
 

 

Bioassessment of Streams 
 in the Nass TSA  

using the 
Reference Condition Approach 

 

 
March 2010 

 

 
 

Submitted to: 
 

West Fraser Mills Ltd. 



Bioassessment of streams in the Nass TSA using the Reference Condition Approach 

______________________________________________________________________ 
 i Bio Logic Consulting 
  March 2010 

 

Bioassessment of Streams 
in the Nass TSA 

using the 
Reference Condition Approach 

 
 
 
 
 
 
 
 
 
 
 
 
 

Submitted to: 
 

West Fraser Mills Ltd. 
 
 
 
 
 
 
 

Prepared by: 
 

Shauna A. Bennett, RP Bio 
Bio Logic Consulting 

Terrace, BC 
 

March 2010 
 
 
 
 
Citation:  Bennett, S.A.  2010.  Bioassessment of streams in the Nass TSA using the 

Reference Condition Approach.  Report prepared by Bio Logic Consulting for 
Westfraser Mills Ltd.  47 p. 

 
 
 
Cover photo:  Tributary to the Bell-Irving River upstream of the Owl mainline bridge 
crossing at kilometre 6 (UBIR005, Owl ML 6km Creek).  Photo by Owen Fewer 



Bioassessment of streams in the Nass TSA using the Reference Condition Approach 

______________________________________________________________________ 
 ii Bio Logic Consulting 
  March 2010 

EXECUTIVE SUMMARY 
Forest harvesting in BC is moving from prescriptive to ‘outcome’ or results based 

management.  In 2007, a 3 year Forest Sciences Program (FSP) funded project to 
develop an aquatic sustainability indicator for the Skeena region of BC was completed 
and a reference condition approach (RCA)1 model called the Skeena Benthic 
Assessment of Sediment (BEAST) was unveiled (Perrin et al 2007).  In 2009, the 
Skeena BEAST data were re-examined to verify the data quality and accuracy, and the 
SkeenaBEAST model was rebuilt and renamed SkeenaBEAST09 (Bennett 2009).  The 
Skeena BEAST was developed for routine site quality testing in forested ecosystems of 
northern British Columbia. The tool promotes sustainable forest management by using 
the condition of the aquatic biota as an indicator of whether forest management 
practices have adequately protected aquatic resources.   

During the 2009 field season, bioassessments of 7 stream sites were carried out 
using Skeena BEAST09.  The sites were all located in the Nass Timber Supply Area 
(TSA) in the Kalum Forest District.  Invertebrate communities at 4 of the 7 sites departed 
slightly from the expected reference condition.  There is a 10% probability that reference 
condition site can fall on or outside the 90% probability ellipse and no follow-up actions 
are recommended for any of the 7 sites.  However, all 7 sites in the Nass TSA were all 
selected due to upcoming forest development plans.  In the years following forest 
harvest in each of these watersheds, it would be useful to resample and reassess the 
site condition to track changes over time and identify any unacceptable trends away 
from reference condition in time to take remedial action.   
 
  

                                                 
1 Bailey et al. 2004 
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INTRODUCTION 
Forest harvesting in BC is moving from prescriptive or ‘practices based’ to ‘results 

based’ management.  Consequently, to ensure the effectiveness of forest practices in protecting 
water quality and sustaining aquatic resources, new tools are needed to monitor and research 
the outcomes of forest strategies as implemented.  The effectiveness monitoring results are 
used to refine management strategies through an adaptive management cycle.   

In 2007, an aquatic bioassessment tool specific to the Skeena Region called the Skeena 
BEAST was unveiled (Perrin et al 2007).  Benthic invertebrates were selected as the foundation 
of the bioassessment tool because they are quick and easy to collect, and as relatively 
sedentary stream residents, they reflect the cumulative effects of any impacts to a stream and 
its surrounding environment.  In 2009, the tool was finalized and the SkeenaBEAST09 became 
available for routine site quality testing in forested ecosystems of northern British Columbia.  
SkeenaBEAST09 can be integrated into forestry plan effectiveness evaluation as well as 
adaptive management decision making processes such as landscape level plans, forest product 
certification efforts, and operational scale land and water management plans.  SkeenaBEAST09 
can be used to track changes in site condition over time and determine if improvements have 
been realized.  Used in this way, it is an effective environmental screening tool that is 
scientifically defensible and can be used to quickly assess a site at relatively low cost.  The tool 
promotes sustainable forest management by directly measuring the condition of the aquatic 
biota as an indicator of whether forest management practices have adequately protected 
aquatic resources.   

In 2009, 7 sites were sampled in the Nass Timber Supply Area (TSA).  Stream sites 
were selected for assessment by forest operations staff at Canada Resurgence Developments 
Ltd. in Terrace, BC.  This report provides the 2009 field season results from test site 
assessments at the 7 sites.   

The Reference Condition Approach (RCA) 
A bioassessment tool known as the Reference Condition Approach (RCA) (Bailey et al 

2004, Sylvestre et al 2005, Mazor et al  2006) was used to build the Skeena BEAST model for 
north-central British Columbia (Perrin et al 2007).  In the RCA, benthic invertebrates and habitat 
descriptors from a large number of reference sites are used to build a predictive model that 
allows comparison of a test site with an appropriate reference condition.  If the test site falls 
within the range of natural variability found at reference sites, the site is considered to be not 
stressed.  If the site falls outside of the range natural variability found at the reference sites, the 
site is considered to be stressed.  The ability to compare a test site with an appropriate 
reference condition provides an effective environmental screening tool for land and water 
management activities.   

For model development, sites that are not affected by anthropogenic disturbance were 
called reference sites.  Sites affected by anthropogenic disturbance were called test sites.  
Clustering and ordination techniques were used to assemble the reference sites into distinct 
groups based on the similarity of biological composition between samples from these sites.  
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Habitat variables unaffected by anthropogenic disturbance (e.g. elevation) were compiled for 
each reference site.  Variables that best discriminated between the reference groups were 
selected using discriminant function analysis (DFA) and termed predictor variables.  For each 
new test site, the predictor variable values were used to predict the reference group 
membership.  The test site invertebrate community was then compared to the range of 
communities within the predicted reference group.  Full details of the model building and 
validation processes for the original Skeena BEAST are found in Perrin et al (2007). 

RCA models are best used as an environmental screening tool.  Site testing can be 
completed quickly and at a relatively low cost, thus meeting schedules for making environmental 
decisions.  An example of a decision process is shown in Figure 2.  In a region where 
environmental values of surface waters have been identified, site testing using the RCA can be 
run on a defined schedule.  If a site passes the RCA test, it can be queued for follow-up testing 
at a later date.  If the site fails the test, further investigation of available data or experimentation 
can be conducted to identify the specific cause of the failure, if not obvious, thereby providing 
technical criteria to support management actions to improve site quality.  The RCA model can 
then be used to repeatedly and inexpensively to test the site to determine if improvements have 
been realized or to track change in site status over time.   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Schematic illustration of where RCA (e.g. Skeena BEAST09) fits in environmental 
decision-making (from Perrin et al. 2007).  

Valued Ecosystem Components require 
monitoring at a regional scale (fish, water 

quality, landscape attributes) 
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METHODS 
Sample Site Selection and Study Area 

Sites in the Nass TSA were selected by the forest licence holder based on harvesting 
plans and any water quality concerns.  The objective was to sample a minimum of 6 sites in 
2009.  Similar work conducted by BC Environment staff in 2009 included resampling of known 
reference sites, and therefore resampling of reference sites was not included in the budget for 
this project.   

The sites assessed in 2009 are listed in Table 1.  Site codes were created using the last 
4 letters of the waterbody identifier in the stream report generated in FISH WIZARD 
(www.fishwizard.com) based on the location of the site.  This four-letter code was followed by a 
numbering system that began at one for each unique waterbody identifier as found on the 
CABIN2 website where the data is housed.  The location and upstream catchment area for each 
of the seven sites is shown in Figure 2. 

Table 1.  2009 sampling sites in the Nass TSA with site code, local name, EMS number and 
sampling location. 

Management 
Unit 

CABIN 
Site 
Code 

Local Site 
Name EMS Sampling Location 

 Nass TSA  LBIR003  Blackfly Creek E277510  Approx. 120 m downstream of planned road 
and 70 m east of planned block 206 

 Nass TSA  LBIR004 Spruce Creek E277512  100 m upstream of Cassiar Hwy (37) 
crossing 

 Nass TSA  LBIR005  Cousins Creek E277515  40 m upstream of closed bottom structure 
(6000 mm round culvert) and Cassiar Hwy 
(37) 

 Nass TSA  NASR014  Windfall FSR 
5.5km Creek 

E277516  30 m upstream of bridge crossing at 5.5 km 
on the Windfall mainline; unnamed tributary 
to the Nass River 

 Nass TSA  UBIR003  Oweegee 
Creek 

E277511 30 meters upstream of steel bridge crossing 
on Oweegee Mainline 

 Nass TSA  UBIR004  Owl ML 4km 
Creek 

E277514  20 m upstream of bridge crossing at 
kilometre 4 on the Owl mainline; unnamed 
tributary to the Bell-Irving River 

 Nass TSA  UBIR005  
Owl ML 6km 
Creek E277517  

30 m upstream of bridge crossing at 
kilometre 6 on the Owl mainline; unnamed 
tributary to the Bell-Irving River 

 
  

                                                 
2 Canadian Aquatic Biomonitoring Network (CABIN) online database maintained by the National Water 
Research, Environment Canada (http://www.ec.gc.ca/rcba-cabin/default.asp?lang=En&n=4A1D6389-1). 



Bioassessment of streams in the Nass TSA using the Reference Condition Approach 

______________________________________________________________________ 
 10 Bio Logic Consulting 
  March 2010 

 
Figure 2.  Location of sites sampled in the fall of 2009 in the Nass TSA.  The red lines outline 

the upstream catchment area for each of the sampling sites. 
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Field Logistics and Sampling Methods 

Fieldwork was completed on September 30th and October 1st which was consistent with 
the Skeena BEAST09 model.  The model was built on data collected during the late summer 
low flow period between mid-August and mid-September in each year.  This time of year is 
standard for RCA sampling because benthic invertebrates are abundant, the low stream flows 
improve safety and stream entry, and leaf litter that can hinder sample processing in the lab has 
not yet accumulated in the stream. 

The crew stayed two nights at the Orenda logging camp to reduce the amount of driving 
needed to access the sites in the Nass TSA, and thereby increase efficiency.  All sites were 
located within a few hundred metres of a vehicle access point, except for Blackfly Creek, where 
there was a 30 minute walk in to the site.  To accommodate water sample holding times (the 
number of days allowed before a water sample is considered spoiled), samples were field 
preserved where possible and shipped via overnight courier to the laboratory on October 2nd, 
arriving a maximum of 36 hours after collection.   

Field sampling methods followed the British Columbia Resource Inventory Standards 
Committee documents (http://ilmbwww.gov.bc.ca/risc/pubs/aquatic/index.htm) and the field and 
laboratory methods described by Reynoldson et al (2003) for CABIN and by Perrin et al (2007) 
during development of the Skeena BEAST RCA model.  The data collection process was 
standardized by completing a data sheet at each site.  In 2008, BC Environment finalized a 
standardized set of field sheets that they intend to publish as a RISC document.  These field 
sheets were used for sites sampled in 2009 (APPENDIX 1). 

Upon arriving at a potential site, a visual assessment was completed to determine its 
suitability for sampling.  Of primary consideration was the requirement for adequate flow and the 
presence of riffle habitat.  Ideal riffle habitats had fast-flowing water (0.2-0.8 m/s), 10 to 30 cm 
deep.  Preference was given to wadeable sites; however, larger streams were sampled, with 
measurements and samples confined to the wadeable areas near the margins.  If continuous 
riffle habitat was not available, the stream was still assessed, with the benthic invertebrate 
sample collected from multiple riffles, moving in an upstream direction.  

The average sampling time at each site was 1-2 hours.  At each site, water samples 
were collected before anyone entered the stream to avoid sample contamination caused by 
disturbance of the substrata.  Following that, one crew member collected the benthic 
invertebrates while the other began the field notes and habitat measurements.  An assessment 
reach was defined as 6 times the bankfull width.  

Each invertebrate sample was collected using a 400μm mesh kick-net, according to the 
timed procedure reported in Perrin et al (2007) for the Skeena BEAST and in Reynoldson et al 
(2003) for CABIN.  The kick-net operator moved upstream in a zig-zag pattern, kicking substrate 
and collecting sample for 3 minutes.  The 3 minute timer was stopped anytime the sampler did 
not have the net in the water (e.g. moving to an upstream riffle section or climbing over an 
instream log).  After kick netting was completed, the sample was transferred into a plastic bin, 
and large debris was cleaned and removed from the sample.  Small portions of each sample 
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were added to 500 mL plastic jars, dewatered and preserved with denatured ethanol3 at a ratio 
of 3 parts sample to 7 parts denatured ethanol.   

Methods used for each of the sample collections and measurements are listed in Table 
2. All water samples were collected according to sampling procedures outlined in the B.C. 
Ambient Freshwater and Effluent Sampling Manual (RIC 1997) and analyzed according to the 
methods in the BC Environmental Laboratory Manual (Horvath 2005).  Field blanks4 and 
duplicate samples made up 13% of the water chemistry sampling program in order to ensure 
quality assurance (QA/QC) (RIC 1997).   

Table 2. List of habitat variables and method of measurement (modified from Perrin et al 2007). 

 
Variable 

 
Method or Standard Used 

Current and recent 
weather 

Documentation based on personal observation; choices include: 
storm, rain, showers, overcast, and sunny 

Location 
A hand-held global positioning system was used to record latitude and 
longitude (in decimal degrees) using NAD83 Datum.  A site 
description was noted and site diagram completed. 

Photographs Taken looking upstream, downstream, across, and at the substrate 
(substrate photo included a 30cm ruler for scale) 

Air Temperature Recorded from thermometer or handheld meter 
Water Temperature, pH, 
Specific Conductance, 
Dissolved Oxygen 

Recorded from handheld meters (YSI model 63 and Oxyguard Handy 
Mk III) 
 

Stream Colour A visual observation of stream colour type where 1=glacial, 2=clear, 
3=tannin or lignan stained and 4=other 

Nutrient Concentrations 
(ammonia, nitrite, 
nitrate, organic and total 
nitrogen; 
orthophosphorus, total 
phosphorus) 

Each sample was collected in a 250mL poly bottle for nutrients 
according to sampling procedures outlined in the B.C. Ambient 
Freshwater and Effluent Sampling Manual (RIC 1997)..  Samples 
were sent to Maxxam Analytics by courier to achieve the 72 hour 
recommended holding time and analyzed according to the methods in 
the BC Environmental Laboratory Manual (Horvath 2005) 

General Ions (alkalinity, 
chloride, true colour, 
sulphate, total dissolved 
solids, total suspended 
solids and turbidity) 

Each sample was collected in a 1L poly bottle according to sampling 
procedures outlined in the B.C. Ambient Freshwater and Effluent 
Sampling Manual (RIC 1997).Samples were sent to Maxxam Analytics 
by courier to achieve the 72 hour recommended holding time and 
analyzed according to the methods in the BC Environmental 
Laboratory Manual (Horvath 2005).   

Total Organic Carbon 

Each sample was collected in a 250mL poly bottle and field preserved 
with H2SO4 according to sampling procedures outlined in the B.C. 
Ambient Freshwater and Effluent Sampling Manual (RIC 
1997).Samples were sent to Maxxam Analytics by courier to achieve 
the 72 hour recommended holding time and analyzed according to the 
methods in the BC Environmental Laboratory Manual (Horvath 2005).  

Total Metals 

Each sample was collected into a 250mL acid washed bottle (without 
rinsing) and field preserved with HNO3 according to sampling 
procedures outlined in the B.C. Ambient Freshwater and Effluent 
Sampling Manual (RIC 1997).Samples were sent to Maxxam Analytics 
Inc by overnight courier and metals analysis was done using an 

                                                 
3 A solution of 85% Ethanol and 15% Methanol 
4 A sample of deionized water that is used to provide information about contamination that may be 
introduced during sample collection, storage, shipping or processing. 



Bioassessment of streams in the Nass TSA using the Reference Condition Approach 

______________________________________________________________________ 
 13 Bio Logic Consulting 
  March 2010 

 
Variable 

 
Method or Standard Used 

ICPMS scan according to methods in the BC Environmental 
Laboratory Manual (Horvath 2005). 

Stream Gradient Measured using a clinometer or where available a hand level. 

Habitat Composition A visual estimate of the % of the channel area within the reach that is 
occupied by pools, glides, riffles, and cascades. 

Stream Widths 

Three measurements of the wetted and bankfull width, taken with a 
survey tape from within the assessment reach.  In larger rivers where 
stream crossing was not possible, wetted and bankfull widths were 
estimated.  Modified from RIC (2001).  Values were later averaged to 
obtain wetted and bankfull width. 

Velocity and Stream 
Profile 

Velocity and depth measurements were made at 5-8 equidistant 
points across the stream, using a Swoffer 2100 current meter 
equipped with a depth rod.  Field methods and discharge calculations 
were based on procedures in RIC (1998) with velocity measurements 
taken at 60% of total depth. 

Macrophyte Coverage A visual estimate of the % of the streambed that is covered by 
macrophytes (Reynoldson et al 2003). 

Periphyton Coverage An estimate of periphyton coverage in the running water, using a 
scale of 1 to 5 (explained in Appendix 2). 

Percent Cover 

A visual estimate of the % of the wetted surface area that is covered 
(within 1 m of the water surface) by each of the following: woody 
debris, boulders, undercut banks, deep pools, and overhanging 
vegetation.  Modified from the Reconnaissance (1:20 000) Fish and 
Fish Habitat Inventory: Standards and Procedures - Version 2.0 (RIC 
2001). 

Specific Cover 
A visual observation of the presence and abundance of specific cover 
in the form of woody debris, boulders, undercut banks, deep pools 
and overhanging vegetation. 

Dominant Riparian 
Vegetation Class 

A visual estimate of the dominant vegetative cover class in the riparian 
area (bare soil, grass/herb, shrub, deciduous, coniferous). 

Structural Stage A visual estimate of dominant structural stage of the riparian 
vegetation (RIC 2001). 

Canopy Closure A visual estimate of stream canopy closure (RIC 2001). 

Substrate Composition 

A visual estimate of the percent composition of the stream substrate 
according to the particle size categories (sand, gravel, pebble, cobble, 
boulder and bedrock) outlined by the Wentworth Scale.  The estimate 
was made by each of three members of the field crew and average 
values were recorded. 

Substrate 
Embeddedness 

A description of the cobble embeddedness (degree to which the 
substrate is surrounded by fines) measured in the riffle habitat. 

Pebble Count 

A Wolman Pebble Count (Wolman 1954) where the intermediate 
diameters of 100 randomly-selected particles within the stream reach 
were measured using a ruler.  From this data, the median particle size 
(D50), geometric mean particle size (Dg) and the Fredle Index (FI) of 
the bed paving material were calculated. 

Disturbance indicators 

Documentation of the presence of scour, sediment wedges, extensive 
riffles and limited pools, unvegetated and mid-channel bars, multiple 
channels, eroding banks, isolated sidechannels, recently formed large 
woody debris (LWD) jams and LWD parallel to banks.  Modified from 
RIC (2001). 

Odours/Oils Presence documented on field sheet (Appendix 2) 

Mountain Pine Beetle 
Infestation 

Visual estimates of the percent of pine trees in the riparian area and 
the watershed, and the relative percentage of those that are ‘red’ and 
‘grey’ in colour.   
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Variable 

 
Method or Standard Used 

Other observations Observations of land use, erosion, and NPS pollution at or near the 
site. 

USEPA Rapid 
Bioassessment Protocol 
(RBP) 

10 habitat parameters (epifaunal substrate/cover, embeddedness, 
velocity-depth combinations, sediment deposition, channel flow status, 
channel alteration, channel sinuosity, bank stability, bank vegetative 
protection and riparian vegetative zone width) rated on a scale of 1 to 
20 using the USEPA RBP Field Sheet (Barbour et. al. 1999).   

 
Laboratory Analysis of Benthic Invertebrate Samples 

The samples were shipped to a Vancouver-based laboratory for identification and 
enumeration of the invertebrates.  Lab work for this project was completed by a North American 
Benthological Society (NABS) certified taxonomist, a high standard that is recognized 
internationally and ensures quality and consistency of the invertebrate identifications, 
subsampling and counting.  Size fractionated sub-sampling was used to reduce the amount of 
time needed to sort each sample.  A 2 mm size sieve was used to split the samples into a 
macrobenthos portion (retained on the sieve) and a microbenthos portion (passed through the 
sieve).   Large organic debris (e.g. leaves, twigs, etc.) that was retained on the sieve was picked 
clean and removed.  Picked animals were returned to a “macrobenthos” tray.  Remaining 
material on the sieve, including animals, were placed in the tray and partitioned into 2 or 4 parts.  
The smaller partition or no partitioning was selected when there were relatively few individuals 
present.  Each of those parts was considered a macrobenthos sub-sample.  One or more sub-
samples were enumerated until a target of 200 animals was counted.  If the target of 200 
animals was reached before a sub-sample was completely sorted, that last subsample was 
sorted in its entirety.  Total macrobenthos was the number of individuals by taxa; enumerated in 
the sub-samples multiplied by the partitioned amount (e.g. a quarter fraction was multiplied by 4 
to yield the total macrobenthos count).  Sub-sampling of the microbenthos (animals passing the 
sieve) followed the same splitting procedure with a target sub-sample count of 200 individuals.  
A maximum of 16 splits of the microbenthos was applied.   

QAQC procedures were applied to 10% of the samples including tests of sorting 
efficiency and measurement of accuracy of the sub-sampling method as described in Perrin et 
al (2007).  Based on the review by Glozier et al. (2002), acceptable accuracy was defined as 
±20%.   

Calculation of Landscape Level Variables with GIS 

After field sampling, the GIS analyst plotted the latitude and longitude for each site and 
field crew members checked the site positions for accuracy.  This is an essential step as often 
the handheld GPS readings can be slightly off, setting the sampling point in a different stream or 
at a different point along the stream.  Once the waypoint for each site was confirmed, the 
watershed upstream of the sampling point was delineated.  The watershed upstream of a 
sampling site was created from the Fresh Water Atlas (formerly Corporate Watershed Base) 
layer (first order watersheds) and the TRIM 25 metre Digital elevation model (25 m DEM), a 
digital model of the ground surface topography.  It was a three step process that involved 
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extracting all first order polygons upstream of the sample point, using the 25 m DEM to refine 
the boundary to terminate at the sample point, and then dissolving the first order watersheds 
into a single polygon (pers. comm., S. Norris, March 20, 2009) which was then given a unique 
identifier.   

The watershed polygons were then used to run a GIS overlay.  Data layers were 
compiled for each of the variables listed in Table 3.  Many of the variables were natural 
landscape level descriptors that were used for model building, while some of the variables were 
descriptors of land use stressors used to screen for reference sites and for general description 
of the watersheds.  Variables were compiled using ArcGIS 9 geographic information systems 
(GIS) software developed by ESRI© (http://esri.com/).  Spatial datasets were accessed through 
the Province of BC spatial data directories known as the Land and Resource Data Warehouse 
(LRDW) and the Integrated Land Management Bureau (ILMB) ARC warehouse, and the federal 
spatial database known as the Canadian Soil Information System (CANSIS).  All GIS 
deliverables met GeoBC spatial data standards (ILMB 2008). 

Table 3.  Descriptive natural and stressor variables compiled using a GIS overlay analyses for 
each site and associated watershed polygon.  

Category / Variable Description 
Source 
Database5 

Ecological Classification     

ECOREG Ecoregion CANSIS 
ECOZONE Ecozone CANSIS 
Hydrology     
WATERSHED_AREA_HA Area of sample site watershed n/a 
STREAMS_LENGTH_KM Length of streams within watershed LRDW 
STREAMS_ORDER_MAX Stream order at sampling site LRDW 
LAKES_AREA_HA Area of lakes LRDW 
RIVERS_AREA_HA Area of river polygons LRDW 
WETLANDS_AREA_HA Area of wetlands LRDW 
ICE_AREA_HA Area of ice LRDW 

LAKES_MIN_DIST_METRES 
Distance from sample site to upstream lake outlet (where 
applicable) LRDW 

WETLANDS_MIN_DIST_METRES 
Distance from sample site to upstream wetlands outlet 
(where applicable) LRDW 

Forest Cover     

FOR_YOUNG_HA 

Area of forest, less than140 years old, greater than 6 
metres in height and NOT classified as Recently Logged or 
Selectively Logged LRDW 

FOR_AC_GT6_HA Area of forest, age class 6,7, 8,& 9 (100 + years old) LRDW 

FOR_OLD_HA 
Area of forest, old growth (>140 yrs and greater than 6 
metres in height) LRDW 

FOR_BURNPAST20YRS_HA Area of forest burned post 1988 LRDW 
FOR_BURNPRE2000_HA Area of forest, burned before 2000 LRDW 
FOR_HARVPOST1980_HA Area of forest, harvested since 1980 LRDW 

                                                 
5 Source path available upon request 
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Category / Variable Description 
Source 
Database5 

Land Cover     
AGRICUL_HA Area classified as agricultural LRDW 
ALPINE_HA Area classified as alpine LRDW 

AVALAN_HA 

Area classified as avalanche chute - below the tree line, 
devoid of forest growth due primarily to snow avalanches.  
Usually herb or shrub covered. LRDW 

BARREN_HA 

Area classified as rock barrens, badlands, sand and gravel 
flats, dunes and beaches where unvegetated surfaces 
predominate, except where these conditions occur in 
ALPINE areas. LRDW 

MINING_HA Area classified as mine/extraction site LRDW 
URBAN_HA Area classified as Urban LRDW 
ROADS_LENGTH_KM Length of roads LRDW 
MINFILE_NUM Number of Minfile mines LRDW 
Topography     
ELEV_MAX Elevation (metres) of sampling site ILMB arcwhse 
ELEV_MIN Maximum elevation of watershed ILMB arcwhse 
SLOPE_LT30_HA Area of hillslope gradient of 0 to 30% ILMB arcwhse 
SLOPE_30_50_HA Area of hillslope gradient of 30 to 50% ILMB arcwhse 
SLOPE_50_60_HA Area of hillslope gradient of 50 to 60% ILMB arcwhse 
SLOPE_GT60_HA Area of hillslope gradient of 60% and greater ILMB arcwhse 
Administration     
PARKS_NUM Number of provincial parks LRDW 
PARKS_HA Area of provincial parks LRDW 
Bedrock Geology     
ROCK_SEDIM_HA Area underlain by sedimentary rock LRDW 
ROCK_INTRU_HA Area underlain by intrusive rock LRDW 
ROCK_VOLCA_HA Area underlain by volcanic rock LRDW 
ROCK_METAM_HA Area underlain by metamorphic rock LRDW 
ROCK_ULTRA_HA Area underlain by ultramafic rock LRDW 
Climate Normals     

Monthly TMIN 
Average daily minimum air temperature (deg C) 1961 – 
1990 CANSIS 

Monthly MAX 
Average daily maximum air temperature (deg C) 1961 - 
1991 CANSIS 

Monthly TMEAN Average daily mean air temperature (deg C) 1961 - 1992 CANSIS 
Monthly RAIN Total monthly rainfall  (mm) 1961 - 1993 CANSIS 
Monthly SNOW Total monthly snowfall  (cm) 1961 - 1994 CANSIS 
Monthly TOTAL P Total monthly precipitation  (mm) 1961 - 1995 CANSIS 

 
Site Assessments 

Benthic invertebrate enumerations were entered into the on-line CABIN database 
maintained by Environment Canada.  Since the Skeena BEAST model was not yet available for 
running test site analysis directly in CABIN, the test site assessments were run in the original 
Skeena BEAST09 modelling files using PRIMER (Clarke and Gorley 2001) and SYSTAT 
software (SYSTAT 2004).  To complete the test site assessments, a number of steps were 
taken.   
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1. To prepare for test site analysis, the community structure data were exported at 
the family level from CABIN and compiled into spreadsheet files containing all the 
reference sites for the four groups in the Skeena BEAST model.  Invertebrate 
families present in the test sites but not the reference sites were added to the 
spreadsheets.  Any duplicate samples collected from one site were treated as 
unique tests for assessment which serves as a measure of model precision.   

2. Predictor variables for the test sites were compiled in an excel file containing all 
the reference sites and their a priori group assignment based on the Skeena 
BEAST model. 

3. A complete discriminant function analysis (DFA) was run in SYSTAT with the 6 
Skeena BEAST predictor variables and 4 a priori reference groups.  Based on 
the predictor variable values, the model assigned each test site to a reference 
group.  The reference group represents the range of expected invertebrate 
communities. 

4. In PRIMER, an individual Bray-Curtis similarity matrix was created for raw, 
untransformed family-level invertebrate enumerations for each single test site 
and the samples for the reference sites in the predicted group.  A non-metric 
multidimensional scaling (MDS) 3-dimensional ordination plot was created and 
the spatial position of the test site relative to the reference sites indicates the 
degree of similarity between the community structure of the reference and test 
sites.  If the test site is near the reference sites, the community structure is more 
similar while if the test site is far away from the reference sites, the community 
structure is less similar.  The reference sites and the single test site ordination 
coordinates were plotted along with 90%, 99% and 99.9% probability ellipses in 
SYSTAT (Figure 3).  The confidence ellipses were drawn around the reference 
sites in SYSTAT to delineate four categories of stress: 

a. Reference Condition (test site laid inside the 90% ellipse in all three 
plots) 

b. Slightly stressed (test site was situated between the 90% and 99% 
ellipses in at least one plot while it was within the 90% ellipse on the 
other plots) 

c. Stressed (test site was situated between the 99% and 99.9% ellipse in 
at least one plot while it was inside of the 99% ellipse on the other plots) 

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

If a test site lay on top of a line delineating a probability ellipse, then that site was 
assigned a worst case rating (e.g. if the site laid squarely on the 90% ellipse, the 
site was considered slightly stressed).   

5. Each test site was independently run through the ordination and plotting routine 
to assess site status.  Where a test site was determined to be different from 
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reference condition a routine in PRIMER called ‘SIMPER’ (similarity percentages) 
was used to identify the most important taxa contributing to the within group 
similarity of the reference group sites and the average dissimilarity between the 
test site and the reference group (Clarke and Warwick 2001). 

 
   

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

Several simple community descriptors (metrics) were calculated for each of the test sites 
and compared with the 5th to 95th percentile distribution of the BEAST predicted reference group 
sites to provide additional evidence for the test site assessments (Table 4).  Total sample 
abundance and family taxa richness were calculated for each site.  The response to disturbance 
varies for both these metrics.  For example, taxonomic richness has been shown to decrease 
with logging while numerical density increased (Martel et al 2007).  However, it is still useful to 
evaluate the values for each site relative to the median and central 90 percent range of 
reference site values.  Ephemeroptera (mayflies), Plecoptera (stoneflies) and Trichoptera 
(caddisflies) are three important orders of insects in stream bioassessment.  Commonly known 
as EPT, these insects are generally sensitive to disturbance and pollution intolerant.  The 
unique number of EPT families (EPT richness) and the relative abundance of animals in the 
EPT orders (% EPT) were two of the metrics used to interpret site condition.  Both EPT richness 
and % EPT were expected to decline as a site moves away from reference condition to a 
stressed state.  In particular, Martel et al (2007) found a marked decrease in the abundance of 
Trichopterans and an increase in the abundance of Chironomids with forestry activities. 

Population attributes included Simpson’s Diversity index and Simpson’s evenness.  
Simpson’s diversity and evenness are two community endpoints recommended for stream 
assessment by Environment Canada (2002).  Both metrics were calculated in PRIMER at the 
family-level.  Simpson’s Diversity index (D) is a measure of the abundance and taxonomic 
richness of a community (Environment Canada 2002).  Evenness is a measure of the 
distribution and relative contribution of each taxon present to the overall community 
(Environment Canada 2002).  Both Simpson’s Diversity index and evenness range from 0 to 1, 
with values close to 1 signifying a more diverse and even community.  
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Table 4:  Biological community descriptors (metrics) calculated for each test site and the 
expected metric response to increasing human influence within a watershed. 

Metric Definition 
Expected Response to 
Increasing Human Influence 
within the Watershed 

Reference 

Total 
Richness Total number of unique families. Decrease Karr and Chu 

1999 

EPT 
Richness 

Total number of unique 
Ephemeroptera, Plecoptera, and 
Trichoptera families 

Decrease Karr and Chu 
1999 

% EPT 
Individuals 

Percentage of the total sample 
represented by the EPT orders Decrease Maxted et al 

2000 

Simpson’s 
Diversity 
Index 

Pattern of community taxa richness 
and abundance 
D = 1 - Σ(pi)2   

where pi
 is the proportion of 

individuals in each taxon. 

Decrease Environment 
Canada 2002 

Simpson’s 
Evenness 

Represents the distribution of 
individuals in taxa.   
Evenness = 1 / Σ(pi)2 / S  
where pi is the proportion of the ith 
taxon at the station, and S is the total 
number of taxa at the station.   

Decrease Environment 
Canada 2002 

Total 
Abundance 

Total number of animals in the 
sample. Varies 

Reynoldson 
et al 2003, 
Martel et al 
2007 
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Overview of the Skeena BEAST09 RCA Model 

Clustering and ordination techniques produced four groups and 16 outliers from 145 
reference condition sites in the Skeena and surrounding area that were geographically 
distributed as shown in Figure 4.   

 
Figure 4  Distribution of reference sites in each of the four groups used in the Skeena BEAST09 

RCA model over North-western BC.  Samples were collected from 2004-2008. 
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Step-wise discriminant function analysis (DFA) found that a combination of 6 natural 
variables were best able to differentiate the four a priori reference groups.  These predictor 
variables (in order of importance) included percent ice area, total precipitation in January, 
percent wetlands area, percent intrusive rock, total snow in January and percent lakes area as 
summarized in Table 5.  The probability of assigning a site to the proper group is 77%, 
measured by the overall jackknife classification success.  Therefore, the misclassification error 
rate for Skeena BEAST09 is 23%. 

Table 5  Group mean values of the 6 Skeena BEAST09 predictor variables for each of the four 
reference groups. 

Variable 
Category Predictor Variable Group 1 Group 2 Group 3 Group 4 
    n=10 n=84 n=17 n=18 
Land Cover Ice Area %  28.9 2.1 3.0 0.1 

Climate 
Total Precipitation 
in January (mm)  258 124 331 99 

Land Cover Wetlands Area %  0.1 0.9 0.3 3.5 
Bedrock 
Geology  Intrusive Rock %  55 7 37 19 

Climate 
 Snow in January 
(cm)  59 73 71 67 

Land Cover  Lakes Area %  0.1 0.4 0.6 2.3 

Group 1 samples (n=10) were characterized by very low invertebrate abundance (247 
individuals per sample) and richness (11.4 families).  The most abundant taxa in Group 1 were 
Chironomidae, the mayfly families Heptageniidae and Baetidae, and the stonefly family 
Chloroperlidae (Figure 5).  On average, land cover in the 10 watersheds was nearly one third 
(28%) ice area, with almost no wetlands or lakes.  The group 1 sites receive the second highest 
January precipitation (258 mm) but the least amount of snowfall in the same month (59 cm).  
Parent material in the watershed included 55% intrusive rock, a slow weathering rock that likely 
does not introduce biologically significant amounts of nutrients to streams.   

Group 2 sites (n=84) were characterized by high invertebrate abundance (2827 
individuals per sample) and moderately high taxa richness (17.7 families).  Sample composition 
was dominated by mayflies (families Heptageniidae, Baetidae and Ephemerellidae), 
Chironomids, stoneflies (families Nemouridae, Taeniopterygidae, and Chloroperlidae) and the 
caddisfly family Rhyacophilidae.  On average, the area of land covered by ice in these 
watersheds was very low (2.1%), along with cover by wetlands (0.9%) and lakes (0.4%).  
Intrusive rock as a parent material was not predominant in these watersheds (7%).  Total 
precipitation in January was relatively low compared with groups 1 and 3, while snow in January 
was highest in group 2 (73 cm).   

Group 3 was made up of 17 reference sites that were located along the coastal areas 
(Figure 4).  Invertebrates were lower in abundance (1122 invertebrates per sample) although 
mean family taxa richness was similar to group 2 (16.6 families).  Sample composition was 
dominated by mayflies where Baetidae, Heptageniidae and Ephemerellidae made up 56%.  
Stoneflies were also abundant making up 17% of the samples (Nemouridae and 
Chloroperlidae), followed by Chironomids.  There were very few caddisflies in these samples 
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(2%) and water mites were relatively abundant (7%).  These coastal reference sites received 
the most precipitation in January of all groups (331 mm) and the second highest amount of 
snow (71 cm).   

Invertebrates were the most abundant in group 4 samples (n=18, mean abundance 5619 
individuals per sample) and taxa richness was the highest (21.3 taxa).  The composition of the 
samples was very similar to group 2 but with a lower relative abundance of caddisflies.  Sample 
composition was dominated by mayflies (families Baetidae, Heptageniidae, Ephemerellidae and 
Leptophlebiidae), Chironomids, stoneflies (Nemouridae, Chloroperlidae, and Taeniopterygidae), 
the caddisfly family Rhyacophilidae, and the Dipteran family Simuliidae.  Wetlands and lakes 
were common in the watersheds in group 4 (3.5% and 2.3% cover respectively, Table 3) while 
land cover by ice was not (0.1%).  Both wetlands and lakes can serve to moderate flows and 
temperatures in-stream and can provide a steady source of nutrients and food to downstream 
stream networks.  Intrusive rock was less common than for groups 1 and 3 (19% for group 4), 
and total precipitation in January was the lowest for these sites.   

Overall, the EPT taxa (mayfly families Baetidae, Heptageniidae, Ephemerellidae and 
Leptophlebiidae, stonefly families Nemouridae, Taeniopterygidae, Chloroperlidae, Capniidae, 
Perlodidae, and Leuctridae, and caddisfly families Rhyacophilidae, Uenoidae, Hydropsychidae, 
Brachycentridae and Glossosomatidae) were very abundant in all groups ranging from 66% of 
samples in group 1 to 77% of samples in group 2.  However, caddisflies were less abundant in 
groups 3 and 1, along with a marked decrease in overall abundance of the macrobenthos.  
Generally, taxa richness and abundance increased along a gradient of increasing lakes and 
wetlands and decreasing ice, precipitation and snowfall in January, and intrusive rock within a 
watershed. 
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Figure 5  Taxonomic composition of reference sample groups.  The mean number of individuals 

per sample for each reference group is shown for each taxonomic group.  “Other” taxa 
include Oligochaetes (worms), Bivalves (clams), Platyhelminthes, Collembolla 
(springtails) and Crustacea.   
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SITE SPECIFIC RESULTS AND DISCUSSIONS 
The watershed area upstream of the sample site in the 7 streams ranged from 

2.2 to 80.3 km2 (Table 6).  Forest harvest in the watersheds since 1980 ranged from 0% 
in Owl 6km Creek (UBIR005) to 35% in Windfall 5.5 km Creek (NASR014).  While 
calculations for forest harvest in Owl 4km Creek showed no logging (0%), in fact a block 
was partially logged next to the sample site in 2008.  It’s possible that forest harvest 
statistics are underestimated in other watersheds as well due to constraints, specifically 
lag time of data updating, associated with working with geospatially linked data. 

Table 6.  Forest harvest descriptors for 2009 test sites in the Nass TSA.   

Site Code Site Name Watershed 
Area (km2) 

Forest 
Harvest 

% 

Road 
Density 

(km/km2) 

Site 
Status 

LBIR003 Blackfly Creek 2.2 22% 1.6 Test 

LBIR004 Spruce Creek 80.3 2% 0.2 Test 

LBIR005 Cousins Creek 36.4 4% 0 Test 

NASR014 Windfall FSR 5.5km 
Creek 

8.5 35% 1.6 Test 

UBIR003 Oweegee Creek 32.9 20% 0.2 Test 

UBIR004 Owl ML 4km Creek 4.9 0% 0 Test 

UBIR005 Owl ML 6km Creek 2.2 0% 0 Test 

Invertebrate communities at 4 of the 7 test sites assessed in the Nass TSA were 
found to be different from the reference condition (Table 7).  All four of the sites were 
assessed as slightly stressed.  Benthic community descriptors for each of the test sites 
were summarized along with the 5th to 95th percentile range for the reference site groups 
(Table 8).  If a community descriptor value at a test site was lower than the 5th percentile 
of reference sites for the predicted group or higher than the 95th percentile of reference 
sites for the predicted group, then it might indicate stress to the site depending on the 
expected response of the particular descriptor to land use stress.   
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Table 7  Skeena BEAST09 ordination results for test sites sampled in the fall of 2009, 
their predicted reference group and the probability of group membership.  Sites 
that were not found to be similar to reference condition are highlighted in yellow. 

 Site Code   SITE NAME  Year

Predicted 
Reference Group 

& Probability 
Skeena BEAST09 

Assessment 
LBIR003 Blackfly Creek 2009 2 99% Reference Condition 

LBIR004 Spruce Creek 2009 2 99% Slightly Stressed 

LBIR005 Cousins Creek 2009 2 98% Slightly Stressed (QA) 

NASR014 Windfall FSR 5.5km Creek 2009 2 95% Reference Condition 

UBIR003 Oweegee Creek 2009 4 61% Slightly Stressed 

UBIR004 Owl ML 4km Creek 2009 2 97% Slightly Stressed 

UBIR005 Owl ML 6km Creek 2009 2 98% Reference Condition 
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Table 8  Benthic invertebrate community descriptors (metrics) for test sites sampled in the fall of 2009 along with the median and central 

90% range for the predicted reference group.  Values highlighted in yellow fell outside the 90th percentile range of the reference 
group sites suggesting possible stress at the site.  Sites codes shown in yellow were sites that were slightly stressed compared with 
the predicted reference group. 

BEAST 
GROUP 

BEAST Result Site Code Site Name Family 
Richness 

EPT taxa 
richness % EPT Simpson's 

Diversity 
Simpson's 
Evenness 

Total 
Abundance 

2 
Reference 
Condition LBIR003 Blackfly Creek 25 16 48% 0.71 0.14 3839 

2 Slightly Stressed LBIR004 Spruce Creek 21 12 83% 0.83 0.35 1502 
2 Slightly Stressed LBIR005_1 Cousins Creek 15 12 99% 0.43 0.12 4511 

2 Slightly Stressed LBIR005_2 
Cousins Creek 
(duplicate sample) 16 11 98% 0.36 0.09 3943 

2 
Reference 
Condition NASR014 Windfall 5.5km Creek 27 18 88% 0.91 0.42 1673 

2 Slightly Stressed UBIR004 Owl ML 4km Creek 19 14 89% 0.74 0.20 7361 

2 
Reference 
Condition UBIR005 Owl ML 6km Creek 23 17 92% 0.82 0..24 2424 

REF 2  Median 18 12 87 0.78 0.27 2031 
REF 2  5th to 95th %ile 13 to 23 9 to 15 45 to 98 0.57 to 0.88 0.13 to 0.46 560 to 7391 

4 Slightly Stressed UBIR003 Oweegee Creek 17 11 85% 0.75 0.23 1668 
REF 4  Median 21.5 13.5 75 0.8 0.24 5315 

REF 4  5th to 95th %ile 16 to 28 9 to 16 24 to 97 0.34 to 0.89 0.10 to 0.40 
2540 to 
10353 
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Blackfly Creek (LBIR003) 

Blackfly Creek is a tributary to Surveyor Creek, which then flows into the Bell-
Irving River.  Blackfly Creek was sampled approximately 120 meters downstream of a 
planned road and 70 meters east of planned cutblock 206.  Access to the site was on 
foot along an old road through an old cutblock along the east side of the creek.  The 
creek was clear with a 1.7% gradient (Figure 8).  On average the depth was 20 cm and 
the bankfull width was 4.9 m.  The substrate was unembedded and the discharge at the 
time of sampling was 0.11 m3·sec-1.   

Forest harvest (post 1980) within the 2.2 km2 watershed is shown in Table 6 as 
22%.  However, this area was harvested circa 1988, replanted in the early 1990’s and is 
now considered free-growing (pers. comm. O. Fewer, March 2010). 

   
Figure 6  Blackfly Creek sampling area, October 1st 2009. 

LBIR003 is predicted to the Group 2 reference sites based on the 6 predictor 
variables.  Invertebrates were abundant in the group 2 reference communities, with the 
central 90th percentile ranging from 560 to 7,391 (Table 8).  Invertebrate communities at 
group 2 reference sites were dominated by Ephemeroptera (mayflies), Plecoptera 
(stoneflies), and Chironomids while minor taxa included Trichoptera (caddisflies), non-
chironomid dipterans, water mites, and worms.  At LBIR003, the invertebrate abundance 
was high (3839, Table 8) and the three most abundant taxa included the Diptera family 
Chironomidae and the mayfly families Heptageniidae and Leptophlebiidae.  All of the 
community metric values for Blackfly Creek fell within the central 90th percentile range 
calculated for the reference group 2 communities.  On the ordination plots, the site fell 
within inside the 90% probability ellipse, indicating it was similar to reference condition or 
“not stressed” (Figure 7).    
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Figure 7  Ordination plots for LBIR003 test site (Blackfly Creek) shown in red and 

reference sites shown in blue belonging to group 2.  The ellipses correspond to 
90% (inner ellipse), 99% (middle ellipse), and 99.9% (outer ellipse) probabilities. 
The conclusion is that the test site is in reference condition because it lay inside 
the 90% ellipse in all three plots. 

Spruce Creek (LBIR004) 

Spruce creek is a tributary to the Bell-Irving River which was sampled 
approximately 100 meters upstream of the Highway 37 crossing.  The creek was clear 
with a 3.3% gradient and steep, rock walls controlling the flow (Figure 8).  On average 
the depth was 42 cm and the bankfull width was 15 m.  The substrate was 25% 
embedded and dominated by boulder (>26cm) and bedrock, making it less than ideal for 
sampling.  Sampling was restricted to the shallow margins due to the high velocity and 
deep water of the main channel.  The discharge at the time of sampling could not be 
measured but was estimated at 2 to 3 m3·sec-1 (estimated as twice the flow of Cousins 
Creek).   

  
Figure 8  Spruce Creek sampling area, October 1st 2009. 

LBIR004 is predicted to the Group 2 reference sites based on the 6 predictor 
variables.  Invertebrates were abundant in the group 2 reference communities, with the 
central 90th percentile ranging from 560 to 7,391 (Table 8).  Invertebrate communities at 
group 2 reference sites were dominated by Ephemeroptera (mayflies), Plecoptera 
(stoneflies), and Chironomids while minor taxa included Trichoptera (caddisflies), non-
chironomid dipterans, water mites, and worms.  At LBIR004, the invertebrate abundance 
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was less than the reference group median (1502, Table 8).  The three most abundant 
families included Taeniopterygidae, Nemouridae and Rhyacophilidae (all Plecoptera) 
and made up 38% of the community.  All of the community metric values for Spruce 
Creek fell within the central 90th percentile range calculated for the reference group 2 
communities.  Metric values suggested a diverse and even community with a high 
number of taxa and a large proportion of EPT taxa (83%).  On the ordination plots, the 
site fell on the 90% probability ellipse in two plots, indicating it was “slightly stressed” 
(Figure 9).   

 
Figure 9  Ordination plots for LBIR004 test site (Spruce Creek) shown in red and 

reference sites shown in blue belonging to group 2.  The ellipses correspond to 
90% (inner ellipse), 99% (middle ellipse), and 99.9% (outer ellipse) probabilities. 
The conclusion is that the test site is slightly stressed because it lay on the 90% 
ellipse in two plots. 

Cousins Creek (LBIR005) 

Cousins Creek, a tributary to the Bell-Irving River, was sampled approximately 40 
meters upstream of the Highway 37 crossing.  The creek was clear with a 1.8% gradient 
(Figure 10).  On average the depth was 23 centimeters and the bankfull width was 13 
meters.  The substrate was 25% embedded and dominated by cobble (6 to 26 cm) and 
pebble (4 mm to 6 cm).  The discharge at the time of sampling was 1.4 m3·sec-1.   

  
Figure 10  Cousins Creek sampling area looking upstream (left) and across the channel 

(right), October 1st 2009. 
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LBIR005 is predicted to the Group 2 reference sites based on the 6 predictor 
variables.  Invertebrates were abundant in the group 2 reference communities, with the 
central 90th percentile ranging from 560 to 7,391 (Table 8).  Invertebrate communities at 
group 2 reference sites were dominated by Ephemeroptera (mayflies), Plecoptera 
(stoneflies), and Chironomids while minor taxa included Trichoptera (caddisflies), non-
chironomid dipterans, water mites, and worms.  For quality assurance purposes, two 
samples were collected from Cousins Creek.  All metric values were very similar 
between the two samples.  The invertebrate abundance was greater than the reference 
group median (4511 and 3943, Table 8).  The family Taeniopterygidae (Plecoptera) was 
dominant in both samples making up 75% of sample 1 and 79% of sample 2.  Overall, 
EPT taxa made up 99% of sample 1 and 98% of sample 2, which was higher than 
expected.  The high densities of Taeniopterygidae led to lower than expected values for 
Simpson’s Diversity (0.43 and 0.36) and Simpson’s evenness (0.12 and 0.09) when 
compared to the 90th percentile ranges for each metric calculated for reference group 2 
(Table 8).  Separate ordination plots were run for each sample, both showing Cousins 
Creek to be slightly stressed compared to the group 2 reference sites.  For ease of 
presentation, the two samples are shown on one set of ordination plots in Figure 11.  
The plots show both that the site fell outside the 90% probability ellipse in one plot, 
indicating it was “slightly stressed”, and that the two samples from Cousins Creek are 
very similar to one other, falling very close to each other in ordination space.  It lends 
confidence to the sampling and sorting techniques that the two samples collected from 
the same site lead to the same test site assessment result. 

   
Figure 11  Ordination plots for LBIR005 test site (Cousins Creek) shown in solid red (two 

samples collected from the site) and reference sites shown in blue belonging to 
group 2.  The ellipses correspond to 90% (inner ellipse), 99% (middle ellipse), 
and 99.9% (outer ellipse) probabilities. The conclusion is that the test site is 
slightly stressed because it lay outside the 90% ellipse in the first plot. 
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Windfall 5.5 km Creek (NASR014) 

NASR014 is an unnamed tributary to the Nass River which was sampled 
approximately 30 meters upstream of the Windfall mainline bridge crossing at kilometre 
5.5.  The creek was clear with a 3.4% gradient.  Photos of the site were difficult to take 
due to the moderately dense overstream vegetation (Figure 12).  Although 35% of the 
upstream watershed has been logged, at the sampling site the stream was bordered by 
mature coniferous forest on both sides.  On average the depth was 20 cm and the 
bankfull width was 5 meters.  The substrate was unembedded with cobble layering over 
gravels and pebbles providing substantial niche space for invertebrates.  The discharge 
at the time of sampling was 0.13 m3·sec-1.   

  
Figure 12  Unnamed Creek at 5.5 kilometres along the Windfall mainline, looking 

downstream at the sampling area, October 1st 2009. 

NASR014 is predicted to the Group 2 reference sites based on the 6 predictor 
variables.  Invertebrates were abundant in the group 2 reference communities, with the 
central 90th percentile ranging from 560 to 7,391 (Table 8).  Invertebrate communities at 
group 2 reference sites were dominated by Ephemeroptera (mayflies), Plecoptera 
(stoneflies), and Chironomids while minor taxa included Trichoptera (caddisflies), non-
chironomid dipterans, water mites, and worms.  At NASR014, the invertebrate 
abundance was moderate and within the expected range (central 90th percentile) based 
on the reference group (1673, Table 8) but taxa richness (the number of unique families) 
for the site (27) was well above the 95th percentile value for the reference sites (23).   All 
of the invertebrate community metric values suggested a diverse and even community 
with a high number of taxa and large proportion of EPT (88%).  The three most abundant 
families included Nemouridae (Plecoptera), Baetidae (Ephemeroptera) and Uenoidae 
(Plecoptera) and made up 42% of the community.  On the ordination plots, the site fell 
within the 90% probability ellipse in all plots, indicating the site is in reference condition 
(Figure 13).   
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Figure 13  Ordination plots for NASR014 test site (Windfall 5.5km Creek) shown in red 

and reference sites shown in blue belonging to group 2.  The ellipses correspond 
to 90% (inner ellipse), 99% (middle ellipse), and 99.9% (outer ellipse) 
probabilities. The conclusion is that the test site is in reference condition because 
it lay within the 90% ellipse in all plots. 

Oweegee Creek (UBIR003) 

Oweegee Creek is a tributary to Oweegee Lake, which then drains into the Bell-
Irving River.  Oweegee Creek was sampled approximately 30 meters upstream of a steel 
bridge on the Oweegee mainline.  The creek has a relatively large upstream catchment 
area (33 km2) encompassing three small lakes.  The creek was clear and very low 
gradient (0.1%, Figure 14).  On average the depth was 36 cm and the bankfull width was 
9 meters.  The substrate was unembedded and predominately gravels (2 to 4 mm).  The 
banks were moderately stable with some small areas of erosion and there was minor 
sediment deposition in the pools.  The discharge at the time of sampling was 0.32 
m3·sec-1.   

  
Figure 14  Oweegee Creek looking across (left) and downstream from the sampling area 

(right), September 30th 2009. 

UBIR003 is predicted to the Group 4 reference sites based on the 6 predictor 
variables.  The group 4 reference communities had the highest mean abundance of 
invertebrates, with the central 90th percentile ranging from 2,540 to 10,353 (Table 8).  
Invertebrate communities at group 4 reference sites were dominated by Ephemeroptera 
(mayflies), Plecoptera (stoneflies), and Chironomids while minor taxa included non-
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chironomid dipterans, Trichoptera (caddisflies), Coleoptera (beetles), water mites, pea 
clams (Class Bivalvia) and worms.   At UBIR003, the invertebrate abundance was less 
than the 5th percentile value for the reference group (1668, Table 8).  The three most 
abundant families included Taeniopterygidae (Plecoptera), Baetidae (Ephemeroptera) 
and Ephemerellidae (Ephemeroptera) and made up 72% of the community.  Other than 
total abundance, all of the community metric values for Oweegee Creek fell within the 
central 90th percentile range calculated for the reference group 4 communities, although 
taxa richness values were at the lower end of the expected range.  On the ordination 
plots, the site fell outside the 90% probability ellipse in one plot, indicating it was 
“slightly stressed” (Figure 15).   

   
Figure 15  Ordination plots for UBIR003 test site (Oweegee Creek) shown in red and 

reference sites shown in blue belonging to group 4.  The ellipses correspond to 
90% (inner ellipse), 99% (middle ellipse), and 99.9% (outer ellipse) probabilities. 
The conclusion is that the test site is slightly stressed because it lay outside the 
90% ellipse in one plot. 

Owl ML 4 km Creek (UBIR004) 

UBIR004 is an unnamed tributary to the Bell-Irving River.  The stream was 
sampled approximately 20 meters upstream of the Owl mainline bridge crossing at 
kilometre 4.  The second order stream was clear and steep (6% gradient) with an 
average bankfull width of 6 meters (Figure 16).  On average the depth was 19 cm and 
the predominantly bedrock and cobble (6 to 26 cm) substrate was unembedded.  The 
discharge at the time of sampling was 0.12 m3·sec-1. 

On the south bank of the creek, harvest of block C01-115 was started in October 
2008.  Approximately 30% of the 10.4 hectare block (net area to reforest) has been 
harvested, with winter roads draining away from the creek.  The structural stage of the 
riparian vegetation along the south bank was shrub and herb stage with less than 10% 
tree cover, while mature forest bordered the north bank.  
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Figure 16  Unnamed Tributary to the Bell Irving River (Owl 4, UBIR004), sampling area 

upstream of 4 km bridge crossing on the Owl mainline, September 30th 2009. 

UBIR004 is predicted to the Group 2 reference sites based on the 6 predictor 
variables.  Invertebrates were abundant in the group 2 reference communities, with the 
central 90th percentile ranging from 560 to 7,391 (Table 8).  Invertebrate communities at 
group 2 reference sites were dominated by Ephemeroptera (mayflies), Plecoptera 
(stoneflies), and Chironomids while minor taxa included Trichoptera (caddisflies), non-
chironomid dipterans, water mites, and worms.   

At UBIR004, the invertebrate abundance was very high (7361, Table 8), 
comparable with the reference group 95Th percentile value (7391).  Taxa richness was 
similar to the median value for the reference group, 19 taxa and 18 taxa respectively.  
Individuals in the family Baetidae (Ephemeroptera) were very abundant at the site, 
making up 47% of the community.  The families Nemouridae (Plecoptera) and 
Chironomidae (Diptera) and made up an additional 23% of the community.  While all of 
the community metric values for Owl 4 Creek fell within the central 90th percentile range 
calculated for the reference group 2 communities, the high abundance of invertebrates 
and specifically of Chironomidae individuals has been found in other streams with as low 
as 1% harvesting in the watershed in the year following harvest (Martel et al. 2007).  
Metric values suggest a diverse and even community with a moderate number of taxa 
and a large proportion of EPT taxa (89%).  On the ordination plots, the site fell outside 
the 90% probability ellipse in two plots, indicating it was “slightly stressed” (Figure 17).   
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Figure 17  Ordination plots for UBIR004 test site (Owl 4 km Creek) shown in red and 

reference sites shown in blue belonging to group 2.  The ellipses correspond to 
90% (inner ellipse), 99% (middle ellipse), and 99.9% (outer ellipse) probabilities. 
The conclusion is that the test site is slightly stressed because it lay on or outside 
the 90% ellipse in two plots. 

Owl ML 6 km Creek (UBIR005) 

UBIR005 is an unnamed tributary to the Bell-Irving River.  The stream was 
sampled approximately 30 meters upstream of the Owl mainline bridge crossing at 
kilometre 6.  The second order stream was clear and steep (8% gradient) with an 
average bankfull width of 3.3 meters (Figure 18).  On average the depth was 11 cm and 
the predominantly cobble (6 to 26 cm) and pebble (4 mm to 6 cm) substrate was 
unembedded.  The discharge at the time of sampling was 0.05 m3·sec-1. 

 
Figure 18  Unnamed tributary to the Bell Irving River, sampling area upstream of 6 km 

bridge crossing on the Owl mainline (Owl 6 km Creek, UBIR005), Sept. 30th 
2009. 

UBIR005 is predicted to the Group 2 reference sites based on the 6 predictor 
variables.  Invertebrates were abundant in the group 2 reference communities, with the 
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central 90th percentile ranging from 560 to 7,391 (Table 8).  Invertebrate communities at 
group 2 reference sites were dominated by Ephemeroptera (mayflies), Plecoptera 
(stoneflies), and Chironomids while minor taxa included Trichoptera (caddisflies), non-
chironomid dipterans, water mites, and worms.  At UBIR005, the invertebrate abundance 
was moderately high (2424, Table 8), comparable with the reference group median 
value (2031).  Taxa richness was at the high end of the range for the reference group 
(23 taxa), while EPT taxa richness was higher than expected (17 at UBIR005).  
Individuals in the family Baetidae (Ephemeroptera), Nemouridae (Plecoptera) and 
Ephemerellidae (Ephemeroptera) were the three most dominant taxa and made up 58% 
of the community.  Metric values suggest a highly diverse and even community with a 
large proportion of EPT taxa (92%).  On the ordination plots, the site fell inside the 90% 
probability ellipse in all three plots, indicating a stream in reference condition (Figure 19).   

 

   
Figure 19  Ordination plots for UBIR005 test site (Owl 6km Creek) shown in red and 

reference sites shown in blue belonging to group 2.  The ellipses correspond to 
90% (inner ellipse), 99% (middle ellipse), and 99.9% (outer ellipse) probabilities. 
The conclusion is that the test site is in reference condition because it lay inside 
the 90% ellipse in all three plots. 
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RECOMMENDED FOLLOW-UP ACTIONS 

Four of the seven sites assessed in 2009 were found to be slightly different from 
reference condition.  By definition, 10% of the reference sites in a group will fall on or 
outside the 90th probability ellipse.  To determine an appropriate follow-up course of 
action for a test site that failed an assessment, it is useful to consider the distance of the 
test site from the reference cloud, especially for those sites classified as slightly 
stressed.  For one site, Spruce Creek (LBIR004), the test site fell very close to the 90th 
probability ellipse in the ordination plots and should not be considered significantly 
different from reference condition.   

For all sites sampled in 2009, reassessment is recommended following forest 
harvest to track changes in site condition and implement remedial strategies as 
necessary. 
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APPENDIX 1  FIELD SHEET FOR SKEENA BEAST ASSESSMENTS IN 2008 

Stream Name 
 

EMS # CABIN Code 

Date 
 

Time Field Crew 

 
A. Weather Conditions 

 
Now:  storm (heavy rain)  Past 24 hours:  storm (heavy rain) 

    rain (steady rain)     rain (steady rain) 
    showers (intermittent)     showers (intermittent) 

  overcast       overcast 
  clear/ sunny      clear/ sunny 
Has there been a heavy rain in the past 7 days?   Y    N 

 
 
B. General Site Information 

Potential Reference Site?  Y    N 
     Potential QA / QC Site?  Y    N 

 
GPS Unit # 
 

GPS Datum 
                          NAD83 

Elevation (m) 

Latitude (decimal degrees) 
 

Longitude (decimal degrees) Waypoint Name 

Site Description 
 
 
 
 
 
 
Sample Site Diagram (draw a diagram of the site and indicate areas sampled; include a scale) 
 
 
 
 
 
 
 
 
 
 
 
 
                                                             Map Scale:    0  -------------------------------------------------  ____m 
 
 
 
Photos: 

 Field Sheet           Upstream           Downstream           Across           Substrate         Canopy 
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C. Water Quality                                                    

 
                                   Requisition #________________________ 

Field Measurements: 
 

Air Temp 
(ºC) 

Water Temp 
(ºC) 

pH Spec. Conductance (µS) D.O. 
(mg/L) 

Turbidity 
(NTU) 

 
 
Water Samples: 

 General Ions (1L)           Nitrogen (120mL)            TOC (120mL)             Metals (120 ml do not rinse)  
 Phosphorus (120mL)                                                    Preserved (H2SO4)      Preserved (HNO3)  

  
 
D. Benthic Invertebrates 
 

Sample riffle zones using 400µm Kicknet for 3 minutes 
Sample Number 1 2 (QA/QC) 

Operator Name   
Typical Depth (cm) in kick area   
Number of sample jars filled   
Ethanol added to sample?   

Notes: 
 
 
E. Stream Characteristics 
 

Stream Clarity:      Glacial           Clear           Stained          Other________________________ 
 

Gradient (%):  ______ (Using a hand level, stand in the middle of the stream looking upstream. Measure the change in 
height between A and B as shown below). 

  
 

A-B tape distance:____ 
Height of A:_________ 
Height of B:_________ 

 
 
 
 
 
Habitat Units Present (estimate 
% of visible channel area 
occupied by each; represent 6x 
bankfull width) 

_____ Pools     _____ Glides/Runs     _____ Riffles     _____ Cascades/Rapids     _____ Other 
  

Down 
stream

Hand 
level

Metre 
stick

Metre 
stick

30 metres

10 cm into 
stream

10 cm into 
stream

A (in metres)

B (in metres)

Gradient (%) = (A – B) ÷ 30 × 100

Up stream

Flow
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Stream Widths (measure wetted width and channel width at 3 different locations within the 6x bankfull; Middle 
measurement should be from within kicked area) 
 

Stream Location Wetted Width (m) Bankfull Width (m) 
Downstream   

Middle   
Upstream   
Average   

 
Stream Cross-Section at Upstream End (from somewhere in the kicked area, measure depth and velocity at 5-8 

equidistant points across the stream) 
 
Current meter used for velocity measurements:  _______________________ 
 
Channel Data: Width, Depth, Velocity 
 
Location at site ________________________________________________(note where in sample site i.e. d/s of kick 
area) 
 
A. Bankfull Width ________(m)   
B. Bankfull–Wetted Depth (Height from water surface to Bankfull) ________(cm) 
C. Wetted Stream Width: ___   __(m) 
 

 
Note: Measure 5-8 equidistant locations 
 
 

Wetted Width 
(m) 

Shore 
reading 1 2 3 4 5 6 7 8 Avg. 

Distance from 
Shore - Tape 
reading (m) 

 
 
 

         

Depth (cm) 0  
         

Velocity (m/s) 0  
         

 
 
F. Macrophytes and Periphyton 
 
Macrophyte Coverage (circle the one which describes the amount of stream bed covered by macrophytes; include 

aquatic vascular plants such as grass and moss) 
 
 0%  1-25%  26-50%  51-75%    76-100% 
 
Periphyton Coverage (check only 1 square that best describes the presence of periphyton in running water) 
 

Periphyton Green Light Brown Green/Light Brown Black/Dark Brown Brown/Reddish 
Not slippery (<0.5mm thick)      
Slightly slippery (0.5-1mm thick)      
Noticeably slippery (1-5mm thick)      
Very slippery (5-20mm thick)      
Rocks mostly obscured (>20mm thick)      

 
  

A
B

C
D1
V1 D2

V2

D3
V3

D4
V4

D5
V5
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G. Substrate Characteristics (What is dominant? How buried?) 
 
% Composition (estimate % composition of each substrate type within the reach – Wentworth Scale) 
 

_____sand _____gravel _____pebble _____cobble _____boulder _____bedrock 
(<2mm)                (2-4mm)  (4mm-6cm)          (6-26cm)  (>26cm) 

 
 

EMBEDDEDNESS CATEGORY 
FOR DATA ENTRY 

Checkmark appropriate 
column 

Completely embedded 1  
3/4 embedded 2  
1/2 embedded 3  
1/4 embedded 4  
unembedded 5  

(how deep substrate is buried in surrounding material in riffle zone, not compactness) 
 
 

Pebble Count (zig-zag through the benthic sampling area, stopping every 2 steps to select and measure pebble diameter 
– record the intermediate diameter to the nearest 0.5cm) 

 
 

Pebble # Diameter (cm) Pebble # Diameter (cm) Pebble # Diameter (cm) Pebble # Diameter (cm) 

1  26  51  76  
2  27  52  77  

3  28  53  78  

4  29  54  79  

5  30  55  80  

6  31  56  81  

7  32  57  82  

8  33  58  83  

9  34  59  84  

10  35  60  85  

11  36  61  86  

12  37  62  87  

13  38  63  88  

14  39  64  89  

15  40  65  90  

16  41  66  91  

17  42  67  92  

18  43  68  93  

19  44  69  94  

20  45  70  95  

21  46  71  96  

22  47  72  97  

23  48  73  98  

24  49  74  99  

25  50  75  100  
Fine Sediment Sample   (check if taken - to be analysed for % gravel % sand% silt % clay) 
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H. Cover 
 
Overall Percent Cover (observe the entire stream reach and visually estimate % coverage of the wetted surface area, 

within 1m of the water surface; consider the cover types listed below)  ___________% 
 
Cover Types and Amount (indicate the abundance of each cover type by ticking the appropriate category) 
 
 

Cover Type None Trace Moderate Abundant 

Woody structure         

Boulders         

Undercut banks         

Deep pools         

Overhanging Vegetation         

Other:         
 
 
I. Riparian Vegetation 
 
Vegetation Types (indicate which vegetation types are present & circle the dominant cover in the riparian) 
 

Grass/Herb 
 
 
 

Deciduous Forest (trees >5m tall) 
 
 

Shrub (may include grasses/herbs growing 
beneath shrubs) 

 
 
 

Coniferous Forest 
 
 

 
 
Structural Stage (indicate the structural stage of the dominant vegetation) 
 

  Non-vegetated or initial stage following disturbance, with less than 5% cover 
 shrub / herb stage, less than 10% tree cover 
 pole-sapling stage, with trees overtopping the shrub layer, usually less than 15-20 years old 
 young forest (30- 80 years) - forest canopy is differentiating into distinct layers 
 mature forest - well developed understory 

 
 
Canopy Coverage (circle the proportion of the surface area of the stream covered by the projecting riparian canopy; hint - 

stand in the middle of the stream and look up!) 
 

0%                   1-25%                   26-50%                   51-75%                   76-100% 
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J. Disturbance Indicators: (USEPA Habitat Assessment Info) 
 

Indicate the presence of the following disturbance indicators at the site: 
 

Bed Characteristics 
  Extensive areas of scour    Extensive areas of (unvegetated) bar 
  Large extensive sediment wedges   Elevated mid-channel bars 
  Extensive riffle zones     Limited pool frequency and extent 

 
Channel Pattern 

  Multiple channels (braiding) 
 

Banks 
  Eroding banks     Isolated side channels or backchannels 

 
Large Woody Structure 

  Most parallel to banks    Recently formed jams 
 
Odours (indicate the presence of the following in the substrate) 

 None      Sewage      Petroleum      Anaerobic (H2S)      Chemical      Other____ 
 
 Oils (indicate the presence of the following in or around the stream) 

 Absent      Slight      Moderate      Profuse 
 
 
K. Mountain Pine Beetle Infestation: Forest Health 
 
 Estimate riparian by considering 30m from stream and estimate watershed based on observations en route to site.  

Estimate watershed by local knowledge and observation while in the watershed. 
 

 RIRARIAN WATERSHED 

% Trees that are Pine  
  

% Pine Trees that are “Red” 
 

  

% Pine Trees that are “Grey”  
  

 
 
L. Land Use 
 
Predominant Surrounding Land Use (consider what is visible from the sample site, or known/suspected to be occurring 
upstream; tick all that apply) 

 Forest (undisturbed)  Field / Pasture   Urban    Recreational (Park)  
 Cut-Block Logging  Agriculture   Rural Residential    Other        
 Selective Logging  Mining   Commercial / Industrial  (describe): 

Notes:  
 
 
 
Erosion  (visible at sample site)                  Local Watershed NPS Pollution   

 Heavy   None     Obvious sources        
 Moderate       Some potential sources              
 Light        No evidence   

       Possible Sources (if present):0 
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M. USEPA Rapid Bioassessment Procedure (RBP) Habitat Assessment Field Sheet  
 
Major, E.B. and M.T. Barbour.  1997.  Standard Operating Procedures for the Alaska Stream Condition Index:  A 
Modification of the U.S. EPA Rapid Bioassessment Protocols.  Prepared for Alaska Department of Environmental 
Conservation,  Anchorage,  Alaska. 
 
(For each habitat parameter, circle the number that most closely describes the condition of the stream habitat) 
 
Habitat Parameter Category 
 Optimal Suboptimal Marginal Poor 
1.  Epifaunal Substrate / 
Available Cover 

Greater than 70% of 
substrate favourable for 
epifaunal colonization, 
mix of snags, 
submerged logs, 
undercut banks, cobble 
or other stable habitat 
and at stage to allow full 
colonization potential (ie, 
logs/snags that are not 
new fall and not 
transient 

40-70% mix of stable 
habitat; well-suited for full 
colonization potential; 
adequate habitat for 
maintenance of 
populations; presence of 
additional substrate in the 
form of newfall, but not 
yet prepared for 
colonization (may rate at 
high end of scale) 

20-40% mix of stable 
habitat; habitat 
availability less than 
desirable; substrate 
frequently disturbed or 
removed. 

Less than 20% stable 
habitat; lack of habitat is 
obvious; substrate 
unstable or lacking. 

SCORE 20   19   18   17   16 15   14   13   12   11 10    9    8    7    6 5    4    3    2    1    0 
2.  Embeddedness Gravel, cobble, and 

boulder particles are 0-
25% surrounded by fine 
sediment.  Layering of 
cobble provides 
substantial niche space.  

Gravel, cobble, and 
boulder particles are 25-
50% surrounded by fine 
sediment. 

Gravel, cobble, and 
boulder particles are 
50-75% surrounded by 
fine sediment. 

Gravel, cobble, and 
boulder particles are 
more than 75% 
surrounded by fine 
sediment. 

SCORE 20   19   18   17   16 15   14   13   12   11 10    9    8    7    6 5    4    3    2    1    0 
3.  Velocity-Depth 
Combinations 

All four velocity-depth 
combinations present 
(slow-deep, slow-
shallow, fast-deep, fast-
shallow) 

Only 3 of the 4 
combinations present (if 
fast-shallow is missing, 
score lower than if 
missing other 
combinations) 

Only 2 of the 4 habitat 
combinations present 
(if fast-shallow or slow-
shallow are missing, 
score low). 

Dominated by 1 velocity-
depth combination 
(usually slow-deep). 

SCORE 20   19   18   17   16 15   14   13   12   11 10    9    8    7    6 5    4    3    2    1    0 
4.  Sediment Deposition Little or no enlargement 

of islands or point bars 
and less than 5% (<20% 
for low gradient streams) 
of the bottom affected by 
sediment deposition.  

Some new increase in bar 
formation, mostly from 
gravel, sand or fine 
sediment; 5-30% (20-50% 
for low-gradient) of the 
bottom affected;  slight 
deposition in pools. 

Moderate deposition of 
new gravel, sand or 
fine sediment on old 
and new bars; 30-50% 
for low-gradient) of the 
bottom affected; 
sediment deposits at 
obstructions, 
constrictions, and 
bends; moderate 
deposition of pools 
prevalent. 

Heavy deposits of fine 
material, increased bar 
development; more than 
50% ( 80% for low-
gradient) of the bottom 
changing frequently;  
pools almost absent due 
to substantial sediment 
deposition. 

SCORE 20   19   18   17   16 15   14   13   12   11 10    9    8    7    6 5    4    3    2    1    0 
5.  Channel Flow Status Water reaches base of 

both lower banks, and 
minimal amount of 
channel substrate is 
exposed. 

Water fills >75% of the 
available channel; or 
<25% of channel 
substrate is exposed. 

Water fills 25-75% of 
the available channel, 
and/or riffle substrates 
are mostly exposed. 

Very little water in 
channel and mostly 
present as standing 
pools. 

SCORE 20   19   18   17   16 15   14   13   12   11 10    9    8    7    6 5    4    3    2    1    0 
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Habitat Parameter Category 
 Optimal Suboptimal Marginal Poor 
6.  Channel Alteration Channelization or dredging 

absent or minimal;  stream 
with normal pattern. 

Some channelization 
present, usually in areas 
of bridge abutments;  
evidence of past 
channelization, ie, 
dredging, (greater than 
past 20 yr) may be 
present, but recent 
channelization is not 
present. 

Channelization may 
be extensive; 
embankments or 
shoring structures 
present on both 
banks; and 40 to 80% 
of stream reach 
channelized and 
disrupted. 

Banks shored with 
gabion or cement; over 
80% of stream reach 
channelized and 
disrupted.  Instream 
habitat greatly altered 
or removed entirely. 

SCORE 20   19   18   17   16 15   14   13   12   11 10    9    8    7    6 5    4    3    2    1    0 
7.  Channel Sinuousity Occurrence of riffles (or 

bends) relatively frequent; 
ratio of distance between 
riffles divided by width of the 
stream <7:1 (generally 5 to 
7); variety of habitat is key.  
In streams where riffles are 
continuous, placement of 
boulders or other large, 
natural obstruction is 
important.  All 4 velocity-
depth patterns present. 

Occurrence of riffles (or 
bends) infrequent; 
distance between riffles 
divided by the width of 
the stream is between 7 
to 15.  Only 3 of 4 
velocity-depth patterns 
present (ie, slow-deep, 
slow-shallow, fast-deep, 
fast- shallow). 

Occasional riffle or 
bend;  bottom 
contours provide 
some habitat; 
distance between 
riffles (or bends) 
divided by the width of 
the stream is between 
15 to 25.  Only 2 
velocity-depth 
patterns present; 
usually lacking deep 
areas. 

Generally all flat water 
or shallow riffles (or 
bends); poor habitat; 
distance between riffles 
divided by the width of 
the stream is a ratio of 
>25.  Dominated by 
one velocity-depth 
pattern. 

SCORE 20   19   18   17   16 15   14   13   12   11 10    9    8    7    6 5    4    3    2    1    0 
8.  Bank Stability (score 
each bank) 
 
Note: determine left or 
right side by facing 
downstream   

Banks stable; evidence of 
erosion or bank failure 
absent or minimal; little 
potential for future 
problems.  <5% of bank 
affected. 

Moderately stable; 
infrequent, small areas 
of erosion, mostly 
healed over.  5-30% of 
bank in reach has areas 
of erosion. 

Moderately unstable; 
30-60% of bank in 
reach has areas of 
erosion; high erosion 
potential during 
floods. 

Unstable; many eroded 
areas; ‘raw’ areas 
frequent along straight 
sections and bends; 
obvious bank 
sloughing; 60 – 100% 
of bank has erosional 
scars. 

SCORE (LB) 20   19   18   17   16 15   14   13   12   11 10    9    8    7    6 5    4    3    2    1    0 
SCORE (RB) 20   19   18   17   16 15   14   13   12   11 10    9    8    7    6 5    4    3    2    1    0 
9.  Bank Vegetative 
Protection (score each 
bank) 

More than 90% of the 
streambank & immediate 
riparian zone surfaces 
covered by native 
vegetation, including trees, 
understory shrubs, or 
nonwoody macrophytes; 
vegetative disruption 
through grazing or mowing 
minimal or not evident; 
almost all plants allowed to 
grow naturally. 

70-90% of the stream-
bank surfaces covered 
by native vegetation, but 
one class of plants is not 
well-represented; 
disruption evident but 
not affecting full plant 
growth potential to any 
great extent; more than 
one-half of the potential 
plant stubble height 
remaining. 

50-70% of the 
streambank surfaces 
covered by 
vegetation; disruption 
obvious; patches of 
bare soil or closely 
cropped vegetation 
common; less than 
one-half of the 
potential plant stubble 
height remaining. 

Less than 50% of the 
streambank surfaces 
covered by vegetation; 
disruption of 
streambank vegetation 
is very high; vegetation 
has been removed to 5 
centimeters or less in 
average stubble height. 

SCORE (LB) 20   19   18   17   16 15   14   13   12   11 10    9    8    7    6 5    4    3    2    1    0 
SCORE (RB) 20   19   18   17   16 15   14   13   12   11 10    9    8    7    6 5    4    3    2    1    0 
10.  Riparian Vegetative 
Zone Width (score each 
bank riparian zone) 

Width of riparian zone >18 
meters; human activities (ie 
parking, roadbeds, 
clearcuts, lawns, or crops) 
have not impacted zone. 

Width of riparian zone 
12-18 meters; human 
activities have impacted 
zone only minimally. 

Width of riparian zone 
6-12 meters; human 
activities have 
impacted zone a great 
deal. 

Width of riparian zone 
<6 meters; little or no 
riparian vegetation due 
to human activities. 

SCORE (LB) 20   19   18   17   16 15   14   13   12   11 10    9    8    7    6 5    4    3    2    1    0 
SCORE (RB) 20   19   18   17   16 15   14   13   12   11 10    9    8    7    6 5    4    3    2    1    0 
 
 
 


