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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 were 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. 
 We surveyed 51 coastal and interior streams and collected information on 
juvenile salmon abundance and indices of physical habitat structure (channel width, 
substrate size, percent pool, channel gradient, LWD abundance) and biological 
productivity (canopy cover, conductivity, temperature, and invertebrate drift 
abundance).  Our objectives were 1) to determine the degree to which invertebrate 
drift (as an index of prey abundance for juvenile salmonids) varied across southern 
British Columbia streams, and whether differences in prey abundance between 
streams could be accurately characterized with low intensity sampling, 2) to 
determine the relative abilities of standard physical habitat variables vs. correlates of 
biological productivity (including drift) as predictors of juvenile salmon abundance, 
and 3) to determine the relative cost:benefit ratios of different predictors of juvenile 
salmon abundance.  
 Differences in invertebrate drift abundance between a set of 4 streams sampled at 
monthly intervals indicate that 2 replicate drift samples collected on the same day 
were sufficient to characterize large differences in drift abundance between streams, 
although 50% of the variation in drift abundance remained unexplained.  Multiple 
regression analysis of total juvenile salmon abundance, abundance of yoy rainbow 
trout, and abundance of yoy coho indicate that standard physical habitat variables 
(gradient, substrate size, percent pool, and LWD abundance) and select chemical 
and physical correlates of prey abundance (conductivity, canopy cover, benthic 
organic matter abundance, and temperature) were strong predictors of fish 
abundance.  Invertebrate drift abundance was not significantly correlated with fish 
abundance.  Cost-benefit analysis indicates that standard physical habitat variables 
and conductivity were the most cost-effective predictors in terms of the percent of 
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variance in fish abundance explained per unit time expended, and invertebrate drift 
samples were the least cost-effective. 

 
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 
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 
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column nutrients, conductivity) can increase the resolution of assessment of both 
condition and capacity, and if so at what cost.  

 
 This project collected 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 
selected sites with data on fish abundance (e.g. coho index sites), so that the focus of 
field work could be on indicators of condition rather than more labour intensive fish 
collection, although fish collection was necessary at half of the sites in order to 
generate a full data set.  We treated fish abundance as an objective benchmark 
measures of stream function, condition, and carrying capacity, and assessed which 
individual or composite indicator variables had the best predictive potential for 
rapid field assessment and monitoring.  We also performed 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 differed from more traditional ones in that we explicitly integrated 

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.  The goal was to use this information in 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: 
 
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 drift 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. 
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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 now largely complete.  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 51 
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 55 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 
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. 

 
Methods: temporal and spatial variation in drift abundance 
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 Temporal variation: magnitude of day-to-day and seasonal variation relative to  
  site effects 
 
 Four sites were chosen for repeated sampling to determine the magnitude of 
day-to-day variation in drift biomass: one small and one large stream from the west 
coast of British Columbia (coastal region, Husdon and Chapman Creeks, respectively), 
and one small and one large stream from the southern interior of BC (interior region, 
Senn and Yard Creeks, respectively).  Sites that differed in their size and geographic 
area were chosen so that any conclusions are not limited to a specific type of stream, 
such as small streams in the coastal region.  Sites were chosen from the pool of sties 
recommended by local fisheries biologists because they were representative of streams 
in their size classes in their regions.  Each site was sampled twice per month over four 
months (June to September 2005), with within-month samples 1-3 days apart to 
minimize effects of seasonal trends on daily variation.  No sampling was conducted 
during or soon after precipitation to standardize the effect of weather on drift 
abundance. Two replicate drift samples were collected on each sampling date, 
yielding16 samples per stream except for Yard Creek, where a second visit in June was 
cancelled due to weather. 
 
 Invertebrate Drift Sampling 
 
 Invertebrate drift samples were collected at the upstream end of pools 
immediately below riffles to standardize habitat effects on drift and to measure the 
quantity of drift that a dominant fish would experience at the head of a pool.  The nets 
were placed in separate pools, and as much as possible nets were positioned so that 
they did not filter the same water.  At sites with no suitable pools nets were placed in 
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 and velocity of the 
water in the net opening were measured in order to calculate the volume of water 
sampled, and thereby the biomass of drifting invertebrates per m3.  We conducted 
daytime sampling rather than 24-hour sampling because daytime drift abundance is 
more uniform (Waters, 1962), and most juvenile salmonids are visual predators that 
benefit from day time drift abundance.  Arguably, daytime drift samples more 
accurately represent prey abundance for juvenile salmonids than 24 hour drift samples 
where biomass is dominated by nocturnal peaks.  Drift samples were collected at least 
two hours after sunrise and two hours before sunset to reduce daily variability in light 
intensity, and were not collected during or after rain events until flow had returned to 
pre-rain levels.  Samples were preserved in 5% formalin and returned to the lab for 
sorting. 
 
 Invertebrates were sorted from detritus at 10X magnification in the laboratory 
and preserved in 70% ethanol for later identification and measurement using a digitizer 
(Roff and Hopcroft 1986).  Invertebrates were identified to order with some exceptions; 
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non-arthropods such as nematodes were identified to phylum, and common arthropods 
such as chironomids were identified to sub-family.  Each taxon was categorized as 
aquatic or terrestrial in origin.  Adult insects with aquatic larvae, such as Nematocera 
(suborder of Diptera), were counted as aquatic.  The dry mass (mg) of invertebrates in 
each sample was calculated using published taxa-specific length-weight regressions 
(Benke et al. 1999, McCauley 1984 ; M. Wipfli unpubl., Meyer 1989, Sabo et al. 2002, 
Sample et al. 1993, Smock 1980). 
 
 Temporal Variation Statistical Analysis 
 
 The magnitude of day-to-day, monthly, and between- and within-site variance 
was compared with mixed model analysis of variance using the lme4 package (Bates 
2007) in R 2.4.1 (www.r-project.org).  The models were fit using restricted maximum 
likelihood (REML).  Candidate models with the four combinations of fixed factors were 
compared to determine which best explained the variability in the drift density (mg dry 
mass per m3 water).  The full model included two fixed factors (region (Coast vs. 
Interior) and month (July-September)) and two random grouping factors (Julian day 
and site).  Month was an ordered factor.  Site was considered to be a random factor 
because the four sites were chosen to be representative of the population of available 
sites, not for specific interest in those particular sites.  The region model included 
region, Julian day, and site.  The month model included month, Julian day and site.  The 
random factors model included only the random factors Julian day and site. Drift 
densities were log transformed so that model residuals would meet assumptions of 
normality.  The models were compared using Akaike weights based on the Second-
Order Information Criterion (AICc, for small samples).  The weights were used to 
calculate evidence ratios to select the best fit model (Burnham and Anderson 2002). 
Variance components were calculated for the random factors to assess their relative 
contribution to total variance in drift abundance, with the residual variance 
representing variance associated with replicate samples collected on a single day.  This 
analysis was applied to total invertebrate biomass, aquatic invertebrates and terrestrial 
invertebrates separately. 
 
 Spatial variation: factors influencing drift abundance across multiple streams  
  at a landscape scale 
 
 Thirty sites (including the four sites used for the temporal study) in the coastal 
and interior regions of British Columbia were sampled for drift abundance and habitat 
features using the protocols described above in the summer of 2005 or 2006 (Figure 1).  
At the four temporal variation sites a third sample was collected on the first August 
sampling date, and the three samples from that date were used for the spatial analysis.  
Three drift samples were taken at all other sites, and average biomasses of replicate 
samples were used in analysis.  The 30 sites were chosen to cover a wide range of 
productivity levels and stream sizes (1.7-33.1 m channel width; Appendix 1).  
Measurements of habitat features were made on the same day as samples were 
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collected when possible. 
 
 Habitat Measurements 
 
 Spatial variation in drift, between and within streams, can also be considerable 
and is influenced by measurable habitat factors.  However, the measurement of habitat 
effects is complicated by the impact of upstream invertebrate density, which can be 
detected long distances downstream (Waters 1965, Wipfli and Gregovich 2002).  In 
order to be detected, therefore, habitat factors must be relatively consistent for a great 
enough distance that upstream invertebrate production levels do not mask their effects.  
That is, the impact of a short stretch of stream with no canopy cover probably cannot be 
detected downstream or even within that stretch due to mixing with invertebrate drift 
originating upstream.  For this reason habitat surveys were conducted for 80 m to 250 m 
and average values were calculated for the surveyed area.  Invertebrate drift samples 
were collected within the survey area. 
 
 Habitat surveys were conducted at all 30 sites (see Moore et al. 1997) to collect 
information on reach-level factors that may influence invertebrate drift abundance.  
Average summer temperature was estimated for each site using ClimateBC V.3.2 (Wang 
et al. 2006) and UTM coordinates and elevation measurements for each site.  
Conductivity was measured once at each site.  The intermediate dimension (middle 
length of the x, y, and z axes) of the five largest water-moved particles (Hogan 1996), 
and the percent canopy cover and the canopy composition (percent cover of conifer, 
alder, and other deciduous trees) were measured at 3-5 locations spaced throughout 
each site.  Note that the sum of the conifer, alder and other deciduous canopy cover was 
often greater than the total canopy cover estimate when the different types of canopies 
overlapped.  The length and width of each channel unit (riffle, pool, glide, run, and 
cascade) were measured, including channel units in secondary and backwater channels.  
These measurements were used to calculate mean bankfull width and the percent area 
of each site by channel unit type.  Substrate composition (fines, gravel, cobbles, 
boulders, bedrock, percent particulate organic matter (POM)), gradient, and depth of 
each channel unit were weighted by channel unit area to calculate average values for 
each site. 
 
 Spatial Variation Statistical Analysis 
 
 Relationships to predict total, aquatic, and terrestrial drift abundance were fit 
using linear models in R 2.4.1.  Models were fit using ordinary least squares on 
transformed, centred data.  Data were transformed for normality (Appendix 1) and 
centred to reduce colinearity between main effects and interaction effects {Quinn, 2002}.  
After examining correlation between the measured habitat variables, explanatory 
variables with correlation coefficients less than 0.7 were selected as a starting point for 
model selection.  These variables were average summer temperature (temp), 
conductivity (cond), largest particle (lp), percent alder cover, gradient, percent cover of 
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gravel sediment (grav), and percent cover of organic sediment (org).  Site elevation 
(elev) was related to region (region), and percent canopy cover (can) was correlated 
with bankful width (wb).  One of elev and region, one of can and wb, and the other 
seven target variables were included in four starting models for each invertebrate 
biomass value (total, aquatic, terrestrial).  Interaction terms were added to the starting 
models based on improved AIC values.  Terms were then removed from the starting 
models in a stepwise fashion until removing terms no longer improved AIC values.  
The models with the lowest AIC values were selected for comparison. The models were 
compared using Akaike weights based on the Second-Order Information Criterion 
(AICc for small samples).  The weights were used to calculate evidence ratios to select 
the best fit model (Burnham and Anderson 2002).  Tolerance, Cook’s Distance, and 
normality of the residuals were checked for all selected models.  Interactions included 
in final models were investigated using simple slopes (Quinn and Keough 2002).  
Habitat measurements from the two regions were compared using two-sample 
Student’s t-tests to examine differences between the regions. 

 
Methods: effectiveness of abiotic and biotic variables in predictive models 
of fish abundance 
 
 Fifty-one sites in the coastal and interior regions of British Columbia were 
sampled for drift abundance and habitat features in the summer of 2005 or 2006 (Figure 
1).  Sites were chosen to span a wide range of productivity and stream sizes (1.3 – 33.1m 
channel width; Appendix 1).  Every effort was made to find sites with reliable accounts 
of spawning adults to ensure that sites were saturated with juveniles and the habitats 
would be near carrying capacity.  Sample reaches were 20-30 bankfull widths long (80-
250m) with no major tributaries or changes in valley form, vegetation, or land use (as in 
Moore et al. 1997). 
 
 Fish density 
 
 Data on salmonid density were either collected from the field or from existing 
data sets (Decker 2005, Hanson 2005, Morgan 2001, Rosenfeld et al. 2000, Tschaplinski 
2006).  Triple- and double-pass removal data from existing data sets were used when 
possible.  Streams that did not have existing fish density data were triple- or double-
pass depletion electrofished in a subset of channel units.  The removal data were used 
to calculate an estimate of fish abundance after Schnute (1983).  The wetted area 
electrofished was measured for each site to determine the density of fish (fish per m2 
wetted area). 
 
 Invertebrate Drift Sampling 
 
 Invertebrate drift samples were collected at the upstream end of pools 
immediately below riffles to standardize habitat effects on drift and to measure the 
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quantity of drift that a dominant fish would experience at the head of a pool.  At sites 
with no suitable pools nets were placed in riffles.  Samples were collected with a 1 m 
long, 250 mm mesh net with an opening 0.2 m deep and wide, for 180-300 minutes.  The 
depth and velocity of the water in the net opening were measured in order to calculate 
the volume of water sampled, and thereby the biomass of drifting invertebrates per m3.  
We conducted daytime sampling rather than 24-hour sampling because daytime drift 
abundance is more uniform (Waters 1962), and most juvenile salmonids are visual 
predators that feed during daylight.  Arguably, daytime drift samples more accurately 
represent prey abundance for juvenile salmonids than 24 hour drift samples where 
biomass is dominated by nocturnal peaks (Waters 1962).  Drift samples were collected 
at least two hours after sunrise and two hours before sunset to reduce daily variability 
in light intensity, and were not collected during or after rain events until flow had 
returned to pre-rain levels.  Samples were preserved in 5% formalin and returned to the 
lab for sorting. 
 
 Invertebrates were sorted from detritus at 10X magnification in the laboratory 
and preserved in 70% ethanol for later identification and measurement using a digitizer 
(Roff and Hopcroft 1986).  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.  Each taxon was categorized as 
aquatic or terrestrial in origin.  Adult insects with aquatic larvae, such as Nematocera 
(Diptera), were counted as aquatic as their presence in the drift was usually the result of 
purposeful aquatic activity, rather than accidental immersion.  The dry mass (mg) of 
invertebrates in each sample was calculated using published taxa-specific length-weight 
regressions (Benke et al. 1999, McCauley 1984 ; M. Wipfli lab pers. comm., Meyer 1989, 
Sabo et al. 2002, Sample et al. 1993, Smock 1980). 
 
 Habitat Measurements 
 
 Habitat surveys were conducted at all 51 sites (see Moore et al. 1997) to collect 
information on reach-level factors that may influence juvenile salmonid density.  
Average summer temperature was estimated using ClimateBC V.3.2 (Wang et al. 2006) 
and UTM coordinates and elevation measurements for each site.  Conductivity was 
measured once at each site.  The intermediate dimension (middle length of the x, y, and 
z axes) of the five largest particles moved by the water (Hogan 1996), the percent 
canopy cover and the canopy composition (percent cover of conifer, alder, and other 
deciduous trees) were measured at 3 to5 locations spaced throughout each site.  Note 
that at sites where the different types of vegetation overlapped, the sum of the conifer, 
alder and other deciduous canopy covers was greater than the total canopy cover 
estimate.  The length and width of each channel unit (riffle, pool, glide, run, and 
cascade) were measured, including channel units in secondary and backwater channels.  
These measurements were used to calculate site mean bankfull width and the percent 
area of each site by channel unit type.  The percent of the substrate composed of fines, 
gravel, cobbles, boulders, bedrock, and particulate organic matter (POM) was estimated 
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for each channel unit, as were gradient and the percent of the channel unit with 
protective cover.  Measurements made in each channel unit were weighted by channel 
unit area to calculate average values for each site.  All large woody debris (LWD; 
greater than 10cm diameter or 1m length) at each site were counted and labeled as pool-
forming or non-pool forming. 
 
 Statistical Analysis 
 
  Habitat Capacity Modeling 
 
 Habitat capacity models were constructed using ordinary least squares multiple 
regression with R 2.6.0. Models were fit for total abundance of young of the year 
salmonids (all species combined), and for rainbow trout (Oncorhynchus mykiss) and coho 
salmon (O. kisutch) separately.  Log-transformed fish density (number m-2 wetted area) 
was the response variable, and all variables were centered to control for multi-
collinearity problems (Quinn and Keough 2002).  Correlation between the habitat 
variables was examined in order to select a subset of variables that were not correlated 
(r < 0.7).  (Strongly correlated variables makes it difficult or impossible to perform the 
matrix inversion required to calculate the regression coefficients (Zar 1999).  Fourteen 
non-correlated variables were chosen to begin model selection (Table 1). Canopy cover 
and bankfull width were correlated with each other (r = 0.7), so two starting models 
were used: one with the 14 variables and canopy cover, one with the 14 variables and 
bankfull width for a total of 15 variables in the starting model. 
 
 Two-way interaction terms were added to the starting models based on 
improved AIC values.  Terms were then removed from the starting models in a 
stepwise fashion until removing terms no longer improved AIC values.  The models 
with the lowest AIC values were selected for comparison. The models were compared 
using Akaike weights based on the Second-Order Information Criterion (AICc for small 
samples).  The weights were used to calculate evidence ratios to select the best fit model 
(Burnham and Anderson 2002).  Tolerance, Cook’s Distance, and normality of the 
residuals were checked for all selected models.  Interactions included in final models 
were investigated using simple slopes (Quinn and Keough 2002). 
 
 A best model was determined for each regression  – all young-of-the-year (YOY), 
YOY rainbow trout (rainbow) and coho YOY (coho) –  using the habitat variables and 
all of the available sites (the ‘full’ model); not all sites had both coho and rainbow, so the 
total number of replicates was lower for these analyses.  These best models were then 
run using the subset of sites that had invertebrate drift measurements (the ‘full-subset’ 
model).  To determine the benefit of including invertebrate drift in the best model, 
invertebrate drift was added to the full-subset model (the ‘full-subset-drift’ model).  The 
fits of the full-subset and full-subset-drift were compared using evidence ratios.  
Finally, models were constructed using only the subset of drift sites and including drift 
in the starting models (the ‘subset’ model).  The main function of the subset models was 
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to determine if the drift term was dropped during model selection or included in the 
final model; if drift was dropped then the resulting habitat model, based on a subset of 
the data, was considered to be inferior to the full model based on all available data.  
However, if drift was included then the variables included in the subset and full models 
were examined for similarity. 
 
 Region, a factor variable, was included in the starting models to determine if 
there was an overall region effect that was not captured by one or more of the 
continuous variables.  The regions were also compared directly by using t-tests to 
determine if habitat variables differed between regions. 
 
  Cost-Benefit Analysis 
 
 The cost:benefit ratio was calculated for each variable included in the full model 
and the subset model, and for the models themselves.  Model benefit was the total r2 of 
the model, and the cost was the sum of the time (in minutes) required to collect 
information on each variables in the model.  The partial r2, a measure of the variable’s 
contribution to the predictive ability of the model, was calculated for each variable that 
was included in each final model. The partial r2 was considered to be the ‘benefit’ of a 
variable. 
 
 The cost of each variable was calculated in minutes because different researchers 
have different budgets for various duties.  For example, a graduate student might 
perform all field and lab work personally, therefore applying the same pay rate to all 
variables.  In contrast, a government fisheries scientist might perform field work and 
collect samples, but pay a technician to sort invertebrate samples in the lab.  The pay 
rate of the fisheries scientist and the technician may be quite different, therefore the cost 
in this paper is presented in minutes.  Field effort measurements were made for a total 
of 18 sites.  The cost for each variable was the total time at the site that was required to 
measure the variable.  Field activities were timed each summer after a training period, 
so that all estimates of field time are based on experienced field staff.  Any site where 
major difficulties were encountered (eg. broken equipment) was discarded from the 
cost analysis.  All timed field work was done with teams of two people; if the two field 
staff worked together to make a measurement (eg. channel unit length) then the number 
of minutes for that activity were doubled.   
 

 

Results 
 

 
Temporal and spatial variation in drift abundance 
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 Temporal Variation 
 

Total invertebrate drift density varied from 1.59 mg/m3 in Husdon Creek (the 
small coastal stream) to 180.60 mg/m3 in Yard Creek (the large interior stream; Fig 2).  
The four sites, Chapman, Husdon, Yard and Senn had averages of 25.53+/- 19.01 
mg/m3, 18.51 +/- 23.77 mg/m3, 91.70 +/- 43.65 mg/m3, and 43.89 +/- 27.00 mg/m3 
,respectively.  Average drift biomass in the Interior region was three times the biomass 
in the Coastal region (66.20 +/- 42.66 vs. 22.02 +/- 21.47 mg/m3, respectively). 
 

Aquatic invertebrates made up 78% of the total invertebrate biomass averaged 
across all samples (Fig 3), and patterns of aquatic and total invertebrate abundance 
were similar.  Terrestrial invertebrates made up the remaining 22% (Fig 4), and also 
showed similar relative drift densities between sites; Yard Creek had the highest 
terrestrial drift density (11.76 +/- 11.96 mg/m3) followed by Senn, Chapman, and 
Husdon (5.28 +/- 12.51 mg/m3).  The average terrestrial invertebrate drift density in the 
Interior region was 4.9 times the density in the Coastal region (15.17 +/- 16.34 and 5.31 
+/- 9.93, respectively). 
 

The best fit model based on AICc weights (ωi) was M2 (including regionfixed, 
siterandom, and Julian dayrandom) for total, aquatic, and terrestrial invertebrates (Table 1).  
M2 had a weight 2.9 times higher than M4 for total invertebrate density, 1.9 times 
higher than M4 for aquatic invertebrate density, and 2.2 times higher than M1 for 
terrestrial invertebrate density.  These results indicate that there was no consistent 
seasonal effect on any of the invertebrate groups, but that there was drift  abudnance 
was higher in the interior region The model that excluded region (M3) had a weight up 
to 16 times higher (for terrestrial invertebrates) than M1.  
 

The coefficients for region for total, aquatic, and terrestrial invertebrates confirm 
that invertebrate drift is higher for the Interior region than the Coastal region (Table 2).  
Variance components analysis indicates that  the random variation contributed by 
Julian day is negligible for total and aquatic invertebrate drift, , and low (8%) for 
terrestrial invertebrates (Figure 5).  Between-site variation is negligible for terrestrial 
invertebrates but contributes 28% of the random variation for total invertebrate drift 
and 47% for aquatic drift.  Within-site variation (residual variation due to spatial 
replication (n=2 samples) within a site) contributed the majority of the random 
variation for total, aquatic and terrestrial invertebrates (72%, 51% and 92%, 
respectively).  The high residual variation of terrestrial invertebrates indicates greater 
variation between replicate samples than between days, possibly due to the small 
number of replicates (2) collected on each day, the effects of single large terrestrial 
invertebrates that contribute disproportionately to biomass (e.g. a single large beetle can 
skew a dry weight measurement) or greater accumulations of leaves bearing terrestrial 
invertebrates in one drift net than another. 
Spatial Variation 
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Invertebrate density varied from a minimum of 9.26 mg/m3 to a maximum of 

1062.02 mg/m3 across sites.  Average invertebrate drift density was 97.1 +/- 191.2 
mg/m3 for total invertebrates, 52.33 +/- 45.63 mg/m3 for aquatic invertebrates, and 
44.77 +/- 168.98 mg/m3 for terrestrial invertebrates.  Similar to seasonal samples, 
aquatic invertebrates made up 76% +/- 20% of total invertebrate drift biomass; aquatic 
mass was greater than terrestrial mass at all sites except for one coastal region stream 
(High Falls) and one in the interior region (Criss). Total invertebrate biomass was 
higher in the coast region than the interior region (100.24 mg/m3 and 92.41 mg/m3), but 
this is largely because of a single site (High Falls) where biomass was an order of 
magnitude higher than other coastal sites because of very large terrestrial inputs.  When 
this site is excluded as an outlier, average total invertebrate drift biomass in the coast 
region fell to 43.66 mg/m3.  Aquatic invertebrate drift biomass was 40.71 mg/m3 in the 
coast range and 69.77 mg/m3 in the interior range, while terrestrial invertebrate drift 
density in the coast and interior regions was 8.26 mg/m3 and 22.64 mg/m3, 
respectively, with the High Falls coastal site excluded as an outlier ( 59.53 with High 
Falls site included) ).  The High Falls site was excluded from multiple regression 
analysis if its Cook’s Distance exceeded 1 indicating high influence (give ref),, otherwise 
it was included in analysis. 
 

All categories of canopy cover were significantly higher (39.4% versus 17%, 
Welch two-sample t-test: t = 2.48, p = 0.02) and elevation (517m and 119m, Welch two-
sample t-test: t = -6.74, p = 1.13x10-6) and conductivity were significantly lower than  at 
interior sites.  The proportion of total canopy in each category (alder, other deciduous, 
and canopy) did not differ between regions.  Alder constituted 48% of total canopy 
cover at coastal sites, and 46%  at interior sites.  Other deciduous trees were 24% and 
27%, and coniferous trees were 27% and 32% in the coast and interior, respectively. 
 

The final models predicting total, aquatic, and terrestrial invertebrate densities 
using habitat measurements were selected using the same evidence ratio method as for 
temporal variation (Table 4).  The best models for total, aquatic, and terrestrial 
invertebrate densities used different variables (Table 5).  The best model for total 
invertebrates had an r2 of 0.284 (F4,24 = 2.38, p = 0.08), and included variables related 
primarily to aquatic and riparian productivity: conductivity, alder cover, canopy cover, 
and the interaction between conductivity and alder cover (Fig 6).  Simple slopes 
analysis of the interaction between conductivity and percent alder shows that the slope 
of the alder coefficient was positive (2.64) when conductivity was low (one standard 
deviation below average (sd log(conductivity) = 0.898). The alder coefficient was 
positive but lower (0.79) at average conductivity, and negative at high conductivity (-
1.06 at one standard deviation above average conductivity).  The same effect occurred 
for the slope of conductivity when alder was held at low, average and high values; the 
slope for conductivity was 0.65 at low alder cover (sd asin√alder = 0.216), 0.20 at 
average alder cover and -0.24 at one standard deviation above average.  The best model 
for aquatic invertebrate drift had greater predictive power ( r2 = 0.441;F2,25 = 4.939, p = 
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0.004), and included region, and flow-related habitat variables -gradient, bankfull 
width, and the interaction between region and gradient (Fig 7).  Simple slopes analysis 
showsed  a coefficient for gradient of 0.62 in the coastal region  and -0.34 in the interior, 
indicating a positive effect of gradient on drift in the coast but not in the interior.  The 
best model for terrestrial drift included elevation, conductivity, and the interaction 
between elevation and conductivity (Fig 8) (r2 of 0.3113, F3,24 = 3.615, p = 0.03).  Simple 
slopes analysis of the interaction between conductivity and elevation shows that 
conductivity has a neutral or negative effect on terrestrial drift at low elevation and a 
positive effect at high elevation (coefficient of -0.39 at elevation = 249, 0.16 at average 
elevation and 0.71 at elevation=432).  These final models all had tolerance values above 
0.1, Cook’s Distance values below 1, and normally distributed residuals 
 
 
 
 
 
 
 
 
Table 1: Likelihood ratio calculations for the temporal candidate models for total, aquatic and 
terrestrial drift.  AICc is the Second-Order Information Criterion (used for small samples), Δi is 
the difference between the AICc and the minimum AICc, lik is the likelihood of the model given 
the data (e^(- ½ * Δi)), ωI is the likelihood of the model divided by the sum of the likelihoods for 
the competing models (see Burnham and Anderson, 2002, ch 2). 
 
 

 Model AICc Δi lik ωi ωmax / ωi
Total M1 170.77 6.57 0.04 0.03 26.7 
 M2 164.20 0.00 1.00 0.71 1.0 
 M3 172.63 8.43 0.01 0.01 67.5 
 M4 166.31 2.11 0.34 0.25 2.9 
Aquatic M1 168.07 6.57 0.04 0.02 26.7 
 M2 161.50 0.00 1.00 0.63 1.0 
 M3 169.13 7.63 0.02 0.01 45.3 
 M4 162.81 1.31 0.51 0.32 1.9 
Terrestrial M1 237.11 1.60 0.45 0.29 2.2 
 M2 235.51 0.00 1.00 0.65 1.0 
 M3 242.66 0.03 0.02 0.02 35.5 
 M4 241.12 0.06 0.06 0.04 16.5 
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Invertebrates Intercept (SE) Region (Interior) coefficient (SE) 
Total 2.68 (0.39) 1.29 (0.55) 
Aquatic 2.39 (0.54) 1.24 (0.76) 
Terrestrial 0.46 (0.31) 1.58 (0.44) 
 
 
Table 2: Model coefficients and standard errors for the intercept and fixed factor (region) for 
total, aquatic and terrestrial invertebrates temporal models. 
 
 
 
 

 Model AICc ∆j lik ωi ωmax / 
ωi

Total grad + wb + cond + ald + 
cond*ald 

9.08 4.91 0.09 0.04 11.63 

 wb + cond + ald + cond*ald 7.05 2.88 0.24 0.11 4.23 
 cond + ald + cond*ald 6.56 2.39 0.30 0.14 3.31 
 reg + reg*can + can + cond + ald 

+ cond*ald 
7.75 3.58 0.17 0.08 6.00 

 reg + can + cond + ald + 
cond*ald 

7.06 2.89 0.24 0.11 4.24 

 can + cond + ald + cond*ald 4.17 0 1 0.46 1.00 
 org + can + cond + ald + 

cond*ald 
7.79 3.62 0.16 0.07 6.11 

Aquatic cond + wb + reg + grad + 
reg*grad 

-3.49 4.48 0.11 0.04 9.40 

 wb + reg + grad + reg*grad -7.97 0 1 0.34 1.00 
 reg + grad + reg*grad -7.70 0.27 0.87 0.30 1.15 
 elev + grad + elev*grad -6.86 1.11 0.57 0.20 1.74 
 wb + elev + grad + elev*grad -5.93 2.04 0.36 0.12 2.77 
Terrestrial wb + grad + lp + org + ald + 

grav + cond + cond*ald + lp*wb 
31.00 15.15 0.00 0.00 1949.16 

 org + grav + elev + cond + 
elev*cond 

20.08 4.22 0.12 0.07 8.27 

 ald + grav + elev + cond + 
elev*cond 

19.89 4.03 0.13 0.07 7.51 

 grav + elev + cond + elev*cond 17.03 1.18 0.56 0.31 1.80 
 elev + cond + elev*cond 15.85 0 1 0.55 1.00 

 
Table 3: Likelihood ratio calculations for the spatial candidate models for total, aquatic and 
terrestrial drift.  Abbreviations are: grad (gradient), wb (bankfull width), cond (conductivity), ald 
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(alder cover), reg.(region), can (canopy cover), org (organic sediment), elev (elevation), lp 
(largest particles). 
 
 
 
 

log(total invertebrate density) = 3.8269 + 0.2041*log(conductivity) – 1.5832*arcsine(√canopy) + 
0.7926*arcsine(√alder) – 2.0579*log(conductivity)* arcsine(√alder) 
 SS df F p Partial r2

Conductivity 0.3740 1 0.4140 0.5260 0.017 
Canopy 3.5472 1 3.9271 0.0591 0.141 
Alder 1.7051 1 1.8877 0.1822 0.073 
Conductivity*alder 3.8906 1 4.3073 0.0488 0.152 
Residuals 21.6781 24  
log(aquatic invertebrate density) = 3.3864 + 0.6167*region(I) + 0.3166*gradient + 
0.3273*bankfull width – 0.9517*region(I)*gradient 
 SS df F p Partial r2

Region 1.9474 1 3.365 0.080 0.118 
Gradient 0.1019 1 0.1746 0.680 0.069 
Bankfull width 1.7647 1 3.0264 0.094 0.108 
Region*gradient 6.6604 1 11.4115 0.002 0.313 
Residuals 14.5914 25  
log(terrestrial invertebrate density) = 1.9414 + 0.0005*elevation + 0.1641*log(conductivity) + 
0.0022*elevation*log(conductivity) 
 SS df F p Partial r2

Elevation 1.6990 1 1.7623 0.197 0.068 
Conductivity 3.0221 1 3.1346 0.089 0.116 
Elevation*conductivity 4.8369 1 5.0169 0.035 0.173 
Residuals 23.1389 24  
 
Table 4: Model coefficients and partial r2 values for total, aquatic and terrestrial spatial models.  
Abbreviations are same as for Table 3. 
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Figure 1 
 

 
 
 
Figure 1: Location of study streams in south western British Columbia, Canada.  Some sites are 
close enough together that they share a point. 
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Figure 2 
 

 
 
 
Figure 2: Total invertebrate drift biomass of samples collected at four sites (A Senn Creek, B 
Yard Creek, C Husdon Creek, D Chapman Creek) over four months.  Open and filled circles 
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Figure 3 
 

 
 
 
Figure 3: Aquatic invertebrate drift biomass of samples collected at four sites (A Senn Creek, B 
Yard Creek, C Husdon Creek, D Chapman Creek) over four months.  Open and filled circles 
indicate the first and second visits to the site each month. 
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Figure 4: Terrestrial invertebrate drift biomass of samples collected at four sites (A Senn Creek, 
B Yard Creek, C Husdon Creek, D Chapman Creek) over four months.  Open and filled circles 
indicate the first and second visits to the site each month. 
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Figure 5: Contribution of site, day, and residual (within-site) variance components to random 
variation for total, aquatic and terrestrial invertebrate drift. 
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Figure 6 
 

 
 
 
 
Figure 6: Scatter plots of the habitat factors included in the total drift model – conductivity, alder 
canopy cover and total canopy cover – against total drift.  Analyses were performed on 
transformed data. 
 

 
Figure 7: Scatter plots of the habitat factors included in the aquatic drift model – bankfull width 
and gradient –  versus total drift.  Analyses were performed on transformed data.  On the 
gradient graph the filled symbols indicate coastal region sites, the open symbols indicate interior 
region sites. 
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Figure 8 
 

 
 
 
Figure 8: Scatter plots of the habitat factors included in the total drift model – conductivity and 
elevation – against total drift.  Analyses were performed on transformed data. 
 
 
 
Effectiveness of abiotic and biotic variables in predictive models of fish abundance 
 
 The average density of young-of-the-year (YOY) salmonids was 1.17 +/- 1.15 
(standard deviation) fish per m2 of wetted habitat.  Six salmonid species were caught: 
coho, rainbow, cutthroat trout (O. clarki), chinook salmon (O. tshawytscha), bull trout 
(Salvelinus confluentus) and mountain white fish (Prosopium williamsoni).  The mean 
density in the interior and coast regions (0.91 and 1.35 fish/m2 respectively) did not 
differ significantly (Welch’s t-test t = 1.4, p = 0.17).  Rainbow trout were present at 32 
sites (Appendix 1) at an average density of 0.47 +/- 0.39 fish/m2.  Their mean densities 
in the interior and coast regions (0.47 fish/m2 for each) did not differ significantly (t = -
0.05, p = 0.96).  Coho salmon were present at 39 sites at an average density of 0.60 +/- 
0.73 fish/m2, and also did not differ between regions (0.57 and 0.61 fish/m2 in the 
interior and coast regions; t = 0.15 and p = 0.89). 
 
 Habitat measurements are listed in Appendix 1.  Conductivity was higher in the 
interior region than the coast (125μS and 66μS; t = -3.0, p = 0.007; Table 2).  Total canopy 
cover and alder cover were higher in the coast region (44% and 20% for total cover, t = 
3.8 and p = 0.0005; 23% and 10%, t = 2.5 and p = 0.02), indicating that coastal sites are 
shadier than interior sites.  Coast region sites also had more pool area relative to total 
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site area (20% and 7%; t = 3.2, p = 0.002).  There was significantly more LWD in the 
coast region (8 pieces/m and 2 pieces/m; t = 3.7, p = 0.0006), but there was no 
difference in the amount of pool-forming LWD between regions (0.7 pieces/m in the 
coast, 0.4 pieces/m in the interior; t = 1.1, p = 0.3), indicating that a higher proportion of 
interior LWD pieces perform a pool-forming function.  The two geographic regions had 
significantly different elevations: 616m in the interior and 102m in the coast (t = -10.2, p 
= 5.2 x 10-12). 
 
 The full model for YOY salmonids had an r2 = 0.59 (F8,39 = 7.1, p = 9.2 x 10-6) and 
included variables from the productivity, water velocity, and refuge area categories 
(Table 3, Figure 2).  Average summer temperature and organic sediment (correlates or 
biological production) were positively related to YOY density, while conductivity was 
significantly negatively related.  Water velocity variables also showed a mixture of 
positive and negative relationships: largest particle size was positively related, while 
gradient and bankfull with were negatively related.  There was a significant negative 
interaction between largest particle size and gradient. Simple slopes analysis (Quinn 
and Keough 2002) of the interaction showed that the coefficient for largest particle size 
was negative (-0.007) when particle size was low (one standard deviation below the 
centered mean of 0, grad = 1.4), but positive (0.024) when gradient was high (one SD 
above the mean).  Similarly, the coefficient for gradient was positive (0.28) when 
gradient was low (gradient SD = 27.5) and negative (-0.33) when gradient was high.  
The model passed the normality, influence, and tolerance tests. 
 
 The full model for rainbow YOY had an r2 = 0.84 (F10,18 = 9.54, p < 0.001;Table 3; 
Figure 3).  The productivity related variables alder canopy cover, conductivity, and an 
interaction between alder and elevation (not significantly on their own) were positively 
related to rainbow density.  Total canopy cover was negatively related to rainbow 
density.  Simple slopes analysis of the interaction between alder and elevation indicated 
that at low elevations (elevation SD= 303) the alder coefficient was positive (5.3), but 
was greater (9.4) at high elevations.  The water velocity variable largest particle size had 
an interaction with region (not significantly on its own); in the coast region the 
coefficient for largest particle size was 0.02, while it was -0.01 in the interior region.  
Two refuge area variables had opposite relationships to density; cover had a negative 
relationship to density and LWD positive.  The model passed the normality, influence, 
and tolerance tests. 
 
 The full model for coho had an r2 = 0.90 (F12, 25 = 18.6, p <0.001) and included 
variables from the productivity, water velocity, refuge area and geographic categories 
(Table 3, Figure 4).  Alder cover and conductivity, two variables in the productivity 
category, where both negatively related to coho density, while organic sediment was 
positively related and had an interaction with region (a geographic variable not 
significantly related to density).  Simple slopes analysis showed that organic sediment 
had a positive coefficient (1.58) in the coastal region, and a much larger positive 
coefficient (23.3) in the interior region.  Riffle area and pool area had negative 
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coefficients, while gravel sediment was positively related.  Gradient was not 
significantly related to coho density by itself but had a significant interaction with 
elevation (a geographic variable that had a significant positive coefficient).  Simple 
slopes analysis showed that gradient had a negative coefficient (-1.1) at high elevations 
(elevation SD = 303) and a positive coefficient (0.76) at low elevations.  The refuge area 
variable pool-forming LWD was positively related to coho density.  The model passed 
the normality, influence, and tolerance tests. 
 
 Comparisons of the full-subset and full-subset-drift models for the three species 
showed that adding drift to the full models did not improve their predictive ability.  
The full-subset model for YOY salmonids had an r2 = 0.61 (F8,18 = 3.45, p = 0.01); adding 
drift did not improve the r2, which remained at 0.61 (F9,17 = 2.90, p = 0.03).  Evidence 
ratios showed that the full-subset model was 19 times more likely than the full-subset-
drift model (Table 4).  Rainbow trout showed a similar pattern.  The full-subset model 
had an r2 = 0.84 (F10,6 = 3.19, p = 0.08) as did the full-subset-drift model (F11,5 = 2.42, p = 
0.17).  Evidence ratios showed that the full-subset model was >100 times more likely 
than the full-subset-drift model (Table 4).  Coho also showed no improvement in r2 with 
the addition of drift.  The r2 = 0.96 for both models (full-subset F12,8 = 16.76, p <0.001; 
full-subset-drift F13,7 = 14.16, p < 0.001).  Evidence ratios showed that the full-subset 
model for coho was >100 times more likely than the full-subset-drift model (Table 4). 
 
 None of the subset models included drift as a term, but included many of the 
same terms as the full models.  Like the YOY full model, the YOY subset model 
included average summer temperature, conductivity, organic sediment and largest 
particle size.  It also included alder, an interaction between alder and largest particle 
size, gravel sediment and cover but excluded gradient, bankfull width, pool-forming 
LWD and an interaction between largest particle size and gradient.  The rainbow subset 
model was built using only 17 sites (only 17 sites had both rainbow trout and 
invertebrate drift), and included very few terms.  The refuge variables cover and LWD 
were included in the subset model, but none of the other terms from the full model.  
The coho subset model was built using 20 sites and shared few terms with the coho full 
model.  Both models included the geographic variables elevation and region, as well as 
the productivity variable conductivity.  However, the subset included three other 
variables that were not part of the full model (largest particle size, bankfull width, and 
LWD) while excluding nine from the full model (alder, organic sediment, organic-
region interaction, riffle area, pool area, gravel sediment, elevation-gravel interaction, 
and pool-forming LWD).  As the subset models were built with less data than the full 
models, the full models are considered to be better approximations of habitat 
associations of salmonids, so no further details of the subset models are presented. 
 
 The cost-benefit analysis revealed that the cost:benefit ratios for individual 
model terms and full models varied from 0.0018 to 0.4116 r2/minutes (Table 5).  Coho 
had the most efficient full model at 0.0085 r2/min, followed by rainbow and YOY 
(0.0076 r2/min and 0.0054 r2/min, respectively).  The total cost in person-minutes was 

 26



less than 2 hours for each species.  Conductivity had the highest efficiency for all species 
at 0.17 r2/min for YOY, 0.41 r2/min for coho and 0.14 r2/min for rainbow.  Drift had a 
relatively high cost based on three samples  – 45 minutes of field time and a minimum 
of 180 minutes in the laboratory for a total of 225 – and a low benefit.  Partial r2 values 
ranged from 4.24 x 10-5 for YOY to 0.079 for coho, and cost:benefit ratios varied from 
4.24 x 10-5 for YOY to 8.13 x 10-4 for rainbow (Table 5). 
 
 
Table 1: Variables included in the starting models, with units, and abbreviations in bold. 
Variables marked with (*) are correlated with each other so only one was used in any starting 
model.  The variables marked with (!), drift, was not included in the starting models for the full 
model selection, but was included in the starting models for the subset model selection. 
 
Category Variable 

organic substrate (proportion) org 
conductivity (μS) cond 
average summer temperature (°C) tavsm 
alder cover (proportion) alder 
canopy cover (proportion) can * 

Food Availability 

invertebrate drift (dry mg m-3) drift !
largest particle (cm) lp 
pool area (proportion) pool 
riffle (proportion) riffle 
gravel substrate (proportion) grav 
gradient (%) grad 

Water Velocity 

bankfull width (m) wb * 
percent cover for fish cover 
LWD pieces (m-1 of stream) lwd 

Refuge Area 

pool forming LWD pieces (m-1) lwd_pf 
region – Interior or Coastal region Geography 
elevation (m) elev 

! drift was not included in the starting models 
* only one of can and wb was included in a starting model 
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Table 2: Habitat variable means in the two study regions and the results of Welch’s t-test 
comparing the means.  Abbreviations are listed in Table 1. 
 
 

 Coast mean Interior mean Welch’s t p 
Productivity     

org     0.12     0.07  1.11   0.27 
cond   66.2 125.3 -2.97   0.01 
tavsm   15.5   15.8 -1.33   0.19 
alder     0.23     0.10  2.50   0.02 
can     0.44     0.20  3.78 <0.01 
drift 100.2   92.4  0.13   0.90 

Water Velocity     
lp   23.9   36.3 -1.54   0.13 
riffle     0.32     0.30  0.20   0.84 
grav     0.34     0.24  1.85   0.07 
grad     1.70     2.05 -0.95   0.35 
wb     7.68   10.3 -1.33   0.19 

Shelter     
pool     0.20     0.07  3.17 <0.01 
cover     0.11     0.09  1.60   0.11 
lwd     0.08     0.02  3.72 < 0.01 
lwd_pf     0.007     0.004  1.06   0.30 

Geography     
elev 102 616 -10.22 <0.01 
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Table 3: Model coefficients, sums of squares (SS), degrees of freedom (df), F-, p-, and partial r2 
values for YOY, rainbow and coho full models.  Model r2 values are listed following the 
equations.  Abbreviations are listed in Table 1.  Type II ANOVA results are presented. 
 
log(YOY) = 0.12 + 0.009*lp + 0.21*tavsm – 0.005*cond + 2.3*org - 0.02*grad + 30.2*lwd_pf – 
0.05*wb – 0.01*lp*grad 
r2 = 0.59 

 SS df F p partial r2

lp   1.23 1   3.38   0.07 0.08 
tavsm   1.25 1   3.44   0.07 0.08 
cond   4.80 1 13.2 <0.01 0.25 
org   2.13 1   5.85   0.02 0.13 
grad   0.27 1   0.73   0.4 0.02 
lwd_pf   4.31 1 11.8 <0.01 0.23 
wb   2.76 1   7.59 <0.01 0.16 
lp*grad   3.70 1 10.2 <0.01 0.21 
residuals 14.18 39  
log(rainbow) = 0.91 + 0.02*lp + 7.3*alder + 0.01*cond + 0.0009*elev – 1.8*cover + 3.9*lwd – 
0.07*regionI – 5.4*can – 0.03*lp*regionI + 0.007*alder*elev 
r2 = 0.84 
 SS df F p partial r2

lp   1.34 1   4.42   0.05 0.20 
alder   9.86 1 32.6 <0.01 0.64 
cond   8.34 1 27.6 <0.01 0.61 
elev   0.19 1   0.61   0.45 0.03 
cover 10.84 1 35.9 <0.01 0.67 
lwd 12.29 1 40.6 <0.01 0.69 
region   0.08 1   0.27   0.61 0.02 
can   9.49 1 31.4 <0.01 0.64 
lp*region   5.68 1 18.8 <0.01 0.51 
alder*elev   2.16 1   7.15   0.02 0.28 
residuals   5.44 18  

log(coho) = 0.1 – 1.3*alder – 1.9*pool – 1.4*riffle – 0.006*cond – 0.002*elev + 1.9*grav + 
1.6*org – 0.15*grad + 20.3*lwd_pf + 0.71*regionI + 21.7*org*region – 0.003*elev*grad 
r2 = 0.90 
 SS df F p partial r2

alder 1.19 1 3.52   0.07 0.12 
pool 1.72 1 5.07   0.03 0.17 
riffle 2.97 1 8.76 <0.01 0.26 
cond 2.27 1 6.70   0.012 0.21 
elev 0.25 1 0.73   0.40 0.03 
grav 3.58 1 10.55 <0.01 0.30 
org 1.77 1 5.21   0.03 0.17 
grad 1.23 1 3.62   0.69 0.13 
lwd_pf 1.34 1 3.96   0.06 0.14 
region 0.57 1 1.67   0.21 0.06 
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org*region 10.39 1 30.61 <0.01 0.55 
elev*grad 6.54 1 19.27 <0.01 0.44 
residuals 8.48 25  
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Table 4: Likelihood ratio calculations for the full-subset (best model constructed using the full 
data set, run on the subset of sites with invertebrate drift data) and full-subset-drift (same model 
with drift added) models for YOY, rainbow and coho.  AICc is the Second-Order Information 
Criterion (used for small samples), Δi is the difference between the AICc and the minimum AICc, 
lik is the likelihood of the model given the data (e^(- ½ * Δi)), ωI is the likelihood of the model 
divided by the sum of the likelihoods for the competing models (see Burnham and Anderson 
2002 ch 2). 
 

 

Model AICc ∆j lik ωi ωmax / ωi

YOY      
full-subset -4.43 0 1 0.95 1 
full-subset-drift 1.42 5.85 0.05 0.05 19 

rainbow      
full-subset 61.08 0 1 1.00 1 
full-subset-drift 106.40 45.32 1.44 x 10-10 1.44 x 10-10 6.94 x 107

coho      
full-subset 44.92 0 1 1.00 1 
full-subset-drift 72.00 27.08 1.32 x 10-6 1.32 x 10-6 7.58 x 105
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Table 5: Costs in minutes per site and benefits in partial r2 values for the terms included in the 
full models for YOY, rainbow and coho.  Abbreviations are listed in Table 1.  The full model 
cost-benefit ratio.  The partial r2 values for drift come from the full-subset-drift model run on the 
subset of sites with invertebrate drift data.   
 
 

 YOY rainbow coho 
Variable Cost benefit benefit 

/ cost 
benefit benefit / 

cost 
benefit benefit / 

cost 
lp 4.56 0.08 0.02 0.20 0.0432   
can 4.56   0.64 0.1393   
alder 4.56   0.64 0.1412 0.12 0.27 
cond 1.47 0.25 0.17 0.61 0.4116 0.21 0.14 
tavsm 2.94 0.08 0.03     
elev 2.94   0.03 0.0112 0.03 0.01 
grad 8.83 + 63.6 0.02 0.0002   0.13 0.002 
cover 8.83 + 63.6   0.67 0.009   
org 8.83 + 63.6 0.13 0.002   0.13 0.002 
grav 8.83 + 63.6     0.30 0.004 
wb 63.6 0.16 0.003     
riffle 63.6     0.26 0.004 
pool 63.6     0.17 0.003 
lwd 28.7   0.69 0.0241   
lwd_pf 28.7 0.23 0.008   0.14 0.005 
full model zp: 110.1 

rb: 110.1 
co: 105.54 

0.59 0.0054 0.84 0.0076 0.90 0.0085 

drift – from 
full-subset-
drift 
models 

45 (field) + 
180 (lab 
minimum) 

0.0003 4.24 x 
10-5

0.0014 8.13 x 
10-4

0.079 3.51 x 
10-4
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Figure 1 

 
Figure 1: Location of study streams in south western British Columbia, Canada.  Some sites are 
close enough together that they share a point. 
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Figure 2 

Figure 2: Scatter plots of the key habitat factors included in the YOY full model (conductivity, 
bankfull width and pool-forming LWD) against YOY density.  YOY density was log 
transformed for the analyses and is displayed on a log scale below. 
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Figure 3 

 
Figure 3: Scatter plots of the key habitat factors included in the YOY full model (alder cover, 
canopy cover, conductivity, largest particle size, LWD, and cover) against YOY density.  On the 
largest particles graph the filled symbols indicate coastal region sites, the open symbols indicate 
interior region sites.  YOY density was log transformed for the analyses and is displayed on a log 
scale below. 
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Figure 4 

Figure 4: Scatter plots of the key habitat factors included in the YOY full model (organic 
sediment, gravel sediment, and riffle area) against YOY density.  On the organic sediment graph 
the filled symbols indicate coastal region sites, the open symbols indicate interior region sites.  
YOY density was log transformed for the analyses and is displayed on a log scale below. 

 36



 
 

Discussion 
 
Temporal and spatial variation in drift abundance 
 
 Day-to-day variation of daytime samples is much less than variation between 
and within sites, suggesting that sampling effort should be focused on collecting more 
samples from each site, rather than more visits to each site.  Shearer et al. (2002) found 
that day-to-day and within site variation were similar for 24 hour samples, as opposed 
to the low day-to-day variability found in this study.  However, they still came to the 
same conclusion that sampling effort should be concentrated on one day..  The daytime-
only sampling used in this study probably resulted in lower variability than in Shearer 
et al. (2002) as only the daytime drift was captured, rather than the more variable night 
peaks.  These results contrast with Williams (1980) and Gibson and Galbraith (Gibson 
and Galbraith 1975), who found that day-to-day variability was high, although the 
relative magnitudes of day-to-day, between and within site variability were not 
measured. Williams (1980) used 24 h samples and Gibson and Galbraith (Gibson and 
Galbraith 1975) used 48 h samples, capturing two successive nights of peaks, potentially 
increasing between sample variation.  None of these studies reported controlling for 
rain events as we did in this study, possibly contributing to high day-to-day variation. 
 
 The majority of invertebrate drift in this study was aquatic in origin, and aquatic 
invertebrate drift had lower day-to-day variability than terrestrial drift (1% and 8% 
respectively, Figure 5).  Other studies have found that terrestrial invertebrates constitute 
the majority of invertebrate drift (eg. Nakano et al. 1999), but also found greater 
variability in terrestrial invertebrates (Kawaguchi and Nakano 2001, Nakano et al. 
1999).  The greater day-to-day variability of terrestrial invertebrates may account for the 
higher temporal variability found in other studies compared to this study. In streams 
where terrestrial invertebrates contribute more to drift samples, the relatively stable 
levels of aquatic invertebrates may be masked by variation in terrestrial inputs.  The 
higher temporal variability of terrestrial invertebrates may be a sampling artefact due to 
the lower number and larger individual biomass of terrestrial prey – a single large 
beetle or caterpillar is much larger than the majority of aquatic invertebrates caught in 
drift nets – or temporal invertebrates may be influenced by random events such as high 
wind.  Our samples collected on windy days captured many leaves, and these leaves 
could have been vectors for the large numbers of Hemipterans (aphids and leaf 
hoppers) found in these samples. 
 
 The absence of a strong seasonal effect in this study may be caused by sampling 
protocol, but this result was well supported by the data.  Other studies found greatest 
invertebrate density in midsummer (Elliott 2002, Shearer et al. 2002) and in late spring 
(Hansen and Closs 2007, Rincón and Lobón-Cerviá 1997).  This study used small sample 
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sizes and had large residual variation; these effects may have masked a seasonal effect.  
However, the Akaike weights for the model with month effect but without region effect 
indicate that it has low likelihood.  Adding month to the random factors only model 
decreased the likelihood of the random factors model by 25, 32 and 2 times for the total, 
aquatic and terrestrial invertebrates respectively (Table 1), indicating strong support for 
dropping month from the model.  It is possible that we would have found a seasonal 
effect if we had used 24 hour samples, as migratory and life history events (such as 
emergence) likely occur at night.  The absence of a seasonal effect indicates that samples 
collected throughout the summer months can be compared to each other, lengthening 
the sampling window. 
 
 Total drift biomass was most influenced by habitat factors that control food 
availability.  Lower invertebrate densities were found in shadier areas, likely due to 
reduced periphyton growth. It is also possible that the negative influence of canopy 
cover was related to bankfull width; wider streams (with less canopy cover) tended to 
have greater densities of drifting invertebrates, probably due to higher relative 
discharge.  However, the models that included bankfull width instead of canopy cover 
were less likely according to their AICc values (Table 3), supporting the interpretation 
that direct shading effects are a more probable cause of the negative relationship with 
invertebrate densities. Alder cover has a positive influence on invertebrate drift density, 
indicating that detritus is a major source of food for aquatic invertebrates as found by 
Wipfli and Musselwhite (Wipfli and Musselwhite 2004) and Rosenfeld (Rosenfeld 2000), 
or a direct source for terrestrial invertebrates (Mason and MacDonald 1982), or both.  
Conductivity also has a positive influence on total invertebrate density, suggesting that 
the periphyton is a major food source for aquatic invertebrates.  (Shearer et al. 2003) 
found a density dependent relationship between chlorophyll a concentration and 
invertebrate drift, indicating that greater periphyton abundance can support more 
invertebrates and therefore higher baseline drift levels as found in this study. 
 
 The significant negative interaction between conductivity and alder density in 
the total invertebrates model indicates that either the detritus-based or periphyton-
based food chains dominate at any site.  Simple slope analysis shows that as alder cover 
increases the slope for conductivity decreases from positive to negative, and as 
conductivity increases the slope for alder cover decreases, also from positive to 
negative.  A comparison of the detritus- and periphyton-based food chains explains this 
result: in broad terms a detritus-based food chain becomes more productive as the 
amount of detritus (alder cover) increases.  As long as enough oxygen is available for 
decomposition the conductivity of the water has little impact on this process (i.e. a slope 
close to zero).  A periphyton-based food chain requires sunlight (low alder cover) and 
nutrients (conductivity).  High conductivity is only beneficial at sites that receive 
sufficient light.  Alder had a positive slope in the model (Table 4) but appears to have a 
negative slope in Figure 6.  The negative interaction effect explains this contrast: many 
of the sites that had low alder cover had high densities because they also had high 
conductivity.  The invertebrate density was high in spite of the low alder cover because 
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of the positive effect of conductivity on periphyton. 
 
 Aquatic invertebrate biomass was most correlated with physical habitat factors.  
Region was included in the final model as a factor variable and explained 12% of the 
total variation of aquatic invertebrates (Table 4).  Invertebrate density was consistently 
higher in the interior than in the coastal region.  The inclusion of region in the final 
model indicates that the habitat factor(s) that caused the greater density in the interior 
region was not measured in this study.  Bankfull width had a positive but non-
significant influence on aquatic invertebrate drift density, as did gradient averaged over 
all of the sites.  Water velocity rises with gradient and bankfull width; greater water 
velocity results in longer invertebrate suspension distances, and greater drift densities 
because the time that each invertebrate spends in the drift increases (Elliott 2002).  The 
negative interaction between region and gradient shows that the slope for gradient is 
significantly higher in the coast region than in the interior, where it is actually slightly 
negative (Figure 7).  These results contrast with other examinations of invertebrate 
biomass that have found that food availability has the greatest impact (Richardson 1993, 
Rosenfeld 2000, Wipfli and Musselwhite 2004).  However, flow has been shown to 
influence invertebrate drift biomass as well (Elliott 2002, Harvey et al. 2006).  Further 
research into the relationship between benthic invertebrate biomass, water velocity, and 
drift invertebrate biomass could clarify the sources of variation of aquatic invertebrate 
biomass. 
 
 Surprisingly, terrestrial invertebrate drift biomass was not influenced by canopy 
cover or composition, but rather by elevation and conductivity.  The relationship 
between canopy cover and terrestrial invertebrate input to streams is well studied but 
inconsistent (positive effect:Mason and MacDonald 1982, no effect: Wipfli , Wipfli and 
Musselwhite 2004).  The relationship between conductivity and terrestrial invertebrate 
density is probably indirect.  Conductivity may influence riparian vegetation 
composition and therefore the input of terrestrial invertebrates to the stream.  Or, water 
conductivity and terrestrial invertebrates may both be influenced by a factor that was 
not measured in this study, such as underlying geology.  Site elevation was probably 
included in the final model because of the significant interaction effect with 
conductivity.  At low elevations conductivity has a negative coefficient, but at average 
and high elevations the coefficient is positive.  The temporal variation component of 
this study showed that terrestrial invertebrates had more day to day variability than 
aquatic invertebrates; this variability makes it more difficult to determine what spatial 
factors influence terrestrial invertebrate density, as there is more unexplained variation 
than for total and aquatic invertebrates.  Physical habitat features that are not usually 
measured for stream ecology studies such as average wind speed may influence 
terrestrial invertebrate drift density. 
 
 The coefficients of determination for the three final models were relatively low, 
but within the typical range for habitat capacity models (r2 for the total, aquatic, and 
terrestrial drift were 0.28, 0.44, and 0.31, respectively).  Multiple regression habitat 
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capacity models often yield similar coefficients of determination for other species (eg. 
Davies 1989, Scarnecchia and Bergersen 1987).  The model for total drift includes 
taxonomically diverse invertebrates with different habitat preferences, so the low 
explanatory power is not surprising.  Aquatic and terrestrial invertebrates were less 
taxonomically diverse, increasing the predictive power for aquatic invertebrates but not 
for terrestrial.  Aquatic and terrestrial biomass were affected by different habitat 
variables as well, and different levels of day-to-day variability.  The terrestrial model 
did not have increased predictive ability like that of the aquatic model, possibly because 
of the greater day-to-day variability found in the temporal study.  Nevertheless, these 
models provide some insight into the processes that affect drift biomass and suggest 
specific habitat factors that merit further research. 
 
 Measurable habitat factors that influence productivity and water velocity affect 
the abundance of juvenile salmonid prey.  As prey abundance is positively correlated 
with growth and survival (Imre et al. 2004, Nielsen 1992, Nislow et al. 1998, Rosenfeld 
et al. 2005) it is an important consideration for juvenile salmonid habitat managers and 
fisheries scientists.  Many of the habitat factors measured in this study are also used in 
salmonid habitat capacity models (eg. Davies 1989, Scarnecchia and Bergersen 1987) 
and habitat assessment protocols (Moore et al. 1997).  These habitat factors impact 
juvenile salmonids directly and indirectly their impact on prey abundance.  As this 
study shows, the impact on prey abundance is complex, involving interactions between 
habitat factors.  Because of the complexity of the relationship, the impact of habitat on 
invertebrate drift should be considered directly by managers and scientists.  Prey 
habitat requirements could be incorporated into management decisions – for example, 
(Romero et al. 2005) discuss the practise of removing deciduous riparian vegetation in 
the Pacific Northwest to encourage conifers.  The practise is intended to increase the 
supply of large woody debris, an important structural element of stream habitat, but 
may simultaneously decrease prey abundance.  Direct measurement of invertebrate 
drift and a better understanding of habitat relationships could improve salmonid 
management practises in the future. 
 
Effectiveness of abiotic and biotic variables in predictive models of fish abundance 
 
 One of the main reasons to build predictive habitat models is to improve 
understanding of the habitat variables that influence juvenile salmonid density.  The 
best (full) models for YOY, rainbow and coho salmon produces some interesting 
insights into regional differences in the effects of the primary variables influencing fish 
abundance.  The absence of invertebrate drift from the final models also raises some 
interesting issues about the complexity of stream food web interactions. 
 
 The combined YOY model had variables from the productivity, water velocity, 
and refuge area categories, but the coefficients within a category were not all the same 
sign (Table 3).  The productivity variables had generally positive coefficients, indicating 
that the warmer streams with more detritus (providing a food source for the detritus-
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based food chain) produce more fish.  However, conductivity (providing nutrients for 
the algae-based food chain) is negatively related to fish density.  Conductivity may be 
negatively related to fish density due to its relationship with turbidity and some types 
of pollution.  This result contrasts with  Scarnecchia and Bergersen (1987), who found 
that conductivity was positively related to fish density.  In more turbid water fish have 
shorter sight lines and can have difficulty feeding (Lloyd 1987).  Water velocity 
variables indicate that an intermediate water velocity is best for juvenile salmonids.  
Bankfull width has a negative impact on density, probably due to the higher proportion 
of low-quality (very high velocity) habitat in larger streams; Rosenfeld (2000) found a 
similar result.  Larger streams tend to have fewer pools for low-velocity refuges, and 
also have more predators (larger fish) than smaller streams.  Largest particle size and 
gradient have a negative interactions: when one is high the other has a negative slope.  
This interaction indicates that an intermediate water velocity is ideal because when the 
water has overall low power (small largest particle size) gradient has a positive slope; 
YOY can thrive in higher velocity, higher gradient water when the overall power of the 
stream is low.  On the other hand, when largest particle size is high the impact of 
gradient is negative, indicating that any increase in water velocity in an already higher 
velocity stream is detrimental to fish.  The refuge variable pool-forming LWD is 
positively associated with fish density, as found by Roni and Quinn (2001), suggesting 
that good shelter and foraging habitat could be a limiting factor in juvenile salmonid 
density. 
 
 The rainbow trout model showed interesting differences from the combined YOY 
model (Table 3).  The productivity variables showed a strong positive coefficient for 
conductivity (conductivity coefficient was negative in YOY model) and for alder.  The 
positive conductivity coefficient suggests that rainbow trout may be more dependent on 
the algae-based food chain than all YOY salmonids together.  The interaction between 
alder and region showed that alder had a greater positive coefficient in the higher 
elevation interior region than the low elevation coast region, perhaps indicating that 
detritus is more limiting at high elevation sites.  The water velocity variables indicate a 
regional difference in preferred water speed that may be related to the type of 
Oncorhynchus mykiss in each region.  Steelhead trout are the sea-going variety of 
rainbow trout, and are abundant in the coast region but not in the interior.  Simple-
slopes analysis of the interaction between region and largest particle size in the rainbow 
model indicates that coast region rainbow (mostly steelhead juveniles) prefer larger, 
more powerful streams with larger particle sizes like cobbles (as in Hill et al. 2006), 
whereas interior region rainbow prefer smaller streams and are negatively impacted by 
increasing stream power.  The refuge area variables also suggest that rainbow benefit 
more from open habitat; cover was negatively related to rainbow density.  While YOY 
salmonids were associated with pool-forming LWD but not LWD in general, rainbow 
were associated with LWD density, suggesting that rainbow benefit from the various 
functions provided by LWD (cover, small scale velocity refuges, pool-formation) rather 
than pool-formation alone. 
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 The coho model produced some surprising results (Table 3).  Alder had a 
negative coefficient (although the p-value 0.07 was greater than 0.05), while organic 
sediment had a positive effect.  As alder is a deciduous tree we might expect it to be 
positively related to the amount of organic matter present and that their coefficients 
would have the same sign.  The interaction between organic material and region may 
explain this effect somewhat.  In the coast region organic sediment had a non-significant 
positive coefficient (1.6, org p = 0.14), while in the interior region organic sediment had 
a significant, highly positive coefficient (21.7, interaction p = 9.5 x 10 -6).  One 
implication of this result is that the abundance of organic matter may be more limiting 
to benthic invertebrates (prey for fish) in the interior than on the coast.  In the interior 
alder is not the primary deciduous species, so any positive effects of alder are masked 
by its low abundance in comparison to black cottonwood (Populus balsamifera, pers. 
obs.).  In the coast, where alder is the dominant deciduous riparian species and detritus 
abundant enough that it is not limiting, the effect of alder on coho density is primarily 
to shade the streams.  Conductivity also has a negative coefficient relationship with fish 
abundance, an unexpected result that is difficult to account for.  Water velocity 
variables suggest that an intermediate water speed is best for coho, as both pool area 
and riffle area had negative coefficients.  This results contrasts with several studies 
(Fausch and Northcote 1992, Roni and Quinn 2001, Sharma and Hilborn 2001) that 
found that pool area was positively related to coho density.  Gravel sediment was 
positively related to fish density indicating that streams with an abundance of this mid- 
to small-sized particle have an appropriate power for coho; or, alternatively, that 
spawning habitat may have been limiting local coho abundance.  Gradient and 
elevation had an interaction, showing that the effect of gradient was negative at high 
elevations, but positive at low elevations.  The gradient-elevation interaction may be 
related to the gradient-largest particle size interaction observed for all YOY; sites with 
more power (the wider sites with larger particles) require smaller gradients.  Another 
similarity to the YOY model was the positive effect of pool-forming LWD on coho 
density, as found by Roni and Quinn (2001). 
 
 The rainbow and coho models showed regional differences in water velocity 
preferences and prey availability.  The region coefficients (Table 3), although not 
significant by themselves, differed in sign between rainbow (negative) and coho 
(positive).  Region was primarily involved in interactions, indicating that habitat 
processes (such as organic matter supply) and fish preferences (such as water velocity) 
differ between regions.  Further research on the regional differences for these species 
could result in improved management practices, as habitat guidelines become more 
tailored to geographic area.  Region was not involved in the YOY model, indicating that 
when grouped together, all six species of salmonids share some habitat needs that do 
not differ consistently between regions. 
 
 The surprising absence of invertebrate drift from the models (i.e. it was a poor 
predictor of fish abundance) could be explained by several reasons.  Invertebrate drift 
has positive effects on fish growth (Imre et al. 2004, Nielsen 1992, Rosenfeld et al. 2005, 
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Slaney 1972) and survival (Imre et al. 2004, Nislow et al. 1998) as well as density (Imre 
et al. 2004, Slaney 1972), so it is unlikely that prey abundance simply has no effect on 
fish density.  First, sampling difficulties related to estimating both fish and invertebrate 
abundance could have confounded the analysis.  Although every effort was made to 
select sites that had the potential to be saturated with juvenile salmonids (no barriers to 
spawning adults, sufficient density of spawning adults), it is possible that some sites 
did not have enough spawners or had too many predators and were below carrying 
capacity.  If that is the case then the models would not accurately predict the habitat 
variables that limit density.  However, the models did show strong relationships with 
other habitat variables, indicating that enough sites were saturated to show 
relationships.  Invertebrate sampling with only three replicate drift samples may not 
have been sufficient to accurately estimate invertebrate abundance due to variability in 
invertebrate density within sites (Matthaei et al. 1998).  Temporal variation may also be 
a problem, but as discussed in Chapter 1 of this thesis temporal variation at these sites is 
low, while spatial variation is high.  A final sampling issue that may have resulted in 
the absence of drift from the models is the timing of the sampling.  Samples for this 
study were collected between June and September.  Other authors have found a May 
peak in drift abundance (Slaney 1972), and fish growth may be highest in spring (Bacon 
et al. 2005). 
 
 Food web complexities could also influence the relationship between juvenile 
salmonids and invertebrate drift.  Regression works well for relatively simple linear 
relationships, such as whether prey abundance directly limits fish abundance.  
However, drift density and salmonid density may interact in more than one way.  This 
study assumed that the two would have a positive relationship because drift limited 
fish while fish did not affect prey abundance (bottom-up control), but it is possible that 
at some sites fish were able to deplete the drift population (top-down control).  If the 
mechanism differed between sites then no consistent pattern would emerge that could 
be detected through multiple regression (unless a consistent interaction term influenced 
the mechanism, but no such interaction term was detected).  Brown trout, a salmonid 
species not encountered in this study, can exert extreme pressure on invertebrate 
populations (Huryn 1998), so it is possible for salmonids to reduce invertebrate 
densities.  Another food web complexity that could mask a relationship between drift 
and fish densities is multiple food sources.  Salmonids are primarily drift feeders, but 
will feed on benthic invertebrates if drift is unavailable (Nislow et al. 1998) or if they are 
forced to through competition (Nielsen 1992).  When drift production is low salmonids 
may still be able to maintain high densities by using alternate food sources.  While food 
may be limiting under ideal habitat conditions, the magnitude of the effect may be 
small relative to the effect of habitat variables.  Finally, food abundance may be related 
to density in a non-linear, threshold fashion, in which case the effect of food abundance 
may be to increase growth or survival, but not density. 
 
 The second main reason to use habitat models is their improved efficiency over 
direct measurements of fish abundance.  The cost-benefit analysis in this study showed 
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that models with strong predictive ability (r2 = 0.59 to 90) can be applied after less than 
two hours of total field work completed by a team of two.  As anyone who has 
performed triple pass depletion electrofishing or mark recapture estimation of fish 
density can attest, it would be difficult to complete such field work in less than two 
hours with two field staff.  This study did not take into account the monetary cost of 
field equipment; the field equipment necessary to apply any of the full models in this 
study includes a conductivity meter, a clniometer to estimate gradient, meter sticks, 
tape measure, and a GPS or high-quality map.  The equipment necessary to estimate 
fish density directly is more expensive and includes an electroshocker and/or several 
minnow traps.  Most of the habitat variables measured for this study took small enough 
amounts of time to measure that they had the potential for high cost:benefit (r2/min) 
ratios.  The exception was invertebrate drift, which took more field time and much 
more lab time than any of the other variables (Table 5). 
 

Conclusions and management applications 
 
 This study sought to determine the relative roles of biotic and abiotic variables 
both as drivers of the abundance of juvenile salmon in streams, and as predictor 
variables that can be used to determine fish abundance as an indicator of stream 
ecosystem health.  In addition to standard measures of stream physical habitat 
structure, we identified candidate variables (conductivity, temperature, benthic organic 
matter abundance, and invertebrate drift) that could also be used as correlates of 
biological productivity to include as potential predictors of fish abundance.  We first 
analyzed variation in invertebrate drift abundance patterns to determine 1) whether 
drift variation within a site was less than variation between sites, i.e. whether 2-3 
replicate drift samples were sufficient to differentiate differences in prey abundance 
between sites, and therefore whether drift sampling could be used to characterize prey 
abundance for fish; 2) whether invertebrate drift abundance at a site could be predicted 
based on independent habitat variables (i.e. stream width, gradient, etc.); and 3) 
whether causative factors responsible for spatial variation in drift could be inferred 
from the analysis. 
 Results indicate that spatial variation within sites was less than variation 
between sites, i.e. that differences in prey abundance could be distinguished with as few 
as 2 replicate samples at different sites, although the power to detect differences 
between sites was low (50% of drift variation remained unexplained).  The drift 
variation analysis also indicated that seasonal variation in drift (from June-September) 
was small relative to differences between sites.  30-45% of the variation of invertebrate 
drift abundance could be predicted in regression, suggesting that sampling of drift may 
not be necessary to get a first order approximation of drift abundance in BC streams.  
Our analysis also identified channel gradient, width, canopy cover, and conductivity as 
major drivers of drift abundance, implicating factors related to entrainment of prey in 
the drift and factors related to basal ecosystem productivity as mechanisms that 
influence drift abundance.  The predictive regressions derived from this analysis should 
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serve as useful models for predicting first order prey abundance for drift-feeding fishes, 
and for understanding the drivers of drift abundance and how they might be 
manipulated for management purposes. 
 The second primary goal of this study was to determine the relative role of 
abiotic and biotic variables in the limitation of juvenile salmon abundance, and as 
predictors of abundance in regression models.  We sought to determine whether 
predictor variables related to prey abundance and biological productivity would 
increase the power to detect changes in fish abundance relative to more standard 
physical habitat indicators of stream condition.  Our regression models had good 
predictive abilities for determining abundance of juveniles salmonids (ranging from r2 = 
0.59 for total YOY abundance to 0.90 for YOY coho) and gave insight into the potential 
drivers of fish abundance and how they differ between coast and interior streams, 
although the biological interpretation of some of the predictor variables in regression 
was ambiguous.  Standard physical habitat variables (gradient, substrate size, percent 
pool, and LWD abundance) were good predictors of juvenile salmon abundance, as 
were select chemical and physical correlates of prey abundance (conductivity, canopy 
cover, benthic organic matter abundance, and temperature).  Invertebrate drift 
abundance was not significantly correlated with fish abundance, despite the fact that it 
should in principle be a direct measure of prey availability for drift-feeding fishes.  
Cost-benefit analysis indicates that standard physical habitat variables and conductivity 
were the most cost-effective predictors in terms of the percent of variance in fish 
abundance explained per unit time expended, and invertebrate drift samples were the 
least cost-effective.  Our models of juvenile prey abundance should serve as useful 
management tools to managers who seek to understand the factors that drive local and 
regional differences in fish abundance between streams, and for selecting priority cost-
effective variables for monitoring stream condition and capacity for drift-feeding fishes. 
 

Project status and completion   
 

 This project is being delivered largely as a graduate student thesis by Sandra 
Nicol in the Department of Zoology at UBC.  Although the project is well past deadline, 
Sandra has done a good job of pulling all the data together and working it up.  Two 
scientific publications in support of stream management should come of this research, 
reflecting the general organization of results and discussion in the report above.  The 
first concerns temporal and spatial variation in drift abundance in British Columbia 
streams, and the habitat and landscape factors that influence drift abundance (Chapter 1 
of Sandras thesis). The second is the relative role and efficiency of abiotic and biotic 
variables in the prediction of juvenile salmon abundance (Chapter 2 of Sandras thesis).  
Both of these papers have been included as project completion deliverables and 
submitted to the Ministry of Forests web site.  Chapter 1 is pretty much ready for 
submission, to either the North American Journal of Fisheries Management or the 
Journal of the North American Benthological Society.  Chapter 2 is also complete, 
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although it needs to go through some more editing before it is ready for submission, 
upon which time Sandra will also be able to submit her thesis for defence. 
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