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EXECUTIVE SUMMARY

The ComoXalley Project Watershed Society is a fpoofit group working in the
ComoxValleytoLINB Y2 1S G O2YYdzy A (e adi taersheRsiltough) 2 F
AYF2NXYIEGAZ2Y I SRdzOF (A 2y WateiRhed, Qdi)ik thejff &fforts foy O S
achieve this mission, they have identified the Courtenay River estuary as a critical area of
interest, partly due taits importancein sustainig healthy salmon runsthe Courtenay
River estuarnhas experience@ast and ongoing impacts from human population growth
and developmenandthere was a neetb understandhow these impactaffect salmon in
the estuary.

The goal of this study was to piide 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 part and the processes that support them. In consideration of the
highly complex naturefahe Courtenay River estuamgaching this goal required an
ecosystem management approadfeyaspectgo ensuring the success of this projeetre
to include ecological principles into the methodolotyidentify critical ecological
processes that sugpted healthy salmon populations in the estuaty inclucde the
knowledge and expertise of stakeholdeasid finally, to ensure that the results could be
interpreted and applied, and were adaptable as new information arose.

Thisstudyresulted in an overall ecological characterization of the estaathe
development of a comprehensive list of restoration and protection optioatudty
characterization involved a field investigation of habitat requirements of juvenile
salmonids fronthe upper to the lower estuary over thepring and summer of 201
alignment with ecosystem management principles, this project used chinook
(Onchorhynchus tshawytschand coho(O. kisutchfry (underyearling)as indicator
speciesFry stages of thesspecies were marked and monitored for recaptures, fish were
identified and counted, water conditions werecorded snorkel counts were conducted
and habitats were mappeddatafrom past studies weranalyzedo identify changes in
the residency periodrad size classes of these salmon. The resultsdatpidentify
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 protectiontagmswas a multistage process
that involved information from past strategy reports, meeting minutes from the Estuary
Working Group (EWG)and input from various experts and stakeholdes&er initial
compilation,EWG technical committee membagparticipated in a detailed review of the
options Some of the esults were therdiscussed witlthree interviewees that had
government, norprofit, and expert associationginally they wereformally presentedon
March 17", 2011to an audience made up of potentistakeholdesand 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 theecessary ecological requiremeriits chinook
and cohdfry to survive and benefit from theiresidence over the spring arstimmer of
2010.Chinook and coho frgtageswere more dependent on the estuary thame smolts,
which moved through the estuary quickly. Chinook and cohavése inthe estuary by
early spring when sampling begdho fry were found as late as Decembarhile most of
the chinook fry had left by the beginning of July.

The markrecapture component of the study revealéuat chinook frequently
migrated between habitats while coho had high site fideNsible Implant ElastoméNIE)
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 recaptureof chinook, compared to eighdf coho. This indicated greater movement
between habitats of the chinook fry compared to colamly oneof the eightcoho
recaptureshad moved from the place it was marked. The recaptured chinook fry had
migrated between theCourtenay Slough and Dyke Slough (betloe tide gats), andthe
coho had migratedrom the Airpark Lagooto the Dyke SlougfThis coho also had the
longest minimunestuarineresidency period of 125 days.

The Tsolum River relic channtble Courtenay River above the mudflatise
Courtenay Slough at SimmRark, the Airpark Lagoon, and the Dyke Slough pool below the
tide gates all provided importargstuaryhabitats for juvenile salmonChinook fry were
present in greater densities at most sites than coho fry, though they experienced poorer
growth rates in lackwater areas that had good refuge compatedhabitatsmore exposed
to the river. Cohofry appeared to be moraensitiveto predationbased on their patchy
distribution that confined them to areas of good refudéoweverthese habitats evidently
had good food condition$or coho as reflected by high growth rates later in the season
despite higher temperatures than wther habitats.

Food productionand salmoniddiet hadimportant links withdetrital and riparian
sources. Gammarid amphipods wenegportant 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. Thavertebratebaseddiet of trout captured with the chinook and
cohoindicated thatgood invetebrate food productioncoulddecrease the potential for
trout predation on the fryDuring April, potential competition with chum fry in the same
habitatsas the coho and chinook was alleviateddifferences in dietForage
opportunities for these salnmuds are closely linked to habitats that support their
invertebrate diets, including healthy marsh and riparian ecosystems.

Chinook fry would benefit fromestorationprojects that improved food production
and habitat connectivityhroughout 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. Goho fry would benefit from restoration projects the upperestuarythat
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increased the area and quality of refuge habitat by restoring riparian habitats for improved
insect production and creating and restoring-offannel habitatsSimilarly, protetion

projects that ensure egling areas with these features for coho and chinook remain
healthywill benefitboth the salmon andheir ecosystems.

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

estuary® ¢ KS 3IANBF1Sald ydzyo SNJ 2 ¥ N&Bhannd Nabitath 2 y 2 LIG A 2
OYKIFYyOSYSYyiGé YR awALINRFY wSaild2NlGA2yé LINR2S
G{FEfadYFrNEK tflydAy3é theBsdatidn bplichsvadi ostyy @ | & & dzO
benefit refuge requirements for juvenile salmonids. The majoritpftection option

GeLlSa ARSYUGAFASR 4SNB G9RdzOI (A 2Thérewemp VX T2 2
alsoA YL NI F yi LINP2SOGa ARSYGATFTASR dzy RSNJ KS a2
incentivel ¢ LINE 2 SuchinanEstudsy ¥aluation Program, and angoehensive

QoastalShoreline Protection Managementan for the estuary.

The restoration and protection options were prepared to serve baselinefor
planning progcts in the estuary thatouldbe 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 informagnsuring continuity in
the planning proceswill savetime that might otherwise be spentsearching similar
problems of the past. In this way, we can mdesvardsthe goal ofachievinga healthy
thriving estuary ecosystem for salmon and other species that rely. on

® These options are provided in Appendix, or excel versions maptained 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 froymroelectric operations, historical
dredging and log storage, dike development, shoreline hardening, riparian development,
recreational boat use, and point and nqoint source pollution. The resulting impacts to the
habitats used by juvenile salmon cafiect boththeir 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 wagr) that will provide seasonal refuge from predators, adverse water
guality 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 peturbations (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 oflnanagemeninterests affect the Courtenagiver 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 tlestuary, 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
G§KS YQ2 Y2 E which Milklikely besuli ik #irhér 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 oversethhe Courtenay River Estuary Management Plan is the only
one that regards the estuary as a comprehensive management unit. Furthermale mdst
of these agencies have planning and management objectives related to ecosystem health,
measures to assess impacts to these objectives are not always known or pr(vedtanc et al
2010)

1.2 Ecosystem Based Management

An opportunity to overcome darse 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 devepment of policy and goals, a planning component, and project
implementation, monitoring and evaluatiofrigurel). Ecosystem principles can be
incorporated into thidasic 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.

Investigation of Restoration and Protection OptionsJiorenile Salmonids in the Courtenay Estuary -1-



The planning stage of an EBlystem involves monitoring the status ofgstem and
modelling itto identify gapsto achieving management goals and objectivEsis typically
involves collecting data to tell a story about the system, identifying gaps to achieving
management goals anabjectives, and identifying indicators to monitor the success of
management actionsindicators 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). UndeérS I NI A y 3 OKAYy221 FTYR O2K2 alftyzy
report) in the Courtenay River estuary make good candidates as indicator speeié&s ttheir
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 parkgly 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-vadmdeclines
(Fisheries and Oceans Carmad009) Furthermore, coho that rear in the estuary represent a
unique life history typaifferent from freshwater rearingi K & OF'y O2y G NAo6dzi S {2
diversity and resilience to withstand environmental disturbances (Koski, 2009).

1.3 HabitatRequirements

Habitats can be characterized by measuring their contribution towards the survival and
fitness of juvenile stages of coho and chinook as tieay and migrate in the estuary.
Simenstad and Cordell (2000) introduced three measures of haltitdildges: 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 appunity indicate how well fish can
access and benefit from the habitsthey 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 fithessd 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 usefubtowlaking
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 aglthe 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 gatesatprevent 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 craisalkctessfully
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 a002). This includeSirst Nations rights
holders, elected officialgovernment staff, consultants, landowners, community groups, and
funders of protection and restoration projects.

In this study, ecosystem management planning principles are appliasisi&ss 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 stakeholdé¢hg idevelopment of
these options, and by developing maps to communicate the results with managers.

2 GOALS AND OBJECTIVES
Thegoal of this study is

Toprovide 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 the habitat requirements for juvenile coho
and chinookand
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 satlgecestuary 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 ftnthe estuary from approximately 842
km? of watershed area (Morrist 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 sbreline.

The estuary is highly important both culturally and ecologically. Historically, the
Courtenay River was a very productive salmon system. Evidence for this is prowvided in
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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. dreciiee

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 wiatet 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 omlown 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 islusive 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 leasne 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 hisirical 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 offchannel fish habitat. Other features of the upper ecotone include shael
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 diversefduina 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 futioned 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 gatesand continue tgrevent saltwater intrusion to upstream farmlanthere is a
large wetlandslough 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 madedgstara
japonicaand Zostera marinaAt the southeastern boundary of the mudflats is the Royston
Wrecks, a jetty composed of riiap, 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). Atthe northeastern tip of the outer mudflats there is a large marina (the Comox
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reserve, and a popular recreational area. Goose Spit curls around to create a,lagoanhich
Brooklyn Creek drains.

4 METHODS
Characterizinghe 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 die restoration and protection options and associated
concept models involved the compilation of historical analysis, habitat requirement
characteristics from the 2010 studynput from stakeholders, and the mapping of potential
restoration locations.

4.1 Habitat RequirementsData Collection
Methods ofcharacterizinghabitat requirementdor juvenile salmonidsvolved fish and
water quality sampling in 2018nd comparison to historical fish capture dasmorkel surveys
in 2010, lower river sampling in the é&asummer of 2010, and mapping of habitat featuags
specific location# the estuary.

4.1.1 Fish and Water Quality Sampling

Sampling for fish and water quality took place between March t80August19™, 2010
at 20 estuarysites Sampling of threéower river sitesbegan in earlymid July and ended in late
August Sample site descriptions are provided in Table 1, and map locations in Nsapnpling
involved the capture of fishmarkingunderyearling coho and chinook, measuring the lengths
and weights othinook and cohajecording species and numbers encountered, collecting
information on diet and food availabilitand collecting water quality information.

Fish captures were carried out usibgach seining, pole seining, minnow trapping, and
to a smallextent, minipurse seiningechniques Sampling wadonefrom shore or assisted
with a boat.Boat sampling involvedbeach seining durinbigh tidesin the upper river, and
duringlow tidesin the lower estuary. Most shorkased samplinghvolved beach saeingduring
mid to low tides.

Where beach seining was done, the area covered by each seine was estimated at the
time of samplingThe beach seine wdsim inlength, 3m deepandmade up 3 panels. The
middle panel, or bunt, wam Kk ynésh size. Theing panels wer® K ynésh sizeSeining
involved spreading the net across a habitat, pulling tbishorefrom both ends, then pulling in

l.j

the bunt to corral the fishThe pole seine wak5m in widthg A G K I © éUseYobtheK & AT S

pole seine involved twpeople spanning the net over a section of habitat and periodically

scooping itup to retrieve fish. € £ YA yYyy 2 g (NI LJand wSd\sbt frorél hauAtthNS Y S a

overnight in pools and backwaters.

Most age 0+ coho and chinook were marked with Vidilglant Elastomer (VIE) tags,
colour coded for each site. Markirg 446 coho fry and 742 chinook fry toplkacethroughout
the estuaryfrom March30to June24, 2010.A tag retention test was undertaken on chinook
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fry at the Puntledge River hatchery thimund some occurrences whemlour codes were
misidentifiedor miscountedhowever,the results were consistently clos€able2).

Depending on the size of the catch either a subsample or all of the coho and chinook
captured were masured for length and weighEork length was collected to the nearest
millimetre using a fish ruler, and weight to the nearest tenth of a gram usir@hausScout
SC4010cale.

All capturedfish were identified to species when possibde subsampledfor species
composition for very large catcheSubsampling 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 pakated by the appropriate number
of scoops to estimate the total catcBpecies identification was done by a qualified biologist or
a technician trained in identification techniques.

Benthic and stomach samples were collected to characterize the diethofBenthic
samples were collected along a cross section of habitat usirged.[An area of 30crr30cm
was disturbed abova Dnet of 500 micron meshover 3locations representative of the habitat
type for atotal benthic area of 0.27f Benthic samies were stored in plastic bottlesStomach
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 cutthwott a length of
181mm.Stomach sampling invadd either the collection and preservation of the entire fish or
their dissected stomach&tomach samples were typically only collected when there were
accidental mortalities as a result of sampling str&ghere there were no mortalities yet a
stomach sarple was desired, the fisheve anaesthetized with MS222ntil they perished. Both
stomach and benthic samples were fixed with lf@¥mnalin which was later decanted and
replaced with ethyl alcohol to preserve the samples.

Water conditions were measureaslith aYSB56 MPS multimeter at each site prior to
fish sampling. Salinity artdmperatureswere collected at the surface, and when possible, at
0.5m at each site

Lengthand temperaturedata from2001 (Hamilton et al, 2008)ere alsoanalyzed in
this study.

4.1.2 Snorkel Surveys

The upperecotone(3.1 km)wassnorkelledonceper week fromMay 11 to August 16,
2010 Fish observations were recorded at gsansect sites thatvere delineatedabove the high
water linewith flagging ribborplaced 25m apart. Ror to snorkelling, theinderwatervisibility
was determined using a measuring tapetotal of five snorkelers participated in the
snorkelling, with two snorkelers during each snorkel evé&ides during snorkelling ranged
from 0.3mto 3.5m, with an averag tide of1.5%/.0.5m (95 % confidence interval§ounts
were used to estimate densitigger 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 Condensorychigienel and lower
Mallard and Glen Urquhart Creeks was carriedtoutentify if markedfish reentered the
lower rivers later in the seasp@and to compare the size of fish found in the freshevatith
those captured in estuary sample sitd®chniques involved the use of pagleiresand minnow
trapping.Fish were identified to species, countadeasuredor fork length,and examined for
VIE tags.

4.1.4 Habitat Mapping

Sixareas that spanned the estoafrom the upper ecotone to the outer estuary were
chosen for detailed habitatharacterization Polygons were initially delineated using 2007
aerial photos. The plant communities, substrates, and important features such as fish and
wildlife habitat,exoticspecies, and anthropogenic influences that fell within these polygons
were assessed in the field. Transects and field observations wereefgrenced using a
Trimble. The results were later used to compile species lists for each site, prepte
habitat maps for presentation purposes. The data was stored in the Project Watershed
MappingCentredata base for application to future monitoring and restoration projects.

4.2 Characterizatiorof Habitat Requirements
Habitats werecharacterized based daheir contribution towards the survival and fitness
of juvenile stages of coho and chinook as they edand migratel in the estuary by
incorporating measures of opportunity, capacity, and realized fund®menstad & Cordell,
2000) Table3 outlines the criteria, measuresndthe associated habitat attributessed 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 accesand use sites over the season and throughout the estusitgs
were assessed faelative use byoho and chinookased on theCPURISing beach seine
methodsonly. CPUE was calculated for each site by dividing the number of fish caught per day
by the number of setsAll size classes of chinook and coho that were captured were included in
the CPUE estimates.

4.2.2 Llife 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
unclippedchinook and coho captured in 2001 and 20i€re compiled by speciesd month
for each sample yeaGize classes were then visually estimated based on their léngdjaency
distributions.The size classes were interpreted as age classes, amefanedto as cohorts in
this report. Cohortsvere numbered based on theiize and time of detection in the estuary.
Cohort 1 represented the largest size class and was representative of the smolt stage ¢age 1+
under-yearling smolts Cohort 2 was the next size class down and was representative trf/the
stage (age 0+). Coli@® entered the estuary later in the season, and was also representative of
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the fry stage (age 0+)T'hemodallengths for cohor? of each species were used to estimate
growth rate (see section.2.6).

The data were analyzed for significant differenbeswveen size classes where the
sample sizewere 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
RAAGNAOdzG SR &A1 Stewab usedForadmpardnieans. ivieReShgrd Wedie (i
two non-normal distributions, medians were compared using the Malhitney test. Where
there were multiple size classes being compared, ANOVA was used for normally distributed
data and the Kruskallvallis was sed for nonparametric dataThe statistical software package
Graphpad Prism Version 5.0&rgphPad Software Inc., San Diego), Wa#s used in the analysis
of fork lengthdata.

4.2.3 Proximityto migration routes

To further assess the opportunities for juvertiegho 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 otlaaéas
were numbered consecutively fra upstream to downstream to reflect the net movement of
migrating salmonids from freshwater to saltwater.

Area delineatiorof the estuarywas based otthe following:

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

1 characteristics offte 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, includinigtidal
confluence with the mainstem chann&pmox Baarina, Goose Spit, and Royston
Wrecks.

T
T

The rationale taapplying thissystemwasthat it reflectedthe relative importance of
habitat to juvenile salmonidalong anupstream to downstream gradient and avihe season
with Area 1 being of the greatest importanearly in the seasgrand subsequent areas
increasing in importance as the season progressag assumes that early in the season,
under-yearlingsalmonids are most vulnerable as they first ertteg estuary due to their small
size and the osmotic stress associated with physiologically adapting to increasing
concentrations of saltwaterTheseassumptiors aresupported by a study by Otto (1971), who
found that coho smolts survived longer than fry when rapidly exposed to higher salinities, and
that the underyearling coho required more time in dilute salinities to survive the
freshwater/saltwater transitionOther studies also support the importance of upper estuarine
areas to early rearing of chinook fiealey, 1991)
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4.2.4 Diet

Fish diet can based toestimatethe capacity of specific habitats to promote fish
production(Simenstad and Cordell, 2000hree #es andfive species of salmonids were
analyzed fobenthic invertebrates andtomach 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. Thidimmation was applied to the Strauss index to determine
the selectivity of fish for each prey ite(Bowen, 1996)The results ranged frori to +1, with
values below zero indicating high selection, and above zero indicating less selection.

Laboratory anbysis of the benthic and stomach samples was done by Zotec
Environmental Services. The methodology used to analyzbehthics involved first rinsing
samplesthrough a 250um mesh with tap watethen draining thenfor 10-15minutes Samples
were thenweighed prior to collection of a random subsample for analysis, which was also
weighed. Organisms were identifieéd 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 sit&tomach contents were retrieved by cutting the stomachs and
scraping out the contents into a petri dish. Total volume was collected frenmitividual
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 Qualiy

Temperature was used to indicate thaysio-chemicalcapacity of estuarine habitats to
support juvenile salmon rearinglhe upper and lower thresholds that identify ideal conditions
for rearing coho and chinook (14°C), as well as the lethal tempeuegs (>25°C) were taken
from Bjornn & Reiser (1991)inear regression was used to analyze for trends in surface
temperatures during similar ranges in tides in Ay¥éaand 6 for 2001 and 2010. Temperature
differences between these years were visually coregaTidal range for the 2001 and 2010
comparison are provided ihable4.

4.2.6 Growth

Growth rate and condition factoof chinook and coho juvenilegere analyzedo
characterize the contribution dfifferent habitats to survival and fiess Growth rate was
determinedfor the dominant frycoho and chinookohorts (cohort 2y comparing the mean
fork length differences that occurrealver time Growth rate wasalculated from the difference
between themeanmonthly fork lengths of eackpecies over the season.

Condition factors of the chinook and cofrg captured in 201@vere compared for each
species between sites to provide a relative comparison of fish hektih statistical software
package Graphpad Prism VersiorGgphPad Soiftare Inc., San Diego, PAas used in the
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analysiscondition factor dataThe satistical analysigapproach was the same as was done for
the length analysis (4.2.2).

A size comparison of coho fry capturedhe estuary and lower river sites involved
comparing the mean fork length of late season (July and August) captures.

4.2.7 Residence time

Residence tim&vas used as a measure of realized function to reflect the behavioural
responseof fish to habitat attributes that promote survivdResidence time wasstimated from
mark-recapture results. The potentiabsidency periods werealculatedfor specific sites and
for the estuary as a wholieom the difference between the recapture date and the potential
markingdates.

4.2.8 Densiy

Density was used as a measwoifaealized function to reflect the behavioural response
of fish to habitat attributes that promote survivénorkel survey observations provided an
estimate of densities pesquaremeter of shoreline throughout the sample areas.

4.3 Mapping

Habitat mappingf specific sites involved a photo interpretation of habitat units,
followed by groundruthing during low tides to prepare habitat maps that were accompanied
by information on plant assemblages, substrasyticspecies presence, and anthropogenic
features.Table5 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 deteemined
based on information from the BC Ministry of Environment Conservation Data Gentre

4.4 Restoration and Protection Options

The restoration and protectionptionswere compiled into @omprehensive list that
includedinformation onthe project namesnd descriptions, locatiomationale, opportunities
and constraints,informationrequirements key peopléo involve andpotential resourcesThis
involved discussions with stakeholders early on in the protestentify potential information
sources ad key peoplecompilation of historical and current ecological information on the
estuary Once the tables were compiled, they underwent a review process that involved more
discussionsvith stakeholders and experts that had insight into all or specifigguts. Once the
tables were at or near finalizatn, there were three interviewwhere ideas in the tables were
brought up toassess feasibility and to provide more information on techniques and
opportunities.The finalresults werethe comprehensive listof 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 maglaware of opportunities for them to be involved:

*BC Species and Ecosystemgl&rer: http://www.env.gov.bc.ca/atrisk/toolintro.html
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1 TheEstuary Working Group (EWG) and affiliated subcommittessrestoration and
land protection providecnopportunity to gather input from various stakeholders on
these options.

o The EWG and imubcommittees 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-pafit, and areas of
varying expertise from historigakchnical, 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.

1 Several key people were sought for opinions on specific projedtgluding expert staff
from Fisheries and Oceans Canaal#gcal biologist with vast experience working on the
Puntledge River watershet, YSY 06 SNJ 2F ( KS ahda badeMistdriana G & Q { 2

1 Three formal interviewswvere conducted with the newrevironmental planner for the
City of Courtenaythe vicepresident of the Fish and Game Protective Associatiad,
an expert on coastal eelgrass research and restoration.

1 Anecdotal information was also gathered during the course of figdrk in this

project, as many of the volunteer assistance came from people involved in various

stewardship groups and government organizaticasd varying backgrounds of

expertise.

0 Volunteers ncluded streamside landowners, volunteers from the Tsolum River

Restoration 8ciety, the Fish and Game Protective Society, the Millard/Piercy Watershed
Stewards, the Brooklynn Creek Stewards, the British Columbia Conservation Federation,
and inkind assistance from Fisheries and Oceans Canada and the Ministry of
Agriculture, Foodrd Fisheries.

4.4.2 Process

Development of restoration and protection tpns was a multstage process:

1 Atable of restoration options (referred to as the Restoration table) wéslly
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 estuafourtenay River Estuary Workshop Minutes, 2008
second document provided the results of a reconnaissance tour undertaken on
February 28, 2004 of potential restoration sites in the estugB. Guimond & D.
Poole, personal commueetion, Feb. 28, 2004) The third document was
another summary of a field tour of potential restoration sites carried out on
October £, 2009(D. Davies, personal communication, Octob&r2009).

Further information and new sites were added to the fRestion table following
the 2010 field sampling season. This information was based on direct
observations and experience of the project biologist and from ideas and
perspectivesound in theEWG and susommittee meetingminutes.
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1 A table of protection opons (referred to as the Protection table) was compiled
from discussions provided in the minutes of 2009 and 2010 EWG meetings, and
the land acquisition sulbommittee (EWG, n.d.)

Both the restoration and protection options tables that resulted were sgjoently
reviewed by representatives of the EWG and the respectivecemtmittees. In addition,
specific sections were further refined based on input frpeople with sitespecific knowledge
the method proposed, the history of the site, and the social palitical conditions surrounding
the project.

Mapping of the restoration options involved pinpointing them in Google Eaatihd
creatingan electronic .kmfile 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 wdstilitate 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 statahe; they are meant to provide an initial
overview of projects that @& 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
section4.2.3 the estuary was partitioned into areas based on a conceptual migration route of
juvenile chinook and coho salmohhe restoration concept model was also organizethis
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 crée®® ! y2 6 KSNJ AaSO0GA 2y X ¢
NBal2Nl A2y ¢é3 NBFSNAR (2 NBad2NrGA2y 2F FTNBaAKg
that may provide rearing habitat to juvenile salmonids both prior to and following estuarine
rearing.Each Area shown in tHeestoration 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 ptential for juvenile salmonids was indicatptttoriallyby 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 cubcategories for protection. This is a simplification of the process required to plan
protection projects, and as such, some important connections are not éxplich 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 pathatchieving this connections, while

° Google Earth can be downloaded for free frattp://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 landowers 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
conceptmodel.

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 starfEde 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 pesttidy sampling sessions in October and
Decembernf 201Q The smolt stagesf 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 movedoim 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 estuaringesidency period of 125 dayAll of the other coho recaptures stayed in the
habitats in which they were marked#blel5).

Chinookfry had a preference for habitatin the upper ecotone and near freshwater
sources throughout the season. Areas 1, 2 and 4 were particularly important to chinook
throughout the 2010 sampling seas@figure 2) They were found in pools and alcoves
bordered by sedge habitats, near largeady debris, among large rocks and pilings, near
eelgrass beds, and in areas where there was a strong influence of freshwater.

Coho fry that reaed in the Courtenay River estuary occupied habitat with good refuge
and a reliable source freshwater inflonhdy remained in the estuary throughout the spring
and summer and during this time experienced better growth than their freshwater
counterparts(Figures 18 and 39

Early seasofMay-June)growth rates were low for chinook fry compared to cohoifry
the Dyke Slough pool below the tide gates (siteG#pwth ratesof chinookwere <0.4mm/day
compared toup to 1.43mm/dayfor coha The diet of chinook during this time indicates a
preference for insects, though these were not prolific in the benthicgamin comparison,
coho fry appeared to select for gammarid amphipedsich were prolific
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5.1.1 Fish Presence

CPUEesults indicated high fistiensitiesin Areas 1, 2and 4 forboth chinook and coho
May had the highest CPWEthe sampling period for botbhinook and coho in Areas 1 through
4. Area 4 had the highest CPUE for both speéie=a2 wasimportant for both chinook and
coho in the Courtenay Slough as well as almagnstemchannel margins where there were
deep water alcoveandsedge habitatCRJEfor all sites and sampling days are provided in
Figure Zor chinook andrigure 3or coho.

Other species that were encountered in the estuary included steelh®@adhkissand
searun cutthroat ©. clarki) trout, sculpingLeptocottusarmatusand Cottus spp), threespine
stickleback Gasterosteus aculeatyandperch, 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 encountereétigure4 identifies the relative catches of each species.

5.1.2 Life History Composition

Length frequency distributionsdicatedmultiple age classes (cohortsj chinook and
coho utilizingthe estuary duringertainperiodsof the study.In 2001, the length frequency
distributions for chinook indicatetivo size classésn 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 chindaly jdune
and July in @01, and in June for 2010. Two size classes of coho were detected in May and June
of 2001, and in April and May of 20{®<0.0001 for all)rhe June of 2001 cohort 1 chinook had
a similar mean length as the hatchery chinook that were identified with gmozei clip, and
therefore may represent hatchery stockgble6).

Figure5 and Figure6 provide the lengthrequency distributions for chinook in 2001 and
2010, respectivelyA box plot indicating significant differences in size classes for each species,
year and month is provided ihigure7. Tables 7 and Brovideinformation onthe statistical
results where significant differences in size class were found.

5.1.3 Proximity to migration routes

The map indicating the sample sites and Arsgsovidedin Map 2 A description of
each area and the associated 2010 sampling sites is provideabige9.

5.1.4 Diet

Results from the stomach analysis of five species of fish over three sites indicated
dietary differences between species and sites overghasonln April, tium salmonO. ketg
had a diet dominated witltopepods (mosthyarpactacoid)and chinookry with gammarid
amphipods Subdominant food items indicated that copepods were also important for chinook
fry, and likewise amphipods for chum.

® 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 tigates.The fryhad a diet almost entirely of insects
while smolshad a diet dominated bgammard amphipods.Steelhead trout and seaun
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 ins€ciso fry diet was also
dominated by insects, with a substantial component-28%6) of gammarid amphipods July,
insects were also an important dietary component for cétyo

While gammarid amphipods made up the dominant part of the dfethinookfry
through April and Maydietary overlap analysis diddicatethem to be a preferred item due to
their high abundance in the benthic samp(&sgure8). They were found to be a preferred food
item for coho, howeverin May, chinook demonstrated a strong selection for insects, and coho
for copepodsinsectswere also strongly selected for in June by coho.

The dominant and suldominant prey items found in the stomachs of fish sampled are
provided inTablel0. The composition of invertebrates found in benthic samples in the estuary
in 2010is shown inFigure8. Dietary overlap indicating selection for (positive values) and
selection against (negive values) food items by coho and chin@wk shown irFigure 9 and
10, respectively.

5.1.5 Water Quality

Figurell comparegemperaturesat four sample siteto ideal and lethal levelfor
salmonidgBjornn & Reiser, 1991)emperatures during sampling of Area8 vere typicaly
below the optimal conditionsintil approximately miedune, when they exceeded optimal
levels Area 4exceeded optimal levels by the third week of May. There were no recorded
instances where temperates reached lethal levels.

There was a general increase in surface temperatures in Areas 4 and 6 over the sgdson
higher lateseason (posfune) temperatures detected in 2010 compared to 2(®gure 12
and 13)

5.1.6 Growth

Growth of chinook and cohayf (cohort 2) varied betweeAreasand sampling period
Thehighestshort term growth ratefor chinook was estimated at 0.79mm/daylate May in
Area 1. There was negative growth detected at Areadarly May for chinookCoho
demonstrated very good growth early in the season in Area 4, while coho in Area 1 experienced
negative growth in late JulyQ(57 mm/day).Figurel4 and Figurel5compare sesonal (~12
months) growth between Areas for chinook and coho fry, respectively.

Tables 11 and 1@rovide estimated growth ratefor different areasover narrow time
periods (~ 14 week9 for chinook and coho fry, respectively.
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Area 2 had significantlhigher condition factors (P<0.0bablel3and Tablel4, Figure
16 andFigurel?) than Area 3 for botlechinook and coho fry in ApriDifferences between Areas
1, 2 and 4 were also similar for both spedes/ay, 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 cohry 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 siZerthan
the lower Puntledge River upstream of the upper ecotone, and in Areas 1 @hguzel?7 and
Figurel8). Coho capturedh August in Area 5 were of greater size than those aaggtin the
Condensory sidehannel

5.1.7 Residence Time

Overall742chinookfry and 446 coho fryvere marked with VIE tags betwedfarch 30
and June 24, 2010. Thenere 1 chinook and 8 cohrecaptures between May 6 and October 7,
2010.

Mark-recapture datandicatedsite fidelity of coho fry ilAreas 24, and 5. During the
period from April to May, coho fry in Area @aptured in site 2aCourtenay Sloug) had a
minimum residency periodf 8 days. Recaptures at this site in June fountharease in the
minimumresidency period to 23 daygKnownmarkand recapture dates of a coho in Area 4
(site 4,Dyke Slouglpool below the tide gatesfound a esidency period oéxactly41l days.
Recaptures in Area 5 (Millard estuary) indicatetbhohadresided there for at least 66 days.

The longest estuarine residency period was at least 125 days for a cohedhaharked
in Area 3 (Airpark lagoor@nd recaptured on October 7, 2040 site 4 One chinook fry was
recaptured; it had a minimum residepperiod of 20 days and had moved from Area 2ite 4.

Lower river sampling did not find any VIE tagged fish.

Tablel5 providesdetails of species recaptured in the estuary gadential marking
datesalong with @alculated ranges in residency periods.

5.1.8 DensitySnorkel observations

Density estimates of juvenilehinook and cohdgfry and smoltombined during the
2010 sampling periotangedfrom O to 4salmon per . Greatest densities were detected from
June through to early July, particularly@orkel Sit@. Site 2 was located in a back eddy along
a rip rap/boulder shoreline along the left bank of the rivr&30m below the TsolufRuntledge
confluence Chinook mad up the majority(87%) ofuvenile salmorobservationsn June.
Observations irarly July were not identified to speci@hie lowest densities were detected at
Snorkel Site 8However, snorkelers observed difficulty in viewing fish at this site espeatall
the lowest tides due to ahallowsandy slope.
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General observations noted by snorkelers are providetaible16. Map 5 provides a
overview ofsalmon and troutensitiesfor each of the six transects assed weekly from May
11 to August 18, 2010along the 3.1knof the upper ecotone Figure20 provides a chart of
overall densities from the Tsolum/Puntledge confluence to the end of the upper ecotone
(beginning of themudflats).

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 numbefexoticplants that have established
in these areas. Maps were created for the Tsolum Relic Chaviapl®), Simms ParkMap 7),
the shoreline and mudflats adjacent to the river channel and Airpark Ladvwap &), the Dyke
Slough below théide gates Kap 9), Millard estuaryap 10), and the areas north and south
of the Royston WreckdMap 11andMap 12, respectively).

The greatest ovel diversity of tall (>10m) and short (<10m) riparian vegetation and
aquatic herbaceous vegetation occurred at the Tsolum Relic Channel in Areal. There was also
the least number of differengéxoticplant species at this location. Millard Creek estuago
had a high diversity of native vegetation, but had the highest numbexoficplant species.

Site comparisons of the riparian, herbaceous aquatic,exadicvegetation is provided in
Figure 21Tablel7 and Table23 provide plant species lists for each of these sites.

5.2 Restoration and Protecn Options

5.2.1 Restoration Options

In total, there were 41 restoration options, including 12 project tyjpdentified for the
estuary(Figure22, Appendix6). The majority of theeprojects were located in Area 2 along the
upper ecotone¢ KSNBE gSNBE mp QINBREOWXI GA HENB 14 GK SNI y;
delineated areas or they spanned multiple areBisegreatest number obptionsfell under the
Gh-®RFYYSt 1 FToAGIG 9YKIYOSYSyi(é I §RKEWKSER NA Iy
O2YLX SEAY3IE | yR af{ | f{Yl NAskuch, tnbsyofitheyedrojects &g | f a
determined tobenefit refugerequirementsfor juvenilesalmonids.

5.2.2 Protection Options

In total, there were 33 protection options identified that spanned the categories of
OEducatio, dLand Protectiog, dVoluntary Incentivesand dRegulatory Incentiveés(Figure23
23, Appendix7). The majority of project types identified wetEducatios (15), followed by
dLand Protectioa (11).

The finalRestoration and Protection options are providedAppendices$ and?7,
respectively. The respective concept models are provided in Figures 22 afd E3cel
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 Stakehol@r Involvement

Results from stakeholder interviews and comments following presentation of the results
to stakeholders are provides Appendices 6 and Tespectively. These summaries provide
insightfrom various stakeholdersf the results of this studgndthe feasibilityof implementing
restoration and protection options the estuary.

6 DISCUSSION

This study provides current knowledgehabitats that are important taearing
salmonids in the Courtenay River estuandpossible solutions to ensurirthe long term
health of the estuary for all speci€Bhe application of an ecosystelpased management
approach ensureéthat the results can be applied widely across #stuary and by different
stakeholdersKey ecological linkagdsetween juvenile salmon ahtheir habitats were
identified and applied to the development tife restoration and protection optionalong with
stakeholder input The restoration and protection options that resultédm this study
identified 74 potential projectghat couldbeneft estuary health to varying degrees.

Measures of opportunity, capacity and realized functimmoduced by Simenstad and
Cordell (2000yvere 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 20¢8rying
degreesIn particular the opportunity for salmon to access and benefit from the habitats in the
estuarywas provided by théwo different size classes of chinook and coho found in the
estuary.Life history diversity has been linked to botto&gical and genetic diversity within
salmon populations, and can promote resiliencalisturbance similar to the resilience
provided by a diverse stock portfol{@Vaples et al, 2009, Schindler et al, 2D10kewise, the
long residence time of coho frg the estuary provides evidence that estuary habitats were
functioning to promote the survival of this life stag@menstad and Cordell, 2000)

6.1 Habitat Requirements

The Tsolum River relic channetige and large woody debris habitat aldhg upper
ecaone of the Courtenay Rivethe 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 andetadones, hey all had a
combination of shallow and deep water refuge, and at least some intact riparian diease
habitat characteristics have been identified as important estuarine habitatisoth species
(Healey, 1982Kjelson et al 1982; Aitkin, 1998; Simenstad and Cordell, 2000).

Chinook had a preference for habitdateat provided both high and low water refuge,
and provided good refuge from predators and poor water conditions. These habitat
preferences reflect chinuk behaviour observed by Healey (1982) in the Nanaimo River estuary
where they did tidal migrationsetween low tide refugia and high water marsh habitatseas
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1, 2 and 4were 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 eigltdioo, 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 day$hisis likely due to a seaward migratidatter in the season

which wasalso found for chinook in the Nanaimo Riestuary (Healeyl982).

Coho fry that reagd in the Courtenay River estuamad a long residency period in
habitats of the upper ecotone that provided good refuayed feedingopportunities Their
preference for backchannels and slouglespitepoor water quality conditions encountered at
thesesites later in the summer seasardicated they were sensitive to predatioihey also
grew relatively well in higher temperatures compared to chinddigh foodconversion
efficiencies have been reported for salmdsat highertemperatureswherethere are good
food opportunitie§ (Wurtsbaugh & Davis, 197Bjornn & Reiser, 1991During their estuarine
residency in the spring and summer, cohodrperienced beer growth than their freshwater
counterparts with some reaching the same size as smolts found in the estuary the previous
April. Tschaplinski (193 also found that the coho grew much faster in the Carnation Creek
estuary than their freshwater counterpigr This could providestuarine reareaccoho with an
advantage over freshwater reared coho, as larger size upon entry to the marine environment
has been attributed to greater survivahen overall marine conditions are pogoltby, et al.,
1990). Coho terled to stay in the same habitats for long periods of time, as indicated by the
mark recapture resultsThese resultindicated a range in residency periods in the same
habitats that lasted at lea23 days in Area 2, 41 days in Area 4, and 66 days irbA@ay one
of the eight coho recaptures had moved from the place it was marked. This coho alao had
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 te tharine
environment after their spring and summer residency period, Tschaplinski did find that
Carnation Creek coho were able to tolerate salinities up t&/d& 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 signatuferyon, 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 ths life history results from early displacement of fry from the rivers and
creeks, or if there ian activemigration to the estuary is also unknown (Koski, 2010).

" For a description of the Areas, skkap 2.

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

% Seawater is typically g0
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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 ra{e®.4mm/day)early in the
season (Maylune) This may be due to immigration and emigration to the siteto the low
composition of preferred diet items in the benthic environment. Habitats that have the capacity
to provide preferred prey items to juvenile salmontusve been identified as important
contributors to their survival (Simenstad and Cordell, 20808 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 th&te, however, dietary overlap analysis indicated
preference for insectsyhichwere 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 ofhe 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 ettdow
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 bmth 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 impoantponents of salmonid diet in
this study. Theyare eptbenthic organisms, anlikely lived in the sambabitatswherethey
were consumedPauley 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 impdigtary
components for salmonids due to their high food conversion efficiencies (Coull, 119€€)ts
were an important dietary component for chinook and coho fry in the upper ecotone
throughout the spring and summeRiparian vegetation provides an iontant contribution for
insect productionpoth 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 tremd shrub species-{gure 2}, which may haveontributed
to insect production in this are&hinook 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 perienced high growth rates. High growth rates have been linked to a diet on
preferential food items that meet salmonid energy requiremefiigggs et al, 1995

6.2 Restoration and Protection Options
This study identified habitat restoration and protectioptmns that could benefit
chinook and coho fry that rear in the estuaGhinook fry would benefit from restoration
projects that improved food production and habitat connectivity throughout the upper and
lower estuary by naturalizing hardened shoreline®gating deep water refuge habitat adjacent
to upper intertidal marsh habitats, and ensuring frequent velocity refuge opportunities along
the estuarine continuum for all tide heightSoho fry would benefit from restoration projects in
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the upper estuary tht increased the area and quality of refuge habitat by restoring riparian
habitats for improved insect production and creating and restoringcbénnel 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 hatcmeapagement
watershed development, and flow regulation. These aredigctly addressed in the
restoration and protectioroptions, however theyre in other management systems such as
the Wild Salmon Polidfisheries and Oceans Canada, 30Bature Without Borders (Fyfe,
2008 andthe Puntledge River Water Use Plan (BC Hy&D03). Tleseactions carand 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 proces$sat 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, thesee some limitations associated with this
study. Inthe 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 andtier estuaries
that helped to attribute importance of similar habitat features found in the Courtenay River
estuary. Tschaplinski (18Bprovided a detailed account of coho fry rearing in the Carnation
Creek estuary that contributed to identifying thenefits of this unique life history trait in coho
fry from this studyWater temperature interpretation required drawing upon conventional
stream habitat requirements for salmon provided by Bjornn &ailser (1991). This approach
was supported by Tschapksi (198) who identified that freshwater thresholds were similar
for estuarine reared coho. Significant differesoe habitat types based osalinity in the
Courtenay River estuary in 20(Hamilton et al2008) helped with Area delineation in this
study. Finally, he investigation into measures of capacity, opportunity and realized function by
Simenstad and Cordell (2000) formadbasis for characterizing estuarine health. While these
measures were developed to monitor restoration projects, their vauassessing 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 limitatitimest prevented input from all
stakeholders, in particular First Nations rightsiders. 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 thrdiéferent stakeholder types, there was a healthy
crosssection of input from nofprofit, government and expert associations. Furthermore, the
adaptive nature of the final outcomes partially address these limitations by making them
applicable to differentmanagement systems and by providing an opportunity for involvement
at a later date during periodic reviews.
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7 RECOMMENDATIONS

Cooperation and communication are essential to achieving management aclions.
ensure the greatest value of the effahd resourceshat 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 stakehalgard
2. to ensure ongoing efforts related to the estuary strivatieet 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.iTheoutcomes providea broad overview of estuary conditions and
the current social systems that affect its management.

The next stepsequire stakeholders of the estuanenvironmental organizations, First
Nations rights holders, politicians, government staff, landownersfgssionals, funding
organizationg; 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 confirmationredefining of the meaning of estuary health and
how it is measurednvolvementcan include different levels of support, including verbal and
written support, financial support, and active support in project implementation. It can also
include taking carge of a particular project, including its proposal, desiigyplementationand
monitoring.

The protection and restoration options in this report provide a guide to stakeholders to
assess their potential involvement in future projects that affect thaiast. These can be used
in existingmanagement planning systemised by different organizations, or applied to new
systemsThe implementation of specific projects will require greater scrutiny and likely more
detailed and site specific researcfhere wil also be requirements for broader scale research
into the Courtenay River estuary, including:

1 Ecological prioritization of specific restoration projettshelp with management
decisions

1 Periodic (ex. annuat®views of restoration and protection options to add new
projects ideas, and update or remove current projects

1 Periodic (ex. annual) reviews of social and economic conditions that affect the

health of the estuary and feasibility of implementing specifijgcts

Development of more habitat maps of specific areas 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

1 Continued monitoring of salmad use of estuarine habitats

T
T

Finally, the most important element tensure hat 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 almanagement planning. This whiélp to foster cooperation amongst

stakeholders, facilitate information sharing, identify opportunities and constraints, access
resourcesand ensure continuity and long term success in reaching management objectives and
goals.
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APPENDIX 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 salm@nids
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19 Refer to methods section 4.2.3 for details. Inset table also providédlihe9.
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Map 3: Google Earth map of 2010 Sample sites locations for Areas 1 and 2 and lower river sampling. Site descrlptlons are pmowwl
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Map 5: Snorkel sites where density transects were located and assessed on a weekly basis between May 11 to Al‘PglIt’ﬁL!DG
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Map 6: Habitat map of site 1a, the Tsolum Relic Channel.
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