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IMPORTANT NOTE S ABOUT THE CURRENT VERSION :

Thisist h e fdfaitfrora thed205/2016 phase of work on the Chinook Strategic Planning
Initiative.

Although t has received substantial input from the Steering and Planning Com{8R€gand
the Technical Working GrouffWG), it is still a DRAFT . Additional reviewwill still be
required, egecially within the broadezrommunitiesepresented by members of BeC
Additional work isalsorequired in some places.

Many of the key places where additional work is required are identified directly in this
documentHowever, the vast majority of tatanding comments and questidinat require
further discussion and/or further wdnlave been removed from this document and placed infthe
accompanying 0iQuest idaumentldia compamomscunteet alsot i gn s O
indicates how/where substantivieanges were (or were not) made based on the feedback
receivedirom the SPC and TWG.

Given that this document is a working draft, it will receive more thorough copy editing in fyture
stages as it approaches its final state.
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Primary Strategic Goal

Problem Statement

Thepoor status of manyChinooksalmon populations in southern British Columbia imatter of great
concern In some cases, stocks have been declining since the 1990s despite actions taken to reduce
harvest levels. This is a broad pattern, affecting stocks in a range of geographic areas including the
Fraser River, the Strait of Georgia and the West Coast afoudaar Island. These populations are facing
a number of potential challenges, including:

depressed and/or declining spawner abundance;

reduced and variable freshwater and marine survival rates;
high uncertainty about future production;

pressures on freshater habitat;

total mortalities associated with harvest,

increased predation, and;

ecosystem effects from climate changes

=A =4 =4 =8 -8 -4 -4

There are some notable exceptions, as some populations have continued to be highly productive and/or
increased substantially duringis period, though the predominant pattern across Conservation Units

has been one of declining abundandée decline omanysouthern BAChinookpopulations is a

significant concern for First Natiortee Canadian publicommercial and recreational fishegand
conservationgroups.While the status ofZhinookis a conservation concern at the level of Conservation
Units, localChinookpopulations are of great importance to First NatioRsst Nations access to food,

social and ceremonial harvespportunities have been impacte#iarvestrestrictions and closures have
been implemented in the commercial and recreational fisheries.

Furthermore, the current state of knowledge is highly variable across southe@hiGokpopulations,
some of which haw excellent information and data but many have considerable gaps in knowledge.
There is a critical need to increase learning and to strengthen the knowledge base. Strstegidbe
deliberately structured to reduce critical uncertainties affecting mamagnt decisions, so as to
adaptively improve actions over time.

Goal Statement

To restore and maintain the abundance, distribution and diversity of southern BC Chinook salmon for all
that rely on them.
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Overview of Document

The Integrated Strategic Pl&organized into seven seatis:

1 Section lintroduces the document, including the broader context for the plan and the scope of
the current plan

9 Section 2summarizes the current state of knowledge about the status and trends of southern
BC Chinoagk

9 Sectbn 3describes major threats that may be contributing to the observed trends in southern
BC Chinogkas well asnajorgaps in our knowledgabout thetrends, the threats,and potential
management actions

9 Section 4outlines an objectives hierarchwith objectives for the strategic plan and potential
indicators and performance measures

9 Section Sdentifies a comprehensive set of strategies to address the objectives, threats and
knowledge gaps;

9 Section 6provides a preliminary foundation for the implemetion of the strategic planand

1 Section 7briefly introduces the need for reviewing the performance of the overall plan over
time.

1 Introduction

1.1 Background and Context

1.1.1 Chinook Situation

Chinooksalmon are very important to British Columbiacologically, economically, and socially.
Unfortunately,manyChinooksalmon stocks in southern BC have shown decreases in abundance,
repeatedly low escapements, and/or declines in fishery catches, edyenial the last fifteen years.
Although a small number of stocks have continued to be highly productive and/or increased
substantially during this period, the dominant pattern has been one of decliftebreadth and
magnitude of thee recentdeclineshave caused broad concern among First Nations and fisheries
managers as well as commercial and recreatiiaaestersand othergroups These concerns drive
interest in implementing strategies both to halt and reverse the declingean-performingstocksas
well asto avoid future declines iwell-performingstocks Thedecisiongequiredto reverse recent
trendswill likely have serious consequences for those who rely on Chinook salmon returns each year to
meet their social, cultural and economic needswdver, there may potentially beven more serious
consequences the necessaractions are not taken. These decisions are complex, wiffamd will
involve tradeoffs, but the recovery of depressed stocks dine maintenance of strong stocks for
southern BCChinookcouldhave numerous benefits for First Nations, commercial and recreational
fishers, and the people of British Columbia.

Despite the implementation akecentmeasures by Fisheries and Oceans Canada (DFO) to reduce
exploitation rates, improvemnts to the status of many southern BXhinookstocks have been mixed or
uncertain. The underlying causes of the poor performance of S8hmeookconservation units (CUs) are
unknown. However, if poor survival rates continue to persist, then it is unlikatythese initialharvest
reductions alone will be sufficient for the purposes of rebuilding souttB&hinookstocks. A more
successful response will require a lelegm, strategic approach. To address this challenge, the Fraser
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River AboriginaFisheries Secretariat (FRAES)Oand other participanthiavecollaboraedon a
strategic planning process to develop a ldéegn plan that is consistent with the Wild Salmon Policy
This process needs @xcount for the biological status of southe@hirook conservation units, their
habitat and the broader ecosystem, while reflecting theerse interest®f First Nations and
stakeholder groups.

There aresixcentral challenges tthe problem of assessing the southern Blinooksituation and
determiningappropriate management responsdsrst, southern BChinookare not only caught in
coastal BC fisheries, batso in Washington State and Alastteerebyinvolvinginternational
managementequirementsunder the Pacific Salmon Trea8econd, there is ingficient understanding
of harvest impacts in B@hcludingthe total mortalities associated with catch and release fisheries.
Third, as highlighted in the recent science workshop on souther@ld@ook substantial scientific
uncertainties exist in our fdamental understanding of the recent patterns exhibited by these stocks
and the underlying processes that may be contributing to those patté&mgtth the interaction
betweenChinookand the influence and interests of humans occurs across a wide rdrapaiial scales
(seeFigure2 and Appendix A)individual fisheries may harvest fish from numerous CUs with similar
ocean distribution patterns, common migratory hit may be shared by multiple CUs, yet freshwater
stressors or recovery actions may apply only within individual watersheds or stream reaches, thus not
even applying to an entire ClbcalChinookpopulations at smakr scales tharConservation Unitsare

of great importance to First NationBifth, until recently there were no modeling tools available for
simulating management actions over many stocks, fisheries and years and evaluating ttesriong
consequencesf management actionsn wild and enhanag@Chinookpopulations. While this situation
has recently improved, much more work is required to develop, apply and test these mieideldy,
there are manysocial and economic complexitigsfinding strategies which caaccommodate-irst
Nations Rights, the desire of the Canadian public for health and diverse Chinook populatiche and
diverse interestsicrossa broad group of stakeholdeoser a large and diverse region.

Overallthe challenge for theCSPI is to apply existing kvledge and tools to find the most effective,
acceptable strateigsto recoveringand protectng Chinookstocks in southern B@vhile recognizing the
reality of substantial (and possibly increasing) constraints on the available resoeuggsepople,
funding, capital) for implementing such strategi€asven substantial knowledge gapkely future
changes irtlimate and theroductivity of ecosystems, uncertainties in the consequences of various
management actionsand complex dynamics of the entire soeimlogical system, the strategies
provided by the Strategic Plan must recognize and promote the need for learning and adaptation.

1.1.2 Southern BC Chinook Salmon

Unique characteristics that distinguisthinooksalmonfrom other species of Pacific salmon inautieir
large size at maturation and the wide range of strategies exhibited at all stages of their life cycle
(including freshwater and marine migration timing behaviours, marine distribution patterns and
morphological characteristics).

In freshwater,Chihook salmonspawning habitats can be found anywheneto more than 1,500

kilometres upstream from their ocean entry point (Healey 1991). Freshwater rearing strategies of
juvenileChinooksalmonfall into two broad categories: those that migrate to sedheir first year of

fAFSE O2YY2yifée NBIBMMERIYR XK2&B08KY G YAINI GS G2
BSIENE Ay FTNBaAKgl-USNBa4 g2 Vi KAY Gak8BGy2 YI 22N 2dz0S:
wide variations in the dur&n of freshwater residence. For ocetypes, some migrate to the estuarine
environment immediately upon emerging while others reside in freshwater well in excess of 100 days.
Conversely, streartypes rear in freshwater for at least a year and rearing oagur throughout the

3| Page



DRAFT Integrated Strategic Plan for Southern BC Chinook Salnapi&016); ** DO NOT CITE

river system from headwater tributaries downstream to the lower extent of large river systems. Multiple
strategies may influence the distribution of stredgpe fry and parr annually (R. Bailey, unpubl. data
report; Bradford and Tayldr997). Smolting of streastype Chinooksalmontypically occurs after one

year of freshwater rearing; however, in less productive environments, juveniles may remain resident for
two or even three years before migration to the marine environment. The tirofregnergence and
subsequent length of freshwater residence then determines the seasonal timing of entry into the marine
environment.Postsmoltification residence times in estuarine environmeatsalso thought to vary

from a few weeks to several montrgepending on the population in question.

Between the Asian and north Americanigin stocks, the oceanic distributions@finooksalmon

encompass much of the North Pacific Ocean and into the Bering Sea, and even parts of the Arctic Ocean
(Healey 1991 )Early marine and subsequent ocean distributions also vary considerably among
populations. Estuarine residence is particularly important for oegars (Quinn 2005) and many

studies have documented estuarine use and behaviowy,(dealey 1980; Sibert ari¢ask 1978),

whereas others may begin their marine migration almost immediately upon entry into the oEad.

marine and seasonal migrations have been investigated by Hartt and Dell (1986), Trudel et al. (2009),
Beamish et al. (2010, 2012) and Tuckealef2011).

Several marine migration strategies are also exhibite@hinooksalmon Marine distributions (derived

from fishery encounters with coded wire tagged fish) have been examined by various authors including
Sharma (2009) and Weitkamp (2010)géneral,Chinooksalmon either reside on the continental shelf

or migrate offshore into the open waters of the North Pacific Oc&ageneral, but not exclusively,

streamtypes are thought to rear off the continental shelf, whereas océa® LJS & -NN&BA MRKYSE &F¢ =
remaining on the continental shelf for the duration of their ocean resideWi¢hin those that are shelf

resident, some stocks migrate north to the Gulf of Alaska, whereas others appear to remain proximate

to their point of ocean entry.

In sunmary,Chinooksalmon have evolved a wide set of behavioural adaptations and variations in their
life histories that likely spread the risk of mortality across time and space (Healey 1991), and in
occupying widely varying habitats, may experience moresy favourable conditions due to the
influences exerted by environmental fluctuations, both seasonally and annually.

1.1.3  Constitutional, Legal and Policy Context

Constitutional Rights

The Constitutional responsibilities to First Nations of the Crown as adergusby the Governments of
Canada and British Columbia are based in part on the Royal Proclamation of 1763 and the Constitution
Act of 1982 As stated in the Wild Salmon Policy:

OExisting Aboriginal and treaty rights are recognized and affirmed in se®5iaf the Constitution Act,

1982. In its 1990 decision in R. v. Sparrow, the Supreme Court of Canada held that the recognition and
affirmation of existing Aboriginal rights in the Constitution Act, 1982 means that any infringement of such
rights must beyjstified. As described in more detail in Appendix 1, DFO seeks to manage fisheries in a
manner consistent with the decision of the Supreme Court of Canada in R. v. Sparrow and subsequent
courtdecisiondé O05Ch HnanpZ LD HO

The interpretation and implementain of the Aboriginal Right to fish has evolved and continues to
evolvethrough time TheSouthern B@ChinookStrategic Planecognizes thafboriginal Rights are
involved in all aspects of this plan: harvest, habitat and enhancement (including hatchEnies)
implementation of the priority is still evolvirend there are significant aspects that are not fully
understood.
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The Wild Pacific Salmon Policy

I'FYyFRFEFQa t2fA08 FT2NJ/2yaSNBIGA2Y 2F 2AfR tIF OATAO
wasoriginally released in 2005 with the primary goal restoring and maintaining healthy and diverse

salmon populations and their habitats for the benefit and enjoyment of the people of Canada in

perpetuity. Since then, implementation of the WSP has been aaghed through an incremental 6

strategy plan, as laid out in the Policy itsélie strategies are:

Strategy 1 Standardized monitoring of wild salmon status
Strategy 2 Assessment of habitat status

Strategy 3Inclusion of ecosystem values and monitoring
Strategy 4 Integrated strategic planning

Strategy 5Annual program delivery

Strategy 6 Performance review

The Policy and additional details about it can be foundhtp://www.pac.dfo-mpo.gc.ca/fm
gp/speciesespeces/salmosaumon/wsppss/indexeng.html

Currenty, work is being undertakehy the Department to prepara WSP Implementation Plan which

will allow alignment with changes to legislation gordgrams since the policy was released in 2005,

such as changes to the Fisheries Act, implementation of the Fisheries Protection Program, and release of
the Sustainable Fisheries Framework

With respect to the southern BChinookStrategic Planning Initise, the WSP has provided overarching
guidance on the unit of assessment (Conservation Ugritsppproach (through work conducted under
Strategy 1) for providing a standardized and objective assessment of‘stataishighlevel guidance on
integrated stategic planning (Strategy .4)

Species at Risk AC(SARA)

The Species at Risk Act (SARA) was enacted if20B LINBEGSy i oAt Rt ATS &aLISOASa
becoming extinct, and to provide for the recovery of a wildlife species that are extirpaiddngered

or threatened as a result of human activity and to manage species of special concern to prevent them
FNRBY 0S0O2YAYy3 SYRIFEYaISNBR 2NJ GKNBFGSySRe¢ ®

If a species is listed under SARA, it is illegal to kill, harm, harass, capture, take, possesdugoieit,

or trade any listed endangered or threatened animal or any part or derivative of an individual. These
prohibitions apply unless a person is authorized, by a permit, licence or other similar document issued in
accordance with SARA, to engagernraativity affecting the listed species or the residences of its
AYRAODGARdzZE f ad ¢KSAS LINPKAOAGAR2YyA R2 y24 FLLXeée G2 a

Endangered, threatened, and special concern marine species in Pacific region currently listed und
SARA can be found &ittp://www.dfo -mpo.gc.ca/speciesspeces/listingeng.htm

Committee on the Status of Endangered Wildlife Species in Canada(COSEWIC)

The Committee on th&tatus of Endangered Wildlife in Canada (COSEWIC) was formed in 1977 to
provide Canadians with a single, scientifically sound classification of wildlife species at risk of extinction.
COSEWIC began its assessments in 1978 and has met each year sinceasisesd wildlife species.

1 The WSP status assessment for southern BC Chinook was completed in 2014 and is currently iiBeigiost
al. 2016)
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COSEWIC serves as an independent body of experts responsible for identifying and assessing wildlife
ALISOASE O2yaARSNBR al i NrRaléx FyR Aa Ooddifa A RSNBR
species that have been dgsated as threatened or endangered by COSEWIC may then qualify for legal
protection and recovery under SARis includes development of a recovery potential assessment,
increased monitoring and status-essessments at regular intervals.

To search théull list of species identified and assessed by COSE@4C,
http://www.cosewic.gc.ca/eng/sctl/searchform e.cfm

To date, DFO has undertaken two fE©SEWIC data reports to describe andreanize data available
to inform aCOSEWIC assessment of southeriCBiGooksalmon(currently in revisiof) andCOSEWIC
has contracted status assessment of southern 8Ainooksalmon?.

International Agreements

At the international scale, bilateral (i.e., Canada and the United States) management issues pertaining to
southern BChinookare addressed within the Pacific Salmon Trehtierception of Pacific salmon

bound for rivers of one country in fisheriestbe other has been the subject of discussion between the
Governments of Canada and the United States of America since the early part of the last century. In
1985, after many years of negotiation, the Pacific Salmon Treaty was signed, settitgriorgpat for

the benefit of the salmon and the two countrieBhe Pacific Salmon Treaty is implemented by the Pacific
Salmon Commission, as formed by the governments of Canada and the United States. As directed by the
Treaty, the bilateralChinooKTechnical Comitiee (CTC) reports annual catch and escapement data,
harvest rate indices, estimates of incidental mortality and exploitation rates f@tafiooksalmon

fisheries and stocks harvested within the Treaty area. The CTC provides annual reports to the Pacifi
Salmon Commission (PSC) to fulfill this obligation as agreed by Canada and the US under Chapter 3 of
the Treaty (for example, CTC 2015a, 2015b, 2015c).

1.1.4 The Southern BC Chinook: Strategic Planning Initiative (CSPI)

TheStrategic Plais nested under the apices of the Southern BthinookStrategic Planning Initiative
(CSPI), hilateralplanning process led by First Nations and DFO, with collaboration from multiple
interest groupsA DFO/First Nations bilateral steering committee oversees the overall gsddee
Steeringand Planning Committee (SPC) is responsible for the governance of the CSP| psogesthe
Terms of Reference, and providing guidance for the development of the StrategidR&B8PC includes
representatives from First Nations, DRRE recreational and commercial fishing sectors, and-non
governmental organizations. Within the governance structure of the CSPI, the SPC also oversees the
activitiesof the Technical Working Group (TW@&hich is composed of scientists and technical etsper
from DFO, First Nations and other interested parties. The TWG coordinates scientific analyses to
evaluate the status of Southern BIhinook examina causes for their decline and wilbntinue to
supportthe strategic planning proce$s.g. developg performance indicatorsanalyzingoptions
developed by the SP@ndsynthesizingesults to facilitate decisions by the PC

The overarching objective of the CSPI is:

GTo develop an Integrated Strategic Plan that accounts for the biological status of south@hinBGk
conservation units, their habitat and the ecosystem, that addresses the causes of any declines, and
identifies the management actions necessary to rentbdyr status where possible. This initiative will

2Brown et al. 2016
3 The date for completion and review of the status assessment is currently not defined.
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depend on the collaboration of First Nations, interest groups and DFO to identify rebuilding actions related
to fisheries management, salmonid enhancement and habitat restoration.

Deliverables from this pcess will provide guidance to annual Integrated Fisheries Management Plans,
fish culture production plans, habitat restoration work plans and community partnership agreements
where possible. It may also inform Pacific Salmon Treaty discussions betweela @ad the United
States.

This strategic plan will be developed in a manner consistent with Strategy 4 of the Wild Salmon Policy, the
©w5ChQae wSodzAf RAYyd DAdzARStEAYySa 2F GKS t NBO4E dzi A2y NB

The CSPI is a unigpeocess, as it is the first example of a Tier 2 governA@igiovernment process
where other interested parties have been invited to participate.

1.1.5 CU Summary Table

Appendix G provides a summary of somel&¢l information across all the southern BC ChinGtls,
including basic life history infmationand indicatorof seleced pressures and threats

1.2 About the Plan

This strategic plais meant to provide higievel, strategic guidance to inforthe more detailed
decisionmaking and tactical processes océngrat smaller scales and/avithin subcomponents of the

entire southern BChinooksocicecological system (i.e., habitat, harvest or hatchery management). The
Planrepresents the collective perspective of a divegseup of First Nations anidterested farties and
identifiesa comprehensive set of strategi@#endedto provide benefisto Chinookpopulations and

those that rely on themThe CSPI hopes that the Strategic Rlanprovide the guidance and influence

to help tactical actions and decisioheing considered by other established decisioaking, advisory

and planning processes and bodies throughout British Columbia in support of achieving the overarching
objectives for southern BC chinaok

1.2.1 Goals of the WSP, CSPI anétrategic Plan

The goals and objectives tiis strategic plamre nested within other sets of goals and objectives,
pertaining to the WSP and the CSRtjgrel and Tablel). The detailed objectives of the Strategic Plan
are described in Sectich
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< Breadth >

WSP Goals & Objectives

\

CSPI Goals & Objectives

A
[ |

Goal is to SPC Objectives Strategic Plan
Goals ]
develop Plan Strategic Plan Goals
should align with
WSP

Strategic Plan

Informs
preferred “—>  Strategies
strategies

Figurel. The goals and objectives of the strategic plan are nested within the goals and objectives of the CSfaeanid
Salmon Policy (WSP)

Tablel. Goals and objectives associated with M/iSalmon Policy and the Chinook Strategic Planning Initiative.

Policy or Goals Objectives
Process
WSP Restore and maintain healthy and diverse se 1.Conserve the diversity, distribution and abunc

populations and their habitats for the benefit wild Pacific salmon
enjoyment of the people of Canada in perpel 2.Maintain habitat and ecosystem integrity
3.Manage fisheries for sustainable benefits

CSPI Develop an Integrated Strategic Plan that ac Deliverables from the CSPI process will provide |
for the biological status of southeZhiBabk to amual Integrated Fisheries Management Plan
conservation units, their habitat and the ecos culture production plans, habitat restoration work
that addresses the causes of any declines, a and community partnership agreements where p
identifies the managensemategiesecessary to It may also inform Pacific Salmon Treaty discuss
remedy their status where possible. between Canada and the United States.

Straegic To restore and maintain the abundance, dist Biologicalosial, andconomic objectivesdSection
Plan and diversity of southern BC Chinook salmor 4)
that rely on them.

1.2.2 Intended Audience

The audience for this Strategic Plan is very broad and inclgsiNgartieswith direct/indirect interests
in sustaining robust and diverse populationgfinooksalmon and/or influence over management
decisions that may potentially affect such populations. Such parties include groups within all levels of

“¢KAE Ad I ONBIFRSNI Ay i SSakgusdite Gondiydiverdty of ild Patific €a8n@ni A & S
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government (federal, First Nations, provincial and municipal), as well as other public and private
interests.

1.2.3 Spatial and Temporal Scale

Within the aggregate of all southern BXhinooksalmon conservation units, there are numerous

relevant spatial scales. Different threats, biological dynamics, and management actions operate at
different scalesFigure2 conceptually illustrates the hierarchy of spatial scales that could be considered.
The present Strategic Plan focuses on identifying threats and stratedgies afjgregate level and by CU
group where possible. The CU groups represent one potentiahggtegate classification, which is

based on the geographic distribution of CUs during their freshwater life stages. However, other
groupings are used within ther&tegic Plan as necessary. For example, examination of harvest patterns
and potential strategies must apply alternate aggregations of CUs because the CU groups do not
represent consistent patterns of ocean distribution and may therefore be subject teentiifferent

sets of fisheries.

The Strategic Plan includ€&)specific information or examples in some places. However, finer spatial
scales such as watershed or spawning sites are too detailed to be considered in this Plan.

The gqualitative evaluationfalternative strategic directions in 2014 (Hall et al.) considered two
temporal scales: short term (2 generations) and longer terf@ ¢€nerations). Although the Strategic
Plan does not presently include any quantitative modeling results, these twdttmesare relevant
for considering the shorter and longer term consequences of the identified strategies.

The scales at which different strategies will be implemented will vary according to specific processes
through which tactical actions are selectadd the specific types of actions utliz (e.g., habitat,

harvest, or hatchery management actions, research and monitoring, or education and outreach
activities all have different spatial and temporal scales).

The complexity ointegratingmultiple interacting spatial scales across Cidgonceptually illustrated in
Appendix A.

Alternate groups:
15BC * Fisheries Production Areas
aggregate * Scanning Units

Predominant Focus
of StrategicPlan

*  Freshwater/Marine/Joint
Adaptive Zones
5 CU Groups
Selected Examples . 27 ;OSEW"C i
) 35 CUs Designatable Units
Too detailed for
strategic plan Watersheds / spawning populations

(tactical
actions)

Stream reaches, spawning sites

Figure2. Multiple scales of interest with respect to southern Bthinooksalmon populations. The Strategic Plan
predominantly focuses on the aggregate level and the CU group level, where feasible, plus selectspkeCific examples.
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1.2.4 Strategic vs. Tactical Plans

The Strategic Plan is intended, by definition, to provide taghl, strategic direction for the improved
management ofChinooksalmon in southern BC. The Plan is not intended to address tactical plamning
specific management actiomslated to harvest allocatiomre-seasoror in-season harvest planning
hatcheryspecific production planswatershedspecific management planer nstitution/department
research planningThe details of how the strategies within the Plan could be tactically implemented
cannot be specifiedt the level of the Strategic Plafihe Strateig Plan is intended tmform (i.e.,

provide guidance and direction ta)ultiple scales oplanning processes where such tactiaefions are
determined, implemented and refined
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2 Status and Trends

2.1 Introduction

To help identify effective ways to conserve population€binooksalmon requires arunderstanding of

the current status and population trends for these populatigBsidance orassessment frameworks for
evaluating status and trends of biological indaratfor Pacific salmois provided bythe Committee on

the Status of Endangered Wildlife in Canada (COSEW@ / I yI RIF Qa t 2t A0& F2NJ / 2\
Pacific Salmon (also knowa the Wild Salmon Policy or WSP) (DFO 2005). The quantitative criteria
established by COSEWIC can be used to delineate threatened and endangered pop@a®asIC

Table 2. Similarly, work to implement the WSP has included the development of a series of metrics and
benchmarks that can be used to identify population status (kliodtl. 2009).Recen work within both of

these frameworks has provided current evaluations of status and trends for southeChiBGoR. In

2013, an independent science review panel additionally provided novel insights into the status and
trends of the biological indicatofsr these populations (Riddell et al. 2013).

2.2 Units of Assessment: Conservation Units versus Designatable Units

Prior to the completion of quantitative assessments of statlegisiors on the basic unit for analysése

required There are 419 individuallwi SNB 2 RASa4 tf AaGSR Ay 5ChttaiareSa Ol LIS Y!
relevant to southern BC Chinodkhesemust be aggregatedppropriately to ensure consistent and

comparable data timseries are available for analysts an example, data from tributaries targer

river systems are not assessed every yHas.imperative to ensure that data time series for the larger
a42adGSY R2 y20 aR2dzotS O2dzyiGé¢ GKS RIGlUnderdkeY GKS gl
auspices of the WSP, Holtby and Ciruna (2007) introduced conservation units (CUs) as the fundamental
structure which is required to preserve the genetic diversity of all Pacific populatidisiedoksalmon

(The approach is similar, though ridentical, to the Evolutionary Significant Units (ESUs) used in the

United States.Their work relied on a-Billar approach, using ecotype, life history and genetics to define

CUsA recent review of the southern BthinookCUs confirmed Holtby and Cirtd& A YA GAL f | 84S 3
with few exceptions (DFO 2043 re-affirming the 35 southern BChinookCUs Subsequently, COSEWIC

(which uses Designatable Units (DUs) as their unit of analysis) based their preliminary assessment on the

list of 35 CUs, but then mad additional emphasis on genetics, ultimately resulting in the aggregation of

several CUs into single DW@s a result COSEWIC identifB¥dDUdor southern BC chinoafva 2013)

2.3 The role of enhancement in status assessments

Populations ofChinookon the Pacific coast of Canada have bé#®nsubjectof extensive enhancement

efforts since the early 197@MacKinlayet al.2004), and thisvasconsideredas part of thequalitative

assessmendf status and trends. Y RSNJ G KS 2 {t X & ¢ A fthReéwilddroni parangs | NB K1
who were also born in the wildUnfortunately at present, it is not possible to readily determine th

parental origins osalmonspawned in the wildand as such, weelied on estimates of hatchery

O2 y i NR 0 dzii A & gpawnéddopulafions (dalantl hatchersalmonthat spawn in the wild) as a

adzZNNR I S YSI afaziSpopulEtiornRededrdR fethd undertaken by DFO scientists aims

to clarifythe interpretation andquantitativeassessment of hatchegrigin salmon witin the context of

5Brown et al. 2016 (pr€OSEWIC part 1)
Brown et al. 206 (preCOSEWIC part 2)
Brown et al. 2016 (WSP assessment)
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the WSP status assessment progéiss results of this work may inform future 4@ssessments of CU
status.

2.4 Data sources for status assessments

Results from aljuantitative assessmengimmarized here are baséargely on the same datsets.

{ LI 6ySN) FodzyRFyOS RFGF dzLJ 62 wnmu ¢l a 2060FAYSR
and subjected to a wide range of data quality evaluations and treatments prior to an&{#s20138.

Data issues includedarying estimate quality ovdéime within and among time series within a CU,

missing and incomplete data, and uncertain variations in aggregated estimates over time (i.e. estimates
for component systems were aggregated in some years and not in others). It is important to bear in
mind that many ofthe field programs to collect spawner abundance daggan inthe 19509or earlier)
beforethe development ofthe current CU frameworkThus, some CUs are wetpresented by

extensive, high quality spawner abundance data while othersateFurthermore, most CUs have

historical data that hae not been incorporated into nuSEDS and as such, the. 98 time series

remains unverified in many cases (i.e. the estimate quality is unkndgsessment techniques have

also evolved over timéOwerall, these factdimit the ability to interpret historical (prd.995) spawner
abundance information relative to current estimates.

T N.

h¥ op a2dzikKSNYy ./ [/ KAy221 [/!&ax FABS 46SNB RSSYS d
series dataln addition,/ ! & KFR | NI y3S 27F SyKIyOSYSyd F OGAGAGE
dzyly2s6yé¢ SyKIyOSYSy(d +OdGA@rGes StS@Sy /1a sAiGK 2y
4808y /'a O2yGFAYyAY3I ALI 6yAy3 &AGSKABKEK Sy K OSEYS

activity.

A Pacific coastvide omded wire tag (CWT) dataogram is maintained fo€hinook by the PSC (and
operationalized through DFO and US agency CWT prograénesg arel0 hatcheryChinookCWT

indicator stocks included within the sthern BC regiorSeveral others from outside the southern BC
region provide proxy indicator information for several southern BC Chinook CUs (though less
informative than a direct indicator, proxies are still able to provide measures of relative change for
associated CUsQverall, the coast wide program coordinated by Canada and the US to ré&cd&Br

from fishery catches and spawning retupravides information on biological measures such as fish size
at release, fishery distributionfishsize at captte, and through an associated cohort reconstruction
model, estimates of exploitation rat& marine survivahnddistributions ofage at maturatior(see, for
example, CTC 2015a, 2015b).

Quantitative stockrecruit (SR) analyses based on high quality fiedtiraates are currently available for
only two southern BC Chinook CUs-0BKHarrisofand CK22: Cowichan & Koksil3hSR analyses
provide estimates of intrinsic productivity and capacity for the CU, and a measure of overall survival
(from spawner to ecruit) for the population. Additionally, the annual PSC CTC CWT cohort
reconstruction model provides updatedRSanalyses for larger aggregates of stocks from southern BC
(however, these cannot be partitioned into @&Pecific estimates)lhese resultsare alsoof uncertain
relevance to naturally spawning fish because many of the "model stocks" include large, temporally
varying, and/or unknown fractions of hatchery fishtheir estimates obcean catch and spawning

6Brown et al. 2016 (WSP Assessment)

R. Withler, DFO, Nanaimo, BC, pers. comm.

"Brown et al. 2016 (pE€OSEWIC; WSP Assessment)
8Brown et al. 2001 (unpubl. manuscript)

® Tompkins et al. 2005
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escapementTypically catches and escapeents resuling directly from hatchery releases are excluded
from standard SRanalyses designed to assess performance of natuspbyvning fish. Despite these
concernsthe model stock resultgend to be positively correlated witimarine survival time sees
derived from CWTs fatocksfrom within the same regiorti.e. they tend to show generally similar,
thoughnot identical, time trends(Riddelket al.2013)

2.5 Results

There is general agreement across all quantitative assessmentsptnaher abundances of most

Conservation Units (CUs)©hinooksalmon insouthern BChave decreased over the most recehtee

fish generationsife. the last 12 yearfor CUs with a fouyear average generation timeForthe 19 CUs

with spawning sitesaving "low or unknown" enhancement activity2ICUs showed greaterthan 50%

decrease in spawner abundance in the kasee generationgsixof thesedeclined more than 70% and

two dropped bymore than 9049); two CUs showedhodestincrease$33-40%);andfive CUs showed

decreases between zero and 5084though trends of decreasing abundance were observed across all

regions, juvenile life history types and adult return timingsaser and Thompson River stocks with

streamtype juvenile lifehistory (i.e.juveniles thatoverwinter in rivers and go to sea as yearlings)

represent the majority of those cases with decreasing spawner abundance in thler&esgenerations
(11outof19noR Il G RSTFAOASY(d /! &a 6AlGK af 2RessNoCs/ Wity 2 6y ¢ S
GY2RSNI S 2NJ KAIKE SyYyKFEYOSYSYRT | Wyl A/OAA &6 & INB @EB3 B!
KAIKE SyKFEyOSYSyidsz aSgoSy /1 a aK2gSR RSONBFasSa 3INB
range of 0 to 50%, two CUs showed no significant t(gess than 3% change) and four CUs showed an
AYONBFaAYy3d GNBYR 20SN) GKS flFad GKNBS 3ISYySNIrdAz2yao
GY2RSNI S 2NJ KAIKE SyKFEyOSYSyid | OGA@AGe RIFGE GAYS
direction of trend, if not the magnitude, between the two data streams within any given CU. The three
generation trends in abundance by CU are showriguire3.

Riddellet al. (2013 provided a coaswide analysis of marine survival rates for all CTC model stocks
(including all available stocks to contrast with results for southern'B@)marine survival rates
estimatethe proportion of juveniles leaving their freshwater habitat that atil alive after their first
winter at seaFourof the five Chinook modestock groupingsound insouthernBC(Fraser River Late,
Lower and Upper Strait of Georgia, and West Coagtotouver Islandhdicatemarine survival rates
have decreased substantially from their highs in the 1970s or 1980s to lows in the 1990s and 2000s.
Regions outside of southern BC adbmweddecreased survival rates, but in several cases, there was a
temporary increase in the late 1990s and early 2000s followed by a deCli@stwide @mparisons
acrossall CTC Chinodalmonmodelstock€age-2 cohort marine survival rate time serissowan
underlying trend of shared variation from Oregon through B, @/en into some Alaskan stocks. That
shared trendndicatedincreasing survival ragdrom oceanentry year 1995 to around 200then
decreasig until 2005, followed bw partial reversal. However, in maaf/the modelledstocks, there

also are stoclspecific sources of yean-year variation that mask gngeneraunderlying trendRiddell

et al.2013)

SR analyses of modelled data for larger Chinook aggregates produced from the PSC Coast Wide Chinook
Model show ife-cycle productiviesdecreaing substantially over time fotower Strait of Georgia and

west coast Vancouver Islazhinooksalmon but only slightly, though steadily, for the Fraser Late
modelstock. Othersouthern BCmodelstocks show either no trend in productivity indices, or slight

increases. Numerous stocks outsidesofithern BC have also shown a decrease in productivity,

especially since the late 1990s or early 2000s, including central and western Alaska stocks. The latter
Alaskan stocks had higjuality SRdata that were not confouneld by hatchery contributiongRiddellet

al. 2013; ADF&G 2013; CTC 2015c)
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Overall, suthern BCChinookstocks exhibit temporal patterns spawner abundancdife-cycle
productivity, and to a lesser extent a@ecohort survival ratg that are sharedto varyingdegree$

across a large spatial area from Oregumth through towestern Alaska. Thualthoughit seems likely
that there are largescale processesfiuencing Chinook productivity, no single predominant factor can
be readily identified at thiime to fully account for the recent patterns and trenolsserved for

southern BC Chinook.

54

Stream Trend

A >30%«decline
No trend

A >30% increase
A Data deficient
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Figure3. Threegeneration trends inspawner abundance for southern BC Chinook conservation units (CUs), differentiated by
ocean (circle) and stream (triangle) juvenile life history typd$ie number of years included in the calculation of 3

generations depends on the average age of matuifity each CUGiven that southern BC Chinook Salmon most often mature
between 3 and 5 years of age (on average), the number of years used to calculate the trends illustrated here varies between
9 and 15 years (2002012 or 1998012).
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3 Threats and Knowledge Gaps

3.1 Limiting Factors and Threats to Southern BC Chinook Salmon

This subsection identifies and describes the most substantial threats that are believed to be contributing
to the recent declines observed across many southern BC conservaiigmnd/or preventing recovery

of depressed populationg he potential threats have been grouped into broader classes (e.g., marine
habitat/ecosystem)The dominant threats within each class are briefly described and they are
summarized iMable2 (or Appendix E for a more detailed versioAjthough these threats are described

at the scale of the entire southern Ehinookaggregate, their relative importance and nmétgide

varies considerallacross CUs, as illustrated by comparing thes@étific examples described later.
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Table2. Threats to southern BChinooksalmon.

Classand Naturdl | Description of Threat Affected Life Stage(s) | Affectedsubsets of CUs
subcategory Human
Climate Changeimpacts on freshwater or marine ecosystems driven by climatic changes
Water Natural | Most southei@hinookopulations fatereasingly stressful thermal conditiahsing | Returning adults Esp. UMFR, Th, Ok
temperature return migrations
(freshwater)
Water quantity| Increased vulnerabiligh@nges in water quantitglimate driven changes exacerbi Al freshwater life stagq Esp. UMFR, Th, Okanagan
(freshwater) pressure from water extraction.
Productivity Natural | Highlyikely thatlimate variation and changénfluencing productivity All, especially marine | All
Warm water | Natural | Increased exposurgveym water predatotisat Chinook haeegelynotcoevolved Smolts, possibly adulty WCVI examples; potential to af
predators with. some areas all CUé6s; poss

north migrating CUs

Marine Habitdtimpacts on m

arine habitat/ecosystem quality, quantiffactisgg®arine survival rates/adult returns

urbanization/development pressure

Early marine | Natural | Shared declineis marine survival across many stocks (not all). Uncertainty abg Juvenile, immature ad| Stocks with early or late entry ti
conditions mechanisms have farebetter
Early marine | Natural | Changes in local and bssatleoceanographic conditions First year of ocean All
conditions residency
Predation Natural | Marine mammal predatioray affect abundance / inhibit recovery during periods| Marine life stages Esp. SoG, Johnstone Strait
productivity. Unlikely driver of general declines for all SBC Chinook.
Disease Human | Disease risks from interactionsaition farnor aquacultire operations Smolts CUs migrating by operations
Competition | Natural | Interspecific competitiofwith other salmon species andaiimon species) Marine life stages All
Estuarine Habitétimpacts on estuarine habitat conditions
Predation Human | Humamnediated opportunities for incrpasegtion by marine mammals Smolts SoG
Habitat Human | Loss of estuarine marshigslower river reaches from human activity and Fry, smolts All, especially Fall Chinook

Freshwater Habitaipotential |

oss or degradation in productivity or useable area of freshwater habitat

Water Human | Humasnduced changedlow and water temperaturesacerbated by climate char All freshwater life stag( VI, UMFR, TGk
regulation
Didymo Mixed Didymooutbreaks potentially contributing to reduced productivity Eggs, fry, smolts Esp. stream type CUs
Hydrologic Mixed Hydrologic processdforest disturban&guivalent Clearcut Area All freshwater life stag{ Higtrisk: none (only BB)
Processés Mod risk: Th
Vegetation Mixed Vegetation qualitfyiparian disturbance, insect and disease defoliation) All freshwater life stag({ High risk: UMFR, Th, LSC, Ok
Quality Mod risk: WCVI
Surface Human | Surface erosiofroad development) All freshwater life stag|{ High risk: Th, LSC, WCVI, Ok
Erosioh Mod risk: LFR, UMFR
Fish passage/| Human | Fish passage / habitat connecti(#tyeam crossing density) All freshwater life stag({ High risk: LSC, Ok
connectivity Mod risk: LFRMBER, Th, WCVI
Water quanfityy Human | Water quantitfwater licenses) All freshwater life stag({ High risk: Th, LSC, Ok

Mod risk: LFR, UMFR, WCVI/U
Water qualtty | Human | Water quantitfwastewater discharges) All freshwater life stag({ High risk: Oflus 5 separate CUj{

Mod risk: All CU groups
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Classand Naturdl | Description of Threat Affected Life Stage(s) | Affectedsubsets of CUs
subcategory Human

Human Human | Humardevelopmenfootprint(total land cover alterations, impervious surfaces, lii All freshwater lifegsga | High risk (for Linear): LSC, Ok

development development, mining development, agricultural/rural development) Mod risk: UMFR, Th, LSC

footpriAt Mod/low: LFR, WCVI/USC
Harvesi impacts associated with fishing activities including retained catch, releases and/or gear interactions

Harvest Human | Total mortalitiese(g., bycatch, release mortality, depredation, disease, recapturl Adults Unknown

mortality release predation, unauthorized harvest, other unknown/unreported r€miovals
directed fisheesexceed sustainable ratgiven current productivity

HatchenProductiori impacts associated with hatchery / enhanced proGhatiookof other salmon)

Genetic Human | Genetic risk$o wild populations from domestication selection within hatchery p| Spawners Higher riskSoG, WCVI
and/or outbreeding effects on surrounding populations. Potential rsatesabr Lover riskLFR, Th, UMFR
populations and contributions to reduced préahusin@yce includgaying into non
target systemBigh enhanced contributions in target skstlerokinformation relating
enhanced contributioability to mass m@tknooko assist in genetic management

Disease Human | Contained hatchery populationgisatisecan potentially trangathogendo wild Fry, smolts Low risk: All
populations in receiving waters.

Ecological Human | Hatcheries pose five realogical interactioissues related to salmon ecosystemg Fry, smolts Low risk: All
carning capacity, competition, predation, disease and behavior.

Harvest Human | Increased fishing pressure on wild stails to increased hatchery prod(intdanct | Adult CUs caught in mixed stock fish¢

pressure impact from hatchery production, mediated through harvest decisions) with hatchery stocks

Cumulative or synergistic interactions among threats
| Interactions | Mixed | One or more threats or stressarg actionjunction on a CU. [ All All

1Abbreviations for regional groupingBoBBdary Bay; LHBwer Fraser River; l-$®ver south coast;-@kanagan; SaGstrait of Georgia;-Tlhompson River; UMERper/middle
Fraser River; US@ppesouth coast; Wancouver Island; WGMst coast Vancouver Island.

2mpact categopressure indicat@rs., boldetéxtu n d e r

SAHi gher riskbo

does

divided into those known to have helaigyesr or lower genetic risks.

6 des cr i pctassificatiomsd basechon gnesbuthgrCBGootalmon halkitat report cardsefRaral. 2015)
i nhe tlassifieatoassare eelativd ngt aliisedLbenfornfiahdiefigitidrighf,imsderate and sk categorieSle CU groups havesbhe

Future Work:

Potential addition of information (qualitative) on the severity, extent, and frequency of each threat.
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3.1.1 Freshwater Habitat

A watershed is influenced by many factors some a result of the ndturdécape and some human
induced.Natural landscape factors include the climate of the region and the characteristics of the
watershed (physiography, lithology, watershed morphology, hydrology and vegetation) determining the
ecosystems and habitats withanwatershedHuman induced factors include lande, impervious

surfaces, dam impacts, water withdrawals, drainage networks, channel alterations, outfalls, vegetation
management, wetland alterations, outfall discharges;oduction ofexotic species, ansbpills or

harmful discharges.

Chinookhave importanthabitatrequirementsto sustain their differentife history strategies in

freshwater. These habitats can be divided into three irtennected spatial dimensions: longitudinal (or
riverine); lateral (or riparian); and vertical (or hyporheic) (Portland 200Banginghe hydrology of a
watershedresults in changinthe availablenabiat diversity, by disonnecting the spatial dimensions
between the channelts groundwatersources and the associatédodplain and uplandhabitat areas
Increasing imperviousness within a watershed can cause a net decrease in groundwater recharge (and
reduce base flows) and increase surface water runoff (increased flashiness and erosion capability)
(Portland, 2005).

Threats tamportant Chinookhabitat can be a result of human activities on the landscape or landscape
level factorswhich rarely work insolation.

Water Regulation

Water regulation is an entirely anthropogenic thre@tater storage structures such as dams and flow
control weirs are designed to store water during periods of high runoff so that this water can be
accessed for a variety of usduring periods of low flowJses include domestic water supply, flood
control, power generation, agriculture and industrial needs such as dilution and cooling.

The threat to Chinook salmon from water regulation can take different foAnwng others:

Physical blockage of migration

Alteration of natural flow regimes

Increased water temperature from lake storage
4. Removal of water from natural water courses

wn e

Physical blockage of migration can be mitigated by incorporating fish ladders or bypass channels that
allow adult Chinook salmon to get beyond the barrf@imilarly juvenile Chinook salmon will require a
route downstream past the barrier and also measures that prevent them from entering any withdrawal
structure.Alteration of flow regimes may produce augition that isolates Chinook redds from

mainstem water courses by abnormally decreasing water flows during emergence pénwréased

water temperature will advance egg and alevin development, resulting in emergence earlier than
normal, placing the juveles into habitats that may not have the food resources availablelyet.

addition, higher water temperatures increase the metabolism of the fish, exacerbating the requirement
for food.

Geographically, the extent of water regulation is generally centred hegh human population
densities and areas where there is a high amount of water withdrawal for agriculture requirements, or
remote power generation facilities.

The nature of water regulation is highly varied, depending on udageas and power generatiowill
normally return water back to the water course so severity is somewhat limiteder withdrawal
activities have much more serious outcomes as there is not much Chinook can do without adequate
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water flow and appropriate times of their life cycla.certain circumstances, water storage and

regulation can be used as a tool to mitigate the effects of potential stressors such as warm or low water,
from environmental variability or climate changathough this requiresradeoffsagainst water

availabilty during other periods.

Future trends are based on human population and developn@anerally the human populations have
increased over time, and increased the influence they have on their environment, therefore it can be
assumed that Chinook salmon veitintinue to be negatively affected by water regulation.

Surface Erosion

Surface erosion of fine substrates is a natural process that is can be exacerbated by anthropogenic
activities such as forest cover removal, road construction or general disturlodisceface materiallt is
often caused by abnormally high or excessive precipitafiwasion of streamside or riparian habitats is
the result of movement of water along the normal water courdasting high precipitation events
surface runoff of water vlialso loosen rock and soil from the substrate surface and carry this material
along to natural water courseRain on snow events and scour due to anchor ice shifting are the major
forces in the interior. Thosprocessesre greatly exacerbated by remdwat streamside vegetation
(cottonwoods in the southern interior), resulting in braided gravel channels and loss effiffieatun
structure.

This threat can affect Chinook salmon several wagposition of fines and organics in potential
incubation area can mask or smother the eggs within the gravel redds; however, the selection of these
areas by Chinook salmon minimizes this threat due to the slow moving water which is required for
deposition of fines. On a micro scale, some deposition will still dncubsurface areas. A more

serious threat is the deposition of these materials in rearing areas where submerged vegetation and
associated aquatic benthic invertebrate communities occurs, affecting the productivity of food
organisms.

Extent of impact bgeographic range is highly dependent on local land Aseas with active logging are
subject to both surface and bulk erosion procesé@sd gradient will also determine the impact as

higher slope substrates will result in faster velocities of water, gnedter erosion potentiaParticularly
sensitive are many interior valley floors that are comprised of alluvial gravels and cobbles resulting from
glaciation. These are not resistant to erosion.

Temporal extent of impact is also dependent on localizethions. A source of sediments will continue

to affect downstream water courses until the source is exhausted or resdRextoration to physical

habitat can be difficult but does occur naturally as the annual hydraulic cycle continues to carry material
downstream to areas where natural settlement occurkis process, however, will take years to

decades.

The climate change trend is for warmer, wetter winters along the coastal BC @itéasvill result in

higher peak winter flows as more precipitatiorli$aas rain rather than snow, thus draining through
creeks and rivers in the higher precipitation months instead of melting in spring and draining through
spring and summetn noncoastal areas the annual hydrologic flow may shift from snowmelt
dominatedflow regimes to winter runoff flow regimes however it is unlikely to change surface erosion
patterns

Fish Passage/Habitat

Fish passage barriers may negatively impact Chinook salmon by reducing or blocking access to spawning
and rearing areas. Complete b@rs can lead to reduced or fragmented species distributions, and result

in dwindling populations that are increasingly genetically isolated and at greater risk of extinction
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(Woffordet al. 2005). Fish passage barriers are a threat to southern BC Clsialmoén populations
particularly in the lower south coast and Okanagan and, to a lesser degree, the Lower Fraser, southern
and central Interior anthe west coast of Vancouver Island.

Fish passage barriers impact Chinook salmon at varying scales atabife. $arge dams, typically
constructed for hydroelectric generation, have blocked access of entire populations to their spawning
grounds and effectively led to their extirpation from upstream areas. For example, almost the entire
Canadian Columbia RivBasin is inaccessible to Chinook salmon due to hydroelectric dams in the
Columbia River, resulting in the loss of all Chinook salmon populations that once inhabited this area.
Several such large dam barriers exist throughout BC. Small barriers, sucHlasigatzon or flood

control dams, culverts, dikes, levees, floodgates and weirs, are much more widespread and reduce or
block access of salmon to portions of their historical habitat. For example, channelization and dike
construction can prevent accessjuvenile Chinook salmon to virtually all wetland and floodplain
habitats that once comprised important rearing areas, which limits the productive capacity of the
system. These smaller barriers exist to varying degrees in all regions of BC that supgendtanto

large population clusters and agricultural activities, but Chinook CUs in the Southern Interior, lower
mainland and Vancouver Island are likely most affected.

Many large hydroelectric dams are complete fish passage barriers that prevent sgafnorarmigrating
upstream. Those that do allow fish passage often lead to reduced survival of adults due to the strenuous
migration through fish ladders and facilities. Impacts include delays and reduced reproductive fithess
associated with dam and reseivpassage (Dauble and Mueller 1993; Geistl. 2000), as well as
directanddelayedmortality from fallbackoverdam spillwaysor throughturbines (Dauble & Mueller

2000). The migration is also hazardousdatmigratingsmolts. They must pass hydroeiéc facilities

on their migration to the ocean, which may lead to varying degrees of mortality from passage through
the power turbines, rapid pressure changes, large forces, abrasion and turbulence. Elaborate juvenile
bypass systems, as installed on thainstem Columbia River dams, reduce mortality by guiding smolts
around the power house, with survival at each dam estimated in the@¥8 range (Skalski, 2014).
Nonetheless, a cumulative impact remains from passage of multiple dams.

Removal or mitigatiowf barriers that block fish movement can be an important tool in the recovery of

fish populations, and has led to some of the largest increases in fish production compared to other

restoration techniques (Sculet al. 1990; Rongét al. 2002). Furthermore, this approach can yield

potential benefits (e.g. increased fish abundance and productivity) relatively quickly compared with

other methods (Roret al. 2002). A catchmergcale approach to mitigating fish passage barriers is likely

to provide the most effective and cosfficient means by which to enhance fish populations and overall
SO2t23A0FKf adlddza 2F Ffdz@Alf aeaidsSya oYSYLI YR hQ

Water Quantity

The hydrology or freshwater flows of a watershed vary naturally dependirteoclimate, the

characteristics of the watershed and the seasonal changes within the watershed. These variations depict
the timing, magnitude and frequency of changes to flow. Change to this hydrological regime can affect
critical habitat for Chinook iall three spatial dimensionglterations to the quantity of water, either

higher high flows or lower low flows or the timing of freshets and droughts can cause migration delays,
impact spawning redds and egg to fry survival, change riparian astdeiamvegetation, increase

suspended sediments in the water, increase water temperature (by decreasing water depth and heating
of stream substrate), change species composition within the aquatic ecosystem and change predator
prey relationships.
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Issues withwater quantity are thought to be increasing as more development takes place within many
watershedsThe hydrology of a watershed is altered by urban development resulting in changes to the
rate volume and timing of streamflow (Konrad and Booth, 2005). tmpesness within a watershed is a
measure of the surface area thao longer infiltrates water.

Threats for this factor are linked to impacts from climate change and more frequent droughts are
expected over the southern BC region.

In particular, Chinookalmon from CUs located in watersheds influenced by snowmelt (rather than rain
dominated) are typically snow dominated hydrographs, with much of the total discharge resulting from
winter snow accumulation and subsequent meltilgater availability is strogly influenced by land use
practices that influence rate of melting, by climate change and by natural climatic variation such as
phases of the PDO.

Snowpack accumulation directly influences groundwater accumulations which supply considerable input
to manyinterior rivers, and stabilize temperatureSroundwater abstraction may significantly impair
that function

Water Quality

Water quality is defined in terms of the chemical, physical and biological content of \Watemeters
such as nutrients (nitratesnd phosphates), dissolved oxygen, pH, pollutantstatad suspended
sedimentyTSS) are measurements used to determine the quality of watater quality within a
watershed is affected by geographic location, discharge and level of human developnieshiirial
activity, including mining, forestry or agriculturehe Ministry of Environment is mandated to manage
water bodies and has created a number of water quality objectives for various lakes and rivers that take
into account the natural local wateuality, uses and movement of water and waste discharges (BC
MELP, 1994 hese objectives are routinely monitoréthe dominant drivers of water quality in the
more developed regions of BC are based on cumulative effects due to land use, urbanizatiomemd
population growth.Traditionally, water quality monitoring has focused on large point source pollution
as an effective means of protection but this has evolved to an integrated approach linkirgskamaol
environmental quality supported by sciencaded monitoring, regulatory compliance and shared
stewardship (Smorong and Epps, 2014).

For Chinook, like all salmon, water quality in freshwater habitats is crifibedats from water quality
impacts can limit productivity or reduce survivdpstream nigration of pacific salmon adults are
delayed at temperatures over 2& (McCullough, 1999) and temperatures over 22.8esulted in
increased mortality of females prior to spawning (Andrew and Geen, 1B&Xs (2002) reported that
average temperaturexposures of 154 7°C can lead to a reduction in reproductive success.

For dissolved oxyggiDO)the lower lethal limit is 1.6 mg/IDO levels greater than 6.3mg/L are
recommended for successful migration of anadromous salmonids (Davis, M@Bhum

concentrations at or near saturation with temporary reductions no lower than 5mg/L were
recommended for all anadromous salmonids by Reieser and Bjorn (1979) and Chapman (1988) found
that any reduction of DO below saturation reduces survival.

TSS poses a sifjoant threat to salmonids particularly egg to fry survival (from smothering of redds),
reduces rearing success of juveniles and can affect return migration of adults. Sediment Levels of 509 to
1217 ppm are fatal to juveniles, levels of 500 ppm resustriess responses and levels of 100 to 300

ppm result in reduced feedingligh levels of suspended sediment can also delay upstream migration of
adults (Bell, 1973 in Allen and Hassler, 1986spended sediment of less than 25mg/L are suitable for
salmonidhabitat (Reiser and Bjornn, 1979).
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Water quality threats to Chinook salmon are increasing with human population growth and
development.

3.1.2 Estuarine Habitat

The neasrshore environments of estuaries are unique ecological zones that host productive saltmarshes,
eelgrass beds, and other shallow intertidal habitats that serve as nurseries for young salmon. Estuaries
provide rearing habitat, food and refuge duriagritical (and sometimes stressful) period of growth,
development and osmotic acclimation to seawater. Chinook juveniles reside in estuaries from weeks to
months prior to ocean migration (Neils@h al. 1985; Dorceet al. 1978; Healey 1982). The exterft o
reliance depends on the specific life history types of individual populations; with dgparChinook
generally relying on estuaries to a greater degree than strggm populations.

Studies on juvenile Chinook undertaken in BC and the US supporbtioe thatthe duration and

quality of estuarine residency is a determinant of subsequent Chinook marine survival (Schlucter and
Lichatowich 1977; Levy and Northcote 1981; MacDoggtkl. 1988). An evaluation of 20 US estuaries

by Morganson and Hilborn @®3) concluded that (fall) Chinook rearing in pristine estuaries had higher
survival rates than those rearing in degraded estuaries (up to a 3 fold increase in survival between fully
degraded and pristine estuary rankings). Further, estuary condition veas important for Chinook

survival than it was for coho survivBlespite these findings, quantitative analyses linking Chinook
survival with habitat types or other estuarine factors are spafsesuch, the mechanisms for
understanding higher or lower suival within estuaries remains poorly understand.

Despite the inferred importance of estuarine habitats, their location at the mouths of rivers has
predisposed them to human settlements and concomitant habitat loss from urban, industrial,
agricultural, andextractive land use that affects physical habitat structure and functwro(!
eference source not found. In addition, estuaries near urban centers also senaeassitories for
point and nonpoint sources of pollutants that affect water quality (Degteal. 1985; Varanast al.
1993).

Estuaries located near urban centers face a variety of threats associated with anthropogenic activities. In
such places, siditant habitat loss occurs as wetlands and other habitats have been diked off, drained,
and converted for agricultural, industrial, and urban developments. In the Lower Fraser, for example,

this has resulted in a loss of 70% of the rearing habitats oraitahle to juvenile Chinook (Hoos and
Packman 1974). Human activities in areas like Vancouver, Victoria, and Puget Sound are also the source
of an incredible variety of contaminants including industrial chemicals, hormones, antibiotics, and

central nervousystem agents, to name a few (Meadiral.2016). A recent study in Puget Sound

SaddzZ NB KIFIoAlGldGa FT2dzyR Hp RAFFSNBYUG aO2yidl YAYIY(a
with unknown effects (Meadoet al. 2016). Although technology has ingwmed our ability to treat

effluent, the concomitant increase in population size and the variety of chemicals used has continued to
result in high contaminant loads in developed estuaries. These alterations to habitat and water quality
have adverse effecthat act individually, cumulatively or synergistically to increase mortality and lower
survival of Chinook salmon.

Climate change and associated 4eeel rise also pose a significant threat to estuary habitats across
Southern BC, altering the estuarinenditions upon which juvenile and adult Chinook rely during their
critical transition period. Changes in river flows and water temperatures have already begun in the
Fraser and likely other systems across Southern BC, altering salinities and temperattueessiuary
(Morrisonet al. 2002). Juvenile salmon may be negatively affected by increases in salinity during their
transition to freshwater, while warming temperatures are likely to increase the susceptibility of adult
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Chinook to erroute mortality. Whie the effects of climate change have begun, the majority of effects
on Chinook and their habitats will occur in the future.

Sealevel rise will also result in changes to estuary habitats, with increased diking reducing the
availability of near shore halaits, most likely replacing salt marsh with rip rap and other modified
habitats. Further expansion and upgrades to flood protection structures will occur on a massive scale,
with an estimated $8.8 billion in projected costs just along the tidal portioh@fLiower Fraser (Delcan
2012). As salt marshes exist only in the high intertidal areas of the estuary, rising sea levels have the
potential to lead to significant declines in salt marsh habitats (Swhak 2001), areas which juvenile
Chinook rely on headly during the period prior to ocean entry.

Table3. Primary threats to estuarine habitat.

Nature of Overarching Severity (g., how many life stagese Stability of future trend
Threat geographic affected
extent

Unknowin estuarine habitat loss
hasbeerextensie in the Fraser a
Puget Sound estuaridteratios
through jeés and armoring will
increase unless preventative an
proactive measures are taken.

Habitat loss/
alteration

Throughout Salig
sea but greatest
highly settled
areas

Strongest effdiktelyonocearypejuveniles
limited by available rearing halttdtall life)
history types potentially affected.

Greateshurban

and industrialize
estuaries of Salis
Sea.

Contaminant Strongest effect likelpomartypejuveniles
thatspendnordime irestuarine watelsjt
could potentially extend to all types that
extended rearinghearshore waterkthe

southern Salish Sea.

Stabl@1 Although sewage
treatment may imprane
regulations address stegacy
pollutantsither poirgnd nowpoint
sources of contamingpiersist.

Climate
change and
associated
sealevel rise

Important acrosg
southerBCbut
will lead to
cumulative effec

Changes in temperature and safmifitely
to adversely affect juvenile and adult sa
during their osmoregulatory transition pe
potentially making them more susceptib

IncreasingClimate change and
sealevel rise are beginning to af
our hydrological cycles and oce
conditions but the majorityeof

in highly settled effects will be seen in the future

estuaries

predation and ppawn mortality.

Sealevel rise will lead to further armorin
developed estuariestiiieeLower Fraser,
reducing the availability of high intertida
which salt marshes and juv&hiteokely
on.

Although some areas have begt
prepare for séevel rise the majo
of flood protection infrastructure
be built in the future.

3.1.3 Marine Habitat

Many stocks o€hinook salmoim southernBCare currently m serious decline despitubstantial
reductions in fishingnortality and the implementation of several conservation and mitigation initiatives
such as selective retention of hatchery fislsome areasand numerous restoration activities (Labelle
2009; Dmpkinset al. 2011). The current poor status of southd@@salmon stocks is constraining both
domestic and international allocation and has already required closures in commercial and recreational
fisheries as well as affecting food, social and ceremdraievest opportunities for First Nations (CTC
2012). These declines may alsgpact onthe recovery of endangered resident killer whal€sdinus

orca), which largely depend on an abundant supply of soutliEb&hinook salmoiiFordet al. 2010;
Hansoret al. 2010). It is important to note though that despite the ubiquity of these declines, some
Chinook salmomstocks are currently performing well within southeBi€(Tompkinset al. 2011; Beamish
et al.2012).
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While the causes afhinook salmouleclines ardikely multifactorial (NRC 1996; Magnusson 20@ is
generally recognized that persistently unfavourable ocean conditions and poor marine survival played a
major role in these detrles (Beamisket al. 2000, 2011Labelle 2009). First, this is a broadtem

affecting not only populations in in southeBG but also extends to Puget Sound, the Columbia River,
California, and more recently to Alaska (NRC 1996; CTC 2012). The simultaneous decline of salmon
originating from geographicalgistant watershedsuggests that a common cause is affecting these
stocks in the marine environment (Peterman and Dorner 2011; Kiddlafif 2014, 2015). Seconthese
declines occurred in pristine and perturbed watersheds, as well as in river systems with and without
dams(Wellset al. 2008). Lastly, these declines parallel trends in marine survival of hatchery indicator
stocks (Beamisht al. 1995). This provides evidence that, in some areas, the reduction in adult returns
was due to changes in ocean conditions rathemtbh@changes in the production of salmon smolts
(Beamistet al. 2000). Thus without an understanding of the effects of ocean conditions on the marine
survival ofChinook salmonit will be difficult to assess the success of mitigation measures and recovery
strategies on salmon resources, and to provide suitable advice to fisheries managers for establishing
effective harvest policies while preserving biodiversity and the productive capacity of salmon
ecosystems (Kareiwvat al. 2000; Holt 2010).

Several factss may affect salmon in the marine environment. These include: changes in 1) prey
abundance, 2) the timing of prey production, 3) the timing of smolt migration, 4) smalth, 5) the
nutritional quality of their prey, 6) the abundance of predators, @ #ibundance of competitors, 8) the
incidence of harmful algae, 9) pathogens and microbes infection, 10) rearing habitat quality, and 11)
thermal stress, to name a few. The nature of the adaptive management strategies required to recover
these populations Wl depend on which of these mechanisms are controlling the survival of souBt@rn
Chinook salmoin the marine environment. However, the relative importance and cumulative effects of
these factors in the overall marine survival@iinook salmomre not well knownlin addition, these
factorsmay be compounded by climate change, and may worsen under a warming climate. Clearly,
further research is required to understand how changes in climate and ocean conditions affect the
viability of southerrBCChinook salmon

3.1.4 Climate Change

Water Temperature z Freshwater

Chinook salmon depend on water temperatures within their tolerance range to survive. Elevated water
temperatures in freshwater habitats are a threat to southern BC Chinook salmon populations
particularly in the southern and central BC Interior, the lowaimtand and southeastern Vancouver
Island (Nelitz et al. 2007).

Elevated water temperatures negatively affect Chinook salmon in several ways at various life stages.
Warmer winter water temperatures cause salmonid eggs to hatch sooner and may resulhin thai
are smaller. They may emerge at a time when their insect prey base is not available (Karl et al. 2009).

Elevated temperatures during the juvenile rearing stage lead to increased fish metabolism, resulting in
reduced growth if more energy is deval¢o searching for food (Coutant, 1976). They may also inhibit

the ability of juvenile Chinook to compete with other salmonids or warm water species for food and
preferred habitats (McCullough, 1999; Hillman, 1991). If temperatures approach lethal othslible

levels, direct mortalities of juveniles may be observed. The result of elevated water temperatures during
the juvenile life stage is a reduction in productive capacity of rearing habitats. The CUs most strongly
affected are those that exhibit a strearearing life history due to their extended freshwater rearing

stage that extends through the summer low flow period when temperatures are most problematic.
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Juveniles from oceatype CUs are less susceptible because they have generally migrated to sea from
their freshwater habitats prior to the summer low flow period.

During the spawning migration, high stream water temperatures affect adult Chinook salmon through
higher metabolic cost of migration as well as increased susceptibility to disease andegpafasiion.
These factors may contribute to delayed migration and increasedpag/n mortalities (Keefer et al.
2010; Goniea et al. 2006).

Elevated water temperatures are a result of multiple anthropogenic and natural fadteesprimary
anthropogenic auses include water extraction leading to low streamflows, modification of stream
channels, riparian vegetation removal, waste water and drainage discharges, water impoundments, and
reductions in groundwater levels (Caissie 2006). Another dominant cacisariges in air temperatures

and precipitation associated with Climate Change. Above normal winter air temperatures and below
normal snowfall lead to earlier and shorter duration freshets and earlier onset and longer duration
summer low flow periodsDuring the summer, above normal air temperatures and below normal rainfall
combine to result in very low streamflows, which leads to high water temperatures (IFC Recovery Team,
2006).

Water quantity

Pacific salmon are vulnerable to the effects of climate chang@arious degrees based on links between
their distribution and exposure and the spatial variation in current and future climate regng=dual
increase in surface air, freshwater and sea surface temperatures are anticipated with climate change.
Thischange in temperature will affect coastal freshwater discharge regimes and include more
precipitation during the fall, winter and spring, earlier snow melt and increased freshet flows and result
in overalllower flows during the summer month3hese flowegime changes may effect kféstory
strategies of salmon (Beecha¢ al., 2006) including adaptations of timing of spawning and fry
emergence which are strongly linked to coincide with favourable river conditions and avoid high water
temperatures and swuring flows (Beer and Anderson, 200C)imate change may also effect smolt
production, which has been shown to be highly correlated with annual air temperatures, winter flows,
date of first fall freshet, and flow during smolt outmigration (Lawsbal. 2004). In particular, parr to

smolt growth rates and survival indices may shift as they are closely linked to summer temperatures and
minimum fall flows (Crozier and Zabel 20B6slowet al.2004). Lower flows have also been predicted

to result in potental fragmentation and loss of habitat through changes in wetted width and discharge
which translates to potential changes in growth rates and age of smoltificaticdBHimoolkjuveniles
(Minnset al. 1995). Climate change may also impact smolt to adult survival indices by changing arrival
timing of smolts into the estuary, which in high survival years coincides with favourable ocean
conditions (spring upvelling) (Andeson and Hinrichsen 1996).

Floodhg and low flow events frequency will vary across rain driven, smelt driven or hybrid

watershed types (\itfield et al.2003). Incoastal areas climate change is predicted to result in lower
stream discharge and low amounts of rain in the summer agh Hischarge and heavy rainfall in the
winter. For some systems on the East Coast of Vancouver Island an extended dry period in November
could affect salmonid spawning by limiting migration or changing timing of migration (Hyatt, 2013).
Modelling work byLeung and Qian (2003howedthat winter flooding and summer droughts would be
greater in smaller watersheds within the Georgia Bdsiinterior areas predictions are for earlier

timing of peak flows and high discharge and snowmelt coupled with a 2 degnease in water
temperature in summer and low discharge and snow paxumulation for winter (Wade et al. 2001,
Morrison et al. 2002; Barnett et al. 2005).
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Predation and Aquatic Invasive Species

Climate change can be defined as a large scale charig&i® 9 NI KQa ¢SI G KSNJ LI G4SN
accelerated increase of air temperature. This increase has resulted in increased ocean water

temperature and changes in chemical composition, oceanic currents and precipitation pagteras.

conseguence maremmcommunities from phytoplankton up to apex predators have responded by

changing population species complexes and distribution pattekashe northern Pacific Ocean

experiences warmer water conditions, marine species that are typical of tropical hattats

expanded their range northwar&outhern BC Chinook populations are affected by an exposure to an

increase abundance of predators such as hake, mackerel and salmon sharks.

Although range extension of freshwater based predators are limited by geograpthropogenic
activities such as releasing exotic noative fish species, such as snakehead or yellow perch, would
serve as a vector for piscivorous predators that could take advantage of warmer freshwater systems.

This range extension of salmon marjpredators represents a threat to all salmonid species in southern
BC. Pacific salmon are anadromous and for part of their life history, rear in marine waters from inshore
to the deep ocean, depending on species and stbhis exposes all salmonid spedi@shis threat,
especially to the young fish that have recently entered marine waters.

The impact of the threat is dependent on annual sea water temperatilest tropical or sukropical
predators are unable to function effectively during years whenperatures are lowUnfortunately, the
trend for water temperatures is indicating that this threat will increase over time, producing a situation
that allows warm water predators to continue to affect Chinook salmon in the future.

3.1.5 Hatchery Production

Although hatchery production of salmon is conducted to provide known and demonstrable benefits, it
can alsdhave the potential to negatively impact wild stocBological risks to wild salmon from
hatcheries exisvia three main vectors: genetic, ecologicatlaiisease effects (DFO, 2013). tuthern

BC wild and hatcherghinookpopulations exist in close proximity to each other and can potentially
interact at multiple life stages in the wild and in integrated hatchery programs.

There is evidence that interdons between hatchery and wildhinookcan result in decreased

reproductive fithess and potential replacement of wild stocks (HSRG, 2014). These effects are most likely
to occur in populations and CUs that are in close proximity to large scale hatcbercpon, but

straying has been documented from distant hatcheiregVashington state into manyathernBC

rivers (D. Willis, pers. comm.). The primary mechanism by which hatchery practices may result in
deleterious genetic effects on wild stocksB@is outbreeding depressiowi@straying), although

inbreeding depression and domestication of hatchery stocks can exacerbate the threat if those hatchery
stocks do introgress into wild stocks.

Ecological interactions between hatchery and wild stanlesako a potential threat tosuthernBC
Chinook Interactions can occur within the freshwater or marine environment at multiple life stages
including juveniles, feeding or spawning adults.

The third subcategory of potential threats is disease transfer frbatchery salmon to wild populations.
The two primary theoretical vectors of disease transfer are downstream transmission to receiving
waters from hatchery effluent, as well as direct transfer to wild salmon from hatchery fish following
their release into e wild.

Empirical evidence irosithern BCas well as recent scientific reviews indicate that genetic effects on
wild Chinookpopulations from hatcherghinookare likely the most significant threat posed by
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hatcheries to wild Chinook in Southern ER@idell et al(2013) concluded that genetic effects from
hatcheryChinookon wild populations werenostlikely in the West Coast Vancouver Island (WCVI) and
Strait of Georgia CU groupings, due to both the relatively higher magnitude of hatchery prodcagtio
well as the geographic proximity of enhanced and unenhanced systems. There is little to no direct
evidence of genetic or other types of negative interactions with wild salmon in the Fraser or other non
Vancouver Island populations. Genetic analysesoafe unenhanced populations on WCVI have found
genetic introgression of stray hatchery fish into wild stocks at several locaiiadd(l et al, 201)3

although the exact magnitude of effects on fithess of wild populations is unknown. Ecological and
disease effects have notden documented or confirmed iroathern BCChinookstocks, although their
presence would be more likely in those areas with more extensive hatchery production on Vancouver
Island. It has been hypothesized that some early marine intiera may occur in close proximity to
hatcherysystemdollowing release of juveniles due to intemnd intraspecific competition in the

estuary

Thedegreeof hatcherysalmoninteradions with wild populations inauthern BCis currently poorly
understaod, although the effects are thought to be amplified on WCVI where there are many small, low
productivity wild stocks in close proximity to large, productive hatchery populatitmes exact

mechanisms for reduced fitness in wild populations subjected toH®ay straying are unclear, but are
primarily thought to occur at the adult spawner stage (HSRG, 2014). Genetic effects caused by stray
hatchery fish can be variable by year, as straying can be exacerbated by environmental conditions.

Given the trajectoy of stable or decreasinghinook hatchery production irathern BG as well as the
strategies used which have shifted away from displacement releases in the past decade it is likely that
the threat of negative effects on wildhinookpopulations from hathery salmon are unlikely to

increase. Decreases in abundance and productivity of nearby wild stocks could increase their
vulnerability to negative effects from nearby hatcheries, as could climate chdnggn events that

increase the susceptibility of ldistocks to external stressors.

3.1.6 Harvest
The Science Panel report describes the threat associated with harvest as follows:

Very substantial reductions in total BC catch of Chinook salmon (originating from BC, Alaska, Oregon and
Washington) occurred from375 to 1995; catch has been relatively steady gi895 (Figure SZ). More
relevant to this review is a substantial decline in total ceaiste ocean catches of Chinook originating

from southern BC streams (FigureBH Most of the decline in total catdils been attributable to

reduced commercial fishery landings. Commercial landings were roughly twice sport fishery landings from
1975 to 1980, whereas today they are approximately equal (Figtse H

Ocean distribution patterns for southern BC Chinooklmagrouped into three distinct types: fauorth-
migrating, localdistributed, and offshore. Fawmorth migrating stocks contribute to Alaskan fisheries,
whereas localhdistributed stocks do not. Offshoitype Chinook are vulnerable primarily as returning
mature adults in coastal areas on approaches to natal streams.

¢20Ft SELX2A0FGA2Y NIGS&a FNB GKS FNIOGA2y 2F I Rdz Ga ¢
span, and are computed based on CWT recovery data for indicator stocks. Totak¢igpio#tes of

southern BC Chinook stocks declined substantially over brood years1®@B3for both Fanorth

migrating and locallglistributed stock types, from an average of approximately 75% to an average of

about 45%. Rates in the range of 70% to &beédikely well above those that would have achieved

maximum sustainable yield (MSY) during periods of average productivities. Total exploitation rates for all

three ocean distribution types have been similar since about the 1993 brood year and have framged

about 25% to 50%. Despite these dramatic reductions in total exploitation rates and ocean fishery
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landings, many stocks have experienced declines in spawning escapements over the past three
generations.

Mean CWbased estimates of survival from reksato ocean age 2, a proxy for marine survival conditions
for most stocks, were relatively high for faorth-migrating and locallglistributed stock types over brood
years 1973 to 1993, but since then have been much lower.

The relatively long and steadypod of low marine survivals that have been experienced by most

southern BC Chinook stocks suggests that there has probably been a corresponding decrease in stock

specific productivities. In the Harvest section we show, for illustrative purposes, thatént stock

ALISOAFTAO LINPRAzOGAGAGASE KI @S 0SSy NBRAzZOSR (2 2yS KI f 3
exploitations rates could exceed MSY total exploitation rates that would be appropriate for many stocks

currently, despite the substantiaéduction from past much higher rates. If this were the case, then even

the reduced exploitation rates could still be a contributing cause to the recent declines in escapements.

Reductions in stockpecific productivities may not have been as great as, $@ever, and in our

recommendations in the Harvest section we provide suggestions for methods that might allow more

rigorous assessment of steskecific changes in productivity from their leteym average values.

- Riddell et al. (2013, p. vi)

Managersof recreational fisheries have increasingly employed catch and release fisheries where
populations of concern are present in mixed stock fisheries. Managers employ limits on the number of
chinook that can be kept as well as limiting the harvest of cegaes of chinook. The cumulative or

total mortalities associated with releasing fish is not well understood. Total mortalities may include
immediate mortality upon release, feapture, depredation, predation upon disoriented fish after
release, and succuni to release related disease or injury prior to spawning. The above threats may
be exacerbated by poor compliance, water temperatures, and environmental conditions.

3.1.7 CUspecific Assessmentsof Threats

As an example of drilling down into a finer level efal (e.g., Sectiof.2.3, some of the members of

the Technical Working Group compiled and summarized the knowledge about threats to five individual
CUs. The example CUs are@@KOkanagan), ¥ (Shuswap Summers 0.3)-CK(Lower Thompson
Spring 1.2), CR2 (Cowichan/Koksiladhand CK31 (southwest Vancouver Island), which were chosen
based on having substantial information and knowledgeable experts available to complete the work.
The results are shown in Appendix F.

Although the results of these Gpecific assessments hamet been interpreted in detail, two major

patterns are evident when comparing to the assessment of threats across all southern BC Chinook (e.g.,
Table2). First, asxpected, individual threats can be specified in much finer detail (e.g., mechanisms,
spatial location, temporal scale, distinction among similar threats, etc.). Second, when threats are
assessed at the G&tale, the vast majority of threats identified dreshwaterand estuarinehabitat
A0NBaa2NEY 6AGK AAIYATFAOLylGfe fSaa SYLKIAaAAA 2y Tl
It appears that when examined at the scale of all southern BC Chinook salmon or CU [gigureg)( it

is challenging to characterize unifying freshwater habitat threats because those factors are often not
uniform or common across all CUs; however, when examined at the scatfivafliral CUs it is much

easier provide detailed and nuanced characterization of such threats because it more closely aligns with
the scale at which those factors operafdternatively, it may simply be easier to organize the specific
expertise and knowlegk related to freshwater/estuarine effects at the CU or watershed scale, which
allows these threats to be documented in greater detail.

The CU Summary (Appendix G) also providele @l summary indicators for several potential threats,
including freshwatehabitat pressure indicators. Although much more highly aggregated than the CU
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specific details in Appendix F, the CU Summary (Appendix G) does provide information relevant to
individual CUs rather than across all southern BC Chinook or CU groups.

3.2 Knowled ge Gaps, Limitations and Data Availability

Chinook salmon exhibitemendous biological and ecological diversig. detailed by Riddell et al.

(2013), southern BC Chinook salmon are exposed to a broad range of potential stressors and threats
during diffeeent periods of their life cycle, varying in extent and duration by CU, making it difficult to
disentangle the effects of different factors and unlikely that the observed patterns can be attributed to a
single cause, but rather interactions among multipdeiables. Combinedith the socieeconomic
dimensionsof managing habitat, harvest and hatchery productite resultisan incredibly complex
socioecological systenGiven that we have studied and managed this system for a long time, we have
collected dot of information and learned a lot relative to other species, including some other species of
salmon. However, despite how much we know, there are many aspects of the system that we do not
understand or do not understand well enougimuch, much more nmains unknown than known
Furthermore, with declining resources for monitoring and the potential for further declines, there is a
risk of losingritical information currently collected (e.g., escapement and harvest monitoring).

This subsection identifighe most substantial knowledge gaps that are believed to be limiting our
understanding of how potential threats are impacting southern BC Chinooks or our understanding of the
most beneficial and effective strategies for halting, reversing and/or avoidnfnes in Chinook.

The dominant knowledge gaps within each class are briefly described and they are summaredgd in

4 (or Appendix E for a more detailed versio8)milar to the threats, the knowledge gaps have been
grouped into classes. Although the identified knowledge gaps are described at the scale of the entire
southern BC Chinook aggregate, their relative importance and magnitude varies considerably across
QUs.Additional detail is provided for several of the knowledge gaps, as identified by the Technical
Working Group.
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Table4. Knowledge gaps and uncertainties related to our understandofgsouthern BC Chinook salmon and the consequences of management actions and other human

influences.

Class an®ubcategory

Knowledge Gap

Relevance
(not completed

Affected
subset of
CUs
(incomplete)

Status and trends

Monitoring framework Lack of aomprehensive assessment and monitoring framéespkcialipndicator stocks acrosshigeory types| Critical info for| All
ecotypes, and ecosys)eMsst of the otteatus and trengapsare nestdwithirthis overall gap. stock
assessment
and fishezs
mgt.
Indicator stocks Limited numberindicator stocksHighest priority gaps: Upper Fraser and mainland inlets. Most CUs
Wild indicators Lack ofvild indicator stocksHowever, taggimgpresentative sample of wilis fistiremedifficult/expensive. Separation of | All
wild & hatcher
Abundance Quantitative abundance estimgtennot conduct formal stectuitment analyses to estimatesgicikic Most CUs
productivity)
Mortality Mortality rates by aggassand annual variability Most CUs
Productivity Assessment of possibiaporal changes in productivityot possible for most stocks, which usebaskitht All
methods)The data necessansiBranalyss is eithencompleter norexistentor most poitations.
Other biometric data In many casedataon agetreturn, body size, and sex composition are inadequate for analysis All
Marine and FW effects Capability separate freshwater and marine effentstock recruitment and productivity
Existing data Validation of pt@95pawner data All
Marine Habitat
Survival factors Knowledge of what is curdimiling survival in the marieavironment
Marine mammal predation | Possible underestimation of natural mortality due tonranieasedmmal predation
Human influence on predal How arbumanrmediated changes in marine manpoallations and behaviours leading to changes in pre
Enviramentatonditions Impacts of changas/ironmental conditiomms Chinook populations. Requires substant&inoagearch
programs.
Ecosystem interactions Limited understanding about broader dynestiesio and early marineosystem interactions arfeledback Van. Island,
associated with both wild and enhanced Chinook stocks. SoG
Salmon farms Limited information on potential interactions arghiieke ddrms
Hatchery Production
Risks and benefits Clear understandinghgdacts(risks and benefits) of hatchersasl enhanced stocksteractions, spawning Esp.
contribution, potential replacement, carrying capacity, abundance indices, harvest rates, bycatch rateg Vancouver
genetics. Island
Effects on harvest Beter understanding of influence of changes in hatchery protaoti@s onharvest levdts different stocks ¢ Van. Island
fisheries.
Genetic Limitedbility to assess and moniemhanced contribution to return in unmarked stocks All
Genetiestraying Limited understanding of the extent/effawttaf outbreeding introgressiofthatchery stocks and othetanget Van. Island
stocks.
Genetiestraying Limited understanding of the extent/magnitude of hatchery Chisimakisgimomomatal watersheds Van. Island
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Class andubcategory Knowledge Gap Relevance Affected
(not completeq subset of
CUs

(incomplete)

Pathogens and Diseases

Monitoring Monitoring of diseasewild populations and estimation of intipsittds BC All

Impacts of disease The extent to whigathogensnd diseaseontribute to variatio@inookroductioaver space and timaot All
known

Harvest

Sustainable ERs Are current harvastsociated total mortalgiistainable based on current productivity levels

Catch monitoring Needtoassess currecsitchand complianceonitoring across all fisherigsmarine and freshwater aeds
identifyhe biggesgiapst?

First Nations participation if Concerns abdtitst Nations not being included in monitor8wmne First Nations hexgerience @erceived an

catch monitoring unwillingness to consider local capacity mitdormgavithin their territory

Total mortality Need to have better estimates totahenortality from fisheri€gcl. catch, bycatch, encounter rates, discard

/longterm release mortalities).
A Isretained catcbeing accurately and completely estimated?
A IsChinoobycatchbeing accurately estimated?
A Islongternrelease mortalityeing accurately estimated?
A Isdepredatiorgforcible removal by predators of fish directly from fishing gear) being accuPately esti
A Is bngtermmortality from dropfffromgillnets and other fishing lpeimg accurately estimated?
A Iscompliancéeing accurately estintated
A Is impact einvironmental conditions on pesteasesurvivalbeing considefed

Setting ERs Technical basis for settjpigmal exploitation ratésweak for many stocks. Need to consider total allowabls
from all factors and account f or Thelbiggespraributidgaotar to
this knowledge gap is the lacRddrilyses for most pdjmria to be ablegstimate byt

Ecosystedevel impacts The ecological impact ofé¢hmval of biomagsiue to harvest.

Fishemnduced evolution | Genet i ¢ ri sk of modi fying popul at ( b fiskeryfinduted f i
evolutio ) .

Fishemnduced changes Are certain harvest patterns (e.g., size, timing) contebluiieg foroductivitipr certain stocks

Climate Change

| Various mechanisms Incomplete knowledge of expected changeteatidl impacts on different aspects of Chinook life history d | All

Future Work:
Completion of the last two fields of the table.

0 Fa example, 1) some CSPI participants identified gaps in freshwater catch monitoring in certain areas, and 2) partidigéotsghadiffering views on the
strength and representative of the recreational catch and compliance monitoring system.
1 Linkageo Status and Trends knowledge gaps.
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3.2.1 Assessment Monitoring

Appendix G summarizes the current state of the overall assessment prdgraouthern BC

Chinook salmon, by CU. The table illustrates whether the level of representation of each CU within
the current framework is adequate, deficient or nreristent. For example, some CUs have a strong
CWT hatchery indicator, multiple rivers trare assessed, and well represented in PST Chinook
Technical Committee analyses, whereas there are other CUs (and even entire PST Management
Units) that have no CWT indicator (often because no hatchery exists in the area), no/few rivers that
are assesse@nd in some cases CUs for which even the general ocean distribution pattern is
unknown.

Significant gaps in the assessment of southern BC Chinook CUs are:

1) We still have CUs that are completely unrepresented within our CTC management

2) There are several P8Us that really do not adequately represent the behaviour of the
fish (i.e., FraseBpring 52sinclude farnorth migrating Birkenhead with the remainder
being offshore; similar issues in FraSeimmer 52s and other aggregates that include
multiple run iming groups)

3) The lack of CWT indicators in the Frageg.Spring and SummerZs far-north migrating
springs) and in other areas.§.Homathko, Klinaklini)

4) The lack of any higprecision escapement work in many areas, which means no possibility
of reliably determining escapement by age and sex.

Future Work:

Further work on this section and Appendix G is currently underway.

Additionally, work is being done on a comparable appendix to identify the state of fisheries
monitoring for southern BC Chinook s almon, to similarly identify strengths, weaknesses
and gaps.

3.2.2 Freshwater Habitat z Ability to determine impacts of environmental conditions

The ability to understand environmental impacts on Chinook salmon within freshwater habitat is
increasingly becomingnportant in order to identify management actions to mitigate the effects

and support reproductive success. Monitoring environmental conditions increases our knowledge of
how Chinook salmon utilize freshwater habitat in varying conditions. Informatioacted on river
temperatures, migration, and reproductive success under varying and changing environmental
conditions enables better management that can allow feséason adjustments of fisheries in
response to adverse effects. Collecting essential inétion in freshwater habitat is encouraged to
close this knowledge gap to not only better manage fisheries but also to fully understand the
potential impacts under varying environmental conditions.

3.2.3 Climate Change - Future Impacts

It is very possible that climate change will eventually bring Chinook habitats outside the range of
previously observed environmental conditions, or so variable that adaptation is not possible.
Furthermore, there could be a tipping point (or series oksfrolds) that once crossed, limit the
adaptive responses of Chinook and results in irreversible loss of genetic diversity and productive
capacity. Partitioning observed changes in Chinook status among competing sources of variation
continues to be an aregrimarily of speculation rather than scientific finding. Continuing to use
available tools to assess (andassess) cumulative ecosystem impacts and to conduct scientific
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experiments to measure physiological responses to changing environmental coaditibhelp
inform this work.

3.2.4 Hatchery Production

The principle knowledge gaps that exist with respect to the interactions between hatchery and wild
Chinook populations in southern BC are those relating to the magnitude of changes in fitness of
Chinook poplations that are subject to hatchery influence (direct and indirect). Current work that is
ongoing to better understand the magnitude and extent of interactions will help to inform current
status, but the outcomes of this work will be needed to betterreleéerize the risks and to inform
future hatchery planning, assessment and monitoring work.

Detailed understanding of potential ecological interactions between hatchery and wild salmon
populations also remains a gap. While it is generally understood tirergotential interactions in

the marine and freshwater environments, there are a lack of tools available to appropriately assess
and manage these interactions in southern B@en the relatively small magnitude of southern BC
hatchery Chinook productiocompared to that from other jurisdictions in the North Pacific, it is

most likely that effects directly attributable to BC hatchery production would exist in the early
marine environment, however this continues to be an area where better informationeidate

3.2.5 Harvest
The Science Panel report summarizes the knowledge gaps associated with harvest as follows:

The limited number of indicator stocks, especially for the offshore ocean distribution type (stygpem

spring Chinook), limits the level of assuramneith which estimates of total exploitation rates for indicator
stocks can be used to infer likely exploitation rates for untagged stocks of interest. Inconsistency in
estimated total exploitation rates for Dome Creghkatchery chinook no longer producido longer

tagged) and Nicola River spring Chinook is also of concern. It is important to have at least one additional
indicator stock for the offshore ocean distribution type, with a strong preference for the upper Fraser
region.

Quantitative abundancestimates (rather than qualitative indexes) of spawning escapements and
freshwater harvests are lacking for most southern BC Chinook CUs, thereby ruling out formal stock
recruitment analyses for estimation of steskecific productivities and assessmenpofsible temporal
changes in productivities. Watershed and habitaised methods for estimating productivities likely have
merit, but they are less desirable than ste@cruitment analyses, in particular because they do not allow
incorporation of marine @rvival rates as a factor that may influence recruitment production.

We note the critical role that estimates of total exploitation rates and marine survival rates, based on tag
recoveries of CWT releases of indicator stocks, have played in our asses$ienpossibility that

harvest (and also ocean environment) may be a continuing serious stressor on southern BC Chinook. It is
critical that such estimates are available in the future.

- Riddell et al. (2013, p. vii)

3.2.6 Cumulative Effects

Cumulative effectsra the net consequences of the aggregate stresses (both natural and
anthropogenic) that determine the status and sustainability of a valued ecosystem component
(Greig et al. 2003), and should ideally be assessed at the scale of ecological regiondhyaetalet

of individual projects (Duinker and Greig 2006). Cumulative effects were considered in the analysis
of Fraser sockeye completed by the Cohen Commission (Marmorek et al, BOtLddmainone of

the largest knowledge gaps in the management of Rasgfmon.
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Qumulative effects on salmon populationan occuin multipleforms:

1 the total impact of a single type of stress that has occurred repeatedly over tirpessibly
increasing in frequency or magnitude (e.g., the cumulative effect of water pmilun the
Fraser River estuary over the past four decadés)focus management efforts, it is important
to improve understanding atfhe relative impact of each stressor onGhinookduring the
completion of its life history

1 the total impact of a singletype of stress that occurred repeatedly over spa¢e.g., the
cumulative effect of multiple mountain pine beetle outbreaks across the entire Fraser River
watershed);

1 the total impact of many different types of stressors at one point in time or over a period
of time (e.g.,the cumulative effect of changing climate, increased mammal predation, and
increased harmful algal bloom<)f particular concern are stressors ttatuld act together
in a nonadditive (multiplicative) fashion, causing inordinate effects when combifée.
interaction of water conditions together with nelethal fishing impacts would be an example.

Anadromous fish face a wedhown set of stressorduring the completion of their life cycle; these

are documented in this report by (1) freshwater habitats (impacts to water flow, water temperature,
water quality, and spawning conditions), (2) marine habitat (Estuarine, near shore, offshore), and (3)
gengalized humarinduced stressors spanning both environments, including the impacts of fishing,
climate change, hatchery releases and the introduction of exotic species that compete with or
predate on juvenile salmonid§igured).

Since some stressors can accumulate over their entire life hidtagyred), it is vey difficult to

ascertain the relative contribution of different stressors to observed outcomes. The only way to
tease out such relationships is by examining strong contrasts across time, space and stocks (e.qg.,
Marmorek et al. 2011, Peterman et al. 20180)d making inferences based on correlations of
stressors and responses, ideally supported by experimental evidence ofefi@skerelationships.

The CSPI recognizes the importance of cumulative effects, and the need for maintaining a systematic
and weltdesigned monitoring program across all life stages to provide insights on potential
cumulative effects, conducting various forms of applied research to test hypotheses regarding
potential impact pathways, and periodically synthesizing all available dataimassessment of
cumulative effects. The current assessment program in DFO acquires habitat and fish assessment
data for the freshwater and marine portions of the life cycle, as well as gathering data on hatcheries
and harvest. DFO is partnering with tRacific Salmon Foundation and others to fill in critical
information gaps regarding pathogens, the effects of aquaculture, and changes in marine habitat
(e.g.,Strategic Salmon Health Initiatieed Salish Sea Marine Survival Proj@$sF 2015)).

The management challengensade even moreomplexby mutiple stocks cemigrating as
aggregate populationgnd subjected to fisheries as well as other stresses. Maintaining a diverse
portfolio of stocks has been shown to have increases the resilience of the entire aggregate
population of salmon in Bristol B&$chindler et al. 2010fFrom a practical perspective, the main
objectives in managing cumulative effects aretedict (1) where and whethe cumulative effects
of humaninduced stresses can be tolerated (and where when they canaot) (2) where linted
resources are best agptl to mitigate ongoing stress.
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Figure4. Conceptual illustration of the cumulative effects of different stressors affecting Chinook salmon.
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4 Objectives

The SPC developed an initial set of biological, social and economic objectivedat w@rkshop in
March 2013 (Compass 2013). The TWG used a subset of these objectives in Januarya2014 for
gualitative evaluation of generadtrategic directionslevelopal by the SPC (ESSA 20T4ple5

builds on this and other previous work, proposing a hierarchy of objectives at 5 levels (the columns
in the table): 1) objectives fro the Wild Salmon Policy; #)ndamentalobjectives \hat is desired)
developed by the SPC;Bpans2 6 2SOl A @Sa (2 | OKAS@S G(KS {t/ Qa
associated with the means objectives; and 5) candidate performance measures for ¢laeh of
candidate indicatorsTable5 also indicates the class for each fundamental and means objective (i.e.,
biological, social, or economic) and its desired direcfi@n, increasing or decreasing). It is

anticipated thatTable5 will be further refined as the strategy is implemented, particularly the
indicators and performance easures, which need to be monitored and/or modelled to provide
feedback on the effectiveness of the strategy in achieving the listed objectives. Indicators will vary
depending on the availability of data across CUs.
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Table5. Hierarchy of objectives, indicators and performance measures proposed for the CSPI.

are not harmigsident Kille
Whale populations

rate of Southern Resident Killer Whales (S
to current harvest rateSlohookalmon

between SRKW metrics and
Chinoolbundance indicatorg

WSP | SPC Proposed Mear@bjectives | Class | Desired | Indicator(s) / Criteria to Assess Performance Measures Source
Object | Fundamental Direct (evaluations of indicators to
Objectives yield insights on progress)
1. Habitat and Ecosystem Integrity

Sustain Increase thguantitypf Bio. - Sep(spawners required for replacement) a| Change over time in area of | Parken et al. 200¢
freshwater | freshwater habitat (carrying Smsy(spawners geired for maximum accessible habitatp8nd Ssy
habitat capacity) in CUs where that sustainable yield), estimated either directly due to habitat restoration act

> carrying appears to be a factor limiti spawnerecruit data or from GIS informatio| (e.g., barrier removal) or hun

5 capacityB5) | freshwater production (e.g., barriers and area of accessible spawning { natural disturbances (e.g.,

% remove barriers to allow rearing habitat (accounting for life history { barrier creation)

= Chinooko access high quali Summarized by reach, watershed or CU.

o) habitat)

[

Zf Maintain or improvedbality | Bio. - Many possible habitat indicators (Nelitz 24 Trends through time in key | Nelitz et al. 2007g

2 of habitat attributes that are 2007b); key is to determine within each C| indicators limiting freshwater| 2007b

e critical to local freshwater ones are limiting local product@mraiok production within each CU o

@ production @hinookalmon . . watershed Marmorek and

= Relrla\tlve (Ijevejtﬁ cun(;ulatlve stress by GU, r¢ tal ch f Porter 2009

= evaluated every 10 years. Decadal changes in % o

§ watersheds Biw moderater Porter et al. 2013

< umulative risk based on

g methods in Porter et al. 2013

§ Sustain Ensure that there are suffici Bio. - 5year average recruitment ayehb Trends over time ipear Proposed indicatq
salmon Chinookostharvest to susta escapement as indicators of available prey average recruitment aydd | - builds on woik
contribution t| Chinooklependent predator Chinooklependent predators average escapement Nelitz et al. 2006
ﬁgglst)r/(séz;n Ensure th&hinookarvests | Bio. ® Sensitivity &cundity and population growt| Changes in the relationship | Warcdet al2013; ;

Hilborn et al. 2017
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WSP SPCFundamental Proposed Means Class | Desired | Indicator(s) / Criteria to Assess | Performance Measurgs/aluations of | Source
Object | Objectives Objectives Direct indicators to yield insights on
progress)
2. Conservation
At least sustain and Bio. - SBCChinookVSP integrated statu| Integrated WSP StatuS§s irRed, CSAS
preferably improve overi papefred, yellow, green integratel YelloworGreercategorny paper in
(w:ld andtt)enh;nced) status assessment Comparison of spawning abundance PTeP:
salmon abundar(@) various WSP biological benchmarks| .cy
At least sustain and Bio. - dashboadd
preferably improve wild
salmon abundan@&?2)
c
g Ensure thatal fishing | Bio. ® a) Total fishing mortalities (M8M CurrenTFMvs. historic productivity | Riddell et
Twu mortalityatesemain TFMthat would generate MS c TEM t productivit al.2013
o belowevel required to (' sy for indicator stoddased U S. current productivity
S reachtMSY onhistoriproductivity (see Riddell et al. 2013, which provig
S b) TFMvs.emsyfor indicator stock| emsyfor historic am®% historic
ke based onurrenproductivity productivity for CDN indicator stocks|
»z Maintainpawner Bio. = a) Time series of spawner % years in which spawners exceed g See CTC
> abundance above abundances. escapement go| or benchmarks over last 10 years an{ report:
‘> escapement goals or or WSP benchmarks pattern of change over time REPORT
. WSP benchmailkghere b) Recent tresd spawner ; TGCHINO
= . P % change in spawner abundance ovs
g availableand/omaintain abundance 1(6 yearg P OK(15)2,
= positive trend in spawn pg. 98
S abundance
o
Q Maintaistock status in | Bio. - a) FraseChinooknanagement |%years objective achieved id®ysars| Post
b green zone units and pattern of change over time season
S b) WCVLChinook reviews
> c) Cowichan
2 d) Others
n Maintain harvest rates | Bio. ® a) Exploitation rate or total fishi| % years actual outcomes met or exg Post
below harvest objective mortalities vs. management | in last 10 years and pattern of chang season
or fishery reference poi objectives for specific stocks| over time. reviews
b) Actual Harvests or Total .
mortalities (incl. catch + jﬁ \égg/lance from targets (e.§%tvs.
releases) vs. TAC for domes %)
fisheries (also sie¢ernational
objectives)
At least sustain and Maintain viable numbel Bio. - Distribution of spawners across | Trend through time in % of spawning

preferably improve salm

spawning distribut{Bi3)

ofChinookpawners

historic spawning areas

areas within each CU that have viab

numbers of spawners (targets TBD)
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WSP SPCFundamental Proposed Means Class | Desired | Indicator(s) / Criteria to Assess | Performance Measurgs/aluations of | Source
Object | Objectives Objectives Direct indicators to yield insights on
progress)
across all historic
spawning areas
Sustainenetic diversity | Preserve or enhance | Bio. -
(B4) genetic diversttyough
hatchery programs
Minimize the negative | Bio. ® Proportion ¢fatchenOrigin Maintain PHOS < populsacific Table Het
impacts of enhanceme| (PHOS)| SpawneréPHOS) thresholds, and PNI > populsiecific | (pg. 120) in
on the genetic diversity Proportionate Natural Influence (i thresholds vulnerable populations in Riddell et
wildChinookopulations ( port o ur f _”ﬂ ® socand wev al. (2013);
in areas of potential estimates the degree of influenc
concern (Cuprrerfﬂyait the hatchery environment on the Note: pHOS and PNI thresholds do | Busack et
ofGeorgiagdG) and ~ (PNI) | mixed hatchery and natrigin currentlyést al. (2006)
WCVI). spawnejs
WSP SPC Proposed Means Class | Desired | Indicator(s) / Criteria to Assess Performance Measurgsaluations of Source
Object | Fundamental Objectives Direct indicators to yield insights on progress)
Objectives
3. Internationad Pacific Salmon Treaty (PST)
Maintain harvest bel¢ Bio. ® MaintaidABM harvests befmeseason and a) Comparison of North CoastANBM PST
Total Allowable postseason TAC harvestto. preseasomndpostseason Post
Catch(TAC) ceilings TAC season
that are developed b) Comparison of West Coast of Vancouy Reports
" based oAggregate IslandWCWVIAABM harvedtspreseason| or CTC
% Abundance Based and Reports
S Management postseason TAC
M (AABM)objectives c) Comparison 8butheast Alaska (SEAK)
- according schedule AABMarvestto preseasorandpost
g inPacific Salmon season TAC
2 TreatyRST) %years objectivesetin lastLOyears by
o indicator stocéind pattern of change over tin
Q0
w Individual Stock Bas ® Canada and the United States shall limit| %years objectives exceeded ihQgsars by | CTC
Management (ISBM) total adult equivalent mortality rate in the| indicator stoelkd pattern of change over tim| annual
objectives aggregate of their respective ISBM fishe reports
no greater than 63.5 percent and 60 perd
respectively, of that which occurred durin
1979 to 1982 base peoiothe indicator
stocks identified in Attachments IV and V|
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stocks not achieving their management
objectives.
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