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Cowichan River Habitat Status Report
1.0 INTRODUCTION

The present population of fall run chinook is aegevconservation concern with wild chinook
escapement decreasing to a historical record IR@@® with less than 500 natural spawning adults
(age 3) migrating upriver and approximately 300ltsdeollected for broodstock (Luedke pers. comm.).
In contrast, between 1988 and 2002, fall chinoaapsment to the Cowichan averaged between 5,000
— 10,000 spawners.

The natural escapement of fall run chinook stockithastrated a declining escapement trend sinee th
late 1990’s. Despite recent efforts to assistéioevery of Cowichan River chinook, by 2007 theckto
had the highest rate of decline of any BC chinamhkservation unit (Holtby and Ciruna 2007). As part
of the 2010 Salmon Outlook, FOC, the status of €Cbam fall chinook is designated as a “stock of
concern” and as well, is classified as “endangeeadbrding to the COSEWIC criteria.

In an effort to address declining the Cowichanmrisiginook stock, several initiatives are already
underway. In 2005, Fisheries and Oceans initidtedrhplementation of the Wild Salmon Policy. The
WSP strategies strive to incorporate habitat amgyetem considerations into salmon management and
to establish local processes for collaborative milagnthroughout BC. Initial strategies outlinedthg

Wild Salmon Policy include an assessment and dootatien of the habitat status for chinook within
both freshwater and marine ecosystems and develdprhendicators for ongoing monitoring and
assessment. On a more targeted level, in 2005ahécBan Tribes developed a watershed wide, multi-
species Recovery Plan for the Cowichan watershé&d. @005).

In 2009, FOC initiated a comprehensive ecosystesadalanning process to rebuild the Cowichan
chinook stock through development of an Integr&hbthook Recovery Plan. The first priority of this
initiative is to provide a collaborative processivelop a holistic, ecosystem based plan for leiig
and sustaining the severely declining fall chinoak. Over the longer term, the intent of the Indéed
Recovery Plan is to sustain all salmon speciesdrCtowichan River. The process is working towards
building on existing planning initiatives to devplmcal governance and ownership of fish stockfién
Cowichan along with the capacity to implement salmebuilding programs (Luedke pers. comm.).
The Cowichan Tribes, Cowichan Valley Regional DistrLiving Rivers Society and the Cowichan
Basin Watershed Advisory Council (CBWAC) will beykelayers for local governance and ownership
within the Cowichan watershed.

1.1  Purpose and Scope

The purpose of this report is to provide a compnehe review of the freshwater habitat status ef th
Cowichan River as outlined by the Wild Salmon Poli€ey elements of this Habitat Status Report
includes the identification of known sensitive Habtypes by life stage, potential limiting factoos
chinook production and proposed habitat based mesiso address these limiting factors and to
maintain freshwater productivity. This projectaiacludes the development of a preliminary list of
habitat indicators for further discussion and impdatation as part of a long term habitat status
Monitoring Plan for the Cowichan watershed.

The study area includes chinook-producing habitdtiwthe watershed and therefore focuses on the
mainstem Cowichan River to Cowichan Lake and wsadr degree the lower Koksilah River to the
Marble Falls barrier (Fig 1). Small numbers ofrdok are produced in some years in the Robertson
River and Shaw Creek, upstream of Cowichan Lakeweéver, utilization of these systems by chinook
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is infrequent and therefore habitat status andilgifactors were not examined or discussed in any
detail within this report.

This information is relevant to developing a Reggvgtrategy for Cowichan River fall run chinook as
outlined for Strategy 2 of Wild Salmon Policy. Aell, the contents of this report will provide hizlbi
related components for the ecosystem based Inesh@itinook Recovery Plan or more recently known
as the Cowichan Salmon Initiative currently in pess.

A coordinated approach is necessary to develop drateeand effective measures to address the
diminishing chinook stock. Other factors that dilg affect the total abundance of fall run chinook
include hatchery/enhancement efforts, nearshoretisidore marine survival, exploitation in
commercial and sport fisheries, predation by saathesident Orcas and the terminal First Nations
fishery (Fig 2). These factors are outside tlopef this study but are briefly discussed in the
following section.

1.2  Other significant factors that influence natura | chinook abundance

Commercial, sport and the Terminal Native harvestchery enhancement and marine survival can
have a significant influence on the total returrclahook spawners to the Cowichan watershed (Fig 2)
In some cases, the effects of these factors will vasome years depending on environmental
conditions or are based on disciplines (i.e. enbarent, fisheries management) that are outsidesof th
focus of this study. As well, further assessmemieisded to determine whether they are limiting to
chinook production. However, inclusion of thesddeag is vital to development of a holistic, Recgver
Plan for the Cowichan River fall chinook run.

1.2.1 Commercial, Sport and Native Harvest

Exploitation rates in the commercial and sportdifis can have a significant effect on the totahiper

of adults returning to the Cowichan River with ahok being harvested at a higher rate relative herot
salmon species in the Cowichan watershed. Thedgpbitation rate for chinook (catch + incidental)
has ranged from a low of 34% for the 1995 brood yea high of 87% for the 1985 brood year (Fig 3,
Tompkins et al. 2005). In general, exploitatioresafor Lower Georgia Strait chinook stocks were
higher (70-80%) until the early 1990’s (W. Luedlkerg comm.). During the late 1990's, the
exploitation rate for Cowichan fall chinook was uedd to 30% as a conservation measure. However
actual ocean fishery exploitation rates ranged betnwb0 - 70% from 1996 to 2000 and is likely due to
the loss of sportsfishing opportunities for coh@i@orgia Strait as well as an increase in incidenta
catch in commercial and sport fisheries outsidihefStrait of Georgia (Tompkins et. al. 2005).
Coincidentally, in 1995, lowest recorded explotatrate coincided with the highest historical
escapement for natural adult spawners in the Cani€iver.

In the most recent years, the current exploitatites for Cowichan Chinook continues to average
around 60% (W. Luedke, pers. comm.). A more coradiy approach has been implemented to protect
Cowichan chinook by a 50% reduction to the WCVIltlisheries in 2009, spot closures for
sportsfishing during the fall migration period @mplementation of mark selective fisheries in
Washington State (W. Luedke pers. comm.). The bamaldrecently variable marine distribution of
Cowichan fall chinook run increases the challemig&,and complexity for fishery management

actions. The benefits of recent management actidhbe evident in the forthcoming years.

Cowichan Fall Chinook Habitat Status REePOIt. .. .........ooeiiueeiee it e e eee e Pages



Habitat Based Factors
\ affecting estimated

chinook productivity

Spawning

- =

e Stream flows/Water
Quantity

Spawner Access

¢ Migration Delays

e Spawning Habitat

Quality

¢ High Winter Flows

e Over spawn by chum

* Water Quality

e Sedimentation

Lower River + Habitat Complexity

« Habitat Capacity

Preferred Habitat
types in lower river

and estuary

Rearing in the * Fry distribution and

Estuary utilization
/ « Habitat Assessments

Uncertainty in
estimating the
Total Terminal Run

Incubation

S

e >ma >

Rearing in the

Hatchery
Enhancement

<OCHW®m

* Habitat Restoration
* Predation

¢ Land and Resource
Development

Nearshore Marine
Survival

Predation by

Harvest in Southern
vestl Resident Killer
commercial and

Whales

sport fisheries

Marine Survival Terminal Fisheries
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(yellow) that are relevant but not within the scope of this document.

There has been a traditional terminal Native Figli@rchinook by the Cowichan Tribes for food and
ceremonial purposes using a variety of traditidishing methods throughout the lower reaches of the
Cowichan and Koksilah Rivers from June through GetqNagtegaal and Riddell 1998). Since 1990,
the Cowichan Tribes Aboriginal Fisheries managermeagram developed a systematic approach to
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monitoring the fishery and estimate the Native ffied catch with weekly estimates of catch per unit
effort obtained. The terminal native fishery ig fdly evaluated by FOC and considered to be
nominal, relative to the catch of fall chinook ice@an fisheries (Tompkins et. al. 2005). Since 2005
there has been a voluntary reduction in the haofgsil run Cowichan River chinook for food, sdcia
and ceremonial purposes.

1

Exploitation Rate

1985
1986
1987
1988
1989
1990
1991
1992

o 1993
1994
2002
2003

rood Year

Figure 3. Annual exploitation rate by brood year f  or the Cowichan River chinook stock by
landed (purple) and non-landed mortality (white) (F ~ OC Working Paper 2008).

1.2.2 Hatchery Enhancement

The Community Economic Development Program hatchey constructed in 1979 approximately 5
km upstream of the estuary. The facility is mambigye the Cowichan Tribes with chinook production
initiated in 1980. Broodstock is collected in thavkr reaches with a limit of 30% of the spawners
available for hatchery enhancement (LGL 2005).

From the early 1980’s to 1990, the annual producdiod release of chinook fry from the hatchery was
less than 1 million fry (Tompkins et al. 2005). ®etn 1991 to 2004, hatchery releases have notably
increased and have ranged between 1.5 million andlidn in most years and reached a peak of 3.3
million in for the 2001 brood year (Fig 8, Tompkietsal. 2005). For the 2004 brood year, a power
failure resulted in complete loss of chinook eggthwo release in 2005. For brood years 2005- 2008
total chinook fry released were lower and rangecthfd60,000 to 1.9 million (W. Luedke pers. comm.).

Survival rates for chinook smolt release to adaMsraged 0.3% for the 1998 — 2002 brood years and
low survival may be attributed to low marine sualivates and/or marine capacity (Sheng and Bonnell
2010). Itis possible that marine capacity is t@s# it was during the 1970’s and 1980’s when high
productivity/survival was observed. During 19741d®75, juvenile chinook populations of 581,000
and 172,000 produced an adult escapement of o0& &fults with survival to escapement rates of 1.6
and 5.5% respectively (Sheng and Bonnell 2010).

For the 2009 brood, the Cowichan hatchery will rtreina late May release strategy and will pilohfis
culture requirements to raise smolts to 20-35 granasassess the feasibility of a September release
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(Sheng and Bonnell 2010). A portion of hatchergedichinook fry are coded wire tagged or in more
recent years, thermally marked with recovery infation used to support Pacific Salmon Treaty
analysis including an estimate of distribution, lexption rates, marine survival and hatchery
contribution to returning escapement (Sheng anchBlo2010, LGL 2005). The survival of hatchery
raised chinook, operational and infrastructuredssat the hatchery as well as the role of the bagch
production to overall chinook production are cutriesues that warrant further studies and discaossio

1.2.3 Ocean Productivity, Marine capacity and Marine Survival

Pacific salmon stocks are influenced by long-teramine climate changes and associated changes in
ocean productivity. Marine environmental factarsliding a change in oceanic conditions within the
Strait of Georgia have been correlated with deegrCowichan chinook abundance (Beamish et al.
1995).

Marine capacity is also an important factor in t@nagement of Cowichan hatchery chinook
production. In theory at this time, is a beliedttkhere could be a limit to the capacity of salidsn
produced in Georgia Strait and that combined hayched wild production may currently exceed the
marine capacity. Ongoing science based studigsegstigating marine capacity and if current marin
capacity is being exceeded, hatchery productionmeayl to be adjusted within the Georgia Basin to
lower production level, similar to numbers releadadng the 1970’s and 1980’s (Sheng and Bonnell
2010).

Marine survival is considered to be the proportbjuveniles that outmigrate to sea and succegsfull
return to their natal stream as spawning adultse ifitent of calculated marine survival rates is to
reflect ocean rearing conditions for salmonids #retefore with mortality due to interception by
targeted and incidental fisheries are not inclu@sdween 1980 and 2000, marine survival rates of
Cowichan fall chinook to Age 2 recruitment havegath from <1% to approximately 6% based on
hatchery-released chinook (Fig 4, Riddell et. @0@ Tompkins et al. 2005). Marine survival rates
from 1988 to 1990 were relatively good, averagirg@®bbut decreased substantially to an average of
less than 1% between 1993 and 2006 (W. Luedke pamsm.). For the Cowichan River, marine
survival rates are based on CWT hatchery fry aadefore include mortalities during the downstream
migration and more significantly, their resideniceg in the estuary.

7%
6%

o d

4%

i T

2%

1% \‘\'\WAW

0% T~

1980 1985 1990 1995 2000 2005 2010
Brood Year

Age 2 Cohort Sunival Rete
¢

Figure 4. Graph illustrating % Marine survival (re  lease to adult) for Cowichan River Fall chinook
run (W. Luedke, pers. comm.)
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Low marine survival rates are not believed to berrspecific and have affected the production bof al
lower Georgia strait stocks. Low marine survigalhought to be due to a decline in carrying capaci
of the Georgia Strait as a result of an increaseagan water temperature (Beamish et al. 1995). As
well, early marine survival may be attributed toimerease in predation by spiny dogfiSy(alus
acanthia3 and river lampreyl@mpetra ayer3i(Beamish et al. 1995). Decreased early marinésair
can also be due to the availability (quantity arsdritbution) of marine zooplankton as well as
competition with other species for prey. As walljariation in the size of preferred zooplankton fo
chinook can also play an important role in the dgloand strength of each year class of juveniles.

1.2.4 Predation

The seasonal movement of harbor seRlo€a vitulina) Stellar sea lionsHumetopias jubatugnd
California sea lionsZalophus californianusinto the Cowichan Estuary coincides with theelrof
adult salmonids during the fall. Pinnipeds haveeptial to play a major role on the overall predati
of adult chinook, particularly during years wittwlavater levels. Adults become more vulnerable in
shallow habitat with predation more significantlie lower river and estuarine areas with limited
instream cover.

Within the Cowichan Bay, an estimated 23% (Sept#)&% (Nov) of the harbor seals diet consisted of
chum and chinook salmon with seal numbers rangmg 30 in April to a peak of 100 seals in Dec
(Bigg et. al. 1990). Therefore, seal predatiortiimook adults could range from 100 to 500 adults
(Riddell et. al. 2000). As well, the extent of gation by pinnipeds is dependant on chinook resigen
time in the lower river and estuary (Nagtegaal @ader 2000). Therefore, seasonal periods of low
water that delay upstream migration of chinook widikely increase the incidence of predation. In
20009, for the first time fisheries personnel frdra Cowichan Tribes observed that seals were mgyati
further upriver and observed them in the mainstpstream of the enumeration fence site.

Seal predation on outmigrating chinook juvenilethiem Cowichan River is not currently a primary
concern as chinook fry migrate soon after emergandetherefore are small in size (outmigrating at
42-55 mm for early and late migrants in Listerlett@71) and do not appear to represent a primary
food source targeted by pinnipeds. In contrasl, medation on outmigrating smolts and returning
spawners is a major concern in the Courtenay Riseesearch has confirmed a significant impact of
seal predation on overall chinook productivity. wéwer, the impacts of predation by seals and seal
lions in the Cowichan River is currently unknowrt believe to be minimal.

The seal population has been increasing in thét fr&eorgia over the past 30 years while thel tota
catch/abundance of salmon has drastically declideiwell, chinook are the principal prey speciés o
fish eating killer whalesQrcinus orca)populations in the northeastern Pacific Oceand Ebmal.

2009). The increase in northern and southerneasklller whales coincides with the declining
abundance of chinook (Ford et al. 2009). Howeter jmpacts of killer whale predation on Cowichan
River fall chinook are unknown.

1.3 Methodology

Methodology for this report includes a literatueach, with subsequent review of existing reference
maps, databases and unpublished materials. letesigontact to collate the most recent reference
documents were conducted during the spring of 2@flDFisheries and Oceans staff (W. Luedke, M.
Sheng, C. Neville S. Baillie), Cowichan Tribes (JEHRot), Cowichan Valley Regional District (K.
Miller), Ministry of Environment (P. Law) and theuing Rivers Society (Tom Rutherford).
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Hardcopy base maps (1:20,000) and electronic t@pdie maps for the study area were generated and
printed by Project Watershed Society. These wadert to interview with relevant locations and
habitat based information transcribed on themdterlintegration into a GIS product.

Based on the literature review and interviews, ik limiting factors were identified for further
discussion. Appropriate measures were also desdlty further consideration in order to effectivel
address each of the potential limiting factorscheamiting factor is numbered as LF# with
recommendations for corresponding Measures lalvelibd\V#.#. For example, LF7 would have
Measures listed as M7.1, M7.2 etc.

An important component of a comprehensive recoptag for Cowichan chinook also includes a
Monitoring Program to provide a snapshot of theenirhabitat status as well as provide a measure of
habitat based changes over time. As outlinedanTérms of Reference for this project, a very
preliminary list of state and pressure indicat@as heen compiled based on the literature review and
professional judgment. These indicators do natagent a comprehensive list of potential indicator
for the Cowichan chinook run and intended to pre\ad a starting point for further literature review
and discussion amongst fisheries practitionereendowichan Valley.

2.0 SUMMARY DESCRIPTION OF THE COWICHAN RIVER WATER SHED
2.1 Background

The Cowichan River is recognized as one of the mgsortant and productive fish bearing rivers on
Vancouver Island based on the abundance and vafisgimonid species, significance to the
Cowichan Tribes First Nation for food social andereonial purposes and importance to local
commercial and recreational fisheries (Lill et.2875, Burt and Wightman 1997). In 1995, the
province of B.C. designated Cowichan as Provindaitage River based on outstanding natural,
cultural and recreational values. In 2005, the Fddmd Provincial governments in cooperation with
First Nations officials designated the CowichandRias a Canadian Heritage River, with this status
awarded to only 2 other rivers in B.C. (Kicking iderand Fraser River).

Due to the decline in chinook production in theatof Georgia combined with the importance of
Cowichan stocks to local fisheries, the CowichaveRivas selected as the sole indicator stock for
exploitation rates and estimated escapement (Mastiaed Baillie 2007). The Cowichan River
chinook run is used to indicate the status ofalldr Georgia Strait chinook stocks within the
framework of the Canada/US Pacific Salmon Treagn@y et al. 1996). Coded wire tag data has
confirmed the contribution of Cowichan River chikdo commercial fisheries outside of the
anticipated Georgia Strait fisheries, including coencial catches along the west coast of Vancouver
Island as well as Alaska.

Cowichan chinook stock belongs to the Lower Sta{Beorgia Fall Chinook group, one of five major
groups based on geographic location, spawningiming, distribution, age at maturity and genetits i
some instances (Riddell and Nagtegaal 1999). Tdwicban used to produce one of the largest
remaining naturally spawning populations along it Nanaimo River within the lower Georgia
Strait stocks.

The Cowichan River watershed encompasses a tog26oknt with a mainstem length of 47
kilometers extending from Cowichan Lake into CovaiclBay (Fig 1). The mean annual discharge
(MAD) near Duncan is 53 cms with 70% of the mainsflow supplied by Cowichan Lake and it's
tributaries (Burt and Robert 2002). Anadromousritigtion extends to Cowichan Lake and tributaries
upstream. Extensive floodplain habitat is preséinthe mainstem Cowichan R and Koksilah R

Cowichan Fall Chinook Habitat Status REePOIt. .. .........ooeiiueeiee it e e eee e P4g468



downstream of Trans Canada Highway crossing. Tdiastem Cowichan is tidal to approximately the
Somenos confluence.

The Koksilah River is the largest tributary thawfk into the Cowichan mainstem approximately 1.5
km upstream of the estuary. The Koksilah is 208 ith a mainstem length of 44 km and a mean
annual discharge of 9.8 cms (LGL 2005). Anadrosnaigtribution in the Koksilah River is limited by
Marble Falls, located 13.4 km upstream of the rimeuth. The falls consist of a series of smalltelu
and cascades that rise 5 m over a 25 m run. 80,1®slotted fishway was constructed through the
falls but has not been successful in improving @gsgor coho and chinook salmon (FHIIP 1998).

The Cowichan River estuary ranks fourth in sizé/ancouver Island encompassing approximately 492
hectares with 277 hectares of intertidal area {fiGlermont 2009, CETF 1980, Williams and Langer
2002). The estuary is ranked within the top 10a&s¢s in B.C. based on conservation values and
potential for habitat restoration (Clermont 200)e Cowichan estuary holds cultural significance to
the Cowichan Tribes and was historically used twéwst shellfish, waterfowl and salmon (Law 2008).

The complex ecology of the estuary provides th@dation for a critical food supply and unique, year
round habitat for fish, shellfish, mammals andeast 229 bird species (Law 2008). The estuary
provides a year round migration and nursery areenfny species of fish including 4 salmon and 3
trout species, sole, herring, sand lance, se@atidaespecies and invertebrates during their early life
stages (Law 2008, MOE 1994). The Cowichan rivemagstalso provide critical overwintering habitat
for thousands of waterfowl that nest in Alaska antthern B.C. as well as a regionally important
migratory bird staging area within Georgia Straay 2008, MOE 1994). The estuary also supports at
least 12 waterfowl species (loons, grebes, duallts,gormorants) as well as numerous shorebirds,
herons and raptors on a year round basis. An a®drl6,000 waterfowl overwinter or utilize the
estuary and lower floodplain habitat during migsat{Lill et. al. 1975).

2.2  Fisheries Resources

Anadromous fish species within the Cowichan watgshcludes major runs of fall chinook salmon
(Onchorhynchus tshawytschaoho salmon@. kisutch and chum salmorQ). ketg. There is also a
strong run of winter run steelhead.(mykis¥ with limited presence of sea run cutthroat tri@t
clarki) (Burns 2002). A small run of summer run chinoglpresent and both sockey®. ferkg and
pink salmon Q. gorbuschpare typically rare. However, during the fall2§i07, a small run of pinks
were observed in the lower Cowichan River.

Major runs of indigenous resident fish speciesudelrainbow trout®. mykis} cutthroat trout®.

clarki) and Dolly Varden chaiSalvelinus malmiaand landlocked sockeye (kokanee) in Cowichan Lake
(Burt and Wightman 1997). Brown troi@dlmo truttd were introduced during the 1930’s and have
successfully colonized the system (Lill et al. 1p7mtroduced species within the study area inelud

the pumpkinseed fisi.épomis gibbosysthree-spine sticklebacks@sterosteus aculeafyprickly

sculpin Cottus aspérand various lamprey specidasa(mpetra spp.(Hanelt 2002).

2.3 Land ownership and projected land use

Urban, rural and industrial development is primacibncentrated in the lower floodplain area of the
Cowichan watershed with exception of the commumitieCowichan Lake at the lake outlet and
Youbou along the north margin of the lake. These@lndian Reserves within the Cowichan
watershed that total 23.9 Krihat provides residence to approximately 1900(jecio 2005 (LGL
2005). The three major urban nodes are locatdtkiCity of Duncan (4900 residents) Town of Lake
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Cowichan (3000 people) and Youbou/Meade Creek (12@ple) with a total population of
approximately 70,000 for all municipalities withime Cowichan Valley Regional District (LGL 2005).

The majority of the Cowichan watershed downstre&the Allenby Road bridge is owned and
managed by the Cowichan Tribes or under jurisdictibthe Cowichan Valley Regional District.
Smaller areas are under jurisdiction of the Citypahcan and the District of North Cowichan. Much
of the upper watershed is privately owned and meaidgy forestry values. For more detailed
information, please refer to the CVRD State ofEmeironment Report due for release in 2010.

2.4  Resource Development

The primary resource development activities inGogvichan watershed include forestry development
in the middle and upper reaches, agriculture inaher floodplain reach with urban and rural
development in the lower watershed and adjacenticban Lake. There is a shipping port and sawmill
in the estuary, with light industrial developmentparily located adjacent to the Trans Canada
Highway corridor. Potential land use impacts sfetd the Cowichan watershed are summarized in
Appendix B.

2.4.1 Agriculture

Agricultural development started in the Cowicharl&aaround 1862 and continues to be one of the
major economic activities within the watershed.ef&his approximately 17,600 ha designated as ALR
within the productive valley bottom areas of thevéo Cowichan and Koksilah Rivers where dairy
farming is the dominant agricultural activities vgmaller areas producing forage crops, fruit and
vegetables with more contemporary initiatives ideld wine, organic fruits/vegetables, pond
aquaculture and exotic livestock (LGL 2005).

Impacts of agricultural have included extensivallalearing, dewatering of wetlands as a result of
ditching as well as degraded water quality fromessitve nutrient inputs to Somenos and Quamichan
lakes (LGL 2005). Other impacts as a result ofadjural, residential and rural development hasbee
the construction of flood control dykes in the lowiger downstream of the Trans Canada Highway
that has altered natural floodplain hydrology a#l a&limiting fish access to critical off channel
habitat.

2.4.2 Forestry

Forestry development in the Cowichan River wateddiaes been extensive. Forest harvesting started in
1878 at easily accessible sites around Cowichaeslaliere the logs were boomed in the lake and run
down the river to Cowichan Bay during higher flowkhe banks of the river and riparian areas were
damaged causing bank erosion and aggradationlteegcaichannel depth as well as the natural channel
pattern. Logjams formed at sidechannel intakeseaosion and flooding issues became a problem in
the lower river. Extensive harvesting occurred wighy few areas of old growth remaining by 1908
(CHRB 1999 in LGL 2000).

Historical impacts to the Cowichan mainstem assaltef forestry development includes chronic
channel erosion and channel/riparian disturbara® fiunning logs down the mainstem. The practice of
running logs down the river was stopped in 1908famuah 1909 to 1915, logjams were removed from
sidechannel intakes and in 1921, DFO undertookitsigpassage improvement works at Skutz Falls
(Nagtegaal, unpublished data). In 1956, DFO contdd a vertical slot fishway at Skutz Falls to
facilitate upstream passage of spawners. Durind 9@’s, the lower floodplain was diked to reduced
flooding and to improve the use of land for agtictéd (CETF 1980).
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Much of the Cowichan and Koksilah watersheds cor$isecond growth forest that is privately

owned. Four major forestry operators actively harwenber primarily on private forest lands in the
Cowichan watershed and include: TimberWest Fof@éstvichan Lake and upper Koksilah R)
Corporation, Island Timberlands (south side of re@m from Robertson River east to Koksilah R),
Hancock Timber Resource Group (Cowichan Lake nezaidéd C, Gordon and Honeymoon B) and Teal
Jones (TFL 46 along south side of Cowichan mains{e@L 2005). B.C Timbers Sales manage
forestry development in the upper Cowichan mainglemnstream of Cowichan Lake (B. Rushton
pers. comm.) with several small logging operateivésting timber in the Koksilah watershed.

At this point, from a watershed perspective, thpants of forestry development and urban
development on slope stability, bank erosion, iggahabitat, off channel habitat and stream floageh
not been assessed and documented. The asses$imglriotogical characteristics in combination with
stream habitat assessments can identify if andevioeest harvesting activities have had an impact o
fish and fish habitat. Known impacts in the Rodent River upstream of Cowichan Lake, include
accelerated bedload movement and aggradation iowhez 1-2 kilometers that has caused channel
stability issues and seasonal dewatering (T. Rigfterpers. comm.). FOC is currently in the praces
of mapping land use and land cover types by wagersim Vancouver Island at a 1:250,000 mapping
scale with forest land classified into 5 age clag8e Mason pers. comm.).

2.4.3 Industrial/Resource development in the Estuary

Development of the estuary began in 1862 uponaraif/settlers that constructed dykes over a large
portion of the estuary for agricultural purposesulting in the loss of marsh and meadow habitat
(Prentice and Boyd 1988). Further degradation wedwduring the 1880’s from logging and rafting

logs down the river and into the estuary (Law 2008)1925, an extension of the CNR was constructed
through the lower river and into the tidal flatspimvide coastal access for logging operations. A
causeway was constructed on filled estuarine laddresulted in the loss of marsh, meadow, intdrtida
and subtidal habitats (See Appendix A for timeesederial images of the Cowichan Bay estuary).

By 1957, 2 sites along the south side of the egtware filled to use as log dumps and in 1965 the
Westcan lumber storage facility was constructedhbling intertidal and subtidal habitat. By the
1960'’s, the sawmill and shipping facility were cwasted in the estuary on infilled land, with drauy
for/and log storage throughout the intertidal heatbifThe operation of the sawmill and shipping jaert
well as resource development activities involvedaing channel dredging, dyking and infilling within
estuary, causing significant habitat loss, inclgdime accumulation of wood waste within the intiti
and subtidal habitat as well as the release of m@snncluding dioxins and furans into marine wate
(Firth et al. 1993).

By 1975, approximately 600 acres (72%) of the egtuas affected by development (Lill et al. 1975).
Currently, the two major commercial industries keckin the estuary include the continued operation
of a sawmill operated by Western Forest Produaissatieep-sea port for shipping lumber operated by
Westcan Terminal Ltd (Fig 1). The mill holds tvamIstorage leases that total 24.6 ha and Westcan
leases 6 Crown land parcels in the estuary thalisté¥.2 ha (Vis-a-vis 2005). Hayes Forest Services
holds an additional 4 crown Land foreshore licerteasencompass 12 ha, some that currently have
limited use.

Agricultural development in the estuary currentigludes the Blackley Farm (cattle) on land leased
from WFP (Vis-a-vis 2005). Nature Trust now manatipesCowichan Estuary Farm land and the land
is used to graze cattle and grow forage crops ¢nturrently managed to provide waterfowl habitat
(Vis-a-vis 2005).
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Lill et al (1975) estimates that 72% or 600 acnetsaf 832 acres were affected by development.
Historical impacts of resource use on ecologicilesin the estuary include the loss or damage of
sensitive estuarine habitat due to dyking of riteginnels and infilling for agriculture and flood
protection dating back to the 1860’s. Another majmpact has resulted from log handling and log
storage in the intertidal habitat. The accumulatibdebris creates anoxic conditions and compacted
sediments that reduces the abundance and divefsiyuatic plants and benthos, thereby decreasing
the overall productivity of the estuary. Disturbarhas also resulted in the loss of productiverasty
beds relative to historical abundance that hasegltthe natural ecology and productivity of theuas.
At the current time, eelgrass habitat is limitegtemall area in the southwest section of the gstua
(LGL 2005).

As well, there has been a reduction in water qualithin the estuary from sewage treatment faesii
marinas and agricultural runoff, infilling for indtrial/commercial purposes and log storage/booming
activities since the 1880’s (Law 2008). The wellécated on both sides of Khenipsen Road that
extends north along Page road has been alteremhdydevelopment that has bisected the estuarine
wetland (Jones 2005). The flapper valve at Kheampsad has limited both tidal influences and
anadromous fish access to the north portion oitand (Jones 2005). According to the CVRD atlas,
this system supports both anadromous and residkmbsids species. The Village of Cowichan Bay
includes several small marinas, float homes ana2kuwater structures. For more detailed information
on the development history of the estuary, seé Eirtal. 1993.

The CNR intertidal wetlands were transferred toptwvincial government for the protection of fish
and wildlife habitat in trade for the continuatiohlog storage and operation of a wood processing
facility to continue in the estuary (Appendix A.e@hont 2009). In 2005, subtidal habitat (>2 m) with
the estuary flats and foreshore areas were maggpparaof the Cowichan Tribe’s Recovery Plan (LGL
2005). Foreshore areas and shallow intertidaltéas not included in the study. Sediment size
class, eelgrass beds, bivalves and habitat feafoyster beds, eelgrass, bladed kelp etc) are nddope
the study area (LGL 2005).

2.5 Selected Resource Management Planning
2.5.1 Water Management and Flow Release Strategies

Flow control is one of the single most importardtéas affecting chinook production in the Cowichan
River. Of major concern is the provision of addquaaintenance flows and pulse flows during the lat
summer and early fall to facilitate migration obgmers, spawning, incubation, rearing and
downstream migration of fry. The provision of flswuring the low flow period can improve marginal
water quality conditions in the lower river. Dugigears of low flows, chinook are subject to insegh
poaching, predation by seals and increased stigi$s lwolding in the lower river and estuary. Séres
while holding can also increase spawner mortabtyvell as increase egg sterility in mature chinook
(FOC Working Paper 2008).

In 1965, the natural hydrological characteristitthe Cowichan mainstem were altered by constractio
of a 1 m high low head weir at the outlet of CoveichLake to store spring run off. The dam was
constructed to ensure an adequate summer watetdleupply water intakes (approximately 40 km
downstream at river km 10) for the Crofton Mill @lyst) and the City of Duncan municipal water
supply. At present, seasonally stored water easetd from approximately mid-April to mid October
through the weir at the outlet of Cowichan LakéowFreleases are managed according to a Rule curve
and provide a minimum maintenance flow of 7.08 ¢4 cfs) established to provide adequate rearing
habitat conditions for salmonids. By Septemberflbsys are to be increased to 9.91 cms (350 cfs) to
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assist the migration of chinook salmon (Burt andjhtinan 1997). For more details, see Burt and
Roberts (2002).

The weir has not affected the mean annual dischHargkas altered seasonal flows by decreasing
spring flows and increasing summer low flows, gaftrly in September (Burt and Robert 2002).
Water withdrawal by the pulp mill affects naturater hydrology by decreasing the mean annual flows
downstream of km 10. The Catalyst diversion isersubstantive at 2.8 cms relative to the City of
Duncan at 0.16 cms (McKean 1989 in Burt and Rol20€2). The pulp mill also provides water to the
Municipality of North Cowichan for domestic usetive Town of Crofton (LGL 2005).

In 1988, a Water management Plan for the CowichaerRvas implemented to facilitate upstream
migration of chinook by increasing water flows #oshort pulse period (5-10 days) during low flow
conditions in early fall (Nagtegaal and Riddell 829 The water flow regime was negotiated by FOC,
BC MOE and BC Forest Products Ltd (Crofton Milh.1988 and 1990, DFO conducted experimental
fall flow releases that successfully facilitated thpstream migration of spawners (LGL 2005). The
intent of the pulse flows was to move chinook hoddin warmer, less protected habitat in the lower
river upstream to the middle reaches where coolémaore protected habitat is available. An analysi
of the impacts of pulse flow releases in availablelop Wo et al. 2005.

Since August 2003, an ad hoc multi-interest conamiknown as the Cowichan River Committee has
cooperatively managed water flows. The group wadarup of the Cowichan Tribes, Catalyst Paper,
FOC and MOE. This group collectively makes in-seaffow management decisions during times of
the annual drought period. In 2004, they advockied more proactive approach to water
management to manage and plan for current andefutater needs within the Cowichan watershed
(Westland 2007).

In 2004, the Cowichan Stewardship Round Table (QSRE formed in response to low water levels
in the Cowichan River. The RT is a community parship that includes representative from the
Cowichan Tribes, federal and provincial agenciesallgovernment, non-government organization and
the public. This group was instrumental in theedepment of the Cowichan Basin WMP. A
subcommittee to the CSRT is the Cowichan river Ad M/ater Advisory Group that provides
comment and community input to Catalyst paper whoages flow releases from the weir at
Cowichan Lake (nhc 2009).

By 2007, the Cowichan Valley Regional District, BEOE, FOC, Catalyst Paper Corporation,
Cowichan Tribes and the Pacific Salmon Commissaliectively funded and developed the Cowichan
Basin Water Management Plan with significant ingoudl support from public and non-profit
organizations. The purpose of the plan includadnggbroad public support, protecting the ecolobica
function of the system, balancing water supply yoolath present and into the future and to increase
understanding of the study area and water issuest{gvid 2007).

The ability to sustain adequate maintenance flewkependant on available water storage in Cowichan
Lake and precipitation during the regulation peridtteam flows rarely exceed the minimum standard
and in some years, provisional flows are not mettdiuthe lack of storage. According to minimum
flows recorded by the WSC between 1981 and 20@¥jgional flows were not met for 16 out of 21
years (76% of the time). A study undertaken in 1@@icates that an increase of 0.57 m in the weir
height would provide sufficient water storage tgment summer and fall flows for salmonids (KPA
1991 in LGL 2005).
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2.5.2 Flood Management and Flood Maintenance Plan

Flood management and flood maintenance activitidimthe lower Cowichan watershed have
altered natural flood characteristics as well aanahecological features and function of the flpladh.
There is a total of 14 engineered or non structtikas in the lower floodplain reaches of the Kttsi
and Cowichan rivers downstream of the trans Cahagtavay ranging from 0.5 to 2 km in length (nhc
2009).

Ecological impacts of the flood protection dikeghe lower Cowichan and Koksilah Rivers
include:

* Channelization and loss of flood capacity: Construction of standard engineered dikes (south
side and north side dikes) as well as non-stanglaotphan dikes (Quamichan, Hatchery dike)
have resulted in channelization and a reductidioofl capacity of the Cowichan mainstem.
Habitat complexity, connectivity and riparian fuinct have been altered with the loss of
floodplain connectivity affecting available streflows and fish access to off channel habitat.
Within the lower Cowichan and Koksilah Rivers, #n& both isolated and connected off channel
and remnant channel habitat.

» Lossor alteration of sensitive estuarine habitat : Since 1962, european settlers have
constructed dykes for agricultural purposes anaidflprotection (Williams and Langer 2002).
Dyking and development of cultivated fields hasm@t natural flow patterns over the floodplain
and tidal habitat.

» Lossof functional riparian habitat: The construction of shoreline dykes and/or shoeelin
erosion protection features for flood control tygig alters natural riparian and shoreline habitat
features by removing the Native riparian canopgsd.of natural riparian habitat features reduces
shade, food supply, recruitment of LWD to the stiednannel as well as nesting, foraging and
roosting habitat for shorebirds, songbirds andaspand important migration and foraging habitat
for deer, black bear and other furbearers. Owee timpacts to riparian habitat in the Cowichan
watershed have recovered with only a few permaalégrations within the lower floodplain areas.

* Lossof channe stability, increased bank erosion: Shoreline flood protection dykes
structures have channelized stream sections anshised bank erosion downstream (LGL 2005).

2.5.3 Cowichan Bay Environmental Estuary Management Plan

As a result of the high environmental concerng)fd986, the Cowichan River estuary has been
managed through an Order in Council under the Bnuiiental Management Act according to the
Cowichan Bay Environmental Estuary Management BNHELP 1994). There is no other estuary in
BC that in is managed according to an Order in €buiThe Plan has been designed to balance the
complex needs of land and resource use as wallsisstain and protect high value ecological feature
within the Cowichan/Koksilah estuary. The purpotthe CEEMP is to provide a framework for land
and resource management planning that addresdegieaband other interests. Objectives of thenPla
include the establishment of guidelines for land eesource management as well as a review process
for proposed development within the estuary studa dMELP 1994). Key elements of the Estuary
management Plan include the reduction of log seeagas from 49% of the intertidal to 19%,
establishment of an environmental review procesdsrastoration of impacted sites (Clermont 2009,
Law 2008). Another key element of the Plan isdbsignation of mapped zones to guide land use;
industrial/commercial, agricultural, habitat managat, mixed use, conservation/recreation and log
storage (Lambertsen 1987). However, the Plan doegrovide specific details for allowable actiedi
within each zone and more explicit details regagdinceptable activities would be beneficial (P. Law
pers. comm.). At this time, conservation zonesadge open for recreational activity and this watsa
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further discussion and recommendations in ordeffazctively establish conservation areas for wiggli
aquatic species and waterfowl habitat.

Since 1987, the ecological interests of the estbang been managed under the auspices of thedPacifi
Estuary Conservation Program developed throughtagyahip of several agencies and organizations
including BC Environment, Ducks Unlimited, DFO, Neg¢ Trust, the Land Conservancy, Nature
Conservancy of Canada, Habitat Conservation Trustiland the Canadian Wildlife Service. Within 5
years, the group secured nine parcel of key habithin the estuary totaling 308 hectares (Law 2008
Endeavors of these groups also includes developamgagement strategies, land acquisitions,
monitoring, assessments, mapping as well as habg#iration activities and rehabilitation of Nativ
and/or culturally significant estuarine species tmair habitats. In 1993, the CNR transferredfthe
tidal mudflats under their ownership to the Proeimas it was originally designated as private land,
rather than Crown Land as the case with most @akeraries (Fig 5, P. Law, pers. comm).

In 2005, an independent study was undertaken tewethe effectiveness of the CEEMP over the 20
years since it's inception and to assess the adgaqidhe plan to address contemporary issues (Law
2008). The CEEMP was found to have successfutlyiged certainty and reduced conflict with
industry and established a process to limit furdrerironmental degradation including an initial
reduction in log handling and storage (61% redugtas well as the acquisition of lands for
conservation purposes but has had little affegestoring water quality and degraded habitat festur
(Vis-a-vis 2005). The Plan was proactive during ldite 1980’s/early 1990’s but the process has
shifted to being more reactive in recent years-@#4s8s 2005). The Plan continues to provide some
degree of environmental protection but there ik tafccitizen involvement and public knowledge.
However, the Plan has provided industry with cattaand to ensure sustainable growth (P. Law, pers.
comm.).

-«— To Duncan

o -

trategically located Mature
Trust land is making it pos-
sible for a number of agen-
cies and businesses to revi-
talize the Cowichan Estuary
| for birds, fish and other
» wildlife. It's all part of a
comprehensive plan.

P P N

Figure 5. Cowichan River
estuary illustrating land
acquired by Nature Trust,
CNR Donated intertidal
area, other protected land
and area zoned for
Industrial purposes.

[ ineusteial
[: Hature Trust Land
N cHR Donated (nter-tidal Ared-
== Other Protected Land

Improvements to the Plan from an environmentalgesative would be to empower stakeholders to
development and implement a proactive approaclidt restoration and improvements (Vis-a-vis
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2005). The 2005 review found that the CEEMP isaoatrdinated or linked to other planning
initiatives in the area and provided 3 optionsifioproving further implementation of the Plan (Vis-a
vis 2005). An amendment to the Plan is warrantgduould require major consultation. Option 2
proposes a short-term improvement to the existlag ®ith development and transition to a new Plan
and governance model over the long-term (Law 2008).

3.0 COWICHAN RIVER CHINOOK
3.1 Total Abundance

The present population of fall run chinook is aesewonservation concern with wild chinook
escapement decreasing to a historical record IRR0@® with less than 500 natural spawning adults
(age 3) migrating upriver and approximately 300l&sdeollected for broodstock (Luedke pers. comm.).
Age 2-jack chinook escapement was also very lo¥28tspawners.

Prior to 1980, chinook escapement to the CowichmarRanged from 5,000 to 10,000 spawners even
with several years of large commercial and spelteries in Georgia Strait during the 1970’s (Fig 6)
Tompkins et al. 2005). Escapement decreasedaw afl 2100 — 2500 spawners in 1986 and 1987,
possibly the result of extremely low water condisdTompkins et al. 2005). Total chinook
escapement steadily increased and reached theshiglterded escapement of 16,000 in 1995 as a
result of reduced exploitation rates and incred&sgdhery production. Since 1996, escapement has
steadily declined and the current escapement gD spawners has not been met in over a decade
since 1998. In recent years, reduced escapemgnbendue to a combination of factors that includes
high exploitation rates (60%) and decreasing masurgival rates (<1%) .

Cowichan Freshwater Escapement
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Figure 6. Cowichan Chinook Escapement (1982 — 2008 ) (Luedke, W., 2010. Pers. comm. ).
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Efforts to address declining chinook escapemeltvier Georgia Strait were initiated in 1985, thrbug

a chinook rebuilding plan as part of the U.S. /&mnPacific Salmon Treaty. Within selected indicat
stocks, a target of doubling the 1979 — 82 spawastapement was established. The Cowichan fall
chinook were selected as an indicator stock bugitbesstablished catch limits in the mixed stock
chinook fisheries, by 1987, spawning escapementibatkased to 15% of the interim escapement goal
of 11,625 (Riddell et. al. 2000). Further conséorameasures were implemented and included
reduced harvest rates on sport, troll and natsleefies and enhancement initiatives (i.e. CEDP
hatchery) along with an intensive escapements eratioe program. In 2000, the biologically based
escapement goal for the naturally spawning pomratias set at 7400 (95% CI = 4185, 18915)(Riddell
et. al. 2000). In 2005 through stock and recruitnmeodeling, the biologically based escapement goal
for adult fall chinook was assessed and revisddb® adults (90% CI = 4159, 1496¢€)jompkins et.

al. 2005).

Another issue of concern relating to the totalmetf chinook to the Cowichan river is the proponti

of hatchery-produced chinook. Enhancement guidslifor the Cowichan River were established such
that enhanced returns were not to exceed 50% abtakadult escapement goal, once the goal was
met. As well, enhanced production was not to increase beyond #8& level until escapement
exceeded the 1987 escapement le{E¥87 natural escapement was 2500 adults) (Nagjtegd

Riddell 1998). Most recently, cwt data was foundihderestimate the hatchery contribution to total
escapement and actual hatchery contribution has éxtamated to be up to 70-80% based on dead pitch
results (see graph).

Since 1950, Federal fisheries officers have enureérfall chinook escapement and recorded the data
on Salmon Stream Spawning Reports (referred taCi6B). The reliability of escapement estimates
are highly variable. Enumeration methods have getustream walks, index sites, anecdotal
information from various sources, regularly schedwwim surveys, observation of spawning ground
index sites, and aerial counts (helicopter) of spaw during peak spawning periods (Rideekhl

2000). In 1988, the Cowichan Adult productivitydy was initiated with construction of a counting
fence approximately 5 km upstream of the estuadyisoperated from late August to late October
(Candy et al. 1995, Nagtegaslal 1994). In some years, a carcass mark-recaptagegm has been
undertaken on the spawning grounds to augmentdiieeted from the counting fence (FOC Working
Paper 2008).

Since 1995 brood year, the age specific returnspanvner has been <2 with a slight increase to 1999
(LGL 2005). In comparison, returns per spawner wefeduring the late 1980’'s, between 2-3 from
1990 to 1994, declining to <1 in 1995 (LGL 2005).

3.2 Chinook Distribution

Chinook salmon are distributed throughout the eréingth of the Cowichan mainstem with smaller

runs of chinook extending upstream of Cowichan Liake the Robertson River and Shaw Creek as

well. A small run of fall chinook is also produciedthe Koksilah River with anadromous distribution
in mainstem to the barrier falls located at km 13.4

There are 3 primary sites on the mainstem Cowiétiger that have potential to limit upstream
chinook spawner migration. These include the elaliggraded sections in the lower river; Marie
Canyon, located 5 km downstream of Skutz FallstaedSkutz Falls fishway located 15 km
downstream of the lake. Skutz Falls extends ftistnce of 150 m and poses a partial obstruction f
upstream migration of chinook spawners. In 19%i6lavay was constructed to facilitate passage
through the falls during all water levels (Lill&t 1975, Lister et. al. 1971). Upstream migration
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through the fishway in some years remains diffidui¢ to the accumulation of woody debris at the
inlet. Marie canyon is 3-meter drop over a 30 m ru

The primary spawning habitat is located over a &inSsection in the upper mainstem from the Bible
Camp upstream to the outlet of Lake Cowichan (Figurt and Roberts 2002). The highest
concentration of spawners have been observed ingpermost 11.6 km of the mainstem between the
lake outlet and the Three Firs area providing wigtezls are suitable for passage through the lower
river and Skutz falls (Photo 1). Between 2005 2008, the most highly utilized spawning sites were
Greendale, Gailbraiths Reach, Cabin Run and tHeMbe bridge (S. Baillie pers. comm.). Spawning
distribution in the upper river is typically depexmd on stream flows with a lower proportion of
spawning in the upper river during years when Imw$ occur during the upstream migration period
(Nagtegaal and Riddell 1998, T. Rutherford and EIRt, pers. comm.). In some years, chinook are
known to spawn sporadically between the Bible Camgpthe Allenby Bridge and have also been
observed spawning downstream of the Trans Canagia/\}dy brldge when flows are too low and
upstream passage is difficult. ; :

Photo 1. Downstream view of
Skutz Falls illustrating the
vertical slot fishway

constructed in 1956 (Sheng and
Bonnell 2010).

Over half of the fall chinook typically migrate tipe north arm in the lower river and in 2009, the
North Fork was dry due to the accumulation of badloUpstream migrants were therefore forced to
turn round and navigate up the South Fork, credtingpotential for increased stress, migrationydela
in the estuary and exposure to predation by sealel as the terminal fishery (T. Rutherford arid.J
Eliot pers. comm.). As well in 2006, the Cowicliaibes captured and transported chinook from the
lower river to the upper river due to low flows thienited migration opportunities (J.R. Eliot).

3.3 Life history characteristics

The Cowichan River supports a dominant Fall runhifiook along with a smaller (near extinct) Spring
run (Burns 2002). Historically, spring run chinawk would arrive in the river during March and

April and were believed to reside in or near Cowitlhake over the summer (Anon 1941, Burns 2002).
At one time, the spring chinook run was apparefiaiyy abundant and supported good angling
opportunities (Anon 1941).

Chinook congregate in Cowichan Bay from late Augastarly November and migrate into the
Cowichan River with the first significant incredseiver discharge between mid August to early
November (Fig 7, Lill et al. 1975, Bell and Kallm&af@76). Migration typically peaks during mid-
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October to early November (Lill et. al. 1975). eldéwverage run timing based on returns between 1996
and 2008 indicate that initial entry of chinook wpars into the river occurs during the first weék o
September with 50% of the run observed by Oct 998d of the run observed by Oct 28 annually (S.
Baillie pers. comm.).

Early Sept - early Nov
Migration peak is Mid Oct/early Nov
Spawning /— Beginning of November
to mid December

December - February
Incubation _—

Early Group of “ocean type” fry
migrate to lower river

majority 85%
Late Group of “ocean type” R H i e Startsin Feb
earing in Lower arts in February
. fry (15%) o 9 . ¢ Peaks in mid — March
Migrate to the lower river in Floodplaln «  Continues into early April
May/June {} «  Fry in lower floodplain in
March and earlv Anril
Rearing in
Estuar'y —_— Mid April till Augu st

e Peak abundance from April to
June
e April/May in shallows
e June - August in deeper
sections of Cowichan Bay

’ . June - September

Age of Return (1982 — 2004)
e 38% jacks
e 31%Age3
e 29% age 2
e 2%ageb

Figure 7. Life History Timing of the Cowichan Rive  r Fall Chinook Run (Lill et al. 1975, Argue et
al. 1986, T. Rutherford, pers comm.).
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The age composition of the terminal fall chinook nonsists mainly of 2, 3 or 4 yr olds fish with a
smaller proportion of 5-year-old spawners. The@geposition for fall run chinook between 1982 —
2004 was 38.5% jacks, 30.6% for age 3 and 28.7% digé (Draft unpublished FOC document). In
some years, up to 73% (1990) of the escapemenistet®f jacks (Tompkins et al. 2005). Sex ratios
are variable with the proportion of females randgietwveen 23-55% (LGL 2005).

Chinook spawning takes place throughout the Cowichainstem but is concentrated in the upper 18
km of the mainstem upstream of Skutz Falls (FOQ)2fHta). Spawning takes place from the
beginning of November to mid December with all dak adults produced from an ocean type juvenile
life history where fry are age O+ at migration (ksgpal and Riddell 1998). Chinook spawning in the
Koksilah takes place in the mainstem and in Ke@aek (Lill et. al. 1975).

The freshwater rearing strategy of Cowichan chiniopks variable with the majority considered to be
“ocean type” that migrate to sea normally withim8nths of emergence. There are two distinct groups
of downstream migrants based on migration timing) sime. The majority of naturally spawned and
reared chinook fry emigrate as “early run” age @#aind outmigrate during March and April, with
highest levels of utilization in the estuary frorprito June (Nagtegaal et al. 2004, Healey 1991).
After which they can rear along the shores of Cbhatcbay for up to another 5 months (Sparrow 1968
and Argue et al 1986). A less dominant (15%) parof outmigrants, typify the river rearing group
migrating as the “late” group in May/June (Heal®@1, Candy et. al. 1995). The early group consisted
of primarily emergent fry averaging 42 mm in lengthile the late group were fingerlings averaging
over 55 mm (Lister et al. 1971).

In 1991, FOC began a study of juvenile chinook poigtity to estimate fry production, determine
migration timing and assess in river interactioasaeen hatchery and naturally spawned juvenile
populations (Nagtegaal et al. 1997). Accordinth®results of the downstream trapping program in
the mainstem undertaken in 1997 and 1998, dowmstfigamigration would start by February and
peak during mid March/early April, with 80% of cbivk fry population migrating at night into the
lower river immediately after emergence (Nagtegaua Carter 1998, Nagtegaal et. al. 1997, Candy et
al. 1995). In 1966 and 1967, fry migration staitethte February with the maximum number of fry
captured between late march and early April ab30tmm (Sparrow 1968). A second peak of
downstream migrants was observed in early Junethéttaverage weight of late migrants being 9 or 10
x the mean wt of early migrants and with fork ldreggtanging between 41 to 85 mm (Sparrow 1968).
The capture of wild fry at the downstream trap tedeb km upstream the estuary typically decline by
June.

Wild chinook fry reside in the lower floodplain aduring March and early April prior to their
migration into the estuary (T. Rutherfopkrs. comm.). Distribution and utilization of habitypes by
chinook fry in the lower Cowichan River is not wkown.

Both natural and hatchery reared chinook juverdlesknown to extensively utilize the Cowichan River
estuary and typically resident in the estuary fégonil to August (Candy et al. 1995). They majoritfy
chinook fry typically migrate into the estuary thetmiddle of April (T. Rutherford, C. Neville pers.
comm.), with the greatest abundance observed dmgand June and typically take residence in the
estuary flats for approximately 2-4 months (Arguale1986). They have a varied diet consisting
primarily of herring larvae, decapod larvae (za@a) polychaete worms (Argue et al. 1986). The
majority of chinook fry migrate from the estuargtt to deeper sections of the estuary and along the
north and south shorelines of Cowichan Bay by ticea@ June where they remain for up to 5 months
(Argue et al. 1986).
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In 2008, FOC initiated a study to investigate eanbrine survival of Cowichan chinook with funding
provided by the Pacific Salmon Commission. Exg@mnual surveys to determine early marine
survival of juvenile salmonids in Georgia Straitrer@ugmented with beach seines during April and
May in the Cowichan estuary and continued untitlcatumbers decrease. By June, fish sampling
involves purse seining in deeper sections of thgaeg. FOC conducts an ongoing early marine
survival sampling for salmonid juveniles that irabs trawling in July and September through the Gulf
Islands.

Cowichan chinook smolts begin to outmigrate from @owichan estuary to the Gulf Islands during
May and June. Acoustic tagging has been used &vrdete migration during the early marine life stage
of coho along with a small sample (50-100) of Cdwait chinook tagged in 2008 (C. Neville, pers.
comm.). As well, stock origin in the trawl catchesletermined by DNA sampling. Preliminary results
indicate that Cowichan chinook are remaining in@uwf Islands to rear until September rather than
migrating into the Strait of Georgia (W. Luedke,Nieville pers. comm.).

Based on the recovery of coded wire tags, the nitajoir Cowichan River chinook were once known as
“resident” chinook that used to remain within tiai of Georgia, Puget Sound and Juan de Fucé Stra
for their entire marine growth phase. Howevertapprtion of Cowichan chinook are now illustrating

a more variable and extensive migration patterheéktends throughout southern B.C. as far as ABea 1
(Campbell River) in Georgia Strait and Area 26 (Hyat) along the west coast of Vancouver Island.
Cowichan chinook are also migrating south and cegtin fisheries in Washington and Oregon (W.
Luedke pers. comm.).

3.4 Salmonid Enhancement

Since 1976, the Cowichan Tribes has managed a Fad@r@inity and Economic Development

Program (CEDP) hatchery located 2 km upstreameoégituary along the south side of the mainstem in
the lower river (Fig 1). This facility produceshmmg chinook and chum salmon for release into the
Cowichan R. Hatchery programs typically feed julenfor three months prior to release as “90-day
smolts”, that migrate to the ocean between late &adearly June (FOC Working Paper 2008).

Hatchery production for Cowichan River chinook virdsated in 1979/1980 with the release of 64,681
chinook juveniles. With expansion of the facility1992, production increased to more than 2.5
million chinook annually (Nagtegaal and Riddell 89@€andy et al. 1995 Cross et al. 1991). Chinook
production for brood years 1998 to 2008 ranged éetwd..1 to 3.2 million with exception of a smaller
release for the 2007 brood year at just less tB&0B0 and no release for the 2004 brood yearalae t
power failure at the hatchery (Fig 8). Since 2@GI7chinook fry produced in the hatchery are
thermally marked whereas in the past, only a poniothe fry were coded wire tagged.

Fish were released according to 3 primary strase@arly, late and lake pen) as well as smolt selea
from sea pen sites in Cowichan Bay and Saanich I#a “early” release took place from mid to late
April, whereas a “late” release occurred mid Mag&oly June at a number of sites along the river.
Fish were initially reared at the hatchery thengfarred to net pens in Cowichan Lake at a reltamse
that corresponded to the late release group. Masintly, the CWT application rate has been doubled
for improved precision of exploitation rates ange@ch into early marine survival.

Hatchery released chinook juveniles appear to egmthe estuary within a few day from release.
The potential for interaction between naturallyregband hatchery chinook is greatest in the trimsit
zone of the estuary and the interaction betweesetheoups in the Cowichan system are probably

minimal in the river and likely in the estuary asliWCandy et. al. 1995).
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Cowichan Chinook Hatchery Releases
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Figure 8. Total release of chinook fry from the Co  wichan River hatchery between 1998 — 2008
(W. Luedke pers. comm.)

The enhancement plan was for Cowichan chinook tmdeaged for natural production with hatchery
supplementation where enhanced returns were motced 50% of the total adult escapement goal.
Between 1990- 2004, the enhanced proportion haagee 31% with exception of 2002 when the
hatchery proportion of the natural spawning popotepeaked at approximately 72% (Tompkins et al.
2005). As well, enhanced production was not togiase beyond the 1987 level (~33% hatchery
proportion) until escapement exceeded 1987 escapdevels (Tompkins et al. 2005).

Goals for hatchery production is to mimic the growattern, size and outmigration timing of natural
fish and produce high quality smolts that migradevdstream rapidly to minimize any negative
ecological impacts of hatchery stock on wild fiSihéng and Bonnell 2010). Egg to release survéval i
good and averaged 91% based on 1996 — 2005 brawsl (#heng and Bonnell 2010).

Other enhancement facilities in the Cowichan watenldnclude the Provincial Vancouver Island
Hatchery (VIH) located on the north side of the dowiver, downstream of the Trans Canada Highway.
The VIH was constructed in 1981 and raises cutthroat, captive rainbow trout and winter steelhead
with the steelhead juveniles released into the Cloan River system. Prior o 1997, brown trout were
also raised and released into the study area.eTdreralso 2 other aquaculture based hatchery
operations, one in the lower Cowichan and anothére lower Koksilah.

Salmonid enhancement in the Cowichan watershedratBales an annual off channel fry salvage
program aimed at reducing stranding mortality. Tlosvichan Lake Enhancement Society coordinates
the program at sites upstream of Skutz Falls wthiéeCowichan Tribes operates the fry salvage
program downstream of the falls. Up to 20% ofdtranded fry in the upper river are typically
chinook, with the majority being coho (Burt and Rdl 2002).

3.5 Habitat Restoration

Salmonid habitat restoration projects have beermakien since at least 1950 with fish access
improvements completed in both the Cowichan andsiak Rivers. In 1950, a vertical slot fishway
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was constructed at Skutz Falls to improve upstriistmpassage up the mainstem Cowichan River. In
1990, upstream juvenile access through the flovirobweir at the outlet of Cowichan Lake was
improved through construction of a fishway and sgehannel. In the Koksilah River, a fishway was
constructed at Marble Falls located at km 13.4980Lbut has had limited success in facilitating
upstream passage for anadromous species. Fistgpagaa also improved in the lower Koksilah by
removal of a large debris jam and sediment weddgjeeadld CNR crossing.

Over the past 5 years, over 1.5 million dollars lisn spent on habitat improvement and restoration
works that have included erosion control to redsuspended sediment contributions at the Stotle slid
area, side channel development (Five Fingers, Biogieagh) and/or flow/access improvements (John
Charlies, 70.2 Mile Trestle Channel), spawning glayplacements at the outlet of Cowichan lake and
debris removal from the Skutz falls fishway. tiddion to these works, habitat restoration in the
Cowichan watershed has included a project in 280%&re a series of 5 LWD complexed rock groynes
were constructed as bank stabilization works atiféais pool located within the tidal portion of the
North Fork. As well, in 2007 a series of 3 rockygres and 3 LWD complexes were constructed as part
of emergency maintenance works at the JUB outtallfsr erosion protection.

Prior to 2000, past habitat restoration effortthim lower Cowichan River have included improvements
to access/habitat quality and quantity in off clelrsites throughout the mainstem Cowichan River,
bank protection works, as well as gravel/debrisoeah Over the winter of 1991/92 the Cowichan
mainstem redirected itself and created an avulkianstarted immediately upstream of the Block 51
area. The avulsion significantly reduced flows ppraximately 2 km of the original mainstem channel
known as the “Horseshoe Bends” reach (P. Law geram.). In 1993, remedial works were
undertaken to minimize the loss of valuable fishitz and included construction of the Trestle
channel to provide flows to the horseshoe bend area

Off channel development downstream of the Transa@arHighway is also relatively extensive and
includes development of the Rotary channel, FishAHay, John Charlie’s channel and Major
Jimmy’s channel. However, more opportunity existgitrease access to/utilization of isolated or
abandoned off channel habitat. For more detailsestoration efforts in the Cowichan watershed,
refer to LGL 2005 and nhc 2009. Over the pastdectoe Ministry of Transportation and
Infrastructure, Living Rivers Georgia Basin/Vanceuisland, Pacific Salmon Foundation and
Fisheries and Oceans Canada have
provided major funding and/or
technical expertise for these
projects.

Photo 2. Upstream view of an
excavated off channel pond
near the CEDP Hatchery that
receives flows from the Major
Jimmy’s and the Hatchery
sidechannel complex.
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There has also been significant habitat restoraiforts undertaken to restore estuary habitat that
includes removal of dikes, enhancement of wetlamdagricultural lands, enhancement of swales for
water control and restoration of the Koksilah Mar3ime Pacific Estuary Conservation Program has
been instrumental in the following projects (Visia-2005):

* Westcan Access Rd: buried 3000’ of overhead wingrévent bird strikes

» Cowichan Estuary Farm: removed livestock and fematreated swales and constructed stop log
structures

» Koksilah Marsh: breached dyke to connect to egiiwale and improved 2 natural breaches in the
dike

* Rooke Rodenbush property: hog fuel removal, rabdished back channel and built up dike for
flood protection of adjacent land

* Doman’s/WFP sawmill property: breached the dikéd places to re-establish tidal influence

» Cowichan estuary: eelgrass inventory and tranggda#00 plants in 2005

The results of restoration efforts in the estuagjude higher waterfowl densities than most oth@r B
estuaries as well a 100% increase in utilizationldlgblers, swans and geese in comparison to use
between 1992-1997 (Clermont 2009).

4.0 CRITICAL HABITAT FEATURES AND CONDITIONS BY LIF E STAGE
4.1 Migration and Spawning Habitat
Critical habitat features for successful upstreaigration and spawning includes:

1. Adequate maintenance flows in the Cowichan mainstem

a. Determines spawner distribution

b. Provides passage through shallow reaches of therl@awichan mainstem (including
the North Arm) and the Skutz Falls area

c. Minimizes holding and migrations delays in the lowieer and estuary

d. Reduces stress and mortality in the lower riverestdary

e. Reduces predation through extensive shallow riffidé sections in the Cowichan and
Koksilah mainstem

2. Good quality spawning substrates

3. Suitable water quality conditions (i.e. suspend=tirment load, DO, water temperature)

4. Unrestricted upstream passage through Skutz Ealidlow sections of the lower river and
Marie Canyon

5. Gravel recruitment to upper river spawning habitat

Fall chinook enter the lower Cowichan River typigauring lower water conditions with preferred
spawning habitat located primarily between Skutiskend Cowichan Lake with spawning distribution
dependant on stream flows (Riddell et. al. 200Rdtherford and J.R. Eliot, pers. comm.). Studies
have indicated that during years with low flowsidgrthe upstream migration period, there’s a
tendency for a greater proportion of chinook torapadownstream of Skutz Falls in the lower river
relative to years with normal or high flows (Buiarsd Roberts 2002). In some years, chinook are
known to spawn downstream of the Trans Canada Higtiwidge when flows are too low and it's
physically impossible to ascend the river.
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Water quality conditions in the lower Cowichan aaksilah Rivers and estuary during the late
summer and fall can have a significant effect aanspng success. Possible sources of contamination
include treated municipal sewage, agriculturahgteds, urban development and effluents from fish
hatchery operation and abandoned metal mines i@ 2007). Water quality monitoring results
from 1988 to 1993 determined a “fair” rating forthdéhe Cowichan and Koksilah Rivers with
objectives not met for microbiological contaminafatsboth rivers and for algal growth in the lower
Cowichan River. There was no monitoring carriettmiween 1994 — 1997. Water quality monitoring
was undertaken in 2005, with an improvement in watelity observed relative to the early 1990’'s and
ranked as “good” for both rivers (Phippen 2007).2005, the Ministry of Environment water quality
objectives were met 87% of the time, with fecalfooin (<10/100 ml) in the Koksilah and dissolved
oxygen levels (8 mg/L min June to September and diy/L min Oct to May) in both Cowichan and
Koksilah Rivers not meeting the objectives on omragPhippen 2007). However, dissolved oxygen
levels of 8.0 — 11 mg/L in the lower Cowichan anukkilah River remained adequate throughout the
sampling period to support salmonids in the lowewichan and Koksilah River. Fecal objectives were
not met in the Koksilah River from Aug 24 to Sepbam28 and from Jan 20 to February 24 in the
Koksilah River at Highway 1 (Phippen 2007).

Based on spawning habitat surveys undertaken bypdHardie (1998 — 2000), the upper section of the
Cowichan River between Skutz Falls and Cowicharellzks exceptionally high quality gravel for
chinook spawning (Burt and Roberts 2002). Prinmenspng habitat is located at Greendale, as well as
numerous other suitable spawning sites betweerz$Halts and Cowichan Lake (Fig 1). Spawning
habitat downstream of Skutz Falls in the lowerrivas a higher proportion of cobbles and bouldsrs a
well as an accumulation of fine sediments (Duanelidgpers. comm. in Burt and Roberts 2002).

Thequantity of available spawning habitat is not likely a limg factor to Fall chinook production.
There is an estimated total spawning habitat of 50XDnf that can support approximately 14,600
spawners within the mainstem Cowichan River (Bod Roberts 2002). In the upper river alone,
above Skutz Falls, there is an estimated 140,0068f spawning habitat that could support 6000 — 8000
females (Tompkins et al. 2005). This estimate geldaon designation of prime and secondary quality
spawning habitat, assuming each pair requires 20f prime spawning habitat and 42 for

secondary habitat. Therefore, with the most rég@&stablished biologically based escapement gwal f
fall chinook of 6514 spawners (90% CI = 4159, 149@2mpkins et. al. 2005), it is unlikely this ri;m
limited by available spawning habitat (Burt and B 2002).

Photo 3. Downstream view of spawning habitatinth e lower Cowichan River at the JUB outfall
site that supports primarily chum and coho spawners but is also utilized by chinook in years
with low water conditions and upstream migration is limited (Nov 09).
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However, thequality of spawning habitat has potential to limit chingakductivity as there is a lack of
natural gravel recruitment to mainstem chinook gpaw habitat in the Cowichan River (Sheng, pers.
comm.). A smaller deposit of gravel is deliveredite Greendale spawning reach and therefore, this
site should be considered to be of very high value.

In 1988, a Water management Plan for the CowichaarRvas implemented to facilitate upstream
migration of chinook by increasing water flows foshort pulse period (5-10 days) during low flow
conditions in early fall (Nagtegaal and Riddell 829 The water flow regime was negotiated by FOC,
BC MOE and BC Forest Products Ltd (Crofton Mil}).1988 and 1990, DFO conducted experiment
fall flow releases that successfully facilitated tipstream migration of spawners (LGL 2005). The
intent of the pulse flows was to move chinook haddin warmer, less protected habitat in the lower
river upstream to the middle reaches where coolémaore protected habitat is available. An analysi
of the impacts of pulse flow releases is availabldop Wo et al. 2005.

4.2 Incubation

Critical habitat features for incubation succestude: good quality spawning habitat; good water
guality conditions over the fall, winter and spristable flows during incubation and juvenile
migration and limited disturbance to redds

Incubation survival and overall egg to fry surviiakignificantly affected by several physical tast
including gravel quality, disturbance by chum, soay of redds during high flows and dewatering of
redds (FOC Working Paper 2008). Overall gravelityuga the Cowichan River is dependant upon the
degree of suspended sediment loads in the CowRhaam. The primary source of sediment originates
from channel avulsion and subsequent erosion ofajlautwash and glaciolacustrine sediments. én th
Cowichan River, there are several sites in the up@énstem at the Stoltz slide, Block 51, 3 Fird an
Broadway run areas that contribute fine sedimemamstem spawning habitat (Fig 1). The Stoltz
slide is predominantly fine-grained glacial seditnégposit that extends for 600 m along an outside
meander bend and reaches a height of 50-60 m (Rfdto 4, LGL 2005). Major remedial works at
the Stoltz slide in 2006 and 2007 included consimacf a 650 m long riprap berm and erosion cdntro
along the main terrace that has successfully retleresion and the contribution of sedimentation by
90% at that site (LRS 2007).

s

Photo 4. Aerial
upstream view of
the Stoltz slide that
extends for 600 m
along the left bank
for the mainstem
Cowichan River.
Remedial works
undertaken in 2006
and 2007 have
successfully
reduced erosion and
sedimentation
(Sheng and Bonnell
2010).
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Higher incubation survival may be achieved by réuyithe accelerated degree of sediment loading
from the eroding clay banks located at the Bloclsldes, 3 firs and Broadway way sites (Fig 1). The
Living Rivers Society in partnership with FOC haeen instrumental in the assessment and
remediation of the bank erosion and clay bank fefuhat contribute a fine sediments to the maimste
Cowichan. Conceptual drawings for remedial wotkalla3 sites have been conceptually completed
with engineered prescriptions and pre-construdietails to be completed in 2010 for proposed
construction starting in 2011 (Gaboury 2010, Sheegs. comm.). In February 2010, the BC
Conservation Society contracted Trow Associates tiotdindertake a slope stability study at the
Broadway run area. Results indicate that silt dejom originates from bank erosion as well as $mal
slough failures and soil flows from the adjaceopsis. Slope instabilities are due to increasefdsear
runoff and seepage flows within the south slopbasekt from the river's edge (Sykes and O’Brien
2010). The study also determined that there isrgiatl for large-scale slope failure to occur iku@e
older slide that is setback approximately 200 nmftbe rivers edge. Remobilization of the slide wioul
have significant implications on the river by impegiflow and/or generating an increased silt load
(Sykes and O’Brien 2010). Recommendations includeitaring of the older slide setback from the
mainstem.

Incubation studies were undertaken during 2004M@b2005/06 in the Cowichan mainstem to
determine survival of chinook during the incubatpirase (alevins to button up size). Prior to the
Stoltz remediation work, study results indicate tha upstream of the Block 51 area, that survial
good at 80% or higher to the button up stage wisdreabation survival in the lower river is low.

However, at both upper and lower river sites, emecg from the incubators was difficult due to the
accumulation of silt that formed into an impenelgadbncrete layer. After the majority of the Stolt
remediation work was completed in 2006 and 200dbation survival at the upper river remained high
and the concrete layer was no longer observedwandval in the lower river was also improved.
However, in the lower river, the accumulation dff sontinued to be substantial enough to form the
hard concrete layer over the redds, thereby limét@drgence of alevins (Burt and Ellis 2006).
Additional incubation studies are planned for 2@hd will use similar stations (Sheng, pers. comm.).

DFO conducted a juvenile assessment/outmigratigtysn the Cowichan River during most years
between 1991 — 2002 but the program was discortiafier the 2002 season. The purpose of the
program was to provide annual estimates of totanue chinook production as well as to investigate
the interaction between hatchery and naturallyecéish in the lower river and estuary (FOC Working
Paper 2008). Estimated egg to fry survival raféSawichan chinook ranged from 1.5 to 12.7%
between 1990 and 2002 (FOC Working Paper 2008).

4.3 Rearing Habitat

Chinook fry utilize both offchannel and mainstenbitat throughout the mainstem reach on a seasonal
basis likely from Feb/March until June/July. Oftpaular value are nutrient rich, tidal, off chahne

areas in the lower Cowichan and Koksilah Riversaniof these sites are groundwater fed and thereby
offer cool water refuge habitat when the Cowichainstem temperatures are less suitable for fish
production.

There is little specific information regarding tiedative use of various reaches and preferred &abit
types for CH rearing (Burt and Roberts 2002) byt kabitat features for chinook rearing typically
includes: stable mainstem and off channel rearaigtat; adequate food supply; suitable water qualit
conditions; instream habitat complexity that pr@dduitable cover components and intact natural
riparian areas
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4.3.1 Off Channel Rearing Habitat

Off channel areas provide critical rearing haldglating the spring and early summer for fall run
Cowichan River chinook fry with highest utilizatiamlow gradient floodplain habitat downstream of
the Allenby bridge (Lill et. al. 1975). Off chanraieas typically provide warmer and nutrient rich
foraging habitat with chinook fry seeking out theseas prior to heading seaward. Intermittentdloo
areas also provide high quality rearing habitat ihaighly utilized by chinook fry (Sheng, pers.
comm.). The distribution of fry is usually deten®ad by the abundance and availability of food
(Sheng, pers. comm.). As well, tidal or brackishits is typically more nutrient rich than freshemat
habitat. However, the location of the highest eadnd preferred habitat types within off channel
habitat in the lower floodplain reach is currenthknown.

In 2009, the Cowichan Tribes operated a downstiteamin the 5 fingers sidechannel complex
(~25,000 M) from early March to early June. A total of 820rmok fry were captured in 2009,
representing 1.4% of the total catch of salmonigthiles (Alphonse 2010). There were two distinct
groups based on size and timing with the first pefadmaller fry captured between late March/early
April and a larger second peak catch period ofdaohinook fry captured during mid May 9-16
(Alphonse 2010).

The availability of off channel habitat in the CaWwan watershed is affected by the total water geora
and the operation of the weir. An assessmenteointtiuence of river discharge on sidechannel laabit
in the Cowichan River estimated that that when ft@se were reduced from 7 cms to 4.5 cfs, an
average of 12-17% of the total wetted area of $idanel habitat was lost in the upper, middle and
lower off channel areas of the Cowichan River (Buehal. 1988). The natural incidence of fry
stranding can also be exacerbated during periodsa@f down.

Survival of chinook fry during rearing and migratidownstream of Cowichan Lake is also affected by
operation of the flow control weir during the syinA significant decrease in river flows over aith
interval of time can increase stranding mortalitg.(n 2002 a 60 cm drop in water levels were
observed over a 48 hr period Burt and Robert 2002).

4.3.2 Riparian Habitat

Riparian areas are distinct and provide criticdditaa components for fish and wildlife. Intactaipan
habitat provides important features that suppatblical diversity, structure and function along th
Cowichan floodplain. Natural and intact ripariaabliat adjacent to streamside areas also provide an
important source of food, overhead cover, shadaéenaut banks, natural alcoves and undisturbed
shoreline habitat that consists of seasonal chahaetonnect mainstem and off channel habitats.

The provincial Sensitive Ecosystem Inventory (§&fgram recognizes the high value of intact
riparian habitat within the lower Cowichan and Kitdds Rivers. A significant portion of the riparian
corridor adjacent to the lower mainstem CowichaveRand Koksilah River is currently delineated as
sensitive riparian habitathitp://www.env.gov.bc.ca/sei/index.himl

Disturbance within the lower Cowichan riparian @dor downstream of the Trans Canada Highway
has resulted primarily from the construction ofedikor flood control as well as agricultural
development throughout the estuary and floodplabitht. Within the Koksilah River, historical
disturbance to natural riparian structure and fiondhas occurred as a result of agricultural amdlru
development along the South arm and historicahlimievelopment by the CN railway and the now
deactivated Westcan Terminal Road north of the stam.
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4.3.3 Estuarine Rearing Habitat

The first 90-day period into June/July is the nagical time for chinook fry and the time when rhos
mortalities occur (Luedke pers. comm.). Preliminasults from recent studies undertaken by FOC
suggest that Cowichan chinook fry are vulnerablieigh mortality rates in June and July during their
early marine life history phase. In the Cowichidws phase is spent in the lower river and estuary/
nearshore marine environment. However, the dididhuutilization and preferred habitat types of
chinook fry in the estuary are not well known.

The Cowichan estuary supports at least 31 spetieshancluding juvenile herring, salmon and
steelhead (CETF 1980). An important biologicatdiea of estuaries is their role in nutrient prodct
cycling and distribution. The estuarine environtq@ovides a complex food web that consists of
primary producers that include submergent (eelyss$ emergent (grasses, rushes and sedges)
vegetation as well as mud algae (CETF 1980). Thlkarts support primary consumers that include
amphipods, insect larvae and zooplankton thatrimgupport secondary consumers that include fish,
birds and mammals.

The majority of wild chinook fry in the lower rivdregin to migrate into the estuary by the middle of
April and reside in the estuary to August (Argualetl986, C. Neville, pers. comm.). Migration of
chinook smolts to the estuary likely peaks prioth® end of June with juveniles moving from estuary
flats to deeper water toward the end of June/Jolygathe north and south shores of Cowichan Bay
(Argue et al. 1986). Chinook smolts are believeretoain in Cowichan Bay in significant numbers
until late August (Argue et al. 1979). Hatcherynduok tend to migrate downstream in a large pulse an
arrive in the estuary within a week of release (§ggal et. al. 1997, Candy et al. 1995).

Critical habitat features in the estuary includedywater quality, adequate vegetation, food, cérneen
predators and adverse weather conditions as wellitable water quality conditions. Highest value
habitat features for fish production within theussy include nutrient rich brackish waters, stable
vegetated foreshore habitat, vegetated intertigidshallow subtidal habitat i.e. eelgrass bedsealkas
shallow, low gradient mud and gravel flats.

In 2003, the Cowichan Community Land Trust Socatg MELP hosted a public workshop involving
the local and the scientific community to idenfiigure monitoring and restoration priorities foeth
Cowichan estuary. Water quality (PCP contaminatsemwvage and ballast dumping) and habitat loss
were the two primary issues of concern regardiedgtkure health of the Cowichan estuary in a public
forum held in 2004 (CCLT 2004).

In 2008, FOC initiated a study to investigate eanbrine survival of Cowichan chinook with funded
provided by the Pacific Salmon Commission. Exg@mnual surveys underway to determine early
marine survival of juvenile salmonids in Georgiaaitwere augmented with beach seines during April
and May in the Cowichan estuary and continued gatith numbers decrease. By June, fish sampling
involves purse seining in deeper sections of theaeg. FOC has an ongoing program to determine
early marine survival of salmonids that includesving in July and September through the Gulf
Islands.

Studies undertaken in 2008 and 2009 to investigaty marine survival of Cowichan River chinook
suggest that there is critical period during Jume &uly when fry are subject to high mortality le t
estuary and nearshore marine environment. Surglivahg this phase may be the determining factor in
overall marine survival of the Cowichan fall rurirdbok stock. The vulnerability of chinook fry dng
this early marine life history phase may be ass$ediwith several contributing factors including the
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lack of food or suitable habitat and/or increasestiption. Ongoing sampling in the Cowichan estuary
to determine early marine survival and/or influexgcfactors for chinook fry will be continued in ZD1

4.4  Marine Coastal

Cowichan chinook smolts begin to outmigrate from @owichan estuary to the Gulf Islands during
May and June. Acoustic tagging has been usedtsrdine migration during the early marine life
stage of coho, along with a small sample (50-10@awichan chinook tagged in 2008 (C. Neville,
pers. comm.). As well, stock origin in the travatches is determined by DNA sampling. Preliminary
results indicate that Cowichan chinook are remgiivinthe Gulf Islands to rear until September rathe
than migrating into the Strait of Georgia (W. Luedk. Neville pers. comm.). In contrast, the Upper
Fraser River chinook fry illustrate a differentnieg strategy and arrive later to the Gulf isladdsing
the summer and then outmigrate to Georgia Strdieeghan Cowichan River chinook by the fall.
Stock status of the UFR chinook remains good.

During the fall, the majority of Cowichan chinoakaglts are thought to migrate throughout Georgia
Strait into the northern sections with a smallettipa of the stock mixing with other stocks alomheg t
west coast of Vancouver Island, Juan de Fuca atnditnorth to Hecate Strait and Fitzhugh Sound (Lil
et al. 1975). Recent recoveries of CWT’s in the mmrctial (and sport?) fisheries indicate that adarg
proportion of Cowichan hatchery produced chinoakrargrating out of Georgia Strait both south to
Washington and Oregon as well as along the west odd&/ancouver Island (W. Luedke, pers. comm.).

Juvenile chinook in Georgia Strait ranging betw&@+80 cm fork length feed primarily (70-92%) on
herring, pelagic amphipods and crab megalopa (Kd#£61). Chinook salmon off southern Vancouver
Island are dependant on Pacific herriGgupea pallasi as their primary (72%) food source (Healey
1991). Other target food items include Pacificdsmce Ammodytes hexaptefguphausiids and
Pacific sardineQardinops sagg)but food preference is dictated by chinook dizeation and time of
year (Healey 1991).

5.0 POTENTIAL LIMITING FACTORS TO CHINOOK PRODUCTIO N AND
RECOMMENDED MEASURES

As outlined for standardized habitat status repgrtpotentially limiting habitat-based factors to
chinook production within the Cowichan watersheelidentified in the following sections and
summarized in the Habitat Status Summary Tableppefrdix C. Also provided are recommendations
for habitat-basetheasures to address these limiting factors as well as tontam freshwater
productivity.

The intent of this chapter is to identify optiols increasing productivity of the fall run Cowichan
chinook during their freshwater phase. Increagieghwater productivity can assist in the recowary
the fall chinook run by incrementally balancing #feects of recent exploitation rates (35-65%) a w
as low (<1%) marine survival rates on chinook esoamt to the Cowichan watershed.

Perhaps the single most critical factor affectihtnook productivity within the freshwater phasethis
availability of adequate water flows during the natipn, spawning, incubation, fry outmigration and
lower river/estuary rearing phases.

5.1 Adult Migration and Spawning Phase

Potentially limiting factors to Cowichan chinookogluction during the adult migration and spawning
phase includes:
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Low mainstem flows that limit spawner access tdargyuality spawning habitat upstream of
Skutz Falls

Debris accumulation at Skutz Falls and the fishttay limits upstream migration

Lack of instream complexity and good quality hofghmabitat in the lower river

Aggradation of sediments in the lower Cowichan rs@m that exacerbates passage issues
Poor water quality conditions during the fall mipa period

Migration delays at the counting fence

Lack of gravel recruitment to mainstem spawningitiaab

Noasrwd

5.1.1 Low mainstem flows that limit spawner access to higher quality spawning habitat
upstream of Skutz Falls (LF1).

Adequate maintenance flows are needed to facilitpstream passage of chinook spawners and
potentially increase freshwater production by pdaowj access to higher quality spawning habitat,
thereby increasing incubation survival and fronr@alder perspective, increasing overall egg to fry
ratios for fall run chinook.

The Cowichan River is a regulated system, withidleer river downstream of the Catalyst intake
subject to low summer flows that limit and/or delgystream migration of chinook. Cowichan River
flows are managed according to the present ruleecaind the Cowichan Lake weir is operated to
provide a minimum maintenance flow of 7.08 cms dherduration of the summer low flow period and
9.91 cms after September 15 (Burns et. al. 19882003, 2006 and 2009 the minimum maintenance
flow of 7 cms was not met due to inadequate stora@owichan Lake and therefore min flows have
not been met for 4 out of the last 7 yrs (T. Rutrek, pers. comm.). An additional 50 millior? wf

water storage would be sufficient to meet existiager demands and to provide maintenance flows for
all salmonids and pulse flows to facilitate chinapigration (Westland 2007). Increasing the
Cowichan Lake weir by 30 cm could create additicrtatage.

Prime spawning habitat is located between the &ts Cowichan lake with spawning distribution
dependant on stream flows (T. Rutherford and Jliat, pers. comm.).The majority of chinook will
migrate to spawn upstream of Skutz Falls providiager levels are suitable for passage through the
falls and lower river. Skutz Falls extends for IB@own the length of the river with a verticaltslo
fishway constructed in the mid 1950’s to facilitpgssage of spawners over a range of flow levels
(Photo ___ ). In some years, up to 66% of the ruhswawn in the lower river when low flows occur
during the migration period and it's physically iogsible to ascend to the preferred higher quality
spawning habitat upriver (Burt and Robert 2002).

Measure 1.1: Provide adequate water storage in Cowi  chan Lake to facilitate the release of
adequate maintenance flows for all users including fall run chinook during their migration and
spawning phase.

Measure 1.2: Develop a Monitoring and education pro  gram for Cowichan Lake residents to
illustrate seasonal variations in the water surface elevation in the lake and downstream in the
river proper. lllustrate where the control point i s in an effort to gain support and cooperation
with the water storage project.

Measure 1.3: Continue pulse flows and assess for ef  fectiveness to facilitate upstream migration
through estuary, lower river and falls reach.
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5.1.2 Debris Accumulation at the upstream end of Skutz Falls and the fishway (LF2)

Upstream migration through the fishway in some yéaalso difficult due to the accumulation of karg
woody debris at the inlet to Skutz Falls as welhtithe entrance to the Skutz Falls fishway (PBdto

Measure 2.1: Develop a Maintenance Plan and related  protocol for the woody debris
accumulation at Skutz Falls with a designated propo nent and dedicated budget to ensure
upstream passage for migrating chinook spawners.

pow

Photo 5. Downstream view
of the entrance to Skutz
Falls and the fishway
illustrating the large woody
debris accumulation that
requires annual
maintenance to facilitate
upstream migration of
spawners (Sheng and
Bonnell 2010).

5.1.3 Lack of instream habitat complexity and good holding habitat through the lower
Cowichan and Koksilah Rivers (LF3).

The effects of delayed access through the loweri€@wm and Koksilah Rivers by chinook spawners is
exacerbated by the lack of habitat complexity amadgholding habitat for chinook. The lower
mainstem habitat offers only marginal quality hotglhabitat due to aggraded shallow reaches, lack of
instream cover and complexity as well as a lowdesgry of functional LWD and deep holding pools
through the lower floodplain reaches of the Koks#gad Cowichan Rivers. The lack of cover and
extended shallow sections leave the spawners est@mskvulnerable to predation and interception.

M3.1: Develop a restoration plan for the lower riv  er and improve instream cover and complexity
in the mainstem. Restoration options are outlined in nhc 2009 Flood Management Plan.

Cowichan Fall Chinook Habitat Status REePOIt. .. .........ooeiiueeiee it e e eee e P3§¢68



Photo 6. Downstream view of the lower Koksilah Riv er illustrating extensive shallow habitat
lacking sufficient deep pool cover and complexity f or migrating spawners (fall 2009)

5.1.4 Bedload Aggradation in the lower mainstem Cowichan (LF4).

Upstream access by chinook spawners through therlover is affected by the aggradation of coarse
sediment in the lower reaches of the Cowichan nimslownstream of the Trans Canada Highway.
During the fall of 2009, the north arm was impas$salne to aggradation combined with low water
conditions and in most years, the north arm pravateess for the majority of chinook migrants.
Delayed migration creates additional stress aneased migration related mortality for spawners.

M4.1: Ensure passage of chinook spawners through th e lower river by providing adequate
summer/fall flows and maintaining access through th e aggraded North Fork channel.

M4.2: Discuss and consider an annual flood maintena  nce program (including operational
protocol) that involves gravel removal at designate d sites to facilitate passage though the north
arm and lower mainstem areas.

5.1.5 Poor water quality conditions in the lower river (LF5).

Low summer flows can create poor water quality domas that are unsuitable for fish production,
including high water temperatures and low dissoloeghen levels that result in increased stress and
metabolic dysfunction in spawners. Poor water ggatnditions can result in increased mortality of
chinook spawners holding and migrating in the lovixgr and estuary. See S. 4.1 for details on water
quality monitoring in the lower Koksilah and Cowahmainstem.

M5.1: Reduce migration mortality by providing adequ ate maintenance flows that can assist in
sustaining suitable water quality conditions for ho Iding and migrating chinook spawners.

M5.2: Undertake an annual water quality monitoring in thelower Cowichan and Koksilah River during
the chinook migration and spawning period that includes water temperature, dissolved oxygen level and
fecal coliform.

Cowichan Fall Chinook Habitat Status REePOIt. .. .........ooeiiueeiee it e e eee e P33468



5.1.6 Migration delays at the counting fence (LF6).

Upstream chinook migration is also delayed by tbe/iChan River counting fence with similar delays
observed in other systems with similarly designegheeration fences. Since the Cowichan chinook
run is at record low numbers, it is important tgmve freshwater production over each life history
phase. Potential delays at the counting fencenzaaase stress and susceptibility to predatiomewhi
chinook are forced to hold in warm unprotected rsi@im habitat. Therefore, consideration of
modifications to the counting fence are warrantecetiuce any incidence of migration delays.

M®6.1: Evaluate access through the enumeration fence to determine if chinook are being
detrimentally delayed (as based on variations in fl ~ ow rating curve).

M6.2: Consider reducing delays at the counting fenc e by installation of a lead in fence that
facilitates passage and consider incorporating a Di dson counting system.

5.1.7 Lack of natural gravel recruitment to mainstem spawning habitat (LF7).

Good chinook spawning habitat is located in deefemduring winter flows with an abundance of
larger substrates that are flushed clean by fltvatare often lake fed. Some of the most prodectiv
chinook spawning habitat is located in the mainsaeijacent to a major tributary system that proviaes
continuous source of gravel that is washed by aheaimstem flows (M. Sheng, pers. comm.).

In the Cowichan River mainstem, there is an absehogjor tributary systems that contribute a
continuous and significant amount of gravel. Thestideal chinook spawning habitat is located at
Greendale, where a small creek delivers gravdigartainstem but in limited quantity (M. Sheng pers.
comm.). Incubation survival could be improved bha&ncing spawning habitat quality through gravel
placements in the wider sections of the mainstech as downstream of the lake outlet where the
gravel will remain in place during higher flows.

M7.1: Assess suitable spawning gravel placement sit  es in the mainstem Cowichan River and
prioritize/undertake habitat enhancement works at s uitable sites.

M7.2: Consider mobilizing the bedload accumulation in the lower river that blocked passage
through the North Arm in 2009 to suitable gravel pl ~ acement sites in the upper river.

5.2 Incubation Phase

Estimated chinook egg to fry survival rates in @@vichan River between 1990 and 2000 ranged from
1.5% (1993) to 12.1% with an average of ~ 6% (FigTompkins et al. 2005, 1995) This range in egg
to fry survival is typical for a natural system (Bheng, pers. comm.). Variations in egg to fryisai

in the Cowichan River can be due to several factmisiding chinook spawner distribution,
environmental conditions including sedimentatiod/anscouring redds during floods and to a lesser
degree from over spawn by chum on chinook reddgt@dmal et. al. 1997).

Habitat based limitations to chinook productioritia Cowichan watershed include reduced egg to fry
survival due to the following factors that are dissed in more detail in the following sections.

* high input of fine sediments

» scouring by high flows

» disturbance by chum spawners

» Dewatering of redds due to low flows
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Figure 9. Estimated Egg to fry survival for Cowich ~ an River fall run chinook for brood years 1990
- 2000 (Tompkins et. al. 2005).

5.2.1 Reduced egg to fry survival due to high input of fine sediments (LF8).

There are several sites along the upper Cowichamstean where naturally eroding banks are or have
potential to contribute a continual and significarmtount of fine clay sediments. Sediment is rel@ase
during high flow events and peaks when flows asimgi (Burt and Ellis 2006). The high input of fine
sediments can settle into the interstices of spagvgravels and reduce incubation success and bveral
egg to fry survival. Bjorn and Reiser (1991) sugjdbat egg survival begins to decrease when the
proportion of fines <6.35 mm exceeds 15% withinrdmd materials and a significant decrease in
survival is observed when fines comprise >30%.

There are several erosion sites in the upper Caniamainstem that are a concern as they contrilsute o
have potential to contribute a high level of fimelisnent. The most significant sediment sourcenat o
time was the Stoltz slide area with rehabilitatimeasures undertaken in 2006 and 2007. At least 6
other erosion sites upstream of the Skutz Falis@leline sediments to the mainstem with the most
significant sites at the series of eroding bluff¢hie Block 51 area, the clay seam immediately
downstream of 3 firs and Broadway Run (Fig __) (@ai 2010, Burt and Ellis 2006). Of these sites,
Broadway run is identified adaving the greatest potential of having an impacfish habitat in the
Cowichan River and therefore the highest priority iehabilitation’ (Gaboury 2008). In January

2010, preliminary design options for erosion protecwere developed for the Broadway run site with
a slope stability review completed in February 20&boury 2010, Sykes 2010).

Rehabilitation opportunities have also been dewvaddpr 3 erosion sites at Block 51 and includes re-
establishing the abandoned river channel along¢ethbank to improve flood conveyance at more
frequent flood events, thereby providing floode&ln the mainstem by reducing water levels andcewat
velocities and resulting erosive forces (Gaboury@ORehabilitation opportunities and conceptual
designs have been developed for the 3 firs anddsvag run sites and include realignment of the
mainstem channel to reduce erosion along the ¢k lat the 3 firs area as well as reduce the impfact
flood flows downstream along the toe of right baldpe at the Broadway run (Gaboury 2010). Details
for rehabilitation options and conceptual desigms loe found in Gaboury 2010.
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Photo 7. Silt input from eroding clay bluffs in th e Block 51 area where a series of 4-5 slide areas
are contributing fine sediment to the mainstem Cowi chan River (Sheng and Bonnell 2010).

Egg to fry survival in the Cowichan River is aldteated by chinook spawner distribution. Incubatio
success is generally higher for redds located e@strof the Stoltz slide area relative to the log@r
km of the river where incubation survival is lovekre to decreased bank stability, erosion, accelgrat
bedload movement and elevated rates of naturainsedation.

Results from an incubation study undertaken by HOZD04/05 indicate higher incubation survival
rates in the upper river (mean survival of 86.2%dle control site in Greendale) relative to thedo
river (Sheng and Bonnel 2010). In comparison,mmavival of the eggs at sites downstream were
significantly lower at 0.7% (mud slide), 3.4% (dgupool) and 6.8% (CEDP hatchery) (Sheng and
Bonnell 2010). Incubation study results also idgrihat a compacted layer of fine sediment
accumulates over the redds due to depositiontodair the winter that forms an impenetrable layer
that limits or prevents the emergence of alevite(fg, pers. comm.). The accumulation of fines
accumulated to a depth of 3-5 cm over the wintéralso reduced the intra-gravel oxygen levels and
thereby reduce overall incubation survival.

Egg to fry survival estimates provides a criticaasure of freshwater production. A target to ineeea
chinook incubation survival to 20% has potentiahttrease the overall productivity of fall run cbok
in the Cowichan River during an era of uncertaimingasurvival. The determination of egg to fry
survival estimates in the Cowichan River is onlggible for years when FOC operates the
Downstream Trapping Program.

Therefore, an essential component of a Chinook YRagdPlan is to continue the Juvenile outmigration
program in order to determine the annual freshwateductivity. As well, the assessment of the late
migrant chinook during June has typically not bemfuded as trapping is usually terminated in May
and therefore an extension of the trapping periodlevalso be beneficial (Burt and Robert 2002).
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M8.1: Continue juvenile outmigration program for fa Il run chinook as this data provides an
absolute measure for egg to fry survival ratios and contributes essential information directly
associated with habitat improvement and remediation /restoration works.

M8.2: Continue incubation studies to determine the effects of sedimentation on incubation
success of chinook as well as to measure the benefi  ts of remedial measures at eroding clay
bank sites.

M8.3: Extend the downstream trapping program until the third week of June to determine the
contribution and survival of the late migrant juven ile chinook population

M8.4: Support ongoing assessment and remediation of eroding clay banks/ sedimentation
issues in the Block 51 area, Broadway run and the 3 firs areas (Fig 1).

M8.5: Map highly sensitive areas that have a highp  otential for bank erosion. Manage land and
resource development adjacent to and within these a  reas with a more conservative approach to
minimize bank erosion and siltation.

M8.6: Ensure resource development and land use prac  tices strive to sustain or improve bank
stability along the mainstem corridor, includig an emphasis on riparian protection.

M8.7: Evaluate the impacts of forestry development and urban development on natural
hydrological characteristics (peak flows, low summe r flows, riparian, slope stability) and bank
erosion. Restore/rehabilitate where needed.

5.2.2 Reduced egg to fry survival due to scouring by high flows (LF9).

Environmental factors that affect Cowichan fallrdok egg to fry survival also includes scouring
overwinter flows that can mobilize bedload materital a depth of up to 20 cm. The effects of scwri
flows are increased where the river width is cagdiiSheng, pers. comm.). The depth (>50 cm) of
chinook redds makes them less vulnerable to sapfiows relative to other species as well as
dewatering during periods of low winter flows. Degmttenuation of flood flows from Cowichan
Lake, peak flows in the Cowichan mainstem coingiith the period when chinook eggs are most
vulnerable to loss from physical shocking (Armstydr®73).

Riverbed scour is known to occur when flood coodii exceed 400% of the mean annual discharge
(MAD =53 cms). In the Cowichan River between 1958998, there were 26 years (68%) when the
scour threshold of 212 cms was recorded (Burt and Robert 2002). €liere floods in the winter of
1994 that may have contributed to lower survivédsaf the 1993 brood compared to the 1992 brood
(Candy et al. 1995) and above average flows in Nibax and December of 1998 resulted in scouring
of spawning beds and therefore loss of chinooKNiagtegaal and Carter 2000).

The effects of winter floods on chinook redds ia @owichan River have not been sampled in a
meaningful way as the majority of chinook reddsiaeecessible during the winter months.

M9.1: Investigate the impacts of river scour on chi nook redds in the Cowichan system to
determine if scouring of redds is a limiting factor to production
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5.2.3 Reduced egg to fry survival due disturbance by chum spawners (LF10).

The distribution of chinook spawning (upper riversus lower river) has potential to affect eggyo f
survival. Superimposition of redds by chum can oedchinook egg to fry survival in years when
chinook spawn in the lower and middle reaches, wlitlim spawning overtop of the chinook redds.

For both 1992 and 1993 chinook broods, a portiathefspawning occurred in the mid-lower river
downstream what is considered traditional spawhatlgjtat (Nagtegaal et al. 1994 ¢ and 1995). Lower
survival recorded for these broods may be duedoaed spawner success because of poorer spawning
gravel quality or possibly superimposition of chapawning in lower and middle river sections. Low
chum escapement during years when most chinookrspguakes place in the middle river seems to
enhance the egg to fry survival rate (NagtegaalGenter 2000).

M10.1: Strive to sustain adequate maintenance flows to facilitate passage to higher quality
spawning habitat in the upper mainstem river.

M10.2: Document the years when chinook spawn in the middle and lower reaches of the river
due to lower flows and chum are likely to over spaw n in these areas.

5.2.4 Dewatering of redds due to low flows (LF11)

It is unknown whether dewatering of redds is aificant issue affecting egg to fry survival in the
Cowichan River. Dewatering of spawning habitat wiaserved in March and April 2005 and
dewatering of redds observed in December 2005 (W@€king Paper 2008).

M11.1: Assess the incidence of dewatering of chinoo  k redds and spawning areas on a
preliminary level by documenting and correlating wa ter levels with field observations during the
incubation study. If warranted, undertake a more ¢~ omprehensive study to determine if
dewatering is a limiting factor to chinook producti on.

5.3 Rearing in the Lower Floodplain Reach

5.3.1 Lack of knowledge regarding preferred habitat types, utilization and capacity of the
lower floodplain reach by chinook fry (LF12).

The majority (85%) of chinook fry migrate soon aféenergence to rear in the lower floodplain reach
of the mainstem Cowichan and Koksilah Rivers. €hsran abundance of low gradient off channel
sloughs, side channels and ponds throughout therl@ewichan and Koksilah floodplain area.
However, specific information regarding preferreditat types as well as the utilization of fresravat
and brackish areas of the mainstem and off chdraigtat by chinook fry is unknown.

The habitat capacity of off channel and mainsteaning areas is also unknown at this time as there a
numerous channels and ponds, with many of them ppath The rearing capacity of the lower river is
also affected by water flows and water depth. Hmwehabitat capacity for chinook fry is less afést
by low flows relative to coho and trout fry as thdilize off channel areas seasonally during the la
spring and early summer. A study undertaken dufiegsummer of 2003 in the middle and lower
reaches of the Cowichan observed an average |&&6fof wetted areas when flows dropped from 7
cms to 4.2 cms, with primarily (>75%) coho fry stded in off channel areas (Burns 2003).

M12.1: Determine chinook fry distribution and habit at utilization in the lower floodplain area by
conducting presence/ absence fish sampling. Use vi sual observation and minnow trapping to
identify preferred habitat types and relative distr ibution of chinook fry (early March to June).
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M12.2: Estimate the available rearing habitat area  and rearing capacity of the lower river and off
channel habitat. Correlate with both actual stage/  flow measurements and defined seasonal rule
curve.

M12.3: Identify and map the highest value nursery s ites within the lower floodplain reach and
protect and/or restore them.

M12.4: Determine how stream flows and river levels affect rearing capacity in the lower
Cowichan and Koksilah mainstem and off channel habi tat d/s of the Trans Canada highway.

M12.5: Restore fish access and where feasible, rest  ore the natural inundation of flood flows
through the floodplain and off channel habitat.

5.3.2 Loss of instream complexity in the lower mainstem and off channel areas (LF13).

The natural productive capacity of the mainstemaffidhannel habitat in the lower floodplain reach
downstream of the Trans Canada Highway has beeredlby urban development, flood management
and maintenance practices as well as agricultural/development activities. Loss of instream
complexity as well as the loss of natural chanaalkdfeatures that typically provide a source forW
recruitment has resulted from extensive dykingflimsd protection and channelization of the mainstem
Cowichan River.

M13.1: Assess chinook habitat in the lower 5 km of the mainstem Cowichan and Koksilah rivers
between March and June, determine fish utilization and identify limiting habitat based factors to
chinook production

M13.2: Develop a restoration plan for the lower mai  nstem and floodplain habitat that coordinates
with the Integrated Management principles and habit  at restoration projects as outlined in the
Lower Cowichan/Koksilah Flood Management Plan (nhc 2009).

M13.3: Restore natural frequency of instream comple  xity including functional LWD, boulders,
overhead cover and deep pool habitat.

5.3.3 Limited access or no access to existing and historical off channel habitat (Trailer park
channel, Priests slough/marsh etc) (LF14).

Urban, rural, agricultural, linear, industrial deyament in combination with flood management
activities have altered natural stream flow patewer the Cowichan and Koksilah floodplain aréa.
a result, historical off channel areas have beaated from flow and fish access.

As well, variable stream flow patterns over theéiplain can affect inflow to sidechannel habitat.

M14.1: Restore access and habitat quality to off ch  annel habitat that has been altered by urban
and resource development activities

M14.2: Consider the construction of setback dikesa  t Somenos Creek and Priests Marsh to
support increased access and utilization of off cha nnel habitat by salmonids as recommended
in the Cowichan River Flood Management Study (nhc 2  009).

M14.3: Consider following maintenance projects to sustain flows:
* Rebuild Newbury weir downstream of the intake to th e Major Jimmy’s sidechannel to ensure
recruitment of water in the channel during summer | ow flows (Alphonse 2010)

Cowichan Fall Chinook Habitat Status REePOIt. .. .........ooeiiueeiee it e e eee e P43468



» Connect the 2 arms (hatchery channel and 5 fingers) of the channel complex downstream of
the footbridge to increase flows to alcove areas do  wnstream (Alphonse 2010)

5.4 Rearing in the Estuary
5.4.1 Habitat Degradation in the Cowichan Estuary (LF15).

Historical resource development activities havedotpd near shore and intertidal habitat quality and
guantity within the estuary with the peak of indiatactivity and associated impacts observed durin
the 1970’s (Appendix A). A time series of aeriabpgraphs of the estuary are provided and illtestra
the habitat status of the estuary in 1930, 1947719985 and 2002 (Appendix A). By 1977, infilling
activities had resulted in the permanent loss pf@pmately 7% of the estuary including 17 acres of
intertidal mudflat habitat, 34 acres of vegetatedasn channels and 32 acres of agricultural land
(CETF 1980).

Over the past 40 years, the estuarine habitatdws flowly but gradually recovering through
establishment of the EMP as well as efforts byR&eific Estuary Conservation Program to acquire
land for conservation purposes. Habitat restonagitorts are ongoing and include transplanting eel
grass (2005), re-establishing back channel, crgativales, breaching dykes to restore natural flow
patterns over estuarine habitat as well as remdixiagtock and fencing.

The trend in declining chinook escapement sincdatee1990’s may not be directly linked to the
historical effects of habitat degradation in thiuagy as nearshore and intertidal habitat quatitthe
Cowichan estuary is slowly improving over time. vitaver, chinook fry reside in the estuary between
mid April to August, with survival of fry and smeltaffected by food availability as well as habitat
guantity and quality. Therefore, any incrementgdiovements to chinook productivity within the
freshwater and estuarine life history stages caistas the overall recovery of fall chinook stocks
Habitat restoration and/or habitat improvementrdfavithin the estuary have the potential to inseea
the survival of chinook fry in the estuary.

Current issues that could be considered in a r@sborplan for the estuary includes the alteratibn
benthic ecosystem due to the accumulation of woastes that have created anoxic conditions. Water
guality is another issue of concern, due to inplilomestic sewage as well as sewage output by
recreational vessels (Clermont 2009). Other gyiassues within the estuary includes the colonzrat

of invasive species, dumping of ballast material$ mooring recreational vessels within habitat
conservation/restoration areas.

Baseline studies include the distribution of vegietatypes (emergent and submergent communities)
during the mid/late 1970's (CETF 1980). As welstady in 2005 mapped physical and biological
features of Cowichan Bay according to sedimentdass, location of eelgrass beds, bivalves and
generalized habitat features i.e. oyster beds:; clwvannel, bladed kelp beds etc. (Archipelago Marin
Research 2005).

M15.1: Support ongoing identification, prioritizati on, restoration and monitoring of eelgrass
habitat and other submergent vegetation types in th e Cowichan estuary to pre-development
conditions. Determine limiting factors to eelgrass colonization, assess extent of wood waste
and any other factors that could potentially be lim iting rehabilitation of eelgrass habitat.

M15.2: Implement a monitoring program to determine and document the benefits and estimated
production from restoration efforts, land acquisiti on, as well as foreshore or estuarine habitat
improvement projects.. Consider the initiation of an intertidal transect survey to monitor key
changes in habitat types over time and integrate wi  th the updated EMP.
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M15.3: Develop a Restoration Plan for the estuaryt  hat identifies long-term goals, priority
projects, anticipated benefits (i.e. production ben efits if possible) and a Monitoring Plan.

M15.4: From an environmental perspective, undertake short-term improvements to the CEEMP
that includes empowering stakeholders to develop an d implement a proactive approach to
habitat restoration and improvements. Over the lon g term through major consultation, develop
a new plan and revised governance model.

M15.5: Control the colonization of Invasive species (Japanese knot week, yellow flag iris,
bullfrogs, Canada geese, white clematis) by increas  ing public education, identify areas of
infestation and determine/undertake the most approp riate control methods.

M15.6: Determine zones in estuary that are most sui  table for recreational use/anchoring.

5.4.2 Lack of knowledge regarding the rearing capacity of the Cowichan Estuary (LF16).

The estuary provides critical rearing habitat fonw@han River chinook. As of 2002, there were no
studies to assess the rearing capacity of the @awwie Koksilah estuary (Burt and Roberts 2002). As
well, the distribution and utilization of the lowever and estuary by chinook fry is relatively mokvn.
Presence/absence fish sampling to determine jwvdisitribution and habitat types would be bendficia
to identify the timing and habitat types that clikdry are using for nursery habitat. Despite tebi
impacts to the estuary, during the mid 1970’s @amesed juvenile population of 500,000 chinook fry
(1974) or less (172,000 in 1975) were producingtarning escapement of over 9000 spawners (Sheng
and Bonnell 2010).

However, recent studies indicate that early masingival during June and July in the estuary is a
critical period for chinook fry as they appear todubject to high mortality rates during this hiistory
phase.

M16.1: Determine chinook fry distribution and habit at utilization in the estuary during the rearing
period. Determine chinook density and condition fa ctors by habitat types and for hatchery vs.
wild juveniles.

M16.2: Determine if there are density dependent eff  ects that affect survival of chinook fry in the
estuary.

M16.3: Support ongoing research investigating the e arly marine survival of wild and hatchery
raised chinook fry and by early/late migrants.

M16.4: Assess and quantify the current level of hab  itat degradation in the estuary as well as
recovery of these sites through implementation of a long-term monitoring program that includes
assessment of fish, plant communities and habitat t ypes.

M16.5: Review potential restoration projects within the Cowichan estuary and priorize
restoration efforts based on rationale, restoration targets and anticipated benefits.

M16.6: Support further restoration of eelgrass habi  tat, fish access to isolated sloughs and side
channels.

M16.7: Consider the assessment, feasibility and res  toration of shellfish and crab populations to
historical levels.
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M16.8: Provide additional resources and personnelt o increase the effectiveness of the
Cowichan Estuary Management Plan. Continue to prot  ect estuarine and foreshore habitat from
further degradation.

M16.9: Undertake an annual water quality monitoring during the chinook migration and
spawning period that includes water temperature, di ssolved oxygen level and fecal coliform.
Coordinate with water quality monitoring in the low er Cowichan and Koksilah Rivers.

M16.10: Determine the level of ballast dumping and use of PCP’s in the estuary and identify
potential impacts to water quality as well as fish, vegetation and invertebrate communities.
Determine options for mitigative measures if warran ted.

6.0 PRELIMINARY HABITAT INDICATORS FOR COWICHAN RIV ER CHINOOK

As part of Canada’s Policy for Conservation of WRldcific Salmon, two types of indicators were
developed to assess the status of salmon habdatrarreferred to as “Pressure Indicators” andtéSta
Indicators” (Stalberg et al. 2009)Pr‘essure” indicators describe external man made conditibas

can be applied over broad geographic areas ornm@hi's. More costly State” indicators would be
used for smaller geographic areas and describ¢aihabinditions on a more site or reach specifiéshas
A short list of indicators developed by a FOC HabW/orking Group is illustrated in Appendix C.

For the Cowichan watershed, a preliminary list fnarily habitat status indicators is provided in
Table 1. These indicators are relevant to thénivaser and estuarine life history phases of chireuk
have been derived from the literature review fer labitat status report as well as Stalberg €0819).
These indicators should be considered as a stantiimg for further review, discussion and
implementation as part of a long term habitat stdonitoring Plan for the Cowichan watershed.
More research regarding appropriate habitat indisatrould be beneficial to develop a more
comprehensive list of indicators for discussionpmses. Once pressure and state indicators are
selected, a threshold point or indicator shoulétleatified.

Habitat based indicators can only provide an iradiredicator of freshwater productivity with the
absolute measure being the enumeration of chinsckpeament and the abundance of out migrating
juveniles. Therefore, a comprehensive monitorilag pvould require inclusion of habitat status
indicators in combination with selected stock mamagnt and stock enhancement related indicators as
well.
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Table 1. List of Preliminary Pressure and State In
Cowichan River watershed.

dicators related to chinook production in the

Life Pressure Indicators State Indicators
Stage
% water withdrawal during Aug — Oct Surface water elevations in Cowichan lake and river proper
Spawner | (m*/month as % of MAD)
Water surface elevation relative to adjacent chinook redds at
pilot sites
Water temperature, DO in lower river during summer and
early fall. (Thresholds: Spawning and Incubation: 10°C,
Rearing: 15°C, Adult migration: 16°C)
Frequency of LWD and number of deep holding pools/km
Frequency of chum spawning over chinook redds
Ego/ % or linear length of bank erosion Total abundance of naturally spawned fry (Target of 20%
Alevin egg to fry survival)
Linear measure (m or km) of exposed Total suspended sediment load at stations throughout the
eroding silt banks along the mainstem mainstem Cowichan River (Max: TSS < 25 ppm)
Cowichan R.
% egg to fry survival Number of naturally spawned outmigrating chinook fry
Fry/ Abundance of chinook fry in lower river and Relative density (CPUE) for chinook fry by habitat type
Juvenile estuary
% and km of stream length channelization LWD frequency, cover types and %, frequency of holding
d/s of the Trans Canada hwy bridge. pools, etc
% riparian zone alteration Total (km and %) and accessible off channel habitat d/s of
the TC hwy bridge
Area and/or % of altered or disturbed Intertidal transect survey to identify existing % species and
foreshore (Carex, Typha, riparian) substrate composition to determine current status/alteration
inshore/intertidal (eelgrass, mudflats) and and monitor recovery.
subtidal habitat (log booms).
Smolt/ % surface area disturbed offshore i.e. Area (ha) and % of estuary according to type: sedge habitat,
Marine subtidal area, log booms eelgrass and mudflats
coastal
All Life % and ha by land use type
Stages
% and area of impervious surface area

7.0 SUMMARY AND RECOMMENDATIONS

Argue et al. 1979 anticipated that a "combinatibagequate escapement and unfavorable
environmental conditions or inadequate escapenmehtiafavorable environmental conditions could
prove disastrous for adult production in the CowitiRiver”. It appears that the Fall Cowichan
chinook stock has reached such a critical and Stlisas” level with current condition that consigtiof
very low escapement, low egg to fry survival, utaiercapacity and utilization of the lower riverdan
estuary. When combined with unfavorable marined@@ns of <1% marine survival and an average
exploitation rate of 60% the result has been arlatural chinook productivity rate of less than 2il&sd

produced per spawner to 2004.

The recovery of the fall chinook run will requirecallaborative approach across various disciplines
including Stock Enhancement, Fisheries Managenkéstieries Research, Stock Assessment and
Habitat Management within DFO. Declining chinodgcapement to the Cowichan River can be
partially addressed by incrementally increasingirsdtproductivity over various life stages.
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The freshwater and estuarine production of CowidRiamer fall chinook stock is affected by several
potentially limiting factors as identified by liféstory stage in Table 2. A total of 16 limitingctars to
chinook production have been identified for furtdescussion. Strategies to increase freshwater
survival are outlined by habitat basedeasures’ that improve or sustain fish access, provide adés
migration flows and increase/restore water qualitgl habitat quality. A total of 47 measures have
been recommended to address these limiting facforsore detailed description of limiting factors
and measures is provided in Section 5 of this tepith a summary provided in the Habitat Status
Table (Appendix B).

A priority level was not assigned to these limithagtors or measures as they should be considered t
be a starting point for further review and discassiAs well, they represent critical factors tanciok
production primarily in the freshwater life histastages. Highlighting these habitat based limiting
factors identifies the need for further discussod prioritization of management actions through a
multi-stakeholder committee or the existing Joirdihg Technical Group. Limiting factors relevant
to marine survival, stock enhancement and fishenasagement are not discussed in this report,
though provide an important component when devatppicomprehensive priority list of the limiting
factors affecting chinook production.

A very preliminary list of habitat-baseddicator s by life history stage has also been proposed for
further review and discussion. Indicators aregmé=d by life stage and include primarily watershed
based indicators. Although stock assessment aetivdare outside the scope of this study the study
results indicate that stock assessment indicatotgding the adult enumeration and fry outmigration
program provides an important and direct measuhabitat status. Further research into suitable
habitat based indicators is heeded to develop @rmnsive list for further discussion amongstlloca
practitioners.
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Table 2. Summary of habitat based limiting factors

Measures.

to chinook production in the Cowichan River with R ecommended Remedial

Life History Stage

Limiting Factor

Recommended Measures

Migration/Spawner

LF1: Low mainstem flows that limit spawner access
to higher quality spawning habitat upstream of Skutz
Falls

Measure 1.1: Provide adequate water storage in Cowichan Lake to facilitate the
release of adequate maintenance flows for all users including fall run chinook during
their migration and spawning phase.

Measure 1.2: Develop a Monitoring and education program for Cowichan Lake
residents to illustrate seasonal variations in the water surface elevation in the lake and
downstream in the river proper. lllustrate where the control point is in an effort to gain
support and cooperation with the water storage project.

Measure 1.3: Continue pulse flows and assess for effectiveness to facilitate upstream
migration through estuary, lower river and falls reach.

Migration/Spawner

LF2: Debris accumulation at Skutz Falls and the
fishway that limits upstream migration

Measure 2.1: Develop a Maintenance Plan for the woody debris accumulation at Skutz
Falls with a designated proponent and dedicated budget to ensure upstream passage
for migrating chinook spawners.

Migration/Spawner

LF3: Lack of instream complexity and good quality
holding habitat in the lower river

M3.1: Develop a restoration plan for the lower river and improve instream cover and
complexity in the mainstem. Restoration options are outlined in nhc 2009 Flood
Management Plan.

Migration/Spawner

LF4: Aggradation of sediments in the lower
Cowichan mainstem that exacerbates passage
issues

M4.1: Ensure passage of chinook spawners through the lower river by providing
adequate summer/fall flows and maintaining access through the aggraded North Fork
channel.

M4.2: Discuss and consider an annual flood maintenance program that involves gravel
removal at designated sites to facilitate passage though the north arm and lower
mainstem areas.

Migration/Spawner

LF5: Poor water quality conditions during the fall
migration period

M5.1: Reduce migration mortality by providing adequate maintenance flows that can
assist in sustaining suitable water quality conditions for holding and migrating chinook
spawners.

M5.2: Undertake an annual water quality monitoring in the lower Cowichan and
Koksilah River during the chinook migration and spawning period that includes water
temperature, dissolved oxygen level and fecal coliform.

Migration/Spawner

LF6: Migration delays at the counting fence

M6.1: Evaluate access through the enumeration fence to determine if chinook are
being detrimentally delayed

M6.2: Consider reducing delays at the counting fence by installation of a lead in fence
that facilitates passage and consider incorporating a Didson counting system.

Migration/Spawner

LF7: Lack of gravel recruitment to mainstem
spawning habitat

M7.1: Assess suitable spawning gravel placement sites in the mainstem Cowichan
River and prioritize/undertake habitat enhancement works at suitable sites.

M7.2: Consider mobilizing the bedload accumulation in the lower river that blocked
passage through the North Arm in 2009 to suitable gravel placement sites in the upper
river.
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Life History Stage

Limiting Factor

Recommended Measures

Egg/Alevin

LF8: Reduced egg to fry survival due to high input of
fine sediments

M8.1: Continue juvenile outmigration program for fall run chinook as this data provides
an absolute measure for egg to fry survival ratios and contributes essential information
directly associated habitat improvement and remediation/restoration works.

M8.2: Continue incubation studies to determine the effects of sedimentation on
incubation success of chinook as well as to measure the benefits of remedial
measures at eroding clay bank sites.

M8.2: Extend the downstream trapping program until the third week of June to
determine the contribution and survival of the late migrant chinook population

M8.4: Support ongoing assessment and remediation of eroding clay banks/
sedimentation issues in the Block 51 area, Broadway run and the 3 firs areas

M8.5: Map highly sensitive areas that have a high potential for bank erosion. Manage
land and resource development adjacent to and within these areas with a more
conservative approach to minimize bank erosion and siltation.

M8.6: Ensure resource development and land use practices strive to sustain or
improve bank stability along the mainstem corridor.

M8.7: Evaluate the impacts of forestry development and urban development on natural
hydrological characteristics (peak flows, low summer flows, riparian, slope stability)
and bank erosion. Restore/rehabilitate where needed.

Egg/Alevin

LF9: Reduced egg to fry survival due to scouring by
high flows

M9.1: Investigate the impacts of river scour on chinook redds in the Cowichan system
to determine if scouring of redds is a limiting factor to production

Egg/Alevin

LF10: Reduced egg to fry survival due disturbance
by chum spawners

M10.1: Strive to sustain adequate maintenance flows to facilitate passage to higher
quality spawning habitat in the upper mainstem river.

M10.2: Document the years when chinook spawn in the middle and lower reaches of
the river due to lower flows and chum are likely to over spawn in these areas.

Egg/Alevin

LF11: Dewatering of redds due to low flows

M11.1: Assess the incidence of dewatering of chinook redds and spawning areas on a
preliminary level by documenting water levels and field observations during the
incubation study. If warranted, undertake a more comprehensive study to determine if
dewatering is a limiting factor to chinook production.

Fry in the lower
River

LF 12: Lack of knowledge regarding preferred habitat
types, utilization and capacity of the lower floodplain
reach by chinook fry

M12.1: Determine chinook fry distribution and habitat utilization in the lower floodplain
area by conducting presence/ absence fish sampling. Use visual observation and
minnow trapping to identify preferred habitat types and relative distribution of chinook
fry (early March to June).

M12.2: Estimate the available rearing habitat area and rearing capacity of the lower
river and off channel habitat
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Life History Stage

Limiting Factor

Recommended Measures

Fry in the lower
River (con't)

LF 12: Lack of knowledge regarding preferred habitat
types, utilization and capacity of the lower floodplain
reach by chinook fry (con't)

M12.3: Identify highest value nursery sites within the lower floodplain reach and protect
and/or restore them.

M12.4: Determine how stream flows and river levels affect rearing capacity in the lower
Cowichan and Koksilah mainstem and off channel habitat d/s of the Trans Canada
highway.

M12.5: Restore fish access and where feasible, restore the natural inundation of flood
flows through the floodplain and off channel habitat.

Fry in the lower
River

LF13: Loss of instream complexity in the lower
mainstem and off channel floodplain reach

M13.1: Assess chinook habitat in the lower 5 km of the mainstem Cowichan and
Koksilah rivers between March and June, determine fish utilization and identify limiting
habitat based factors to chinook production

M13.2: Develop a restoration plan for the lower mainstem and floodplain habitat that
coordinates with the Integrated Management principles and habitat restoration projects
as outlined in the Lower Cowichan/Koksilah Flood Management Plan (nhc 2009).

M13.3: Restore natural frequency of instream complexity including functional LWD,
boulders, overhead cover and deep pool habitat.

Fry in the lower
River

LF14: Limited access or no access to historical off
channel habitat (Trailer park channel, Priests
slough/marsh

M14.1: Restore access and habitat quality to off channel habitat that has been altered
by urban and resource development activities

M14.2: Consider the construction of setback dikes at Somenos Creek and Priests
Marsh to support increased access and utilization of off channel habitat by salmonids
as recommended in the Cowichan River Flood Management Study (nhc 2009).

M14.3: Consider following maintenance projects to sustain flows:

*  Rebuild Newbury weir downstream of the intake to the Major Jimmy’s sidechannel
to ensure recruitment of water in the channel during summer low flows (Alphonse
2010).

* Connect the 2 arms (hatchery channel and 5 fingers) of the channel complex

downstream of the footbridge to increase flows to alcove areas downstream
(Alphonse 2010).

Fry in the Estuary

LF15: Habitat Degradation in the Cowichan Estuary

M15.1: Support ongoing identification, prioritization and restoration of eelgrass habitat
in the Cowichan estuary to pre-development conditions. Determine limiting factors to
eelgrass colonization, assess extent of wood waste and any other factors that could be
limiting the rehabilitation of eelgrass habitat.

M15.2: Implement a monitoring program to determine and document the benefits and
estimated production from the restoration efforts, land acquisition, as well as foreshore
or estuarine habitat improvement projects. Consider intertidal transect survey to
monitor key changes in habitat types over time.
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Life History Stage

Limiting Factor

Recommended Measures

Fry in the Estuary
(con't)

LF15: Habitat Degradation in the Cowichan Estuary
(con't)

M15.3: Develop a Restoration Plan for the estuary that identifies long-term goals,
priority projects, anticipated benefits (i.e. production benefits) and a Monitoring Plan.

M15.4: Implement short-term improvements to the CEEMP that includes empowering
stakeholders to develop and implement a proactive approach to habitat restoration and
improvements. Over the long term through major consultation, develop a new plan
and governance model.

M15.5: Control the colonization of Invasive species (Japanese knot weed, yellow
flag iris, bullfrogs, Canada geese, white clematis) by increasing public education,
identify areas of infestation and determine/undertake the most appropriate control
methods.

M15.6: Determine zones in estuary that are most suitable for recreational
use/anchoring.

Fry in the Estuary

LF16: Lack of knowledge regarding the rearing
capacity of the Cowichan River Estuary

M16.1: Determine chinook fry distribution and habitat utilization in the estuary during
the rearing period. Determine chinook density and condition factors by habitat types
and for hatchery vs. wild juveniles.

M16.2: Determine if there are density dependent effects that affect survival of chinook
fry in the estuary.

M16.3: Support ongoing research investigating the early marine survival of wild and
hatchery raised chinook fry.

M16.4: Assess and quantify the current level of habitat degradation in the estuary as
well as recovery of these sites through implementation of a long term monitoring
program that includes assessment of fish, plant communities and habitat types.

M16.5: Review potential restoration projects within the Cowichan estuary and priorize
restoration efforts based on rationale, restoration targets and anticipated benefits.

M16.6: Support further restoration of eelgrass habitat and fish access to isolated
sloughs and side channels.

M16.7: Consider the assessment and restoration of shellfish and crab populations to
historical levels.

M16.8: Provide additional resources and personnel to increase the effectiveness of the
Cowichan Estuary Management Plan. Continue to protect estuarine and foreshore
habitat from further degradation.

M16.9: Undertake an annual water quality monitoring during the chinook
migration and spawning period that includes water temperature, dissolved
oxygen level and fecal coliform.
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Limiting Factor

Recommended Measures

Life History Stage
Fry in the Estuary

LF16: Lack of knowledge regarding the rearing
capacity of the Cowichan River Estuary (con't)

M16.10: Determine the level of ballast dumping and use of PCP’s in the
estuary and identify potential impacts to water quality as well as fish,
vegetation and invertebrate communities. Determine options for mitigative

measures if warranted.
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In addition to the assessment and monitoring recenaations included in the “Recommended
Measures”, the following data gaps and recommeonsfior future studies are recommended
based on the results of the habitat status antrigriiactors analysis

Table 3. Data Gaps and Recommendations for Future

Studies.

Data Gap

Recommendations for Future Studies

1. Impacts of forestry development and urban
development on slope stability, bank erosion,
sedimentation and stream flows in the upper
and middle reaches of the Cowichan and
Koksilah Rivers.

Assess the impacts of forestry on a watershed
or sub-basin basis to determine impacts of
forestry development on chinook/salmonid
habitat.

2. Unknown survival of late release chinook
fry/smolts

The hatchery can operate to achieve an egg to fry
survival of 90%. There is potential to increase early
marine survival if smolts if the hatchery fry are held
to smolt stage and released later when they are
larger. This strategy would also minimize any
interaction or competition for food and cover in the
lower river and estuary with wild spawned chinook
fry (Sheng, pers. comm.).

3. Impacts of seals and seal lions on chinook
fry and spawners in Cowichan estuary and
lower river

Assessment and management of predation by
seals and seal lions on chinook.
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Appendix A. Historical series of aerial photos o f the Cowichan Bay estuary illustrating
the level of development in 1930, 1947, 1976, 1985 and 2002.

Figures 7.1,7.2& 7.3

AERIAL PHOTOGRAPHS
of the COWICHAN ESTUARY

1930

Aerial image of the Cowichan River estuary illustra  ting the undeveloped status of the
estuary in 1930 (CETF 1980).
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.- 1947 -

Aerial view of the Cowichan River estuary illustrat ing the construction of the CN causeway
and the first log dump areas in southern sections o f the estuary (CETF 1980).
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-9
Boueeshan.

1976 air photo during the peak of developmentinth e Cowichan River estuary with primary
industries including the Westcan terminal and the D oman’s sawmill. Log storage areas
were abundant and covered an estimated 49% of thet  otal intertidal habitat area. (Photo
courtesy of Peter Law, MOE).
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B ST R R
Aerial image of the Cowichan estuary during 1985 wi
areas (photo courtesy of P. Law).

Aerial image of the Cowichan River estuary in 2002
Environmental Estuary Management Plan in 1986 and r
19% of the intertidal area (Photo Courtenay of P. L aw).

after implementation of the Cowichan
eduction of log storage from 49% to

Cowichan Fall Chinook Habitat Status Report



Appendix B. DRAFT Land Use Impacts Table for the Cowichan Habitat Sta

tus Report (To be Completed -- Work in Progress)

Resource Associated Activity Potential Habitat Impacts Potential Impacts to salmonids
Development

Type

FORESTRY Road construction Altered surface flow patterns « Fish Access, Water Quality

Landslides
Isolation off channel habitat

* Reduced availability and quality of off channel habitat

Forest Harvesting

Bank instability and erosion Increased
sediment transport

Altered hydrological regime (higher
peak flows, lower summer flow)

Aggradation, channel widening, loss
of lateral and vertical complexity

Loss of streamside vegetation on
smaller headwater streams

Debris jams

* Reduced water quality and egg to fry survival, spawning habitat
quality, incubation success,

Water Quality

e Debris jams

e Loss of instream complexity, functional LWD frequency loss of
natural pool riffle ration, loss of deep holding pools, presence of
extensive shallow riffle sections, lack of boulder cover, subsurface
flows

* Loss of shade, overhead cover and food to downstream fish
bearing water

« Reduced Water Quality: higher water temperatures and lower
dissolved oxygen levels

* Lack of LWD recruitment

Culverts

Loss of natural stream characteristics

* Limited chinook distribution and access

AGRICULTURE

Dairy Farms, crop
production, grazing

Land clearing
Ditching and dewatering
Infilling and land reclamation

* Loss of wetland habitat and natural riparian structure, function and
diversity
Increased nutrient input and reduced overall water quality

URBAN/LIGHT

Domestic Sewage

Discharge of treated and untreated

¢ Reduction in Water Quality

INDUSTRIAL sewage

Duncan, Lake Increase in impervious surface area *  Altered water cycle

Cowichan, Youbou, Contaminated runoff (discharge from | «  Reduced water quality

rural residents, rural hatcheries, non point sources)

Flood Protection Engineered flood control dikes, « Channelization, loss of shoreline diversity, structure and function

extensive riprap bank protection feat | «  Loss of natural riparian function, diversity and structure.

INDUSTRIAL IN | Western Forest Infilling/land reclamation » Loss of marsh, meadow, intertidal and subtidal habitat
ESTUARY Products sawmill Dredging

Log dumps and log booms

« Accumulation of woody debris that lead to compacted sediments,
anoxic conditions

e Altered ecology and reduced productivity of the estuary.

e Loss or reduced abundance of emergent and submergent
vegetation, bivalves and crustaceans/

Westcan Terminal

causeway shipping port

Dredging
Infilling and land reclamation

¢ Loss of intertidal and subtidal habitat,
« Disturbance of benthic substrates and associated fauna
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Appendix C. Cowichan River Fall Chinook Habitat S  tatus Report — Summary of Habitat Features, Limitin g Factors and Potential Measures.

1.Spawner High value spawning | Low mainstem flows that | Water extraction Provide adequate water storage in Cowichan Lake by increasing | Ensure adequate flows for adult upstream migration 1950 vertical slot
habitat Skutz Falls to | limit spawner access to during Aug — Oct the outlet weir height to facilitate the release of adequate through the lower river and through the enumeration fishway constructed as
Cowichan Lake higher quality spawning (m3/month as % of maintenance flows during the fall for chinook migration and fence. Evaluate access through the enumeration Skutz Falls, 1980
outlet, abundance of | habitat upstream of Skutz | MAD) spawning. fence and implement improvements as required. fishway constructed at
spawners in 11.6 km | Falls. Marble Falls
between 3 firs and Develop a Monitoring and education program for (Koksilah), 1990
the lake. In 2005 — Continue pulse flows and assess for effectiveness to facilitate Cowichan Lake residents to illustrate seasonal fishway and bypass
2008 highly utilized upstream migration variations in the water surface elevation in the lake channel through weir
sites:Greendale, and downstream in the river proper. lllustrate where at lake outlet.
Gailbraiths, Cabin the control point is in an effort to gain support and
run, 70.2 Mile bridge cooperation with the water storage project.

Spawner Critical migration Debris accumulation at Develop a Maintenance Plan for the Skutz Falls fishway with a Sporadic debris
corridor through falls | the inlet to Skutz Falls dedicated budget and responsibility to provide clear passage for removal program,
reach and the fishway that limits migrating spawners. could benefit from

upstream migration allocated budget

Spawner Critical Migration Shallow water in frequency of Assess mainstem habitat and develop a restoration strategy to
corridor through combination with lack of functional LWD, improve instream cover and complexity. Refer to restoration
lower floodplain instream complexity and options outlined in nhc 2009 Flood Management Plan.
reach (5 km) of good quality holding # of deep holding
Cowichan R and habitat in the lower pools/km
Koksilah R Koksilah and Cowichan

mainstem

Spawner Critical migration Aggradation of sediment Sediment sampling Maintain access through the North fork and lower mainstem Develop a restoration plan for the lower river that
corridor, spawning in the lower Cowichan stations in the migration corridor. facilitates chinook access during low water conditions
habitat for chum and | mainstem that lower river and strives to improve instream cover and complexity.
coho exacerbates passage of Discuss and consider an annual flood maintenance program that | Restoration options are outlined in nhc 2009 Flood

chinook spawners. involves gravel removal at designated sites to facilitate passage Management Plan.
though the north fork and lower mainstem areas.

Spawner High value Migration, | Poor water quality/high Water quality Spawning and | Reduce water temperatures and manage flows to sustain
spawning and water temperature in monitoring incubation: adequate water quality conditions through lower river during the
rearing habitat in the | lower river and estuary 10C fall migration period.
lower 5-6 km of the during chinook migration Water temperature Rearing: 15C
mainstem Cowichan | results in increased during Adult Undertake an annual water quality monitoring in the lower
and Koksilah R stress, spawner mortality. | summer/early fall migration: 16C | Cowichan and Koksilah River during the chinook migration and

(Richter and spawning period that includes water temperature, dissolved
Kolmes 2005) | oxygen level and fecal coliform.
Spawner Migration delays at the Evaluate access through the enumeration fence to determine if
adult counting fence chinook spawners are being detrimentally delayed
Consider reducing delays at the counting fence by installation of
a better lead in fence combined with a Didson counting system.
Spawner Lack of gravel Determine feasibility and suitable sites for spawning gravel 2004, ‘08 small scale

recruitment to upper river
spawning habitat

placement works to increase spawning habitat quality upstream
of Skutz Falls

chinook spawning
gravel placements at
Cowichan L outlet for
chinook, heavily used
by coho in 2009.
CLSES and LRS proj.

Cowichan Fall Chinook Habitat Status Report




2.Egg/Alevin High value spawning | Reduced egg to fry Total No of 20% Target Continue juvenile outmigration program for fall run chinook as Extend the downstream trapping program to at least 2006/2007 Stoltz slide
habitat from Skutz survival due to high input | naturally spawned egg to fry this data provides an absolute measure for egg to fry survival the third week of June to include assessment of the remediation works,
Falls upstream to the | of fine sediments to the outmigrating fry survival ratios and contributes essential information directly associated late migrant fry. 650 m long riprap
outlet of Cowichan mainstem habitat improvement and remediation/restoration works. berm has reduced
Lake. % or linear length Continue ongoing assessment and remediation plan sediment contribution
of bank erosion <25% ppm Continue incubation studies to determine egg to alevin survival for the upper mainstem clay bank erosion sites. by 90%.
(DFO 2000) and effects of sedimentation on incubation success.
Linear measure of Ensure resource development and land use practices Assessment and
exposed eroding Continue with ongoing remediation works at the eroding clay strive to sustain or improve bank stability along the proposed works at the
silt banks banks/ sedimentation issues in the Block 51 area, Broadway run | mainstem corridor. Block 51, 3 firs and
and the 3 firs areas. Broadway run sites.
Total suspended Evaluate the impacts of forestry development on
sediments Identify and map highly sensitive areas that have a high natural hydrological characteristics (peak flows, low
potential for bank erosion. Manage land and resource summer flows, riparian, slope stability) and
development adjacent to and within these areas with a more restore/rehabilitate where needed.
conservative approach to minimize bank erosion and siltation.
See D. Burt and M. Gaboury for GPS points/locations of known
high sensitivity sites.
2.Egg/Alevin Reduced egg to fry Egg to fry survival Target of 20% | Investigate the impacts of river scour on chinook redds in the Continue juvenile outmigration program for fall run
(con’t) survival due to scouring egg to fry Cowichan system to determine if scouring of redds is a limiting chinook
by high flows, bank Total abundance of | survival factor to production
erosion along clay bluffs chinook fry
2.Egg/Alevin Reduced egg to fry Frequency of Strive to sustain adequate maintenance flows to facilitate
survival due to chum spawning passage to higher quality spawning habitat in the upper
disturbance by chum over chinook redds mainstem river.
spawners
Water surface Document the years when chinook spawn in the middle and
elevaton and lower reaches of the river due to lower flows and chum are likely
chinook redd depth to over spawn in these areas.
and elev
2.Egg/Alevin Dewatering of redds due Flow/water surface Assess the incidence of dewatering of chinook redds and

to low flows

elevation relative to
adjacent chinook
redds, pilot sites.

spawning areas on a preliminary level by documenting water
levels and field observations during the incubation study. If
warranted, undertake a more comprehensive study to determine
if dewatering is a limiting factor

3.Fry/Juvenile

Lower River

High value off
channel habitat d/s
of the Trans Canada
bridge provides
critical rearing
habitat for chinook
fry primarily from
Feb — April/ May,
with lower utilization
from June — Aug.

Unknown utilization and
preferred habitat types by
chinook in the lower
floodplain reach.

Unknown capacity of the
lower floodplain reach

Presence/absence
or CPUE of chinook
fry by habitat type

Determine chinook fry distribution and habitat utilization in the
lower floodplain area. Conducting presence/ absence fish
sampling, use VO and MT to identify preferred habitat types and
relative distribution of chinook fry (early March to June).

Identify highest value nursery sites within the lower floodplain
reach and protect and/or restore them.

Estimate the available rearing habitat area and rearing capacity
of the lower river and off channel habitat

Re-establish natural ecosystem function by restoring
fish access as well as the natural innundation during
high flows throughout the floodplain and off channel
habitat through implementation of habitat restoration
projects as outlined in Section ___.

Determine how stream flows and river level affect
rearing capacity in the lower cowichan and Koksilah
mainstem and off channel habitat d/s of the Trans
Canada highway.

Lower river: 5
sidechannel habitat
improvement sites and
increased access to:
John Charlies, Major
Jimmies, Five Fingers
complex, Rotary
Channel, Fish gut Alley
Upper river: 702. Mile
Trestle sidechannel
restoration (access
and habitat
improvements)
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Lower River Stable mainstem Loss of instream % and type of See Johnston | Assess chinook habitat in the lower 5 km of the mainstem Provide adequate mainstem flows during the late 2007 3 rock groynes
habitat for chinook complexity in the lower instream features and Slaney Cowichan and Koksilah rivers between March and June, summer and fall for chinook migration and spawning. and 3 LWD complexes
fry outmigration and mainstem and off channel | (overhead veg 1996, Tripp determine fish utilization/relative density (CPUE) by habitat type constructed for bank
rearing habitat i.e. lack of holding | functn’l LWD, and Bird 2004 | and identify limiting habitat based factors to chinook production Develop a priorized restoration plan based on results stabilization works and

pools, instream cover, boulders, deep of the chinook habitat and distribution study. Integrate | the JUB outfall.
diversity and instream quiet water, aquatic Restore natural frequency of instream complexity including the restoration projects as outlined in the lower

complexity, particularly vegetation) functional LWD, boulders, overhead cover and deep pool Cowichan/Koksilah flood management study (nhc

during low flow periods habitat. 2009)

Lower River High value stable off | Limited access or no Km or % of Restore access and habitat quality to off channel habitat that Annual fry salvage
channel rearing access to existing and/or | channelization and has been altered by urban and resource development activities efforts by the
habitat historical off channel riparian alteration in Cowichan lake Enh

habitat (Trailer park the Cowichan Construct setback dikes at Somenos Creek and Priests Marsh to Society and Cowichan
channel, Priests mainstem support increased access and utilization of off channel habitat by Tribes
slough/marsh etc) downstream of the salmonids as recommended in the Cowichan River Flood
Trans Canada Management Study (2009)
highway.
M14.3: Consider following maintenance projects to sustain
Total off channel flows:
habitat available Rebuild Newbury weir downstream of the intake to the Major
Jimmy’s sidechannel to ensure recruitment of water in the
channel during summer low flows (Alphonse 2010).
Connect the 2 arms (hatchery channel and 5 fingers) of the
channel complex downstream of the footbridge to increase flows
to alcove areas downstream (Alphonse 2010).
Estuary Nutrient rich Degradation of estuarine Transect study to N/A Develop a Restoration Plan for the Estuary that identifies long Protect estuarine and foreshore habitat from further Land acquisition,

estuarine habitat,
submergent and
emergent plant
communities provide
good foraging
habitat. High value
chinook rearing
habitat from mid —
April through Aug for
chinook fry

Valuable eelgrass
habitat is isolated to
southern sections of
the estuary

habitat, alteration of
submergent vegetation
communities, alteration of
benthic substrates and
species composition

determine
proportion or % of
riparian, sedge,
eelgrass and
mudflats

% and area of
riparian intactness

Area (and %) of
altered or disturbed
of foreshore
(carrex, typha,
riparian),
inshore/intertidal
(eelgrass, mudflats)
or subtidal/offshore
(log booms)

term goals, priority project, anticipated benefits and a Monitoring
Plan. Support further restoration of eel grass habitat as well as
fish access to isolated sloughs and sidechannels.

Support ongoing identification, prioritization and restoration of
eelgrass habitat and other submergent vegetation types in the
Cowichan estuary to pre-development conditions.

Assess and consider the restoration of shellfish and crab
populations to historical levels.

Undertake an annual water quality monitoring during the chinook
migration and spawning period that includes water temperature,
dissolved oxygen level and fecal coliform.

degradation through the CCEMP.

Control the colonization of Invasive species by
increasing public education, identify area of infestation
and determine /undertake the most appropriate control
methods.

Implement a monitoring program to determine and
document the current level of degradation as well as
the benefits and estimated production from restoration
efforts, land acquisition as well as foreshore or
estuarine habitat improvement projects. Consider the
initiation of an intertidal transect survey to monitor key
changes in habitat types over time.

Eelgrass inventory and
small scale pilot, 400
eelgrass transplants

Koksilah Marsh,
Doman’s sawmill
property, Removal of
dikes to restore
intertidal habitat,
marsh restoration,
enhancement of
swales

Rodenbush property:
hogfuel removal, re-
established back
channel
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Estuary (cont)

Unknown rearing
capacity of the estuary

Determine if there are density dependent effects that affect
survival of chinook fry in the estuary.

Support ongoing research investigating the early marine survival
of wild and hatchery raised chinook fry

Determine the level of ballast dumping and use of PCP’s in the
estuary and identify potential impacts to water quality as well as
fish, vegetation and invertebrates communities. Determine
options for mitigative measures if warranted.

Determine chinook fry distribution and habitat
utilization in the estuary during the rearing period.
Once preferred habitat types are known, determine
chinook density and condition factor for each habitat
type and for hatchery versus wild juveniles.

Provide additional resources and personnel to
increase the effectiveness of the CEEMP. Investigate
Option 2 in the 2005 Review/Assessment of the EMP
that recommends short term improvements to the
existing EMP with transition to New Plan and
governance model over the longer term

2005 series of 5 rock
groynes complexed
with LWD for bank
stabilization at
Mariners Pool

Cowichan Est Farm:
removed livestock and
fencing

4.Smolt/Marine
Coastal and
Offshore

Low marine survival at
less than ~1% in Georgia
Strait

Unknown mechanisms
controlling marine
survival and density
dependant effects of
large hatchery releases
of chinook fry.

Continue with monitoring the marine survival of Cowichan River
chinook.
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Appendix D. Short List of Pressure and State indi

Working Group (Stalberg et al. 2009).

cators developed by the Habitat

Pressure Indicators

Btate Indicators

Streams

% stream length channelization/floodplain
connectivity

Accessible stream length/barriers

% stream length riparian zone alteration

Accessible off channel habitat area

Road density
% watershed area impervious surface

Channel stability measures (pool: riffle,
width: depth ratios etc

Stream discharge measures (base and
flows)

channel

peak

% watershed area converted to various land
uses (forestry, agriculture, urban)

Water temperature

Wetland loss

Sediment, substrate

Water withdrawal as % MAD

LWD, instream cover

Permitted outfall discharges

Water chemistry (nutrients, DO, pH,
conductivity, contaminants)

% lake foreshore alteration

% estuary foreshore alteration

Estuaries

% estuary foreshore altered (carex, tyha,
riparian zone)

Accessible off channel habitat area

% surface area disturbed inshore (eel grass
zone)

Estuarine habitat area

% surface area disturbed offshore (eg log
booms)

River or stream discharge

Aquatic invertebrates

Marine riparian vegetation

Spatial distribution of wetlands, mudflat

(Short list of indicators for lake habitat also aya
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