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EXECUTIVE SUMMARY 
The Comox Valley Project Watershed Society is a non-profit group working in the 

Comox Valley to ǇǊƻƳƻǘŜ άŎƻƳƳǳƴƛǘȅ ǎǘŜǿŀǊŘǎƘƛǇ ƻŦ /ƻƳƻȄ ±ŀƭƭŜȅ watersheds through 
ƛƴŦƻǊƳŀǘƛƻƴΣ ŜŘǳŎŀǘƛƻƴ ŀƴŘ ŀŎǘƛƻƴέ ǎƛƴŎŜ мффо όtǊƻƧŜŎǘ Watershed, n.d.). In their efforts to 
achieve this mission, they have identified the Courtenay River estuary as a critical area of 
interest, partly due to its importance in sustaining healthy salmon runs. The Courtenay 
River estuary has experienced past and ongoing impacts from human population growth 
and development and there was a need to understand how these impacts affect salmon in 
the estuary.  

 
The goal of this study was to provide a foundation for future activities that will help 

to restore and protect important habitats in the estuary for salmon, including the food 
webs of which they are a part and the processes that support them. In consideration of the 
highly complex nature of the Courtenay River estuary, reaching this goal required an 
ecosystem management approach. Key aspects to ensuring the success of this project were 
to include ecological principles into the methodology; to identify critical ecological 
processes that supported healthy salmon populations in the estuary; to include the 
knowledge and expertise of stakeholders; and finally, to ensure that the results could be 
interpreted and applied, and were adaptable as new information arose.  

 
This study resulted in an overall ecological characterization of the estuary and the 

development of a comprehensive list of restoration and protection options. Estuary 
characterization involved a field investigation of habitat requirements of juvenile 
salmonids from the upper to the lower estuary over the spring and summer of 2010. In 
alignment with ecosystem management principles, this project used chinook 
(Onchorhynchus tshawytscha) and coho (O. kisutch) fry (under-yearling) as indicator 
species. Fry stages of these species were marked and monitored for recaptures, fish were 
identified and counted, water conditions were recorded, snorkel counts were conducted 
and habitats were mapped. Data from past studies were analyzed to identify changes in 
the residency period and size classes of these salmon. The results helped to identify 
important habitat requirements of these species, and aided in the development of a 
comprehensive list of restoration and protection options.   

 
The development of restoration and protection options was a multistage process 

that involved information from past strategy reports, meeting minutes from the Estuary 
Working Group2 (EWG), and input from various experts and stakeholders. After initial 
compilation, EWG technical committee members participated in a detailed review of the 
options. Some of the results were then discussed with three interviewees that had 
government, non-profit, and expert associations. Finally they were formally presented on 
March 17th, 2011 to an audience made up of potential stakeholders and project 
participants (volunteers, EWG members, government staff, experts, etc.). 

                                                      
2
  A committee of the Project Watershed Society that met regularly to discuss and strategize around the 

protection, conservation and restoration of the estuary. 
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Overall, the estuary provided the necessary ecological requirements for chinook 

and coho fry to survive and benefit from their residence over the spring and summer of 
2010. Chinook and coho fry stages were more dependent on the estuary than the smolts, 
which moved through the estuary quickly. Chinook and coho fry were in the estuary by 
early spring when sampling began. Coho fry were found as late as December, while most of 
the chinook fry had left by the beginning of July.  

 
The mark-recapture component of the study revealed that chinook frequently 

migrated between habitats while coho had high site fidelity. Visible Implant Elastomer (VIE) 
tagging made it possible to track fry movements between habitats. In total, there were 742 
chinook fry tagged, and 446 coho fry. Despite the greater number of marks, there was only 
one recapture of chinook, compared to eight of coho. This indicated a greater movement 
between habitats of the chinook fry compared to coho. Only one of the eight coho 
recaptures had moved from the place it was marked. The recaptured chinook fry had 
migrated between the Courtenay Slough and Dyke Slough (below the tide gates), and the 
coho had migrated from the Airpark Lagoon to the Dyke Slough. This coho also had the 
longest minimum estuarine residency period of 125 days. 

 
The Tsolum River relic channel, the Courtenay River above the mudflats, the 

Courtenay Slough at Simms Park, the Airpark Lagoon, and the Dyke Slough pool below the 
tide gates all provided important estuary habitats for juvenile salmon. Chinook fry were 
present in greater densities at most sites than coho fry, though they experienced poorer 
growth rates in backwater areas that had good refuge compared to habitats more exposed 
to the river. Coho fry appeared to be more sensitive to predation based on their patchy 
distribution that confined them to areas of good refuge. However, these habitats evidently 
had good food conditions for coho as reflected by high growth rates later in the season 
despite higher temperatures than in other habitats.  

 
Food production and salmonid diet had important links with detrital and riparian 

sources. Gammarid amphipods were important food items for chinook fry and smolts and 
coho smolts. The fry stages of both species were highly dependent on insects, especially 
from May through July. The invertebrate-based diet of trout captured with the chinook and 
coho indicated that good invertebrate food production could decrease the potential for 
trout predation on the fry. During April, potential competition with chum fry in the same 
habitats as the coho and chinook was alleviated by differences in diet. Forage 
opportunities for these salmonids are closely linked to habitats that support their 
invertebrate diets, including healthy marsh and riparian ecosystems. 

 
Chinook fry would benefit from restoration projects that improved food production 

and habitat connectivity throughout the upper and lower estuary by naturalizing hardened 
shorelines, creating deep water refuge habitat adjacent to upper intertidal marsh habitats, 
and ensuring frequent velocity refuge opportunities along the estuarine continuum for all 
tide heights. Coho fry would benefit from restoration projects in the upper estuary that 
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increased the area and quality of refuge habitat by restoring riparian habitats for improved 
insect production and creating and restoring off-channel habitats. Similarly, protection 
projects that ensure existing areas with these features for coho and chinook remain 
healthy will benefit both the salmon and their ecosystems. 

 
There were 41 restoration options and 33 protection options identified for the 

estuary3Φ ¢ƘŜ ƎǊŜŀǘŜǎǘ ƴǳƳōŜǊ ƻŦ ǊŜǎǘƻǊŀǘƛƻƴ ƻǇǘƛƻƴǎ ŦŜƭƭ ǳƴŘŜǊ ǘƘŜ άhŦŦ-channel Habitat 
9ƴƘŀƴŎŜƳŜƴǘέ ŀƴŘ άwƛǇŀǊƛŀƴ wŜǎǘƻǊŀǘƛƻƴέ ǇǊƻƧŜŎǘ ǘȅǇŜǎΦ ά/ƘŀƴƴŜƭ ŎƻƳǇƭŜȄƛƴƎέ ŀƴŘ 
ά{ŀƭǘƳŀǊǎƘ tƭŀƴǘƛƴƎέ ǿŜǊŜ ŀƭǎƻ ŎƻƳƳƻƴΦ !ǎ ǎǳŎƘΣ the restoration options would mostly 
benefit refuge requirements for juvenile salmonids. The majority of protection option 
ǘȅǇŜǎ ƛŘŜƴǘƛŦƛŜŘ ǿŜǊŜ ά9ŘǳŎŀǘƛƻƴέ όмрύΣ ŦƻƭƭƻǿŜŘ ōȅ ά[ŀƴŘ tǊƻǘŜŎǘƛƻƴέ όммύΦ There were 
also ƛƳǇƻǊǘŀƴǘ ǇǊƻƧŜŎǘǎ ƛŘŜƴǘƛŦƛŜŘ ǳƴŘŜǊ ǘƘŜ ά±ƻƭǳƴǘŀǊȅ LƴŎŜƴǘƛǾŜǎέ ŀƴŘ άwŜƎǳƭŀǘƻǊȅ 
incentiveǎέ ǇǊƻƧŜŎǘ ǘȅǇŜǎ, such as an Estuary Valuation Program, and a comprehensive 
Coastal Shoreline Protection Management Plan for the estuary. 

 
The restoration and protection options were prepared to serve as a baseline for 

planning projects in the estuary that could be used by various stakeholders and adapted 
over time. To be adaptable, there must be a periodic review that involves stakeholders 
that have an interest in, or have been involved in, project implementation.  Adaptation is 
important because project priorities will change over time depending on the 
circumstances, the people involved, and the available information. Ensuring continuity in 
the planning process will save time that might otherwise be spent researching similar 
problems of the past. In this way, we can move towards the goal of achieving a healthy 
thriving estuary ecosystem for salmon and other species that rely on it. 

 
  

                                                      
3
 These options are provided in Appendix, or excel versions may be obtained by contacting the author, or 

Project Watershed. 
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1 INTRODUCTION 

1.1 Background 
Human activities have impacted juvenile salmonid habitat in the Courtenay River 

estuary. These activities include altered flow regimes from hydroelectric operations, historical 
dredging and log storage, dike development, shoreline hardening, riparian development, 
recreational boat use, and point and non-point source pollution. The resulting impacts to the 
habitats used by juvenile salmon can affect both their survival and fitness as they migrate from 
freshwater habitats to the marine environment. These salmon require a healthy ecosystem 
with interconnected habitats throughout the estuary continuum (upstream to downstream, 
high water to low water) that will provide seasonal refuge from predators, adverse water 
quality and extreme flows (Thorpe, 1994). Implications of habitat loss to local salmon 
populations include a decrease in genetic diversity and reduced ability to withstand 
environmental perturbations (Hilborne et al, 2003). Impacts to juvenile salmon habitats reflect 
impacts to the overall health of the estuary, including the ecological communities and 
processes linked to salmon. 

  
A diversity of management interests affect the Courtenay River estuary, making it 

difficult to measure or predict the outcomes of any one management action on estuary health.  
Multiple organizations, jurisdictions and levels of government make decisions that affect the 
estuary. Three local governments border the estuary, and four local governments have 
jurisdiction over  watersheds that drain into it. Both federal and provincial governments have 
administrative powers that can influence estuary health. Treaty negotiations are underway with 
ǘƘŜ YΩƻƳƻȄ CƛǊǎǘ bŀǘƛƻƴΣ which will likely result in further divisions of management authority. 
Non-governmental management initiatives, such as restoration and education programs, can 
also influence estuarine health. Many of these agencies divide the estuary into different 
management units and/or have management responsibilities that extend beyond the estuary. 
The management body that oversees the Courtenay River Estuary Management Plan is the only 
one that regards the estuary as a comprehensive management unit.   Furthermore, while most 
of these agencies have planning and management objectives related to ecosystem health, 
measures to assess impacts to these objectives are not always known or provided (LeBlanc et al 
2010).  

1.2 Ecosystem Based Management 
An opportunity to overcome diverse management objectives involves the application of 

ecosystem based management (EBM) principles where the objectives include achieving 
estuarine health (Meffe et al, 2002). EBM models are similar to other management models in 
that they involve the development of policy and goals, a planning component, and project 
implementation, monitoring and evaluation (Figure 1). Ecosystem principles can be 
incorporated into this basic model by ensuring that indicators of ecosystem health are used to 
monitor and evaluate ecosystems, and that there are feedback mechanisms that allow the 
model to become adaptable as new conditions and information arise. 
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The planning stage of an EBM system involves monitoring the status of a system, and 
modelling it to identify gaps to achieving management goals and objectives. This typically 
involves collecting data to tell a story about the system, identifying gaps to achieving 
management goals and objectives, and identifying indicators to monitor the success of 
management actions.  Indicators that relate to ecosystem structure, function and composition 
can be used to monitor the status of estuarine ecosystems and can also be used in the project 
monitoring and evaluation components of an EBM to determine the success of management 
actions (Noss, 1990). Under-ȅŜŀǊƭƛƴƎ  ŎƘƛƴƻƻƪ ŀƴŘ ŎƻƘƻ ǎŀƭƳƻƴ όǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŦǊȅέ ƛƴ ǘƘƛǎ 
report) in the Courtenay River estuary make good candidates as indicator species due to their 
high sensitivity to environmental conditions, their reliance on the estuary as a linkage between 
their freshwater and marine life stages, as well as their intrinsic cultural and provisional values 
to society. Puntledge summer chinook are particularly sensitive, as their population has 
experienced dramatic declines since the development and operation of the Comox Dam (Trites 
et al, 1996). Coho salmon populations are also considered sensitive due to region-wide declines 
(Fisheries and Oceans Canada, 2009). Furthermore, coho that rear in the estuary represent a 
unique life history type different from freshwater rearing ǘƘŀǘ Ŏŀƴ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǇƻǇǳƭŀǘƛƻƴΩǎ 
diversity and resilience to withstand environmental disturbances (Koski, 2009).   

1.3 Habitat Requirements 
Habitats can be characterized by measuring their contribution towards the survival and 

fitness of juvenile stages of coho and chinook as they rear and migrate in the estuary.  
Simenstad and Cordell (2000) introduced three measures of habitat attributes: capacity, 
opportunity, and realized function, to assess the ecological and physiological responses of 
juvenile salmonids to restored estuarine habitat. Measures of capacity include habitat 
attributes that promote fish production. Measures of opportunity indicate how well fish can 
access and benefit from the habitats they occupy. Measures of realized function are directly 
related to the response of fish to capacity and opportunity habitat attributes, and indicates how 
these have affected fitness and survival (Simenstad and Cordell, 2000). While these measures 
can be applied to monitor restored habitat as Simenstad and  Cordell (2000) propose, they can 
also be applied to monitor the status of existing habitats, to help characterize an estuary and 
provide baseline information for future monitoring, and to assist in identifying management 
actions. 

1.4 Mapping 
The use of mapping to communicate habitat information helps to facilitate 

understanding and cooperation among stakeholders. It can be a useful tool for making 
decisions about restoration and protection (Fraser, 2001; Johannes et al, 2002). Furthermore, 
mapping can promote positive action among stakeholders to protect and restore habitats even 
without the threat of regulation or fines (Serveiss, 2002).  

1.5 Stakeholder Involvement 
Restoration and protection planning involves decisions based on more than just the 

requirements of target species and communities. It involves a complex decision making process 
that has political, social and economic roots as well as the requirement for scientific 
understanding (Rapport et al., 1998). Restoration projects must not only improve habitat for 
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the target species, but be financially feasible and not create unresolvable conflicts. For 
example, the removal of tidal gates that prevent saltwater intrusion and fish access to a tidal 
slough might be of great benefit for juvenile salmonids and associated predators, but it may 
also ruin valuable farmland.  

 
Inclusion of stakeholders into resource management decisions is critical to successfully 

achieve goals (Meffe et al, 2002). Stakeholders are people whose personal and professional 
lives are directly affected by the estuary and those that have an overall or individual interest in 
restoration and protection options (Meffe et al., 2002). This includes First Nations rights-
holders, elected officials, government staff, consultants, landowners, community groups, and 
funders of protection and restoration projects.  

 
In this study, ecosystem management planning principles are applied to assess the 

status of the Courtenay River estuary and to make recommendations for restoring and 
protecting its health. Social realities of achieving restoration and protection options were 
addressed by including the knowledge and expertise of stakeholders in the development of 
these options, and by developing maps to communicate the results with managers. 

2 GOALS AND OBJECTIVES 
 
The goal of this study is: 

 
To provide a foundation for future salmon habitat restoration and protection activities that will 
ensure a healthy thriving estuary ecosystem for salmon and other species that rely on it. 
 
The objectives of this study are: 

1. To characterize the estuary based on the habitat requirements for juvenile coho 
and chinook; and 

2. To develop a comprehensive list of restoration and protection options from 
ecological information and past assessments of the estuary.  

3 STUDY AREA 
The Courtenay River estuary is a large salt wedge estuary located along the east coast of 

Vancouver Island (Map 1). Its main tributaries are the Tsolum and Puntledge Rivers, which 
collect and deliver a mean annual discharge of 53.7m3 to the estuary from approximately 842 
km2 of watershed area (Morris et al 1979).  Other smaller tributaries enter the estuary at 
various locations, and include the Glenn Urquhart Creek, Mallard Creek, and Brooklyn Creek 
along its northeastern shoreline, and Millard Creek, Roy Creek and Trent River along its 
southwestern shoreline.  

 
The estuary is highly important both culturally and ecologically. Historically, the 

Courtenay River was a very productive salmon system. Evidence for this is provided in the 
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approximate 150,000 ǎǘŀƪŜǎ ǘƘŀǘ ƳŀƪŜ ǳǇ ǘƘŜ ŀƴŎƛŜƴǘ ǿŜƛǊǎ ƻŦ ŀ ǘǊŀŘƛǘƛƻƴŀƭ YΩƻƳƻȄ First 
bŀǘƛƻƴΩǎ ǎŀƭƳƻƴ ŦƛǎƘŜǊȅ ǘƘŀǘ ŘŀǘŜǎ ōŀŎƪ ŀǘ ƭŜŀǎǘ мнлл ȅŜŀǊǎ (Nancy Greene, personal 
communication). The estuary has over 2000 hectares of river channel, mudflat, saltmarsh, and 
riparian habitats that support a diverse array of plants, fish, birds, and mammals. There are five 
species of salmon that use the estuary, including a severely depressed population of summer 
chinook (Trites et al, 1996). The estuary is internationally recognized as an Important Bird Area 
for Trumpeter Swans, and nationally recognized for waterfowl concentrations (IBA Canada). 
Seals are evident in the estuary, and have historically used  booming areas as haul outs (Olesiuk 
et al, 1996). Morris et al (1979) and Asp and Adams (2000) provide detailed lists of the plant 
and animal life recorded or known to occur in the estuary.  

 
The Courtenay River estuary is defined for the purposes of this study as extending from 

the confluence of the Tsolum and Puntledge Rivers at the upper end to Goose Spit and the 
Trent River estuary at the lower end, and is inclusive of the estuaries of smaller systems that 
occur between these boundaries.  The upper ecotone refers to the tidally influenced, 
channelized river section that is bordered on both sides by terrestrial vegetation. The lower 
ecotone begins where at least one bank of the main channel is bordered by mudflats. The outer 
estuary refers to the area where the mudflats transition to subtidal.  

 
The estuary can be characterized by several main features that have significance related 

to both fish habitat and historical and current human uses. In the main channel, approximately 
500 meters below the Tsolum/Puntledge confluence (the section referred to as the Courtenay 
River), there is a tidally inundated channel that was historically fed by the Tsolum River 
(referred to as the Tsolum relic channel). Further downstream within the upper ecotone is 
Simms Park, where a Courtenay Slough branches off of the main channel along with some 
constructed off-channel fish habitat. Other features of the upper ecotone include shoreline 
armouring along both the Lewis Park riverbank near Simms Park, as well as along the historical 
Fields Sawmill site. Immediately adjacent and downstream of the Field Sawmill site is Hollyhock 
Flats, a natural area where rare plant species and diverse bird fauna occur (Lacelle, personal 
communication).  

 
Near the transition between the upper and lower ecotones, there is a constructed 

lagoon along the south side of the river channel, and Dyke Slough on the north side. The lagoon 
on the south side once functioned as a sewage lagoon for the City of Courtenay, but has since 
been restored as fish habitat. The Dyke Slough was historically cut off from upper tidal habitats 
by tide gates, and continue to prevent saltwater intrusion to upstream farmland. There is a 
large wetland-slough above the tide gates, and a deep pool below with a tidal channel that 
leads to the river. 

 
Fringing the lower ecotone and outer estuary are eelgrass beds made up of Zostera 

japonica and Zostera marina. At the southeastern boundary of the mudflats is the Royston 
Wrecks, a jetty composed of rip-rap, fill and sunken ships that was constructed in 1911 as a 
breakwater for a historical booming ground in the mudflats that operated until 1978  (Wild, 
2006). At the northeastern tip of the outer mudflats there is a large marina (the Comox 
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aŀǊƛƴŀύΣ ŀƴŘ ŀ ǎŀƴŘ ǎǇƛǘ όDƻƻǎŜ {Ǉƛǘύ ǿƘŜǊŜ ǘƘŜǊŜ ƛǎ ŀ ƳƛƭƛǘŀǊȅ ǎƛǘŜΣ ŀ YΩƻƳƻȄ CƛǊǎǘ bŀǘƛƻƴǎ 
reserve, and a popular recreational area. Goose Spit curls around to create a lagoon, into which 
Brooklyn Creek drains. 

4 METHODS 
Characterizing the habitat requirements for juvenile coho and chinook salmon in the 

Courtenay River estuary involved 2010 field data collection and analysis with historical fish 
capture data. The development of the restoration and protection options and associated 
concept models involved the compilation of historical analysis, habitat requirement 
characteristics from the 2010 study, input from stakeholders, and the mapping of potential 
restoration locations. 

4.1 Habitat Requirements: Data Collection 
Methods of characterizing habitat requirements for juvenile salmonids involved fish and 

water quality sampling in 2010 and comparison to historical fish capture data, snorkel surveys 
in 2010, lower river sampling in the late summer of 2010, and mapping of habitat features at 
specific locations in the estuary.  

4.1.1 Fish and Water Quality Sampling 

Sampling for fish and water quality took place between March 30th to August 19th, 2010 
at 20 estuary sites. Sampling of three lower river sites began in early-mid July and ended in late 
August. Sample site descriptions are provided in Table 1, and map locations in Map 2. Sampling 
involved the capture of fish, marking under-yearling coho and chinook, measuring the lengths 
and weights of chinook and coho, recording species and numbers encountered, collecting 
information on diet and food availability, and collecting water quality information.  

 
Fish captures were carried out using beach seining, pole seining, minnow trapping, and 

to a small extent, mini-purse seining techniques. Sampling was done from shore or assisted 
with a boat. Boat sampling involved beach seining during high tides in the upper river, and 
during low tides in the lower estuary. Most shore-based sampling involved beach seining during 
mid to low tides.  

 
Where beach seining was done, the area covered by each seine was estimated at the 

time of sampling. The beach seine was 14m in length, 3m deep and made up 3 panels. The 
middle panel, or bunt, was мκуέ mesh size. The wing panels were оκуέ mesh size. Seining 
involved spreading the net across a habitat, pulling it in to shore from both ends, then pulling in 
the bunt to corral the fish. The pole seine was 1.5m in width ǿƛǘƘ ŀ ѻέ ƳŜǎƘ ǎƛȊŜΦ Use of the 
pole seine involved two people spanning the net over a section of habitat and periodically 
scooping it up to retrieve fish. !ƭƭ Ƴƛƴƴƻǿ ǘǊŀǇǎ ǿŜǊŜ ѻέ ǿƛǊŜ ƳŜǎƘ and were set from 1 hour to 
overnight in pools and backwaters.  

 
Most age 0+ coho and chinook were marked with Visible Implant Elastomer (VIE) tags, 

colour coded for each site. Marking of 446 coho fry and 742 chinook fry took place throughout 
the estuary from March 30 to June 24, 2010. A tag retention test was undertaken on chinook  
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fry at the Puntledge River hatchery that found some occurrences where colour codes were 
misidentified or miscounted, however, the results were consistently close (Table 2). 

 
Depending on the size of the catch either a subsample or all of the coho and chinook 

captured were measured for length and weight. Fork length was collected to the nearest 
millimetre using a fish ruler, and weight to the nearest tenth of a gram using an Ohaus Scout 
SC4010 scale.  

 
All captured fish were identified to species when possible, or sub-sampled for species 

composition for very large catches. Sub-sampling involved using the dipnet to collect a known 
volume of fish for counting and measuring, then counting the number of dipnet scoops as the 
remaining fish were released. The subsample was then extrapolated by the appropriate number 
of scoops to estimate the total catch. Species identification was done by a qualified biologist or 
a technician trained in identification techniques.  

 
Benthic and stomach samples were collected to characterize the diet of fish. Benthic 

samples were collected along a cross section of habitat using a D-net. An area of 30cm x 30cm 
was disturbed above a D-net of 500 micron mesh over 3 locations representative of the habitat 
type for a total benthic area of 0.27m2. Benthic samples were stored in plastic bottles.  Stomach 
samples from fry and smolt stages of chinook and coho were collected, along with samples 
from four steelhead ranging from 151 to 219 fork length, and one cutthroat with a length of 
181mm. Stomach sampling involved either the collection and preservation of the entire fish or 
their dissected stomachs. Stomach samples were typically only collected when there were 
accidental mortalities as a result of sampling stress. Where there were no mortalities yet a 
stomach sample was desired, the fish were anaesthetized with MS222 until they perished. Both 
stomach and benthic samples were fixed with 10% formalin which was later decanted and 
replaced with ethyl alcohol to preserve the samples.   

 
Water conditions were measured with a YSI 556 MPS multi-meter at each site prior to 

fish sampling. Salinity and temperatures were collected at the surface, and when possible, at 
0.5m at each site. 

 
Length and temperature data from 2001 (Hamilton et al, 2008) were also analyzed in 

this study. 

4.1.2 Snorkel Surveys 

The upper ecotone (3.1 km) was snorkelled once per week from May 11 to August 16th, 
2010. Fish observations were recorded at six transect sites that were delineated above the high 
water line with flagging ribbon placed 25m apart. Prior to snorkelling, the underwater visibility 
was determined using a measuring tape. A total of five snorkelers participated in the 
snorkelling, with two snorkelers during each snorkel event. Tides during snorkelling ranged 
from 0.3m to 3.5m, with an average tide of 1.5 +/ - 0.5m (95 % confidence intervals). Counts 
were used to estimate densities per unit area, and general observations during the swim were 
used to help characterize fish usage of the upper ecotone. 
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4.1.3 Lower River Sampling 

Late summer sampling of the Puntledge River Condensory side-channel and lower 
Mallard and Glen Urquhart Creeks was carried out to identify if marked fish re-entered the 
lower rivers later in the season, and to compare the size of fish found in the freshwater with 
those captured in estuary sample sites. Techniques involved the use of pole seines and minnow 
trapping. Fish were identified to species, counted, measured for fork length, and examined for 
VIE tags.  

4.1.4 Habitat Mapping 

Six areas that spanned the estuary from the upper ecotone to the outer estuary were 
chosen for detailed habitat characterization. Polygons were initially delineated using 2007 
aerial photos. The plant communities, substrates, and important features such as fish and 
wildlife habitat, exotic species, and anthropogenic influences that fell within these polygons 
were assessed in the field. Transects and field observations were geo-referenced using a 
Trimble. The results were later used to compile species lists for each site, and to prepare 
habitat maps for presentation purposes. The data was stored in the Project Watershed 
Mapping Centre data base for application to future monitoring and restoration projects. 

4.2 Characterization of Habitat Requirements 
Habitats were characterized based on their contribution towards the survival and fitness 

of juvenile stages of coho and chinook as they reared and migrated in the estuary by 
incorporating measures of opportunity, capacity, and realized function (Simenstad & Cordell, 
2000). Table 3 outlines the criteria, measures, and the associated habitat attributes used to 
characterize the estuary in this study. 

4.2.1 Fish presence 

Catch per unit effort (CPUE) was estimated temporally and between sites to infer the 
opportunity for fish to access and use sites over the season and throughout the estuary. Sites 
were assessed for relative use by coho and chinook based on the CPUE using beach seine 
methods only. CPUE was calculated for each site by dividing the number of fish caught per day 
by the number of sets. All size classes of chinook and coho that were captured were included in 
the CPUE estimates.  

4.2.2 Life history composition 

Life history composition was assessed to determine the temporal opportunities for fish 
of various size classes to use the estuary over the sampling period. Fork length data from 
unclipped chinook and coho captured in 2001 and 2010 were compiled by species and month 
for each sample year. Size classes were then visually estimated based on their length/frequency 
distributions. The size classes were interpreted as age classes, and are referred to as cohorts in 
this report. Cohorts were numbered based on their size and time of detection in the estuary. 
Cohort 1 represented the largest size class and was representative of the smolt stage (age 1+ or 
under-yearling smolts). Cohort 2 was the next size class down and was representative of the fry 
stage (age 0+).  Cohort 3 entered the estuary later in the season, and was also representative of 
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the fry stage (age 0+).  The modal lengths for cohort 2 of each species were used to estimate 
growth rate (see section 4.2.6). 

 
The data were analyzed for significant differences between size classes where the 

sample sizes were large enough. The type of statistical analysis that was done depended on the 
number of size classes being compared and the distribution of data. For two normally 
ŘƛǎǘǊƛōǳǘŜŘ ǎƛȊŜ ŎƭŀǎǎŜǎΣ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǘ-test was used to compare means. Where there were 
two non-normal distributions, medians were compared using the Mann-Whitney test. Where 
there were multiple size classes being compared, ANOVA was used for normally distributed 
data and the Kruskall-Wallis was used for non-parametric data. The statistical software package 
Graphpad Prism Version 5.01 (GraphPad Software Inc., San Diego, CA) was used in the analysis 
of fork length data.  

4.2.3 Proximity to migration routes 

To further assess the opportunities for juvenile coho and chinook to access and use 
habitats in the estuary, habitats were categorized based on their proximity to the freshwater 
influence of the Puntledge and Tsolum Rivers. This resulted in the identification of areas that 
were numbered consecutively from upstream to downstream to reflect the net movement of 
migrating salmonids from freshwater to saltwater.  

 
Area delineation of the estuary was based on the following:  

¶ the upper extent of tides and the influence of normal high tides.  

¶ characteristics of the upper and lower ecotone and their associated access to high 
and low water habitats 

¶ salt wedge characteristics measured and interpreted in 2001 (Hamilton et al, 2008) 

¶ distinct habitat features of the lower ecotone and outer estuary, including subtidal 
confluence with the mainstem channel, Comox Bay Marina, Goose Spit, and Royston 
Wrecks. 
 

 The rationale to applying this system was that it reflected the relative importance of 
habitat to juvenile salmonids along an upstream to downstream gradient and over the season, 
with Area 1 being of the greatest importance early in the season, and subsequent areas 
increasing in importance as the season progresses. This assumes that early in the season, 
under-yearling salmonids are most vulnerable as they first enter the estuary due to their small 
size and the osmotic stress associated with physiologically adapting to increasing 
concentrations of saltwater. These assumptions are supported by a study by Otto (1971), who 
found that coho smolts survived longer than fry when rapidly exposed to higher salinities, and 
that the under-yearling coho required more time in dilute salinities to survive the 
freshwater/saltwater transition. Other studies also support the importance of upper estuarine 
areas to early rearing of chinook fry (Healey, 1991).  
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4.2.4 Diet  

Fish diet can be used to estimate the capacity of specific habitats to promote fish 
production (Simenstad and Cordell, 2000). Three sites and five species of salmonids were 
analyzed for benthic invertebrates and stomach contents from April through to July of 2010.  

 
Diets were analyzed by comparing prey items in the gut to those found in the habitat 

where the fish were captured. This information was applied to the Strauss index to determine 
the selectivity of fish for each prey item (Bowen, 1996). The results ranged from -1 to +1, with 
values below zero indicating high selection, and above zero indicating less selection.  

 
Laboratory analysis of the benthic and stomach samples was done by Zotec 

Environmental Services. The methodology used to analyze the benthics involved first rinsing 
samples through a 250um mesh with tap water, then draining them for 10-15 minutes. Samples 
were then weighed prior to collection of a random subsample for analysis, which was also 
weighed. Organisms were identified to characterize the diet of the salmonids, and included 
identifications to class, family and genus.  

 
Stomach content analysis was done by pooling stomach contents from the same species 

caught at the same day and site. Stomach contents were retrieved by cutting the stomachs and 
scraping out the contents into a petri dish. Total volume was collected from the individual 
and/or pooled stomachs. Water was added to each sample before analyzing under a dissecting 
microscope. All taxa were identified and counted, and the total proportion by volume of each 
taxa observed was estimated for each sample.   

4.2.5 Water Quality 

Temperature was used to indicate the physico-chemical capacity of estuarine habitats to 
support juvenile salmon rearing.  The upper and lower thresholds that identify ideal conditions 
for rearing coho and chinook (12-14°C), as well as the lethal temperatures (>25°C) were taken 
from Bjornn & Reiser (1991). Linear regression was used to analyze for trends in surface 
temperatures during similar ranges in tides in Areas 4 and 6 for 2001 and 2010. Temperature 
differences between these years were visually compared. Tidal ranges for the 2001 and 2010 
comparison are provided in Table 4. 

4.2.6 Growth 

Growth rate and condition factor of chinook and coho juveniles were analyzed to 
characterize the contribution of different habitats to survival and fitness. Growth rate was 
determined for the dominant fry coho and chinook cohorts (cohort 2) by comparing the mean 
fork length differences that occurred over time. Growth rate was calculated from the difference 
between the mean monthly fork lengths of each species over the season.  

 
Condition factors of the chinook and coho fry captured in 2010 were compared for each 

species between sites to provide a relative comparison of fish health. The statistical software 
package Graphpad Prism Version 5 (GraphPad Software Inc., San Diego, CA) was used in the 
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analysis condition factor data. The statistical analysis approach was the same as was done for 
the length analysis (4.2.2). 

 
A size comparison of coho fry captured in the estuary and lower river sites involved 

comparing the mean fork length of late season (July and August) captures. 

4.2.7 Residence time 

Residence time was used as a measure of realized function to reflect the behavioural 
response of fish to habitat attributes that promote survival. Residence time was estimated from 
mark-recapture results. The potential residency periods were calculated for specific sites and 
for the estuary as a whole from the difference between the recapture date and the potential 
marking dates. 

4.2.8 Density 

Density was used as a measure of realized function to reflect the behavioural response 
of fish to habitat attributes that promote survival. Snorkel survey observations provided an 
estimate of densities per square meter of shoreline throughout the sample areas.  

4.3 Mapping 
Habitat mapping of specific sites involved a photo interpretation of habitat units, 

followed by ground-truthing during low tides to prepare habitat maps that were accompanied 
by information on plant assemblages, substrates, exotic species presence, and anthropogenic 
features. Table 5 provides a list of sites mapped and the dates they were mapped. Results were 
used to compare the diversity of trees, shrubs, herbs and algae at each site, and to compare the 
relative numbers of exotic plants that had established there. Exotic plants were determined 
based on information from the BC Ministry of Environment Conservation Data Centre4. 

4.4 Restoration and Protection Options  
The restoration and protection options were compiled into a comprehensive list that 

included information on the project names and descriptions, location, rationale, opportunities 
and constraints, information requirements, key people to involve, and potential resources. This 
involved discussions with stakeholders early on in the process to identify potential information 
sources and key people, compilation of historical and current ecological information on the 
estuary. Once the tables were compiled, they underwent a review process that involved more 
discussions with stakeholders and experts that had insight into all or specific projects. Once the 
tables were at or near finalization, there were three interviews where ideas in the tables were 
brought up to assess feasibility and to provide more information on techniques and 
opportunities. The final results were the comprehensive lists of restoration and protection 
options and accompanying concept models to provide a brief overview of the contents.  

4.4.1 Stakeholder Involvement 

During the planning phase for this project, there were many groups that were consulted 
on the project and were made aware of opportunities for them to be involved: 

                                                      
4
  BC Species and Ecosystems Explorer: http://www.env.gov.bc.ca/atrisk/toolintro.html 

http://www.env.gov.bc.ca/atrisk/toolintro.html
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¶ The Estuary Working Group (EWG) and affiliated subcommittees on restoration and 
land protection provided an opportunity to gather input from various stakeholders on 
these options.  

o The EWG and its sub-committees were organized by the Comox Valley Project 
Watershed Society. They involved a variety of people from different backgrounds and 
representing different groups, including government and non-profit, and areas of 
varying expertise from historical, technical, biological and career oriented. This 
information was gathered from the direct attendance of EWG and subcommittee 
meetings, or from the minutes provided from these meetings. 
 

¶ Several key people were sought for opinions on specific projects, including expert staff 
from Fisheries and Oceans Canada, a local biologist with vast experience working on the 
Puntledge River watershed, ŀ ƳŜƳōŜǊ ƻŦ ǘƘŜ bŀǘǳǊŀƭƛǎǘǎΩ {ƻŎƛŜǘȅΣ and a local historian.  
 

¶ Three formal interviews were conducted with the new environmental planner for the 
City of Courtenay, the vice-president of the Fish and Game Protective Association, and 
an expert on coastal eelgrass research and restoration.  
 

¶ Anecdotal information was also gathered during the course of field work in this 
project, as many of the volunteer assistance came from people involved in various 
stewardship groups and government organizations, and varying backgrounds of 
expertise.  

o Volunteers ncluded streamside landowners, volunteers from the Tsolum River 
Restoration Society, the Fish and Game Protective Society, the Millard/Piercy Watershed 
Stewards, the Brooklynn Creek Stewards, the British Columbia Conservation Federation, 
and in-kind assistance from Fisheries and Oceans Canada and the Ministry of 
Agriculture, Food and Fisheries. 

4.4.2 Process 

Development of restoration and protection options was a multi-stage process: 

¶ A table of restoration options (referred to as the Restoration table) was initially 
compiled from three documents. The first document was the minutes from a 
February, 2003 workshop for federal and provincial government employees on 
knowledge gaps and future directions to manage fisheries resources in the 
Courtenay River estuary (Courtenay River Estuary Workshop Minutes, 2003). The 
second document provided the results of a reconnaissance tour undertaken on 
February 25th, 2004 of potential restoration sites in the estuary (E. Guimond & D. 
Poole, personal communication, Feb. 25th, 2004). The third document was 
another summary of a field tour of potential restoration sites carried out on 
October 1st, 2009 (D. Davies, personal communication, October 1st, 2009). 
Further information and new sites were added to the Restoration table following 
the 2010 field sampling season.  This information was based on direct 
observations and experience of the project biologist and from ideas and 
perspectives found in the EWG and sub-committee meeting minutes. 



Investigation of Restoration and Protection Options for Juvenile Salmonids in the Courtenay Estuary  - 12 - 
 

¶ A table of protection options (referred to as the Protection table) was compiled 
from discussions provided in the minutes of 2009 and 2010 EWG meetings, and 
the land acquisition sub-committee (EWG, n.d.). 

 
Both the restoration and protection options tables that resulted were subsequently 

reviewed by representatives of the EWG and the respective sub-committees. In addition, 
specific sections were further refined based on input from people with site-specific knowledge, 
the method proposed, the history of the site, and the social and political conditions surrounding 
the project.  

 
Mapping of the restoration options involved pinpointing them in Google Earth5, and 

creating an electronic .kmz file that could be easily uploaded by anyone who has the Google 
Earth program on their computer.   

4.4.3 Concept Model  

The purpose of the concept model was to create a visual diagram of the connections 
between project goals and anticipated outcomes. This was to facilitate understanding of where, 
why and how for each project. It was also done to highlight the emphasis of particular project 
types over others. The concept models are not stand-alone; they are meant to provide an initial 
overview of projects that are provided in detail in the Restoration and Protection tables. 

 
Concept model development for the Restoration Options began with an overall goal of 

restoring the estuary to achieve greater health for chinook and coho salmon. As mentioned in 
section 4.2.3, the estuary was partitioned into areas based on a conceptual migration route of 
juvenile chinook and coho salmon. The restoration concept model was also organized in this 
way. The areas that occurred in the outer estuary (Areas 6, 7, 8 and 9) were combined to reflect 
the later stages of migration of fish from the Courtenay River, though still considering the 
importance of these habitats to salmon from tributary creekǎΦ !ƴƻǘƘŜǊ ǎŜŎǘƛƻƴΣ ά[ƻǿŜǊ ǊƛǾŜǊ 
ǊŜǎǘƻǊŀǘƛƻƴέΣ ǊŜŦŜǊǎ ǘƻ ǊŜǎǘƻǊŀǘƛƻƴ ƻŦ ŦǊŜǎƘǿŀǘŜǊ Ƙŀōƛǘŀǘ ƛƴ ǘƘŜ ƭƻǿŜǊ ǎŜŎǘƛƻƴǎ ƻŦ ǎƳŀƭƭŜǊ ŎǊŜŜƪǎ 
that may provide rearing habitat to juvenile salmonids both prior to and following estuarine 
rearing. Each Area shown in the Restoration concept model was connected to restoration 
project types. In this way, the relative importance of project types for each area could be 
inferred. The relative contribution of the all the project types to the refuge, water conditions 
and forage potential for juvenile salmonids was indicated pictorially by applying different 
weights to the arrows that pointed to these descriptors on the concept model. 

  
Concept model development for the Protection Options highlighted the main categories 

and the cub-categories for protection. This is a simplification of the process required to plan 
protection projects, and as such, some important connections are not explicit, such as the need 
for fundraising in order to implement all of the protection project types. To avoid the 
complexity that would result if all interconnections between the options were shown in the 
concept model, it was designed to provide a clear path for achieving this connections, while 

                                                      
5
 Google Earth can be downloaded for free from http://www.google.com/earth/index.html 
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keeping in mind the interrelated benefits of one type of action on another. For example, though 
it is not explicit in the concept model, achieving support for land acquisition may require 
financial incentives for landowners to transfer title to public ownership for conservation. These 
types of details are instead provided in the Protections Table. However, the importance of 
communications and education as encompassing all protection options is highlighted in the 
concept model.  

5 RESULTS 

5.1 Habitat Requirements  
Chinook and coho fry stages were more dependent on the estuary than the smolts, 

which moved through the estuary quickly. Chinook and coho fry had already entered the 
estuary by late March of 2010 when sampling started. The residency of chinook fry in the 
estuary peaked in June, and most had left by July. Coho fry remained into the estuary for the 
entire summer, and were still found during two post-study sampling sessions in October and 
December of 2010. The smolt stages of these species were more abundant, but left the estuary 
sooner. By July, there were very few chinook fry or smolts captured in the estuary.  

 
There was only one recapture of chinook, compared to eight of coho. Only one of the 

coho recaptures had moved from the place it was marked. The recaptured chinook fry had 
migrated between the Courtenay Slough and Dyke Slough (below the tide gates), and the coho 
had migrated from the Airpark Lagoon to the Dyke Slough. This coho also had the longest 
minimum estuarine residency period of 125 days. All of the other coho recaptures stayed in the 
habitats in which they were marked (Table 15). 

 
Chinook fry had a preference for habitats in the upper ecotone and near freshwater 

sources throughout the season. Areas 1, 2 and 4 were particularly important to chinook 
throughout the 2010 sampling season (Figure 2). They were found in pools and alcoves 
bordered by sedge habitats, near large woody debris, among large rocks and pilings, near 
eelgrass beds, and in areas where there was a strong influence of freshwater.  

 
Coho fry that reared in the Courtenay River estuary occupied habitat with good refuge 

and a reliable source freshwater inflow. They remained in the estuary throughout the spring 
and summer and during this time experienced better growth than their freshwater 
counterparts (Figures 18 and 19).  

 
Early season (May-June) growth rates were low for chinook fry compared to coho fry in 

the Dyke Slough pool below the tide gates (site 4). Growth rates of chinook were <0.4mm/day 
compared to up to 1.43mm/day for coho. The diet of chinook during this time indicates a 
preference for insects, though these were not prolific in the benthic samples. In comparison, 
coho fry appeared to select for gammarid amphipods which were prolific. 
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5.1.1 Fish Presence 

CPUE results indicated high fish densities in Areas 1, 2, and 4 for both chinook and coho. 
May had the highest CPUE of the sampling period for both chinook and coho in Areas 1 through 
4. Area 4 had the highest CPUE for both species. Area 2 was important for both chinook and 
coho in the Courtenay Slough as well as along mainstem channel margins where there were 
deep water alcoves and sedge habitat. CPUE for all sites and sampling days are provided in 
Figure 2 for chinook and Figure 3 for coho. 

 
Other species that were encountered in the estuary included steelhead (O. mykiss) and 

sea-run cutthroat (O. clarkii) trout, sculpins (Leptocottus armatus and Cottus spp.), threespine 
stickleback (Gasterosteus aculeatus) and perch, amongst smaller numbers of other species. As 
the sampling season started at the tail end of the pink salmon migration, very few of this 
species were encountered. Figure 4 identifies the relative catches of each species.  

5.1.2 Life History Composition 

Length frequency distributions indicated multiple age classes (cohorts) of chinook and 
coho utilizing the estuary during certain periods of the study. In 2001, the length frequency 
distributions for chinook indicated two size classes6 in July and August. In 2010, there was slight 
evidence of a third size class in July for chinook (captures in August were too small to compare). 
There were two statistically different size classes (P<0.0001) detected for chinook in May, June 
and July in 2001, and in June for 2010. Two size classes of coho were detected in May and June 
of 2001, and in April and May of 2010 (P<0.0001 for all). The June of 2001 cohort 1 chinook had 
a similar mean length as the hatchery chinook that were identified with an adipose clip, and 
therefore may represent hatchery stock (Table 6).  

 
Figure 5 and Figure 6 provide the length-frequency distributions for chinook in 2001 and 

2010, respectively. A box plot indicating significant differences in size classes for each species, 
year and month is provided in Figure 7. Tables 7 and 8 provide information on the statistical 
results where significant differences in size class were found. 

 

5.1.3 Proximity to migration routes 

The map indicating the sample sites and Areas is provided in Map 2. A description of 
each area and the associated 2010 sampling sites is provided in Table 9.  

5.1.4 Diet 

Results from the stomach analysis of five species of fish over three sites indicated 
dietary differences between species and sites over the season. In April, chum salmon (O. keta) 
had a diet dominated with copepods (mostly harpactacoid), and chinook fry with gammarid 
amphipods. Subdominant food items indicated that copepods were also important for chinook 
fry, and likewise amphipods for chum.  

 
                                                      

6
 These are referred to as cohorts 1 and 3, based on their size classes. There were not enough data to statistically 

test for a difference in the middle (cohort 2) size class. 
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In May, there were dietary differences detected between chinook and coho fry and 
smolts at the Dyke Slough below the tide gates. The fry had a diet almost entirely of insects, 
while smolts had a diet dominated by gammarid amphipods.  Steelhead trout and sea-run 
cutthroat had diets dominated by gammarid amphipods and isopods, respectively, without 
evidence of predation on other fish found in their guts. 

 
 In June, chinook fry diet was almost entirely composed of insects. Coho fry diet was also 

dominated by insects, with a substantial component (20-25%) of gammarid amphipods. In July, 
insects were also an important dietary component for coho fry. 

 
While gammarid amphipods made up the dominant part of the diet of chinook fry 

through April and May, dietary overlap analysis did indicate them to be a preferred item due to 
their high abundance in the benthic samples (Figure 8). They were found to be a preferred food 
item for coho, however. In May, chinook demonstrated a strong selection for insects, and coho 
for copepods. Insects were also strongly selected for in June by coho. 

 
The dominant and sub-dominant prey items found in the stomachs of fish sampled are 

provided in Table 10. The composition of invertebrates found in benthic samples in the estuary 
in 2010 is shown in Figure 8. Dietary overlap indicating selection for (positive values) and 
selection against (negative values) food items by coho and chinook are shown in Figure 9 and 
10, respectively. 

5.1.5 Water Quality 

Figure 11 compares temperatures at four sample sites to ideal and lethal levels for 
salmonids (Bjornn & Reiser, 1991). Temperatures during sampling of Areas 1-3 were typically 
below the optimal conditions until approximately mid-June, when they exceeded optimal 
levels. Area 4 exceeded optimal levels by the third week of May. There were no recorded 
instances where temperatures reached lethal levels. 

 
There was a general increase in surface temperatures in Areas 4 and 6 over the season, with 

higher late-season (post-June)  temperatures detected in 2010 compared to 2001 (Figure 12 

and 13).  

5.1.6 Growth 

Growth of chinook and coho fry (cohort 2) varied between Areas and sampling period. 
The highest short term growth rate for chinook was estimated at 0.79mm/day in late May in 
Area 1. There was negative growth detected at Area 4 in early May for chinook. Coho 
demonstrated very good growth early in the season in Area 4, while coho in Area 1 experienced 
negative growth in late July (-0.57 mm/day). Figure 14 and Figure 15 compare seasonal (~1-2 
months) growth between Areas for chinook and coho fry, respectively.  

Tables 11 and 12 provide estimated growth rates for different areas over narrow time 
periods (~ 1-4 weeks) for chinook and coho fry, respectively.    

 



Investigation of Restoration and Protection Options for Juvenile Salmonids in the Courtenay Estuary  - 16 - 
 

Area 2 had significantly higher condition factors (P<0.05, Table 13 and Table 14, Figure 
16 and Figure 17) than Area 3 for both chinook and coho fry in April. Differences between Areas 
1, 2 and 4 were also similar for both species in May, with Areas 1 and 4 having greater condition 
factors than Area 2. Condition increased overall in June, with all areas and both species 
exceeding a condition factor of 1. The greatest condition factors for chinook occurred at Area 4 
in June. Area 5 had coho fry with consistently high condition factors throughout the season.  

 
End of the season size analysis indicated that coho captured in Areas 4, and in the lower 

river areas that fed into Area 4 (Glen Urquhart and Mallard Creeks) were of greater size than for 
the lower Puntledge River upstream of the upper ecotone, and in Areas 1 and 2 (Figure 17 and 
Figure 18). Coho captured in August in Area 5 were of greater size than those captured in the 
Condensory side-channel. 

5.1.7 Residence Time 

Overall 742 chinook fry and 446 coho fry were marked with VIE tags between March 30 
and June 24, 2010. There were 1 chinook and 8 coho recaptures between May 6 and October 7, 
2010.  

 
Mark-recapture data indicated site fidelity of coho fry in Areas 2, 4, and 5. During the 

period from April to May, coho fry in Area 2 (captured in site 2a, Courtenay Slough) had a 
minimum residency period of 8 days. Recaptures at this site in June found an increase in the 
minimum residency period to 23 days. Known mark and recapture dates of a coho in Area 4 
(site 4, Dyke Slough pool below the tide gates) found a residency period of exactly 41 days. 
Recaptures in Area 5 (Millard estuary) indicated a coho had resided there for at least 66 days.  

 
The longest estuarine residency period was at least 125 days for a coho that was marked 

in Area 3 (Airpark lagoon) and recaptured on October 7, 2010 at site 4. One chinook fry was 
recaptured; it had a minimum residency period of 20 days and had moved from Area 2 to site 4. 

 
Lower river sampling did not find any VIE tagged fish.  
 
Table 15 provides details of species recaptured in the estuary and potential marking 

dates along with calculated ranges in residency periods.  

5.1.8 Density/Snorkel observations 

Density estimates of juvenile chinook and coho (fry and smolts combined) during the 
2010 sampling period ranged from 0 to 4 salmon per m2. Greatest densities were detected from 
June through to early July, particularly at Snorkel Site 2. Site 2 was located in a back eddy along 
a rip rap/boulder shoreline along the left bank of the river ~230m below the Tsolum/Puntledge 
confluence. Chinook made up the majority (87%) of juvenile salmon observations in June. 
Observations in early July were not identified to species. The lowest densities were detected at 
Snorkel Site 6. However, snorkelers observed difficulty in viewing fish at this site especially at 
the lowest tides due to a shallow sandy slope. 
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General observations noted by snorkelers are provided in Table 16. Map 5 provides an 
overview of salmon and trout densities for each of the six transects assessed weekly from May 
11 to August 16th, 2010 along the 3.1km of the upper ecotone.  Figure 20 provides a chart of 
overall densities from the Tsolum/Puntledge confluence to the end of the upper ecotone 
(beginning of the mudflats). 

5.1.9 Mapping 

Detailed habitat mapping of six different sites in the estuary provides a comparison of 
the diversity in aquatic and riparian vegetations that occurred from the upper ecotone to the 
lower estuary, and an indication of the relative numbers of exotic plants that have established 
in these areas. Maps were created for the Tsolum Relic Channel (Map 6), Simms Park (Map 7), 
the shoreline and mudflats adjacent to the river channel and Airpark Lagoon (Map 8), the Dyke 
Slough below the tide gates (Map 9), Millard estuary (Map 10), and the areas north and south 
of the Royston Wrecks (Map 11 and Map 12, respectively).  

 
The greatest overall diversity of tall (>10m) and short (<10m) riparian vegetation and 

aquatic herbaceous vegetation occurred at the Tsolum Relic Channel in Area1. There was also 
the least number of different exotic plant species at this location. Millard Creek estuary also 
had a high diversity of native vegetation, but had the highest number of exotic plant species. 
Site comparisons of the riparian, herbaceous aquatic, and exotic vegetation is provided in 
Figure 21. Table 17 and Table 23 provide plant species lists for each of these sites. 

5.2 Restoration and Protection Options 

5.2.1 Restoration Options 

In total, there were 41 restoration options, including 12 project types identified for the 
estuary (Figure 22, Appendix 6). The majority of these projects were located in Area 2 along the 
upper ecotone. ¢ƘŜǊŜ ǿŜǊŜ мр ǇǊƻƧŜŎǘǎ ƭƛǎǘŜŘ ŀǎ άOǘƘŜǊέ ǘƘŀǘ ǿŜǊŜ ǿƛǘƘŜǊ ƴƻǘ ǿƛǘƘƛƴ ƻƴŜ ƻŦ ǘƘŜ 
delineated areas or they spanned multiple areas. The greatest number of options fell under the 
άhŦŦ-ŎƘŀƴƴŜƭ Iŀōƛǘŀǘ 9ƴƘŀƴŎŜƳŜƴǘέ ŀƴŘ άwƛǇŀǊƛŀƴ wŜǎǘƻǊŀǘƛƻƴέ ǇǊƻƧŜŎǘ ǘȅǇŜǎΦ ά/ƘŀƴƴŜƭ 
ŎƻƳǇƭŜȄƛƴƎέ ŀƴŘ ά{ŀƭǘƳŀǊǎƘ tƭŀƴǘƛƴƎέ ǿŜǊŜ ŀƭǎƻ ŎƻƳƳƻƴΦ As such, most of these projects were 
determined to benefit refuge requirements for juvenile salmonids. 

5.2.2 Protection Options 

In total, there were 33 protection options identified that spanned the categories of 
άEducationέ, άLand Protectionέ, άVoluntary Incentivesέ and άRegulatory Incentivesέ  (Figure 23 
23, Appendix 7). The majority of project types identified were άEducationέ (15), followed by 
άLand Protectionέ (11).  

  
The final Restoration and Protection options are provided in Appendices 6 and 7, 

respectively. The respective concept models are provided in Figures 22 and 23. An Excel 
spreadsheet of these options and the Google Earth map file (.kmz) is also available from the 
author or from Comox Valley Project Watershed Society. 
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5.2.3 Stakeholder Involvement 

Results from stakeholder interviews and comments following presentation of the results 
to stakeholders are provides in Appendices 6 and 7, respectively. These summaries provide 
insight from various stakeholders of the results of this study and the feasibility of implementing 
restoration and protection options in the estuary. 

6 DISCUSSION 
This study provides current knowledge of habitats that are important to rearing 

salmonids in the Courtenay River estuary and possible solutions to ensuring the long term 
health of the estuary for all species. The application of an ecosystem-based management 
approach ensured that the results can be applied widely across the estuary and by different 
stakeholders. Key ecological linkages between juvenile salmon and their habitats were 
identified and applied to the development of the restoration and protection options along with 
stakeholder input.  The restoration and protection options that resulted from this study 
identified 74 potential projects that could benefit estuary health to varying degrees.  

 
Measures of opportunity, capacity and realized function introduced by Simenstad and 

Cordell (2000) were applied in this study to assess the ecological and physiological responses of 
juvenile salmonids to estuarine habitats. Overall, the estuary provided the necessary habitat 
requirements to support the survival and fitness of juvenile salmonids in 2010 to varying 
degrees. In particular, the opportunity for salmon to access and benefit from the habitats in the 
estuary was provided by the two different size classes of chinook and coho found in the 
estuary. Life history diversity has been linked to both ecological and genetic diversity within 
salmon populations, and can promote resilience to disturbance similar to the resilience 
provided by a diverse stock portfolio (Waples et al, 2009, Schindler et al, 2010). Likewise, the 
long residence time of coho fry in the estuary provides evidence that estuary habitats were 
functioning to promote the survival of this life stage (Simenstad and Cordell, 2000).  

 

6.1 Habitat Requirements 
 
The Tsolum River relic channel, edge and large woody debris habitat along the upper 

ecotone of the Courtenay River, the Courtenay Slough at Simms Park, the Airpark Lagoon, and 
the Dyke Slough pool below the tide gates all provided important estuary habitats for juvenile 
salmon. These areas were located mostly in the upper and mid-ecotones, they all had a 
combination of shallow and deep water refuge, and at least some intact riparian areas. These 
habitat characteristics have been identified as important estuarine habitats for both species 
(Healey, 1982; Kjelson et al 1982; Aitkin, 1998; Simenstad and Cordell, 2000).  

 
Chinook had a preference for habitats that provided both high and low water refuge, 

and provided good refuge from predators and poor water conditions. These habitat 
preferences reflect chinook behaviour observed by Healey (1982) in the Nanaimo River estuary 
where they did tidal migrations between low tide refugia and high water marsh habitats. Areas 
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1, 2 and 47 were particularly important to chinook throughout the 2010 sampling season. They 
were found in pools and alcoves bordered by sedge habitats, near large woody debris, among 
large rocks and pilings, near eelgrass beds, and in areas where there was a strong influence of 
freshwater. There was only one chinook recapture compared to eight for coho, and that 
recapture had migrated in May or June between Simms Park (Area 2) and Dyke Slough (Area 4) 
over a minimum period of 20 days. This is likely due to a seaward migration later in the season, 
which was also found for chinook in the Nanaimo River estuary (Healey, 1982).  

 
Coho fry that reared in the Courtenay River estuary had a long residency period in 

habitats of the upper ecotone that provided good refuge and feeding opportunities. Their 
preference for backchannels and sloughs despite poor water quality conditions encountered at 
these sites later in the summer season indicated they were sensitive to predation. They also 
grew relatively well in higher temperatures compared to chinook. High food conversion 
efficiencies have been reported for salmonids at higher temperatures where there are good 
food opportunities8 (Wurtsbaugh & Davis, 1977; Bjornn & Reiser, 1991). During their estuarine 
residency in the spring and summer, coho fry experienced better growth than their freshwater 
counterparts, with some reaching the same size as smolts found in the estuary the previous 
April. Tschaplinski (1988) also found that the coho grew much faster in the Carnation Creek 
estuary than their freshwater counterparts. This could provide estuarine reared coho with an 
advantage over freshwater reared coho, as larger size upon entry to the marine environment 
has been attributed to greater survival when overall marine conditions are poor (Holtby, et al., 
1990). Coho tended to stay in the same habitats for long periods of time, as indicated by the 
mark recapture results. These results indicated a range in residency periods in the same 
habitats that lasted at least 23 days in Area 2, 41 days in Area 4, and 66 days in Area 5. Only one 
of the eight coho recaptures had moved from the place it was marked. This coho also had a 
minimum estuarine residency period of 125 days, the longest of all the recaptures.  

 
While this study did not find any indication of coho that moved to the marine 

environment after their spring and summer residency period, Tschaplinski did find that 
Carnation Creek coho were able to tolerate salinities up to 19 0/ 00 

9 by the end of the summer, 
therefore this scenario is possible. The survival of these fish to return to spawn is indicated in 
an otolith sample taken from a mature adult coho in 2009 from the Puntledge River Hatchery 
that had an estuarine rearing signature (Tryon, unpublished). As such, there is some evidence 
that this life history provides a contribution to coho survival in the Puntledge River system, 
however the proportion of estuarine reared coho that survive to spawn is unknown. 
Furthermore, whether this life history results from early displacement of fry from the rivers and 
creeks, or if there is an active migration to the estuary is also unknown (Koski, 2010). 

 

                                                      
7
 For a description of the Areas, see Map 2. 

8
 Up to a maximum temperature threshold, after which conversion efficiency declines despite good food 

conditions. 
9
 Seawater is typically 30 

0
/ 00 
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It is important to distinguish between salmon use of a habitat and the ability of that 
habitat to support salmon. Although chinook were found in high numbers at the Dyke Slough 
(Area 4), monthly length comparisons indicate low growth rates (>0.4mm/day) early in the 
season (May-June). This may be due to immigration and emigration to the site, or to the low 
composition of preferred diet items in the benthic environment. Habitats that have the capacity 
to provide preferred prey items to juvenile salmonids have been identified as important 
contributors to their survival (Simenstad and Cordell, 2000), and lack of preferred prey items, 
despite the presence of other food, can lead to reduced energetic efficiency for growth (Higgs 
et al, 1995). Gammarid amphipods had the greatest relative densities in the benthic samples 
and dominated chinook diet at this site, however, dietary overlap analysis indicated a 
preference for insects, which were not prolific in the benthic samples. This may be due to the 
sampling method not encountering the insects, or the interpretation may have large errors 
(error analysis of the Strauss Index was not undertaken). This argument is plausible as chinook 
fry had significantly higher condition factors (P<0.05) at this site compared to other sites. 
However, if insects were indeed limiting at the Dyke Slough site, this could explain the low 
growth rates of chinook during this time. In comparison, coho fry at this site grew very well (up 
to 1.43mm/day) from April through June, during which time they fed mainly on amphipods and 
insects. Coho fry appeared to select for both diets, therefore may have been better able to take 
advantage of the greater densities of amphipods in the environment than chinook fry.   

 
Food production and salmonid diet had important links with detrital and riparian 

sources. Gammarid amphipods and copepods were important components of salmonid diet in 
this study.  They are epi-benthic organisms, and likely lived in the same habitats where they 
were consumed (Pauley et al, 1988). Furthermore, amphipods in general are sensitive to 
environmental changes and their presence and abundance can be used as indicators of 
environmental quality (Gross and Pauley, 1989). Harpacticoids are also important dietary 
components for salmonids due to their high food conversion efficiencies (Coull, 1990). Insects 
were an important dietary component for chinook and coho fry in the upper ecotone 
throughout the spring and summer. Riparian vegetation provides an important contribution for 
insect production, both indirectly as an organic source of insect food, or directly from insect fall 
from surrounding riparian areas (Brennan et al 2009). The upper ecotone had intact riparian 
areas with a healthy diversity of tree and shrub species (Figure 21), which may have contributed 
to insect production in this area. Chinook were found to feed preferentially on insects in this 
study. In May in the Tsolum relic channel (Area 1), insects dominated chinook fry diet and they 
also experienced high growth rates. High growth rates have been linked to a diet on 
preferential food items that meet salmonid energy requirements (Higgs et al, 1995).  

6.2 Restoration and Protection Options 
This study identified habitat restoration and protection options that could benefit 

chinook and coho fry that rear in the estuary. Chinook fry would benefit from restoration 
projects that improved food production and habitat connectivity throughout the upper and 
lower estuary by naturalizing hardened shorelines, creating deep water refuge habitat adjacent 
to upper intertidal marsh habitats, and ensuring frequent velocity refuge opportunities along 
the estuarine continuum for all tide heights. Coho fry would benefit from restoration projects in 



Investigation of Restoration and Protection Options for Juvenile Salmonids in the Courtenay Estuary  - 21 - 
 

the upper estuary that increased the area and quality of refuge habitat by restoring riparian 
habitats for improved insect production and creating and restoring off-channel habitats. 
Similarly, protection projects that ensure existing areas with these features for coho and 
chinook remain healthy will benefit both the salmon and their ecosystems. 

 
Other management actions that affect salmon include hatchery management, 

watershed development, and flow regulation. These are not directly addressed in the 
restoration and protection options, however they are in other management systems such as 
the Wild Salmon Policy (Fisheries and Oceans Canada, 2005), Nature Without Borders (Fyfe, 
2008) and the Puntledge River Water Use Plan (BC Hydro, 2003). These actions can and do 
impact salmon in the estuary in different ways, therefore the estuary should be considered in 
these decisions as well. 

6.3 Study Limitations 
The characterization of and development of restoration and protection options involved 

a comprehensive process that brought in information from many sources. Given the high 
complexity of the estuary ecosystem and the myriad of perspectives amongst stakeholders on 
how to achieve a healthy estuary ecosystem, there were some limitations associated with this 
study. In the ecological characterization of the estuary, information gaps associated with data 
and budget limitations were addressed by referring to past studies. For example, Healey (1982) 
provided a good description of chinook and coho use of the Nanaimo and Nitnat river estuaries 
that helped to attribute importance of similar habitat features found in the Courtenay River 
estuary. Tschaplinski (1988) provided a detailed account of coho fry rearing in the Carnation 
Creek estuary that contributed to identifying the benefits of this unique life history trait in coho 
fry from this study. Water temperature interpretation required drawing upon conventional 
stream habitat requirements for salmon provided by Bjornn and Reiser (1991). This approach 
was supported by Tschaplinksi (1988) who identified that freshwater thresholds were similar 
for estuarine reared coho. Significant differences in habitat types based on salinity in the 
Courtenay River estuary in 2001 (Hamilton et al. 2008) helped with Area delineation in this 
study. Finally, the investigation into measures of capacity, opportunity and realized function by 
Simenstad and Cordell (2000) formed a basis for characterizing estuarine health. While these 
measures were developed to monitor restoration projects, their value in assessing existing 
habitats and establishing a baseline for future monitoring was recognized for this study.  

 
Further challenges were associated with the development of the restoration and 

protection options. These included time and budget limitations that prevented input from all 
stakeholders, in particular First Nations rights-holders. However, by including the diverse group 
of stakeholders that make up the Estuary Working Group (EWG) in the process, and by 
conducting the three interviews across three different stakeholder types, there was a healthy 
cross-section of input from non-profit, government and expert associations. Furthermore, the 
adaptive nature of the final outcomes partially address these limitations by making them 
applicable to different management systems and by providing an opportunity for involvement 
at a later date during periodic reviews. 



Investigation of Restoration and Protection Options for Juvenile Salmonids in the Courtenay Estuary  - 22 - 
 

7 RECOMMENDATIONS 
 
Cooperation and communication are essential to achieving management actions. To 

ensure the greatest value of the effort and resources that many people have put into this study 
and into past research, restoration and protection projects, it is important to:  

1. clearly recognize a common goal amongst stakeholders; and  
2. to ensure ongoing efforts related to the estuary strive to meet that goal.  

 
In this study, the goal was to provide a foundation for future salmon habitat restoration 

and protection activities that will ensure a healthy thriving estuary ecosystem for salmon and 
other species that rely on it. The outcomes provide a broad overview of estuary conditions and 
the current social systems that affect its management. 

 
The next steps require stakeholders of the estuary - environmental organizations, First 

Nations rights holders, politicians, government staff, landowners, professionals, funding 
organizations ς to assess how their goals and objectives align with the results of this study, and 
then, their involvement in reaching a common goal of a healthy estuary. Assessment of goals 
and objectives may involve the confirmation or redefining of the meaning of estuary health and 
how it is measured. Involvement can include different levels of support, including verbal and 
written support, financial support, and active support in project implementation. It can also 
include taking charge of a particular project, including its proposal, design, implementation and 
monitoring. 

 
The protection and restoration options in this report provide a guide to stakeholders to 

assess their potential involvement in future projects that affect the estuary. These can be used 
in existing management planning systems used by different organizations, or applied to new 
systems. The implementation of specific projects will require greater scrutiny and likely more 
detailed and site specific research. There will also be requirements for broader scale research 
into the Courtenay River estuary, including: 

 

¶ Ecological prioritization of specific restoration projects to help with management 
decisions 

¶ Periodic (ex. annual) reviews of restoration and protection options to add new 
projects ideas, and update or remove current projects 

¶ Periodic (ex. annual) reviews of social and economic conditions that affect the 
health of the estuary and feasibility of implementing specific projects 

¶ Development of more habitat maps of specific areas not covered in this study 

¶ Further analysis of existing data to compare annual trends in habitat 
requirements for juvenile salmonids beyond what was done in this study 

¶ Continued monitoring of salmonid use of estuarine habitats  
 

Finally, the most important element to ensure that the Courtenay River estuary remains 
a healthy system for all species, including humans, is to include a strong communications 
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component in all management planning. This will help to foster cooperation amongst 
stakeholders, facilitate information sharing, identify opportunities and constraints, access 
resources, and ensure continuity and long term success in reaching management objectives and 
goals. 
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APPENDIX 1: MAPS 
 

Map 1: Map of Vancouver Island indicating the location of the Courtenay River estuary. 
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Map 2: Area delineation of the estuary, numbered consecutively to indicate conceptual migration route of anadromous salmonids
10

. 

 

                                                      
10

 Refer to methods section 4.2.3 for details. Inset table also provided in Table 9. 
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Map 3: Google Earth map of 2010 Sample sites locations for Areas 1 and 2 and lower river sampling. Site descriptions are provided in Table 1. 
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Map 4: Google Earth map of 2010 Sample sites locations for Areas 3-9, and lower river sampling. Site descriptions are provided in Table 1. 
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Map 5: Snorkel sites where density transects were located and assessed on a weekly basis between May 11 to August 16
th

, 2010. 
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Map 6: Habitat map of site 1a, the Tsolum Relic Channel. 

  
























































































