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2.3  Physical Habitat 

Fish Habitat Assessment 

In 2006, habitat quality for salmonids was assessed through a modified Level 1 fish habitat 

survey based on the provincial Fish Habitat Assessment Procedure (FHAP; Johnston and Slaney, 

1996). The FHAP is based on a series of diagnostics describing salmonid habitat as “poor”, 

“fair” or “good” for summer and winter rearing, adult migration, spawning and incubation. The 

assessment was not repeated in 2008, as visual observation by field crews indicated general 

channel morphology and hydrology had not changed. Results from the 2006 FHAP are 

summarized in Section 3.1 of the present report, and further described in the Non-Anadromous 

Reach Fish Abundance Monitoring Program, 2006 report (Triton, 2008c). 
 

Site-Specific Information 

Site characteristics, as well as hydrological and water quality data were collected in both 

sampling areas, during each 2008 survey period (Table 2-1). Site characteristics were measured 

with electronic instruments (calibrated to manufacturer’s standards) or were determined by 

“ground estimates” (GE) among the field crew following criteria outlined in the Reconnaissance 

(1:20,000) Fish and Fish Habitat Inventory- Site Card Field Guide (Resource Inventory 

Committee; RIC, 1999). These procedures require some site characteristics to be determined 

through a subjective assessment, based on crew experience and field observations, which has an 

inherent variability among observers. Where site parameters could not be quantitatively 

measured, they were discussed among the survey crew in an effort to minimize subjectivity.  

 

Table 2-1. Site characteristics measured in the non-anadromous reach, 2008 
Characteristic Method  Characteristic Method 

UTM coordinates Garmin GPS 60   Site length (m) 
tape measure (T)/ hip 

chain (HC) 

Hydraulic unit type (HUT) 

(riffle, pool, etc.) 
Ground estimate (GE)  Site width (m)  T 

River stage  GE   Maximum Depth (m) meter stick (MS) 

Channel &  

wetted width (m) 

Yardage Pro Sport 450 

Laser Range Finder 
 Substrate (%)  GE 

Gradient (degrees) 
Clinometer/ Abney level 

/survey level and rod 
 % Sand GE 

Temperature (°C) 
Hanna Combo Meter (S4)/ 

Mercury thermometer (T4) 
 

Avg. bed material size 

D90 (cm) and Dmax (cm)  
GE/MS 

PH S4  
Substrate compaction 
(low, moderate, high) 

GE 

Conductivity (µS) S4  Cover (%) GE 

Total Dissolved Solids (ppm) S4  
Velocity (m/s) 

Swoffer 2100 / 

Gurley Pygmy Turbidity (cm) GE  

Codes from Reconnaissance (1:20,000) Fish and Fish Habitat Inventory- Site Card Field Guide (RIC), 1999. 
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Photographs were taken in each sampling area, to show habitat features and document sampling 

sites for future reference in assessing habitat conditions. Photographs are maintained on file for 

future reference and where relevant for descriptive purposes, are included in Appendix 1 and 2. 

For ground estimates, survey crews discussed parameters in order to arrive at a consensus and 

minimize variation associated with subjective assessments.  
 

Depth and Velocity Profiles 

Depth and velocity profiles were measured at transects within each electrofishing site. One 

transect per site was surveyed at a location representative of flow and depth characteristics. The 

number of velocity and depth measurements required to characterize each transect varied, and 

was determined in the field based on visual examination of the depth/velocity profile, from the 

bank, across the width of each site.  

2.4 Fish Sampling 

Fish were captured by electrofishing and with minnow traps. Snorkelling, angling and seining 

were considered, but discounted due to logistical and safety concerns pertaining to access and 

flows as well as difficulties in replicating observer efficiency and likelihood of variable visibility 

conditions between surveys. Captured fish were lightly anaesthetized with clove oil and then 

identified to species, measured to the nearest millimetre (mm) for fork length (salmonids) or total 

length (other species). A sub-sample of captured fish (between 65% and 100% of total 

capture/species) was also weighed to the nearest 0.01 g using an electronic balance. Fish were 

allowed to recover in aerated buckets, after which time they were released in the vicinity of their 

capture. No live fish were sacrificed for voucher specimens and the few inadvertent mortalities 

were recorded.  

2.4.1 Sampling Periods 

Sampling dates and methods were based on a review of methods from previous studies. The 

sampling periods were targeted at rainbow trout (O. mykiss) and chosen to replicate, as much as 

possible, those of previous studies in the Cheakamus River (e.g., Clark, 1989; Knight, 1991; 

Sneep, 2001; van Dishoeck, 2000 and 2002; van Dishoeck and Horne, 2002; Triton, 2008c and 

2008d). Sampling was conducted by a four-person sampling crew, over four days during three 

periods, as shown below: 

• March (25-28) to evaluate fish abundance following overwintering;  

• May (12-15) to sample for newly emerged brook trout fry and assess spring habitat 

selection; and, 

• October (6, 7 and 9, 10) to assess young of year (YoY) rainbow trout distribution and 

abundance, and allow comparison to baseline information. 

 

These periods were selected to assess variations in abundance by different age classes and to 

coincide with similar water levels, facilitating comparison between sampling periods. Sampling 

was not conducted in summer due the expectation of greater variability in flow and stage, which 

could complicate comparisons. 
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The October 2008 sampling period was interrupted on the third day, due to a substantial release 

from the Daisy Lake Reservoir (from 9 to 20 cubic meters/second; Albrecht, 2008, written 

comm.). Because this event would have made sampling on the river both unsafe and inconsistent 

with the following day’s results, sampling was suspended for 24 hours to allow the river to return 

to its previous state.  

2.4.2 Electrofishing 

In 2008, six open electrofishing sites were established within each sampling area (Figure 2-2 and 2-

3). Although some adjustments were made to accommodate variations in river stage and 

morphological changes, site locations in 2008 were consistent across all three surveys periods, and 

similar to those in the past two years of the program. Each site was measured to the nearest metre 

(length: downstream boundary to upstream boundary; width: average of measurements along the 

site), and geo-referenced (Table 2-2). Flagging was placed along the shoreline to delineate the 

upstream and downstream sampling boundaries, and for reference on future surveys. Natural 

features such as boulders, along with the length of the anode pole, were used as references to 

delineate and maintain the width of each sampling site. 

 

Table 2-2. Electrofishing sites sampled in the Cheakamus non-anadromous reach, 2008 

Sampling area March, May & October sites UTM coordinates
4
 

Upstream 

L22.350EF 10U 488123, 5532611 

L22.465EF 10U 487915, 5532707 

L22.575EF
1
 10U 487968, 5532823 

L22.650EF
2
 10U 488022, 5532862 

L22.680EF 10U 488023, 5532881 

L22.900EF 10U 488183, 5533023 

Downstream 

L18.600EF 10U 487457, 5529274 

L18.765EF 10U 487447, 5529486 

L18. 920EF 10U 487704, 5529633 

L19.060EF
3
 10U 487828, 5529653 

L19.140EF 10U 487846, 5529717 

L19.200EF 10 U 487903, 5529790 

Site identification: e.g. L22.350EF, where L = river’s left (east) bank; 22.350 = distance from confluence with the 

Squamish River; and, EF = electrofishing.  
1
 Side channel, 

2 
back channel, 

3
 side channel partly fed by a tributary,     

4
 North American Datum  of 1983 (NAD 83), October site coordinates presented. 

 

The monitoring program was based on a comparison of fish abundance (i.e., measured densities) in 

preferred habitats, as opposed to total population estimates; therefore site stratification (to ensure 

proportional sampling of all habitat types) was not undertaken. Electrofishing site selection criteria 

included but were not limited to: 

• Cover (abundance of boulder, pool, undercut bank, etc.); 

• Velocity (variation provided by cover features); 

• Depth (no greater than 1.5 m); and, 

• Safe access and wading for survey crew. 
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The use of enclosed electrofishing sites was considered although a number of safety concerns 

were noted including steep banks, large substrate, water depth and adjacent high velocities at 

some sampling sites. The aggregate safety risk of deploying nets under these conditions was 

considered unacceptable, particularly in the downstream sampling area where rope-assisted 

access is required to reach some sampling sites. Therefore, because not all sites could be 

enclosed, it was determined information collected in a consistent manner in both sampling areas 

was preferred to - and more defensible than - data generated from different methods.  

 

Site locations were similar between sampling periods and corresponded to sites sampled in 2006 

and 2007. Some adjustments were made to accommodate variations in river stage and 

morphological changes and the number of sampling sites was increased in 2008 to six per 

sampling area, per survey period (Table 2-2). All sites were sampled with triple-pass depletion to 

maximize total catch and allow for calculation of densities. Each pass consisted of one 

methodical sweep in an upstream direction. Crews strived to maintain consistent sampling effort 

among passes and between sampling sites. Captured fish were measured and weighed after the 

third pass was completed in order to minimize elapsed time between each pass and reduce 

potential for immigration or emigration of fish.  

2.4.3 Minnow Trapping 

Minnow traps were used in both sampling areas (L22.350MT-L22.955MT, Figures 2-3 and 

L18.600MT-L19.200MT, Figure 2-2), with 50 traps set per sampling area, during each survey. 

Trapping sites were chosen based on accessibility and habitat suitability for target species. Traps 

were set overnight (for a period of approximately 24 hours), in low-to-no velocity areas. Various 

habitat types were sampled, in the mainstem and side channels, to optimize opportunities for 

capturing all species present and their respective age classes. Traps were baited with salmon roe 

(~5 g/ trap) and approximately 10 traps were set per 100 m
 
of stream length. Trap frequency was 

increased in certain areas where habitat conditions were considered suitable for greater fish 

abundance or capture of specific species, such as stickleback in backwater areas. Site selection 

criteria included but were not limited to: 

• Presence of adequate cover (e.g., LWD, SWD, pool, undercut bank or boulder); 

• Velocity (suitable to avoid fish impingement in trap); 

• Depth (minimum of 25 cm to ensure traps were submerged); and, 

• Safe wading and access for survey crew. 

 

Minnow trapping was identified as a valuable, low-cost method to sample habitat where 

electrofishing was not practical and to provide complementary data to that obtained by 

electrofishing (e.g., species composition, size, and habitat preferences). Furthermore, overnight 

sampling may allow the capture of fish exhibiting nocturnal or crepuscular feeding habits, such 

as sculpins (McPhail, 2007).  
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2.5 Data Compilation and Analyses 

Project-specific data forms were developed to ensure consistent data collection among sampling 

sites and over the duration of the program (Appendix 3). The data collected were analysed to 

provide information on: 

• Habitat quality in sampled areas 

• Length/age class distributions  

• Growth patterns and condition of rainbow trout  

• Measured and adjusted densities, expressed as fish per unit of 100 m
2
 (fpu), based on 

electrofishing data 

• Catch per unit effort for minnow trapping, expressed as fish/trap (CPT) 

2.5.1 Length-Frequency Distributions and Age Classes 

Length-frequency distributions (histograms) were generated for rainbow trout only, given the 

low number of fish captured for other species. Age classes for this program were assigned during 

each sampling period, based on the observed modes in length-frequency and correlated by 

comparing age distribution to data collected on rainbow trout in the Cheakamus River (Knight, 

1991; van Dishoeck, 2000 and 2002; van Dishoeck and Horne, 2002; McCubbing et al., 2006; 

Triton, 2008c and 2008d). The program MIX (R Development Core Team, 2008) was also used 

to test length-frequency distributions against “goodness of fit models” (Chi-square) and compare 

to age group delineations established from histograms.  

2.5.2 Condition Factors 

Fish condition may reflect habitat quality and food availability, especially in the case of 

juveniles, whose somatic condition is directly linked to food availability. Monitoring fish 

condition over time was considered a good indicator of changes in habitat quality, food 

availability and, potentially, of population recovery. Since the calculation of Fulton’s condition 

factor (K) and relative condition (Kn) each have merits in assessing juvenile fish health, both 

methods were used. 
 

Fulton’s condition factor was calculated as: 

K = (Wt*FL
-3

) *10
5
 where Wt = wet weight (g) 

     FL = fork length (mm) 

 

Although commonly used, Fulton’s condition factor has been criticized for assuming isometric 

growth and being size-dependent. Several authors (LeCren, 1951; Anderson and Neuman, 1996; 

Hansen and Nate, 2005) have suggested the relative condition (Kn) as an alternative method of 

assessing condition, unbiased by size effects (Blackwell et al., 2000). Kn is the relative condition 

of a fish, compared with the average for the population of this species. It is a standardized weight 

proportional to residual values of the regression weight vs. length and should reflect feeding 

conditions to which fish from a specific population are subjected. 
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The relative condition factor was calculated as:  

 Kn = ln Wt - ln Wc     

 

where  Wt = wet weight (g) 

Wc = computed weight according to the ln Wt vs ln FL relationship for fish in a population 

 

In general, condition indices are best used for comparisons within systems rather than making 

assumptions concerning overall fish health, since the average Kn may not necessarily represent 

an ideal condition (Anderson and Neuman, 1996), and food availability may vary seasonally or 

between systems. However, these indices provide a reasonable method to monitor changes in 

fish condition over time.  

2.5.3 Abundance Estimates 

Electrofishing 

Electrofishing data were used to calculate density estimates for juvenile rainbow trout and other 

species. Densities were calculated using Maximum Likelihood Estimates (MLE; Zippin, 1958; 

Seber, 1982) generated by the software MicroFish 3.0 (Van Deventer, 1989). Maximum 

Likelihood is a regression model used in conjunction with the removal method to generate 

population estimates (i.e., the number of fish captured if sampling continued until no fish were 

remaining in the site). This measured density (population estimate divided by sampled area) was 

converted to fish per unit (fpu) area, where the area was equal to 100 m
2
. 

 

Measured densities were also adjusted for rainbow trout underyearlings, using Bovee’s (1978; 

1982) probability of use methodology, where the “usable” percentage of each sampling site was 

quantified. Usable area is defined as measured area x Phabitat use, where Phabitat use is habitat use 

probability. The latter is based on depth and velocity profiles and habitat suitability indices (HSI: 

Ptolemy, 2001). Hence Phabitat use = Puse| depth x Puse| velocity. Different habitat suitability indices are 

ascribed to various salmonid species and age classes. According to the habitat suitability curves, 

the greatest probability of use (P = 1) for rainbow trout underyearlings occurs at depths between 

0.05 and 0.25 m and velocities between 0.07 and 0.12 m/s.  

 

Only densities for rainbow trout underyearlings were adjusted for comparison between sites.  

Habitat use by juvenile rainbow trout is a function of a habitat quality, and habitat quality is 

affected by depth and velocity characteristics, as well as the presence of cover features and 

suitable substrate size. Even though a site has suitable depth and velocity characteristics, a lack 

of suitable cover features will also affect density. As juveniles become larger, habitat use is more 

strongly influenced by the presence of suitable cover features and substrate size.  The adjustment 

of parr densities based on depth and velocity characteristics is less reliable and not recommended 

(Ptolemy, 2007: verbal comm.), and therefore, was not calculated for this study. 

 
Minnow Trapping 

Studies conducted by Swales (1987) indicated a decrease in trap efficiency over time, and thus a 

non-linear relationship between catch and soak-time.  Sneep (2001) suggested catch rates were 

affected by a reduction in bait efficiency over time, while Swales proposed it is a function of 



Non-Anadromous Reach Fish Abundance Monitoring Program, 2008  October 2009 

FINAL REPORT  Page 20  

Prepared by Triton Environmental Consultants Ltd. 

population density and increasing likelihood of fish escaping over time. Both authors suggested 

standardizing calculations to correct this limitation, either by calculating catch per unit effort 

CPUE as the number of fish per trap (Sneep, 2001), or by standardizing soak-time (Swales, 

1987). As the variation in trap efficiency over time could not be quantified, the CPUE effort was 

standardized as overnight sets, and catch rates for minnow traps were calculated as the number of 

fish per trap (i.e., catch per trap; CPT). 
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3.0 Results 

3.1 Habitat and Site Characteristics 

In 2006 (the first year of the program), the upstream and downstream sampling areas of the non-

anadromous reach were assessed using the Level 1 FHAP diagnostics, as per Johnston and 

Slaney (1996). Results of the FHAP indicated the upstream sampling area has more boulder 

cover and functional LWD as well as better access to spawning areas. Both sampling areas had 

similar percentages of pool by area, although pool frequency was greater in the downstream area 

and results varied by gradient categories for each sampling area. Other factors, such as the 

presence of tributaries in proximity to the upstream sampling area (i.e., Chance Creek at km 

22.65 and Rubble Creek at km 26.05; Figure 1-2) may also influence fish densities differently in 

each sampling area and thus should be considered when interpreting results. In summary, 

although habitat conditions between the upstream and downstream sampling area are similar, the 

results of the FHAP indicate overall habitat conditions are better upstream (Triton, 2008c). 

 

In addition to the above-mentioned habitat assessment, yearly surveys of individual 

electrofishing sites were conducted. An overview of the 2008 survey results is presented in the 

following sections and a summary of site characteristics is provided in Appendix 4. Detailed 

electrofishing site characteristics and photographs are provided in Appendix 2.  

3.1.1 Hydrology 

Electrofishing sites within the upstream area consisted of more riffles and fewer pools than sites 

in the downstream area, but were otherwise comparable (Appendix 4). Depth and velocity were 

generally reflective of preferred rainbow trout fry/underyearling habitat (water depth < 0.3 m and 

velocity < 0.2 m/s). 

3.1.2 Cover 

The abundance of instream cover in the upstream sampling sites was estimated to be moderate 

(5-20%) to abundant (greater than 20%) over all three sampling periods. Cover was provided 

mostly by boulders, which accounted for an average of approximately 75% of all available cover 

(Appendix 4). Pool accounted for most of the remaining cover. In the downstream sampling 

sites, cover abundance was estimated to be moderate to abundant, and was also provided mainly 

by boulders (accounting for approximately 69% all available cover), with pool providing up to 

50% of total cover in some sites.  

3.1.3 Substrate 

Figure 3-1 shows mean substrate composition and distribution, at each electrofishing site over all 

three sampling periods. Cobble (large and small) and boulder dominated the upstream 

electrofishing sites (across all sampling periods; Appendix 4). In downstream sites, boulder 

substrate was dominant, accounting for an average of 50% across all sites and sampling periods.  
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Figure 3-1. Average distribution of substrate at electrofishing sites, sampling periods 

combined, 2008  

0

10

20

30

40

50

60

70

80

22.350 22.465 22.575 22.650 22.680 22.900 18.600 18.765 18. 920 19.060 19.140 19.200

Upstream Downstream

P
e
rc
e
n
t 
o
f 
to
ta
l 
s
u
b
s
tr
a
te

0.00

0.20

0.40

0.60

0.80

1.00

1.20

M
a
x
im

u
m
 v
e
lo
c
ity

 (m
/s
)     

Fines Small Gravel Large Gravel Small Cobble Large Cobble Boulder Bedrock Max transect velocity
 

3.1.4 Water Quality 

Temperature, pH and conductivity were similar between sampling areas during the March, May 

and October sampling periods (Appendix 4). Measured pH values (6.63 to 7.95) were all within 

the range of recommended values for the protection of freshwater life (CCME, 2007; MoE, 

1998). Additional information regarding background water quality of the Cheakamus River is 

also available in Triton, 2007a. 

3.1.5 Minnow Trapping Site Characteristics 

A summary of minnow trap site characteristics (mean trap depth, traps/ HUT, traps/cover type) 

in each sampling area is provided in Appendix 4. Individual minnow trap site characteristics are 

provided in Appendix 5.  

3.2 Fish Data 
 

A total of 999 fish were captured in the non-anadromous reach during the 2008 sampling period: 

519 in the upstream sampling area and 480 in the downstream area. With the exception of brook 

trout, which were captured in the upstream sampling area only, species composition was similar 

in the two sampling areas (Figure 3-2). Detailed catch data by site and method are provided in 

Appendix 6. Rainbow trout accounted for approximately 82% of the upstream catch (n = 426) 

and 67% of the downstream catch (n = 319). A total of 27 brook trout were captured upstream, 

along with 57 threespine stickleback upstream and 157 downstream, as well as 9 coastrange 

sculpin upstream and 4 downstream.  
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Figure 3-2. Relative species composition in each sampling area, by method, all survey 

periods combined, 2008 
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RB: rainbow trout, EB: brook trout, CAL: coastrange sculpin, TSB: threespine stickleback. 

3.2.1 Population Parameters 

Length-frequency distributions (used in an effort to assign age groups based on length classes), 

length-weight relationships (to assess growth) and condition factors were generated for rainbow 

trout. Parameters for other species are summarized at the end of the present section and 

individual data for each fish measured are provided in Appendix 7. Data from electrofishing and 

minnow trapping were first examined separately and by sampling area. The low catch numbers 

in minnow traps did not allow for the observation of any trend and therefore, the data were 

pooled with results from electrofishing.  

Rainbow Trout Size Structure 

All rainbow trout captured by electrofishing and minnow traps were measured for fork length    

(n = 745). Trends between the two sampling areas (upstream and downstream) were similar, 

therefore data were pooled to analyze length-frequency distributions and estimate age classes for 

each sampling period (Figure 3-3). Based on the histograms, the youngest age class for each 

sampling period could be determined, however, no clear mode could be defined among the larger 

(i.e., older) fish.  

 

For the purpose of this report, 1+ fish captured in March and May and 0+ rainbow trout 

(captured in October only) were grouped under the term “underyearlings”, while the remaining 

fish were classified as “parr”. No rainbow trout classified as “adult” were captured in 2008. A 

Mixture Distribution Model (MIX: Macdonald, 2008) program was also used to test length-

frequency distributions against “goodness of fit models” (Chi-square) and compare to age group 

delineations established from histograms. While the models provided a good fit for each 

sampling period (P = 0.59, 0.88, 0.26, for March, May and October respectively), they also 

indicated substantial overlap, especially between older age groups (Appendix 8). These results 

supported grouping older age classes under a single group (i.e., “parr”) for further analyses.  
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Figure 3-3. Length-frequency distributions of rainbow trout, all methods, 2008 
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The minimum recorded fork length for rainbow trout - all sites and sampling periods combined - 

was 26 mm (upstream area, October; Table 3-1), and the maximum was 213 mm (downstream 

area, October; Table 3-2). Mean and median fork lengths of both underyearlings and parr were 

greater in the downstream sampling area than upstream, for each sampling period. Results from 

two-sample t-tests showed a statistically significant difference in the mean lengths of rainbow 

underyearlings and parr captured in the affected area compared to those captured upstream (all 

periods combined; Appendix 9). 

 

Table 3-1. Fork length of rainbow trout underyearlings, all methods, 2008   

      Fork Length (mm) 

Date Location Sample size Min. Max. Mean Median  CV 

March 
Upstream 32 35 73 52 52 15 

Downstream 20 44 67 55 55 13 

May 
Upstream 45 35 89 62 59 21 

Downstream 21 49 85 65 62 15 

October 
Upstream 209 26 70 49 49 17 

Downstream 136 26 74 52 50 17 

 

Table 3-2. Fork length of rainbow trout parr, all methods, 2008 

      Fork Length (mm) 

Date Location Sample size Min. Max. Mean  Median CV 

March 
Upstream 75 75 186 107 103 22 

Downstream 68 75 183 115 109 18 

May 
Upstream 33 91 168 107 105 16 

Downstream 39 90 185 122 120 16 

October 
Upstream 32 78 165 103 103 17 

Downstream 35 80 213 138 144 25 

Length-Weight Relationships 

More than 93% of rainbow trout captured in 2007 were weighed. Both the lowest weight (0.18 g; 

Table 3-3) and the highest (115.25 g; Table 3-4) were observed in October. Mean and median 

weights were greater for fish captured downstream than upstream. Results from two-sample       

t-tests showed a statistically significant difference in the mean weights of rainbow 

underyearlings and parr captured in the affected area compared to those captured upstream (all 

periods combined; Appendix 9). 

 

Rainbow trout exhibited similar length-weight relationships in upstream and downstream 

sampling sites during each of the three months sampled and thus for each month were pooled. 

The length-weight relationships were also similar among all months (Figure 3-4).  

 

 

 



Non-Anadromous Reach Fish Abundance Monitoring Program, 2008  October 2009 

FINAL REPORT  Page 26  

Prepared by Triton Environmental Consultants Ltd. 

Table 3-3. Weight of rainbow trout underyearlings, all methods, 2008  

      Weight (g) 

Date Location Sample size Min. Max. Mean  Median CV 

March 
Upstream 30 0.61 5.15 1.92 1.70 50.15 

Downstream 20 0.96 3.73 2.22 2.15 39.35 

May 
Upstream 44 0.47 8.74 3.39 2.07 67.23 

Downstream 21 1.53 7.93 3.58 3.23 47.46 

October 
Upstream 186 0.18 5.34 1.52 0.60 51.18 

Downstream 123 0.19 5.42 1.76 0.85 53.51 

 

Table 3-4. Weight of rainbow trout parr, all methods, 2008 

      Weight (g) 

Date Location Sample size Min. Max. Mean Median  CV 

March 
Upstream 70 4.59 71.67 15.09 11.92 73.03 

Downstream 68 5.06 59.85 18.16 13.60 58.14 

May 
Upstream 33 7.76 61.38 15.25 12.71 73.37 

Downstream 39 9.99 66.39 21.38 18.64 56.51 

October 
Upstream 30 5.98 55.93 13.95 11.47 67.92 

Downstream 35 5.58 115.25 34.26 30.45 72.38 

 

Figure 3-4. Length-weight relationships for rainbow trout caught by electrofishing, 2008 

March 

  N = 188    

Wt=0.00002FL
2.8385

 

May 

N = 137    

Wt=0.00002FL
2.8616

 

October  

N = 373    

Wt=0.00001FL
2.9795

 

   

Note: Lines are fitted regressions.  
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Condition Indices 

Fulton’s Condition Factor  

As described in Section 2.5.2, when using Fulton’s condition (K), a value approaching 1 is 

indicative of “good” condition, although there is no consensus on what value above or below 1 is 

indicative of “poor” condition. The condition factor of 422 rainbow trout underyearlings varied 

between 0.71 and 1.64 (Table 3-5). Mean condition factor between the upstream and downstream 

sampling areas were similar for each sampling period, and indicative of fish in good health.  

 

Table 3-5. Condition factor (K) of rainbow trout underyearlings, all methods, 2008  

      Condition 

Date Location Sample size Min. Max. Mean  Median CV 

March 
Upstream 30 1.01 1.59 1.27 1.28 10.99 

Downstream 20 1.05 1.44 1.25 1.28 9.06 

May 
Upstream 44 1.02 1.63 1.24 1.22 10.38 

Downstream 21 1.00 1.57 1.25 1.23 9.70 

October 
Upstream 185 0.71 1.64 1.17 1.13 13.73 

Downstream 122 0.86 1.48 1.13 1.08 11.37 

 

Mean and median condition factors for 275 rainbow trout parr (March and May 2+ and 3+, 

October 1+ and 2+) were higher upstream than downstream through all three sampling periods 

(Table 3-6). Results from a two-sample t-test showed a statistically significant difference in the 

mean condition of rainbow parr captured in the upstream sampling area compared to those 

captured downstream, however, all mean values were reflective of fish in good condition (all 

periods combined; Appendix 9).  

 

Table 3-6. Condition factor (K) of rainbow trout parr, all methods, 2008 

      Condition 

Date Location Sample size Min. Max. Mean Median  CV 

March 
Upstream 70 0.77 1.43 1.14 1.14 11.20 

Downstream 68 0.86 1.45 1.11 1.08 12.04 

May 
Upstream 33 0.72 1.35 1.13 1.15 10.75 

Downstream 39 0.93 1.40 1.11 1.10 10.81 

October 
Upstream 30 0.90 1.53 1.16 1.17 12.74 

Downstream 35 0.71 1.48 1.12 1.11 12.43 

 

Relative Condition  

The following equations were used for the calculation of relative condition (Kn): 

 

March U/S (n= 100): lnWt = -10.819778 + 2.84897 lnFL; D/S (n= 88): lnWt = -10.819778 +2.8303 lnFL 

May U/S (n= 77): lnWt = -10.89778 + 2.8947 lnFL; D/S (n= 60): lnWt = -10.414313 + 2.8156 lnFL 

October U/S (n= 217): lnWt = -11.512925+ 2.9913 lnFL; D/S (n= 156): lnWt = -11.512925+ 2.9874 lnFL 
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As per Fulton’s condition index, the relative condition uses a value of 1 (or sometimes 100) as a 

benchmark for good condition. Calculated relative condition values were comparable to Fulton’s 

condition values for each sampling period. Mean relative condition of rainbow trout 

underyearlings varied between 0.95 and 1.21 upstream and 0.93 and 1.21 downstream. For 

rainbow trout parr, mean relative condition varied between 0.89 and 1.24 upstream and 0.90 and 

1.24 downstream.  

Other Species 

Brook trout (juveniles and adults) captured in the upstream sampling area ranged in length from 

46 to 139 mm (mean = 89 mm, n = 27); none were captured in downstream sites. Condition 

factors for brook trout varied between 0.91 and 1.45 (October), and mean condition values were 

1.16, 1.10 and 1.15 in March, May and October, respectively.  

 

Both adults and juvenile coastrange sculpins were captured in the upstream sampling area, 

ranging in total length from 26 to 120 mm (mean = 78 mm, n = 9), while only adults were 

captured downstream (ranging from 78 to 110 mm; mean = 101 mm, n = 4).  

 

Adult and juvenile threespine stickleback were captured in the upstream sampling sites, while in 

the downstream sites, newly emerged stickleback were captured, along with juveniles and adults 

(Table 3-7). Site L19.060EF, a shallow side channel, with low to no velocity and abundant cover 

(Appendix 2), was identified at the beginning of the program as a suitable habitat for threespine 

stickleback, and subsequent sampling indicated the site was repeatedly used by this species as a 

nursery site. In October 2008, over 60% of threespine stickleback captured in site L19.060EF 

were less than 30 mm in total length. 

 

Table 3-7. Total length of threespine stickleback, all methods, 2008 

 MAR 
 

MAY 
 

OCT 

  U/S D/S  U/S D/S  U/S D/S 

No. of fish 4 8 
 

36 27 
 

33 106 

Minimum 57 17* 
 

31 21* 
 

30 10* 

Maximum 64 66  65 76  72 72 

Mean 61 44 
 

55 47 
 

55 36 

SD 3 18  6 17  14 16 

* Captured at site L19.060EF. 

3.2.2 Density Estimates 

Electrofishing Catch 

Twelve sites were sampled by electrofishing during each of the 2008 surveys (Section 2.4.2). A 

total of 879 fish were captured: 465 upstream and 414 downstream. Rainbow trout 

underyearlings were the dominant species/age class in both the upstream and downstream areas, 

followed by rainbow parr, rivalled by threespine stickleback in the downstream area (Figure 3-

5).  
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Figure 3-5. Electrofishing catch distribution, per species/ 

age class, all sites and methods combined, 2008 
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      RB UY: Rainbow trout underyearlings 

Measured Densities  

Measured densities (fish per unit of 100m
2
; fpu) were calculated for rainbow trout 

underyearlings and parr. Measured densities for underyearlings captured in March and May 

varied little among sites and between the upstream and downstream sampling areas, ranging 

from 1 to 13 fpu upstream and 0 to 7 fpu downstream (Figure 3-6). In October, the variation in 

measured fry densities was greater among sites, in both sampling areas. 

 

Figure 3-6. Measured densities of rainbow trout underyearlings, 2008 
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Mean measured densities in the upstream sampling area were higher across all three survey 

periods, compared to those recorded downstream (Table 3-8). Box plots showed overlap between 

upstream and downstream underyearling densities, across all survey periods, and similar medians 

between the two sampling areas, in March and October (Appendix 10). 

 

Measured rainbow trout parr densities were also variable among sites, in both sampling areas, 

and across all three survey periods. No rainbow parr were captured in May and October at sites 

L18.600 (a shallow run, with little available cover) and L19.060 (a shallow side channel partly 

fed by a small tributary and cut-off from the mainstem during periods of low water). The highest 

parr densities were recorded in March and the mean measured density for that survey period was 

greater upstream than downstream (10.1 fpu ± 11.6 SD, compared to 9.1 fpu ± 9.9). However, 

parr densities were similar between the two areas in May (4.7 fpu ± 5.8 upstream and 4.6 fpu ± 

5.6 downstream) and October (4.4 fpu ± 2.7 upstream and 5.5 fpu ± 7.0 downstream). Box plots 

for rainbow trout parr densities show large overlap between upstream and downstream, across 

survey periods, and similar medians between sampling areas, in March and May (Appendix 10). 

 

Figure 3-7. Measured densities of rainbow trout parr, 2008 
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Adjusted Densities 

Rainbow trout underyearling densities were also adjusted according to “probability of use”, from 

habitat suitability indices (HSI; Ptolemy, 2001; Section 2.5.3). Mean probability of use for 

rainbow trout underyearlings was greater upstream than downstream in May, but similar in both 

sampling areas for March and October (Table 3-8). Mean adjusted densities for rainbow trout 

underyearlings were higher upstream relative to downstream across all three survey periods.  
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Table 3-8. Mean adjusted densities for rainbow trout underyearlings, 2008 

Sampling 

period 
Sampling area 

Mean measured 

density (fpu) 

  Mean probability 

of use (%) 

Mean adjusted  

 density (fpu) 

March Upstream 6.4 (71.2) 43.0 24.0 (118.6) 

 Downstream 3.3 (59.8) 49.5 6.9 (63.7) 

May Upstream 6.7 (56.1) 57.9 21.8 (157.0) 

 Downstream 3.5 (68.3) 27.0 15.3 (80.9) 

October Upstream 34.1 (65.7) 54.3 81.9 (83.3) 

 Downstream 28.9 (94.1) 57.6 59.7 (122.8) 

Note: Values in parentheses are coefficient of variations (%). 

Minnow Trap Catch 

A total of 120 fish were captured by minnow traps (54 upstream and 66 downstream) accounting 

for 12% of the total catch in 2008 (Appendix 6). Each survey area was sampled with 50 traps, 

during each sampling period. Rainbow trout parr and threespine stickleback dominated both the 

upstream and downstream catch (Figure 3-8). Brook trout were only captured in the upstream 

sampling area and no sculpins were captured by minnow trap. Individual catch data and site 

characteristics for each minnow trapping site are included in Appendix 6. 

 

Figure 3-8. Minnow trap catch distribution, per species/age 

class, all sampling sites and periods combined, 2008  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  RB UY: Rainbow trout underyearlings 

 

Mean catch per trap (CPT) for rainbow trout underyearlings across sampling periods ranged 

between 0 and 0.12 in the upstream area, and between 0 and 0.16 in the downstream area (Table 

3-9). Mean catch per trap for rainbow parr ranged from 0.06 to 0.20 upstream, and from 0.02 to 

0.24 downstream.  
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Table 3-9. Relative abundance of fish captured by minnow trap, 2008 

Sampling 
period 

Sampling 
area 

RB 
underyearlings

1
 

catch 

Mean 
CPT 

 
RB parr

2
 

catch 
Mean 
CPT 

 Other 
species 
catch 

Mean 
CPT 

March U/S 0 0.00  10 0.20  3 0.06 

 D/S 0 0.00  12 0.24  1 0.02 

May U/S 6 0.12 
 

9 0.18 
 

12 0.24 

 D/S 0 0.00  8 0.16  26 0.52 

October U/S 3 0.06 
 

3 0.06 
 

8 0.16 

 D/S 8 0.16  1 0.02  10 0.20 

Total upstream catch 9   22   23  

Total downstream catch 8     21     37  

1
March and May age 1+,

 
October age 0+ fish. 

2
All other age classes. 
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4.0 Discussion  

The Non-Anadromous Reach Fish Abundance Monitoring Program was established to assess the 

recovery of fish populations by comparing fish distribution, condition and abundance, in a 

section of the Cheakamus River affected by the spill (downstream), to those from an area not 

affected (upstream). The information collected in 2008 was compared between sampling areas 

and between years (i.e., 2006 and 2007) to assess the state of recovery in the impacted area.  

4.1 Survey Areas  

Results of the habitat assessment conducted in 2006 (Triton, 2008c) indicated habitat quality was 

better in the upstream sampling area. Habitat condition for spawning and incubation were better 

upstream than downstream, while summer and winter rearing habitat quality for salmonids was 

similar between the two sampling areas. Although certain habitat parameters may vary from year 

to year (e.g., the percentage of available LWD cover or the quality and quantity of spawning 

gravel), and thus potentially change habitat conditions, in a regulated system such as the 

Cheakamus River, habitat conditions tend to remain constant over time (assuming no event such 

as a large flood or a land slide occurs in the area to change the river more radically). This 

assumed trend in stable habitat conditions was confirmed by field observations over the study 

period, in that few changes to overall habitat conditions were observed between the two study 

areas. 

 

Differences were also observed among upstream and downstream electrofishing sites. Upstream 

sites consisted of more riffles and fewer pools than those downstream. Depths and velocities 

were similar in both areas, and reflective of preferred juvenile rainbow trout habitat (water depth 

<0.3 m and velocity <0.2 m/s). Sampling sites were selected based on the presence of cover for 

target species, and therefore all sites were considered to have adequate cover for rainbow trout 

parr. However, field assessments suggested downstream sites had a greater amount of instream 

cover (due in part to a greater percentage of boulder substrate).  

 

Despite the observed differences in habitat quality between the upstream and downstream 

sampling areas and electrofishing sites, the degree of similarity indicated the two areas are 

suitable for comparison.  

4.2 Fish Data 

4.2.1 Rainbow Trout Condition and Size Distribution  

The mean condition factors of rainbow trout underyearlings and parr were similar in both survey 

areas during each sampling period, and comparable to those reported in other studies in the non-

anadromous reach of the Cheakamus River (Triton 2008, and 2009; Knight, 1991; Clark, 1989). 

Furthermore, all mean condition values were indicative of fish in good condition: values of 1 and 

above suggest a rich food supply and growth environment (MoE, 2008: written comm.). 

 

In 2008, trends in growth (i.e., length-weight relationships) were similar between sampling areas, 

for each sampling period among survey years, however, the mean lengths and weights of 
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rainbow underyearlings and parr captured in the affected area were statistically greater than those 

of fish captured upstream (Appendix 9). Furthermore, the size structure of rainbow trout 

captured in the downstream survey area changed considerably between 2006 and 2008. The 

percentage of rainbow trout classified as parr was 10% in 2006, 23% in 2007 and 42% in 2008 

(all sampling periods combined), suggesting an increase in the number of older age class fish 

over the study period. This trend was not observed in the upstream survey area, with the 

percentage of rainbow parr increasing from 24% in 2006 to 41% in 2007, but decreasing to 30% 

in 2008.  

4.2.2 Rainbow Trout Densities 

Underyearling Densities 

When comparing mean measured densities of rainbow trout underyearlings sampled in 2006, 

2007 and 2008, various trends can be observed. In both sampling areas, the mean densities in 

March and May were lower in 2008 than those recorded in the two previous survey years (Figure 

4-1). This may have been the result of low fry recruitment in 2007: the number of fry observed in 

both sampling areas in October 2007 was lower than either 2006 or 2008. Similarly, the highest 

mean fry densities in both sampling areas were observed in October 2006, resulting in the 

highest observed underyearling densities in March 2007. 

 

Figure 4-1. Rainbow trout underyearling mean measured densities (fpu), 2006-08 
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 Note: Bars represent 95% confidence intervals.  

 

The degree of similarity in the inter-year trends of fry abundance (October) in both the impacted 

and non-impacted areas suggest the decrease in 2007 fry densities was a system-wide 

phenomenon. It could also indicate a close relationship between the upstream and downstream 

rainbow trout populations (i.e., any variations in the upstream population may have a direct 

affect the downstream population). In addition, sampling results in the anadromous reach also 

indicated a low abundance of fry in the fall of 2007 (Triton, 2009; Ptolemy, written 

communication, 2008) despite a high estimate of adult returns compared to the previous 10 years 
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(Korman and McCubbing, 2007). In summary, both sampling areas appeared to follow similar 

inter-annual trends in relative abundance based on mean measured densities for rainbow trout 

underyearlings. However, the large and overlapping confidence intervals suggest caution in 

interpreting these trends.  

Parr Densities 

The mean measured densities of rainbow trout parr varied considerably between sampling 

periods and among years. Similarities were observed in yearly trends between the two survey 

areas (e.g., parr abundance increased in both sampling areas from March to October in 2007; 

Figure 4-2).  With the exception of the May 2006 sampling period, seasonal trends in mean 

measured densities, from year to year, were also similar between the two sampling areas. 

 

Figure 4-2. Rainbow parr mean measured densities (fpu), 2006-08 
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Note: Bars represent 95% confidence intervals. 

 

The comparison of parr densities was complicated by the fact the “parr” size group represents 

multiple age classes from different cohorts, and as rainbow trout grow in size they tend to move 

into deeper and faster habitats which are more difficult to sample. Since parr captured in March 

and May grow over the summer, by October many of the fish captured in spring may have 

moved into deeper water where they would be less susceptible to capture. Conversely, parr 

captured in the fall (October) tend to grow less over the cold winter months. Therefore, trends in 

parr abundance were also examined by comparing densities from fall to spring (e.g., densities in 

October 2006 were compared to densities in March and May 2007). 

 

In the upstream sampling area the greatest density of rainbow trout parr was observed in October 

2007, which corresponded to a high parr density in March 2008. In addition, the lowest parr 

density in October was observed in 2006, with corresponding low parr densities in March and 

May 2007. In the downstream area, the lowest October parr densities were also observed in 
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2006, again resulting in low parr densities in March and May 2007. Higher parr densities in 

October 2007 also corresponded to high parr densities in March and May 2008.  

 

In the upstream sampling area, mean densities of rainbow trout parr were above 4 fpu in all nine 

sampling periods (March 2006 to October 2008). In comparison, mean values in the downstream 

sampling area were below 2 fpu during the first 5 sampling periods (March 2006 to May 2007), 

but have been above 4.6 fpu since October 2007. Yearly mean parr densities also suggest an 

increasing trend in parr abundance in the downstream sampling area over the three years of 

monitoring (Appendix 10), while parr abundance in the upstream area was stable.  

Past Studies 

Table 4-1 shows measured densities recorded during past studies in the non-anadromous reaches 

of the Cheakamus River, thus providing additional information on rainbow populations for 

comparative purposes. However, due to the unknown level of variability in the data, the time 

elapsed between studies, as well as known and potential differences in sampling methods and 

habitat sampled these studies are not being used for direct assessment of recovery.  

 

Mean measured rainbow fry densities recorded in both sampling areas during the October 2006 

and 2008 surveys for the Non-Anadromous Reach Fish Abundance Monitoring Program were 

within values reported in past studies for a similar period (Knight, 1991; Clark, 1989; Riley and 

Korman, 1995).  Parr mean densities observed during the three years of the program were also 

within the range of values reported in the same past studies.  

 

Table 4-1. Mean measured densities of juvenile rainbow trout, non-anadromous reaches of 

the Cheakamus River, fall 1988-89, 1995, 2006-08 

Studies 
Knight 

(1991) 

Clark 

(1989) 

Riley & 

Korman 

(1995) 

Non-Anadromous Reach Fish Abundance 

Monitoring Program 

Location 
U/S of 

Daisy L. 

Km 26.95 

to 19.35 

Near 

Km 22.65 
Upstream Area 

Km 22.90 to 22.35 
Downstream  Area 

Km 19.25 to 18.60 

Sampling date 09/1989 09/1988 10/1995 10/06 10/07 10/08 10/06 10/07 10/08 

No. Sites 3 unknown 2 4 5 6 4 5 6 

Fry density 

(fpu) ± SD  
39.7 (±24) 31.4 14.8 (±7) 49.7 

(±29) 
8.7 
(±6) 

34.1 
(±22) 

32.3 
(±22) 

6.8 
(±5) 

28.9  
(±27) 

Parr density 

(fpu) ± SD 
8.3(±24.1) 

(1+ parr) 

7.1 (1+) 

6.4 (2+) 

1.3 (3+) 

1.4 (±2) 8.2 
(±8) 

17.6 

(±13) 
4.4    
(±3) 

1.8 
(±4) 

6.5 
(±9) 

5.5      
(±7) 

 

4.3 Assessment of Recovery  

Pre-spill information on fish abundance and habitat use in the two study areas is limited (no 

baseline data was found for the impacted area), thus it was not possible to establish recovery 

targets. Recovery is therefore being assessed primarily based on the comparison of trends in 
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abundance between the upstream and downstream sampling areas, as well as on inter-year 

comparisons of survey results. Other parameters, such a species distribution and age class 

composition in the affected reach, were also considered. In developing the program rationale 

(Section 1.3), inter-annual variations in abundance were anticipated, however, the direction and 

magnitude of change in the downstream sampling area was expected to be contrasting in the 

event of recovery.   

 

Over the three years of the monitoring program, similar species composition was observed in the 

impacted and non-impacted survey areas; these same species were also reported in past studies 

conducted upstream of the impacted area. Multiple age classes of rainbow trout and threespine 

stickleback, including young of year fry, were captured in the downstream sites, indicating local 

recruitment and/or spawning. The presence of multiple age classes in all sampling periods, along 

with the apparent increasing abundance of rainbow trout parr, is encouraging as it demonstrates 

fish are utilizing the affected area. Since the affected portion of the non-anadromous reach is 

difficult to access, pressure from anglers on the local adult population is light. Therefore, angling 

pressure is not expected to adversely affect the abundance of adults or the potential for adults to 

contribute to local recruitment. 

 

Growth patterns and condition of rainbow trout in both sampling areas were comparable over the 

three years of the program. This suggests habitat conditions in both areas are favourable to the 

growth and health of fish, and therefore any initial impacts related to food availability in the 

affected area have not inhibited the ability of fish to recover. 

 

Comparable inter-annual patterns in mean densities of rainbow trout underyearling upstream and 

downstream suggest similar recruitment in both sampling areas. The similarity between October 

fry densities in both survey areas in 2008 and 2006, indicates the low densities observed in 2007 

(in both areas) were the result of factors affecting the entire non-anadromous reach (and 

potentially system-wide) and not just a localized event. 

 

Mean measured densities of rainbow trout parr were also indicative of recovery in that the 

magnitude and direction of change was more positive in the downstream sampling area (Figure 

4-2; Appendix 10). While mean parr densities in the upstream sampling area fluctuated 

considerably between sampling periods and among surveys years, densities in the downstream 

area tripled in October 2007 compared to values in March and May of the same year and all 2006 

values, and remained stable during the 2008 surveys. 

 

In summary, results of the monitoring program indicate the fish community in the impacted area 

is composed of the same species present upstream.  The similarity in inter-year trends of 

underyearling abundance between sampling periods suggest recruitment was similar in both 

areas. In addition, multiple age classes of fish are present in the impacted area and fish are in 

good health. The abundance of older age classes of rainbow trout (i.e., parr) in the downstream 

sampling also appeared to increase over the duration of the monitoring program, and became 

more similar to those observed upstream. The mechanisms of recruitment in the affected reach 

are not clear (e.g., local spawning or migration from upstream), however results from the 2006 

and 2007 surveys, in conjunction with the continuing trends observed in 2008 indicate natural 

recovery in the impacted area is underway.  
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Given the inter-year and seasonal variations in abundance observed in the upstream, unaffected 

area, it would be difficult to conclusively confirm if or when recovery has occurred, however, 

monitoring observations suggest the duration to full recovery should be short.  
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5.0 Conclusions and Recommendations 

Based on the 2008 results, as well as those from the two previous years of Non-Anadromous 

Reach Fish Abundance Monitoring Program, the following conclusions and recommendations 

can be made: 

 

• Although habitat conditions in the upstream sampling area were deemed better than 

downstream, the overall similarity in stream characteristics between the sites indicates the 

two study areas are suitable for comparison; 

 

• Sites sampled in both sampling areas were reflective of preferred juvenile rainbow trout 

fry habitat, and also encompassed suitable substrate and instream cover for parr and other 

species present; 

 

• The same species were captured in both sampling areas, indicating the impacted area has 

the capacity to support a similar diversity of fish species as the unaffected area;  

 

• The condition of rainbow trout captured in both sampling areas was consistent with 

values reported in other studies in the Cheakamus River, and indicative of fish in good 

health; 

 

• Seasonal trends in mean measured densities of rainbow trout underyearlings and parr 

were similar in both sampling areas, during the monitoring program (2006 to 2008); 

 

• Inter-annual trends in mean measured densities of rainbow trout underyearlings were 

similar in both sampling areas, during the monitoring program; 

 

• The percentage of parr-sized rainbow trout captured in the impacted area was greater in 

2008 than in the previous two survey years; 

 

• Mean measured densities of rainbow trout parr in the downstream sampling area were 

less variable than upstream in October 2007 and over all three sampling periods in 2008; 

 

Since limited baseline data for the impacted area was available, no specific target for recovery 

was established and assessment of recovery was primarily based on comparisons with the 

upstream, unaffected sampling area. There were similarities in seasonal and inter-annual trends 

in abundance between sampling areas, and sampling results confirmed recruitment of rainbow 

trout to the downstream area is occurring and fish are utilizing the impacted area. Measurements 

of lengths and weights, and calculations of fish condition showed comparable growth rates 

between sampling area and indicate fish are in good health. There were also positive indications 

of increasing rainbow trout abundance in the downstream area. Mean measured densities of parr 

in the downstream area increased over the duration of the monitoring program and were similar 

to upstream, in all three sampling periods in 2008. The percentage of parr-sized rainbow trout 

captured by electrofishing in the upstream sampling area was variable over the monitoring 

program, but increased in the downstream area.   
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Sampling results have demonstrated there is considerable natural variation in mean measured 

densities of rainbow trout among sampling sites and from year to year even in the upstream 

(unaffected) sampling area. Given this natural variation, it is difficult to determine definitively if 

recovery has occurred. However, the results from three years of monitoring in the non-

anadromous reach are encouraging and suggest recovery is occurring. In addition, no limitations 

have been identified to the continued processes of natural recovery, and therefore further 

monitoring of the non-anadromous reaches is not recommended at this time.   
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