
 
 
 

Development of indicators of stream condition, function, and capacity for 
juvenile salmon 

 
 
 
 
 

Final (interim) Technical Report 
BC Forest Science Program 

2007 
 
 
 
 

FP Number: Y073113 
 
 

Jordan Rosenfeld 

 1



 
ABSTRACT  

 
 Minimizing impacts of forestry on stream ecosystems requires cost-effective 
methods to assess stream health.  The monitoring and assessment of stream 
condition, function, and carrying capacity for fish requires application or 
development of appropriate assessment indices and protocols.   Indicators of 
condition are fundamental to establishing resource objectives for streams, and 
evaluating whether objectives are being met.  Most commonly used indicators of 
stream condition relate to channel structure and instream habitat features (Bain and 
Stevenson 1999).  While physical habitat factors are critical components of stream 
condition and function, the role and use of biological components in standard 
assessment of condition and function have been neglected, which may be a 
significant factor contributing to inaccurate assessment of habitat condition and 
juvenile salmon rearing capacity.  Goals of this project are to determine which 
combinations of physical or biological variables are the best indicators of stream 
condition (in terms of capacity to support juvenile salmon), as well as the costs and 
benefits of data acquisition involving varying levels of effort, providing a formal 
basis for optimizing information gained for effort expended.   

 
INTRODUCTION 

  
There is a large suite of different indicators of stream condition available, most of 

which relate to water quality (Karr 1991), channel structure, or instream habitat 
features (Bain and Stevenson 1999).  Water-quality related indices of stream 
condition (i.e. Index of Biotic Integrity (IBI); Karr 1991) are most appropriate for 
streams subject to chemical or nutrient contamination in urban, agricultural, or 
industrial landscapes.  Although water quality is fundamental to monitoring and 
assessing stream condition, we do not focus on water quality related indices of 
stream condition in this proposal because i) an extensive array of methodologies 
already exist for assessing stream water quality in terms of both chemistry (e.g. 
chemical analysis or invertebrate taxonomy; Karr 1991) and temperature (e.g. 
installation of temperature loggers), and ii) because altered water quality is usually 
not the primary forestry impact in British Columbia (with the exception of 
suspended sediment inputs and elevated temperature, and criteria for temperature-
sensitivity are either well defined (Oliver and Fidler 2001) or in development (Eric 
Parkinson, Aquatic Ecosystem Science Section, B.C. Ministry of Water, Land, and 
Air Protection, pers com).  

 
The most common and widespread impacts of forestry on function and 

productivity of streams in British Columbia relate to changes in physical habitat 
structure (Hartman and Scrivener 1990, Rosenfeld and Huato 1993) and the carbon 
(food) base of the stream ecosystem (Piccolo and Wipfli 2002).  The focus of this 
project is therefore the development of indices of stream condition and function 
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related to physical habitat structure and biological productivity. This study will also 
support the development of rapid assessment protocols for evaluating stream 
condition, with the goal of developing a framework that optimizes the costs and 
benefits of data acquisition.   
 

Although most non-water quality related indices and biostandards of stream 
condition and productivity relate to physical habitat factors (e.g. Johsnston and 
Slaney 1996 Table 5), many of these biostandards remain poorly defined or 
unvalidated.  In addition, the role and use of biological variables in standard 
assessment of condition and function have been neglected.  Biological variables (e.g. 
invertebrate drift or benthic biomass) are often ignored in assessments of stream 
capacity for rearing juvenile salmonids (e.g. Rosenfeld et al. 2000), and this may be a 
significant factor contributing to unexplained variance in assessment of habitat 
condition.  It remains unclear whether physical attributes are sufficient to 
adequately characterize stream condition and function, and whether 
trophic/productivity factors (e.g. organic matter abundance and retention, water 
column nutrients, conductivity) can increase the resolution of assessment of both 
condition and capacity, and if so at what cost.  

 
 This project will collect information on both stream physical habitat structure 
(Johnson and Slaney 1996, Moore et al. 1997, Rosenfeld et al. 2000), biological 
variables (e.g. organic matter abundance and retention, invertebrate drift 
abundance, benthic invertebrate biomass, water column nutrients, conductivity, 
suspended solids, and temperature) and fish abundance.  Where possible, we will 
select sites that have long-term data on fish abundance (e.g. coho index sites), so that 
the focus of field work can be on indicators of condition rather than more labour 
intensive fish collection.  We will then use fish biomass or production, invertebrate 
biomass, and organic matter retention as objective benchmark measures of stream 
function, condition, and carrying capacity, and assess which individual or composite 
indicator variables have the best predictive potential for rapid field assessment and 
monitoring.  We will also do an a posteriori assessment of different data collection 
protocols to evaluate the cost/benefit in terms of information content gained for 
time and labour expended. 

 
Our approach will differ from more traditional ones in that we will explicitly 

integrate indices of both physical habitat structure and biological criteria, in 
particular metrics of prey abundance in the drift as a measure of productivity of the 
food base for drift-feeding salmonids.  Ultimately this information will lead to the 
development and application of innovative monitoring and assessment approaches 
in forested streams, and a better understanding of both the drivers and indicators of 
function and capacity to rear juvenile salmon. 

 
Project objectives can be summarized as: 
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1) To develop and test indicators of stream condition and function in British 
Columbia.  

 
2) To develop a rapid assessment protocol for assessing stream capacity for 

rearing juvenile salmon based on a hierarchy of variables of increasing sampling 
effort.  Our approach will differ from more traditional ones in that we will integrate 
indices of both physical habitat structure and biological criteria (organic matter 
storage, invertebrate abundance, etc.), and develop a better understanding of how 
biological variables drive juvenile salmon production, as well as their predictive 
correlates in different regions of B.C. (e.g. coast vs. interior). 

 
3) To place protocols within an optimization framework that identifies indicators 

and protocols that give the maximum information per unit effort, so that managers 
can optimize effort in monitoring, and quantify the explicit trade-off between 
confidence in assessment and effort. 

 
4) To communicate this information to managers and fisheries habitat inventory 

biologists, so that the results can be used to develop regional inventory and 
monitoring protocols. 

 
 

Methods 
  

Overview 
 
This was a three-year project involving field evaluation of stream condition and 

assessment indices over a period of 2 field seasons.  Field work, data collection, 
analysis, and evaluation of different indices were planned for project years 2 and 3; 
data analysis and interpretation is currently ongoing.  Activities in project year 1 
(Jan 2005-March 2005) have focused on defining the suite of candidate variables 
suitable for monitoring condition and capacity, and included a summary assessment 
of candidate physical and biological variables and methodologies that can be used 
for assessing stream condition based on a literature review, which is attached as a 
separate report.  Project delivery in the 2005 and 2006 field seasons involved field 
work and data collection by an M.Sc. graduate student (Sandra Nicol) and field 
assistants under the supervision of the project leader.  Sandra began her thesis and 
coursework in the Department of Zoology at UBC in Jan 2005, and has now collected 
2 years of data in support of the data set necessary for this project (data from 40 
sites, including invertebrate drift samples from a subset of 30 of these streams). 

In addition to collecting physical and biological (fish and invertebrate drift 
abundance) data at 40 streams sites for determining the relative predictive power of 
different variables as described above,  Sandra also included in her thesis a sub-
analysis to determine spatial and temporal variation of invertebrate drift.  Because 
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the stream sites in her survey were visited only once, day-to-day variance in 
invertebrate drift at survey sites is unknown. Monthly differences in drift abundance 
(e.g. seasonal trends) area also unknown, so that it is difficult to evaluate how well 
samples collected during a single day in the summer represent true drift abundance.  
To determine the magnitude of daily and monthly variation relative to spatial 
variation (i.e. differences in drift abundance between sites relative to within sites), 
Sandra also sample 4 sites (2 coastal, 2 interior) on multiple days through June, July, 
August, and September.  This task involved processing a large number of additional 
drift samples, but is a necessary step in validating the use of invertebrate drift as an 
index of stream condition and productivity. 

 
Detailed Methods 
 
Study sites 
 
Study streams were selected to include a range of stream conditions, sizes, and 

productivity levels.  Forested fish-bearing streams in southwestern British Columbia, 
including Vancouver Island, the Lower Mainland and the Interior region were selected.  
Streams with existing salmonid capacity data were chosen when possible over streams where 
sampling was required.  High gradient streams were excluded.  A total of 40 sites were 
sampled in 2005 an 2006. 

 
Study reaches were 20-30 bankfull widths long (80-250 m), and did not have major 

tributaries or changes in valley form, vegetation, or land use (as in Moore et al., 1997).  GPS 
coordinates for the access point were recorded.  

 
Fish density 
 
Data on salmonid density (biomass per square meter) was either collected from existing 

data sets or from the field.  Triple-pass depletion electrofishing was done on a subset of 
channel units for each stream that did not have existing density data.  This subsample was 
used to determine the salmonid capacity of the study reach.  Depletion electrofishing 
(double- or triple-pass) was used to collect all of the salmonid density data used for this 
study. 

 
Invertebrate drift 
 
Invertebrate drift samples were collected at the upstream end of pools, at junctions with 

riffles.  Samples were collected with a 1 m long, 250 μm mesh net with an opening 0.2 m 
wide, for 180-300 minutes, depending on water velocity.  The depth of the water being 
filtered and the water velocity at the net opening were measured in order to calculate the 
volume of water sampled, and thereby the density of drift invertebrates.  Samples were 
collected prior to stream surveys, or upstream of survey activity in order to prevent 
contamination of samples with disturbed bed material.  The samples were collected at least 
two hours after sunrise and two hours before sunset, to reduce daily variability in light 
intensity.  Samples were preserved using 5% formalin and returned to the lab for sorting.  
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Samples were not collected while it was raining, after rain until water levels had returned to 
pre-rain levels.   

Drift samples were sorted in the laboratory.  The first step of sorting was to remove 
invertebrates in the samples from the detritus at 10X magnification. Invertebrates were 
preserved in 70% ethanol until they were identified and measured at 12.5X magnification.  
Invertebrates were identified to order with some exceptions.  Non-arthropods such as 
nematodes were identified to phylum, and common arthropods such as chironomids were 
identified to sub-family.  The mass of invertebrates in each sample was calculated using 
published taxa-specific length-weight regressions (Sample et al., 1993; Meyer, 1989; Smock, 
1980).  Invertebrate drift samples were digitized from a subset of 30 of the survey sites. 

 
Habitat surveys 
 
Stream surveys were conducted similarly to the method described by Moore et al. (1997).  

The length and width of each channel unit was measured, including units in secondary and 
backwater channels.  These measurements were used to calculate the percent of the site area 
made up of each channel unit type, as well as to determine the mean bankfull width.  The 
area of cover available to fish from each of four sources (LWD, small woody debris, banks, 
and boulders) and the substrate composition (fines, gravel, cobbles, boulders, bedrock, % 
coarse particulate organic matter (CPOM) and % fine particulate organic matter (FPOM)) of 
each channel unit were estimated. 

 
Thalweg depth was measured at 3-5 locations, at the downstream end of pools when 

possible (as in Hogan, 1996).  At these cross sections several other measurements were 
made: the intermediate dimension (middle length of the x, y, and z axes) of the five largest 
water-moved pieces of sediment, the canopy cover, and the canopy composition (percentage 
cover of conifer, alder, and other deciduous trees).  Habitat surveys were conducted at all 40 
survey sites. 

 
Cost-effectiveness of habitat factors 
 
The costs of these habitat variables was assessed by determining the field time and 

laboratory time required to measure the variables.  The field time required to measure 
channel unit lengths, widths and depths was determine, as well as the time required to 
estimate substrate and cover availability and the time to perform channel cross sections.  The 
total time for each variable was determined by adding the field and laboratory times.  The 
effectiveness of each factor as a predictor of salmonid density was determined by calculating 
the partial coefficient of determination. 

 
 

Results 
 

 
 Because processing of lab samples is only recently complete, data analysis to date 
is preliminary.  Exploratory univariate regressions between fish abundance and habitat 
variables show relatively weak relationships (Figures 1-3).  This is not surprising given 
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potential interactions between variables, and supports the need for detailed 
multivariate regressions between fish abundance and biotic and abiotic variables, as 
planned.   
 All physical habitat and fish abundance data collected at 40 sites have been 
entered into a database in preparation for analysis.  Invertebrate drift samples have also 
been sorted and digitized (identified to genus or family and lengths of invertebrates 
measured).  Invertebrate drift samples to determine daily and seasonal variation have 
also been sorted and digitized.  This data has also received preliminary analysis, and 
indicates that variance of invertebrate drift abundance within sites is less than that 
between (Fig. 4).  This is a necessary precondition for drift being a useful and consistent 
indicator of differences in drift abundance between sites, despite daily variation in drift 
rates within a site. 
 

 
 
 
Figure 1.  Relationship between fish density and riparian canopy metrics. 
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Figure 2.  Relationship between fish density and cover metrics. 
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Figure 3.  Relationship between fish density and habitat type metrics. 
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Figure 4.  Invertebrate drift concentration (mg dry weight per litre) vs. month (1 = June, 
2 = July, 3 = August,  4  =  September) for 2 interior (blue and black bars) and 2 coastal 
(yellow and red bars)  streams sampled twice each month.  Data are the mean and 
standard deviation around 4 samples collected on two separate days each month. 
 

Discussion 
 
 Any discussion of results at this stage is superficial because only preliminary 
analysis have been completed.  Exploratory univariate analyses suggest weak 
relationships between fish density and predictor habitat variables, but this is not 
suprising given interactions between variables and the need for multivariate analysis to 
account for biological factors.  The preliminary analysis of variance in daily drift 
abundance relative to differences in mean drift abundance between sites (system 
productivity) is encouraging (Fig. 4), and indicates that invertebrate drift is consistently 
difference between sites, supporting its use as a meaningful indicator of prey 
abundance for juvenile salmonids.   

 
Conclusions and management applications 
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 Given the preliminary nature of the data analysis, no meaningful inferences can 
yet be drawn concerning potential management applications. 
 

Project status and completion plan 
 

 This project is well behind schedule, and should have been completed by the end 
of the fiscal year.  The project is delayed because processing of biological (drift) samples 
in the lab took longer than anticipated.  Since a pivotal part of the project is to compare 
the predictive ability of physical and biological variables, it was essential that samples 
be processed from a significant subset of sites (30 of 40).  
 Processing of drift samples and all associated laboratory work is now complete, 
and data analysis is in progress.  Sandra Nicol (the graduate student doing this work) 
will be completing analyses this summer as the core of her graduate thesis, and is 
planning on defending in early fall.  Completion of data analysis and report/thesis 
writing during the summer seems like a reasonable goal since the data analyses are 
fairly prescribed and pre-planned.  Sandra has also submitted an abstract of her work to 
present at the meeting of the North American International Chapter of the American 
Fisheries Society in Washington this summer. 
 We therefore anticipate that this project will be completed during the fall of 2007.  
It would have been possible to finish the project on schedule were we willing to reduce 
the number of sites sampled and the number of samples processed, but this would have 
compromised the quality of the science and greatly reduced our power to detect trends 
and achieve project goals.  Insofar as the project will proceed and be completed as 
planned with funds additional to those provided by FSP, FSP is getting a good deal, i.e. 
additional funds are being directed towards project completion while ensuring that FSP 
project goals are achieved.  This project is also undergoing a financial and performance 
audit in spring 2007. 
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