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EXECUTIVE SUMMARY
This report summarizes results from the third year (2007-08) of a proposed five-year program to
monitor pink (Oncorhynchus gorbuscha) and chum (O. keta) salmon spawning success in the
Herrling Island sidechannel on the lower Fraser River, located approximately 25 km west of
Hope, British Columbia. The primary objective of the study was to assess the effectiveness of
operational measures at BC Hydro’s Wahleach Generating Station (WAH GS) at minimizing
spawning in marginal areas and subsequent fry stranding. A secondary objective was to assess
the risk of stranding of adult spawners associated with the recommended operations. An
addendum to the Terms of Reference recommended that post-spawning assessments of egg
distribution and development be initiated in 2007-08. Water Licence requirements stipulate that
under normal operating conditions the WAH GS will curtail generation to zero for a 2-h period
every 24 hours between 15 September and 30 November, while at all other times the WAH GS
can generate at maximum capacity.
Spawning behaviour of pink salmon was observed at five sites in the Herrling Island sidechannel
from 20-22 September 2007. Pink salmon were observed abandoning their redds as water levels
decreased during WAH GS outages. Fifteen pink salmon were observed stranded in dewatered
areas on 22 September. Fish returned to marginal spawning areas when WAH GS discharges
were restored. High water levels and turbidity in the sidechannel precluded effective monitoring
of chum salmon in November 2007.
Three hydrometric stations monitored stage height and water temperature in the sidechannel
from 14 September 2007 to 23 April 2008. Nine out of eleven pink salmon redds that were
monitored in 2007-08 dewatered at least once. Below average water levels in the Fraser River,
combined with a 55-d period (9 February – 4 April 2008) when the WAH GS was not
discharging contributed to redd stranding for both species. Chum salmon fry (~50) were
observed stranded isolated redd pockets in site 1 on 14 April 2008.
Pink salmon embryos were sampled using a hydraulic sampler in different elevations bins along
two transects in site 5 on 22 January 2008. In total, 471 alevins and 1,196 dead eggs were
collected in 21 samples. These results combined with accumulated thermal unit (ATU) data
revealed that sampling should have been conducted earlier (mid-October to late November).
Embryos were found in the highest elevation bins along the right bank of the sidechannel in both
transects, indicating that WAH GS operations did not prevent spawning in marginal areas. The
absence of eyed eggs, small sample sizes, and large variability in the number of embryos
sampled per site precluded estimating the survival rate of eggs by elevation bin.
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INTRODUCTION
The Wahleach hydroelectric facility is part of the BC Hydro Coastal Region and is located
approximately 25 km west of Hope and 100 km east of Vancouver (Figure 1). The facility came
into service in 1952 and includes the Boulder Creek Diversion Dam, Jones Lake (Wahleach)
Reservoir, Wahleach Dam, and Wahleach Generating Station (WAH GS). Water from Jones
Lake Reservoir enters an intake structure on the west side of the reservoir and is carried through
a 4.2-km long tunnel and a 500-m long penstock to the WAH GS on the south bank of the Fraser
River. Additional water is supplied to the reservoir by the diversion of Boulder Creek into Jones
Lake Reservoir. The Boulder Creek Diversion Dam is located 400 m east of Wahleach Dam.
The WAH GS is a high-head station with a maximum sustained generating capacity of 63 MW.
Historically, the Wahleach hydroelectric facility has provided an average of 245 GWh per year
and contributed approximately 0.67% of BC Hydro’s hydroelectric generation (BC Hydro 2004).
Discharge from the WAH GS enters the Herrling Island sidechannel of the Fraser River.
The Herrling Island sidechannel is 10 km long and located on the south (left) bank of the Fraser
River approximately 25 km downstream of Hope, BC (Figure 1). The WAH GS tailrace is
located 2.5 km downstream from where the Fraser River enters the sidechannel. The sidechannel
is fed by water from the Fraser River during freshet (May to August), tributary streams during
periods of high rainfall, groundwater, and discharge from the WAH GS (Parsonage and Leake
1999). Historical hydrometric data shows that the mean daily discharge for the Fraser River near
Hope peaks in mid-June at approximately 8,000 m3/s, but is typically less than 2,500 m3/s from
mid-to-late October (Figures 2 and 3). The WAH GS typically operates to meet local peak
electricity load. This results in daily fluctuations in flows in the Herrling Island sidechannel
between August and May, a period when the Fraser River does not typically affect sidechannel
flows except through groundwater contributions (BC Hydro 2005).
Fish species known or believed to spawn in the Herrling Island sidechannel include: chum
salmon (Oncorhynchus keta), pink salmon (O. gorbuscha), coho salmon (O. kisutch), cutthroat
trout (O. clarki) and white sturgeon (Acipenser transmontanus; Parsonage and Leake 1999).
In lower Jones Creek, which drains into the Fraser River immediately upstream of the Herrling
Island sidechannel, chum salmon spawn from late September to mid-December with peak
spawning occurring from mid-late October (Greenbank and Macnair 2007, 2008). Chum salmon
were observed spawning in the Herrling Island sidechannel from late October to mid-November
in 2005 and 2006 (Smith 2006, 2007). Eggs incubate from late October through early May, and
fry out-migrate from mid-March to late May. Upon emergence, chum salmon fry migrate
directly to the estuary. Accumulated thermal units (ATU) used to predict the duration of
incubation phases for chum salmon include: 300-350 ATU for the eyed stage, 475-525 ATU for
the hatch stage, and 900-1,000 ATU for the emergent stage (Shepherd 1984). Annual chum
salmon escapements in the Herrling Island sidechannel were estimated to be between 2,000 and
10,000 adults (Hancock and Marshall 1985).
Pink salmon spawn in Lower Jones Creek from early October to early November with fry
outmigrating from early April to mid-May (Greenbank and Macnair 2007, 2008). In BC, pink
salmon eggs typically hatch from late December to late February (Bonar et al. 1989). Alevins
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remain in the gravel for several weeks while their yolk sac is absorbed. Fry emerge from the
gravel as early as late February, but peak emergence is typically during April or May.
Accumulated thermal units used to predict the duration of incubation phases for pink salmon
include: 350-400 ATU for the eyed stage, 550-650 ATU for the hatch stage, and 900-950 ATU
for the emergent stage (Shepherd 1984).

Figure 1. The Wahleach hydroelectric facility which includes the Boulder Creek Diversion
Dam, Jones Lake (Wahleach) Reservoir, Wahleach Dam, and Wahleach Generating Station
(WAH GS).
LGL Limited
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Figure 2. Daily discharge of the Fraser River at Hope, BC, 1912-2006 (EC 2008).

Figure 3. Daily water level of the Fraser River at Hope, BC, 1996-2006 (EC 2008).
Past studies (BC Hydro 1998; McLean 1998; Parsonage and Leake 1999) have shown that
fluctuations in water levels in the Herrling Island sidechannel due to operational conditions at the
WAH GS may contribute to:
(1)
(2)
(3)
(4)

Extensive dewatering of shallow riffles and gravel bars in the sidechannel;
Partial or full dewatering of chum salmon redds;
Stranding of spawning adult chum salmon; and
Stranding of outmigrating juvenile chum salmon in isolated pools or dewatered areas.
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In response to these issues, the Wahleach Water Use Plan consultative process was initiated in
September 2000 “to develop recommendations defining a preferred operating alternative using a
multi-stakeholder consultative process” (Anonymous 2003). A Consultative Committee report
and draft Water Use Plan (WUP) were submitted to the Comptroller of Water Rights in
December 2003, and the Wahleach WUP was accepted and implemented in January 2005 (BC
Hydro 2004). One of the recommended operational changes for the WAH GS was meant to limit
spawning use in marginal areas (i.e., those areas that are at risk to be subsequently dewatered
during operations or maintenance) and therefore reduce stranding during fry out-migration.
Specifically, this recommendation stipulated that from 15 September to 30 November, BC Hydro
would curtail generation at the WAH GS to zero for a two-hour period every twenty-four hours.
At all other times, BC Hydro could generate at maximum capacity and there was no constraint
on the rate of change of flow from the powerhouse.
The potential effectiveness of these operational changes was uncertain because the behavioural
response of spawners to flow reductions was poorly understood. As a result, the Consultative
Committee recommended that all operational changes be monitored for their effectiveness (BC
Hydro 2005). It was hypothesized that the amount of salmon habitat would decrease in the
Herrling Island sidechannel as a result of decreased flows through the WAH GS; however,
spawning success (as measured by egg-to-fry survival) was expected to increase as a result of the
operational changes. Management questions pertaining to the potential affects on salmon and
their habitat in the Herrling Island sidechannel that needed to be addressed included:
(1) Will the recommended operational measures keep spawning away from marginal areas?
(2) Will the operational measures in the fall result in stranding of adult spawners?
(3) Will the operational measures in the fall result in minimal fry stranding in the spring?
Based on these management questions, it was proposed that the following hypotheses be tested
in relation to the effectiveness of the recommended operational measures:
(1) H1: Suspending Wahleach generation for 2 h daily during the spawning period does not
deter spawning in marginal areas;
(2) H2: Suspending Wahleach generation for 2 h daily during the spawning period does result in
stranding of spawning adults; and
(3) H3: Suspending Wahleach generation for 2 h daily during the spawning period does not
eliminate fry or redd stranding caused by operations.
The primary objective of this study was to assess the effectiveness of the WAH GS operational
measures at minimizing spawning in marginal areas and subsequent fry stranding in the Herrling
Island sidechannel. A secondary objective was to assess the risk of stranding of adult spawners
associated with the recommended operations. To meet these objectives, three study components
were utilized for this monitoring program. The behavioural response of adult spawners was
monitored before, during, and after daily outages at index sites within the Herrling Island
sidechannel. An adult stranding risk assessment was conducted by monitoring the area of
habitat dewatered or cut off from mainstem flow due to WAH GS operations, the number of
spawners stranded in affected habitat, and the rate of stage change at each index site as related
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with stranding risk. And lastly, a redd and fry stranding assessment was conducted using water
level data collected at hydrometric stations and redd depths measured at the index sites.
In the first year of this study (2005), chum salmon were observed spawning at two main sites
within the Herrling Island sidechannel between 24 October and 16 November (Smith 2006).
During WAH GS outages, eight chum salmon were found stranded in dewatered areas within the
sidechannel and 21 chum salmon were found stranded in isolated pools. Forty-six percent (n =
35) of redds were estimated to have dewatered at least once. In 2006, high inflows into the
sidechannel from 3-11 November combined with historic lows on the Fraser River in October
may have confounded results from the redd and fry stranding portion of the study (Smith 2007).
Chum salmon were observed from 30 October to 20 November 2006. Two adult chum salmon
were observed stranded in a dewatered area during a WAH GS outage, and 88% of completed
redds were estimated to have dewatered at least once prior to emergence.
Key measures to describe adult spawning behavioural responses to WAH GS outages proved
difficult to ascertain in 2005 and 2006 due largely to observer limitations and high spawning
densities observed at the index sites. As a result, an addendum was made to the terms of
reference of this monitoring program in December 2007 recommending that additional
assessments and mapping of egg distribution take place after peak spawning periods. Relative to
direct observation of spawning adults, embryo sampling has the potential to better assess whether
WAH GS operational changes result in lower spawner densities in marginal habitats than in
stable habitats. These recommendations were implemented in January 2008. This report
summarizes results from the third year (2007-08) of a proposed five-year monitoring program.
METHODS
LGL Limited (Sidney, BC) partnered with the Cheam First Nation (Rosedale, BC) to conduct the
2007-08 field work. The study team was responsible for completing five primary tasks:
(1) Monitoring the behavioural response of pink and chum salmon before, during and after
WAH GS outages at the index sites;
(2) Recording the total area of spawning habitat either dewatered or cut off from the mainstem
flow due to WAH GS operations;
(3) Recording the number of stranded spawners in the affected habitat;
(4) Monitoring the wetting of redds using recorded water levels data and tracking known redd
elevations; and
(5) Sampling pink salmon embryos using a hydraulic sampler at different elevations along two
transects in known spawning areas.
Index Sites for Monitoring Salmon
Pink salmon were monitored at five sites (sites 2 and 4-7) from 20-24 September 2007 (Figure 4;
Appendix A). Chum salmon were monitored at sites 1 and 2 on 2 and 6 November. The chum
salmon sites were monitored in 2005 and 2006 and were initially selected based on information
collected during earlier BC Hydro field studies (BC Hydro 1998; McLean 1998; Parsonage and
Leake 1999). Site 3 was monitored in previous years but was removed from consideration in this
study as it was underutilized by spawning pink and chum salmon.
LGL Limited
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Figure 4. Aerial photograph of the Herrling Island sidechannel showing the Wahleach Generating Station (WAH GS), three
hydrometric stations (stations 1-3), and seven index sites (sites 1-7) used to monitor spawning activity of chum and pink salmon.
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Hydrometric Data
Fraser River at Hope
Hourly Fraser River stage height and discharge data was collected at a gauging station near
Hope, BC, from September 2007 through May 2008 (Lauren Wick, Environment Canada,
personal communication).
Herrling Island Sidechannel
As part of a separate contract with BC Hydro, Via-Sat Data Systems, Inc. (North Vancouver,
BC) installed and operated three hydrometric stations in the Herrling Island sidechannel (Figure
4). The uppermost station (station 1) was located on the left bank approximately 2.5 m
downstream from the inlet of the sidechannel and 50 m upstream from WAH GS tailrace. The
middle station (station 3) was located on the right bank approximately 1.2 km downstream from
the WAH GS tailrace. The lowermost station (station 2) was located on the left bank
approximately 2.5 km downstream from the WAH GS tailrace. Each hydrometric station
consisted of a Model PT2X pressure transducer (0-5 PSI) from Instrumentation Northwest Inc.
(Kirkland, WA). The pressure transducers logged water level and water temperature at 15-min
intervals. Water levels at each station were referenced to local datum (pressure transducer) as
0.000 m. Locations were selected in consideration of vandalism avoidance, effectiveness
through ranges of expected water levels, and stability.
Discharge at the Wahleach Generating Station
Hourly discharge (m3/s) from the WAH GS was recorded from September 2007 through May
2008 (Dave Hunter, BC Hydro, personal communication).
Adult Spawning Behaviour Observations
The initial goal of this assessment was to observe spawning behaviour over a minimum of 10
consecutive days and over a continuous 10-h period each day (~1700-0300 hours) during the 2week peak spawning period at each index site. Typically, peak load discharge from the WAH
GS drops off around 2200 hours nightly, which should have coincided with the planned 2-h
WAH GS outage. Given this scenario, daily observations would describe the effects of an
outage from 2200 to 0000 hours. This plan allowed 3 h for water levels in the sidechannel to
recede and stabilize, and an additional 2 h for monitoring while the WAH GS discharges were
restored.
However, during the 2007 field study, WAH GS outages typically occurred during the day
(~1100-1400 hours), and thus the sampling schedule had to be adjusted accordingly. Attempts
were made to visit the index sites prior to the daily outage (0900-1100 hours), observe spawning
behaviour at a site as water levels dropped (1100-1230 hours), and then re-visit each index site
during the outage and before WAH GS discharges were restored (1230-1400 hours).
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Adult spawners were enumerated at each site before and during WAH GS outages and their
specific activity (migrating, holding, spawning) and location (thalweg, left/right bank) were
documented. Each redd received a unique identification code (date-site-#, GPS location) and
was marked with a flag-taped rock. Redds were measured for depth before and during the WAH
GS outage and described based on their status (false, partial, full) and composition (sand, gravel,
cobble). Redd depths were measured from the substrate surface at the lowest point in the redd
pit to the water surface (Figure 5). Additionally, the river depth of the undisturbed substrate
adjacent to redds was measured. The crew also tried to estimate the amount of dewatered area
and area cut-off from mainstem flow during outages. Results from this assessment were
intended to test the hypothesis (H1) that suspending Wahleach generation for 2-hours daily does
not deter spawning in marginal areas.
Water line
Tailspill

Undisturbed
bed depth

Flow
Redd
(pit)
Depth

Gravel matrix
Egg
Pockets

Figure 5. Schematic of a redd depicting the location of egg pockets in the gravel matrix. Redd
depth was measured from the water line to the river substrate at the deepest section of the redd
pit. Undisturbed bed depth was measured from the water line to the river substrate at a location
near the redd that has not been influenced by spawning activity.
Adult Stranding Risk Assessment
During low-water conditions following WAH GS outages, the crew documented the number of
adult salmon found in isolated pools or dewatered areas at each index site. The condition (live,
pre/post-spawn moribund, pre/post-spawn mortality) and location of stranded fish was recorded.
Results from this assessment were used to test the hypothesis (H2) that suspending Wahleach
generation for 2-hours daily does not result in stranding of spawning adults. Analysis of these
data was qualitative based on the incidence of pre-spawn or recently spawned adults that were
stranded due to WAH GS operations. Since moribund adults are susceptible to stranding they
were not considered representative of the target population of this study and thus were excluded
from this assessment. Although adult stranding assessments were only required in the first two
years of this study (2005 and 2006), related observations were documented in 2007.
Redd and Fry Stranding Assessment
River bed and redd depths collected during the spawning behaviour monitoring assessment were
tracked against water level recordings from the hydrometric stations operated in the sidechannel.
LGL Limited
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Results from this assessment were used to test the hypothesis (H3) that suspending Wahleach
generation for 2-hours daily does not eliminate fry or redd stranding caused by operations. For
each redd identified at the index sites that was measured for depth on more than one occasion,
the following analyses were performed:
(1) Redds were classified as complete, active, or partial. A redd was complete if fish were
observed spawning and/or there was evidence over consecutive site visits that the redd pit
had been in-filled. Active redds were ones where spawning was still occurring or fish were
still present on a redd but the pit had not yet been filled by the end of the sampling period. A
redd was classified as partial if the pit was not in-filled and consecutive site visits indicated
no further spawning activity.
(2) A redd was considered dewatered when the undisturbed bed depth was zero. By this
definition, a eggs in a dewatered redd are not necessarily exposed to air. Stage height of the
sidechannel where individual redds dewatered was estimated using one of two methods:
a. Regression analyses of paired bed depth and water level measurements collected
before and during WAH GS outages; or
b. If a redd was observed dewatered during field observations, stage height at the
hydrometric station at the corresponding time was used.
(3) The frequency of dewatering events was calculated as the number of times during the
incubation and emergence periods when the stage height at a particular hydrometric station
was at or below the depth where a redd was considered dewatered.
(4) The duration of dewatering events was calculated as the length of time in hours that each
dewatering event lasted; and
(5) The extent of redd dewatering was determined based on timing – dewatering events were
categorized as either egg stranding during incubation (September 2007 – 31 March 2008) or
fry stranding over emergence (1 April – 15 May 2008). These periods were based on
outmigration data for pink and chum salmon fry in nearby Jones Creek (Macnair 2005;
Greenbank and Macnair 2007, 2008).
Embryo Sampling (Pink Salmon)
Pink salmon embryos were sampled in January 2008 to assess the behavioural response of adult
pink salmon to WAH GS outages. Ideally, embryo sampling would take place after the eyed-egg
stage and preceding the onset of fry emergence. A 1-m long steel probe and water pump were
used to discharge an air-water mixture into the substrate to a depth of 25 cm. Embryos were
collected in a cylindrical basket (36 cm dia. x 78 cm long) lined with a mesh collection bag,
counted, and categorized by their developmental stage (uneyed egg, eyed egg, alevins). Two
sites were sampled in each of five elevation bins along two transects. Elevations for each site
were referenced to a nearby hydrometric station (station 3). Ideally, the number and proportion
of live eyed eggs would be used to estimate egg-deposition and survival rates across the range of
elevation bins.
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RESULTS
Hydrometric Data
Fraser River at Hope
From 15 September 2007 to 15 May 2008, discharge of the Fraser River at Hope ranged from
656 to 4,496 m3/s and stage height ranged from 3.05 to 6.19 m (Figure 6). Fraser River stage
height was below the historic average in September, slightly above average for most of October,
and substantially higher than average from late October to late November (Figure 7). Stage
height was at average or slightly lower than average levels from mid-December 2007 through
March 2008, but decreased to near historic lows in April. Stage height and discharge data were
not available from 0700 hours on 10 January to 1300 hours on 23 January 2008.
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Figure 6. Stage height and discharge of the Fraser River at Hope, BC, from 15 September 2007
to 15 May 2008. The dashed line indicates the stage height (4.96 m) above which Fraser River
discharge influenced water levels in the Herrling Island sidechannel in 2006.
Herrling Island Sidechannel
From 15 September 2007 to 23 April 2008, stage height of the Fraser River in the Herrling Island
sidechannel ranged from 0.24 to 1.19 m at station 1 and 0.10 to 1.44 m at station 2 (Figure 8).
Stage height at station 3 ranged from -0.07 to 0.57 m from 22 January to 23 April 2008 (Figure
8). Due to the pressure transducer clogging with silt, stage height was not recorded at station 3
from 8 January to 29 January (see Appendix B for details regarding site visits to the hydrometric
stations). Average daily water temperatures ranged from 2.8 to 15.4 oC at station 1, 1.7 to 14.1
o
C at station 2, and 1.0 to 8.6 oC at station 3 (Figure 9).
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Figure 7. Stage height of the Fraser River at Hope, BC, from 15 September 2007 to 15 May
2008 relative to historical data (EC 2007).
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Figure 8. Hourly stage height of the Fraser River measured at three hydrometric stations located
in the Herrling Island sidechannel from 15 September 2007 to 23 April 2008.
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Figure 9. Average daily water temperature of the Fraser River measured at three hydrometric
stations located in the Herrling Island sidechannel from 15 September 2007 to 23 April 2008.

Discharge at the Wahleach Generating Station
Discharge at the WAH GS ranged from 0.0 to 13.3 m3/s between 15 September 2007 and 23
April 2008 (Figure 10). Two extended periods of WAH GS outages occurred from 6-11
November 2007 and from 9 February to 4 April 2008.
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Figure 10. Discharge at the Wahleach Generating Station (WAH GS) from 15 September 2007
to 15 May 2008.
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Adult Spawning Behaviour Observations
Pink Salmon
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The first pink salmon were observed in the sidechannel on 15 September 2007 (see Appendix C
for a summary of field observations). Pink salmon were observed spawning at five main sites
(sites 2, 4, 5, 6, and 7) from 20-24 September. During this period, Fraser River stage height was
relatively constant (4.1 m) and changes in sidechannel levels were influenced largely by WAH
GS discharge (Figure 11).

WAH GS

Figure 11. Stage height of the Fraser River at Hope, stage height of the Herrling Island
sidechannel (stations 1 and 2), and WAH GS discharge from 20-24 September 2007.
Site 2, located 2.5 river km (rkm) downstream of the WAH GS tailrace, was the lowermost
spawning location for pink salmon in the sidechannel (Photos 1 and 2). An estimated 400 pink
salmon were spawning in site 2 during the WAH GS outage on 24 September. Spawning
occurred in relatively deep water, and no noticeable changes in spawning behaviour were
observed during the outage.
Site 4 was located 475 m downstream of the WAH GS tailrace and was the uppermost spawning
location for pink salmon in the sidechannel (Photos 3 and 4). Prior to the WAH GS outage on 22
September, 160 pink salmon were observed actively spawning in a shallow riffle in the middle of
site 4. During the WAH GS outage that day (1200-1500 hours), the majority of these fish were
observed swimming downstream into deeper water and an estimated 25% of spawning habitat
was dewatered. Fish that remained in the area were observed swimming back and forth between
their shallow-water redds and deeper sections of the sidechannel.
On 20 September, 800 pink salmon were actively spawning in site 5 (Photos 5 and 6). The
majority of fish were located along the right bank of the sidechannel. As water levels in the site
dropped during a WAH GS outage on 24 September, fish spawning along the right bank were
observed repeatedly swimming from their partial redds in shallow water to the thalweg of the
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channel and back again. One adult sockeye salmon (O. nerka) was observed in site 5 on 22 and
24 September.
Pink salmon counts in site 6, located 1.5 km downstream from the WAH GS tailrace, peaked at
350 fish on 24 September (Photos 7 and 8). During outages on 21, 22 and 24 September, pink
salmon along the right bank of site 6 remained active on their redds despite many of their backs
being exposed to the air in shallow water. These fish exhibited erratic swimming behaviour but
none were observed stranded. On 24 September, 126 pink salmon were counted spawning in atrisk areas on the right bank.
Counts peaked at 435 pink salmon in site 7 on 24 September (Photos 9 and 10). One third of
these fish spawned in relatively deep water (i.e., low risk of redds dewatering) along the right
bank of the sidechannel, while the remaining two-thirds spawned in a shallow riffle section near
the top end of the site. Approximately 40% of useable spawning habitat in the upper portion of
site 7 dewatered during the WAH GS outage on 24 September. As water levels decreased during
outages, their movements became erratic and many fish were forced to abandon their redds.
Chum Salmon
Due to the influx of water from the Fraser River in early November, water levels in the
sidechannel changed very little during WAH GS outages (Figure 12). High turbidity levels also
made it difficult to count and assess the behaviour of chum salmon.
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The first chum salmon observed in the sidechannel was a carcass found in site 6 on 24
September 2007. The first live chum salmon were observed at site 1 on 12 October (see
Appendix D for a summary of field observations). A total of 275 live chum salmon and 6 postspawn carcasses were observed at site 1 on 6 November.

11/5

WAH GS

Figure 12. Stage height of the Fraser River at Hope, stage height of the Herrling Island
sidechannel (stations 1 and 2), and WAH GS discharge from 12 October to 6 November 2007.
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Eight chum salmon were observed at site 2 near the mouth of an unnamed creek on the left bank
of the sidechannel. These fish were actively spawning in water greater than 50 cm deep and thus
their redds were not at risk of dewatering.
Two post-spawn chum salmon (1 live, 1 carcass) were observed at site 3 on 2 November, but
there were no signs of spawning activity or redds in the area.
Adult Stranding Risk Assessment
No adult pink salmon were observed stranded at sites 2, 4, 5, or 6 in late September 2007.
Fifteen live pink salmon were stranded in dewatered areas along the right bank of the
sidechannel at the upper end of site 7 during the WAH GS outage on 24 September. These fish
were moved into deep water by the crew. Three pink salmon carcasses (fresh, likely pre-spawn)
were observed in the vicinity of this dewatered area.
No adult chum salmon were observed stranded at sites 1 or 2 in early November 2007.
Redd and Fry Stranding Assessment
Pink Salmon
Twelve pink salmon redds were identified and measured for depth from 21-24 September 2007
(Figure 13, Appendix E). Of the 11 redds measured for depth on more than one occasion, nine
(82%) were either observed dewatered during WAH GS outages in September or were estimated
to have dewatered during egg incubation and fry emergence (Figure 14). Twenty-five percent of
dewatering events were greater than 8 h in duration during incubation, and 54% of dewatering
events were greater than 8 h duration during emergence (Figure 15). Seven redds were estimated
to have been dewatered for an entire 55-d period extending from 9 February to 4 April 2008,
during which time the WAH GS was not operational. Two redds were estimated to have never
dewatered.
During the WAH GS outage on 20 September, wetted width and the proportion of substrate
disturbed by pink salmon spawning activity were estimated at 10-m increments along a 110-m
section of sidechannel in site 5 (Figure 16; Appendix F). Relative to water levels when the
WAH GS was generating at 10 m3/s on 20 September, the wetted width at site 5 had decreased
by 44% (from 39 to 22 m on average). Approximately 50-90% of the substrate that was
disturbed by spawning activity along the right bank of the sidechannel was dewatered (30-70 m
from the upper end of the 110-m section; Photo 6). On 21 September, single pink salmon eggs
were observed exposed in three separate redd pockets along the left bank, and in one redd pocket
on the right bank. Redds that were observed dewatered on the right bank appeared complete (or
nearly so), whereas dewatered redds along the left bank were small and incomplete (possibly test
redds).
In site 6, the wetted width of a 100-m section decreased by 36% (from 36 to 23 m on average)
between 1000 hours on 20 September (WAH GS = 10 m3/s) and 1420 hours on 21 September
(WAH GS = 0 m3/s; Figure 17; Appendix G). On 21 September, 63 redd pockets (38 on left

LGL Limited

15

11 September 2008

Herrling Island Sidechannel Spawning Success Monitoring

bank, 25 on right bank) were observed dewatered during the WAH GS outage (Photo 8). During
this outage, redds in the lower section of site 6 were in 15-60 cm of water and thus had a low risk
of dewatering.
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Figure 13. Location of pink salmon redds in the Herrling Island sidechannel, 21-24 September
2007.

Redd ID

Figure 14. Frequency of dewatering events for 11 pink salmon redds that were monitored from
incubation through emergence in the Herrling Island sidechannel, 2007-08.
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Figure 15. Duration of dewatering events for 11 pink salmon redds that were monitored from
incubation through emergence in the Herrling Island sidechannel, 2007-08.
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Figure 16. Amount of habitat in a 110-m long section of the sidechannel located in site 5 that
was dewatered during the WAH GS outage on 21 September 2007.
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Figure 17. Amount of habitat in a 100-m long section of the sidechannel located in site 6 that
was dewatered during the WAH GS outage on 21 September 2007.
Chum Salmon
Ten chum salmon redds were identified at site 1 on 2 and 6 November 2007 (Figure 18;
Appendix E; Photos 11-16). Of these, two redds were observed dewatered during the WAH GS
outage on 6 November. None of the redds were measured for depth more than once so a
relationship between the pit/bedd depth of the redd and water depth at station 1 was not
established.
Chum salmon redd and fry stranding was observed at site 1 during a site visit on 14 April 2008.
Individual redds (~25) located along the margins of the left-bank and middle fingers were
observed dewatered and isolated from the main flow of the sidechannel (Photos 12, 14 and 16).
Live fry (~50) were observed stranded in isolated redd depressions at the lower end of the leftbank finger (Photos 17 and 18). Two fry mortalities were observed in shallow (< 10 cm) water
at the upper end of the middle finger.
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Figure 18. Location of chum salmon redds observed at site 1 in the Herrling Island sidechannel,
November 2007.
Embryo Sampling (Pink Salmon)
Based on ATU data and the assumption that peak spawning occurred on 15 September 2007, the
eyed stage occurred from 13-17 October (350-400 ATU), the hatch stage from 5-20 November
(550-650 ATU), and the emergent stage from 21 January to 5 February 2008 (900-950 ATU;
Figure 19).
On 21 January 2008, six locations along each of two transects in site 5 were marked and
measured for elevation (relative to a nearby benchmark) and water depth (Photo 19; Appendix
H). A total of 247 dead eggs and 367 alevins were collected using a hydraulic sampler at 12
sample sites along transect 1 on 22 January (Figure 20; Appendix I). Along transect 2, 949 dead
eggs and 124 alevins were collected at 10 sample sites (Figure 21). Of the 471 alevins collected,
only 4 (0.8%) were dead.
The average number of embryos (eggs + alevins) per sample varied across elevation bins for
both transects (Figure 22). The average number of embryos per sample was greatest in the first
(127) and third (100) elevation bins of transect 1; and greatest in the second (233) and third (155)
elevations bins of transect 2. In total, only 1.1% of all embryos were collected in the fourth and
fifth elevations bins located along the left bank of the sidechannel. In each of the first three
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elevation bins, the average number of embryos per sample was greater in transect 2 than in
transect 1. The proportion of embryos in each elevation bin that were alevins was greater in
transect 1 (0-66%) than in transect 2 (0-20%; Figure 23).

Date

Figure 19. Herrling Island sidechannel water temperature at station 1 and the accumulated
thermal units (ATUs) for pink and chum salmon.
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Figure 20. Number of pink salmon embryos (eggs + alevins), by sample site, collected along
transect 1 at site 5, 22 January 2008.
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Figure 21. Number of pink salmon embryos (eggs + alevins), by sample site, collected along
transect 2 at site 5, 22 January 2008.
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Figure 22. Average number of pink salmon embryos (eggs + alevins) per sample site, by
elevation bin, collected along transects 1 and 2 at site 5, 22 January 2008.
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Figure 23. Proportion of alevins, by elevation bin, in the samples of pink salmon embryos (eggs
+ alevins) collected along transects 1 and 2, 22 January 2008.
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DISCUSSION
Adult Spawning Behaviour Observations
Unlike the previous two years, the spawning behaviour and potential for redd/fry stranding of
pink salmon was monitored in the Herrling Island sidechannel in 2007-08. Pink salmon
spawning areas (sites 4-7 and the top end of site 2) did not overlap with chum salmon spawning
areas (site 1 and the lower end of site 2) in 2007. Pink salmon at sites 4-7 displayed similar
behaviour during WAH GS outages in September. In general, fish were reluctant to leave their
redds in at-risk areas as water levels dropped. Most fish exhibited erratic swimming behaviour,
moving back and forth between their redds and the thalweg of the sidechannel several times until
water levels dropped to a point where they could no longer access their redds. Eggs were
observed exposed in several dewatered redd pockets in site 5 indicating that fish abandoned their
redds in the process of active spawning. Fish were not deterred from returning to marginal
spawning areas when WAH GS discharges were restored, but it is unknown whether the
returning fish were the same individuals that were in the marginal areas before the outage. High
water levels in the Fraser River combined with high turbidity levels in the Herrling Island
sidechannel precluded effective monitoring of chum salmon behaviour in early November 2007.
Adult Stranding Risk Assessment
Relative to chum salmon, pink salmon preferred to spawn in shallower, faster-flowing water
which increased the risk of adult stranding. Fifteen adult pink salmon (and three fresh carcasses)
were observed stranded in dewatered areas in site 7 during the WAH GS outage on 24
September. If the crew were not there to move these fish back into deeper water, it is likely a
number of them would have died. At the time of these strandings (1400 hours), the WAH GS
was in the middle of a 3-h outage and water levels at stations 1 and 2 were 0.490 and 0.272 m,
respectively (Figure 11). Water levels during a 16-h outage on 21 September were over 40%
lower (0.262 m at station 1, 0.159 m at station 2) than those on 24 September, so it is likely that
stranding events occurred that were more severe than those observed by the crew. No chum
salmon were observed stranded in November 20007. The influx of water from the mainstem
Fraser River in late October and early November mitigated the affects of suspending WAH GS
generation on water levels in the Herrling Island sidechannel and likely reduced the probability
of adult chum salmon being stranding during spawning.
Redd and Fry Stranding Assessment
Suspending WAH GS discharge for 2 h or more daily did not eliminate redd or fry stranding in
the Herrling Island sidechannel in 2007-08. Of the 11 pink salmon redds measured for depth
more than once in September, 82% had dewatered (Figure 14). Despite no chum salmon redds
being monitored for depth over incubation and emergence periods, the crew observed at least 25
individual redd pockets throughout site 1 that were dewatered during a site visit in April (Photos
12 and 14). Chum salmon fry were also observed stranded in site 1 during this site visit (Photos
17 and 18).
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During the peak chum salmon spawning period from late October to late November, Fraser River
stage height was above average and inundated the Herrling Island sidechannel. Under these
conditions, chum salmon were able to utilize marginal spawning habitat in at-risk areas of site 1
that otherwise might not have been accessible. During the incubation and emergence periods for
both species, stage height of the Fraser River was below average, and even approached historic
lows in the first half of April. In addition, the WAH GS was not operational for a 55-d period
extending from 9 February to 4 April (Figure 10). This combination of low Fraser River water
levels and lack of discharge from the WAH GS contributed to low water levels in the Herrling
Island sidechannel and likely increased the amount of redd and fry stranding for both species. If
these conditions are repeated in subsequent years, fry salvaging should be considered an option
for improving the survival of emerging pink and chum salmon fry.
Potential impacts of flow fluctuations on the developmental phases of salmon will vary with the
timing, magnitude, and duration of the fluctuations as well as with characteristics of the affected
site. Water-level reductions over a salmonid redd may cause a cessation of inter-gravel flow and
drainage of water from gravel, changes in water temperature, desiccation, reduced dissolved
oxygen concentrations, settling of gravel, and increased concentration of biotic wastes (Neitzel
and Becker 1985). Studies have shown that incubating salmon eggs are considerably more
tolerant of dewatering than alevins that have not yet emerged from the substrate (Becker et al.
1982; Becker et al. 1983; Neitzel and Becker 1985). McMichael et al. (2005) reported that
Chinook salmon (O. tshawytscha) redds could be expected to tolerate dewatering periods as long
as 8 h, whereas fry survival would be expected to be significantly impacted if redds were
dewatered for even 1 h. Given the frequency, duration, and extent of dewatering events of pink
salmon redds in 2007-08, it is reasonable to assume that they had a negative affect on the
survival of eggs and emerging fry.
As in previous years of this study, it was difficult to access and measure redds located in deep
water, particularly when turbidity levels were high. Redds located in deep water are less likely
to dewater than redds in shallow water, so the redds measured for depth in 2007 were not
necessarily representative of all redds in the index sites. If so, then the redd and bed depths
measured may biased “shallow,” and the frequency and duration of dewatering events may be
biased high.
Dewatering events were categorized as either egg stranding during incubation (September 2007 –
31 March 2008) or fry stranding over emergence (1 April – 15 May 2008). These periods were
based on outmigration data for chum and pink salmon fry collected at nearby Jones Creek
(Greenbank and Macnair 2007, 2008). If the timing of fry outmigration in the Herrling Island
sidechannel is assumed to be the same, then fry may have been emerging and outmigrating after
the hydrometric stations were outage on 23 April.
Embryo Sampling (Pink Salmon)
Embryo sampling was conducted in 2008 to determine whether pink salmon egg-deposition and
survival rates were the same regardless of redd elevation. Based on guidelines provided by
Shepherd (1984) and the assumption that peak spawning for pink salmon occurred on 15
September 2007, hydraulic sampling for eyed eggs should have been conducted between mid-
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October and late November 2007. Sampling was conducted considerably later than this in 2008
(22 January) which explains why no live eyed eggs were collected in either transect (Figures 20
and 21).
Embryos were found in the highest elevation bins along the right bank of the sidechannel in both
transects, indicating that WAH GS operations did not prevent spawning in marginal areas. There
was considerable variability in the number of embryos collected at each sample site, both across
elevation bins and between transects. In addition, only two sites per elevation bin were sampled
in most cases (and 6 out of 21 samples contained no embryos), which made it difficult to detect
differences in egg-deposition rates across elevation bins and transects. The average number of
embryos per sample site was higher in transect 2 than in transect 1 (Figure 22), indicating that
spawning densities may have been higher along transect 2. Samples collected along transect 1
contained a higher proportion of alevins than sites along transect 2 (Figure 23). One explanation
for this difference may be that pink salmon eggs deposited in redds along transect 1 had a higher
survival rate than eggs deposited along transect 2. However, it is also possible that a larger
proportion of fish in transect 2 had already emerged and outmigrated relative to those in transect
1. Interestingly, the proportions of alevins in the highest elevation bin were larger than the
proportions of alevins in the second elevation bin.
Mitigative Measures (in lieu of WAH GS operations)
Parsonage and Leake (1999) and Smith (2006) recommended excavating and re-configuring the
three spawning “fingers” in site 1 to reduce the potential impacts of WAH GS operations on the
spawning success of chum salmon. There is evidence that in-filling of the fingers has made a
portion of this habitat less suitable for spawning. McLean (1998) observed chum salmon
spawning in the right-bank finger; however from 2005 to 2007, chum salmon were only
observed spawning in the left-bank and middle fingers. If the depth of the channel and slope of
the banks were both increased, then the probability of adult and redd/fry stranding would likely
decrease. Additional spawning habitat could also be created by extending the fingers in site 1
farther upstream.
Recreational users may have a negative impact on the spawning success of salmon in the
Herrling Island sidechannel. Since 2005, off-road vehicles have been observed driving through
areas known to contain redds. To reduce the potential impacts of human activities, it is
recommended that vehicle use be confined to areas where there is no spawning habitat. Efforts
to raise public awareness amongst recreational users should also be undertaken (e.g., put up signs
designating spawning habitat, contact off-road vehicle groups).
Data Collection Methods
Recommendations to improve data collection in future years include:


WAH GS outages should continue to occur during daylight hours, as it would be extremely
difficult and not nearly as effective to conduct field work in the sidechannel at night.
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In years that pink salmon return to the sidechannel, hydrometric stations should operate
from early September to mid-May to ensure that water levels and temperatures are
monitored from spawning through emergence.



Hydrometric station 3 should be moved to a site where the transducer will remain
submerged throughout the sample period.



Hydraulic sampling should be conducted during the eyed stage (350-400 ATU for pink, 300350 ATU for chum). Thus it is critical that ATUs be calculated inseason and used to
determine the appropriate sample period.



To better determine whether egg deposition and survival rates vary across elevation bins,
more than two sites per elevation bin should be sampled with the hydraulic sampler.



A site visit should be conducted at least once during low water between December and
April. Data collected during this visit (e.g., water depth, velocity, amount of dewatered
habitat, redd status) will help ground-truth results from the redd/fry stranding assessments.
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Appendix A. Location (UTM coordinates) of index sites used to monitor the spawning
behaviour and redds of pink and chum salmon in the Herrling Island sidechannel, 2007-08.

Site #
1
2
3
4
5
6
7

LGL Limited

Upper Boundary
Easting
Northing
596013
5454974
595258
5452698
593623
5451935
595553
5454251
595154
5453492
595146
5453212
595166
5453097

29

Lower Boundary
Easting
Northing
595998
5455193
594657
5452259
593306
5451784
595532
5454192
595146
5453385
595164
5453102
595086
5452657
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Appendix B. Description of hydrometric stations installed and operated in the Herrling Island
sidechannel from September 2007 through April 2008.
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VIA-SAT DATA SYSTEMS INC.
124 Garden Avenue, North Vancouver, B.C. V7P 3H2
Tel: 604-980-6062 - Fax: 604-980-9262
www.via-sat.com

Dave Hunter
Natural Resource Specialist
Coastal Generation
BC Hydro
30 April 2008
2007-2008 Herrling Island Hydrometric Data
This letter outlines the attached 2007 and 2008 data for the two hydrometric stations at Herrling
Island (Herrling #1 Upstream and Herrling #2 Midstream) as well as the 2008 data for the
Herrling Island 1&2 Station. Station #1 removed on 3 May 2007 was reinstalled on September
14, 2007 and tied into the existing datum from original date of install. We were unable to remove
Station #2 due to high water in May of 2007. Station 1&2 was installed on 22 January 2008 and
was removed on 23 April 2008. Station #1 and Station #2 were not removed this year as we
believe water levels will not be higher then the logger installation.
The data summaries for Stations #1 and Station #2 have been updated to include the data from 3
May 2007 to 23 April 2008, and for Station 1&2 from 22 January 2008 to 23 April 2008. The
data from these stations are in Excel spreadsheets. These spreadsheets contain multiple sheets.
The hourly and daily data sets and plots are compiled from the original 15-minute data set. Daily
minimum, average and maximum daily water temperatures have also been included. Although
the stations are still active, sediment deposition may result in limited good quality data.
Please refer to notes for further information.

VIA-SAT DATA SYSTEMS INC.
124 Garden Avenue, North Vancouver, B.C. V7P 3H2
Tel: 604-980-6062 - Fax: 604-980-9262
www.via-sat.com

NOTES:
Herrling Island #1 Upstream
Since the last report dated 7 May 2007, there have been 5 trips to the site.
Due to the large amount of silt that flows through this area, there have been a number of
adjustments to the data to adjust for sediment deposition and pipe clogging.
From 1 January 2007 to 3 May 2007, data was logging correctly and no problems were
encountered.
From 3 May 2007 transducer was removed for high water levels to 14 September 2007, no data
was collected.
From 14 September 2007 when the station was re-established to 30 November 2007 the data was
logging correctly. Upon arrival on 30 November 2007 the pipe containing the pressure
transducer was clogged with silt. Consequently the pipe was cleaned to insure proper drainage.
Data was adjusted to match surveyed water levels.
From 30 November 2007 to 22 January 2008, data was logging correctly and no problems were
encountered.
From 22 January 2008 to 18 February 2008, data was logging correctly and no problems were
encountered.
From 18 February 2008 to 23 April 2008, data was logging correctly and no problems were
encountered.

VIA-SAT DATA SYSTEMS INC.
124 Garden Avenue, North Vancouver, B.C. V7P 3H2
Tel: 604-980-6062 - Fax: 604-980-9262
www.via-sat.com

Herrling Island #2 Mid
Since the last report dated 7 May 2007, there have been 6 trips to the site.
Due to the large amount of silt that flows through this area, there have been a number of
adjustments to the data to adjust for sediment deposition and pipe clogging.
From 1 January 2007 to 3 May 2007, data was logging correctly. Upon arrival on 3 May 2007,
the water level was too high for the removal of the pressure transducer. The end connector and
desiccant were sealed into a container using silicone and electrical tape for protection against
flooding that may occur.
From 3 May 2007 to 15 May 2007, data was logging correctly, however a slight adjustment was
made to the data to account for silt in the pipe.
From 15 May 2007 to 14 September 2007 all data was lost. Upon arrival on 14 September 2007
it was discovered that the junction box installed on 15 May 2007 was filled with water.
Additionally the shelter housing the battery was flooded and battery voltage reading was zero,
suggesting a short due to very high water levels. Consequently, the shelter was relocated to a
higher point on a nearby tree. The transducer was replaced and the pipe cleaned out but left in
the same location.
From 14 September 2007 to 30 November 2007 the logger was working properly. However, the
pipe was clogged with silt and not filling properly. Data was adjusted to match surveyed water
levels. The pipe was cleaned and re-installed.
From 30 November 2007 to 22 January 2008, the logger was working properly. However the
pipe became clogged with silt as evident on 8 January 2008, data was removed to 22 January
2008.
From 22 January 2008 to 18 February 2008, the logger was working properly, however as noted
above, pipe was clogged with silt and data was removed to 29 January 2008. Data was also
adjusted to match surveyed water levels on 18 February 2008.
From 18 February 2008 to 23 April 2008, logger was working properly. On 18 February 2008,
pipe was cleaned out and re-installed. On 23 April 2008, it was noted that the pipe had clogged
with silt. Data was adjusted to match surveyed water levels.

VIA-SAT DATA SYSTEMS INC.
124 Garden Avenue, North Vancouver, B.C. V7P 3H2
Tel: 604-980-6062 - Fax: 604-980-9262
www.via-sat.com

Herrling Island #1&2
This Station was initially installed on 22 January 2008.
From 22 January 2008 to 20 March 2008, logger was working properly; however on arrival of 20
March 2008, water level had dropped below bottom of transducer. Data was adjusted to match
for the surveyed elevation.
From 20 March 2008 to 23 April 2008, logger was working properly, as noted above; data was
adjusted to match surveyed elevation of 20 March 2008.
Please note that sent data has been adjusted to BC Hydro datum of 10.000m for BM tree. Also,
water temperature data may be inaccurate, for the period between 9 February 2008 and 2 April
2008, as the water level was below the bottom of the logger, resulting in sampling of air
temperature instead of water temperature.
Station was removed on 23 April 2008.
If you have any questions, feel free to contact me at 604-980-6062 or pcr@via-sat.com.
Sincerely,
Paul Rocchetti, A.Sc.T
Manager, Via-Sat Data Systems

Appendix C. Summary of pink salmon observations in the Herrling Island sidechannel, September 2007.
Date Time Site PK(#) Comment
8-Sep
0 No fish in sidechannel (Martha Fredette site visit).
15-Sep
13 13 live PK in sidechannel (Martha Fredette site visit).
18-Sep
400 400 live fresh-looking PK between sites 1 and 2 (Martha Fredette site visit).
No fish or signs of spawning; little water at upper end of LB finger, no flowing water from trib at
20-Sep 14:00 1
0 lower end; drove to top of channel - no Fraser influence.
800 PK spawning over ~240 m section (boundaries PK01-PK02), majority along RB, 15-75 cm
20-Sep 14:19 5
800 water; 2 carcasses, fish actively spawning, paired up, appear fresh; redds visible.
20-Sep 15:28 7
200 200 PK total in section d/s site 6; redds on RB in 30-cm water.
20-Sep 15:34 2
30 30 PK spawning in LB channel just u/s from site 2 chum spawning area; redds in 20-25 cm water.
20-Sep 15:44 2
90 Spawning at entrance and exit of small channel on RB just u/s from chum spawning area in site 2.
20-Sep 15:55 2
0 No PK observed at site 2 chum spawning area (photo: 1552 h).
3 eggs in 3 separate redd pockets on LB, abandoned redds during shutdown? (photos: 1116 h). Eggs
observed in dewatered redds on right bank.
21-Sep 11:16 5
Several partial and complete redds observed in dewatered area on right bank. Small test redds
observed on left bank.
21-Sep 12:00 5
21-Sep 12:05 5
268 60 PK from 0-50 m, 208 PK from 50-100 m, clear water, 100% visibility.
5-8 PK per egg pocket on RB; 38 large pocket redds separated from flow on LB; 25 dewatered, large
pocket redds on RB. Redds u/s riffle in 10-60 cm water; redds d/s riffle in 15-60 cm water; no
spawning in riffle.
21-Sep 14:21 6
21-Sep 15:00 6
226 Includes 10 PK carcasses; no signs of adult stranding at sites 5 or 6.
WAH GS generating, photos taken, water level is up considerably relative to levels during shutdown
22-Sep 8:00 1
0 on 9/21. Lots of groundwater upwelling at top end of site 1.
Collected 3 redd depth measurements.
22-Sep 8:30 5
22-Sep 9:34 6
265 Collected 3 redd depth measurements; 125 PK from 0-50 m and 140 PK from 50-100 m.
22-Sep 10:30 4
160 160 PK at 1045 h, fish actively spawning.
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Appendix C. Summary of pink salmon observations in the Herrling Island sidechannel, September 2007.
Date

22-Sep
22-Sep
22-Sep
24-Sep
24-Sep
24-Sep
24-Sep
24-Sep
24-Sep
24-Sep
24-Sep
24-Sep

Time Site PK(#) Comment
Wetted width 38 m, 94 m of channel width dewatered; riffle narrowed to 10 m wide (25% of entire
area dewatered). Erratic swimming, searching for deeper water, yet trying to stay on or near redds;
12:15 4
70 majority fled to deeper water.
WAH GS shutdown; no signs of stranding; no new carcasses, fish visibly stressed along RB (trying
to get back to redds). Sockeye at site 5 at 1257 h (photo/video). Left at 1259 h.
12:47 5
WAH GS shutdown; fish still active on at-risk redds, many with backs exposed to air, actively
spawning; visibly stressed, frantic movements, no adults stranded, no new carcasses.
13:03 6
Additional 6 carcasses, actively spawning along RB, even in at-risk areas. Sockeye observed again.
8:28 5
325 Wetted width measurements.
9:24 6
226 126 PK in at-risk area along RB; 10 PK carcasses.
100 PK along RB area of gravel bar; channel is 140 m wide bankfull, wetted is 100 m (photo taken);
9:47 7
100 very shallow riffle area d/s site 5; at risk.
10:18 7
435 135 on RB, 300 in riffle on LB; wetted width 73 m; photos taken at 1018 h.
10:40 2
400 Sidechannel on RB 200-400 m u/s site 2 chum spawning area; 160 PK in 50 m section at top end.
13:10 5
550 WAH GS shutdown. Channel measurements and count.
13:36 6
350 350 PK, 1 chum carcass observed during shutdown (photos: 1318 h).
15 live PK stranded in dewatered areas - we herded them back into deep water; 3 PK carcasses
13:46 7
300 (fresh) at site - probably stranded fish. 40% of useable habitat on RB dewatered (video/photos).
Wetted width 16 m during shutdown, little change from during operations. no redds observed
dewatered; fish appear fine, channel depth sufficient, flows good during shutdown.
14:00 2
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Appendix D. Summary of chum salmon observations in the Herrling Island sidechannel, 2007.
Before Shutdown
Date Site Time CM(#) Comments
5-Oct 1
0
5-Oct 2
0
1 was a carcass
12-Oct 1
5
19-Oct 1
4
19-Oct 2
2
26-Oct

2-Nov

2-Nov

1

1

8:30

34

3

6-Nov

1

2

Fish were at the lower end of site
8 in upper pool, 4 in mid-section,
and 8 at lower end of left-bank
finger; 13 CM near mouth of trib; 1
carcass
12:00

Did not visit before shutdown

2

2-Nov

6-Nov

20

Did not visit before shutdown

12:30

14:15

na

8

During Shutdown
Time CM(#) Comments

43

11:00

5

11:30

No count due to poor visibility,
fish appear to be spawning
14:35
6 along left bank near mouth of
unnamed creek spawning, 2 on left
bank near gaging station (unk
behavior)

2

275

Minor change in levels during
Probably > 43 fish in site; 1 CM
shutdown from 10:00-14:00
surfaced in mid-section of middle hours; visibility poor due to
finger, all others in left-bank finger water depth & turbidity
Just u/s of unnamed creek on left
bank; suspect > 20 fish but poor
visibility; fish activity (redds?) in
water >50 cm so no risk of
dewatering; 2 carcasses
1 post-spawn live (fungal), 1 postspawn carcass, no signs of
spawning activity, poor visibility

No visible signs of water level
change during shutdown

No visible signs of water level
change during shutdown
Heavy rains anticipated. WAH
6 carcasses, all appear post-spawn GS generating from 13:00(did not sample) and not the result 15:00 hours today, otherwise
of stranding
shutdown

Did not visit during shutdown
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General observations

3 carcasses post-spawn. Low
risk of dewatering at site

Appendix E. Summary of redd data collected for pink and chum salmon, 2007.
Date

Site

ID

PINK SALMON
21-Sep 6 210601
21-Sep 6 210602
21-Sep 6 210603
22-Sep 5 220504
22-Sep 5 220505
22-Sep 5 220506
22-Sep 6 210601
22-Sep 6 210602
22-Sep 6 210603
22-Sep 6 220407
22-Sep 6 220408
24-Sep 5 220504
24-Sep 5 220505
24-Sep 5 220506
24-Sep 6 210601

E

N

595139
595129
595142
595168
595168
595168

5453227
5453261
5453207
5453438
5453433
5453503

Condition

Composition

y
y
n
y
y

abandoned
595580
595580

Fish on
redd? Time1 Pit1(m) Bed1(m) Time2 Pit2(m) Bed2(m) Comment

5454210
5454210

9:07
9:10
9:15
9:37
9:46
9:48

0.43
0.48
0.85
0.50
0.61
0.43

0.29
0.33
0.63
0.39
0.47
0.28

10:51
9:13
9:13
9:15
9:30

0.44

0.37
0.57
0.57

0.68
0.43

0.39

15:08
15:10
15:11
12:52
12:52
12:54
13:06
13:07
13:08
12:24
12:22
13:10
13:10
13:10
13:21

0.14
0.20
0.00
0.10
0.09
0.48
0.19
0.31
0.11
0.08
0.16
0.00
0.00
0.18

0.00
0.00
0.37
0.13
0.17
0.02
0.04
0.10
0.00
0.00
0.40
0.12

9:37

0.61

0.39

13:23

0.14

0.07

24-Sep

6

210602

24-Sep
24-Sep
24-Sep

6
7
7

210603
240709
240710

595204
595209

5453079
5453065

partial
partial

gravel/cobble
gravel/cobble

y
y

9:39
9:53
9:55

0.43
0.35
0.46

0.35
0.19
0.23

13:40
13:50

0.14
0.17

0.00
0.00

24-Sep
24-Sep

7
2

240711
240212

595156
595108

5452773
5452661

partial
partial

gravel/cobble
gravel/cobble

y
y

10:16
10:51

0.40
0.29

0.37
0.17

14:00
14:04

0.29
0.16

0.16
0.04

38

2 m d/s from 220504
fish on/near redd
fish on/near redd
no change since 9/21

marker gone
marker gone

marker gone; estimated
location
marker gone; estimated
location
4 fish on redd
lots of spawning here
female PK on redd, photos,
little drop in water level
during SD
fish actively spawning

Appendix E. Summary of redd data collected for pink and chum salmon, 2007.
Date

Site

ID

E

N

Condition

Composition

Fish on
redd? Time1 Pit1(m) Bed1(m) Time2 Pit2(m) Bed2(m) Comment

CHUM SALMON
2-Nov

1

020101

595999

5455192

partial

rock/cobble

y

2-Nov

1

020102

595994

5454992

partial

sand/rock

y

2-Nov
6-Nov

1
1

020103
060104

596019
595996

5455083
5455204

partial
cobble/rock
partial/active gravel/cobble

6-Nov

1

020101

6-Nov
6-Nov
6-Nov

1
1
1

060105
060106
060107

595997
595996
596016

5455176
5455184
5455042

partial
partial/active
partial/active

cobble
cobble
cobble

6-Nov
6-Nov

1
1

020102
060108

595984

5455060

partial/active

6-Nov

1

060109

595991

5455130

6-Nov

1

060110

595986

5455128

y
y

9:14

0.25

0.24

0.31

12:54

0.40

12:55
12:41

0.19

0.09

12:49

0.00

0.00

y
y
y

12:52
12:56
13:09

0.28
0.37
0.35

0.17
0.21
0.26

cobble

n
y

13:19
13:27

0.20
0.26

0.00
0.14

partial/active

cobble

y

14:47

0.30

0.15

partial/active

cobble

y

14:51

0.44

0.27

39

12:20

0.41

uppermost redd in ULB
pool; fish still excavating
u/s trib mouth at lower
end; deep pocket amid
shallow bed, will be
isolated at emergence
Lower end of LB finger
just u/s from trib; observed
dewatered in april 08
1 exposed egg in redd
Redds along LB of ULB
pool are dewatered
2 fish on redd, RB half
way down ULB pool
Middle of ULB pool
Lower end of LB finger
Not likely going to be a
successful redd
Middle finger, lower RB
Top end, LB of 2nd finger
Top end, mid channel of
2nd finger
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Appendix F. Estimated wetted width (Table F.1) and proportion of substrate disturbed by pink
salmon spawning activity (Table F.2) measured at 10-m increments in a 110-m section of
sidechannel in site 5. Data were collected from 1000-1100 hours on 21 September 2007.
Table F.1
Dist. from top RB bankfull to High water
of site (m)
high water
to wetted RB
0
1
2
10
3
2
20
1
2
30
3
3
40
5
7
50
2
17
60
2
18
70
6
13
80
6
14
90
13
15
100
12
8
110
13
10

Wetted
width
22
30
29
28
27
18
15
17
15
18
21
22

Wetted LB
to high water
23
11
9
6
6
5
6
5
7
5
5
5

High water to
LB bankfull
8
7
9
12
10
10
11
10
7
5
1
1

Table F.2
RB dewatered RB half of
LB half of LB dewatered
Section
area
wetted channel wetted channel
area
Comment
0-10
0
70
25
0
10-20
10
90
5
0
20-30
5
90
5
1
30-40
90
95
20
1
RB at risk to dewater
40-50
85
90
75
1
RB at risk to dewater
50-60
75
45
45
1
RB at risk to dewater
60-70
50
20
10
1
RB at risk to dewater
70-80
10
10
10
1
80-90
1
5
5
1
90-100
1
1
1
1
Test redds on LB
100-110
0
1
1
0
Test redds on LB
Dewatered area is area between high water mark (from night before) and wetted edge of channel

LGL Limited
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Appendix G. Estimated wetted width (Table G.1) and proportion of substrate disturbed by pink
salmon spawning activity (Table G.2) measured at 10-m increments in a 110-m section of
sidechannel in site 6. Data were collected from 1300-1421 hours on 21 September 2007.
Table G.1
Dist. from top RB vegetation to High water
of site (m)
high water
to wetted RB
0
1
1
10
2
1
20
1
7
30
3
8
40
14
13
50
27
6
60
31
7
70
20
16
80
21
28
90
29
13
100
32
14

Wetted
width
41
37
34
27
12
11
19
24
11
21
18

Wetted LB High water to
to high water LB bankfull
3
3
4
9
3
6
8
9
7
9
2
6
0
0
0
0
0
0
0
0
0
0

Table G.2
RB dewatered
Wetted
LB dewatered
Section (m)
area
width
area
0-10
1
70
30
10-20
70
75
100
20-30
100
90
70
30-40
40
90
30
40-50
50
100
80
50-60
20
80
20
60-70
0
80
70-80
0
60
80-90
0
60
90-100
0
60
Dewatered area is area between high water mark (from night
before) and wetted edge of channel.
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Appendix H. Location, elevation, and water depth along two transects in site 5 where pink
salmon embryos were sampled using a hydraulic sampler, January 2008.

Marker
Transect (rebar)
Transect 1

Elevation (m)

Transect 2

1
2
3
4
5
6
1
2
3
4
5
6

Distance from
River
right-bank Elevation Depth
bank
marker (m)
(m)
(m)
Right

0.0
6.2
11.4
17.8
24.3
30.0
0.0
7.2
14.8
21.1
29.6
35.4

Left
Right

Left

8.5
8.3
8.1
7.9
7.7
7.5

8.2
8.0
7.9
7.7
7.9
8.4
8.2
8.0
7.9
7.8
7.8
8.4

0.00
0.27
0.38
0.64
0.45
0.00
0.00
0.28
0.45
0.56
0.59
0.00

25

30

Transect 1
Transect 2

0

5

10

15

20

35

40

Distance from right bank marker (m)
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Appendix I. Pink salmon eggs and alevins sampled using a hydraulic sampler along two transects in site 5 in the Herrling Island
sidechannel, 22 January 2008.
Alevins
Site
ID Time
Transect 1
1.1
1.2
1.3
2.1
2.2
2.3
3.1
3.2
4.1
4.2

Substrate Depth
Substrate size (mm)
(m)

10:00 cobble/gravel
lg/sm gravel
lg/sm gravel
11:10 lg/sm gravel
lg/sm gravel
lg/sm gravel
14:28 lg/sm gravel
14:14 lg/sm gravel
14:09 lg/sm gravel
11:50 lg/sm gravel

100/40
80/30
80/30
80/30
80/30
80/30
80/30
80/30
80/30
80/30

Live

Total

Eyed Uneyed

0
2
0
2
0
0
0
0
0
0

0
72
94
62
0
3
41
86
0
0

0
74
94
64
0
3
41
86
0
0

0
26
55
20
0
62
30
43
0
6

0
2
2
0
0
0
0
0
0
0

0.51 Mod-High
0.27
High
Total Transect 1

0
0
4

5
0
363

5
0
367

1
0
243

0
0
4

0.24
High
0.44
High
0.44 Mod-High
0.51
Mod
0.57
Mod
0.59
Mod
0.69
Low
0.76
Low
0.48 Mod-High
0.34
High
Total Transect 2
Total Transect 1 and 2

0
0
0
0
0
0
0
0
0
0
0
4

0
26
4
13
57
4
0
0
0
0
104
467

0
26
4
13
57
4
0
0
0
0
104
471

211
34
1
447
245
3
1
0
0
0
942
1,185

5
2
0
0
0
0
0
0
0
0
7
11

lg/sm gravel
lg/sm gravel

80/30
80/30

Transect 2
1.1 12:15
1.2 12:20
2.1 13:25
2.2 13:30
3.1 13:40
3.2 13:50
4.1 14:01
4.2 12:10
5.1 12:00
5.2 11:55

lg/sm gravel
lg/sm gravel
lg/sm gravel
lg/sm gravel
lg/sm gravel
lg/sm gravel
lg/sm gravel
lg/sm gravel
lg/sm gravel
lg/sm gravel

80/30
80/30
80/30
80/30
80/30
80/30
80/30
80/30
80/30
80/30

LGL Limited

Dead

High
Mod-High
Mod-High
Mod
Mod
Mod
Low-Mod
Low-Mod
Low
Low

5.1
5.2 11:30

0.24
0.31
0.37
0.42
0.51
0.52
0.69
0.49
0.78
0.61

Risk to
dewater

Eggs (dead)

43

Total Comments
Poor sample; close to shore,
0 not fully 25 cm deep
28
57
20
0
62
30
43
0
6
four, eyed, 3-mm eggs of
1 unk spp, 2 dace
0
247
216
36
1
447
245
3
1
0
0
0
949
1,196
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PHOTO PLATES
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Photo 1. Top end of site 2, 24 September 2007 (1040 hours). This photograph was from
the right bank when the WAH GS was discharging 12.0 m3/s.

Photo 2. Top end of site 2, 24 September 2007 (1400 hours). This photograph was taken
from the right bank when the WAH GS was discharging 0.0 m3/s.

45

Photo 3. Middle of site 4, 22 September 2007 (1055 hours). This photograph was taken
from the left bank when the WAH GS was discharging 12.5 m3/s.

Photo 4. Middle of site 4, 22 September 2007 (1215 hours). This photograph was taken
from the left bank when the WAH GS was discharging at 0.0 m3/s.
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Photo 5. Middle of site 5, 24 September 2007 (0827 hours). This photograph was taken
from the right bank when the WAH GS was discharging 13.0 m3/s.

Photo 6. Middle of site 5, 21 September 2007 (1114 hours). This photograph was taken
from the right bank when the WAH GS was discharging 0.0 m3/s.
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Photo 7. Top end of site 6, 20 September 2007 (1405 hours). This photograph was taken
from the right bank when the WAH GS was discharging 9.8 m3/s.

Photo 8. Top end of site 6, 21 September 2007 (1313 hours). This photograph was taken
from the right bank when the WAH GS was discharging 0.0 m3/s.
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Photo 9. Top end of site 7, 22 September 2007 (1001 hours). This photograph was taken
from the right bank when the WAH GS was discharging 12.8 m3/s.

Photo 10. Top end of site 7, 21 September 2007 (1307 hours). This photograph was taken
from the right bank when the WAH GS was discharging 0.00 m3/s.
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Photo 11. Top end of site 1, 2 November 2007 (1312 hours). This photograph was taken
from the left bank when the WAH GS was discharging 0.0 m3/s (it had been discharging
near 12 m3/s from 0700-1100 hours).

Photo 12. Top end of site 1, 14 April 2008 (1257 hours). This photograph was taken from
the left bank when the WAH GS was discharging 5.1 m3/s (it had been discharging 0 m3/s
from 0300 hours on 13 April to 1100 hours on 14 April).
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Photo 13. Lower end of site 1, 2 November 2007 (1302 hours). This photograph
was taken from the left bank when the WAH GS was discharging 0.0 m3/s.

Photo 14. Lower end of site 1, 14 April 2008 (1245 hours). This photograph was
taken from the left bank when the WAH GS was discharging 0.0 m3/s.
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Photo 15. Lower end of site 1, 2 November 2007 (1242 hours). This photograph was
taken from the left bank when the WAH GS was discharging 0.0 m3/s.

Photo 16. Lower end of site 1, 14 April (1249 hours). This photograph was taken from
the left bank when the WAH GS was discharging 0.0 m3/s.
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Photo 17. Live chum salmon fry stranded in a dewatered area at
the lower end of site 1 on 14 April 2008 (1253 hours).

Photo 18. Live chum salmon fry that were stranded in a dewatered
area at the lower end of site 1 on 14 April 2008 (1254 hours).
53

right bank

flow
transect 1

transect 2

left bank

Photo 19. Two transects in site 5 along which hydraulic sampling was used to sample pink
salmon embryos on 22 January 2008 (1520 hours). This photograph was taken from the
left bank when the WAH GS was discharging 11.9 m3/s.

Photo 20. Aluminum frame (36 cm dia. x 78 cm high)
and mesh bag used to collect pink salmon embryos while
hydraulic sampling, 22 January 2008.
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Photo 21. Pink salmon alevin and dead eggs collected using a hydraulic sampler at site
5, 22 January 2008.
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