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3.15 Structural Habitat Improvements

Structural habitat improvements, involving the addition of habitat components such as LWD,
boulders or gravel were also identified as an effective recovery strategy in the CERP (Triton,
2006a). The greatest benefits from the installation of habitat structures are likely realized by
resident species and anadromous species with the longest stream residency periods, and therefore
these types of projects are considered to be targeted at rainbow, steelhead and cutthroat trout, as
well as chinook and coho salmon, as well as other resident species:

e In 2007, CN funded a British Columbia Conservation Foundation (BCCF) initiative to
complete a LWD demonstration project in the Cheakamus mainstem near the NVOS. The
program objective was to construct a number of LWD and boulder structures to increase
cover and habitat complexity along the riverbanks. The project resulted in the installation
of 11 LWD structures, between river km 5.0 and 7.0. Large boulder features were
installed as part of structure anchoring, bank protection and navigational safety measures
(BCCF, 2008).

e In 2008, a project was undertaken to enhance instream habitat in Brohm River (a
tributary to the Cheekye River). Phase 1 of the Brohm River instream habitat restoration
project was partially funded by the CERF, and in 2008, a total of 16 LWD structures, 55
boulder clusters and one (1) Newbury riffle were installed along a 1.3 km section of the
river (BCCF, 2009).

e In 2010, the CERF provided partial funding to BCCF for construction of a large woody
debris bank stabilization project near river km 4.5. This project, constructed on Squamish
Nation lands, was designed to protect a section of failing bank while also providing
additional instream habitat for stream rearing species such as rainbow trout and chinook
salmon.

Funding for additional instream habitat improvement projects in the Cheakamus River is still
available from the Cheakamus Ecosystem Recovery Fund (CERF).

3.2 Cheakamus Ecosystem Recovery Fund (CERF)

In addition to the recovery strategies implemented or funded directly by CN and outlined in the
CERP, CN established the Cheakamus Ecosystem Recovery Fund (CERF). The CERF was
established in 2006 to provide a funding source for local community and stewardship groups to
actively participate in recovery efforts. This funding is available for any group, association,
agency, university or committee which would like to undertake enhancement, restoration,
assessment or education activities in the Cheakamus River from the Daisy Lake Dam to the
Squamish Estuary.

Projects meeting the eligibility criteria and deemed to be beneficial to recovery of affected
species, or showing other strong attributes such as partnership or capacity-building, are reviewed
by the CERTC for funding approval. The fund has an established limit of $400,000 per year from
2007 to 2011. Funds not apportioned in any given year of the program are carried over to
subsequent years of the funding program, for a total funding commitment of $2,000,000.
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To date, 18 projects have received funding from the CERF, and two (2) projects have received
conditional approval pending further clarification of details by the applicants. The total estimated
value of all these projects is $1,859,855 with 40% ($739,410) of the funding being provided by
the CERF.

2007 approved projects:

Michael Melnychuck - Assessment of juvenile survival of hatchery-reared coho salmon
during downstream migration and early ocean survival

Squamish River Watershed Society - Squamish River Estuary training dyke culvert
improvement project

Squamish River Watershed Society - Creel survey of the Squamish River watershed
recreation fishery

Fisheries and Oceans Canada (DFO) - Tenderfoot Creek Hatchery infrastructure
modifications

2008 approved projects:

British Columbia Conservation Foundation - Brohm River instream habitat restoration
project phase 1

Caroline Armour - Investigating Cottid Recolonization in the Cheakamus River, BC:
Implications for Management. Master’s Thesis.

District of Squamish - Carson Place Culvert Installation

Squamish Environmental Conservation Society - Cattermole Creek Loop Boardwalk.
Seed funding

Squamish River Watershed Society - Squamish Outreach and Education Project for the
salmon recovery plan

Squamish River Watershed Society - Eelgrass restoration in upper Howe Sound by
Stawamus

Squamish River Watershed Society - Swift Creek Channel Restoration. seed funding

Squamish River Watershed Society - Squamish estuary riparian land purchase -
Mamguam Island

The Nature Trust - Squamish Estuary Land Acquisition - Cattermole Slough
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2009 approved projects:

e Squamish River Watershed Society - Squamish Outreach and Education Project for the
salmon recovery plan

e Instream Fisheries Research Inc.- Steelhead Supplementation- Monitoring Workshop
Technical Review, seed funding

e Pacific Foundation for Understanding Nature Society — Salmon and People Book —
Background Research, seed funding

e British Columbia Conservation Foundation - Cheakamus River Large Woody Debris
Stream bank Protection and Fish habitat Development

2010 approved projects:

e Triton Environmental Consultants Ltd. — Squamish River Estuary, fish habitat use
study design, seed funding

2010 conditionally approved projects
e Triton Environmental Consultants Ltd. — NVOS fish trap modification

e Triton Environmental Consultants Ltd. — Eagle Point Margin Restructuring

3.3 Other Strategies

The CERTC is continuing to review other recovery strategies benefiting species impacted by the
NaOH spill based on information from interested parties, as well as from monitoring and
assessment efforts currently underway and/or proposed. Where beneficial or if requested, the
CERTC coordinates with and provides information on recovery and stock status to applicable
regulatory agencies for fisheries management decisions. In addition, the CERTC will continue to
share information with other organizations, such as BC Hydro, which may be applicable for flow
management decisions made by BC Hydro and the WUP Fisheries Technical Committee.
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4.0 Recovery Targets and Monitoring

In order to determine recovery targets, CERTC identified numerous pre-spill assessments,
background population estimates and other abundance information collected prior to the spill
event. Achievement of recovery targets can then be measured by replicating these pre-spill
assessments and comparing the post-spill values to previously documented levels of abundance.

Reliable data on pre-spill abundance for some of the fish species affected by the spill was
identified from studies conducted by BC Hydro as part of the Cheakamus River Water Use
Planning (WUP) process (Marmorek and Parnell, 2002). Many of these studies are continuing,
and in some cases expanding, as part of the BC Hydro WUP monitoring program. Some
additional studies carried out by MoE and DFO also provided pre-spill data considered in
developing recovery benchmarks. Applicable studies and additional information about recovery
targets are presented in relevant sections of species-specific recovery plans and in previous
CERP reports (Triton, 2006a, 2007a, 2008a and 2009a). A summary of recovery targets is
provided in Table 4-1.

Table 4-1. Recovery targets for fish species with reliable historical data

. Time Frame .
. Primary Measure of | Starting
Species Recovery Target (consecutive
Recovery Year
years)
. Number of 0+ outmigrant fr
Chinook salmon grantiy 1 Range: 60,851 to 212,796 5 2009
at RSTs
Number of outmigrant smolts
Coho salmon g Range: 39,087 to 127,974 3 2007
at RSTs
Number of outmi tf
Pink salmon ! ' urmigrantiry *Minimum 326,045 2 2008
at RSTs
Rainbow/Steelhead Wild adult steelhead
Range: 255 to 585 5 2008
trout escapement
L No proposed recovery target N/A 2006
Cutthroat trout Historical data prop . yiarg
(Section 4.2.5)
**Range 149 - 316
Bull trout Adult bull trout abundance g. 5 2009
(Section 4.2.6)
. . In river densities Range:16.6 to 30.9 fpu
Sculpin species ) . 2 g P 1 2006
(fish per unit area: 100 m?) (average for reaches 2-8)
. . No proposed recovery target N/A 2006
Lamprey species In river abundance .
prey sp (Section 4.2.8)
Threespine . No proposed recovery target N/A 2006
: P! In river abundance prop ) veryfarg
stickleback (Section 4.2.9)
*Progeny of odd numbered years only as even year returns are minimal and were not impacted
** Bull trout recovery target is still under consideration refer to Section 4.2.6 for more detail
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The CERTC is also continuing to review existing and new literature, as well as monitoring
results from other sources (e.g., BC Hydro) to assess recovery. Information is reviewed in the
context of species abundance and other indicators of ecosystem health, to support information
from species-specific recovery assessments. For example, comparisons of post-spill relative
abundance to information from similar river systems, using either historical or current levels of
abundance, may provide secondary indicators of recovery to support CERTC monitoring results.
These levels of abundance could include a range of values based on species-specific densities
and specific types of habitat or could be based on an average value reflective of potential for
production.

The CERTC recognizes there are limitations to the confidence limits around existing information
on species abundance, and information collected in the future will continue to have limitations as
to how it can be applied. Therefore, where sufficient information exists, the CERTC has
established primary and secondary recovery targets as a measure of species recovery. Existing
and new information will also continue to be reviewed and ongoing consultation among CERTC
members endeavours to identify additional or more defensible recovery targets. Where practical
or beneficial, the CERTC will reviews existing or proposed monitoring programs to recommend
or support program modifications that will improve confidence limits of information collected.

Weight of Evidence

Specific recovery targets based on reliable historical data provide the most defensible benchmark
for measuring recovery. For some species, sufficient information has been identified to develop
primary and secondary targets, although this does not exclude the applicability of information
from other sources. For other species, available historical data has limitations or gaps and
therefore must be corroborated to develop defensible recovery targets. Assessing recovery is also
complicated by external factors, such as seasonal and inter-year variations in the ability to
measure abundance (e.g., visibility may affect the results of adult enumeration counts, and
fluctuating water levels may affect juvenile abundance estimates). In addition, variations in
survival rates at each life stage (e.g., ocean survival) may affect abundance estimates used to
measure recovery.

In assessing the status of recovery, CERTC considers information from multiple programs to
corroborate enumeration estimates. This “weight of evidence” approach to monitoring considers
results from multiple sources to support estimates of abundance. In some cases more emphasis
will be placed on results derived from programs with reliable historical information for
comparison but this does not invalidate other information.

For example, defensible recovery targets for some species have been identified based on
historical population estimates from downstream trapping (e.g. with Rotary Screw Traps;
RST’s). Since downstream trapping is continuing as part of the BC Hydro Water Use Plan
monitoring programs, the CERTC uses defensible population estimates from this program to
assess recovery. However, the CERTC also considers information from other sources such as
juvenile abundance surveys and adult counts from stream surveys to support these estimates.
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For steelhead trout, historical downstream juvenile trapping information did not provide
consistent, defensible population estimates. Therefore this data could not be used to establish
recovery targets. The primary recovery target for steelhead is based on adult population estimates
generated from snorkel surveys conducted since 2001. However, adult counts below the recovery
target were recorded on several occasions prior to 2001 (Korman and McCubbing, 2007) and the
Greater Georgia Basin Steelhead Recovery Action Plan suggests stocks be maintained above
30% of habitat capacity (Lill, 2002). For the Cheakamus River, the BC MoE has determined the
routine management zone (RM2Z) target for the Cheakamus River is below the adult steelhead
target adopted by CERTC. Adult counts also do not provide the best indicator of recovery since
these counts may be affected by marine survival, and therefore do not reflect freshwater
production. As a result, if the adult count is below the recovery target, the CERTC may still
determine the recovery target has been reached if other information (e.g. juvenile abundance
estimates) indicates the population is stable enough to support recovery. In the case of steelhead
trout, adult counts and juvenile surveys provide the most defensible estimates of abundance and
therefore recovery. New monitoring programs implemented since the spill also provide valuable
information on the abundance, and distribution of juvenile steelhead (Korman et. al., 2010). In
summary, while counts of adult steelhead from snorkel surveys compared to pre-spill values
provide the most defensible measurement of recovery, and are the basis of the primary recovery
target, other information is considered in the weight of evidence to evaluate the recovery of
steelhead and rainbow trout in the Cheakamus River.

Juvenile bull trout were seldom captured in downstream traps and therefore data from this
program could not be used to measure recovery of this species. Other species such as sculpin
were either seldom captured or their capture was not inconsistently recorded, and therefore the
information was not defensible for measuring recovery. In addition, while these species were
captured in other monitoring programs (e.g. electrofishing surveys for juvenile steelhead) they
were not the target of the sampling program, and in some years catch data for some species was
not reported. For these reasons there is some question as to the reliability of information on these
species collected in these surveys. In these cases the “weight of evidence” approach is even
more applicable to measuring recovery.

4.1 Target Species for Recovery

The CERTC recognizes the recovery of all species is important and thus the goal of the CERP is
to implement recovery strategies and improve productive capacity to facilitate the recovery of all
species. Following the impact assessment (McCubbing et al., 2006) a list of fish species
impacted by the spill was compiled and then reviewed along with available literature, to
determine if species-specific restoration or enhancement options could be identified to
implement as defensible recovery strategies. Where specific recovery strategies for individual
species are yet to be identified, species abundance is being monitored in an effort to determine if
populations are increasing through natural recovery or re-colonization. Meanwhile, newly
available or existing information continues to be reviewed in an effort to improve recovery
targets and strategies.
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4.2 Species-Specific Recovery Plans

Fish species in the Cheakamus River have a wide range of life history cycles and habitat
preferences. Therefore, a variety of monitoring programs and other population assessment
techniques have been developed and/or implemented, targeting various stages of these life
history cycles and habitat preferences. Some of the recovery strategies and monitoring programs
have overlapping implications for multiple species, while others are species-specific. In
consideration of the variable life history cycles and habitat preferences, as well as the efficacy of
monitoring techniques for some species, the fish recovery component of the CERP has been
separated into species-specific recovery plans.

The following section presents applicable species-specific recovery targets and available
monitoring results from years one to five of the recovery program. The order in which the
strategies are presented does not necessarily reflect the level of impact from the spill or the
importance of individual species. Recovery strategies expected to benefit individual species are
also briefly reviewed. Some recovery targets have been adjusted based on new information and
results from recovery monitoring programs. Additional information about the rationale for how
recovery targets were determined is also available in previous CERP reports (Triton, 2006a,
2007a, 2008a and 2009a).

421 Chinook Salmon

Recovery Target(s)

The CERP uses estimates of chinook fry and smolt abundance leaving the section of the
Cheakamus River above the BC Hydro index monitoring site each spring as the measure of
chinook salmon recovery (Melville and McCubbing, 2008a and 2008b). Given the observed
tendency for over 90% of the spring chinook migrants to be 0+ fry, the average magnitude of the
0+ fry migration has been selected as the best measure of the recovery for the Cheakamus River
chinook salmon population. Pre-spill estimates of chinook fry abundance provide the benchmark
for measuring chinook salmon recovery in the Cheakamus River. The recovery target, therefore,
is based on analysis of the annual spring migration data for the 2000 to 2008 period of record
(excluding 2006 which was an impacted year) and is based on achieving an annual spring
migration that falls within the annual variability of this period.

Due to the variability of individual chinook ocean residence times the recovery target will need
to be met for a period of five consecutive years, starting in 2009 when progeny from adults of the
2005 brood year that were impacted would first be migrating out of the river. Excluding impacts
from the 2003 extreme high water event, a review of the data from Melville and McCubbing
(2008a) indicates the preliminary recovery target should be between 60,851 and 212,796
migrating chinook fry (0+).

The recovery target is based on each of five consecutive years falling within the range of the pre-
spill period of record (i.e., 60,851 to 212,796 fry). Stream type chinook (1+) may also provide a
secondary measure of recovery with the annual 1+ chinook smolt migration expected to fall
within the range of 1,189 to 2,984 migrating smolts. However, even prior to the spill, the low
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abundance of stream type juvenile chinook prevented the calculation of defensible population
estimates for this age group in some years. Therefore, while meeting this recovery target may be
indicative of recovery, failure to meet the secondary recovery target would not necessarily be
indicative of ongoing impacts.

Recovery Monitoring Results

Since the progeny from brood years affected by the NaOH spill did not begin returning to the
Cheakamus River until 2008, recovery monitoring results for chinook salmon will begin in the
spring of 2009. In 2006 a population estimate for chinook fry from the 2005 brood year
migrating past the RST site could not be developed due to low abundance of chinook fry
(Melville and McCubbing, 2007). Results of the 2007 and 2008 outmigration monitoring
program yielded population estimates of 150,374 and 186,741 chinook fry from the 2006 and
2007 brood years, respectively (Melville and McCubbing, 2008a and 2008b). These values are
within the recovery target for chinook salmon, although the 2006 and 2007 brood years were not
impacted by the NaOH spill. Despite the fact contributing brood years were not impacted by the
NaOH spill, an insufficient number of chinook smolts were captured for marking at the RST site
in 2007 and 2008. Therefore, population estimates could not be calculated for 1 year old chinook
smolts emigrating out of the river in 2007 and 2008 (Melville and McCubbing, 2008a and
2008b). In the spring of 2009, an estimated 84,562 0+ chinook fry and 4,534 1+ smolts
emigrated out of the Cheakamus River (Melville and McCubbing, 2009).

As part of recovery monitoring efforts, CN is also funding a Resident Fish Abundance
Monitoring Program (RAMP) to assess the recovery of resident species in the Cheakamus River
and its tributaries. This multi-year program aims to collect information on abundance and
distribution of fish throughout the anadromous portion of the river. Although not a target species
of the RAMP, chinook salmon are incidentally captured during the surveys and information
collected is reported to supplement knowledge of chinook abundance and distribution in the
Cheakamus River. Average densities of chinook fry and 1+ smolts captured at index sites in
spring 2007, 2008 and 2009 were similar among years for each age class and the condition of
measured individuals was indicative of fish in good health (Triton, 2008d, 2009b and 2010a).

Recovery Strategy

Overlapping life histories and variable ocean residence times means chinook fry produced from
fish culture will contribute to multiple returning brood years. Fish culture efforts targeted at
chinook salmon recovery in the Cheakamus River have been implemented since 2005. A total of
266,784 chinook fry were released as part of the three-year fish culture program targeted at
Cheakamus River chinook salmon. In addition since completion of the three year fish culture
program, Tenderfoot Creek Hatchery (TCH) has continued to target the Cheakamus River
chinook population for fish culture efforts. In the spring of 2010 TCH released an additional
122,864 fry, and in 2010 hatchery staff collected 103,223 eggs from adult chinook salmon in the
Cheakamus River. Juveniles from eggs collected in 2010 will be released to the Cheakamus
River in spring 2011. Infrastructure upgrades were also funded as part of a CERF project
completed in 2010, which will allow TCH to modify their fish culture program and increase
capacity to allow more stream-specific fish culture programs.
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Chinook salmon also benefit from other recovery projects focused on habitat enhancement.
Ocean type chinook salmon in particular, are expected to benefit from enhancements of estuarine
habitat in the Squamish River Estuary and construction of new side channel habitats. Stream type
chinook juveniles will benefit from these projects, as well as from enhancement of existing
restoration channels and structural habitat improvements. Recovery projects proposed and
implemented to date, and expected to benefit chinook salmon are described in more detail in
Section 3.0.

422 Coho Salmon

Recovery Target(s)

The CERP uses pre-spill estimates of coho smolt abundance as the benchmark for measuring
coho salmon recovery. The recovery target has been determined based on analysis of the annual
spring migration data for the 2000 to 2005 period of record, and requires the annual spring
migration values to fall within the annual variability of this period. Due to the variability of
individual coho life history cycles, the recovery target will need to be met for a period of three
consecutive years, starting in spring 2008 when the first progeny from adults of the 2004 brood
year that were impacted by the spill would first be expected to migrate out of the Cheakamus
River.

Excluding impacts from the 2003 extreme high water event, a review of the data from Melville
and McCubbing (2008a) indicates the recovery target should be in the range of 39,087 to
127,974 smolts based on the pooled Peterson estimate (PPE) of side channel marked fish.

Recovery Monitoring Results

The total coho smolt emigration past the RST trap site in 2006 was estimated at 36,209 (based on
the PPE of side channel marked fish; Melville and McCubbing, 2007). This value represents a
yield impacted by the spill and is the lowest population estimate derived for the 2000 - 2006
study period. The population estimate is 48% of the average calculated population estimate prior
to the spill event (Melville and McCubbing, 2008a), and was similar to the estimated impact to
juvenile coho.

Results of the 2007, 2008 and 2009 outmigration monitoring program yielded PPEs of side
channel marked fish of 85,018, 91,170 and 60,736 smolts, respectively (Melville and
McCubbing, 2008a, 2008b, and 2009). All of these values are within the recovery target for coho
salmon.

Although not a target species of the RAMP, coho salmon are incidentally captured during the
surveys and information collected is reported to supplement knowledge of coho abundance and
distribution in the Cheakamus River. Average densities of coho fry and 1+ parr captured at index
sites in 2007, 2008 and 2009 were similar among years for each age class and the condition of
measured individuals was indicative of fish in good health (Triton, 2008d, 2009b and 2010a).
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Recovery Strategy

In order to accelerate the recovery of coho salmon, several restoration strategies were
implemented. TCH has an extensive hatchery program for production of coho salmon in the
Squamish River watershed (Campbell, verbal communication, 2007). Based on the typical life
history of coho salmon, the most affected brood year returned to the Cheakamus River in fall
2007. Propagation efforts were implemented in 2007 to target this brood year and efforts focused
on the capture of brood stock from river km 10 to 17 to supplement the upper river portion of the
coho population. An estimated 190,308 coho smolts were released to the Cheakamus River since
2007 as part of the targeted coho fish culture program. Approximately 83,000 coho smolts are
being reared for release in 2011 from eggs collected in 2009. In addition, more than 40,000
juvenile coho were released into the Cheakamus River as unfed fry in 2008 (4,995) and 2009
(35,567).

Coho salmon will also benefit from other recovery projects focused on habitat enhancement;
Coho salmon in particular are expected to benefit from projects undertaken in 2006 to enhance
restoration channels in the Dave Marshall Salmon Reserve (Triton, 2007c), and construction of
new side channel habitats, in 2007 and 2008 (Triton, 2008f and 2009d). In addition, coho salmon
should benefit from estuary enhancements and structural habitat improvements. Recovery
projects proposed and implemented to date, and expected to benefit coho salmon are described in
more detail in Section 3.0.

423 Pink Salmon

Recovery Target(s)

During the 2006 RST salmon migration monitoring program (Melville and McCubbing, 2007), a
PPE of 296,405 pink salmon fry was obtained with the assistance of modified trapping and
marking techniques. These modifications to the RST program provided a greater level of
confidence in generating population estimates, thus making 2006 the first year a defensible
population estimate was generated for pink salmon. For this reason, the 2006 estimate was
identified as a baseline to measure recovery in future years.

Based on the estimated impact of 3 to 10% of adult returns in 2005 (McCubbing et al., 2006), the
recovery target for pink salmon is a 10% increase in the 2006 pink salmon fry population
estimate (326,045 fry; Table 4-1). The recovery target will be based on each of two consecutive
cycles of pink salmon fry outmigrants meeting or exceeding this population estimate.

Recovery Monitoring Results

The spring 2008 RST outmigration program yielded a PPE of 945,448 pink salmon fry (Melville
and McCubbing, 2008b) from the 2007 brood year. This estimate is above the pink salmon
recovery target of 326,045 fry. No estimate was formed for pink fry in 2009 as it was an “off
year” for brood fish in 2008.
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Recovery Strategy

Fish culture programs targeted at pink salmon were implemented in 2005/06, 2007/08, and
2009/10. As a result of the 2005/06 pink salmon culture program, a total 574,533 pink salmon
fry were released as unfed fry into the Cheakamus River, or into the Squamish River Estuary
after a brief period of seapen rearing (Campbell, written communication, 2006). A total of
467,553 unfed pink salmon fry were released into the Cheakamus River between February and
April 2008 as a result of the 2007/08 pink salmon culture program. In 2010 1,004,135 unfed fry
were released to the Cheakamus River from eggs collected in 20009.

Following the spill, it was estimated between 600 and 2,000 adult pink salmon were killed as a
result of the derailment (McCubbing et al., 2006). Based on an estimated survival rate for
hatchery-origin pink salmon fry of 2.5%, provided by DFO, approximately 51,155 adult pink
salmon were expected to return to the Cheakamus and Squamish rivers from fish culture efforts
conducted to date.

In addition to fish culture efforts implemented to date and targeted at pink salmon, other
recovery projects will also benefit this species. In particular, CN funded infrastructure
improvements (i.e., installation of chillers) to facilitate on-site incubation of pink salmon eggs
and create capacity for ongoing pink salmon culture at TCH. Pink salmon will also benefit from
the re-watering of side channels and enhancement of floodplain habitat (e.g., Squamish River
Estuary). Recovery projects proposed and implemented to date are described in more detail in
Section 3.0.

424 Rainbow Trout and Steelhead

Rainbow trout and steelhead trout juveniles (O. mykiss) cannot be visually differentiated, as they
are the same species but exhibit different life history strategies. In the Cheakamus River, juvenile
steelhead typically migrate to the ocean during their second or third year, at approximately 140
to 200 mm in length (Melville and McCubbing, 2008a). Since both populations could benefit
from similar recovery strategies, the recovery plans have been combined and variations in
monitoring programs are identified where applicable.

Primary Recovery Target

The CERP uses pre-spill estimates of adult steelhead escapement in the Cheakamus River as the
primary measure of steelhead trout recovery (Korman and McCubbing, 2007). The recovery
target therefore is based on analysis of the annual escapement data for the 2000 to 2007 period of
record, and requires the annual adult escapement estimate to fall within the annual variability of
this period of record. Due to the variability of individual steelhead life history cycles, it is
proposed the recovery target will need to be met for a period of five consecutive years, starting in
2008 when adults from the impacted year classes would first be expected to return.

A review of the data from Korman and McCubbing (2007) indicates the recovery target should
be an average estimated population of 255 to 585 wild adults (i.e., adults from hatchery progeny
will be enumerated separately where feasible). The recovery target will be based on each of the
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five consecutive years falling within the range of the period of record for unaffected return years
(i.e., 255 to 585 wild adults).

Secondary Recovery Target

The CERTC recognizes adult steelhead abundance may also be affected by ocean survival, and
not necessarily indicative of fresh water production or recovery of the Cheakamus River.
Steelhead and rainbow trout also have variable and overlapping life history strategies; factors not
easily separated in trying to understand impacts or recovery. A defensible estimate of smolt yield
is the preferred measure of freshwater production for steelhead. However, there are numerous
challenges in obtaining this type of estimate, and limited background information (i.e., pre-spill)
is available for comparison. Efforts are underway by BC Hydro to index smolt yield, but these
estimates will not have similar pre-spill data for comparison.

Historical abundance information is available for O. mykiss fry; these estimates include juvenile
steelhead and rainbow trout. However, since juvenile densities may be affected by size at age
(i.e., time of sampling), total site biomass was identified as a more defensible way to measure fry
abundance than density estimates. The MoE has used comparisons of O. mykiss fry biomass in
other systems where long-term monitoring of abundance has been undertaken (Ptolemy et al.,
2006). Following a review of information collected during the RAMP, and discussions with
MOoE, baseline data was used to establish a secondary recovery target based on total site biomass
of O. mykiss fry (Triton, 2008d). The data set used to establish the biomass recovery target was
collected by at least five (5) different investigators applying similar methodologies, and
encompassed more than 70 sampling sites, during eight (8) surveys (i.e. between 6 and 14 sites
per year), over a twenty-year period. MoE conducted the initial analysis of site-specific biomass
from the above-mentioned data set (Ptolemy, 2008, written comm.). Information from other
recent surveys was then added to the data set to develop the recovery target. More information
about the methodologies used to establish the biomass recovery target is provided in the 2007
RAMP report (Triton 2008d). Based on the yearly (geometric) mean density and weight, the
mean site biomass recovery target was identified as between 50.0 and 133.6 g/unit area (i.e.,
grams/100 m?%; Triton 2008d).

Information collected during the steelhead snorkel surveys is also used by CERTC to assess
recovery of resident rainbow trout. However, this information is incidental to data being
collected for steelhead, as observer efficiency estimates for rainbow trout have not been
determined. In addition, the estimates of rainbow trout abundance have been highly variable (4 to
350 individuals; Korman and McCubbing, 2007). Therefore this information is not currently
being used by CERTC to define a specific recovery target, but is being reviewed and compared
to historical data as an indication of trends in rainbow trout abundance. Trends in adult
abundance from snorkel surveys are considered along with other information such as site
biomass, angler reports and juvenile sampling results to assess recovery of resident rainbow
trout.

In summary numerous monitoring programs provide valuable information about the abundance
of Cheakamus River steelhead at different stages in their life cycle. Each of these programs also
has some degree of uncertainty, which can vary from year to year based on in-river conditions.
The recovery targets established by CERTC are based on the most defensible estimates of
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abundance since they are collected using replicated methodologies and therefore are comparable
to historical estimates. However, CERTC recognizes the uncertainty and variability associated
with these estimates and therefore results from other monitoring programs are also reviewed to
provide supporting information. This “weight of evidence approach” to measure recovery is
described in more detail in Section 4.0.

Recovery Monitoring Results

Adult steelhead from brood years impacted by the NaOH spill did not start returning to the
Cheakamus River until 2008, with the most impacted years returning in 2009 and 2010. The
estimated steelhead escapements in 2006 and 2007 were 255 and 585 adults, respectively
(Korman and McCubbing, 2007). While the returns for 2006 and 2007 are from non-impact
years, they also represent the highest and lowest escapement estimates over the period of record
used to establish the recovery target (2001 to 2007). The adult steelhead escapement estimate for
2008 was 237 adults (Korman, 2008), a value below the recovery target, but above the RMZ
established by MoE for steelhead in the Cheakamus River.

As 2009 represented the first year for the return of hatchery-origin smolts released in 2007 and
2008, increased efforts were implemented to produce escapement estimates and determine run-
timing for both wild and hatchery-origin steelhead returns (Korman and McCubbing, 2010). In
addition, the model developed and used in past years of the steelhead monitoring program was
modified to consider both stocks in order to assess the effectiveness of the fish culture program
in mitigating the impacts of the spill on adult returns. Based on the new two-stock model the
initial steelhead escapement to the Cheakamus River was 237 fish, of which 76 were wild-origin
and 161, hatchery-origin (Korman and McCubbing, 2010). The estimated return rate for the 2007
smolt release in 2009 was 0.9% although this value was expected to increase once the 2010
returns are included. The preliminary estimate of adult steelhead returns in 2010 was
approximately 1,500 fish (1,000 wild origin and 500 hatchery origin; Korman et al., 2010),
although data analysis is ongoing and this value is expected to change.

Surveys conducted for the RAMP in 2008 indicate the site specific biomass of O. mykiss fry
ranged between 45.8 and 289.0 grams/100 m?, with a mean biomass of 109.5 grams/100 m?
(CVv= 0.51). This value was nearly double that of the previous year (Triton, 2008e), despite
lower adult returns in 2008 compared to 2007 (Korman, 2008). In September 2009, the biomass
of O. mykiss fry ranged from 19.2 to 185.1 g/100 m?, with a mean of 78.8 g/100 m? (CV = 0.6).
Biomass values for 2008 and 2009 were both within the recovery target range established by
CERTC. In addition, the condition of measured individuals was indicative of fish in good health
(Triton, 2009b and 2010a). In summary, while adult returns in 2008 and 2009 were slightly
below the recovery target, juvenile sampling indicates the mean biomass of steelhead fry was
similar to pre-spill levels.

Recovery Strategy

In order to accelerate the recovery of rainbow trout and steelhead, several restoration strategies
have been implemented. A limited steelhead culture program was implemented in 2006/07 and
2007/08 to supplement steelhead production in the Cheakamus River, and maintain recreational
angling opportunity. During 2006, a total of 21,480 juvenile steelhead were released into the
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Cheakamus River from two groups of fish raised at TCH in Squamish (10,803) and FVTH in
Abbotsford (10,679). In spring 2008 a total of 17,588 steelhead smolts, consisting of 8,731
smolts from TCH and 8,857 smolts from FVTH, were released to the Cheakamus River. The
two-year steelhead fish culture program was designed and implemented to supplement adult
returns in 2009, 2010 and 2011.

Steelhead is also being assessed through a series of other monitoring programs. Numerous
steelhead culture update letters have been circulated through the CERTC website to address
public comments and provide information about the project. A series of broodstock capture
protocols were implemented in 2007 (McCubbing and Melville, 2006) to minimize the potential
for capturing steelhead destined to spawn in Brohm River, and a smolt release strategy was
prepared to monitor the release and subsequent juvenile dispersal and migration (McCubbing and
Ladell, 2006; and McCubbing, 2008). Acoustic telemetry was also used to track tagged steelhead
as they migrated downstream and during ocean migration (Melnychuck et. al., 2008, and 2009).

In cooperation with BC Hydro, the 2009 to 2011 adult steelhead enumeration program was
expanded to gather additional information about the supplementation program (Korman and
McCubbing, 2010). The modified program includes radio tracking of returning hatchery and wild
steelhead adults, and creel surveys to gather information about the ratio of hatchery to wild
steelhead. More information about the steelhead fish culture program is available from the
CERTC website (www.certc.ca).

The rainbow trout/steelhead recovery strategy also includes habitat enhancement projects
designed to increase productive capacity and survival rates of juveniles by enhancing available
rearing habitat. Steelhead in particular are expected to benefit from the modification of the CN
crossing at the Cheekye River, while both rainbow and steelhead trout will benefit from
construction of side channels, and structural habitat improvements in the Cheakamus River
mainstem. Recovery projects proposed and implemented to date are described in more detail in
Section 3.0.

425 Coastal Cutthroat Trout

Recovery Target(s)

Evidence collected from various monitoring programs indicates cutthroat trout are not abundant
in the Cheakamus River, as few if any cutthroat trout were captured in pre-spill electrofishing or
salmon migration trapping studies (van Dishoeck, 2000 and 2002; van Dishoeck and Horne,
2002; Sneep, 2001; Melville, 2005; and Melville and McCubbing, 2006a). In addition, only two
cutthroat trout mortalities were collected during the emergency impact assessment (McCubbing
et al., 2006; MoE, written communication, 2008). Cheakamus River cutthroat trout are thought
to be anadromous and significant spawning tributaries have not been identified in the watershed
(MoE, written communication, 2008). Information from other sources reviewed also suggests
cutthroat trout prefer smaller streams, and thus the Cheakamus River does not provide preferred
habitat for this species (see life history summary in CERP, 2009; Triton, 2009a). Based on this
information, the CERTC is not proposing a specific recovery target for cutthroat trout.
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Recovery Monitoring Results

Based on historical abundance information and habitat preferences of cutthroat trout CERTC has
determined no targeted monitoring is necessary for this species, however CERTC has made
enquiries to gather additional information about cutthroat trout. In September 2008 CERTC
circulated a letter to the Squamish to Lillooet Sport Fishing Advisory Committee (SLSFAC), and
the Cheakamus Ecosystem Restoration Stakeholder Team (CERST) requesting information
about angler captures of cutthroat in the Cheakamus River. Although no responses have been
received to date a total of four (4) cutthroat trout were reported from August to September during
a creel survey conducted in 2007 (J.0. Thomas, 2008). Incidental captures of cutthroat trout will
also continue to be documented as part of other monitoring programs, such as the RAMP.

Recovery Strategy

Cutthroat trout may benefit from many of the recovery strategies proposed for other species,
designed to increase productive capacity and survival rates by enhancing available rearing
habitat. Although cutthroat trout prefer smaller streams, they have similar habitat preferences to
rainbow trout (e.g., riffles and instream cover features). In addition, adult cutthroat trout will also
use estuary habitats. Thus, cutthroat trout will benefit from enhancement projects targeted at
other species, such as enhancement of existing restoration channels, side channel construction,
barrier removals, structural habitat improvements, and habitat enhancements in the Squamish
River Estuary. As a top predator cutthroat trout are also expected to benefit from the recovery of
other species. The increased abundance of other fish (e.g., pink and coho salmon) will provide an
important food source for cutthroat trout since they will consume both eggs during the spawning
season and fry during the spring outmigration. Recovery projects proposed and implemented to
date are described in more detail in Section 3.0.

42.6 Bull Trout

Dolly Varden and bull trout juveniles are difficult to differentiate as the two species are closely
related. Studies conducted prior to the Cheakamus ecosystem recovery program did not
distinguish between these two species in the Cheakamus River, although McCubbing et al.
(2006) indicated genetic evidence on file at UBC suggests the majority of these fish in the lower
river are bull trout. In addition, the 19 dead char collected after the spill and genetically analyzed
by MoE were confirmed as bull trout, providing further evidence char in the Cheakamus River
are bull trout (Wilson, verbal communication, 2007).

Recovery Target(s)

Evidence collected from various sources suggests juvenile bull trout are not abundant in the
Cheakamus River, as few specimens have been captured in previous electrofishing surveys and
salmon migration trapping studies (van Dishoeck, 2000 and 2002; van Dishoeck and Horne,
2002; Sneep, 2001; Melville, 2005; and Melville and McCubbing, 2005). In addition, the 19 bull
trout collected after the spill represented only 0.4 % of the total number (4,710) of dead fish
collected. However, their populations are not usually large (relative to salmon and trout), they
are migratory and they use a wide variety of habitats (from small tributaries to large mainstems).
and there is limited information about the life-history of bull trout in the Cheakamus River. In
summary, bull trout have a variable life history and there is limited background information to
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use as the basis of a defensible recovery target for juvenile bull trout. Studies currently underway
or recently completed (e.g., the RAMP and adult bull trout radio tracking) are providing
information on bull trout life history and juvenile abundance. Results of these assessments
continue to be reviewed by CERTC to better understand bull trout life history and recovery.

Adult bull trout have been documented during snorkel surveys to estimate steelhead escapement
since 1996 (Korman, 2002; Korman et al., 2004; Korman and Melville, 2004). However, since
observer efficiency was unknown, these observations could not be used to estimate the total
population size. In 2007, a radio telemetry program was implemented to develop an index of
observer efficiency and calibrate historical snorkel survey data so it could be used as defensible
measurement of adult bull trout recovery (Ladell et al., 2007, 2009 and 2010).

The results of the adult enumeration study have provided valuable information about bull trout
life history and abundance in the Cheakamus River. In general calibrated snorkel surveys do
provide a defensible indicator of adult abundance. However, the study results also suggest the
population is composed of an inter-mixed stock of resident and migratory bull trout (Ladell et.al.
2010). This information has raised questions about impacts to different components of the
population and how to measure recovery of the resident and migratory forms.

Despite the questions raised by the adult enumeration program the primary recovery target for
bull trout is still expected to be based on adult abundance. Adult abundance provides the most
defensible measure of recovery given the duration of replicated data available for comparison
(i.e. adult enumeration using similar methods has been conducted since 1996). The proposed
recovery target for adult bull trout will use similar methods to those adopted by CERTC for other
species. It will be based on the annual population estimates being within the variability observed
over defensible time period and will need to be met for a period of multiple years. Due to the
low abundance of adult bull trout prior to 2000 (possibly attributed to a change in angling
regulations) the recovery target will be based on adult abundance between 2000 and 2005. Based
on pre-spill estimates of abundance (Ladell et al., 2010) the recovery target will be between 149
and 316 adults. In addition, considering the long and variable life history of bull trout the target
will need to be met for a period of 5 years. Ladell et al., (2010) also suggested measuring bull
trout recovery should not start until 2009 since this would be the first year impacts of the spill on
bull trout recruitment would be observed.

Considering the questions about bull trout life history raised by Ladell et al., (2010), the weight
of evidence approach using other secondary measures will also be important in assessing
recovery. Secondary measures could include factors such as in-river recruitment (e.g. juvenile
abundance), and spatial structure of the population (e.g. level of abundance in the river upstream
of the “Bailey Bridge”). CERTC is still considering these secondary measures and further
discussions with the authors of the bull trout enumeration report are planned to discuss
defensible recovery targets.

Recovery Monitoring Results

Radio tracking results indicate migratory adult bull trout enter the river in late fall and have a
long residence time in the river, with few fish entering and departing the river between
December and April (Ladell et. al., 2010). The majority of tagged fish left the river after the
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juvenile salmon outmigration period in the spring (Ladell et al., 2010). This information suggests
the largest portion of the adult bull trout population overwintering in the Cheakamus River
would not have been present in the river at the time of the August 2005 spill. Ladell et al., (2010)
also suggested the population may include a more resident component, and resident fish may be
more abundant upstream of the Bailey bridge Calibrated snorkel surveys indicate the population
estimates for adult bull trout in the Cheakamus River were 193, 221, 175, and 79 fish
respectively between 2006 and 2009 (Ladell et al., 2010). The preliminary estimate of the bull
trout population in 2010 was 283 adults (Korman, written communication 2010)

Recovery Strategy

Bull trout may benefit from many of the recovery strategies proposed for other species designed
to increase productive capacity and survival rates by enhancing available rearing habitat.
Considering their extended periods of freshwater residency, bull trout should benefit from the
physical habitat enhancements such as construction of side channels, enhancement of restoration
channels and structural habitat improvements in the Cheakamus River mainstem. As a top
predator, bull trout are also expected to benefit from the recovery of other species. The increased
abundance of other fish (e.g., pink and coho salmon) will provide an important food source for
bull trout since they will consume both eggs during the spawning season and fry during the
spring outmigration. In addition, radio tracking information suggests bull trout may also utilize
the estuary for some periods of time, and therefore the species should also benefit from
enhancement of the Squamish River Estuary. Recovery projects proposed and implemented to
date, and expected to benefit bull trout are described in more detail in Section 3.0.

427 Coastrange and Prickly Sculpin

Recovery Target(s)

Two cottid species have been reported to inhabit the Cheakamus River: coastrange sculpin
(Cottus aleuticus) and prickly sculpin (C. asper). Information on pre-spill densities of cottids has
been identified from surveys targeted at rainbow trout fry habitat (van Dishoeck, 2000 and 2002;
van Dishoeck and Horne, 2002). Historical sampling was targeted at other species and
subsequently the cottid species were not identified separately and were recorded together as one
species (i.e. sculpins). Therefore species specific data is not available to establish independent
recovery targets for C. aleuticus and C. asper.

Since 2006, sculpins have been monitored through numerous surveys conducted as part of the
RAMP. Complementary projects, such as genetic analyses (investigating pre- and post-spill
populations structure and diversity), a marking program (to assess migration) and night larval
surveys (to look for evidence of spawning within the river) have also been undertaken to obtain
additional information about sculpin populations in the Cheakamus River. Although knowledge
gaps remain regarding sculpins in the system, the data gathered to date has allowed
recommendation of three recovery targets.

It has been confirmed both coastrange and prickly sculpin were present in the Cheakamus River
prior to the spill (i.e., based on results from DNA analyses of spill specimens; Taylor et al.,
2010, in Triton 2010b), and therefore it was determined recovery should include both species.
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Considering sculpins (Cottus spp.) were historically captured in reaches 1 — 8 in the past (van
Dishoeck, 2000 and 2002; van Dishoeck and Horne, 2002; Sneep, 2001), post-spill spatial
distribution of sculpins (Cottus spp.) should extend to Reach 8.A yearly mean density between
16.6 and 30.9 fpu (fish per 100 m?) was proposed as a target for river-wide sculpin abundance
(mixed species): the target range is based on data from van Dishoeck (2000, 2002) and van
Dishoeck and Horne (2002), for Cottus spp. This value will be calculated each year, based on
data from closed electrofishing sites comparable to sites sampled in pre-spill surveys, and will
exclude Reach 1, which is suspected to be a “high-migration zone” (i.e., in relation to various
aspects of sculpin life histories; Triton 2010b). Considering the observed rate and direction of
recovery observed to date (i.e. slow recolonization from downstream), it is proposed recovery be
considered complete once the recovery target for abundance has been met (as long as the species
composition and spatial distribution targets area also achieved).

CERTC is also continuing to gather and assess information about sculpin ecology and abundance
in the Cheakamus River, and as the knowledge base grows it may be possible to adjust the
recovery target accordingly for each species.

Recovery Monitoring Results

The RAMP initiated by CN targets coastrange and prickly sculpins as species to be monitored as
part of the program (Triton 2008c). Surveys conducted between 2006 and 2009 (Triton, 2008c,
2008d, and 2009a) targeted at sculpins have documented their increasing abundance and
distribution in the Cheakamus River. Although the mechanism of recovery (emigration from the
Squamish River and/or recruitment within the river) is not well understood, these results suggest
natural recovery is underway.

Both coastrange and prickly sculpins were captured during the 2007, 2008 and 2009 surveys,
thus meeting the first recovery target. In September 2006, no sculpin was captured upstream of
Reach 4 (with 93% of the catch from the lower three kilometres of the river; Triton, 2008c).
Sculpin distribution extended upstream to Reach 6 in 2007, and to Reach 7 in 2008 and 2009.
Sculpin abundance has also increased over the last four survey years. Although remaining below
the target range, the yearly mean density for sculpins (closed sites, Reaches 2 to 8) has increased
from 0.3 fpu in 2006, to 2.9 fpu in 2007 and 6.3 fpu in 2008. In 2009, a mean density of 3.6 fpu
was reported; a decrease at least in part attributed to changes to channel morphology at some
sites downstream of the Cheekye River confluence and fewer sites sampled due to the presence
of pink salmon spawners. Information collected to date also indicates fish from multiple age
classes have been captured.

As a result of observed morphological plasticity in the two species, starting in 2007, all sculpins
captured have been visually identified based on a field key consisting of multiple diagnostic
traits (Triton, 2010b). The key was also tested against DNA identification (conducted in 2007, in
the context of a parallel study on population distinctiveness in the Squamish drainage) and a high
level of agreement (98%) was found between visual and microsatellite DNA identification, with
a few genetic mismatches between mitochondrial and microsatellite DNA suggesting historical
gene flow between the two species (Taylor et al., 2010, in Triton, 2010b). According to the
authors, hybridization between these two species had not been previously reported. Results from
the genetic investigations also indicated high genetic variability within coastrange sculpin
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populations in the Squamish River watershed, but no significant distinctiveness among them
(suggesting a high historical level of mixing among populations from the Cheakamus, Squamish
and Mamgquam rivers).

Monitoring of sculpin abundance in the Cheakamus River, along with the collection of additional
information on distribution and life histories will continue in order to measure natural recovery.
These projects may also provide a better understanding of the mechanisms of recovery for these
species, along with valuable clues regarding their ecological role in the system. Other studies,
such as those being undertaken by BC Hydro, also provide an opportunity for collecting
additional information on sculpins to further evaluate the level to which natural recovery may be
occurring.

Recovery Strategy

Natural recovery was the strategy chosen for sculpin populations in the Cheakamus River. No
efforts targeted at assisting sculpin recovery are currently being proposed. Despite the lack of
targeted recovery projects, sculpins may benefit from recovery strategies targeted at other
species to enhance habitat in the Cheakamus River and in the Squamish River Estuary. In the
event natural recovery is not adequate to re-establish sculpin populations, other strategies may be
evaluated.

42.8 Pacific and Western Brook/River Lamprey

Recovery Target(s)

Although it is generally accepted Pacific lamprey (Entosphenus tridentatus, formerly Lampetra
tridentata), river lamprey (L. ayresii) and western brook lamprey (L. richarsoni) are present in
the Cheakamus River, little is known regarding their distribution and densities. The majority of
work on the Cheakamus River has been focused on anadromous salmonids and few studies
provided data on the distribution of lamprey species. This is typical of other research conducted
in the Pacific Northwest (Kostow, 2002). Therefore the data collected are incidental to salmonid
monitoring surveys. Furthermore, while ammocoetes (the lamprey larval stage) are most
commonly encountered during surveys, they are the most difficult to identify to species. Given
the anecdotal nature of available data regarding pre-spill abundance and distribution of lamprey
in the Cheakamus River, this information could not be used to establish recovery targets.
However, evidence collected from various monitoring programs since the spill indicates multiple
age classes of lamprey ammocoetes survived the spill and adults of all three species have also
been captured. Based on this information, the CERTC is not proposing a specific recovery target
for lamprey.

Recovery Monitoring Results

Although CERTC has determined a recovery target for lamprey is not necessary, the RAMP
program initiated by CN has assessed and documented captures of these species in the
Cheakamus River. Electrofishing was identified as the main sampling method to monitor
lamprey abundance, given it has proven to be effective for collecting larval fish in targeted
lamprey habitat. Between 2006 and 2009, over 3,400 lamprey were captured in side/ back
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channels and along the river mainstem, representing densities of up to 1,276 fpu. Most
ammocoetes were captured in sites representing preferred habitat (i.e., areas of slow-moving
waters with silt/sand substrate). Adult specimens (of all three species) were identified based on
morphological characteristics described in McPhail (2007), and ammocoetes, based on
pigmentation of the caudal ridge (Richard et al., 1982; Beamish, 2008 verbal comm.).

Individuals 15 to 276 mm in total length and representing young-of-year to adults were captured
during RAMP surveys. One adult specimen captured in 2009 was identified as a river lamprey
(L. ayresii); identification was subsequently confirmed by Dr. Richard Beamish at the Pacific
Biological Station, who indicated this could represent the first record of a returning river lamprey
captured in freshwater, in British Columbia (Beamish, 2010, verbal comm.).

In summary, lamprey representing three species and multiple age classes have been captured
within the spill-affected portion of the Cheakamus River, and sampling results suggest mortality
for lamprey was not as widespread as other species. The capture of adults, and of ammocoetes as
small as 15 mm, also suggests reproduction is occurring in the river. Based on this information
and the lack of comparable baseline information there does not appear to be any compelling
reason to propose recovery targets for lamprey, and further targeted monitoring is not required
for this species. Incidental captures of lamprey will continue to be documented as part of the
RAMP.

Recovery Strategy

Based on available information and observations to date, there does not appear to be any
compelling evidence or reason to propose recovery efforts targeted at these species. Observations
to date also indicate lamprey benefit from some of the recovery strategies implemented for other
species to increase productive capacity and survival rates by enhancing available rearing habitat.
Lamprey have been captured in both of the rewatered side channels and around the LWD
structures constructed by BCCF. An electrofishing survey in September 2010 found numerous
lamprey in areas of sediment accumulation along the shore near one of these habitat structures.

429 Threespine Stickleback

Recovery Target(s)

While threespine stickleback are abundant and distributed throughout the ponds and channels of
the NVVOS, they have seldom been captured in the Cheakamus River mainstem (van Dishoeck,
2000 and 2002; van Dishoeck and Horne, 2002; Sneep, 2001; Melville, 2005; and Melville and
McCubbing, 2005). An assessment of post-spill survival by McCubbing et al. (2006)
demonstrated habitat in the NVOS complex is conducive to the presence of threespine
stickleback and the species seemingly remained abundant at NVOS, even in habitat “open” to the
Cheakamus River during the spill event. Information obtained to date has included anecdotal
accounts of large numbers of stickleback in the Duck Pond at NVOS during the post-spill
survivorship evaluations (McCubbing et al.,, 2006; Foy, verbal communication, 2006).
Information from other literature reviewed indicates the mainstem Cheakamus River does not
provide preferred habitat (e.g., slow moving water and areas of abundant instream cover) for
threespine stickleback. Multiple lines of evidence have been identified suggesting the impact of
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the NaOH spill on this species was minimal. Based on this information, the CERTC is not
proposing a specific recovery target for threespine stickleback.

Recovery Monitoring Results

The RAMP initiated by CN targeted threespine stickleback since its inception in 2006 and results
have been compared to available information from pre-spill surveys. In summary, few
stickleback have been captured in mainstem areas of the Cheakamus River, either before or since
the spill. However, individuals representing multiple age groups have been captured in slow
moving ponds and backwater areas indicating the species continues to be abundant in areas
corresponding to preferred habitat (Triton, 2008d and 2009d). Based on these results and given
the life history and habitat preferences of threespine stickleback (i.e., slow water habitats less
affected by the spill), the CERTC has determined the spill impacts to this species were minimal
and no further targeted monitoring is required for this species. Incidental captures of threespine
stickleback will continue to be documented as part of the RAMP.

Recovery Strategy

Threespine stickleback have been found in the Cheakamus River outside the NVOS and no
efforts targeted at this species are currently being proposed or anticipated. This species is
expected to benefit from recovery projects including enhancement of the Mile 49 channel in the
DMSR (Triton, 2007c) and other projects which enhance instream habitat and create areas of
slow velocities such as pools or increased cover (e.g., side channel construction and other habitat
enhancement projects). Recovery projects proposed and implemented to date are described in
more detail in Section 3.0.
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50 Benthos Assessment

Several projects were undertaken to assess the impacts of the NaOH spill on the benthic
invertebrate community. The first project was an assessment of impacts initiated by MoE within
the first week after the spill. This program collected samples of the benthic invertebrate
community from sites in the Cheakamus and Squamish rivers, upstream and downstream of the
spill influence, using a standardized “kicknet” sampling methodology, as well as Hess sampling.
Invertebrate samples were then sorted and preserved for subsequent taxonomic identification and
enumeration.

To assess the early impacts to the invertebrate community, data from the week-of-spill samples
were analyzed by MoE staff and their consultants. This assessment examined the community
structure using the Reference Condition Approach (Sylvestre et al., 2005), and other multivariate
and univariate statistical analyses. The relative abundance of these benthos samples was
compared to samples collected upstream and downstream of the spill site. The results of the
benthic invertebrate impact assessment are provided in detail in Stamford et al. (2008). The
report noted a dramatic drop in abundance (density), and general decline in diversity; in
particular two families of mayflies were identified that were virtually absent in samples collected
downstream of the spill, suggesting the effect may have been more severe on some species than
others. Interestingly, the assessment also found community structure of benthos at the spill site
locations was similar to other reference sites in the Georgia Basin, while sites upstream of the
spill were considered “stressed”. This suggests the Cheakamus was naturally ‘stressed’
compared with the reference streams prior to August 2005. Invertebrate densities were
substantially lower in sites downstream of the spill in comparison to upstream sites, and higher
downstream of the Squamish River confluence.

Using similar methodology, the recovery of the Cheakamus River benthic invertebrate
community was also studied by collecting kicknet samples every two weeks, from August to
October at the same Cheakamus River sites (Triton, 2008b). In addition, in December 2006,
colonization baskets were installed at sites upstream and downstream of the spill. The
methodologies used in the colonization basket study replicated a previous study completed in the
Cheakamus River (Perrin, 2001). The results of the benthic invertebrate recovery monitoring
program are provided in detail in Triton, 2008b. The key points from the monitoring report
include the following:

e The post-spill community structure, biomass, and abundance of individual benthic
invertebrates were compared to pre-spill data, upstream controls and reference sites in the
Georgia Basin.

e All sites were predicted to be in the same sub-group (“Group 1”) of Reference Sites
within the Basin-wide database (consistent with the MoE reference controls).

e Results from the kicknet samples showed the site furthest downstream was most similar
to the Reference Condition.

e The density of invertebrates was found to be greater at sites further downstream of the
spill location, though upstream of the confluence with Squamish River.

e The spill represented a short-term “pulse disturbance” to aquatic assemblages.
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e The mechanisms of impact and recovery are unclear; however the results supported
downstream drifting of invertebrates from tributaries as the initial means of recovery.

e Data from kicknet and colonization studies indicated rapid re-colonization of many
species in just weeks after the spill.

In summary, the results of the benthos recovery monitoring program suggest rapid re-
colonization of invertebrates in the Cheakamus River following the spill. This assessment was
further corroborated by various fish sampling programs, which were undertaken to assess fish
abundance in the spring of 2006 (Melville and McCubbing, 2007; Triton, 2007d and 2008c).
Calculation of fish condition from measurements of fish length and weight collected during these
assessments indicated fish were in good condition. Comparison of available length and weight
data for coho salmon collected during BC Hydro’s annual spring outmigration program
confirmed fish were in similar condition to previous years. In addition, the mean and median
lengths of juvenile coho were higher in 2007 than any other year (Triton, 2007e). Furthermore,
ongoing measurements of juvenile fish length and weight, and calculation of condition during
various monitoring programs continues to indicate invertebrate availability, as a food source for
fish, has not limited recovery of affected fish species in the Cheakamus River (Triton 2008c, .
Several monitoring programs, for which biological data (e.g. length and weight) are collected,
are ongoing in the Cheakamus River. Information from these programs is reviewed and
compared to historical data as part of ongoing investigation to determine fish condition. The
analysis of fish condition provides an ongoing measure of invertebrate availability as a food
source for juvenile fish.

Additional samples of benthic invertebrates were also collected by the BC MoE in October 2006
and 2009. While juvenile fish growth rates and condition indicate the total abundance of benthic
invertebrates is providing sufficient food for juvenile fish, the biodiversity of the benthic
community is important for other animals, and this may take longer to re-establish considering
many benthic invertebrates species have multiyear generation times. The samples collected by
MoE have been preserved and MoE is evaluating other methods of analysis to measure
invertebrate recovery. Examining invertebrate recovery is a useful way to gain perspective on
recovery time after disturbances in general, or in the event other information is identified to
suggest a delayed recovery of benthic invertebrates, or other species which may depend on them.
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6.0 Assessment of Ecological Effects

A screening level assessment of ecological effects was conducted to determine potential impacts
and the need for development of recovery strategies at an ecosystem-level (Triton, 2007b). The
objective of the screening level assessment was to understand the potential effect the spill could
have had on receptors other than, but also including, fish and benthos in order to identify and
target the need for ecosystem restoration activities and/or monitoring programs. The screening
level assessment was ecosystem-based in that it considered species interlinked and dependent
upon a range of processes.

A preliminary list of 233 regional receptors most representative of the assessment area’s aquatic
and terrestrial habitats was compiled and screened against selection criteria to obtain a final list
of 17 representative receptors. A qualitative framework using ecological effects ranking
categories such as very high, high, moderate and low was developed to characterize potential
adverse effects for each of these 17 receptors.

The effects characterization resulted in one very high, one high, seven moderate, seven low and
one nil overall ecological effects rankings. Very high and high overall ecological effect rankings
were obtained for coastrange sculpin (Cottus aleuticus) and steelhead trout (Oncorhynchus
mykiss), respectively. Moderate overall ecological rankings were obtained mostly for semi-
aquatic and aquatic insectivores and piscivores based on potential effects to their food resources
[e.g., American dipper (Cinclus mexicanus)], or on their capacity to serve as a food source for
subsequent aquatic and/or terrestrial receptors [chinook salmon (O. tshawytscha)]. Low rankings
were obtained for receptors either contributing to a small percentage of the food resource of their
predator(s) or for receptors having a varied and opportunistic diet [e.g., black bear (Ursus
americanus), bald eagle (Haliaeetus leucocephalus)]. Nil rankings were obtained in cases where
it was estimated the spill did not have any plausible effects to a given receptor [e.g., Canada
goose (Branta canadensis)].

The screening assessment of effects indicated overall the Cheakamus River ecosystem seemed to
be functioning and the spill did not have a defined adverse effect on the receptor populations
considered.

The assessment also led to several “high level” recommendations, representing potential next
steps, which may be necessary to refine and/or develop recovery strategies. These included, for
example:

e Continuation of the ongoing monitoring programs for fish species which had very high,
high and moderate ratings;

e Development of wildlife observation forms to record wildlife sightings occurring during
the ongoing monitoring programs;

e Consideration of additional monitoring programs for species other than fish which scored
moderate ratings (belted kingfisher, American dipper, common merganser and tailed
frog); and,
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e Finally, it was recommended the need to adjust the effect assessment ratings be reviewed
as site-specific information becomes available as part of ongoing recovery plans and
associated monitoring.

The recommendations outlined in the screening level assessment of ecological effects were
implemented by the CERTC or are being considered. For example, several monitoring programs
have been implemented for fish and results are reviewed by CERTC on an ongoing basis. An
amphibian assessment was conducted in 2007 to examine potential impacts of the spill on
amphibian populations occurring within the watershed (Wind, 2007). In addition, wildlife
observation forms have been developed and are used to record incidental sightings of birds and
other wildlife during several CERTC monitoring programs. Since 2006, over 1,700 observations
have been recorded during various surveys conducted in the Cheakamus River and near-by areas
by staff from Triton Environmental (Appendix 1). Wildlife observations (e.g., date, time,
location of observation, number of individuals, sex and age, as well as activity observed) were
recorded on a daily basis by surveys crews. Of the 11 terrestrial and semi-aquatic receptors
selected in the screening level assessment of ecological effects (Triton, 2007b), eight have been
observed on the Cheakamus River since 2006 (Table 6-1 and Appendix 1). Only mink and tailed
frog were not reported, although a tailed frog was captured in Brohm River during the September
2009 electrofishing surveys. A newly-built beaver dam was also observed on Mykiss Channel, in
2008 (although no beaver was seen).

While these incidental observations collected during other monitoring programs are informative,
it should be noted they were not collected using rigorous survey techniques. In addition the level
of effort is based on the number of projects being implemented and this has varied from year to
year. The observations do not provide definitive conclusions about trends in abundance of
various species but do provide confirmation of their presence in the watershed.

6-1. Summary of observations of selected terrestrial and semi-aquatic receptors in the
vicinity of the Cheakamus River, 2006 to 2009

Species (Common Name) 2006 2007 2008 2009 Grand Total

(n = 14) (h =57) (n = 33) (n = 28) (N =132)
American Dipper 10 106 92 43 251
Bald Eagle 3 6 13 22
Belted Kingfisher 1 a7 7 10 65
Black Bear 1 2 3
Canada Goose 2 2
Common Merganser 9 194 67 81 351
Common Shrew 3 3 1 2 9
Great Blue Heron 2 45 8 20 75

Note: Values in parentheses correspond to the number of observation days.
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7.0 Synopsis

The Cheakamus Ecosystem Recovery Plan has been prepared from an extensive review of
available literature and is based on the principles of adaptive management. Adaptive
management allows the Cheakamus Ecosystem Restoration Technical Committee to review the
results of recovery strategies on an ongoing basis and recommend alternate strategies as new
information becomes available. In addition, recovery targets are adjusted based on new
information or existing monitoring programs. Monitoring programs have also been refined in an
effort to develop more defensible and robust abundance estimates.

Several recovery strategies have been implemented to accelerate the recovery of the Cheakamus
River ecosystem to a pre-spill state, including fish culture and a variety of habitat enhancements
strategies. These strategies will not only help to recover impacted species, but should also
improve habitat conditions for future brood years. Recovery efforts underway or proposed are
expected to fully or almost fully mitigate the spill’s impacts on key species such as chinook,
coho and pink salmon as well as steelhead trout. For species for which the extent of impacts and
recovery strategies are less certain, monitoring will continue and viable recovery efforts will be
considered and implemented as appropriate. Various habitat enhancement activities undertaken
in response to the spill will also have benefits to species for which active population
supplementation measures are not being undertaken at the present time. Proposed recovery
strategies and their applicability to various species are presented in section 3.0 and summarized
in Table 7-1.

Table 7-1. Impacted species benefiting from proposed recovery strategies
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type type
Recovery Strategies
Fish culture X x | x| x x ! X°
Fish passage
. X X X X X X X X X X
improvement
Estuary enhancement X X X X X X X X
Construction of new side
X X X X X X X X X X
and/or off-channels
Enhancement of existing
. X X X X X X X X X X
restoration channels
Habitat enhancement in X x X X X X X x X
the Cheakamus River
'A limited fish culture program was implemented for steelhead. Fish culture is not proposed for rainbow trout.
2 As a top predator bull trout may benefit from the availability fish released from the hatchery as a food source
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In order to measure recovery of fish species impacted by the spill, recovery targets and
defensible measures of recovery have been identified. The recovery targets and measures of
recovery will continue to be reviewed and refined by the CERTC as new or other relevant
information is identified. A summary of methods identified or suggested to measure recovery
was presented in Section 3.0 and Table 3-1.

A number of monitoring programs have been implemented to measure recovery of affected
species. These programs are being conducted in cooperation with members of the CERTC as
well as BC Hydro. In addition, numerous recovery projects have been or are being implemented
to assist recovery of affected species. Programs implemented to date include:
Monitoring programs

e Off-channel habitat mark-recapture (CN/ Triton)

e Resident fish abundance monitoring (CN/ Triton)

e Non-anadromous reach fish sampling (CN/ Triton)

e Steelhead smolt release monitoring (CN/ MoE/ InStream)

e Steelhead smolt acoustic tracking (CN/InStream/ Kintama/ MoE)

e Bull trout adult radio telemetry program (CN/ InStream)

e Bull trout adult enumeration (CN/BC Hydro/ Ecometrics/ Instream)

e Chinook coded wire tagging (CN/ DFO/ PSF)

e Benthic invertebrate recovery (CN/ Triton)

e Steelhead adult enumeration (BC Hydro/ Ecometrics)

e Juvenile salmon migration — rotary screw trap (RST; BC Hydro/ InStream)

e Coho acoustic tracking of hatchery smolts (CERF)

e Investigating cottid re-colonization in the Cheakamus River, BC, through assessment of
genetic distinctiveness (CERF/ University of British Columbia)

e Creel survey of the Squamish River watershed recreation fishery (CERF/ PSF)
e Steelhead Supplementation- Monitoring Workshop Technical Review, seed funding
(CERF/InStream)
Recovery Programs
e Fish culture programs (chinook, pink, coho, steelhead) (CN/ DFO/ MoE/ FFSBC)
e Dave Marshall Salmon Reserve Habitat Enhancement and Mile 49 (CN/ DFO/ Triton)
e Cheekye Bridge fish passage modification (CN/ Triton)
e Km 6.5 side channel re-watering (CN/ DFO/ NVOS/ Triton)
e Wilson Slough re-connection (CN/ DoS/ Triton)
e LWD demonstration project (CN/ BCCF/ MoE)
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e Km 8 side channel re-watering (CN/ DFO/ Triton)

e Squamish River Estuary training dyke culvert improvement project (CERF/ DFO)
e Carson Place culvert replacement project (CERF/ DoS)

e Brohm River instream habitat restoration project, Phase 1 (CERF/ BCCF/ MoE)

e Infrastructure upgrades, Tenderfoot Creek Hatchery (CERF/ DFO)

e Squamish River Estuary land purchase — Cattermole slough (CERF/ LCBC)

e Eelgrass restoration in upper Howe Sound by Stawamus (CERF/ SRWS)

e Swift Creek channel restoration — seed funding for flow supplementation project
(CERF/DFO/SRWS)

e Cattermole Creek Loop Boardwalk — seed funding for project design (CERF/SECS)

e Squamish River Estuary riparian land purchase — Mamquam Island (CERF/BCRP/PSF/
SRWS)

e LWD bank stabilization project (CN/ BCCF/ MoE)
e Cheakamus Ecosystem Recovery Fund (CERF; CN)
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APPENDIX 1

WILDLIFE OBSERVATIONS
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Summary of Wildlife Observations in the vicinity of the Cheakamus River, 2006 to 2009

Species (Common Name) 2006 2007 2008 2009 Grand Total
(n=14) (n =57) (n = 33) (n = 28) (N =132)
Alligator Lizard 1 1
American Dipper 10 106 92 43 251
Bald Eagle 3 6 13 22
Barrows Goldeneye 2 2
Belted Kingfisher 1 47 7 10 65
Black Bear 1 2 3
Bobcat 1 1
Bufflehead 16 25 41
Canada Goose 2 2
Common Merganser 9 194 67 81 351
Common Shrew 3 3 1 2 9
Cormorant 1 1
Coyote 1 1
Deer (spp.) 2 2
Douglas Squirrel 1 1
Downy Woodpecker 1 1
Duck (spp-) 11 11
Eagle (spp.) 1 1
Frog (spp.) 1 2 3
Great Blue Heron 2 45 8 20 75
Harlequin 78 25 34 137
Hawk (spp.) 1 1
Mallard 2 3 13 18
Mule Deer 5 5
Northwestern Salamander 1 8 7 16
Osprey 1 3 2 7 13
Peregrine Falcon 1 1
Pileated Woodpecker 1 1
Red-legged Frog 1 4 3 8
River Otter 1 1 2
Ruffled Grouse 1 1
Rufous Hummingbird 1 1
Salamander (spp.) 6 6
Sandpiper 29 7 5 41
Swallow 580 580
Turkey Vulture 15 8 20 43
Winter Wren 3 3
Grand Total 28 1,147 289 251 1,721
Note: Values in parentheses correspond to the number of observation days.
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