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Summary  

 
The Cheakamus Ecosystem Recovery Plan (CERP) was prepared to identify programs to 
accelerate and monitor the recovery of species affected by an uncontrolled release of sodium 
hydroxide (NaOH) into the Cheakamus River. The CERP has been prepared from an extensive 
review of available literature and is based on the principles of adaptive management. Adaptive 
management will allow the Cheakamus Ecosystem Restoration Technical Committee (CERTC) 
to review the results of recovery strategies on an ongoing basis and recommend alternate 
strategies as new information becomes available. In addition recovery targets may be adjusted 
based on new information or refinement of existing monitoring programs to develop more 
defensible strategies and robust population estimates.  
 
Several recovery strategies, including fish culture and habitat enhancements have been 
implemented, and these strategies are expected to accelerate the recovery of the Cheakamus 
River ecosystem to a pre-spill state. Fish culture has been implemented for four different species 
of fish, and 13 separate recovery projects have been implemented or are awaiting final approval. 
Enhancement projects implemented to date have created or improved more than 6,500 m2 of fish 
habitat. These strategies will not only help to recover impacted species, but should also improve 
habitat conditions for future brood years. In addition, Canadian National Railway Company 
created the Cheakamus Ecosystem Recovery Fund (CERF) to engage community groups in 
recovery projects. The CERF has not only provided funding for recovery projects but also for 
partnerships to increase environmental awareness and for land acquisitions to protect important 
habitat in the Squamish Estuary. 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. 
 
Natural recovery has also been identified as a viable option, and without intervention affected 
species would still be expected to recover, unless reasons suggesting otherwise are later 
identified. For species for which the extent of impacts and targeted recovery strategies are not 
being implemented, monitoring will continue and viable recovery efforts will continue to be 
considered and implemented as appropriate. 
 
Monitoring is an integral part of recovery and to date more than 14 different monitoring 
programs have been implemented which provide information on species recovery and 
effectiveness of recovery strategies. Some of these programs are complete but others will 
continue to operate until species recovery can be tracked over multiple years to confirm the 
recovery status of various species. Information from recovery monitoring programs is reviewed 
by CERTC on an ongoing basis and updates are provided to the public through the Cheakamus 
Ecosystem Restoration Stakeholder Team. In addition, meeting summaries and reports prepared 
for the CERTC are posted on the CERTC website for public viewing. Suggestions or comments 
about recovery work underway in the Cheakamus River can also be provided at anytime through 
the CERTC website.  The projects and programs described above and the commitment of many 
in CERTC, the community and elsewhere has resulted in recovery progress and has reinforced 
the future prospects of recovery should be met through these collective efforts. 
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1.0 Introduction 

The Cheakamus Ecosystem Restoration Technical Committee (CERTC) was formed in 2005 to 
develop and implement programs to accelerate the recovery of species affected by an 
uncontrolled release of sodium hydroxide (NaOH) into the Cheakamus River. The CERTC is a 
technical working committee composed of members from regulatory agencies, local 
governments, Squamish Nation and Canadian National Railway Company (CN). The Cheakamus 
Ecosystem Restoration Technical Committee strives to understand the ecosystem-level impacts 
and develop restoration and monitoring strategies for species affected to accelerate the return of 
the Cheakamus ecosystem to a pre-spill state as fast as reasonably possible. 
 
Since the incident the CERTC has been reviewing and implementing recovery strategies for the 
Cheakamus River ecosystem. The Cheakamus Ecosystem Recovery Plan (CERP) (Triton, 2006a) 
was developed to identify recovery strategies and monitoring programs to measure recovery of 
affected species. The 2006 CERP outlined the impacts, recovery strategies, monitoring programs 
and recovery targets for species affected by the spill. The CERP relies on an adaptive 
management approach, with continual reviews of project goals and objectives, and monitoring of 
results to identify if recovery strategies are effective and if targets are being achieved. The CERP 
was updated in 2007 to include results from various monitoring programs used to establish 
recovery targets and/or monitor recovery of affected species (Triton, 2007a). All of the recovery 
strategies identified in the CERP have been implemented to some degree. Additional recovery 
projects will also be implemented, pending appropriate work windows, and others are under 
investigation. In addition, the CERTC has implemented several monitoring programs and has 
been working to update or establish defensible targets to measure recovery.  
 
This document builds on the information presented in the CERP 2006 and 2007 by summarizing 
recovery strategies and projects implemented to date as well as information from various 
recovery monitoring programs. More information about the background of the CERP including 
program partnerships, goals and objectives is also available in the CERP 2006 and 2007 (Triton, 
2006a; Triton, 2007a).  

1.1 Study Area 

The Cheakamus River is a tributary of the Squamish River watershed, draining a 1,070 km2 area 
of the Coastal Mountain range in southwestern BC (NHC, 2000). The flow regime of the lower 
Cheakamus River is regulated by the Daisy Lake Dam and reservoir, which diverts a portion of 
the annual discharge to the Cheakamus powerhouse in the Squamish valley. The traditional 
territory of the Squamish Nation encompasses the entire Cheakamus watershed, and the 
Squamish Nation members have traditionally relied on the river and the watershed for cultural 
practices and food as well as transportation (Marmorek and Parnell, 2002).  
 
Downstream of Daisy Lake Dam the Cheakamus River flows 24 km before entering the 
Squamish River at Baynes Island near the community of Brackendale. The Cheakamus River 
supports a variety of anadromous and resident fish species. Anadromous fish access is limited by 
a series of impassable falls (between Reach 9 and 10) located approximately 17 km upstream 
from the confluence with the Squamish River (Figure 1-1).  
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1.2 Duration of the CERP 

The duration of the CERP will be determined with an adaptive management approach. 
Timelines, targets and recovery strategies may be adjusted based on the results of ongoing 
monitoring programs or identification of new information or technologies. The CERP is 
currently based on a 10-year assessment period. The 10-year assessment period represents two 
average life cycle durations for steelhead (Oncorhynchus mykiss), which have been identified as 
one of the most impacted species (McCubbing et al., 2006). Information will be collected and 
reviewed on an ongoing basis, and information from monitoring programs will be compiled and 
reviewed annually, with this document representing the program’s third year. Based on the 
results of the annual review, some modifications may be made to the CERP, although the overall 
project goal and strategy is expected to remain the same.  
 
A more extensive review based on results from various monitoring programs in the watershed 
will be conducted at three-year intervals (i.e., this year). The three-year assessment interval 
represents a single life cycle period for coho salmon (Oncorhynchus kisutch), which were 
another of the most impacted species (McCubbing et al., 2006).For each three-year review, a 
brief document will be prepared summarizing activities undertaken and results of various 
monitoring programs. The review will also include an examination of recovery targets to 
determine if any species can be removed from the list of species targeted for recovery, and 
recommendations on further recovery strategies or revision of recovery targets. At the end of the 
10-year period, all information will be reviewed and used to describe the state of the Cheakamus 
River ecosystem in 2015. This review of information will guide decisions to either extend or 
terminate the CERP beyond 2015.  

1.3 Adaptive Management 

In developing the CERP the principles of adaptive management were adopted in order to allow 
the CERTC to benefit from information obtained during implementation of various recovery 
projects. Adaptive management can mean different things to different people and various authors 
have described the process of adaptive management in their own context. The BC Ministry of 
Forests and Range (MFR) describes adaptive management as: “… a systematic process for 
continually improving management policies and practices by learning from the outcomes of 
operational programs…” (MFR, 2008). Adaptive management can be passive, whereby a 
strategy is implemented and then monitored to see if is was successful; or it can be active, 
whereby multiple strategies are implemented and then monitored to see which one best meets the 
objectives. In essence, adaptive management is learning by doing and assessing results.  
 
Fish abundance monitoring programs identified by CERTC feed into the adaptive management 
framework, along with post-construction assessments of various recovery projects. Results of 
these assessments along with information from other sources are reviewed at regular meetings 
between CERTC members to ensure information is evaluated and used to adjust future programs 
based on lessons learned. Adaptive management will allow the CERTC to recommend alternate 
strategies as new information becomes available. In addition, recovery targets may be adjusted 
based on new information or refinement of existing monitoring programs to develop more 
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defensible strategies and robust population estimates. The principles of adaptive management 
being proposed by the CERTC are summarized in Figure 1-2. 
 
Figure 1-2. Principles of adaptive management, from CERP 2006 
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2.0 Determination of Impacts 

Following the derailment, efforts were made to collect dead fish from the Cheakamus River and 
document the impacts from the spill on fish communities. Monitoring and assessment of juvenile 
abundance and adult returns is also ongoing to further the determination of effects from the spill. 
For the purposes of this report, the term “impact” is defined as in McCubbing et al. (2006) as 
“dead fish recovered”. Following the spill, fish were collected throughout the accessible 
anadromous section of the Cheakamus River. Minnow trapping and electrofishing surveys were 
also conducted to document fish densities post-spill and compare observations to available data 
from pre-spill assessment programs. The results of this assessment were summarized in the 
emergency impact assessment report completed for the BC Ministry of Environment (MoE) 
(McCubbing et al., 2006), which provides a framework for understanding the impacts by species 
identified in relevant sections of the CERP. CERTC continues to review information collected 
from various monitoring programs implemented since the spill in an effort to further increase 
understanding of the spill impacts. Several key elements of the impact assessment to date are 
outlined below in Table 2-1.  
 
Table 2-1. Summary of impacts to fish in the Cheakamus River 
 
Chinook salmon 

(Oncorhynchus 
tshawytscha) 

50% of 2005 adults and 90% of juveniles from 2004 brood year in the 
river at the time of the spill. Most juveniles leave the river as fry and 
therefore impacts to 2004 brood year were considered minimal. 

Pink salmon 

(Oncorhynchus gorbuscha) 

3-10% of 2005 adults and 0% of juveniles from 2004 brood year since 
all juveniles leave the river as fry immediately after emergence. 

Coho salmon 

(Oncorhynchus kisutch) 

0% of 2005 adults and 50% of parr from 2004 brood year in the river 
at the time of the spill. 

Chum salmon 

(Oncorhynchus keta) 

0% of juveniles from 2004 brood year since all juveniles leave the 
river as fry immediately after emergence. The spill occurred well in 
advance of the chum salmon spawning and migration period, and no 
adverse population impacts occurred to adult chum salmon. 

Rainbow / steelhead trout 

(Oncorhynchus mykiss) 

0% of 2005 adult steelhead, and 90% of adult rainbow trout along with 
90% of juveniles from 2003, 2004, and 2005 brood years in the river 
at the time of the spill. 

Cutthroat trout 

(Oncorhynchus clarkii) 

90% of adults and juveniles in the river at the time of the spill. 
However, evidence suggests utilization of the Cheakamus River by 
this species in August is minimal. 

Bull trout 

(Salvelinus confluentus)  

90% of adults and juveniles in the river at the time of the spill. 
However, evidence suggests the majority of adults migrate out of the 
river before August and juvenile utilization of the Cheakamus River 
appears to be low. 

Lamprey 

(lampetra sp.) 

While the magnitude of the impact on lamprey was potentially large 
(based on the numbers of mortalities recorded), sampling efforts 
targeted at lamprey since the spill indicate a considerable number of 
lamprey from a variety of age classes survived the spill. 

Sculpins 

(Cottus sp.) 

90% of adults and juveniles from multiple age classes in the river at 
the time of the spill. 

Threespine stickleback 

(Gasterosteus aculeatus) 

90% of adults and juveniles in the mainstem river at the time of the 
spill. However evidence suggests utilization of the Cheakamus River 
mainstem by this species is minimal. 
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Benthic Invertebrates 
Sampling of benthic invertebrates in the Cheakamus River after the spill documented benthic 
community structure upstream and downstream of the spill site (Stamford et al., 2008; Triton, 
2008a). Initial observations indicated benthic invertebrates survived in some abundance. These 
observations were further confirmed during the dead fish recovery and invertebrate sampling 
programs, when live invertebrates were noted. During the post-spill survival assessments, the 
condition of juvenile fish was also monitored to confirm ongoing feeding as a proxy for a 
functioning food chain capable of supporting juvenile fish.  
 
One report outlining the impacts of the spill is currently being finalized (Stamford et al., 2008) 
and a second report measuring recovery of the benthos community has been prepared (Triton 
2008a). The results of these two reports are summarized in Section 5.0. 
 
Other Ecosystem Components 
The impact of the spill on other ecosystem components was examined through a screening level 
assessment of ecological effects. The ecological effects assessment identified potential receptors 
(e.g., terrestrial and aquatic mammals, birds, amphibians, reptiles and invertebrates) and 
categorized the risk using a matrix of effects. The assessment identifies potential population-
level effects from the spill and recommends next steps to be undertaken for other ecosystem 
components in the Cheakamus River (Triton, 2007b).  
 
The results of the screening level assessment of ecological effects are summarized in Section 6.0. 
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3.0  General Recovery Strategies  

The CERP considered and identified a number of potential recovery strategies for fish affected 
by the NaOH spill in the Cheakamus River (Triton, 2006a). There are practical limitations and 
constraints on the types of works that would benefit each species of concern. These include a 
limited number of potential restoration sites, and limited experience and expertise for applying 
certain techniques on rivers as volatile and large as the Cheakamus. There is also uncertainty 
regarding whether the quantity or quality of certain fish habitats actually constrain the recovery 
of impacted populations. However, these uncertainties should not limit the actions taken, but 
rather should encourage examination of which actions are effective and which ones are not. 
Project reviews and adaptive management will ensure lessons learned are used to improve future 
projects.  
 
An additional consideration of recovery projects is the desire to not confound monitoring studies 
directed at the recently implemented BC Hydro Water Use Plan (WUP) for the Cheakamus River 
(Marmorek and Parnell, 2002). Consequently, close collaboration between the CERTC and BC 
Hydro WUP monitoring programs will be maintained in order to limit potential conflicts 
between these two important initiatives. 
 
By implementing these programs and following adaptive management principles, it is believed 
fish populations will recover more quickly and be more resilient to changes.  
 
One of the first recovery strategies implemented to accelerate recovery of affected species was 
fish culture. In the weeks after the spill, efforts commenced to undertake targeted fish culture 
programs for pink and chinook salmon. Fish culture efforts have since been expanded to include 
coho salmon and steelhead trout. 
 
In addition to supplementation programs such as fish culture, habitat enhancements targeted at 
specific species were also identified as a viable recovery strategy. Habitat enhancement projects 
have been implemented not only to improve short-term rearing conditions and accelerate 
recovery, but also to improve habitat conditions for future brood years. Habitat enhancement 
projects recommended in the CERP and implemented to date include:  

 Removal of man-made barriers 

 Restoration of floodplain habitats - Squamish River Estuary 

 Side channel and off-channel development and enhancement 

 Structural habitat improvements 

 
Natural recovery has also been identified as a viable option for some species. For these species 
(e.g., cottus sp.) recovery is being monitored by examining relative abundance using a repeated 
measures sampling program at a series of monitoring sites (Triton, 2006b). Habitat enhancement 
activities targeted at other species may also have benefits to these species and therefore 
monitoring programs also include efforts to document fish utilization of enhancement sites. 
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3.1 Implemented Projects 

The following section summarizes Cheakamus River recovery projects implemented to date. 

3.1.1 Fish Culture 

Targeted fish culture was identified as an effective strategy for chinook, coho and pink salmon, 
as well as steelhead trout, and programs have been implemented since 2005 (Table 3-2). Fish 
culture programs implemented as part of recovery efforts are funded by CN and implemented in 
co-operation with DFO, MoE and the Freshwater Fisheries Society of BC (FFSBC). The CERTC 
provides recommendations for implementation of fish culture programs but management and 
implementation details of any fish culture programs are determined by the regulatory agency 
responsible and individual facilities. The benefits versus risks of fish culture will continue to be 
assessed and monitored by the CERTC based on the best scientific information identified. 
 
Table 3-1. Status of the Cheakamus recovery fish culture programs, 2007  

Species Goal Status 

Chinook 2005/06 – no egg target 
2006/07 – 100,000 eggs 
2007/08 – 100,000 eggs 
2008/09 – 100,000 eggs 

2005/06 – 7,378 fry released 
2006/07 – 106,513 fry released 
2007/08 – 67,652 fry released 
2008/09 – Project underway 

Pink 2005/06 – 500,000 eggs 
2007/08 – 1,000,000 eggs 
2009/10 – 1,000,000 eggs 

2005/06 – 574,533 fry released 
2007/08 – 464,553 fry released 
TCH infrastructure improvements in progress 

Steelhead 2006/07 – 20,000 smolts 
2007/08 – 20,000 smolts 

2006/07 – 10,803 smolts released (TCH) 
              – 10,679 smolts released (FVTH) 
2007/08 – 8,731 smolts released (TCH) 
              – 8,857 smolts released (FVTH) 

Coho 2006-09 – no egg target 
2007-09 – 80,000 eggs 

2006/08 – 41,675 smolts released 
2007/09 – rearing 77,606 fry 

 
CN funding of recovery fish culture programs has also included upgrades to the Tenderfoot 
Creek Hatchery (TCH) and Fraser Valley Trout Hatchery (FVTH) facilities to facilitate program 
implementation. These upgrades not only provide capacity for program implementation but will 
also improve the long-term effectiveness of each facility.  
 
In an effort to monitor the success and contribution of chinook fish culture strategies to adult 
returns, CN funded programs in 2007 and 2008 to implant approximately 100,000 hatchery-
raised chinook juveniles with Coded Wire Tags (CWTs) and then release them into the 
Cheakamus River. The Pacific Salmon Foundation (PSF) also provided complementary funding 
to implant CWTs in 100,000 seapen-reared chinook juveniles released in Howe Sound in 2007 
and 2008. Data collection from this program will provide information on survival rates, 
migration patterns and timing.  
 
Other programs to gather additional information about the success of various supplementation 
programs have also been implemented by CN and CERTC. In 2007 the CN Cheakamus 
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Ecosystem Recovery Fund (CERF; Section 3.2) funded a graduate student project to investigate 
the migration patterns of coho smolts released from TCH using acoustic tags. This project 
involved implanting hatchery raised coho smolts with acoustic tags and installing receivers at 
various locations in the Cheakamus River and Howe Sound to record individual fish movements 
past the fixed tracking station. A report summarizing results of this assessment is currently in 
preparation (Melnychuck, 2008). In addition, acoustic tracking of hatchery raised steelhead 
smolts was also implemented in 2007 as part of the steelhead supplementation monitoring 
program, and was expanded to include wild steelhead in 2008 (Melnychuck, et. al., 2008).  

3.1.2 Removal of Man-Made Barriers 

The CN bridge crossing over Cheekye River was identified as a location to benefit from 
improved fish access to spawning and rearing areas in Brohm River. This project was targeted at 
steelhead trout but other species such as coho salmon and cutthroat trout may also benefit from 
this project. Modification of this structure to remove the centre portion of the existing concrete 
apron was completed in 2007 (Triton, 2008b).  

3.1.3 Restoration of Floodplain Habitats – Squamish River Estuary 

Enhancement/restoration of the Squamish River estuary has been identified as an effective 
strategy for improving the productive capacity of not only the Cheakamus River but also the 
Squamish River watershed. All anadromous species can benefit from improvements to the 
productive capacity of estuary habitats. The greatest benefits are realized by species that migrate 
to the ocean soon after emergence or utilize the estuary for rearing, and therefore these projects 
are considered to be targeted at chinook and pink salmon. However, other species such as coho 
salmon, cutthroat trout, bull trout and even sculpins may also benefit from enhancement projects 
in the estuary.  

 The re-connection of Wilson Slough to the Squamish Estuary was identified as a good 
project for enhancement and restoration by improving water quality and fish passage, 
thereby increasing the productive capacity of Wilson Slough. The project design included 
the connection of these two water bodies with a 76 m culvert and an automated gate to 
limit inflow from the Squamish River Estuary and regulate water levels in Wilson 
Slough. The Wilson Slough reconnection project was constructed between October 2007 
and May 2008 (Triton, 2008c). 

 As part of the CN Cheakamus Ecosystem Recovery Fund (CERF), the CERTC approved 
funding for installation of three culverts through the Squamish River Estuary training 
dyke. This project was identified through an application to the CERF and was co-funded 
with the Bridge Coastal fish and wildlife Restoration Program (BCRP). The project is 
intended to improve access to the estuary for juvenile fish migrating down the Squamish 
River, and was completed between March and May 2008 (SRWS, 2008a).  

 The Carson Place culvert replacement project was identified as another in a series of 
projects designed to improve water quality in the Mamquam Blind channel and Wilson 
Slough. This project, funded by the CERF, will endeavour to replace and lower an 
existing culvert to improve tidal flushing of Wilson Slough. This project was completed 
in August 2008. 
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3.1.4 Side Channel and Off-Channel Development and Enhancement 

Side channel and off-channel habitats in the Cheakamus River watershed have been enhanced to 
improve fish habitat since 1984 (Melville, 2001). Most of these projects have been constructed 
on or adjacent to lands controlled by the North Vancouver Outdoor School (NVOS) and 
Squamish Nation (SN), and in areas protected by flood control dykes. These channels have 
typically been built to provide habitat for species such as coho, chum, and pink salmon. 
However, they also provide benefits to other species such as chinook salmon, cutthroat, rainbow, 
and bull trout and even lamprey, sculpin and threespine stickleback. In summary, side channel 
and off-channel habitats can benefit all species impacted by the spill, depending on construction 
techniques and habitat conditions created. 
 
Projects implemented to date have been selected based on feasibility and their ability to provide 
or enhance habitat for fish species directly impacted by the spill. 

 During 2006, habitat enhancement work was performed in select restoration channels on 
the Dave Marshall Salmon Reserve (DMSR) to improve fish access and habitat 
complexity for stream-rearing species affected by the spill (Figure 3-1). Four channels 
were selected for enhancement efforts in 2006 including: Mile 49, Gorbuscha, Gorbuscha 
East and Mykiss channels. Habitat enhancement activities for this project resulted in the 
installation of 92 habitat structures and the creation of approximately 2,287 m2 of new or 
improved cover habitat for stream-rearing fish (Triton, 2007c).  

 In 2007, a side channel re-watering project was undertaken in the Cheakamus River near 
river km 6.5 (Figure 3-1). Following a feasibility assessment in the spring of 2007 to 
determine channel gradient and identify suitable habitat structure designs, the project was 
completed in July and August 2007. The km 6.5 side channel was designed to be a flow-
through channel affected by local stage changes in the mainstem Cheakamus River. The 
project resulted in the creation of an estimated 1,300 m2 of new wetted habitat including 
30 LWD structures, 50 boulder clusters and 18 rearing/holding pools (Triton, 2008d). 
Post-construction surveys have confirmed utilization of the channel by target species for 
rearing and spawning (Triton, 2008e, and 2008f).  

 A second side channel re-watering project was undertaken in early 2008 (Figure 3-1). In 
addition to a surface water intake (similar to km 6.5), the km 8 side channel also included 
a controlled pipe intake structure designed and installed in collaboration with DFO. The 
project resulted in the perennial re-watering of a channel approximately 4 m wide and 
more than 550 m in length. In addition, the project included the installation of 72 LWD 
structures (268 m2) and 39 boulder features (180 m2), as well as the construction of 12 
rearing/ holding pools (Triton, 2008g).  
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3.1.5 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, and other resident species.  

 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 riverbank in 2007. The project resulted in the 
installation of 11 LWD structures between river km 5.5 and 6.5. In addition, large 
boulder features were installed as part of structure anchoring, bank protection and 
navigational safety measures (BCCF, 2008).  

 In 2008 a project was undertaken to enhance instream habitat in Brohm River (a tributary 
to the Cheakamus 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. 

 
Additional CERF applications for instream habitat improvement projects are also under review 
by CERTC. 

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 also established the Cheakamus Ecosystem Recovery Fund (CERF). The CERF was 
established in 2006 to provide a funding source for community and stewardship groups in the 
area 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 on 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, will be 
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 for funding in any one year of the program (e.g., 
2006 or 2007) are carried over into subsequent years of the funding program, for a total funding 
commitment of $2,000,000. 
 
To date, 12 projects have received funding from the CERF, and three (3) other projects have 
received conditional approval pending further clarification of details by applicants. The total 
estimated value of all these projects is $1,688,744 with 43% ($723,684) of the funding being 
provided by the CERF.  
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2007 approved projects: 

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

 Squamish River Estuary training dyke culvert improvement project 

 Creel survey of the Squamish River watershed recreation fishery  

 Tenderfoot Creek Hatchery infrastructure modifications 
 

2008 approved projects: 

 2008 Squamish outreach & education project for the salmon recovery project 

 Wilson Slough culvert installation 

 Investigating cottid re-colonization in the Cheakamus River, through measurements of 
genetic distinctiveness  

 Brohm River instream habitat restoration project, Phase 1 

 Eelgrass restoration in upper Howe Sound by Stawamus 

 Squamish River Estuary land purchase – Cattermole slough 

 Swift Creek channel restoration – seed funding for flow supplementation project 

 Cattermole Creek Loop Boardwalk – seed funding for project design  
 
2008 conditionally approved projects under review: 

 Squamish River Estuary riparian land purchase – Mamquam Island 

 Lower Cheakamus River instream habitat restoration project, Phase 2 

 Cheakamus River engineered log jam (ELJ) habitat project, Phase 1 

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 and from monitoring and assessment 
efforts currently underway and/or proposed. Where beneficial or if requested, the CERTC will 
coordinate with and provide 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 are identified in relevant sections of 
species-specific recovery plans and in the 2006 and 2007 CERP (Triton, 2006a and 2007a). 
Recovery targets identified for species where reliable historical data is available are provided in 
Table 4-1.  
 
Table 4-1. Recovery targets for fish species with reliable historical data 

Species 
Primary Measure of 

Recovery 
Recovery Target 

Time Frame 
(consecutive 

years) 

Starting 
Year 

Chinook salmon 
Number of 0+ outmigrant fry at 

RSTs 
 (range: 60,851 to 

212,796) 
5 2009 

Coho salmon 
Number of outmigrant smolts at 

RSTs 
(range: 39,087 to 

127,974) 
3 2007 

Pink salmon 
Number of outmigrant fry at 

RSTs 
*minimum 326,045 2 2008 

Bull trout Adult bull trout abundance TBD 3 2006 

Steelhead trout Wild adult steelhead escapement  (range: 255 to 585) 5 2008 

*progeny of odd numbered years only as even year returns are minimal and were not impacted  
 
Additional information about recovery targets is available in species specific sections below and 
the CERP 2006 and 2007 (Triton 2006a and 2007a). 
 
Where background information is not available to develop defensible recovery targets from 
existing data on the Cheakamus River, the CERTC is considering other alternative measures of 
recovery. For example, comparisons of relative abundance to information from other similar 
river systems using either historic or current levels of abundance may provide a suitable baseline 
to establish recovery targets. These levels of abundance could include a range of values based on 
species-specific densities and specific types of habitats or could be based on an average value 
reflective of potential for production. CERTC is also continuing to review existing and other new 
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literature and monitor species abundance through the implementation of additional monitoring 
programs.  
 
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 will 
consider developing primary and secondary recovery targets as a measure of species recovery. 
Existing and new information will continue to be reviewed and ongoing consultation among 
CERTC members will endeavour to identify additional or more defensible recovery targets. 
Where practical or beneficial, the CERTC will also review existing or proposed monitoring 
programs to recommend or support program modifications that will improve confidence limits of 
information collected. 

4.1 Target Species for Recovery  

The CERTC recognizes the recovery of all species is important and the goal of the CERP is to 
implement recovery strategies to target impacted species and improve productive capacity to 
facilitate the recovery of all species. After compiling a list of fish species impacted by the spill 
(McCubbing et al., 2006), the species list was reviewed along with available literature to 
determine if species-specific restoration or enhancement strategies could be identified to 
implement 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 will continue to be reviewed in an effort to develop defensible 
recovery targets and strategies for other species.  
 
Appendix 1 contains a list of reports identified and considered in developing recovery targets and 
strategies for fish species in the Cheakamus River. Although this list is extensive it does not 
necessarily include all of the reports reviewed or identified for all species. Some reports not 
included on the list may have been deemed irrelevant, and efforts to identify and review 
additional reports relevant to Cheakamus ecosystem recovery planning are ongoing.  

4.2 Species-Specific Recovery Plans 

Fish species in the Cheakamus River have a wide range of life history cycles and habitat 
preferences (Appendix 2). A variety of monitoring programs and other population assessment 
techniques have been developed or implemented in the Cheakamus River 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 order in which the 
strategies are presented does not necessarily reflect the level of impact from the spill or the 
importance of an individual species.  
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The following section presents applicable species-specific recovery targets and available 
monitoring results from years one to three of the recovery program. In addition, 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 the CERP 2006 and 2007 (Triton, 2006a and 2007a).  

4.2.1 Chinook Salmon 

Recovery Target(s) 

The CERP will use 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, 2008). The observed tendency for over 90% 
of the spring chinook migrants to be 0+ smolts suggests the average magnitude of the 0+ smolt 
migration would be the best measure of the health of the Cheakamus River chinook salmon 
population. Pre-spill estimates of 0+ chinook fry abundance would provide the benchmark for 
measuring chinook salmon recovery in the Cheakamus River. The recovery target, therefore, will 
be 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 will be 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 it is proposed the recovery 
target will need to be met for a consecutive period of five 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 (2008) indicates the preliminary recovery target should be between 60,851 and 
212,796 migrating chinook fry (0+). This recovery target may also need to be adjusted based on 
results of the spring 2008 juvenile outmigration monitoring program. 
 
The recovery target will be based on each of the five consecutive years falling within the range 
of the pre-spill period of record (60,851 to 212,796). Stream type chinook (1+) will 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. 

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 are not yet 
available. In 2006 a population estimate for chinook fry from the 2005 brood year migrating past 
the RST trap site could not be developed due to low abundance of chinook fry (Melville and 
McCubbing, 2008). Results of the 2007 outmigration monitoring program yielded a population 
estimate of 150,374 chinook fry from the 2006 brood year. This value is within the recovery 
target for chinook salmon although the 2006 brood year was not impacted by the NaOH spill. 
 
Chinook juveniles were also captured during surveys for the Resident Fish Abundance 
Monitoring Program (RAMP) although chinook fry are not specifically targeted by this program 
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and information collected is not intended to be used to measure recovery. A total of 805 chinook 
fry were captured by electrofishing in April 2007 along with 14 fry captured by minnow trapping 
(Triton, 2008e). In April 2008, a total of 567 chinook fry were captured by electrofishing and six 
(6) chinook fry were captured by minnow trapping (Triton, 2008e and 2008f).  

Recovery Strategy 

The overlapping life history and variable ocean residence times means chinook fry produced 
from fish culture will contribute to multiple returning brood years in the future. Fish culture 
efforts targeted at chinook salmon recovery in the Cheakamus River have been implemented 
since 2005. To date a total of 181,543 chinook fry have been released as part of the recovery fish 
culture program. In addition, the 2008 fish culture program includes a target of 100,000 eggs for 
propagation and subsequent release to the Cheakamus River. Infrastructure upgrades are also 
being funded as part of the CERF which will allow TCH to modify their fish culture program 
and increase capacity to allow more stream-specific fish culture programs.  
 

Chinook salmon are also expected to 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 are also expected to 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. 

4.2.2 Coho Salmon 

Recovery Target(s) 

The CERP will use pre-spill estimates of coho smolt abundance as the benchmark for measuring 
overall coho salmon recovery. The recovery target, therefore, has been determined based on 
analysis of the annual spring migration data for the 2000 to 2005 period of record, and will 
require the annual spring migration to fall within the annual variability of this period. Due to the 
variability of individual coho life history cycles, it is proposed the recovery target will need to be 
met for a consecutive period of three years starting in spring 2007 when the first progeny from 
adults of the 2005 brood year that were not impacted 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 (2008) 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 2006 coho smolt emigration past the RST trap site was estimated at 36,209 (based on 
the PPE of side channel marked fish). 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 
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McCubbing, 2008), and was below the recovery target for coho smolt outmigration. In 2007, the 
coho smolt emigration was estimated to be 85,018. This value is within the recovery target for 
coho salmon.  
 
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. Coho, although not a target 
species of the RAMP program, are incidentally captured during the sampling program and 
information collected on coho salmon will also be reported to supplement knowledge of coho 
abundance and distribution in the Cheakamus River. In September 2006 a total of 2,254 juvenile 
coho were captured by minnow trapping accounting for 96% of the total catch (2,348 fish). In 
addition, coho salmon accounted for 14.6% of the 3,284 fish captured by electrofishing (Triton, 
2008h). During subsequent surveys in April and September 2007, and April 2008 coho juveniles 
have continued to be abundant accounting for 89% of 5,476 fish captured by minnow trapping 
(range 67% to 96%) and 19% of 7,271 fish captured by electrofishing (range 6% to 29%) 
(Triton, 2008e and 2008f).  
 

Recovery Strategy 

In order to accelerate the recovery of coho salmon, several restoration strategies are proposed or 
being considered. TCH has an extensive hatchery program for production of coho salmon in the 
Squamish River watershed (P. Campbell, oral 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 Km 10 to 17 to supplement the upper river portion of the 
coho population. In 2007 a total of 115,273 eggs were collected from the Cheakamus River as 
part of this targeted fish culture program. Juveniles are currently being reared at TCH and will be 
released to the Cheakamus River in spring 2009. 
 
Coho salmon are also expected to 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 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. 

4.2.3 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. Although defensible population estimates were not obtained prior to 2006, 
changes to the RST program provide a greater level of confidence in generating population 
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estimates in future years. Since 2006 was the first time a defensible population estimate was 
generated for pink salmon, this value has been identified as a baseline to measure recovery in 
future years.  
 
Based on the estimated impact of 3 to 10% of adult returns in 2005, the recovery target for pink 
salmon is a 10% increase in the 2006 pink salmon fry population estimate. Therefore the 
population target for the 2008 pink salmon fry yield is 326,045 (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 Strategy 

Fish culture programs targeted at pink salmon were implemented in 2005/06 and 2007/08. 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 (P. Campbell, written communication, 2006). A total of 464,553 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. 
 
Based on estimated survival rates for hatchery origin pink salmon fry of 2.5% provided by DFO, 
approximately 25,977 adult pink salmon are expected to return to the Cheakamus and Squamish 
rivers from fish culture efforts conducted to date. In comparison, it was estimated between 600 
and 2,000 adult pink salmon were killed as a result of the derailment (McCubbing et al., 2006). 
A target of 1,000,000 pink salmon eggs for propagation is also proposed for 2009/2010. 
 

In addition to fish culture efforts implemented to date and proposed for 2009/10 targeted at pink 
salmon, other recovery projects are also expected to benefit pink salmon. In particular, CN is 
funding 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 
are also expected to benefit from other recovery projects such as re-watering of side channels 
and enhancement of floodplain habitat (e.g., Squamish River Estuary). Recovery projects 
proposed and implemented to date and expected to benefit pink salmon are described in more 
detail in Section 3.0. 

4.2.4 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). Information from other literature reviewed also suggests 
cutthroat trout prefer smaller streams and the Cheakamus River does not provide preferred 
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habitat for cutthroat trout (see life histories in Appendix 2). A program to monitor juvenile and 
resident fish densities as a means of measuring recovery was developed and implemented in 
2006 (Triton, 2006b), and CERTC is monitoring the abundance of cutthroat trout through this 
and other assessment programs. The results from various assessment programs will be reviewed 
and considered along with information from other downstream trapping programs and snorkel 
surveys being conducted by BC Hydro, to assess cutthroat trout abundance. Based on this 
information, the CERTC is not proposing a specific recovery target for cutthroat trout. 

Recovery Monitoring Results 

Although CERTC has determined a recovery target for cutthroat trout is not necessary, the 
RAMP program initiated by CN will continue to assess and document incidental captures of this 
species in the Cheakamus River (Triton, 2006b). No cutthroat trout were captured by either 
electrofishing, minnow trapping or seining in the first two years of the program (Triton, 2008e 
and 2008h), although one cutthroat trout was captured in the lower Cheakamus River during 
investigations to develop the CERP in 2006 (Triton, 2006c), and juvenile cutthroat trout were 
captured in Brohm River during surveys in the fall of 2007 (Triton, 2008e). 

Recovery Strategy 

Cutthroat trout are expected to 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 micro habitat 
preferences to rainbow trout (e.g., riffles and instream cover features). In addition, adult cutthroat 
trout will use estuary habitats. Thus, cutthroat trout are expected to benefit from enhancement 
projects targeted at other species. These projects include enhancement of existing restoration 
channels, side channel construction, barrier removals, structural habitat improvements, and 
habitat enhancements in the Squamish River Estuary. Recovery projects proposed and 
implemented to date and expected to benefit cutthroat trout are described in more detail in 
Section 3.0. 

4.2.5 Rainbow Trout (Steelhead) 

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

Recovery Target(s)  

The CERP will use pre-spill estimates of adult steelhead escapement in the Cheakamus River as 
the primary measure of steelhead trout recovery (Korman and McCubbing, 2007). In addition the 
recovery target for adult steelhead will consider the Greater Georgia Basin Steelhead Recovery 
Action Plan which suggests stocks be maintained above 30% of habitat capacity (Lill 2002). For 
the Cheakamus River the BC MoE has determined the RMZ target for the Cheakamus River is 
210 wild adult steelhead. The recovery target therefore will be based on analysis of the annual 
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escapement data for the 2000 to 2007 period of record, and will require the annual spring 
migration 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 consecutive period of five 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 population of 255 to 585 wild adults (i.e., where feasible adults from hatchery 
progeny will be enumerated separately). The recovery target will be based on each of the five 
consecutive years falling within the range of the period of record for unaffected return years (255 
to 585 wild adults).  
 
The CERTC recognizes adult 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 have variable and overlapping life history strategies 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. Secondary measurements of recovery such as fry 
abundance and migrating smolt population estimates (i.e. from RST’s) are also being collected 
and assessed by the CERTC in an effort to obtain defensible secondary measures of recovery. 
Other indicators such as fry biomass per unit area, and relative abundance of parr (from juvenile 
assessments and snorkel surveys), will also be considered as part of weight of evidence approach 
to measuring recovery.  In addition, CERTC will consider incidental information on abundance 
of adult rainbow trout from steelhead snorkel surveys as an indicator of rainbow trout 
abundance.  In summary, while adult counts compared to pre-spill values provide the most 
defensible measurement of steelhead recovery, other information will also be considered to 
evaluate the recovery of steelhead and  rainbow trout in the Cheakamus River.  

Recovery Monitoring Results 

Adult steelhead from brood years impacted by the NaOH spill are not expected to return to the 
Cheakamus River until 2008 with the most impacted years returning in 2009 and 2010. The 
estimated steelhead escapement in 2006 and 2007 was 255 and 585 adults respectively (Korman 
and McCubbing, 2007). Although these returns 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 is not yet available.  
 
Assessments conducted for the RAMP documented densities of rainbow fry at a series of open 
and closed-pass electrofishing sites in the Cheakamus River (Triton, 2008e, 2008f, and 2008h. 
BC Hydro, as part of their WUP monitoring program, also conducted surveys in 2007 as part of 
and a five-year program to monitor adult abundance, fry emergence-timing and juvenile habitat 
use and abundance (see CERTC website, www.certc.ca). All of this information will be 
considered and compared to historical data in the context of recovery monitoring.  
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The juvenile migration monitoring program conducted by BC Hydro has been unable to provide 
consistent population estimates for steelhead juveniles due to low numbers of fish captured in 
some years (Melville and McCubbing, 2008). Therefore information from the RST trapping 
program is not being used by CERTC to measure recovery. However CERTC does review 
information about the outmigration steelhead juveniles collected during this program and results 
are posted on the CERTC website as they become available.  

Recovery Strategy 

In order to accelerate the recovery of rainbow trout and steelhead, several restoration strategies 
have been implemented or are being considered. A limited steelhead culture program has been 
implemented in 2006/07 and 2007/08 to supplement steelhead production in the Cheakamus 
River. During 2006, a total of 21,480 juvenile steelhead were released into the 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 three of the 
impacted adult return years (2009 - 2011). 
 
Steelhead culture is being assessed through a series of monitoring programs. Numerous steelhead 
culture update letters have been circulated through the CERTC website to address public 
comments about the project. A series of broodstock capture protocols were implemented in 2007 
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. Acoustic telemetry is also being used to track tagged steelhead as they migrate 
downstream and during ocean migration (Melnychuck et. al., 2008). Additional projects are also 
being considered to assess adult returns from fish culture efforts. 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 proposed modification of 
the CN crossing of the Cheekye River, construction of side channels, and structural habitat 
improvements in the Cheakamus River mainstem. Recovery projects proposed and implemented 
to date and expected to benefit rainbow and steelhead trout are described in more detail in 
Section 3.0.  

4.2.6 Bull Trout 

Dolly Varden and bull trout juveniles are difficult to differentiate as the two species are closely 
related. Previous studies 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, samples collected after the 
spill and analyzed by MoE provided further evidence char in the Cheakamus River are bull trout 
(G. Wilson, oral communication, 2007).  
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Recovery Target(s)  

Evidence collected from various monitoring programs suggests juvenile bull trout are not 
abundant in the Cheakamus River as few bull trout have been captured in previous electrofishing 
or salmon migration trapping studies (van Dishoeck, 2000 and 2002; van Dishoeck and Horne, 
2002; Sneep, 2001; Melville, 2005; and Melville and McCubbing, 2005). While these studies 
have not specifically targeted bull trout parr habitat, based on this information CERTC is not 
proposing a specific recovery target for juvenile bull trout.  
 
Adult bull trout have been documented during snorkel surveys to estimate steelhead escapement 
since 2000 (Korman, 2002; Korman et al., 2004; Korman and Melville, 2004). In 2007 a radio 
telemetry program was implemented to develop an index of observer efficiency in an effort to 
calibrate to historic snorkel survey data (Melville and McCubbing, 2006b). Calibrating observer 
efficiency is expected to allow historic data to be used in developing a defensible measurement 
of adult bull trout abundance as a recovery target.  

Recovery Monitoring Results 

A maximum count of 176 adult bull trout was obtained during snorkel surveys in January 2007 
conducted for the radio telemetry program (Ladell et al., 2007). In addition, radio tracking data 
indicated the majority of tagged fish left the river after the juvenile salmon outmigration period 
in the spring. While there is insufficient information (based on a single year of data) to develop 
an index of observer efficiency, the results demonstrated adult bull trout continued to utilize the 
Cheakamus River after the spill. Information regarding timing and migration patterns collected 
in 2008 was similar to data collected in 2007 (InStream, written communication, 2008), 
indicating that currently the majority of fish do not utilize the river in early August, at the time 
when the spill occurred. Further information on timing of bull trout movements and migration 
patterns will be collected through the radio telemetry program in 2008. 
 
Although CERTC has determined a recovery target for juvenile bull trout is not necessary, the 
RAMP program initiated by CN will continue to assess and document incidental captures of this 
species in the Cheakamus River (Triton, 2006b). Two (2) juvenile char were captured by 
electrofishing in the first year of the program (Triton, 2008h). During surveys in 2007, seven (7) 
juvenile bull trout were captured in the spring and 15 juveniles were captured during fall surveys 
(Triton, 2008e). Surveys in April 2008 captured 11 bull trout juveniles (Triton, 2008f). This 
information confirms the presence of juveniles in the watershed and suggests breeding is 
occurring. 

Recovery Strategy 

Bull trout are expected to 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 in particular are 
expected to 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. In addition, radio tracking information suggests bull trout may also 
utilize the estuary for some periods of time, and therefore bull trout should also benefit from 
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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.  

4.2.7 Threespine Stickleback 

Recovery Target(s)  

While threespine stickleback are abundant and distributed throughout the ponds and channels of 
the NVOS 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 is conducive to 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 also included anecdotal accounts of large numbers of 
stickleback in the Duck Pond at NVOS and the results of the post-spill survivorship evaluations 
(McCubbing et al., 2006; M. Foy, oral communication, 2006). In addition, information from 
other literature reviewed indicates the mainstem Cheakamus River does not provide preferred 
habitat (e.g., slow moving ponds and back channel areas) for threespine stickleback (Appendix 1 
and Appendix 2). Multiple lines of evidence have been identified suggesting the impact of the 
NaOH spill on stickleback was minimal. Based on this information, the CERTC is not proposing 
a specific recovery target for threespine stickleback.  

Recovery Monitoring Results 

Although CERTC has determined a recovery target for threespine stickleback is not necessary, 
the RAMP program initiated by CN will continue to assess and document incidental captures of 
this species in the Cheakamus River. Stickleback were not captured during 2006 surveys for the 
RAMP targeted at mainstem habitats in the Cheakamus River (Triton, 2008h). Stickleback were 
captured and observed in considerable numbers during other fish sampling programs in 2006 
(Triton, 2007c and 2007d). In April 2007, a total of nine (9) stickleback were captured by 
minnow trapping and one (1) by electrofishing (Triton, 2008e). When sampling sites were 
expanded to include off-channel areas during September 2007 surveys, 156 stickleback were 
captured by electrofishing and minnow trapping (Triton, 2008e). In summary, few stickleback 
have been captured in mainstem areas of the Cheakamus River, either before or since the spill. 
However, stickleback have been captured when sampling areas were chosen to target preferred 
habitat, indicating the species continues to be abundant in slow moving ponds and backwater 
areas.  

Recovery Strategy 

Stickleback have been found in the Cheakamus River outside the NVOS and no efforts targeted 
at manipulating this species into recovery are currently being proposed. Stickleback are 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 and expected to 
benefit stickleback are described in more detail in Section 3.0.  
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4.2.8 Coastrange and Prickly Sculpin  

Recovery Target(s)  

Information on pre-spill density of sculpin has been identified from surveys targeted at rainbow 
trout fry habitat (van Dishoeck, 2000 and 2002; van Dishoeck and Horne 2002) but a definitive 
recovery target has not yet been established by the CERTC (Triton, 2006a and 2007a). At this 
time the CERTC is monitoring the abundance of sculpin in the Cheakamus River and will 
continue discussions to determine a defensible recovery target based on historic incidental 
information and information from ongoing assessment programs as it becomes available. The 
recovery target for sculpins is expected to be based on comparing historic values to information 
collected during post-spill sampling of similar rainbow trout fry habitat.  In addition, recovery 
monitoring will consider information form other sites targeted at sculpin and the trend in sculpin 
abundance to determine if populations appear to be reaching a state of equilibrium (e.g. stop 
increasing). Additional efforts are also underway to determine species composition (i.e. prickly 
and coastrange), and compare species composition to adjacent watersheds (e.g. Mamquam and 
Squamish River) and pre-spill levels. 

Recovery Monitoring Results 

The RAMP initiated by CN targets sculpin as one of the species to be monitored as part of the 
program (Triton 2006b). Surveys conducted between 2006 and 2008 (Triton, 2006c; Triton, 
2008e, 2008f, and 2008h) targeted at sculpins have documented the presence of sculpins in the 
lower Cheakamus River, although few sculpins have been captured at sites further upstream than 
km 3. Although the mechanism of recovery (re-colonization from the Squamish River or natural 
recruitment) is unknown, this information infers natural recovery is taking place. During surveys 
conducted in September 2006, 93% of the 95 sculpins captured by electrofishing were located 
below km 3 (i.e., downstream of Cheekye River), with the remaining fish being captured at sites 
located up to km 6.7. In September 2007, the distribution was similar with 93% of 164 sculpins 
captured by electrofishing being below km 3, however sculpins were also captured as far 
upstream as km 10.8. During September 2008, sculpin were captured in all of the electrofishing 
sites up to km 11, although abundance was still greater in site further downstream. 
 
Results from a literature review conducted by Triton Environmental Consultants Ltd. in 
preparation of the CERP 2006 identified several overlapping physical characteristics of the two 
species of sculpins identified as being present in the Cheakamus River. Observations in the field 
also raised concerns about species identification due to these overlapping physical 
characteristics. During 2007 a field key was prepared based on a variety of literature sources in 
an effort to identify sculpins to species with more consistency. In addition, genetic samples were 
collected to verify the observations made using the field key. Analysis of genetic samples 
collected from sculpins in 2007 and 2008, and efforts to verify the validity of observations based 
on the field key are currently in progress. Preliminary results of the genetic analysis indicate 
coastrange sculpin (Cottus aleuticus) are more prevalent than prickly sculpin (C. asper) in the 
Cheakamus River. 
 
In addition to monitoring efforts underway through the RAMP, CN is funding efforts to collect 
additional information on sculpin life history and distribution in the watershed. These efforts 
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include collection and analysis of genetic samples to further test visual species identification 
based of field keys, as well as the collection and analysis of genetic samples and abundance 
information from adjacent watersheds (i.e., Mamquam and Squamish rivers). These projects will 
provide a better understanding of sculpin life history in the watershed and provide valuable 
information about the mechanisms of recovery for these species.  
 
Monitoring of sculpin abundance in the Cheakamus River will continue in order to measure 
natural recovery. Anecdotal information will also be collected during the downstream trapping 
programs being conducted by BC Hydro. In addition to monitoring of abundance, observations 
of habitat quality and quantity will be collected, along with morphometric data including length 
and weight. Other studies such as those being undertaken by BC Hydro also provide an 
opportunity for collecting additional information on cottids to further evaluate the level to which 
natural recovery may be occurring.  

Recovery Strategy 

No efforts targeted at assisting sculpin recovery are currently being proposed. Despite the lack of 
targeted recovery projects sculpin may benefit from other recovery strategies targeted at other 
species to increase cover habitat in the Cheakamus River and enhance the Squamish River 
Estuary. 
 
Given the estimated mortality of their respective populations caused by the NaOH spill, sculpin 
may require some level of recovery manipulation. Both species are relatively long-lived and 
there would have been impacts to several brood years. In the event natural recovery is not 
adequate to re-establish sculpin populations, it may be necessary to collect and re-locate fish to 
habitat in the Cheakamus River. Re-location or transplants of sculpin are not being considered as 
a recovery strategy at this time, but may be considered by the CERTC if monitoring results 
indicate prolonged recovery.  

4.2.9 Pacific and Western Brook Lamprey 

Recovery Target(s)  

Although Pacific lamprey and western brook lamprey are recognized as being present in the 
Cheakamus River there is little known regarding their distribution, abundance and densities. The 
majority of work on the Cheakamus River has been focused on anadromous salmonids and few 
studies provide data on the distribution of lamprey. This is typical of other research conducted in 
the Pacific Northwest (Kostow, 2002). Most of the data collected are incidental to salmonid 
monitoring and while the larval stage is most commonly encountered during surveys it is the 
most difficult to identify. 
 
Given there is little known regarding the pre-spill abundance and distribution of lamprey in the 
Cheakamus River, it is difficult to establish a recovery target. In addition, evidence collected 
from various monitoring programs indicates mixed age classes of lamprey ammocoetes survived 
the spill and adults of both species have also been captured. Based on this information, the 
CERTC is not proposing a specific recovery target for lamprey. 
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Recovery Monitoring Results 

Although CERTC has determined a recovery target for lamprey is not necessary, the RAMP 
program initiated by CN will continue to assess and document incidental captures of this species 
in the Cheakamus River. Electrofishing has been identified as the main sampling method to 
monitor lamprey abundance, given it has proven to be effective for collecting fish in targeted 
lamprey habitat. Lamprey abundance will be assessed and compared from the various habitats 
and sites sampled in order to obtain an appreciation for the range of densities and distribution 
within the Cheakamus River. Sampling other watercourses for lamprey may also be considered 
for comparing distribution and abundance. 
 
Surveys conducted in September 2006 targeted at lamprey captured a variety of size classes in 
suitable habitats and within the spill-affected portion of the Cheakamus River (Triton, 2008h). A 
total of 694 lamprey were captured, ranging in size from 16 to 215 mm. Four (4) of these fish 
were identified as adults (eyed). Based on morphological characteristics described in McPhail 
(2007), one specimen was identified as a western brook lamprey (Triton, 2008h) and another as a 
river lamprey (L. ayresii). In addition, one adult lamprey identified as a Pacific lamprey was 
captured during preliminary sampling in May 2006 aimed at gathering information for 
preparation of the CERP and identifying sites for the RAMP (Triton, 2006c). 
 
During surveys conducted in April and September 2007, a total of 1,380 lamprey ranging in size 
from 24 to 276 mm were captured (Triton, 2008e). Surveys in April 2008 captured 739 lamprey 
ranging in size from 15 to 183 mm (Triton, 2008f).  
 
These results suggest mortality for lamprey was not as widespread as other species, as lamprey 
have been captured representing a variety of size ranges within the spill-affected portion of the 
Cheakamus River. The capture of adult lamprey and ammocoetes as small as 15 mm in 2006, 
2007 and 2008 suggests reproduction is occurring (Triton, 2008e, 2008f, and 2008h). In addition 
to monitoring abundance, observations of habitat quality and quantity are also being collected, 
along with morphometric data including length and weight. Efforts to identify lamprey to species 
are also underway in an effort to understand species-specific relative abundance and distribution 
within the watershed.   

Recovery Strategy 

Based on information and observations to date there does not appear to be any compelling 
evidence or reason to propose the collection and transplanting of lamprey into the Cheakamus 
River. Nonetheless, collection of additional information on the current distribution and 
abundance of lamprey will continue in order to confirm observations from the first three years of 
monitoring.  
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5.0 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 future taxonomic identification and 
enumeration.  
 
The data from week-of-spill samples were analyzed by MoE staff and their consultants to better 
assess the early impacts to the invertebrate community. This assessment examined the 
community structure using the Reference Condition Approach and other multivariate and 
univariate statistical analyses. The relative abundance of these benthos samples was compared to 
invertebrates in 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). 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. The 
assessment also found community structure of benthos at the spill site locations was similar to 
other reference sites in the Georgia Basin, and invertebrate densities were substantially lower in 
sites downstream of the spill in comparison to upstream sites. Invertebrate densities were also 
higher downstream of the Squamish River confluence.  
 
The recovery of the Cheakamus benthic invertebrate community was also studied by collecting 
kicknet samples every two weeks from August to October at the same Cheakamus River sites 
using similar methodology. In addition, colonization baskets were installed at sites upstream and 
downstream of the spill in December 2006. 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 2008a. 
The key points from the monitoring report include the following: 

 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.  

 All sites were predicted to be in the same sub-group (“Group 1”) of Reference Sites 
within the Basin-wide database. 

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

 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. 

 The spill represented a short-term “pulse disturbance” to aquatic assemblages. 

 The mechanisms of impact and recovery are unclear, however the results support 
downstream drifting of invertebrates from tributaries as the means of recovery. 
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 Data from kicknet and colonization studies indicated rapid re-colonization in just weeks 
after the spill. 

 
In summary, the results of the benthos recovery monitoring program suggest rapid re-
colonization and recovery 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 (Triton, 2006c and 2007d; Melville and 
McCubbing, 2007). Calculation of fish condition from measurements of fish length and weight 
collected during these assessments indicate fish were in good condition. Comparison of available 
length and weight data for coho salmon collected during the annual spring outmigration trapping 
program undertaken by BC Hydro since 2000 confirmed fish were in similar condition to 
previous years. In addition the mean and median length of juvenile coho were higher in 2007 
than any other year (Triton, 2007e). These assessments indicate invertebrate availability, as a 
food source for fish, has not limited recovery of affected fish species in the Cheakamus River. 
Several monitoring programs are currently underway in the Cheakamus River which collect 
biological data on fish length and weight. Information from these programs is reviewed as part of 
ongoing data analysis to determine fish condition and compared to historical data for the 
Cheakamus River. 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 August 2006. 
These samples have been preserved and could be analyzed in the event other information is 
identified to suggest a delayed recovery of benthic invertebrates.  
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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 (Oncorhynchus 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:  

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

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

 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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 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.  

 
Several of the recommendations outlined in the screening level assessment of ecological effects 
have already been implemented by the CERTC or are being considered. For example, wildlife 
observation forms have been developed and are used to record incidental sightings of birds and 
other wildlife during monitoring programs. In addition, an amphibian assessment was conducted 
in 2007 to examine potential impacts of the spill on amphibian populations occurring within the 
watershed (Wind, 2007). 
 
 
 



Cheakamus Ecosystem Recovery Plan, Three-year Review   October 2008 

FINAL REPORT  Page 32 
Prepared by Triton Environmental Consultants Ltd. 

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 will allow 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 may be adjusted based on new 
information or refinement of existing monitoring programs to develop more defensible strategies 
and robust population estimates.  
 
Several recovery strategies have been identified that are expected 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 continue to be considered and implemented as appropriate. Various habitat 
enhancement activities being 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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Recovery Strategies            

Fish culture  x x x x  x 1     
Fish passage 
improvement 

 x x x x x x x x x 

Estuary enhancement  x x x x x  x x x  

Construction of new side 
and/or off-channels 

x x x x x x x x x x 

Enhancement of existing 
restoration channels 

 x x x x x x x x x 

Habitat enhancement in 
the Cheakamus River  

 x x x x x x x x x 

1A limited fish culture program was implemented for steelhead. Fish culture is not proposed for rainbow trout. 
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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 4.0 and summarized in Table 4-1. 
 
A number of monitoring programs have been implemented to measure recovery of affected 
species. These programs are being implemented in cooperation with members of the CERTC as 
well as BC Hydro. In addition, a number of specific recovery projects have been or are being 
implemented to assist recovery of affected species. Programs implemented to date include: 

Monitoring programs 

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

 Resident fish abundance monitoring (CN/ Triton) 

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

 Steelhead smolt release monitoring (CN/ MoE/ InStream Fisheries) 

 Steelhead smolt acoustic tracking (CN/ MoE/ Kintama Research)  

 Char adult radio telemetry program (CN/ InStream) 

 Char adult enumeration (CN/ BC Hydro/ Instream) 

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

 Benthic invertebrate recovery (CN/ Triton) 

 Steelhead adult enumeration (BC Hydro/ Ecometrics) 

 Juvenile salmon migration – rotary screw trap (RST; BC Hydro/ InStream) 

 Coho acoustic tracking of hatchery smolts (CERF) 

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

 Creel survey of the Squamish River watershed recreation fishery (CERF/ PSF) 

Recovery Programs 

 Fish culture programs (chinook, pink, coho, steelhead) (CN/ DFO/ MoE/ FFSBC) 

 Dave Marshall Salmon Reserve Habitat Enhancement and Mile 49 (CN/ DFO/ Triton) 

 Cheekye Bridge fish passage modification (CN/ Triton) 

 Km 6.5 re-watering (CN/ NVOS/ Triton) 

 Wilson Slough re-connection (CN/ DoS/ Triton) 

 LWD demonstration project (CN/ BCCF/ MoE) 

 Km 8 re-watering (CN/ DFO/ Triton) 

 Squamish River Estuary training dyke culvert improvement project (CERF) 
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 Carson Place culvert replacement project (CERF) 

 Brohm River instream habitat restoration project, Phase 1 (CERF) 

 Infrastructure upgrades, Tenderfoot Creek Hatchery (CERF) 

 Squamish River Estuary land purchase – Cattermole slough 

 Eelgrass restoration in upper Howe Sound by Stawamus 

 Swift Creek channel restoration – seed funding for flow supplementation project 

 Cattermole Creek Loop Boardwalk – seed funding for project design  

 Cheakamus Ecosystem Recovery Fund 
 
2008 conditionally approved CERF projects under review: 

 Squamish River Estuary riparian land purchase – Mamquam Island 

 Lower Cheakamus River instream habitat restoration project, Phase 2 

 Cheakamus River engineered log jam (ELJ) habitat project, Phase 1 
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shallower waters since they require gentle currents, but not stagnant water. Larger 
ammocoetes migrate downstream, choosing substrates that are more sandy and rich in 
organic litter, and tend to be in deeper waters (Kostow, 2002). Larval stages of both 
Pacific and western brook lamprey are preyed upon by salmonids and sturgeons. Mature 
ammocoetes that have reached a body length over 90 mm metamorphose into adults from 
August to November. The adult form of the western brook lamprey does not feed as their 
intestine is degenerate (Carl et al., 1977). Adults rely on internal resources until spawning 
in the spring (Scott and Crossman, 1973). 
 
Reproduction 
Adults become sexually mature in March (Stone et al., 2002), and spawning occurs from 
late April to early July in riffle heads or the tail-end of pools, when temperatures range 
from 7.8 to 20°C. Nests are constructed by males in course gravel (16 to 100 mm) and 
sand, and are typically 100 to 125 mm wide and 55 mm deep (Scott and Crossman 1973). 
Adults die after spawning (McPhail 2007), and the eggs hatch in approximately 10 days 
at 10 to 15.5°C. Newly emerged larvae (ammocoetes) move to areas of low flow and 
accumulations of sediment or organic matter where they will remain for 3 to 6 years 
(Stone et al., 2002). In a study by Stone et al. 2002, adult western brook lampreys 
distribute themselves within a creek system according to size (Kostow, 2002) and were 
observed spawning only within a tributary of the mainstem (Stone et al., 2002). 
 
Reported Abundance in the Cheakamus River 
Specific information on the abundance of western brook lamprey in the Cheakamus River 
can only be inferred from other studies targeted at salmonid species. These studies did 
not distinguish between the two species of lamprey found in the Cheakamus River.  In 
these studies, small numbers of lamprey (<5) were captured and reported (Clark, 1989; 
van Dishoeck, 2002; van Dishoeck and Horne, 2002).  Other studies including Riley and 
Korman (1995) and Sneep (1999 – 2000) did not report any lamprey that may have been 
captured and no incidental captures were reported during juvenile outmigration studies 
conducted using RST from 2000 to 2007 (C. Melville, pers. comm., 2006). 
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