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EXECUTIVE SUMMARY
This purpose of this study was to determine whether upstream sediment sources are adversely
affecting egg-to-fry survival of Cowichan River chinook salmon. This information is necessary to
determine whether remedial action to eliminate/diminish these sediment sources is warranted to
assist in the recovery of Cowichan River chinook stocks. The specific objectives of the study were to:
1) monitor suspended sediment levels above and below known point sources at various flows during
the 2005-2006 winter, 2) determine the level of fine sediment in selected spawning sites above and
below the major sediment sources, 3) assess incubation survival by in situ trials and by hydraulic
sampling at selected spawning sites above and below the major sediment sources, and 4) undertake a
literature review on the effects of fine sediment on egg-to-fry survival.
Suspended sediment levels were monitored by taking in situ turbidity measurements and by
collecting water samples for lab analysis of total suspended solids (TSS). Substrate composition of
spawning beds was assessed by collection of sediment samples at 1 site above the sediment sources
(control) and 2 sites below the sediment sources (test sites). Samples were passed through a series of
sieves to derive relative proportions of the different particle sizes. Incubation survival was assessed
by planting perforated pipes loaded with eyed chinook eggs at 2 sites above the sediment sources
(controls) and at 2 site below all main sediment sources (test sites). Hydraulic sampling of natural
redds was conducted at the control and test sites to provide additional information on incubation
survival as well as emergence success. The literature review was prepared by another author and is
provided in Appendix C.
Monitoring of TSS and turbidity showed that these parameters increased with increased flow
with highest levels occurring in Section C (response to Stoltz Slide) and somewhat lesser levels in
Section B (response to sediment sources in Block 51 and the 3 Firs seam). On average, 54% of
suspended sediment appeared to originate from Stoltz Slide while 34% originated from Section B
sources. Though suspended sediment levels were positively related to flow, values were much higher
on the ascending limb of a flood event than on the descending limb. There was a tendency for
suspended sediment levels to decrease toward the river mouth (lower 3 sites) on some sample dates
possibly suggesting settling out of a portion of the suspended material.
The assessment of spawning gravel sediment characteristics found that the percentage of
material < 2 mm diameter (sand, silt, and clay) was similar at the Greendale and Hatchery Run sites,
but much higher at the Sandy Pool site (11.5, 10.7, and 22.0%, respectively). However, when the
fraction < 0.064 mm was examined (silt and clay), values were lowest at Greendale, highest at Sandy
Pool, and midway between these at Hatchery Run (0.07, 0.28, and 0.20%, respectively).
Assessment of survival from the pipe incubators was confounded by possible escape of alevins
and fry from the incubators. Despite these problems it was possible to generate survival rates for
some of the pipes though in many cases they had to be considered as minimum values. Overall
results from the incubators suggested that survival was poorer and more variable at the test sites
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relative to the control sites. Hydraulic sampling in March 2006 indicated high incubation survival at
River Cabins (control) and Hatchery Run, but much lower survival at Sandy Pool (89, 93, and 55%,
respectively). Because of the high variability in survival at Sandy Pool, differences were not
significant. Additional hydraulic sampling in April 2006 for the purpose of assessing emergence
success found no evidence of emergence difficulties at the control site but did find evidence
problems at Sandy Pool and Hatchery Run. These data suggest that there are incubation and
emergence concerns at Sandy Pool, and possible emergence concerns at Hatchery Run.
When all study components are taken as a whole, there appears to be evidence that the area most
impacted by sediment inputs is the upper half of Section C downstream from Stoltz Slide. This area
had the highest suspended sediment concentrations, the highest level of fines (particles < 2 mm and <
0.064 mm), and the poorest survival rates. Thus, there appears to be a link between Stoltz Slide (and
other sediment sources), gravel quality, and subsequent egg-to-fry survival. This said, caution must
be exercised in that the study included a limited number of sites. Also, the 2005/2006 results
generated unexpected results (e.g., low fine sediment content and high incubation survivals at
Hatchery Run) which raised additional questions and imposed a certain level of uncertainty in the
interpretation of 2005/2006 results. To this end, recommendations are provided to strengthen the
understanding of the above linkages.
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1. INTRODUCTION
In 2002, the first phase of the Cowichan River chinook rebuilding strategy was completed. This
consisted of a literature review and preliminary assessment of non-fishing factors limiting the
production of Cowichan River chinook stocks (Burt and Robert 2002). One potential limiting factor
identified related to the quantity and quality of spawning gravel in the lower river (i.e., below Skutz
Falls). Previous studies indicated that the upper river contained regions of exceptionally high quality
spawning habitat, while in the lower river gravel was less widely distributed and where available
contained a higher percentage of fines. Two major point sources of silt have been identified on the
river. The most significant of these is the Stoltz Slide, located ~8 km below Skutz Falls. A secondary
input is located in an area called Block 51 located ~ 5 km above Skutz Falls. During heavy rainfall
events these sources contribute heavy silt loads to downstream habitats (e.g., January 2002). In some
locations below Stoltz Slide, deposition of silt has been observed to form a cement-like layer in the
upper 10 cm of spawning beds.
Escapement monitoring by DFO has shown that a significant proportion of the chinook run
spawns in the lower river in years with low during the migration period (up to 66% of the run in
some years; Burt and Robert 2002). Coincident with this spawning distribution is a trend towards
lower egg-to-fry survival. In contrast, most chinook spawn above Skutz Falls in years when flows are
higher and experience higher survival rates. In addition, preliminary sampling of intergravel oxygen
on spawning beds found extremely low DO levels in some of the lower river sites. Hence, there is
concern that incubation success may be poorer in the lower river than in the upper river, and that this
may reduce overall egg-to-fry survival in years when more chinook utilize the lower river.
Due to potential adverse effects of upstream sediment sources on chinook egg-to-fry survival,
the Cowichan River Chinook Incubation Assessment was initiated. The intent of the study was to
determine whether remedial action to eliminate/diminish these sediment sources is warranted to
assist in the recovery of Cowichan River chinook salmon. The study spanned two incubation periods:
the winter of 2004/2005 (year 1), and the winter of 2005/2006 (year 2). Results from year 1 were
reported in Burt et al. (2005). Results from year 2 (2005/2006) are presented herein, however, similar
data from year 1 are also included for purposes of comparison. The specific tasks of the study were
as follows:
1.

Monitor ambient levels of suspended sediment above and below known point sources at various
flows during the winters of 2004/2005 and 2005/2006.

2.

Determine the level of fine sediment (particles < 2 mm) at selected spawning sites above and
below the major sediment sources.

3.

Assess incubation survival at selected spawning sites above and below the major sediment
sources using a) in situ incubation trials and b) hydraulic sampling of natural redds.
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4.

Undertake a literature review on the effects of fine sediment on egg-to-fry survival with
particular focus on quantitative data relating particle sizes found in the Cowichan (task 3) with
incubation survival.

This report is organized with tasks 1 through 3 covered in the main body of the ensuing text. Task 4
(literature review) was written to stand on its own and is located in Appendix C. Project costs are
provided in Appendix B.

1. METHODS
1.1 Study Area
The Cowichan River originates in Cowichan Lake and flows east for 48.7 km before discharging
into Cowichan Bay near Duncan. The only major tributary on the Cowichan River is the Koksilah
River, which has its confluence 1.5 km above the estuary. Numerous smaller tributaries empty into
the mainstem, the most significant being Bear, Holt, Inwood, and Somenos Creeks.
The study area for the project included the Cowichan River mainstem from the outlet of Lake
Cowichan to the mouth. For the purposes of the study, the river was divided into 3 main sections
according to sediment input sources:
Section A – the first 8.0 km of river below the outlet of Cowichan Lake. This section is located
upstream of all major sediment sources and thus sites within this section served as controls.
Section B – 12.6 km of river extending from the bottom of Section A downstream to a point
immediately upstream of Stoltz Slide. This area encompasses a number of eroding banks and
other sediment sources in the area called Block 51 but is unaffected by Stoltz Slide.
Section C – 28.1 km of river encompassing Stoltz Slide downstream to the mouth.
A map of the Cowichan River showing the above sections and associated sediment sources is
provided in Figure 1.

1.2 Suspended Sediment Monitoring
Suspended sediment monitoring involved periodic collection of turbidity and total suspended
solids (TSS) from 13 sites on the Cowichan River. Sites were sampled on 17 occasions from
November 3, 2005 to March 3, 2006. The temporal distribution of sample dates was allocated to
capture suspended sediment conditions at a variety of flows during the incubation period. The spatial
distribution of sites included locations above all sediment sources (Section A), below Block 51
sediment sources (Section B), and below the Stoltz Slide sediment source (Section C). Site locations
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are shown in Figure 1. Views of example sediment sources in Block 51 are provided in Photo 1 and
Photo 2 while Stoltz Slide is shown in Photo 3.
Turbidity data were measured in situ using a McVann Analite NEP160 meter. TSS was
determined by laboratory analysis (North Island Labs, Courtenay) from one-litre water samples
collected in the field at the time turbidity was measured.

1.3 Spawning Gravel Characteristics
In September 2005 sediment samples were collected from Greendale, Sandy Pool, and Hatchery
sites in order to quantify the distribution of particle sizes in the spawning beds at these sites. This
work was conducted by Kerr Wood Leidal Associates Ltd. (KWL) and details of methods and results
were provided in Ellis (2006). The following is an abbreviated version of methods used for this
component of the Cowichan River Chinook Incubation Assessment.
Sediment samples were collected on September 19 and 23, 2005. Ten samples were collected
from each of the 3 aforementioned sites and placed in 25 litre buckets for later processing. Collection
methods varied slightly among sites due to the level of the water table. At Hatchery Run the samples
were collected in the dry using shovels. At Sandy Pool shovels were also used to extract the samples
however the site was close to the water surface elevation such that the excavation holes filled with
water containing suspended sediment. This liquid mixture was removed using a hand-powered bilge
pump and added to each sample. At Greendale the site was completely submerged and so McNeil
substrate samplers were used to extract the 10 sediment samples. These devices allow collection of
sediment samples while excluding flowing surface water from the sample (see Photo 4).
All samples were transported to Nanaimo Hatchery where sieving was performed to separate
particles according to the Wentworth grain size scale. Material was sieved at ½ psi breaks down to 22
mm. The sub-22 mm material was transported to UBC where it was oven dried and sieved at ½ psi
breaks down to 0.063 mm. These weights were combined with weights of the coarse fraction to
recreate a complete grain size distribution for each sample.

1.4 Incubation Success
Incubation success was assessed using two approaches: 1) installation of incubation chambers
filled with chinook eggs from Cowichan Hatchery, and 2) hydraulic sampling of natural redds in
early spring. The following describes methods used for each of these approaches.

Incubation Chambers
Incubation chambers were placed in 4 sites on the Cowichan River. Two of these sites (River
Lodge and Greendale) were in Section A located above all sediment sources and served as controls.
Cowichan River Chinook Salmon Incubation Assessment, 2004–2005
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The other two sites (Sandy Pool and Hatchery Bar) were in Section C located below Stoltz Slide
which served as treatment sites. Locations of these 4 sites are shown in Figure 1.
Use of incubation chambers to monitor egg-to-fry survival in the Cowichan River was met with
a number of logistical difficulties. Foremost of these was the feasibility of installing the chambers in
the relatively fast and deep water in which Cowichan River chinook spawn. By the time chinook
eggs become available from Cowichan hatchery, these spawning areas are unwadeable. As a result,
the Jordan incubation cassettes typically used for incubation assessments could not be used. As an
alternative, pipe incubators were constructed to house the eggs. These consisted of 1.9 cm (3/4 inch)
metal perforated pipes, 38 cm in length, with masonry drill bits welded onto their ends (Photo 5).
This design allowed the pipes to be screwed into the substrate using a rechargeable drill from the side
of a boat.
A second problem with installing incubation chambers in the Cowichan River was related to the
high public use of the river. During year 1 (2004/2005), many of the pipe incubators were removed
by the public and left on the bank. To minimize this problem in year 2, signage was installed at all
sites to alert the public as to the purpose of the pipes and that a DFO study was in progress.
Thirty incubation pipes were constructed. Ten were installed at each of the treatment sites
(Hatchery and Sandy Pool), and 5 at each of the control sites (Greendale and River Cabins). In
addition to these, 10 incubation pipes and 10 Jordan cassettes were installed on the Puntledge River
(Bull Island Sidechannel) to provide a comparison of incubation survival between the two types of
incubators.
The incubation pipes were installed at all 4 Cowichan River sites on November 19, 2005. The
Puntledge River comparison incubators were installed on November 18, 2005. On December 15,
2005 the Cowichan River sites were visited to check the state of the incubators. At this time, one
incubator from each of Hatchery, Sandy Pool, and Greendale sites were pulled to determine survival
to date. The final retrieval was on February 24, 2006 for the Cowichan River incubators, and on
February 21, 2006 for the Puntledge River incubators. At this point, live and dead eggs/alevins were
counted for each incubator and observations recorded as to whether fines or decay were present.

Hydraulic Sampling
Hydraulic sampling was conducted on two occasions: 1) March 6, 2006 and 2) April 27-28,
2006. During the first trip sampling was conducted at River Cabins, Sandy Pool, and Hatchery sites.
On the second trip sampling was conducted at Greendale, Sandy Pool, and Hatchery sites.
Hydraulic sampling procedures are described in Sweeten (2005). The apparatus consists of a
catch net and a sampling probe attached by hose to a high-pressure water pump. The probe is
equipped with a venturi that allows air to be sucked into the probe creating an air-water mixture.
When this is jetted into the substrate eggs and alevins are lifted into the water column where the river
current carries them into the catch net. Contents of the net are placed into a tray where live and dead
eggs and alevins can be counted. Photo 6 shows the hydraulic sampler setup.
4
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2. RESULTS
2.1 Study Flows
Mean daily flows during the 2005/2006 study period are illustrated in Figure 2 (chart A). For
comparative purposes, flows are also shown for the year 1 study period (chart B). These charts also
show the flows at which turbidity and TSS were collected (circles), and when incubation assessment
activities were conducted (squares). In year 2 the Cowichan River experienced one main high water
event that extended from December 20, 2005 to the end of February, 2006. The peak for this event
occurred on January 13, 2006 when mean daily flows attained 297 cms. In year 1 there were two
high water events. The first occurred during December 2004 and peaked at 213 cms on December 11,
2004. The second occurred during January-February 2005 and peaked at 316 cms on January 23,
2005.
In year 2 the incubation trials were run from November 19, 2005 to February 24, 2006 (98
days). Average flows during this period were 132 cms. In year 1 the incubation trials were run from
December 15, 2004 to March 10, 2005 (86 days). Average flows during this period were 95 cms.
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Figure 2. Mean daily flows during year 2 (graph A) and year 1 (graph B) study periods based on the WSC
gauging station near Duncan (08HA011). The charts also show dates/flows when turbidity and TSS
samples were taken (green circles), and when incubation assessment activities were completed (blue
squares).
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2.2 Suspended Sediment Monitoring
Total suspended sediment (TSS) and turbidity were collected from 13 sites on the Cowichan
River from November 3, 2005 to March 3, 2006. Locations of these sites were given previously
(Figure 1). The main interest of this data set was to determine the relative contribution of known
sediment point sources (Block 51, 3 Firs seam, and Stoltz Slide) to ambient levels of turbidity and
total suspended solids in the Cowichan River, and to examine how these parameters changed with
flow. Figure 3 shows plots of turbidity (Chart A) and TSS (Chart B) for each sample date during the
study period. Sites above all main sediment sources (Section A) are shown with dashed lines, sites
affected by Block 51 sediment sources and the 3 Firs seam but above Stoltz Slide (Section B) are
shown with dotted lines, and sites below Stoltz Slide (Section C) are shown with solid lines. Mean
daily discharge is shown by a thick grey line.
Sites in Section A had the lowest turbidity and TSS for a given date, sites in Section B had
substantially higher values, and sites in Section C had the highest values. The seasonal pattern
showed a dramatic increase in turbidity and TSS as flows increased, with the greatest response in
Sections B and C. Peak turbidity and TSS was coincident with the flow peak in early January. After
this, turbidity and TSS declined somewhat despite sustained high flows with secondary spikes in
flow. Thus, the relationship between flow and suspended sediment appears to be strongest during the
rising limb of freshet events after which the relationship diminishes.
Longitudinal changes in suspended sediment were explored by plotting TSS by site for each
sample date, with sites arranged chronologically from upstream to downstream. A selection of these
plots is provided in Figure 4. In general, TSS increased with downstream progression, however, there
were notable jumps in suspended sediment levels at sites in Section B, and then again at sites in
Section C. Sites in Section C tended to have substantially higher values than those in Section B, and
tended to remain higher longer than those in Section B. This suggests that in the winter of 2005/2006,
Stoltz Slide was the largest source of suspended sediment and this contribution remained high for a
longer period than sources from Block 51.
In order to quantify the suspended sediment contributions from Sections A, B, and C, average
TSS values were generated for each section using sites most likely to represent total sediment
contribution from each section. This included all 3 sites for Section A, Skutz Falls and Marie Canyon
for Section B, and Stoltz Pool, Dave Gunn, and Sandy Pool for Section C. The contribution from
Section A was based on the generated average for this section; the contribution from Section B was
based on the average from Section B minus the average from Section A; the contribution from
Section C was based on the average from Section C minus the average from Section B. In a few
instances average TSS declined from Section A to Section B or from Section B to Section C. These
cases were excluded from the analysis. Results from this exercise indicated that during winter
2005/2006, Section A contributed 12% of total suspended sediment load, Section B sources 34%, and
Stoltz Slide 54%.
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Figure 3. Turbidity (Chart A) and total suspended solids (Chart B) by date for each suspended sediment
sample site on Cowichan River, November 3, 2005 to March 3, 2006. Mean daily discharge (station
08HA011) is provided on the secondary y axis. Section A sites have dashed lines, Section B sites dotted
lines, and Section C sites solid lines.
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Figure 4. TSS (mg/L) by site for selected sample dates (sites are arranged in geographic order from
upstream to downstream).
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Attainment of TSS at suspended sediment monitoring sites required collection of water samples
and analysis of these samples in a lab (North Island Labs, Courtenay). In the interest of reducing
costs in future years of study, regression analysis was performed on TSS as function of turbidity to
determine if turbidity (which is measured in the field) can be used as a surrogate for TSS. For this
analysis, data from years 1 and 2 were combined and the total data set segregated into Sections A, B,
and C with separate regressions performed for each region. Segregation by section was performed
due to possible variations in the turbidity-TSS relationship associated with differing sediment input
sources (turbidity is not only influenced by concentration, but also by the size and shape of
suspended particles; Marquis 2005). Tablecurve 2D software was used to determine the best fit of the
data points.
The results of this analysis are provided in Figure 5 with the top graph showing results for
Section A, the middle graph results for Section B, and the bottom graph results for Section C. The
relationships between TSS and turbidity were relatively strong yielding R2 values of 0.82 for Section
A, 0.93 for Section B, and 0.82 for Section C. These data suggest that turbidity is a viable surrogate
for TSS when data are grouped according by the above Sections. The lines on either side of the best
fit lines are 95% prediction limits and provide 95% confidence limits when predicting future data
points. Equations for each section are as follows:
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Section A:

TSS = 1.74 + 0.38 · Turb 1.30

Section B:

TSS = 2.65 + 0.52 · Turb 1.14

Section C:

TSS = 5.90 + 0.49 · Turb 1.14

Cowichan River Chinook Salmon Incubation Assessment, 2004–2005

Cowichan River - Section A
Equation: Power(a,b,c)
r 2 =0.82280007 DF Adj r 2 =0.81216808 FitStdErr=1.2145473 Fstat=118.40525
a=1.7446326 b=0.3802743
c=1.2975061
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Cowichan River - Section B
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r 2 =0.93128391

DF Adj r 2 =0.92849812 FitStdErr=3.9921941 Fstat=508.22369
a=2.6538988 b=0.52308169
c=1.1433263
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Figure 5. Total suspended solids (TSS, mg/L) as a function of turbidity (NTU) for
Section A (top graph), Section B (middle graph), and Sections C (bottom graph). Outer
lines represent 95% prediction limits for new values. Circles data points are outliers
excluded from the curve fitting analysis.
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2.3 Spawning Gravel Characteristics
The purpose of the sediment sampling component was to assess the level and composition of
fines (particles < 2 mm) in selected spawning sites above and below Stoltz Slide. Study sites included
Greendale, located above Stoltz Slide (control site), and Sandy Pool and Hatchery Run, located
below Stoltz Slide (see Figure 1 for locations). As indicated in the Methods, this assessment was
conducted by Kerr Wood Leidal (KWL) and was reported in a letter report submitted to the Pacific
Salmon Commission in April 2006 (Ellis 2006). The following is an abbreviated version of their
results.

Sample Size and Comparability
Church et al. (1987) developed standards for bulk sediment samples based on the proportion by
weight that the largest stone represents of the total sample. According to their work, if the largest
stone is ≤ 0.1% of the total sample weight, these stones will be represented in the sample and
therefore the grain-size distribution will be well characterized. However, this criterion leads to very
large samples when the material is greater than 64 mm, as is common in British Columbia rivers. A
more relaxed criterion of 1% was adopted for this work, with the concomitant reduction in assurance
that the grain-size distribution was well characterized. Table 1 compares the samples sizes collected
on the Cowichan River with those based on the 1 % criterion of Church et al. (1987).

Table 1. Actual sample sizes compared with sample sizes based on 1 % criterion.
Site

Actual Sample Size

Largest Stone (mm)

Sample Size Required –
1% Criterion

Greendale

17 – 22 kg

64

35 kg

Sandy Pool

39 – 45 kg

90 – 128

95 – 150 kg

Hatchery Run

38 – 42 kg

90

95 kg

As Table 1 demonstrates, the individual sample sizes collected were not sufficiently large to
meet the 1% criterion, which is already more relaxed than the 0.1% criterion. In order to satisfy the 1
% criterion, samples from each site were pooled to reach the necessary sample sizes, based on the
largest observed particles. For both the Hatchery Bar and Sandy Pool sites, this required pooling at
least 3 samples together, since two samples pooled together typically yielded only about 80 kg.
Samples were pooled based on proximity to each other and similar depositional environment (e.g.
outer bar edge, bar top, bar tail, etc.). In the case of Sandy Pool, the largest material (90 mm – 128
mm) was found only in samples S6, S7 and S8 on the upper bar head and edge. These samples were
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pooled with S9 (next sample downstream on the bar edge) to yield a sample with a sufficient weight
to meet the 128 mm 1% sample size criterion. The remaining samples from Sandy Pool were pooled
to achieve the 90 mm 1% sample size criterion. The relatively smaller material at Greendale (64 mm
< maximum particle size < 90 mm) meant that only two samples needed to be pooled to achieve the
1% sample size criterion.

Proportion of Fine Material
Sample grain size distributions were pooled as described above and the corresponding
percentage of fine material for the pooled distributions were calculated. Fine material was assessed
both as the percent by weight less than 2 mm (i.e. sand, silt and clay), and the percent by weight less
than 0.063 mm (i.e. silt and clay). Tables 2 and 3 show the resulting percentages for each sample
based on the pooled samples. These data indicate that Sandy Pool samples had more fine sediment
than samples from the other two sites and that this trend was apparent in both the % < 2 mm fraction
(fine sand, silt and clay), and the % < 0.063 mm fraction (silt and clay).

Table 2. Fine sediment content (% by weight) < 2 mm based on pooled samples.
Greendale
Pooled Samples

Sandy Pool

% < 2 mm

Pooled Samples

Hatchery Run

% < 2 mm

Pooled Samples

% < 2 mm

G1, G2

14.8

S1, S2, S3

21.8

H2, H3, H7

11.9

G3, G4, G5

11.3

S4, S5, S10

25.2

H1, H4, H5, H8

10.2

G6, G7

10.4

S6, S7, S8, S9

19.0

H6, H9, H10

10.0

G8, G9, G10

9.6

Mean

11.5

22.0

10.7

Standard Dev.

2.3

3.1

1.1

—

—

—

—

Table 3. Fine sediment content (% by weight) < 0.063 mm based on pooled samples.
Greendale
Pooled Samples

Sandy Pool

% < 0.063 mm

Pooled Samples

Hatchery Run

% < 0.063 mm

Pooled Samples

% < 0.063 mm

G1, G2

0.08

S1, S2, S3

0.32

H2, H3, H7

0.23

G3, G4, G5

0.07

S4, S5, S10

0.26

H1, H4, H5, H8

0.19

G6, G7

0.07

S6, S7, S8, S9

0.27

H6, H9, H10

0.18

G8, G9, G10

0.06

Mean

0.07

0.28

0.20

Standard Dev.

0.01

0.03

0.02

—
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—

—
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The pooled fine sediment percentages were compared using one-factor ANOVA to determine if
the sample means were significantly different (α = 0.05) between sites. For both the percentage of
particles < 2 mm and the percentage < 0.063 mm, the ANOVA results were significant (p < 0.001)
suggesting that site location explained the variation between the sample means. Plots of the sample
means and associated 95% confidence intervals are shown in Figures 6 and 7.

Figure 6. Mean and 95% confidence interval for the percentage of fines < 2 mm at
the control site (Greendale) and 2 test sites in the Cowichan River.

Figure 7. Mean and 95% confidence interval for the percentage of fines < 0.063
mm at the control site (Greendale) and 2 test sites in the Cowichan River.
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As Figure 6 shows, the percentage of material less than 2 mm was similar at the Greendale
(control) and Hatchery Run sites, but was much higher at Sandy Pool. In contrast, the percentage of
material less than 0.063 mm was lowest at Greendale and highest at Sandy Pool, but was
intermediate between those two at Hatchery Run (and elevated compared to the Greendale site).
Figure 8 shows grain size distributions for all pooled samples. The data represent cumulative
percentage of particles (y-axis) finer than a given sieve size (x-axis), where sieve sizes correspond to
½ psi breaks. These data show that although the total percentage of material less than 2 mm is similar
at the Greendale and Hatchery Run sites, the grain size distributions below 2 mm differ. For example,
the distributions of the Greendale samples drop off rapidly below 2 mm, suggesting that the bulk of
the material is composed of coarse sand. In contrast, the Hatchery Run grain size distributions show a
steadier decrease, which indicates that the proportions of medium and fine sand are greater than at
the Greendale site.
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Figure 8. Grain size distributions for pooled samples from Greendale (solid lines), Sandy Pool
(long dashes), and Hatchery Run (short dashes).
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2.4 Incubation Success
Pipe Incubators
The incubation survival trials included 5 pipe incubators at each of the two control sites (River
Cabins and Greendale) and 10 incubators at each of the two treatment sites (Sandy Pool and
Hatchery Run). Of the 30 incubators installed, only 2 were tampered with (incubator 38 at Sandy
Pool and 27 at Hatchery Run) and 1 was missing (incubator 20 at Hatchery Run). This was a marked
improvement over year 1 when 9 incubators were removed by the public. Table 4 summarizes results
for each incubator.
Before reviewing results in Table 4, it is important to point out that it may have been possible
for alevins to escape from the incubators by swimming out the circulation holes. Evidence of this
possibility include an absence of eggs, alevins, or fry (dead or alive), as well as an absence of
decaying material in some control site incubators (e.g., numbers 33 and 4), and in some of the
Puntledge pipe incubators (covered later in this section). If the eggs or alevins had died, decaying
material would likely have been present, thus speculation that the alevins may have swam out. Since
% survival for individual pipe incubators was based on live count relative to the number of eggs
installed (26), the survival rates given in Table 4 must be considered as minimum values.
Accepting the above limitations, minimum survival rates at the control sites averaged 77%
(range 69–85%) at River Cabins and 71% (range 31–96%) at Greendale. Minimum survival rates at
the treatment sites appear to have ranged from 0 to 77% at Sandy Pool and from 0 to 73% at
Hatchery Run. Incubators at the treatment sites had a high incidence of dead material that had
decayed to the point of preventing enumeration of individual eggs or alevins. This combined with the
possibility of alevins or fry escaping means that survival rates must be treated with caution. The
combined evidence (survival rates, egg fragments, presence of decay, and sand) suggests that egg-tofry survival at the treatment sites was much poorer than at the control sites.
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Table 4. Summary of egg-to-fry survival of chinook eggs held in Cowichan River pipe incubators, 2005–
2006.
Site

Incubator
Number

Installation
Date

Removal
Date

Dead
Eggs

Dead
Alevins

Live
Eggs

Live
Alevins

Presence
of Decay

%
Survival

River
Cabins

33

19/11/2005

24/02/2006

0

0

0

2

No

?

Very clean; minimal
sand or silt

(control 1)

32

19/11/2005

24/02/2006

0

0

0

21

No

81 %

Very clean; minimal
sand or silt

36

19/11/2005

24/02/2006

0

0

0

19

No

73 %

Very clean; minimal
sand or silt

40

19/11/2005

24/02/2006

0

0

0

18

No

69 %

Very clean; minimal
sand or silt

31

19/11/2005

24/02/2006

0

0

0

22

No

85 %

Very clean; minimal
sand or silt

Greendale

19

19/11/2005

24/02/2006

0

0

0

25

No

96 %

Very clean; minimal
sand or silt

(control 2)

4

19/11/2005

24/02/2006

0

0

0

0

No

?

15

19/11/2005

24/02/2006

0

0

0

24

No

92 %

Very clean; minimal
sand or silt

11

19/11/2005

24/02/2006

1

0

0

17

No

65 %

Very clean; minimal
sand or silt

13

19/11/2005

24/02/2006

1+frag
ments

0

0

8

No

31 %

Very clean; minimal
sand or silt

24

19/11/2005

24/02/2006

?

?

0

0

Yes

?

37

19/11/2005

24/02/2006

0

0

0

16

No

62 %

17

19/11/2005

24/02/2006

fragments

0

0

0

Yes

?

Very sandy & silty; egg
fragments

21

19/11/2005

24/02/2006

?

0

0

0

Yes

?

Pipe bent but buried;
very sandy; some dead
eggs

38

19/11/2005

24/02/2006

—

—

—

—

—

—

Incubator tampered
with – empty

34

19/11/2005

24/02/2006

0

0

0

20

No

77 %

22

19/11/2005

24/02/2006

?

0

0

0

Yes

?

All dead eggs

23

19/11/2005

24/02/2006

0

?

0

0

Yes

?

All dead alevins; very
sandy and silty

12

19/11/2005

24/02/2006

23

?

0

1

Yes

12 %

Assumed 3 live

18

19/11/2005

24/02/2006

6

4

0

0

Yes

0%

Sandy

30

19/11/2005

24/02/2006

14

?

0

0

Yes

0%

Some sand

29

19/11/2005

24/02/2006

?

0

0

0

Yes

?

Dead eggs

14

19/11/2005

24/02/2006

8

0

0

0

Yes

?

Some sand; all dead
eggs

Sandy Pool

Hatchery
Run
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Comments

Alevins swam out?

Dead eggs and alevins;
some sand

Incubator buried but on
its side; no sand
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Site

Incubator
Number

Installation
Date

Removal
Date

Dead
Eggs

Dead
Alevins

Live
Eggs

Live
Alevins

Presence
of Decay

%
Survival

26

19/11/2005

24/02/2006

14

0

0

0

Yes

0%

All dead eggs

16

19/11/2005

24/02/2006

1+
clump

0

0

12

Yes

46 %

Dead eggs

35

19/11/2005

24/02/2006

3

0

0

12

No

46 %

28

19/11/2005

24/02/2006

3

0

0

19

No

73 %

1 coho alevin swam
into pipe

39

19/11/2005

15/12/2005

8

13

1

4

No

19 %

Checked and removed
Dec. 15, 2005

27

19/11/2005

24/02/2006

15

0

0

0

—

—

Found on bank Mar. 6

20

19/11/2005

24/02/2006

—

—

—

—

—

—

Missing

Comments

Notes:
1. All incubators were loaded with 26 eggs each at installation.
2. Percent survival = (live eggs + live alevins) ÷ 26 × 100.
3. There was a hard crust on the top layer of gravel at the hatchery site.

In order to compare incubation survival in the pipe incubators relative to Jordan cassettes, 10
pipe and 10 Jordan incubators were installed side-by-side in Bull Island Sidechannel on the
Puntledge River. The results of this test are provided in Table 5. Mean survival in the pipe incubators
was 50.4% (± 12.4%) compared with 98.6% (± 0.6%) in the Jordan cassettes. Though this difference
was statistically significant (p < 0.001), it may be an artificial difference if alevins within the pipe
incubators were able to escape via the circulation holes. The lack of decay inside the pipe incubators
suggested that alevins may indeed have escaped. Thus, the results are inconclusive as to whether the
pipe incubators produced lower survival rates than the Jordan cassettes.
The results in Table 5 are similar to those from the paired trials conducted in Bull Island in year
1 (survival rates averaged 61.7% in the pipe incubators and 97.6% in the Jordan cassettes). In year 1,
the lower survival in the pipe incubators was attributed to a lack of space between eggs, however, in
year 2 eggs were separated by spacer beads.
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Table 5. Summary of egg-to-fry survival for paired pipe and Jordan incubators on the Puntledge River
(Bull Island Sidechannel), 2005–2006.
Incubator

Installation
Date

Removal
Date

Pipe 8

18/11/2005

21/02/2006

Jordon 1

18/11/2005

21/02/2006

Pipe 10

18/11/2005

21/02/2006

Jordon 2

18/11/2005

21/02/2006

Pipe 1

18/11/2005

21/02/2006

Jordon 3

18/11/2005

21/02/2006

Pipe 7

18/11/2005

21/02/2006

Jordon 4

18/11/2005

21/02/2006

Pipe 2

18/11/2005

21/02/2006

Jordan 5

18/11/2005

21/02/2006

Pipe 4

18/11/2005

21/02/2006

Jordan 6

18/11/2005

21/02/2006

Pipe 3

18/11/2005

21/02/2006

Jordan 7

18/11/2005

21/02/2006

Pipe 6

18/11/2005

21/02/2006

Jordan 14

18/11/2005

21/02/2006

Pipe 9

18/11/2005

21/02/2006

Jordan 18

18/11/2005

21/02/2006

Pipe 5

18/11/2005

21/02/2006

Jordon 5

18/11/2005

21/02/2006

Dead
Eggs

2

0

2

0

3

2

2

0

0

2

Dead
Alevins

1

4

1

1

3

0

0

1

2

3

Live
Alevins

%
Survival

6

25.0 %

197

98.5 %

14

58.3 %

196

98.0 %

19

79.2 %

197

98.5 %

8

33.3 %

199

99.5 %

11

45.8 %

194

97.0 %

16

66.7 %

198

99.0 %

14

58.3 %

198

99.0 %

14

58.3 %

199

99.5 %

12

50.0 %

198

99.0 %

7

29.2 %

195

97.5 %

Comments

Some dead material
on bottom
Some dead material
on bottom

Some dead material
on bottom

Some dead material
on bottom

Mean (pipe incubators)

50.4 %

± 12.4 % (95% CL)

Mean (Jordan incubators)

98.6 %

± 0.6 % (95% CL)

Notes:
1. Pipe incubators were loaded with 24 eggs each; Jordan cassettes were loaded with 200 eggs each.
2. Percent survival for pipe incubators = live alevins ÷ 24 × 100.
3. Percent survival for Jordan incubators = live alevins ÷ 200 × 100.
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Hydraulic Sampling
Hydraulic sampling was conducted on March 6, 2006 at one of the control sites (River Cabins),
and at the 2 treatment sites (Sandy Pool and Hatchery Run). A second hydraulic sampling trip was
conducted on April 27–28, 2006 to check for evidence of failure of fry to emerge from the gravel.
Results from the first hydraulic sampling trip are summarized in Table 6. Results from hydraulic
sampling in year 1 are included in this table for comparative purposes. These data are also illustrated
graphically in Figure 9. The year 1 data clearly show lower survival rates at the treatment sites (0.7%
to 6.8%) relative to the control site (86.2%) and statistical comparisons (Dunnett’s Test) indicated
that all treatment means were significantly different than the control mean (p < 0.01). In year 2,
results were quite different. Survival at Sandy Pool was lower than at the control site but much
higher than at this site in year 1. Results at the Hatchery Run site in year 2 were very surprising in
that mean survival was slightly higher than at the control. Statistical analysis of the year 2 data
indicated that differences in mean survival between sites were not significant (ANOVA). These
results suggest that incubation conditions, and hence survival, varied between the 2 study years.
Observations during the sampling indicated that most of the lower river redds had a very high
sand content. Survival at Sandy Pool was highly variable (0–100%), and for redds with poor survival,
mortality occurred during the eyed egg stage and/or the fry stage. The latter may have been due to an
inability of fry to swim up through substrate due to the sand content.

Table 6. Summary of hydraulic sampling results on the Cowichan River in spring 2005 (year 1) and
spring 2006 (year 2).
Site

Sample
Date

Species

Redds
Sampled

Mean
Survival

SD

95% CL

Comments

Year 1 Results
Greendale
(control)

25-Feb-05

coho

10

86.2%

29.8%

21.3%

Eggs well eyed

Mud Slide

16-Mar-05

coho

10

0.7%

2.2%

1.6%

Eggs died at eyed stage

Sandy Pool

17-Feb-05

chinook

10

3.4%

5.3%

3.8%

Eggs died at eyed stage

Hatchery Run

10-Mar-05

chum &
coho

10

6.8%

7.9%

5.7%

Died at egg & alevin stage

Year 2 Results
River Cabins
(control 1)

06-Mar-06

Sandy Pool

06-Mar-06

Hatchery Run

06-Mar-06
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chum &
coho

4

89.3%

18.2%

28.9%

Buttoned & partially buttoned fry

chum &
coho

7

55.4%

46.6%

43.1%

Individual redds ranged from 0–100%
survival. In some redds mortality
occurred at eyed egg stage; in
others it occurred at fry stage

chum &
coho

7

93.1%

6.2%

5.7%

Lots of sand in samples but survival
still good
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A) Hydraulic Sampling - Spring 2005
100%
86.2%

90%

n = 10 redds per site

70%
60%
50%
40%
30%

control

Mean Survival (%)

80%

20%
0.7%

10%

3.4%

6.8%

CEDP
Hatchery

Sandy Pool

Mud Slide

Greendale

0%

B) Hydraulic Sampling - Spring 2006
100%

93.1%

89.3%

90%

70%

n=7
55.4%

50%
40%
30%
20%

n=4

10%

not sampled

60%

control

Mean Survival (%)

80%

n=7

CEDP
Hatchery

Sandy Pool

Mud Slide

Greendale,
River Cabins

0%

Figure 9. Mean egg-to-fry survival from hydraulic sampling at Greendale (control site) and
at test sites in the lower river. Chart A shows year 1 results while chart B shows year 2
results. Error bars indicate 95% confidence limits; n indicates the number of redds sampled
at each site. In year 1 all test sites were significantly different than the control (Dunnett's
Test, p < .01). In year 2 there were no significant differences between sites (ANOVA).
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The March 2006 hydraulic sampling provided results on survival during incubation but was too
early to adequately assess emergence success. For this reason, and because sandy and encrusted
substrates are known to hinder fry emergence, a second hydraulic sampling trip was conducted April
27-28, 2006 at Greendale, Sandy Pool, and Hatchery Run sites. The purpose here was not so much to
determine survival rates (many fry would already have emerged), but rather to examine natural redds
for the presence of dead or entrapped fry. Results from this sampling (Table 7) found greater number
of dead eggs, alevins, and fry at the 2 lower river sites relative to the control site. In addition, the
dead and live fry encountered within redds at the lower river sites were “pin heads” (stunted growth)
possibly suggesting entrapment. Observations during sampling noted that substrates at the Hatchery
Run site contained a high sand content while those at Sandy Pool were impacted both by sand and by
the presence of a crust on the surface layer.

Table 7. Summary of hydraulic sampling for the presence of dead or entrapped fry, April 2006.
Sample
Date

Species

Redds
Sampled

Dead
Eggs

Dead
Alevins

Dead
Fry

Live
Fry

Greendale
(control)

27-Apr-06

?

10

18

2

1

0

Very few dead eggs, alevins, or
fry found; emergence success
appeared high

Sandy Pool

27-Apr-06

chum

10

51

18

8

7

Surface layer of substrate was
crusted. Evidence of mortality
at egg and alevin stages. Live
and dead fry were “pin heads”
suggesting inability to emerge
from gravel.

Hatchery
Run

28-Apr-06

chum

10

299

37

22

2

Substrate heavily impacted
with sand. Evidence of
mortality at egg and alevin
stages. Dead fry and “pin head”
live fry suggest difficulty
emerging from gravel.

Site

Comments

Note: values represent totals for all sites combined.
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3. DISCUSSION
The objective of this study was to determine whether sediment input sources (Block 51 and
Stoltz Slide) are adversely affecting chinook egg-to-fry survival in the lower Cowichan River. This
question was addressed through four study components: 1) monitoring of ambient levels of turbidity
and total suspended solids at various flows, 2) assessment of the level and composition of fines
(particles < 2 mm) in selected spawning sites, 3) assessment of incubation success using incubation
trials and hydraulic sampling, and 4) review of the literature on the effects of fine sediment on eggto-fry survival with reference to particle size distributions found in the Cowichan (task 3).

Suspended Sediment Concentrations
Monitoring of turbidity and TSS at 13 sites on the Cowichan River during the 2005/2006 winter
showed both seasonal and longitudinal trends. The seasonal trend was one of increased suspended
sediment with increased flow. This occurred in conjunction with a longitudinal trend whereby
suspended sediment levels increased with distance downstream from Cowichan Lake. During
moderate to high flow conditions, suspended sediment levels increased substantially at sites located
in Section B (demonstrating affects of Block 51 sediment sources), followed by another increase for
sites in Section C (demonstrating affects of Stoltz Slide inputs).
The relationship between TSS and flow at a given site did not remain constant, but was higher
on the ascending limb of the flood event than on the descending limb (see Figure 3). This
phenomenon was not apparent in the year 1 data (winter 2004/2005), perhaps due to lack of samples
on the ascending limb of the flood events. KWL (2005) examined mean daily turbidity data from the
NorskeCanada intake for September 2002 to June 2003. These data showed a consistent pattern
whereby turbidity levels spiked with each flow spike, but the turbidity spikes dropped off sooner and
more rapidly than the flow spikes. This resulted in lower turbidity on the descending limb than the
ascending limb for a given flow. This pattern is consistent with our year 2 TSS results. KWL (2005)
attributed this phenomenon to depletion of sediment input sources during the rising limb of the flood
events.
As previously noted, highest TSS values occurred at sites downstream of Stoltz Slide (Section
C), however, on some sample dates TSS subsequently decreased at the lowermost sites (Vimy Road,
Mill, and Hatchery sites) (see Figure 4). Possible explanations for this decrease are 1) a portion of
suspended matter may have settled out prior to reaching the lower river sites, and 2) input of clear
water from tributaries may have diluted sediment concentrations.

Spawning Gravel Characteristics
Results of the sediment analysis indicated that percentage of material < 2 mm (sand, silt, and
clay) was similar at Greendale and Hatchery Run sites (12% and 11% respectively) but was much
higher at the Sandy Pool site (22%). When silts and clays were examined (particles < 0.063 mm), the
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percentage was lowest at Greendale (0.07%), highest at Sandy Pool (0.28%), and intermediate at
Hatchery Run (0.20%). These results may suggest that the sand fraction has a tendency to settle out
before reaching the lower river site (Hatchery Run) while the finer fractions (silt and clay) are
conducted to the lower river site where a portion settles out or is intruded into the substrate. The total
suspended solids data may support this hypothesis in that TSS decreased at 2 to 3 of the lowermost
monitoring sites on some sample dates (Figure 4).
In a review of laboratory and field studies, Kondolf (2000) concluded that accumulation of
sediments finer than 1 mm can reduce gravel permeability affecting intergravel oxygen and removal
of metabolic wastes, while accumulation of sediments in the 1–10 mm size range can inhibit the
ability of alevins to emerge from the gravel. Kondolf suggested threshold percentages for each of
these particle size categories based on 50% survival for incubation and emergence life stages. The
threshold for particle sizes < 1 mm was suggested at 12–14%, beyond which, incubation success may
be a concern. For emergence success, three particle size criteria were presented based on available
studies: percentage of particles < 3 mm, percentage < 6 mm, and percentage < 10 mm. For all three
particle size criteria, the recommended threshold was 30%, beyond which, emergence may be a
concern. In order to relate these thresholds to the Cowichan River sediment data, percentages for
each of the above size fractions was determined from the particle size distributions in Figure 8. Table
8 shows the results of this analysis.
The data in Table 8 suggest that only Sandy Pool substrates contained sufficient fines in the < 1
mm category to be of concern to incubation (13.04% < 1 mm). With respect to emergence, the data
show substrates at Greendale exceeded the < 6 mm and < 10 mm criteria, while substrates at Sandy
Pool exceeded all three emergence criteria (with large exceedances for the < 6 mm and < 10 mm
criteria). This suggests that emergence success is likely to be an issue at Sandy Pool and may be an
issue at Greendale. Results from the second hydraulic sampling trip (April 27-28) suggest that
emergence was not an issue at Greendale but validated this concern for Sandy Pool. The results also
suggested that emergence was a problem at Hatchery Run, which is difficult to explain given this site
had the lowest percentages in the < 3 mm, < 6 mm, and < 10 mm criteria. The field notes indicated
that the hydraulic sampling was 20 m upstream of the incubation location and that substrates were
heavily impacted with sand. Thus, perhaps the content of sand was higher at the hydraulic sampling
location compared with where the sediment samples were taken. Another possibility is that sand
content may have changed between the time that the sediment samples were taken (September 2005)
and when the hydraulic sampling was conducted (April 2006).
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Table 8. Fine sediment content at Cowichan River sites for particle size fractions less than 1, 3, 6, and
10 mm in relation to incubation and emergence thresholds suggested by Kondolf (2000). Values
exceeding thresholds are shaded.
Pooled
Samples

Sandy Pool

% < 3 mm

% < 6 mm

% < 10 mm

12-14%

30%

30%

30%

G1,G2

5.55

23.96

37.00

45.10

G3,G4,G5

4.07

17.72

27.28

34.11

G6,G7

4.28

17.17

30.40

40.60

G8,G9,G10

2.96

17.90

30.40

38.09

Average

4.22

19.19

31.27

39.48

S1,S2,S3

13.27

30.84

43.97

53.48

S4,S5,S10

15.07

34.11

48.97

59.12

S6,S7,S8,S9

10.78

26.82

39.12

47.35

-

-

-

-

Average

13.04

30.59

44.02

53.32

H2,H3,H7

8.32

15.52

21.92

27.39

H1,H4,H5,H8

6.66

13.43

19.46

24.80

H6,H9,H10

6.54

12.82

18.00

22.57

-

-

-

-

7.17

13.92

19.79

24.92

-

Hatchery Run

Emergence Criteria

% < 1 mm
Threshold:
Greendale

Incubation
Criteria

Average

Incubation Success
As in year 1, incubation success in year 2 was assessed using in situ pipe incubators, and by
hydraulic sampling of natural redds. In year 1, the pipe incubators produced abnormally poor
survival rates, which were attributed to clumping of eggs in the pipes resulting in reduced delivery of
oxygen and removal of wastes. In year 2, spacer beads were inserted between the eggs and this
appeared to rectify the problem (mean survival at the Greendale control site was at least 71% in
spring 2006 compared with 15% in 2005). However, in year 2 there was evidence that alevins may
have been able to swim out of the pipe incubators via the circulation holes. Furthermore, when dead
eggs and alevins were present, it was often not possible to count numbers due to decay or the
presence of only fragments. The inability to count individual dead eggs and alevins, combined with
the possibility that some may have escaped, confounded the ability to generate accurate survival
rates. In some cases, survival rates were generated using numbers of live eggs/alevins relative to the
original 26 eggs. These were considered as minimum values. In a few cases most of the original 26
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eggs could be accounted for yielding reasonably accurate survival rates. Despite these problems, the
data suggests that survival was highly variable among individual incubators at the two treatment sites
(Sandy Pool and Hatchery Run), and overall, appeared to be lower than at the control sites.
Hydraulic sampling of redds in spring 2006 produced much different results than in spring 2005.
In 2005, survival at the treatment sites was significantly lower than at the control site (0.7–6.8%
versus 86.2% at the control site). This was the type of result expected given observations of a high
percentage of fines in spawning beds at the lower river sites. However, results in 2006 suggested a
much higher survival rate at the Hatchery Run site compared with 2005 (93% in 2006 versus 6.8%
2005). Furthermore, the 2006 survival rate at Hatchery Run was comparable to that at the control
(89%). The mean at Sandy Pool was also higher than in 2005 (55% in 2006 versus 3.4% in 2005),
however, percentages for individual redds were highly variable (0% – 100%). These results suggest
that 1) the incubation conditions at Hatchery Run were much better in 2006 than in 2005 (and
comparable to those at the control site), and 2) incubation conditions at Sandy Pool were highly
variable and were probably dependent on the specific micro-habitat features of a given redd location.
The results from the sediment analysis tend to corroborate the hydraulic sampling results in that the
percentage of fines (particles < 2mm) was similar at the Greendale and Hatchery Run sites (12 and
11%, respectively), and significantly higher at Sandy Pool (22%) (Figure 6).
There are several possible explanations for the differences in survival between years 1 and 2.
First, the percentage of substrate fines at Hatchery Run (and possibly to a lesser degree at Sandy
Pool) may have been less in 2006 than in 2005. This may have occurred if less sediment were
mobilized in 2005/2006 winter compared with the 2004/2005 winter. This is conceivable given that
greatest quantities of suspended sediment are mobilized on the rising limb of food events (Figure 3)
and the fact that there were 2 major flood peaks in 2004/2005 compared with 1 flood peak in
2005/2006.
Another factor that could have reduced the percentage of fines at lower river sites in 2005/2006
is if there was extensive spawning activity at these sites. The action of spawning, in combination
with river flows, is well known to release entrapped fines from the redd location. This results in
greater intergravel velocity and oxygen relative to adjacent sites where there was no spawning.
Kondolf (2000) derived regression equations for the percentage fines in redds relative to the
percentage prior to spawning. These equations were as follows:
For fines < 1 mm:

y = 0.67x

For fines < 4 mm:

y = 0.57x

Where

y = % fines in the redd
x = % fines in comparable unspawned gravel

If Kondolf’s equation for fines < 1 mm is applied to data from the Hatchery Run site (7.17 %
from Table 8), and we assume that these data represent the condition after spawning, the percentage
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fines < 1 mm prior to redd digging would have been 10.7%. Thus if there were greater number of
spawners at the treatment sites in fall 2005 than in 2004 this may have reduced the percentage of
fines at these sites resulting in improved incubation survival. The most likely species to effect such a
change are chum salmon due to their numbers. Unfortunately, enumeration of chum spawners on the
Cowichan River is by aerial survey and this has not been possible for the last 3 years due to excessive
turbidity (Steve Baillie, DFO, South Coast, pers. comm.).

4. CONCLUSIONS
The following are main conclusions for each component of the 2005/2006 Cowichan River
Chinook Salmon Incubation Assessment.

Suspended Sediment
Stoltz Slide appears to be the most significant source of suspended sediment, followed by
various sources in Section B (primarily the eroding bluffs in Block 51 and the clay seam immediately
below 3 Firs). In winter 2005/2006, Stoltz Slide contributed on average 54% of the total suspended
sediment load while sources in Section B contributed 34%. Sediment from these sources becomes
mobilized during high flow events with greatest releases during the ascending limb of each flow
event compared with the descending limb. On some sample dates TSS decrease at sites near the river
mouth which may be an indication that a portion of the suspended sediment load settled out prior to
reaching these sites.

Spawning Gravel Characteristics
Detailed examination of spawning gravel characteristics at Greendale, Sandy Pool, and Hatchery
Run sites based on samples collected in September 2005 found that the percentage of fines < 2 mm
(sand, silt, and clay) was similar at Greendale and hatchery Run, and significantly higher at Sandy
Pool (11.5, 10.7, and 22.0%, respectively). However, when the fraction < 0.063 mm was examined
(silt and clay), Greendale had the lowest percentage, Sandy Pool the highest, and Hatchery Run was
midway between these (0.07, 0.28, and 0.20%, respectively). These site-to-site variations in the
percentage of material < 2 mm and < 0.063 mm correlate relative well with the longitudinal
distribution of total suspended solids described above and with variations in survival rate indicated
from hydraulic sampling.

Incubation Assessment
Incubation success was assessed using in situ pipe incubators and by hydraulic sampling of
natural redds. Interpretation of results from the pipe incubators was confounded by the possibility
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that some alevins or fry may have escaped, and in some instances, by decay of mortalities. Despite
these problems, calculation of minimum survival rates was sometimes possible and results suggested
that survival rates were lower at the treatment sites than at the control sites, and that survival between
individual pipes was more variable at the treatment sites than at the control sites. Hydraulic sampling
in March 2006 suggested incubation survival was similar at River Cabins (control) and Hatchery
Run, and much lower at Sandy Pool (89, 93, and 55%, respectively), however, differences were not
statistically significant due to the high variance at Sandy Pool. Hydraulic sampling in April 2006
suggested that fry may have difficulty emerging from the gravel at the Sandy Pool and Hatchery Run
sites.
The distribution of survival rates between sites from the March 2006 hydraulic sampling
correlates well with the substrate analysis results and suggests the poorer incubation survival at
Sandy Pool was due to the relatively high percentage of fines at this site. The large difference in
hydraulic sampling results between year 1 (2004/2005) and year 2 (2005/2006) may be an indication
of significant annual variation in spawning gravel quality and associated survival.

5. RECOMMENDATIONS
The 2005/2006 results provided some insights on sediment dynamics and associated biological
impacts on the Cowichan River. For example, there was a repeating pattern in all three study
components that included highest suspended sediment levels, poorest substrate characteristics, and
lowest incubation survival in the section of river immediately downstream of Stoltz Slide (i.e. the
upper half of Section C). However, a major shortcoming of the study was an inability to generate
reliable quantitative information on survival from the pipe incubators. Another outcome of the
2005/2006 study is that survival results from hydraulic sampling were quite different than the
previous year raising questions as to whether there are substantial annual variations in substrate
characteristics and associated incubation survival. The following provide recommendations for
addressing study limitations and questions raised by the 2005/2006 results.

Turbidity and TSS Monitoring
There are sufficient data to monitor future levels of suspended sediment using turbidity and then
relying on the regression equations of Section 2.2 (and Figure 5) to estimate total suspended solids
(TSS). However, the suitability of this approach depends on whether the prediction limits for the
regression equations meet the level of precision (accuracy?) required by the study. For example, a
turbidity measurement of 50 NTU from Section B would have a predicted TSS value of 48.5 mg/L
with 95% prediction bounds of ± 8.3 mg/L. A similar turbidity measurement from Section C would
have a predicted TSS of 47.7 mg/L with 95% prediction bounds of ± 20.9 mg/L.

30

Cowichan River Chinook Salmon Incubation Assessment, 2004–2005

Given the rehabilitation being conducted on Stoltz Slide in summer 2006, and the possible
influence this may have on the relationship between turbidity and TSS, it may be wise to continue
collecting TSS in conjunction with turbidity for at least one more year. Also, an improved suspended
sediment monitoring program would collect samples at several locations across the channel width to
avoid possible influences from incomplete mixing or from clear water tributaries inputs. These
factors likely account for some of the variance experienced in this study.

Spawning Gravel Characteristics
Due to the large differences in survival at Hatchery Run between years 1 and 2, the question
arises as to whether annual changes in substrate produced these differences, or whether a high level
of spawning activity may have cleaned fines from the gravel. Given these questions, it would be
useful to undertake another year of gravel analysis to assess for annual variation in substrate
composition. Since the Hatchery Run location is known to receive heavy spawning in some years
(Mel Sheng, pers. comm.), it would be important to have an additional site in the lower river where
spawning is not so heavy. This would lend greater credence to Section C results, validate whether
Hatchery Run is representative of the lower river, and perhaps help assess the influence of spawning
on the proportion of fines at this site.

Incubation Success
The incubation trials using pipe incubators did not provide good quantitative results due to
possible escape of alevins or fry. This problem could be rectified by lining the inside of the pipes
with mesh before inserting the eggs. If prevention of escape can be assured, then survival can simply
be calculated from the number of live remaining relative to the total number of eggs installed. Thus,
because of the importance of having quantitative survival data that can be linked to Stoltz Slide and
other sediment sources, and because this information is important to the recovery of chinook salmon
in the Cowichan River, it is recommended that incubation and hydraulic sampling be conducted
again in 2006/2007.
As per last year’s recommendations (Burt et al. 2005), the study design should include 7–10 pipe
incubators per site. This should satisfy statistical requirements for 2-sample t-tests involving the
control vs. any one test site (α = .05, Power = 80%, SD = 20% survival, and minimum detectable
difference in mean survival rate = 30%).

Cowichan River Chinook Salmon Incubation Assessment, 2004–2005

31

6. REFERENCES
Burt, D.W. and C.B. Robert. 2002 Draft. A review of environmental factors affecting the production
of Cowichan River chinook salmon. Report prepared for Fisheries and Oceans Canada, Habitat
Enhancement Branch, 4166 Departure Bay Road, Nanaimo, BC, V9T 4B7. 36 p.
Burt, D.W., M. Wright, and M. Sheng. 2005. Cowichan River chinook salmon incubation
assessment, 2004-2005. Report prepared for the Pacific Salmon Commission, 600 – 1155 Robson
Street, Vancouver, BC, V6E 1B5. 34 p.
Church, M.A., McLean, D.G. and Wolcott, J.F. 1987. River bed gravels: sampling and analysis. pp.
43-88 in C.R. Thorne, J.C. Bathurst, and R.D. Hey (editors). Sediment transport in gravel-bed
rivers. Wiley, New York.
Ellis, E. 2006. Cowichan River coarse sediment sampling. Letter report by Kerr Wood Leidal
Associates to Fisheries and Oceans, Resource Restoration, 4166 Departure Bay Road, Nanaimo,
BC. 10 p.
Kondolf, G.M. 2000. Assessing salmonid spawning gravel quality. Transactions of the American
Fisheries Society, 129: 262-281.
KWL (Kerr Wood Leidal). 2005. Cowichan River sediment management. Consultant report to the
Cowichan Treaty Office. Duncan, BC. 73 pp + appendices.
Marquis, P. 2005. Turbidity and suspended sediment as measures of water quality. Streamline
Watershed Management Bulletin Vol. 9/No. 1: 21-23.
Sweeten, T. 2005. Gravel sampling methods used in the assessment of spawning channels at the Big
Qualicum and Little Qualicum Facilities on Vancouver Island, British Columbia. Prepared for
Fisheries and Oceans Canada, 400–555 West Hastings Street, Vancouver, BC. V6B 5G3. 25 p.

32

Cowichan River Chinook Salmon Incubation Assessment, 2004–2005

Appendix A: Photos

33

Photo 1. Eroding silt bank in Block 51 (Feb. 24, 2005; 426,710 E, 5,404,928 N).
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Photo 2. Chronic silt source on river left immediately downstream of Three Firs in Block 51 (Feb. 24, 2005; 427,550 E, 5,404,320 N)

Photo 3. Looking downstream at Stoltz Slide (Feb. 24, 2005; 434,087 E, 5,403,265 N).

Photo 4. McNeil sediment samplers in use at the Greendale site, Sept. 23, 2005 (photo from Ellis
2006).
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Photo 5. View of the pipe incubator apparatus used at Greendale and Sandy Pool sites.
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Photo 6. Hydraulic sampler platform and pump.
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Photo 7. Intergravel oxygen sampler. The syringe end is pushed into the gravel and water is drawn into
the cylinder by pulling up on the handled shaft. The extracted water is then extruded into a beaker for
subsequent oxygen measurement.
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Appendix B: Project Budget Summary
Description Of Expense

Company

Costs

Pacific Salmon Commission
Analysis of water samples

North Island Laboratories

$1,624.14

Buckets for gravel samples

International Plastics

$1,066.26

Collection of water samples

Cowichan Lake Enhancement Society

$3,348.00

Analysis of gravel samples

Kerr Wood Leidal Assoc

$2,999.97

Signage, waders, beads, totes

Miscellaneous

Fabrication of McNeil gravel samplers

Key Mills

$2,801.40

Water, incubation and gravel analyses, and final
report

Burt and Assoc

$4,454.27

$720.96

Others
DFO contribution
Fabrication of pipe incubators

Key Mills

$1,620.00

Water sampling (DFO bio 3 days @350/day)

DFO in-kind

$1,050.00

Incubator installation, monitoring, and recovery (DFO
bio's 2 staff 3 days)

DFO in-kind

$2,100.00

Hydraulic sampling (DFO-bio 2 days 2 staff)

DFO in-kind

$1,400.00

Kerr Wood Leidal Assoc

$4,250.00

Gravel analyses

Kerr Wood Leidal Assoc

$1,300.00

report

Burt and Assoc

$2,700.00

Sheri McPherson (consultant)

$2,500.00

Catalyst/PSF Fund
Gravel fine sediment sieving and analyses
PSF/TimberWest Fund

Living Rivers Fund
Literature search and review
Cowichan Hatchery
Gravel Sampling (3 staff 1 day @250/day)

Cowichan Hatchery in-kind

$750.00

Malaspina University-College
Gravel sampling, course gravel sieving, incubation
installation/recovery (2 students 3 days@250/day)

Malaspina in-kind

$1,500.00

Total PSC

$17,015.00

Total others

$19,170.00

Total project cost

$36,185.00
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Appendix C: Literature Review

[Note: the literature review is in draft form awaiting review comments from the Ministry of
Environment]
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Background
The Cowichan River, located on Vancouver Island, is a very significant river in British Columbia. The
Cowichan River has unique natural, cultural and recreational values that have resulted in it receiving
special recognition as both a BC Heritage River and a Canadian Heritage River (Ministry of Environment
(MOE) 2006a). A substantial portion of the land bordering the river has also been protected as a Provincial
Park (MOE 2006a). The Cowichan River has an important fishery, which supports Brown, Cutthroat, and
Rainbow trout; Steelhead; as well as Coho, Chum and Chinook salmon (MOE 2006b). Protecting this
fisheries resource is of a high importance to federal and provincial regulators.

1.1 Cowichan River sediment analysis
Over the last decade, there have been ongoing concerns relating to excess fine sediment entering the river
downstream of Cowichan Lake, and its potential effects on fish and downstream users (Kerr Wood Leidel
(KWL) 2005). KWL in their Cowichan River Sediment Management Report (2005) identified key chronic
sources of sediment to the river. The Stoltz Slide was assessed be a major fine sediment contributor. The
Stoltz Slide was analyzed to be a large deposit of glacial outwash comprised of approximately 24% gravel
and course material, 21% sand, 37% silt and 17% clay. It is widely accepted that large increase in sediment
loads delivered to streams can create changes in channel morphology and substrate composition causing
detrimental conditions for fish (Platts et al 1989). As such, the Sediment Management Report
recommended stabilization of the Stoltz Slide.
KWL (2006) followed up by characterizing the bed material at three spawning sites on the Cowichan River.
The sites and sampling methods were as follows:
 Greendale site gravel bar -a control site, located approx. 20 km upstream of the Stoltz Slide. The
site was submerged and a McNeil sampler was used, so that fine material was not washed in or out.
 Sandy Pool - located 9 km downstream of Stoltz Slide. The level of the bar was close to the water
surface elevation. Samples were collected using a shovel, and a hand powered bilge pump (to
evacuate the water and fine sediment mix from the sample hole).
 Hatchery Bar – located 21 km downstream of Stoltz Slide. Samples were collected in the dry,
using shovels.
The 2006 KWL study revealed that the Sandy Pool Site had a significantly higher proportion of fine
sediments compared to that found at the Greendale and Hatchery Bar sites (Table 1).
Table 1. Summary of the proportion of fine materials identified at three Cowichan River spawning
habitat sample sites (KWL 2006).
Average Sediment Content for Pools Sampled
Greendale
Sandy Pool
Hatchery Bar
Percent sand, silt &
clay (<2 mm)
Percent silt and
clay (<0.063 mm)

11.5

22

10.7

0.07

0.28

0.20

1.2 Sediment impacts on fish in the Cowichan River
In conjunction with the sediment studies, monitoring has been completed to assess and quantify the level of
impact that the sediment has had on salmon incubation success and habitat conditions (Burt et al 2005, and
Burt 2006). Unfortunately there were confounding difficulties in carrying out the biological monitoring
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including budget constraints and difficulties collecting data in a river as fast and deep as the Cowichan, and
the results of these studies have not been as conclusive as anticipated (Burt 2006). Although it is generally
accepted that high levels of sedimentation result in lowered fish production, with spawning and rearing
salmonids being particularly susceptible to streambed particle size reductions (Larkin and Slaney 1996); in
order to justify the level of expenditure planned for stabilization of the Stoltz Bluff, the Ministry of
Environment and the Department of Fisheries and Oceans commissioned a review of the literature on the
quantitative impacts that sediment loading has on salmonid species.

1.3 Objectives
The objective of the literature review is to:
 Provide quantitative information on how fine sediment inputs to river systems impacts fish survival
(i.e. incubation), fish habitat capacity (i.e. rearing) and insect productivity. The impacts of
suspended sediment are outside of the scope of this review, and will not be reported on.
 Provide quantitative data relating sediment inputs to impacts on the primary species potentially
impacted by sedimentation in the Cowichan River; namely Steelhead, Chinook salmon and Coho
salmon.
 Provide information that may help substantiate plans to conduct slope stabilization activities at
Stoltz Slide.

2.0 Methods
2.1 Obtaining literature
Literature on the subject of sediment impacts on fish and fish habitat was obtained from various sources.
Firstly, fisheries biologists specializing in this field were contacted. Individuals who provided information
and literature to this study were as follows:
 Tom Brown, Freshwater Habitat Biologist, Department of Fisheries and Oceans (DFO), Nanaimo
BC.
 Dave Burt, Fisheries Biologist, D. Burt and Associates, Nanaimo BC.
 John Jensen, Incubation Water Quality Biologist, Aquaculture Division, DFO, Nanaimo BC.
 Bill McLean, Biologist, Campbell River BC.
 Ron Ptolemy, Standards/Guidelines Specialist, Aquatic Ecosystem Science Section, MoE, Victoria
BC
 Mel Sheng, Freshwater Habitat Biologist, DFO, Nanaimo BC.
 Ted Sweeten, Research Technician, Aquaculture Division, DFO, Nanaimo BC.
 Craig Wightman, A/Manager Salmon and Steelhead Recovery Program, Fish and Wildlife Branch,
MoE, Victoria BC.
Secondly, a review of the following literature directories was completed:
 WAVES – the DFO library catalogue. The key words “sediment and salmon” and ‘sediment and
insects’ were used in this search.
 Aquatic Science and Fisheries Abstract (ASFA) database available through the DFO library. The
key words “sediment and salmon” were used in this search.
 Google Scholar- Internet abstract review. Using the key words ‘sediment and salmon’ the first 140
abstracts out of 7030 were reviewed; for the key words ‘sediment and aquatic insects’ the first 100
out of 8220 were reviewed.
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Scopus abstract database available through the DFO library. The key words ‘sediment and salmon’
were also used in this search. This database, similarly to the Google Scholar review, provided a
great number of abstracts to review. Time was only available to go through a limited number of
these (the extent of review was not recorded).

Finally, references from select papers were used to identify other key documents that may have been
pertinent to this review.
All relevant literature that was available through the DFO library or on the Internet was obtained.

2.2 Reviewing and summarizing literature
As the abstract search results above indicate, there was a considerable amount of literature available on this
subject of sediment impacts on fish, fish habitat and insect productivity. Time and funding to complete this
literature review were limited. As such, it was necessary to keep the review in check and to focus on only
the key documents required to meet the objectives of this study.
A narrative discussing the most relevant studies that provided valuable background and/or quantifiable
results on the subject area was completed. As well, associated summary spreadsheet(s) and/or graphical
presentation(s) of the findings, particularly as they relate to the available Cowichan River data, were
prepared.
The preparation of spreadsheets and graphs involved comparing literature percent survival findings to the
applicable range of sand silt and clays (< 2mm diam) and silt and clays (<0.063 mm diam) recorded by
KWL 2006 for locations sampled in the Cowichan River. In addition, because a substantial amount of the
literature described salmonid survival related to percentage of fines <0.85 mm diam, the mean percentage
of fines <0.85 mm diam was calculated for each of the Cowichan River sites using the pooled grain-size
distribution provided by KWL (2006). Results were often determined by interpolation from the best-fit line
provided in the literature.
It should be noted that the percentage fines information for the Cowichan River is limited to only 3 sites
(See Section 1.1), and data was collected on only one sample day for each site. As such, the literature
findings may potentially be very useful in bridging gaps of understanding.
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Literature Review Results
3.0 Egg to fry survival
Female salmon deposit eggs into a nest (or redd) within the gravels of a freshwater environment. The
developing eggs (embryo) and larvae (alevins) remain in the gravel for a period of time ranging from two
to six months (depending on species and geographic location). Following this incubation period, they
emerge from the gravel as free-swimming fry.
The incubation period for most salmonid species coincides with seasonal high flows that carry sediment,
making the early lifestage particularly vulnerable. Bjornn and Reiser (1991) summarized that sediment in
the redd at the end of spawning, and sediment that settles into the redd during incubation can reduce the
egg to fry survival, through the following processes:
1) By decreasing the water interchange between the stream and the redd,
2) By decreasing the amount of oxygen available to the embryos,
3) By increasing the concentration of embryo wastes,
4) By inhibiting the movement of alevins (particularly when they are ready to emerge from the
redd).
Sedimented gravel can also affect mortality by imposing strong selective pressures on emerging fry that can
affect stock characteristics in future generations (Cederholme et al. 1980)
Chapman (1988) identified that there is a vast amount of literature on the intragravel ecology of the
incubating embryo, and he provides a complete synopsis on the literature covering the topic. Generally
Chapman reported that survival relates positively to gravel permeability and gravel size, and negatively to
proportions of fine particles.
Spawning habitat quality cannot be easily summarized by a single value; as it is affected by multiple
conditions operating at different physical and temporal scales (Lapointe et al. 2004).

3.1 Dissolved oxygen and influences of porosity, velocity and
permeability
Dissolved Oxygen
The main controlling factor influencing egg mortality is dissolved oxygen (Reiser and White 1988).
During incubation, water must sufficiently circulate through the redd to the egg pocket in order to provide
the embryos with oxygen and to carry away metabolic wastes (Bjornn and Reiser 1991, Reiser and White
1988). Circulation of water through redds, and ultimately the determination of the suitability of a redd for
successful incubation, is a function of the following measures (Bjornn and Reiser 1991):
1) Porosity (ratio of pore space to total volume) of the particles in the redd, hydraulic gradient at the
redd, and water temperature.
2) Permeability (ability of particles in the redd to transmit water per unit of time).
3) Apparent velocity.
Chapman (1988) reviewed the extensive history of reporting on the influences that oxygen has on embryo
development and found that generally embryos hatch earlier and have a larger total weight in high
dissolved oxygen conditions. Some quantitative findings supporting this conclusion are as follows:


Brannon (1965) found that newly hatched embryos incubated at 12, 6 and 3 mg O2/L had average
respective lengths and wet weights of 20, 19 and 16 mm and 42, 30 and 22 mg. The absorption of
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the yolk sack during embryo incubation took 2 weeks longer at 3 mg O2/L than those at 6 mg O2/L,
and 3 weeks longer than those in 12 mg O2/L. Subsequent growth of alevins with an oxygen
history of 3 mg/L was slower than that of alevins incubated at 12 mg/L.


Mason (1969) also exposed Coho embryos and alevins to varying dissolved oxygen levels. With
decreasing oxygen levels of 11, 5 and 3 mg O2/ L, mortalities at the time of yolk absorption
increased (17, 23 and 41% respectively), and embryos were smaller upon hatching (28.1, 25.4, and
22.9 mm respectively). As well, the author found that alevins were smaller at the lower oxygen
levels (33 mm long at 3 mg O2/L and over 37 mm at higher oxygen levels).



In terms of emergence to survival studies, Koski (1975) showed that chum survival was about onethird as high for embryos exposed to dissolved oxygen below 3 mg/L than to those exposed to
levels above 3 mg/L. Sowden and Power (1985) found that survival of Rainbow trout embryos
increased directly as oxygen levels rose above 6 mg/L.

Reduction in the size of fry at emergence can have important effects on the subsequent social success in
terms of competition (Mason 1969), whereby fry with a hypoxial history are unable to compete
successfully with larger fry, and as a result likely suffer higher mortalities (Chapman 1988). Overall,
Champan concluded that deprivation of dissolved oxygen leads to subtle problems often not detectable in
tests of survival, and that any reduction in dissolved oxygen levels from saturation probably reduces
survival to emergence or post-emergent survival.
The BC Approved Water Quality Criteria (MoE 1998) for interstitial dissolved oxygen for buried
embryo/alevin life stages is 6 mg/L O2 (instantaneous minimum) and 8 mg/L O2 (30-day mean).
The results of 2004-2005 sampling on the Cowichan River (Burt et al. 2005) indicate that mean dissolved
oxygen levels during emergence were significantly lower at the Francis George (6.8 mg/L) and the CEDP
Hatchery sites (6.5 mg/L) than at the Greendale control site (9.1 mg/L). The dissolved oxygen values at the
Francis George site and the CEDP Hatchery site both did not meet the instantaneous minimum Water
Quality Criteria (and an inadequate number of samples were collected to compare with the 30-day mean).
It is probable that the dissolved oxygen levels at these sites are effected by the fine sediments entering the
river from upstream locations (i.e. Stoltz Slide), since Tagart (1984) identifies that low dissolved oxygen
concentrations tend to occur in the substrates with high percentages of fines. Given the available
knowledge on how low dissolved oxygen levels can impact salmonid survival, it is appropriate that
attention is being paid to possible influences, impacts, and opportunities for improvement in the Cowichan
River.

Apparent velocity
Chapman (1988) reviewed the reporting history on the influences of intragravel water velocity on oxygen
levels and subsequent embryo development. Chapman reported that generally apparent velocity is
important to embryo survival, but only indirectly through its influence on dissolved oxygen concentrations
(Cobble 1961 and Cooper 1965), and that water velocity is more important at low than at high oxygen
levels (Silver et al 1963).

Permeability, mean particle size and pore size
Permeability and pore size are influenced by sediment texture, and they directly influence salmonid
survival by controlling oxygen levels, water movement for embryo irrigation, and ease of alevin emergence
(Chapman 1988)
When female salmon construct an egg pocket, the substrates are effectively cleansed creating an
environment where the permeability greatly exceeds that of the redd areas outside the pocket and that of the
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surrounding gravels (Chapman et al 1986). Permeability declines with time as the interstitial spaces are
filled with fines (Bjornn and Reiser 1991).
Wicket (1958) reported that permeability is the measure of how easily water can flow through a material
(i.e. how loose the gravel is). The author described that gravel with a high permeability allows a higher
velocity for a given pressure gradient than gravel with a low permeability. With a higher permeability, the
supply of oxygen is higher, and higher salmonid survival ultimately results (Wicket 1958). Field analysis
revealed that the densities of pink and chum spawners producing the maximum amount of fry increased
linearly from 0.9 fish/sq yd at a permeability of 2 cm/hr (at 10o) to 3.8 fish/sq yd at 9 cm/hr (Wicket 1958).
Chapman (1988) charted the survival to emergence results of two studies – a) Koski (1966), who reviewed
Coho survival in natural redds, and b) McCuddin (1977) who reviewed Chinook survival in the laboratory.
These results corroborated Wicket’s findings (1958) showing increasing survival with increasing
permeability (Chapman 1988). As well, the results indicated that Chinook had a slightly higher survival for
a given permeability than Coho.
Sweeten (2006) provided preliminary results of permeability and Chum fry survival in the Little Qualicum
River spawning channel (Vancouver Island, BC). Sweeten identified that the gravel composition (i.e.
percentage fines) appeared to be similar to that found in the Cowichan River as reported by KWL (2006).
The regression analysis results of the Little Qualicum data indicates a steep increase in survival (from 3058%) as permeability rose from 25 to 55 ml/sec, which was followed by a more gradual increase in survival
(up to 75%) as permeability increased to 150 ml/sec. Sweeten identified that there is a greater data set of
information that could be included in this analysis, and that further effort is required to convert the results
to cm/hr. Sweeten also provided that in addition to permeability, other factors are important influences on
salmonid survival including numbers of females spawning and the intergravel temperature.
McNeill and Ahnell (1964), in field and laboratory studies, observed that permeability in spawning beds
was reduced considerably with the introduction of fines (<0.883 mm). Their relationship shows a steady
decrease in permeability (from 500 to near 0 cm/min) as the percentage of fines increased from 5% to 17%.
The authors also found that permeability was further decreased (by an average value of 2.5 times) when
additional fine particles (composed of particles less than 0.833 mm: 5 parts >0.208 mm, 3 parts >0.104 mm
and 12 parts < 0.104 mm) were added to the substrate mix.
The KWL (2006) pooled grain size distribution for the Cowichan River spawning sites was used to
estimate the mean percentages of fines <0.85 (Table 2). The permeability for the Cowichan River sites was
estimated using the relationship provided in McNeill and Ahnell (1964). Coho and Chinook salmon
survival was then determined using the results of Koski (1966) and McCuddin (1977) respectively. As
Table 2 provides, Chinook and Coho survival at the Cowichan River Greendale Control Site (72% and 57%
respectively) is estimated to be much higher than that of the Sandy Pool site (43% and 37% respectively)
and the Hatchery Bar site (57% and 46% respectively). Based on these estimates, survival values for both
species are considered low for the two Cowichan River sites located downstream of the fine sediment
inputs.
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Table 2. Estimated percent survival to emergence of Chinook and Coho salmon at the Cowichan
River test spawning sites calculated from mean percent fines <0.85 mm and permeability
relationships.
Cowichan River Site

Greendale
Sandy Pool
Hatchery Bar

Estimated
Percent Fines
<0.85 mm (%)
3.8
12.2
7.7

Estimated
Permeability
(cm/hr) 1
30,000
5250
12,000

Estimated %
Chinook Survival2

Estimated %
Coho Survival3

72
43
57*

57*
37
46

1

Permeability calculated from relationship provided in McNeill and Ahnell (1964)
. Percent survival calculated from relationship provided by McCuddin (1977)
3
. Percent survival calculated from relationship provided by Koski (1966)
*
Value obtained by extrapolation
2

Chapman (1988) discussed that embryo survival has also been compared to geometric mean particle size
(dg); as well as to fredle index (fi), a gravel descriptor that incorporates elements that integrate gravel
permeability and pore size. Chapman graphed the results of several studies that reviewed the effects of
these parameters on percent survival for several species. Generally the results indicate that survival
increases with increasing Dg and f, as sand becomes coarser. Since the details for these parameters are
complex, and data on these parameters have not been specifically presented for the Cowichan River, further
discussion on them will not be provided in this report.

3.2 Intrusion of fines
Cooper (1965), made the following important findings relating to the mechanisms of intrusion of fines into
the streambed:
 The specific shape of a salmon redd draws surface water deeper, than a gravel bed does with a
relatively flat surface.
 Silt is drawn into the gravel even though high surface water velocities prevent deposition of gravel
on the surface.
 Gravel composition affects the depth to which surface water circulates through the substrate, with
very coarse gravel retaining the least fines and finer gravel retaining the most.
Beschta and Jackson (1979) found that the depth of intrusion into the streambed was greater for smaller
diameter particles and less for larger ones. Using 0.5 mm fines in flume tests, the authors found that the
upper 10 cm of the gravel bed trapped fines and formed a barrier or seal against further intrusions. The
establishment of this sand seal was related to flow conditions (Froude number), with sand seals of 0.5 mm
diam. sands forming near the surface when the flow characteristics were slower. At higher velocities and
turbulence sand seals were inhibited at the surface, but they formed deeper in the streambed. Sand seals
did not form with small sized particles (i.e. <0.2 mm).
Meyer et al (2005), also evaluated the intrusion of sediment into egg pockets using artificial redds and
found that sand seals formed when discharge was two or more times the flow that entrains the median
particle size of the streambed. As coarse sand (0.5-4.0 mm) amounts in the upper egg pocket increased,
fine sediments (<0.5 mm) significantly decreased in the lower egg pocket and egg survival to hatching
increased. The protective effect occurred after coarse sand reached 4%. Suspended sediment was found to
be a great determiner of egg survival, as sand seals were infiltrated reducing egg survival to near 0% for
redds exposed to suspended sediment flux above 1.75 metric tons m-3. A predictive model of Coho egg and
alevin survival which was tested against measured survival in the field, was provided as a component of
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this study. Intragravel velocity and delivery of oxygen did not appear to be substantially reduced by the
sand seals as egg survival increased with sand seal formation.
Meyer et al (2005) discussed alevin emergence survival in relation to sand seals, and determined that
although sand seals reduced alevin survival (by impeding emergence), the reduction was more than
compensated by the seals increasing hatching survival, which often is the more critical stage.

3.3 Emergence of swim-up fry
Once incubation is complete, the alevins must move up from the redd through the interstitial spaces to the
stream bed surface (Bjornn and Reiser 1991). Emergence can be a problem if the interstitial spaces are not
large enough to allow the alevins to get through (Bjornn and Reiser 1991), whereby the alevins effectively
become entombed (Tappel and Bjornn 1983).
Phillips et al. (1975), in laboratory studies, tested emergence of Coho and Seelhead fry under various
percentages of 1-3 mm sand (in a gravel mixture). Table 3 summarizes the results as they relate to the
range of fines (<2.0 mm) found at the Cowichan River. Results indicated that percent emergent survival
decreased with increasing percentages of sands for both species, and that Coho fry were more sensitive to
increases in fines (i.e. had lower survival for a given percentage of fines). In general 80% survival is
considered an important threshold for salmonid survival during emergence stages (CCME 1999) below
which impacts on survival become a particular concern. Based on the findings of Phillips et al. (1975),
80% survival occurred for Steelhead fry at 22% fines (1-3 mm) and for coho fry at 15% fines. Phillips et al
(1975) reported that the inverse relationship found between sand concentration and emergence, was
comparable to that found by Bjornn (1969) who conducted a similar experiment.
When these findings are compared to the Cowichan River values (Table 3), the emergent Coho fry survival
at the Sandy Pool site (22% average content of fines <2.0 mm), is estimated to be 60% and should be
considered a concern.
Table 3. Results of the Phillips et al. (1975) laboratory study which looked at effects of fines (1-3
mm) in the substrate on emergent fry survival
Species

Effect Tested

Coho
Coho
Coho

Percent emergent survival (%)
Time to mean emergence (days)
Weight at emergence (mg)

Steelhead
Steelhead
Steelhead

Percent emergent survival (%)
Time to mean emergence (days)
Weight at emergence (mg)

Results of studies related to the following
percentages of fine sediments 1-3 mm
0%
10%
20%
30%
98
90
60
40
35
26
18
12
422
410
392
380
100
9
190

100
7
187

85
10
186

60
10
185

Phillips et al. (1975) also found that fine sediments affected the timing of fry emergence and the size of
emergent fry (Table 3). Coho fry exposed to the higher percentages of the sand material emerged faster
and weighed less than those exposed to smaller percentage of sands. The earlier emergence was proposed
to be a result of stress from the entrapment effect of sand. Koski (1981) also reported that Chum salmon
were smaller when they emerged from gravels with high proportions of fines. Koski attributed the size of
fish to be a factor of that which could physically emerge from the sand. Witzel and MacCrimmon (1981)
believed that the smaller sized emerging Rainbow trout in fines (<2 mm) in their study, were the result of
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low oxygen levels causing early emergence. Witzel and MacCrimmon (1981) described that Bams (1969)
also provided that low oxygen was related to early emergence of Sockeye salmon. Steelhead were not
affected to the same extent as Coho in the tests conducted by Phillips et al. (1975).
Phillips et al. (1975) determined that the amount of yolk remaining in the emergent Coho fry related
directly with the amount of sand in the gravel mixture. Tappel and Bjornn (1983) who studied Steelhead
and Chinook fry and Witzel and MacCrimmon (1981) who studied Rainbow trout, also found that many
fish emerged before yolk sac absorption was complete from gravels containing large amounts of fine
sediments.
The difference in times to emergence between Coho and Steelhead fry were discussed to likely be due to
the fact that at the start of the experiment, the Steelhead fry had more yolk absorbed (and were closer to the
stage of normal emergence) than the Coho. Phillips et al. (1975) concluded that entrapment effects should
be greater in the natural environment, because fine particles less than 1 mm in diameter (much of the sand
and clay normally present in streams) were not tested. As well, survival would be expected to decrease if
the influences of low dissolved oxygen on the earlier stages of embryo growth were considered (Phillips et
al. 1975).
As aforementioned, fry size at the time of emergence is important and reductions can have notable impacts
on the subsequent social success in terms of competition (Mason 1969).
Some caution is suggested in accepting these results, for Chapman (1988) outlined that there have been
some differences in the outcomes of different studies completed in this area. As many of the studies have
been in the laboratory, Chapman provided that the ‘degree to which laboratory circumstances affected the
results is unknown’.

3.4 Survival of embryos to emergence in relation to percentage of fines
Survival to emergence is the percent survival of salmonid embryos from the time they are placed in the
gravel as eggs until they emerge from the substrate as alevins or fry. The relationship between embryo
survival to emergence and percentage of fines in the streambed is of particular importance to this literature
review, because it provides an overall idea of the health of the spawning habitat.
The provincial and federal government water quality standards indicate that there are reasons to be
concerned with the fine sediment levels in the Cowichan River. The BC Approved Water Quality
Guidelines (MoE 1998) and the Canadian Water Quality Guidelines (CCME 1999) identify that for the
protection of actual and potential salmonid spawning sites, the quantity of in stream-bed substrates should
not exceed 10% of particles <2 mm, 19% of particles <3 mm, and 25% of particles <6.35 mm. These
guidelines were derived from scientific data, some of which are discussed here, and were aimed at
providing a survival rate of 80% for egg-to-fry stages. The percentages of fines <2 mm reported in the
spawning pools at the Cowichan River all fall outside of this criteria, particularly that of Sandy Pool (at
22%).
Cederholme et al. (1980) described that it is generally accepted that fry survival and fitness are lowered
when the spawning gravels become filled with fine sediments less than 6 mm diam, but the most serious
diameter of fines varies between streams and is dependent on regional lithology, hydrology, soils,
vegetation, and general stream dynamics. Cederholme et al. (1980) conducted field and laboratory studies
on Coho salmon egg to fry emergence in various size ranges of sediments. The authors determined that
material finer than 0.85 mm was the most detrimental particle size for Coho salmon embryo survival. A
relationship of a 2% reduction in survival to emergence for each 1 percent increase in fines (<0.85 mm)
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over natural levels (which was 10% for the Clearwater River, Wash.) was reported (Cederholme et al.
1980).
The percentages of fines <0.85 mm at the Cowichan River sites were compared to the Cederholme et al.
(1980) findings, with the results provided in Table 4. In summary, it appears that the Sandy Pool site has a
much lower survival rate (<37%) than that of the Greendale site (>64%) when both the results of the
laboratory and field studies were considered. Because there is not as high of a percentage of fines at the
Hatchery Bar site, survival is estimated to be higher than that of the Sandy Pool site; although when the
laboratory results alone are considered, survival at the Hatchery Bar site would still be quite low (51%).
Table 4. Estimated percent survival to emergence of salmonid embryos at the Cowichan River, as
determined by comparison to literature reviewing sediments <0.85 mm diam.

Author

Species
(egg stage)

Study
Type

Cederholme et al.
1980
Cederholme et al.
1980
Reiser and White
1988
Reiser and White
1988
Reiser and White
1988

Coho
(eyed)
Coho
(green)
Steelhead
(eyed)
Steelhead
(green)
Chinook
(green)

Laboratory

Estimated % Survival at the Cowichan River Sites
(based on % Fines <0.85 mm)
Greendale:
Sandy Pool
Hatchery Bar
(3.8%)
(12.2%)
(7.7%)
65.0
18.3
51.2

Field

>65.0

37.7

>65.0

Laboratory

82.5

60.0

66.2

Laboratory

62.0

21.0

35.0

Laboratory

44.0

8.8

22.0

Witzel and MacCrimmon (1981) tested egg survival to alevin emergence of Rainbow trout in vertical flow
incubators filled with particles of 2, 4, 8, 16 and 26.5 mm. They found that alevin emergence was impeded
when particles were less than 8 mm in diameter, and that mean percent survival was lowest (only 1%) in 2
mm gravel. Mortalities within the 2 mm gravel began in early stages of embryo development, and were
discussed to be the result of lethal compression because the yolk sacs were misshaped.
Tappel and Bjornn (1983) reviewed salmonid embryo survival in varying compositions of sediments less
than 9.5 mm and less than 0.85 mm. The authors found that Steelhead embryo survival was most strongly
related to particle sizes 1.70 mm or smaller. Chinook salmon embryo survival was correlated most with
particle sizes of 4.76 mm or smaller. It was also identified that sediment from 1.70 to 4.76 mm were more
harmful to Chinook salmon embryos than to Steelhead. Equations to describe survival for each of the
species as a function of percentages of 9.5 mm and 0.85 mm sediments were provided. It would be an
involved process to compare the specific Cowichan River data with these results, and due to time
limitations, it was not done.

Reiser and White (1988) conducted laboratory tests on various combinations of coarse (0.84-4.6 mm)
and fine (<0.84 mm) sediments mixtures, and found that the combination of 20% coarse and 30% fines
had the lowest survival for both Steelhead and Chinook. They also found that fine sediment alone (in
gravel) caused greater egg mortality than the same amounts of fine sediment mixed with coarse
sediment. They described that the larger sediment likely filtered out some of the smaller sediments,
actually benefiting egg survival to some degree. The authors noted that the green eggs of both
Steelhead and Chinook salmon did not survive as well as the eyed eggs. They believed that this
14

indicated that fine sediment accumulations during early embryonic development resulted in higher egg
mortalities than accumulations that occur after the circulatory system becomes functional.
Table 4 also provides the estimated Cowichan River sites survival results based on the relationships of
percentages of fines (<0.85 mm) determined by Reiser and White (1988). Findings indicate that survival of
the Steelhead and Chinook eggs would be substantially less at the Hatchery Bar and the Sandy Pool sites,
with their higher levels of fines, than that of the Greendale control site. Chinook appear to be more
sensitive than Steelhead and Coho to increasing levels of fines of this size. Although a determination of
combination of coarse to fine percentages of sediment was not calculated for the Cowichan River at this
time, comparisons to the Reiser and White (1988) findings could also be done to obtain further insight on
survival for Steelhead and Chinook.
The full range of survival results from Cederholme et al. 1980 and Reiser and White 1988 have been
compiled and provided in Figure 1. The percentages of fines (<.0.85) calculated for the Cowichan River
spawning sites have also been provided, depicting the expected survival for each species tested. The green
eggs tests results would more likely be representative of natural conditions in the Cowichan River, than the
eyed eggs findings.
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Figure 1. Salmonid egg to fry survival related to percentage of fine sediments less than 0.85 mm
diameter, from Reiser and White (1988) and Cederholme et al. (1980)
Kondolf (2000) reviewed and critiqued literature that assessed spawning gravel quality and incubation
success and his findings support much of what has been discussed here. Kondolf summarized that the
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gravel requirements of salmonids differ with life stage as the role of the gravel changes. In general he
described that interstitial sediments finer than about 1 mm (or <0.83 mm) reduce the permeability of the
gravel and can prevent intragravel flow from providing sufficient oxygen to embryos and removing
metabolic wastes; while sediments in the 1 –10 mm size range are known to block fry emergence through
intragravel pores. Kondolf’s review of 2 field and 11 laboratory studies (many of which have been
included here) led him to conclude that in order to achieve 50% emergence, the percentage of sediments
finer than 1 mm. could not be greater than about 12 - 14%. When coarser fine sediments were considered,
in order to have 50% emergence, sediment finer than both 3.35 mm. and 6.35 mm. should not exceed about
30%.

3.4.1 Impact of silts and cays (<0.063 mm diam) on embryo development
Most of the studies referred to thus far, relate to the detrimental effects that a broad range of fine sediment
particles, such as fractions under 2 mm diam., have on salmon embryo development and emergence. In
recent years, the impacts of finer particles have been studied, providing new insights.

Lapointe et al. (2004), using laboratory incubations on Atlantic salmon embryos, identified that the
detrimental effects of a unit mass of silt (and clay) (<0.063 mm diam) is much greater than that of an
equivalent mass of sand. This was described to be primarily a factor of the relative permeability of the
particles. For example, the relative permeability varies 30-fold between pure 1 mm coarse sand and
0.15 mm fine sand, and 30-fold again between fine sand and 0.03 mm silts. Lapointe et al. (2004)
further showed that variations of only a few percent of silt could strongly degrade survival to
emergence and that survival could be seriously reduced at silt levels as low as 1.5%. Silt loadings
(>0.5%) were found to be detrimental to survival for all substrate compositions, except those that were
very sparse in sands (<5% of diam. 0.06 – 2.00 mm). When the sand content was over 10%, an
increase of 1% silt had over three times the effect on survival than a similar increase in weight of sand
would have. Considering this, at a 15% sand content, mean survival decreased from 60-20% as silt
content increases over a range of 0%-4%. Sand was described to obstruct the intergravel spaces,
allowing the silts to better bridge the remaining pore spaces.
The Cowichan River results indicate that the percent sand (0.06-2.00 mm diam.) ranged from 10.50%
at the Hatchery Bar to 21.72 % at the Sandy Pool. For this range, Lapointe et al. (2004) provided the
following linear model (equation) to determine percent survival:
% survival = 103-10(%silt)-3(%sand)
When the Cowichan River percentages of silt (<0.063 mm) and sand data (KWL 2006) were input into
this equation, the following survival percentages were calculated:
 Greendale: 68.64%,
 Sandy Pool: 35.04%,
 Hatchery Bar: 69.50%.
Given these results, it is apparent that the higher silt content at the Sandy Pool site (albeit at only 0.28
%), coupled with the higher percent sand would likely greatly affect embryo survival, and survival
would be lower than that of the Greendale and the Hatchery Bar sites which had lower sand and silt
contents.
Levasseur et al. (2006) used artificial redds in the field to provide a relation between the percentage of silt
and very fine sand (%SVFS = <0.125 mm) and the percent survival to hatching of Atlantic salmon
embryos. Results indicated that when SVFS exceeded 0.2 %, survival dropped sharply below 50%. The
authors described that the threshold may have been lower than that found by Lapointe et al. (2004) because
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of difficulty they had in replicating the low hydraulic gradients generated by Lapointe et al. in the
laboratory. Levasseur et al. (2006) further suggested that their low threshold to fines results may be related
to the findings of Greig et al. (2005) described below.
The exact percentages of fines <0.125 were not explicitly provided by KWL (2006) for the Cowichan River
Sites, but from a review of the grain size distribution plot, it is evident that percentages of fines <0.125
would be slightly greater than that which was determined for percentages <0.063. Therefore it can be
inferred that at the Sandy Pool and the Hatchery Bar Sites on the Cowichan River (with their percentages of
fines <0.063 equaling 0.28% and 0.20 % respectively), the threshold value of 0.2 % described by Levasseur
et al (2006) would be exceeded, likely reducing embryo survival below 50%. It is important to note that
the results may be slightly different, because Levasseur et al. did not conduct testing on species present in
the Cowichan River.
Greig et al. (2005), looked at the impact of clay particles (< 0.004 mm diam.) on oxygen consumption
across the surface of an Atlantic salmon egg. The authors found that when a thin film (<1 mm) of sediment
formed on the egg surface, oxygen consumption rates were reduced. The reductions in consumption were
discussed to be due to:
a) the creation of a low permeability seal around the eggs that restricted the availability of
oxygen to the incubating embryos,
b) the fine sediments physically blocking the pores of the egg membrane restricting oxygen
uptake.

4.0 Rearing Habitat

Still more to do past this point (more papers to
review, and need to tie findings together.
Although less attention has been paid to the impacts of fine sediments on juvenile stages than on salmonid
embryo development, fry and parr from successful redds must deal with changes in rearing habitat imposed
by fine sediments (Suttle et al. 2004). Even fry hatched from redds in unimpacted tributaries and side
channels are susceptible, as they ultimately rear in larger channel (Bjornn and Reiser 1991).
If gravel is free of coarse sand it allows fry to enter the gravel. This enables them to seek lower
temperatures in summer and to escape predators. It also provides a good winter habitat, a feature that tends
to be scarce in natural streams.
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Suttle et al. (2004): Alteration of the porosity and topography of the gravel riverbed with an increase in
fine sediments affects the ecosystem, particularly during biologically active periods of seasonal low flow.
It is during low flow that critical juvenile rearing occurs for salmonids
Suttle et al. (2004) conducted field studies, where Steelhead parr were confined over patches of riverbed
with experimentally imposed fine-sediment (<2 mm) concentrations. Silt and sand are known to have little
or no value as cover for fish (Bjornn and Reiser 1991). The work of Suttle et al. (2004) showed that
steelhead growth decreased steeply and linearly with increasing fine sediment concentration (or
embeddedness). Fine sediments were also found to increase steelhead activity. This is because, at higher
levels of embeddedness, fine sediments filled spaces under and between course cobble, creating a flat and
featureless bed. With decreased availability of interstitial refuges and declined prey, steelhead spent less
time sheltering amongst the cobbles and more time actively swimming. Larger substrate materials (up to
40 cm in diameter) provide visual isolation and their interstitial spaces are often the primary cover (Bjornn
and Reiser 1991) and with the higher fine sediment levels. Suttle et al. (2004) found that steelhead
exhibited increased levels of aggression, including attacks, with decreasing prey and visual separation
between the fish. This also resulted in decreased survival.
Salmonids will hide in the interstitial spaces in stream substrates, particularly in the winter, when the voids
are accessible (Chapman and Bjorrn 1969 In Bjornn and Reiser 1991). Newly emerged fry occupy voids of
2-5 cm diameter rocks, but larger fish need cobble and boulder-size (>7.5 cm diameter) substrates (Bjornn
and Reiser 1991).
Bjornn et al. (1977) conducted studies on chinook and steelhead juveniles in artificial and natural stream
channels examining changes to the summer and winter carrying capacity, with infilling of the interstitial
spaces. It should be noted that the methods for this study, with the size of the fine particles used for testing
being <6.35 mm (as opposed to <2 mm on the Cowichan River), and with the variable being fraction
imbeddedness (i.e. as opposed to % fines), making a direct comparison of the results difficult. The results
of testing summer holding capacity in the artificial pools indicated that fish density decreased as fine
sediments increased in the pools (reducing the amount of cover) for both species; whereby wild age 1
steelhead at one-third, two-third and full sediment imbeddedness were reduced to 84, 40 and 11 percent of
their original densities respectively. In the natural stream, Chinook densities were found to also decrease
with increased sediment, however, losses were more a result of loss of preferential habitat (i.e. deep pools)
rather than loss of cover. For these natural pools deeper than 0.3 m, it was found that as the pool area was
reduced as the area was reduced to when the pool area deeper than
Overall results indicated that the summer and over-wintering rearing capacity was reduced when sediment
was deposited in pools and interstitial spaces of the stream substrates, the abundance of juvenile salmon in
pools of small rearing streams declines in almost direct proportion to the amount of pool area or volume
lost to fine sediments deposited in the pool, the number of juvenile salmon and trout a stream can support
in winter is much reduced when the interstices in the stream substrate are filled with fine sediments. Come
back to this and remove if not required- the abstract summarizes things different and more specific than the
conclusions
Crouse et al. (1981) evaluated juvenile Coho salmon growth (or tissue elaboration) in artificial laboratory
streams at varying levels of cobble embedded with fine sediments of <2.0 mm. Results showed significant
decreases in growth in the streams with 80% and 100% embeddedness.
Steelhead may be a particularly vulnerable species, as they remain in their natal streams up to two years
longer than other anadromous salmonids (Suttle et al 2004). As well, the juvenile life-stage is discussed as
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being potentially population limiting (Suttle et al. 2004) and more important than embryo survival in
regulating fish abundance (Bjornn et al 1977). These affects can have longer term impacts on the salmon
survival and thus populations (me). It is known that with a larger body size overwintering survival (Quinn
and Peterson 1996, In Suttle et al) and the numbers of smolting juvenile (Ward and Slaney 1988, In Suttle
et al) is improved. The territoriality limits the ability of juvenile salmon to crowd into shrinking areas of
good habitat. Identify % survival with 10, 15, 20 and 25% fines
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Literature Review Results on Impacts of Fine Sediments on Rearing Habitat: Summary of Quantitative Results as they Relate to Range of
Percentages of Fines (<2 mm) Determined by KWL (2006) at the Cowichan River (Greendale (11.5%), Sandy Pool (22%) and the Hatchery Bar
Pool (10.7%))
Reference
Species &
Methods
Parameter
Study Results at the following percentages
Overall
Lifestage
measured
of embeddedness (% fines)*
0% 10% 15% 20%
25%
30%
Suttle et al
2004

Steelhead
parr

Suttle et al
2004

Steelhead
parr

Bjornn et al
1977

Field study,
using fines of
<2 mm. 46
days
Field study,
using fines of
<2 mm. 46 day
test.
Laboratory
study, using
fines of <6.35
mm.

Mean length
gain (mm/d)

0.22

Proportion of
time spent
swimming

0.2

0.21

0.20

0.19

0.22

0.18

0.17

Linear decrease with %
embeddedness

Increases after 20%
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5.0 Insect Productivity
Sediment deposition has a variety of effects on invertebrates, ranging from minor interference with feeding
(decreasing productivity), through to death by smothering (Paddy 1991)
Deposits of sediments can coat stone surfaces, both reducing the available food supply and eliminating
attachment points for those animals such as larval simuliids (blackflies)which need to anchor themselves to
the substrate. In addition, reduction of interstitial spaces within the stream bed means less habitat and
reduced exchange of oxygen and metabolites for animals living in the benthos. (All Paddy 1991)
Graham (1990, In Paddy 1991) has shown that fine silt can be entrapped by periphyton even at very low
levels, thus reducing the attractiveness of the periphyton to algal grazers.
Sediment can interfere with the feeding of benthos by covering the food supply of those organisms that
feed on periphyton (Paddy 1991). Ryder (1989, In Paddy 1991) noted that the larvae of Deleatidium spp.
(Ephemeroptera) and Pycnocentrodes spp. (Trichoptera) preferentially grazed on unsilted periphyton rather
than on silted periphyton. In addition, the growth of early instars of Pycnocentrodes fed on silted
periphyton was significantly less than of larvae that grazed on unsilted periphyton.
The bottom gravel interstices also become clogged by fine sediments (Paddy 1991). Pugsley and Hynes
(1983, In Paddy 1991) found that 70% of stream insects lived in the top 10% of the stream bed and that
some move from the base of stones where they find shelter during day to the surface of stones to feed
during the night. When the interstices are blocked, interchange of water and metabolites with surface
waters is reduced and the interstitial layer may become oxygen depleted. Some animals may be able to
force their way through the barrier, while many may not be able to and would die from a lack of oxygen.
Ryder (1989, In Paddy 1991) found that a 12-17% increase in the interstitial fine sediment of a relatively
“sediment –free” substrate was associated with a 16-40% decrease in the abundance of total invertebrates
and a 27-55% decrease in the abundance of the ephemeropteran Deleatidium. This was the result of the
actual reduction of interstitial space.
In many instances where there is heavy silt deposition, there is a change in community structure rather than
a total loss of fauna (Paddy 1991). Hellawell (1986, In Paddy 1991) describes that this includes the
disappearance or reduction in biomass and numbers of sensitive species, often those requiring ‘open’
eroding substrata for attachment or feeding (especially filter feeders). The replacement fauna consists of
burrowing species, with the dominant organism typically being chironomid larvae and oligochaete worms.
These changes would affect salmon that rely heavily on drift fauna for food (Paddy 1991). If the drift
fauna is reduced to the burrowing forms, the stream would provide less favourable habitat for salmonids.
All from Birtwell 1999: Culp et al 1986 (in revealed that as increases in fine sediments occurred,
macroinvertebrate drift rates increased and consequently the density and species diversity of the benthic
macroinvertebrate community was reduced. Culp et al examined the benthic ecology of Carnation Creek,
BC and considered that those on the substrate responded quicker than those occupying the interstitial
spaces of the substrate. The partial or complete filling of the interstices can affect benthic
macroinvertebrates living in the rocky substrate by reducing the intrasubstrate current velocities and the
related dissolved oxygen content, as well as restricting the particle size range and the deposition of detritus
in the substrate (Rosenberg and Snow 1975). In experiments assessing the response of benthic
macroinvertebrate communities to additions of fine sediments to riffles, Culp et al. 1986 found no
measurable impact on five of the six most numerically dominant taxa, and the only negative effect was
higher drift rates and lower benthic densities of one group. The physical transport of fine sediments sliding
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and bouncing along the surface of the stony substrate (saltation) caused a disturbance that reduced total
benthic densities by >50% in 24 hr and significantly influences macroinvertebrate community composition.
All from Birtwell 1999: Luedtke and Brusven 1976- Drift is the major means by which aquatic insects
colonize streams. Luedtke and Brusven 1976 determined that many common riffle insects were unable to
move upstream on sand substrates which are unstable. Pebble and cobble may be necessary for the
upstream movement even at low currents.
All from Birtwell 1999: The degree to which major stream substrate particles are surrounded by fine
material (the degree of embeddedness) was found to have a strong correlation with macroinvertebrate
assemblage richness and composition. Many of the organisms that are favoured as food items (e.g
mayflies, caddisflies and stoneflies) by stream dwelling fish prefer relatively coarse streambed substrates
and are harmed by intrusions of fine sediments (Everest et al 1986). Bjornn et al. (1977) found that in
artificial stream channels benthic insect density in fully sedimented riffles (>66% embeddedness) was half
that of un-sedimented riffles, but the abundance of drifting insects was not significantly smaller. In a
natural stream riffle cleaned of sediment, benthic insects were 1.5 times more abundant and mayflies and
stoneflies were four and eight times more abundant respectively.
Suttle et al. (2004) also assessed invertebrate communities. Their findings of which indicated that
steelhead growth decreased with increasing fine sediment was consistent with the effects of sedimentation
on available food supply, where with increasing levels of fine sediments, invertebrate assemblages shifted
from prey organisms (i.e. epibenthic grazers and predators) to unavailable burrowing taxa.
were.
Bjornn et al. (1977) conducted laboratory studies. The size of the particles used for testing, however was
<6.35, a size which is substantially larger than that measured on the Cowichan River, making a comparison
of the results difficult. In artifical stream channels, benthic insect density in fully sedimented riffles (>2/3
cobble imbeddedness) was one-half that in unsedimented riffles, but the abundance of drifting insects in the
sedimented channels was not significantly smaller. In a natural stream riffle, benthic insects were 1.5 times
more abundant in plot cleaned of sediment, with mayflies and stoneflies 4 to 8 times more abundant,
respectively. Riffle beetles (elmidae) were more abundant in the uncleaned plot.
Culp et al. 1987: Field experiments were conducted to examine the response of the benthos to deposited
and transported sediments. Sand deposition had no measurable impact on most taxaSand deposition had
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Literature Review Results on Impacts of Fine Sediments on Insect Productivity: Summary of Quantitative Results as they Relate to Range of
Percentages of Fines (<2 mm) Determined by KWL (2006) at the Cowichan River (Greendale (11.5%), Sandy Pool (22%) and the Hatchery Bar
Pool (10.7%))
Reference
Species &
Methods
Parameter
Study Results at the following percentages of
Overall
Lifestage
measured
embeddedness (% fines)
0%
10% 15% 20%
25%
30%
Invertebrate
1.1
1.0
Gradual decline between 0
Suttle et al
Steelhead parr
Field study,
biomass
and 40%. Dramatic decline at
2004
using fines of
2
(g/m ):
80% embeddedness
<2 mm. 46
days
Vulnerable
prey
0.4
0.5
Notable increase at 40%
Invertebrate
Suttle et al
Steelhead parr
Field study,
embeddedness
biomass
2004
using fines of
(g/m2):
<2 mm. 46
days
Burrowing
organisms
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6.0 Conclusions
A major observation in the literature review was that methodologies were not consistent in the
measurement of fine sediment
Biological recovery from the effects of sediment deposition is usually rapid, taking only months, once the
source of contamination is removed (Paddy 1991)
Through this literature review, it was found that there is also a great deal of information available on the
effects of suspended sediment on stream life. Although the topic of suspended sediment is outside of the
scope of this report, it is also likely an issue in the Cowichan River that should be consideration.
Scrivener and Brownlee 1989 – Carnation Creek showed the pattern of deposition and scour described by
Beschta and Jackson (1979). When the volume of sands and pea gravel in the bedload was increased by
watershed disturbance, changes in streambed composition became apparent first near the surface. As the
stream was exposed to larger freshets with longer return periods, the depth at which sand seals were formed
became greater. When the sources of sediment decline, as the basin stabilizes, and if the frequency of
freshets is unchanged cleaning of the substrate should occur in the same way, although the larger the fine
particles and the deeper their penetration the slower the rate of cleaning.
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