichoptera Umnephilidae Eccosmoecus OM LL 100 

Arthropoda Insecta Trichoptera Umnephilldae Eccllsocosmoecus SH 50 0 
Arthropoda Insecta Trichoptera Umnephllidae Ecclisomyia CL OM 2 
Arthropoda Insecta Trichoptera Umnephilidae Hydatophylax SH 1 
Arthropoda Insecta Trichoptera Limnephilidae Onocosmoecus OM 1 
Arthropoda Insecta Trichoptera Umnephilidae Psychoglypha OM 0 
Arthropoda Insecta Trichoptera Philopotamidae Wonnaldia CL CF sir 3 
Arthropoda Insecta Trtchoptera Polycenlropodidae Polycentropus CL PR 6 
Arthropoda Insecta Trichoptera Rhyacophilidae CL PR 50 0 
Arthropoda Insecta Trichoptera Rhyacophilidae Rhyacophila Cl PR 50 0 
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Phllum Class Order Famlll Genus CL FFG Til LL %SV HBI 

Arthropoda Insecta Trlchoptera Uenoidea CL SC 0 

Arthropoda Insecta Trichoptera Uenoidea Neophylax CL SC 3 
Insecta Trichoptera lJenoidea Neothremma CL SC 0 

Arthropoda Insecta Thysanoptera UN 
AtthlOpoda Insecta Hymenoptera PA 
Arthropoda Insecta Hemiptera UN 
Atthropoda Insecta Hemiptera Aphididae UN 
Arthropoda Insecta Hemiptera Corixidae UN 8 
Arthropoda Insecta Lepidoptera UN 5 

NON-INSECTS 
Arthropoda Arachnoida Hydracatina PA 
Arthropoda Crustacea Amphipoda CG ST 4 

Arthropoda Crustacea Cladocera Chydoridae CF 8 

Arthropoda Crustacea Decapoda OM Ll 100 6 

Arthropoda Crustacea Copepoda CG 8 

Crustacea Harpacticoida 
Crustacea Cyclopoida 

Arthropoda Crustacea lsopoda CG 8 

Arthropoda Crustacea Mysis 
Arthropoda Crustacea Ostracoda CG 8 

Annelida Hirudinea PR 10 

Annerlda Oligochaeta - CG ST 50 8 

Coelenterata Hydrazoa PR T 
Mollusca Gastropoda - se ST 7 
Mollusca Pelecypoda - CF 75 
Mollusca Pelecypoda Venerotda Sphaeriidae CG 50 8 

Mollusca Pelecypoda Unionoida Unionacea CF LL 100 

Nematoda PA 5 

Platyhelminthes TurbeUaria - CG 4 
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umpllng LatItUCle-
Stream Year EMS. <Sd mm'ss.8888S 

Allport 1999 E238640 
Barren 1999 E238826 
Barren 2001· E238626 54 2T 48.52101 

Bessemer 1999 E238642 
Bob 1999 E238623 

Bul ev@Craker 1999 E238800 
8u[ ey Knockhoft 1999 E238643 
Buf 1eY~ Morice 1999 E400296 

Buck Mall 1999 E238624 
Buck I Mall 2001· E238624 54 23' 58.09739 
Buck12km 1999 E238622 

Buck Confluence 1999 E238625 
Bymandls 1999 E238629 
Bymandls 2001- E238629 54 31' 08.73688 

Byman Reference 1999 E238629 
cesfcrd @ Toptey 1999 E238635 
Cesfard @ Tapley 2001· E238835 54 3~' 29.33003 
Cesford Reference 1999 E238833 

CesfonfuJs 1999 E238634 
Crow 1999 E238638 
Crow 2001- E238838 54 22' 18.76027 

Deep dis 2001· E245200 54 35' 29.80336 
Deep reference 2001* E245201 54 36' 47.00813 

Foxybm 1999 400784 
Foxy@Maxan 1999 E238636 
Foxy@Maxan 2001- E238836 6418' 51.70557 

FOXVu/s 1999 400763 
Johnny Davld 1999 E238830 
McQuarrie dis 1999 E238627 
McQuarrie dis 2001- E238627 54 30' 51.66878 

McQuarrte Reference 1999 E238828 
RtctrflekI @_ CN 1999 E238645 
Rlchfiefd @ CN 2001· E238645 54 30' 34.71685 

Richfield above Hwy 16 1999 E238831 
Rlchfleld above Hwv 16 2001· E238831 54 30' 59.43397 

RIchfield uls 1999 E238832 
Amett 2001- E245188 54 35' 24.49620 

Drfflwood Refetence 2001- E245179 54 61' 16.09032 
Lemieux dis 2001* E245180 54 38' 40.92212 
Lemieux UIt 2001· E245781 54 39' 47.44288 
Relseter EBSt 2001- E242682 54 56' 00.88811 
Relseter West 2001· E242681 54 58' 02.62588 

~ __ ~In 2001· 
-~ 

E2451~~ 54 37' ~1.12014 

* Stream sampling area tripled In 2001 compared to 1999. 

"'latitude, longitude, and efevation were determined using 
a handhefd GPS ooft (NAD 83). 

Longltuaa- ~levallon~ 

deS mm'u'llsu (m) 

12631' 29.8534 622.33 

12639' 16.05674 598.30 

126 25' 17.72062 653.58 

12618' 27.64964 674.25 

126 11' 55.2225 787.20 
12650'15.88901 554.32 
126 47' 53.0207~ 673.04 

126 OT 36.97893 814.84 

12627' 49.3927(J 841.58 

126 20' 31.06647 660.31 

126 20' 12.5421 688.02 

12725' 57.557 734.81 
126 59' 28.398 852.33 
126 53' 05.7581 567.30 
126 SO' 04.2300 715.10 
127 OS' 44.6812l 702.84 
127 06' 47.7973 708.37 
1~~52' 01.4638 560.09 

KEY 
E taxa :: Ephemeroptera Taxa 
P Taxa ::t PIecoptera Taxa 
T Taxa s: Trfchoptera Taxa 
LL Taxa = Long Uved Taxa 

JUiGII18D1au 

Rating 
129 

123.5 
138 

154 
131.5 
157 

141.5 
123.5 
105 

159.5 
134.5 
122 

133.5 
162.5 
111 
100 
169 
130 
139 
132 
118 

174.5 
181 
170 
147 

116 
119 
116 
147 

144.5 
153 
131 

144.5 
154 

188.5 
181 
119 
169 
185 
178 
70 

Average TOISIIFOI 'Yoaom 'To 11:11 1"1:51 
I 

Bug Count Taxa ETaxa PTaxa TTau (1 taxa) Mayflies Score Score 
670.3 20.7 4.3 6 2.7 27.1% 40.0% 19 3.69 
3IT.7 16.7 4.7 2.7 2 29.9% 20.3% 16 3.92 
1375.7 21.7 5 4.7 2.7 23.6% 28.1% 19 3.99 
1597.7 24 0 5 5 35.7% 35.3% 16 4.08 
587.3 13.7 4.3 2 1 53.4% 32.7% 14 4.65 
300.7 13.3 4 3 1.7 42.8% 35.2% 14 3.79 
439.7 17.7 4.7 4.7 2 36.0% 49.3% 17 3.95 
339.7 17 4.7 4.3 2.3 59.9% 17.9% 17 4.77 
379.7 13 3.3 3.3 1 52.7% 14.8% 14 5.13 

3707.3 26.3 5 5 6 43.0% 31.8% 21 4.28 
289.7 13.3 3.3 2 2.3 50.0% 27.8% 14 4.68 
378.3 15.3 4 2.7 2.7 66.0% 13.8% 14 5.37 
198.3 14 3.7 3 1.7 33.8% 27.9% 15 4.72 
3279 28.3 4.7 5.3 4.3 30.8% 48.8% 21 4.08 
245 17.3 5 3 1.3 45.5% 32.2% 16 4.61 

908.7 22.7 4.3 3.3 2.3 52.9% 15.7% 17 4.61 
4152 24 4.3 4 2.3 72.1% 8.6% 18 5.8 
1683 20 3.7 3.3 2.7 79.6% 7.4% 16 5.53 
482 18.7 3.7 3.3 2 29.8% 29.4% 16 3.06 

803.3 21.7 4.7 3.7 3.3 32.8% 53.4% 19 4.24 
1849.3 24.3 4.7 5 4 27.7% 56.1% 20 3.79 
3789.3 25 3 6 4 65.9% 20.8% 17 5.6 
1722.7 20 2 4 3.3 27.4% 51.0% 17 3.91 I 

534.7 20.7 4.3 5 2 35.7% 59.7% 18 3.17 
748.7 28 4 6 3.7 30.4% 40.8% 19 4.47 
4551 22.3 4 5 2.7 41.3% 29.5% 17 5.27 I 

282.7 29 5 5 5 31.3% 44.1% 21 3.71 I 
436 19 4.3 3 2.7 45.1% 25.8% 17 5.03 

350.7 16.3 4.7 3.3 0.3 44.3% 30.6% 16 4.24 
3071.7 24.7 4.7 4.7 2.3 51.1% 31.7% 18 4.86 

381 16.3 4.3 2.3 2.7 30.3% 45.9% 17 4.28 
1269.3 25 4 4.7 2.7 34.0% 19.1% 18 4.64 
1749.3 26 4.7 5.3 2.3 41.9% 54.8% 20 3.98 

359 15 3.7 3 1.7 47.9% 22.9% 14 4.89 i 

683.7 25.3 4 4.3 3.3 41.8% 26.7% 19 4.96 I 

454.3 15.7 4.3 3.3 2.7 48.9% 30.3% 17 4.73 
686 18.3 4 4.7 2.7 29.7% 36.4% 17 3.89 
1135 21.3 3.7 4.7 2.7 29.1% 40.3% 18 3.41 
979 13.7 3 2.3 0.7 42.2% 44.8% 13 4.38 
5436 22.3 5 4.3 2.3 71.2% 13.4% 18 5.11 
844 21.7 3.7 5.3 3.3 33.4% 31.3% 18 3.84 
848 24 3.7 5.3 3.3 23.7% 34.7% 18 3.4 
4390_ 19.3_ _4.3 3 1.7 70.0% 17.7% 15 5.42 
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I 

Sampling ASCI Habitat Avo. Bug Count Avo. Bug Total # of 
Stream Year EMS.. RatIng (wIo order) Count (atl) Taxa E Taxa P Taxa T Taxa LL Taxa Intol Taxa % Tol % Predators 
Ailpcrt 1999 129 670.3 768 24.3 6 6 2.7 3 0 0.00% 11.90% 
Barren 1999 E238626 123.5 377.7 545.7 18.3 5.3 2.7 2 2 0 0.00% 20.70% 
Barren 2001'* E238626 138 1375.7 1650 25.7 7 5.3 3 3 3 0.00% 15.10% 

Bessemer 1999 E238642 1597.7 1636 19.7 2.7 3.7 2 1 2 0.80% 1.10% 
Bob 1999 E238623 154 587.3 693.7 16.3 5.3 2 1 1 0 0.00% 9.00% 

Bulkev@Craker 1999 E238800 131.5 300.7 341 14.3 4 3 1.7 2 0 1.90% 6.50% 
BuJkeyKnockhoJt 1999 E238643 157 439.7 458.7 19 5.7 5 2.7 3 2 0.20% 13.70% 
Bulk~C Morice 1999 E4OO296 141.5 339.7 390.3 18 4.7 4.3 2.3 2 0 0.00% 5.80% 

Buck ~ Man 1999 E238624 123.5 379.7 500.3 14.3 3.7 3.3 1 3 0 0.00% 8.700A, 
Buck ~ MalJ 2001* E238624 105 3707.3 4047.7 29 5.3 5 8.3 5 2 2.80% 4.10% 
Buck 12km 1999 E238622 159.5 289.7 358.3 14.3 3.3 2 2.3 1 0 0.00% 11.20% 

BuckConfluence 1999 E238625 134.5 378.3 605.3 16.3 4 2.7 2.7 3 0 0.00% 9.70% 
Byman dis 1999 E238629 122 198.3 269.3 14.7 4 3 1.3 0 0 0.00% 12.80% I 

B\man dis 2001* E238629 133.5 3279 3982 28.7 5.7 5.3 5.3 4 4 0.10% 8.40% 
Bvrnan Reference 1999 E238629 162.5 245 285.3 19.3 5.7 3 1.3 4 2 0.30% 7.800k 
casfOl'd@TopIey 1999 E238835 111 908.7 966.3 25.3 6 3.7 2.3 1 1 0.09% 15.00% 
Cesford @ Tapley 2001* E238835 100 4152 4355.7 25.3 6 4.3 2.3 1 1 0.00% 3.10% 
Cesford Reference 1999 E238633 169 1683 1818.3 21.3 4 3.3 2.7 1 0 0.00% 4.10%· 

Cesfofd U/S 1999 E238834 130 482 812 20.3 4.7 3.3 2 1 0 0.00% 30.70% i 

Crew 1999 E238638 139 803.3 882 27.3 7.3 3.7 3.3 3 1 0.41% 5.10% 
CfON 2001* E238638 132 1849.3 1991.7 27 6.7 5 4 5 1 0.80% 11.60% 

O~_d1s 2001* E245200 118 3789.3 4365.7 31.3 6.3 6.3 4.7 6 3 0.10% 3.00% 
DeepJeference 2001* E245201 174.5 1722.7 1845.3 26 6 4.3 3.7 3 1 0.20% 11.70% 

Foxybm 1999 400764 181 534.7 558.7 24.7 6.3 5 2 6 2 0.10% 17.30% 
Foxy@Maxan 1999 E238636 170 748.7 815.3 31.7 6.7 6 3.7 6 0 0.43% 7.00% 
Foxy@MaKan 2001* E238636 147 4551 4825.3 24.7 5.7 5 2.7 6 4 0.10% 4.90% 

Foxy uls 1999 400763 262.7 444 18 5.3 3.7 1.7 2 0 0.00% 12.00% 
Johnny David 1999 E238630 116 436 628.3 21 5 3 2.7 2 0 0.00% 7.60% 
McQuarrie dis 1999 E238627 119 350.7 361 17.3 4.7 3.3 0.3 2 0 0.00% 7.30% 
McQuan1edls 2001* E238627 116 3071.7 3253.3 27.3 5.3 5 2.7 2 1 0.20% 4.80% 

McQuarrie Reference 1999 E238628 147 381 448.3 18.3 5.3 2.3 2.7 3 0 0.00% 9.70% 
Richfield@eN 1999 E23884S 144.5 1269.3 1374.3 30 5.7 4.7 3.3 5 0 0.20% 8.70% 
Rlchfield@CN 2001* E238645 153 1749.3 2209.7 27.7 5.7 5.3 2.7 5 0 0.10% 13.40% 

Rlchfietd above Hwy 16 1999 E238631 131 359 392.3 16.7 4.3 3 1.7 3 0 0.00% 9.20% 
Richfield aboveHwy 16 2001* E238631 144.5 683.7 719.7 28 6 4.7 3.7 4 3 0.1()oA, 6.70% 

Richfield u/s 1999 E238632 154 454.3 487 16.3 4.3 3.3 2.7 2 1 0.00% 3.50% 
Arnett 2001* £:245188 188.5 686 757.7 21 6.3 4.7 2.7 2 5 0.10% 9.70% 

DriItwoodReference 2001* E245179 181 1135 1553.7 25.7 6 5.3 2.7 1 3 0.30% 15.30% 
Lemieuxd's 2001* E245180 119 979 1149 15.3 3 2.3 0.7 2 1 0.00% 2.60% 
Lemieux U/S 2001* E245181 169 5436 5549.3 28.7 8 5.3 2.3 3 4 0.10% 5.40% 

Re/seter East 2001* E242682 185 844 945.3 25.3 6 6.3 3.3 2 4 0.00% 5.90% 
Reiseter West 2001* E242681 178 848 975.7 26.3 5 5.3 3.3 2 3 0.10% 12.40% 

R9b1n______ 2001* E246182 70 4390 4488 20.3 4.3 3 1.7 2 1 0.10% 2.40% 

* StnmI8~Ung area tripled 
in 2001 compared to 1999. 

KEY 
E taxa = Ephemeroptera Taxa 
P Taxa = Plecq>tera Taxa 
T Taxa :: Trichoptera Taxa 
Ll Taxa = long lived Taxa G·2 



Sampling 
Stream Year 
AllPort 1999 
Barren 1999 
Barren 2001-

Bessemer 1999 
Bcb 1999 

au ey@Craker 1999 
Bu ~Knockholt 1999 
Bu ey( Morice 1999 

Buck , MaJI 1999 
Buck MaR 2001-
Buck 12Jcm 1999 

Buck Confluence 1999 
Bymandla 1999 
Bymandls 2001· 

Byman Reference 1999 
Cesford @ TopJey 1999 
Cesford @ Top&ev 2001-
Cesfad Reference 1999 

Cesford uIs 1999 
Cra.v 1999 
Crow 2001· 

Deeodls 2001-
Deep reference 2001* 

FQ)(lbm 1999 
Foxv_@.Maxan 1999 
FOKy @ Maxan 2001· 

FoxyUls 1999 
JohnnyDaWt 1999 
McQuarrie dis 1999 
McQuarrie dis 2001-

McQuarrie Reference 1999 
Richfield @ CN 1999 
RichfieJd@ CN 2001* 

Richfield aboIt48 Hwy 16 1999 
RichfieJd abcNe Hwy16 2001* 

Rtchfletd u/s 1999 
Arnett 2001* 

Driftwood Reference 2001· 
LsmJeuxd's 2001* 
Lemieux uIs 2001* 
ReIseter East 2001* 
ReIseter~ 2001* 

Robin 2001* 

* S1ream sampflng mea trfpIed 
In 2001 compared to 1999. 

COnger 
EMS' Taxa 

9 
E238626 7.7 
E238626 11.3 
E238842 5.3 
E238623 6.7 
E238800 7.3 
E238843 9 
E400296 8 
E238624 7 
E238624 13 
E238622 7.3 
E238625 8.3 
E238629 4.7 
E238629 11.3 

6.7 
E238635 10 
E238635 9.7 
E238833 7.7 
E238634 8.3 
E238638 12 
E238638 12.3 
E245200 14 
E245201 11.3 
400764 11 

E238636 13 
E238638 10 
400763 8.3 
E238630 9.3 
E238627 5.7 
E238827 9.7 
E238628 8.3 
E238645 11.7 
E238645 10 
E238631 7.7 
E238631 11.7 
E238632 7.7 
E245188 18.7 
E245179 10.7 
E246180 3.3 
E245781 12.3 
E242682 12.3 
E242681 11 
E245182 6 

%dom(3 % Sediment % Sediment % Dipterans and • Dfptera 
taxa) % Ollgochaatos % Mayfll88 Tolerant Intolerant non-Insecta %Cllngera taxa % Dipterans 

54% 0.1% 40.0% 0.1% 0.3% 19.7'ib _~.7% 
56% 0.0% 20.3% 0.2% 3.5% 21.0% 40.0% 
47% 0.0% 26.1% 1.6% 0.3% 28.9% 33.5% 5.3 22.4% 
80% 1.4% 35.3% 1.5% 10.3% 28.0% 12.7% 
71% 0.0% 32.7% 0.0% 0.0% 48.8%. 32.0% 
69% 0.7% 35.2% 0.8% 0.0% 47.7% 42.0% 
58% 0.0% 49.3% O.SOAl 0.5% 30.1% 62.6% 
79% 0.2% 17.9% 0.3% 0.0% 56.4% 21.0% 
78% 0.0% 14.8% 0.0% 3.5% 55.5% 23.0% 
69% 0.9% 31.8% 1.6% 2.9% 50.4% 35.0% 7.3 40.5% 
69% 0.2% 27.8% 0.3% 1.4% 50.8% 33.8% 
84% 0.0% 13.8% 0.0% 4.9% 51.1% 17.1% 
64% 2.9% 27.9% 3.9% 0.0% 43.1% 34.0% 
58% 0.3% 48.8% 0.7% 3.1% 25.6% 48.90/0 7.3 17.6% 
62% 3.2% 32.2% 3.9% 0.6% 49.70A, 27.5% 
69% 0.9% 15.7% 1.0% 0.3% 58.4% 29.4% 
83% 7.2% 8.6% 7.9% 1.4% 82.5% 8.2% 4.3 71.7% 
89% 0.4% 7.4% 0.6% 0.1% 81.7% 7.6% 
70% 0.1% 29.4% 0.2% 1.7% 29.5% 59.1% 
65% 0.1% 53.4% 0.4% 0.3% 31.3% 39.6% 
58% 0.1% 56.1% 0.5% 0.8% 24.1% 50.2% 5.7 20.7% 
76% 0.0% 20.8% 0.2% 0.5% 70.4% 14.8% 7.3 64.7% 
60% 0.1% 51.0% 0.5% 2.3% 23.6% 29.8% 7.3 18.4% 
54% 0.2% 59.7% 0.3% 0.2% 11.6% 41.1% 
62% 0.1% 40.8% 0.4% 0.3% 41.1% 30.1% 
75% 0.1% 29.5% O.~A, 0.1% 61.0% 22.8% 7.3 56.4% 
57% 0.2% 44.1% 0.4% 0.0% 22.4% 44.4% 
68% ·0.1% 25.8% 0.2% 1.3% 42.0% 24.9% 
71% 0.3% 30.6% 0.5% 0.1% 54.0% 33.8% 
70% 1.5% 31.7% 1.9% 0.3% 59.0% 27.0% 8.0 50.8% 
54% 1.2% 45.9% 1.4% 3.70AI 31.7% 44.2% 
64% 0.9% 19.1% 1.5% 2.8% 50.2% 51.8% 
64% 0.1% 54.8% 1.4% 1.2% 26.1% 57.1% 6.7 21.7% 
72% 0.3% 22.9% 0.3% 1.5% 57.1% 37.3% 
60% 0.5% 26.7% 2.0% 0.4% 60.0% 26.2% 6.3 51.2% 
73% 0.0% 30.3% 0.0% 0.2% 49.1% 23.8% 
49% 0.3% 36.4% 0.4% 0.6% 33.5% 52.8% 4.3 31.1% 
51% 0.1% 40.3% 0.2% 0.3% 23.0% 43.9% 5.7 19.3% 
82% 1.2% 44.8% 1.9% 0.0% 41.6% 7.5% 4.3 37.9% 
83% 0.1% 13.4% 0.2% 1.4% 74.8% 13.2% 8.0 70.1% 
53% 1.3% 31.3% 2.0% 2.8% 35.3% 33.1% 4.3 28.1% 
52% 0.1% 34.7% 0.5% 2.0% 20.1% 42.9% 6.7 17.3% 
86% 3.8% 17.7% 4.6% 0.0% 78.0% 12.3% 5.7 70.21''' 
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Sampttng 
Stream Year 
Ai!pOrt 1999 
Barren 1999 
Barren 2001· 

Bessemer 1999 
Bcb 1999 

Su f1J@Craker 1999 
Su 'f1I KnockttcIt 1999 
Bu 8Y~ MorIce 1999 

Buck Mati 1999 
Buck Mall 2001· 
Buck12km 1999 

Buck Confluence 1999 
Bymandls 1999 
Bymand/s 2001· 

Byman Reference 1999 
CesfOltlJtIlT~_ 1999 
Cesford @ Teplay 2001· 
Cesford Reference 1999 

Cesford uta 1999 
CI'ON 1999 
CrwI 2001-

Deep dis 2001* 
Deep reference 2001-

Foxybm 1999 
Foxy@Maxan 1999 
Foxy@.Maxan 2001-

Foxyu/s 1999 
Johnny Da\4d 1999 
McQuarrie dis 1999 
McQuarrfa dis 2001-

McQuarrie Reference 1999 
Richfield @ eN 1999 
RfchfleId @ CN 2001· 

Richfield aboIe Hwy 16 1999 
Richfield above Hwy 16 2001* 

Richfield u/s 1999 
Arnett 2001-

DriIlwood Refetence 2001-
LsmieuxcVs 2001-
Lemieux uIs 2001-
ReIset9r East 2001-
Rels8ter West 2001* 

RobIn 2001-

- Stream sampling area tripled 
in 2001 compared to 1999 . 

% Non .. "Long-
EMS. Insects lived lSI SC0J"8 HBlScont 

44 3.45 
E238826 32 2.75 
E238626 4.5% 1.2% 44 3.42 
E238642 32 4.44 
E238623 26 4.4 
E238800 32 3.7 
E238843 44 3.1 
E4OO296 26 4.59 
E238624 20 4.42 
E238624 9.9% 2.3% 32 4.55 
E238622 28 4.39 
E23862S 20 4.89 .1 

E238629 30 3.5 ! 

E238629 8.0% 0.4% 46 3.53 : 

E238629 28 4.19 
E238835 28 4.58 
E238835 10.8% 0.2% 16 5.65 
E238633 18 5.41 
E238634 36 3.37 
E238638 34 4.22 
E238638 3.5% 6.4% 44 3.63 
E245200 5.7% 0.6% 24 4.93 
E245201 5.2% 0.6% 40 3.54 
400764 46 3.5 
E238836 36 3.88 
E238636 4.6% 0.8% 32 4.92 
400763 38 3.53 
E238830 30 4.3 
E238627 26 3.15 
E238827 8.2% 0.4% 32 4.57 
E238826 38 3.17 
E238845 32 4.46 
E238645 4.5% 0.1% 44 3.86 
E238631 26 4.14 
E238631 8.7% 0.8% 32 4.35 
E238632 28 4.52 
E245188 2.5% 0.4% 48 2.79 
E24S179 3.8% 0.2% 48 2.43 
E245180 3.8% 0.2% 22 4.13 
E245781 4.6% 1.1% 26 5.22 
E242682 7.1% 0.3% 42 3.41 
E242681 2.8% 0.5% 48 2.85 
E246182 7.8% 0.0% 12 5.39 
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