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Executive Summary

Pacific salmon are of immense
ecological, social, economic, and
cultural importance on the Central
Coast of British Columbia, Canada.

However, many populations are declining or imperiled. These declines may
be due to human-driven threats such as overfishing, and habitat loss and
degradation, and be exacerbated by recent periods of poor marine survival
and the impacts of climate change on oceanic and freshwater habitats.

In Canada, there is no overarching strategic framework for determining
how and where to invest limited funds to address the multiple threats
facing Pacific salmon. While Canada’s Wild Salmon Policy® calls for the
strategic prioritization of salmon conservation and management actions,
there is little guidance on how to evaluate and prioritize actions. Existing
budgets available for salmon conservation are insufficient to effectively
abate all current threats and ensure the persistence and recovery of all
populations. It is therefore essential to adopt a systematic and transparent
prioritization process that allocates funding to actions that will achieve the
greatest return on investment (i.e., maximize the recovery of at-risk salmon
populations, while safeguarding populations that are healthy and not
currently a conservation concern).

Using a decision-support tool — the Priority Threat Management framework
— we identified and prioritized the most cost-effective conservation
strategies for Pacific salmon on the Central Coast of British Columbia (BC).
Specifically, we focused on five species of Pacific salmon and 79 groups
of genetically, ecologically, and spatially distinct populations of wild
salmon, known as Conservation Units (CUs) under Canada’s Wild Salmon
Policy. Using a structured expert-elicitation process, we worked with
regional salmon experts, including natural resource managers from four
First Nations whose traditional territories are within the Central Coast, to
quantify the benefits, costs, and feasibility of implementing 10 different
conservation strategies over the next 20 years.

Executive Summary | BC Central Coast: Prioritizing Strategies for Pacific Salmon Recovery and Persistence



Summary of key findings

1.

Current investments in salmon conservation

are insufficient to support healthy and thriving
populations over the next 20 years. In the absence
of implementing the management strategies
outlined in this report, only one in four CUs on

the Central Coast will have a greater than 50%
probability of being healthy and thriving within the
next 20 years (Table 3; Figure 3).

While experts felt that the overall outlook for
Pacific on the salmon is concerning, experts
believe that implementing the identified
conservation strategies is expected to
significantly improve the overall prospects for
salmon. If all 10 proposed conservation strategies
were implemented, almost all CUs (78 of 79) are
predicted to have greater than 50% probability of
reaching or maintaining a thriving condition after
20 years (Table 3; Figure 3). Of these CUs, 34 chum,
Chinook, coho, pink and some sockeye CUs were
predicted to reach a higher than 60% probability
of recovery. The cost of implementing all proposed
strategies is estimated to be $17.3 million (cAD)
per year over 20 years.

4 BC Central Coast: Prioritizing Strategies for Pacific Salmon Recovery and Persistence

3. Experts predicted that limiting future industrial

development in salmon habitats was beneficial
and relatively cheap (Figures 4 & 6), suggesting
that proactively safeguarding salmon habitat
and avoiding future threats is more cost-effective
than allowing industrial development to occur
and acting after salmon populations become of
conservation concern.

Implementing three of the habitat strategies
would achieve similar benefits to implementing
all 10, for less cost. These strategies are protecting
and restoring habitat and watershed hydrology
from the impacts of forestry; restoring stream
habitat to increase egg and juvenile survival; and
removing artificial barriers to migration. Together,
they cost an estimated total of $11.3 million per
year, which is 35% cheaper than implementing all
strategies (Figure 5).

Independent of the management strategies, an
additional $o0.7 million per year is needed to
conduct monitoring and assessment of salmon
CUs, above what is already spent on monitoring

in the Central Coast (Table 4). Monitoring and
assessment is considered to be an enabling
strategy — a strategy that underpins the success of
all other strategies identified by the experts.

Executive Summary



Contents

EXecutive SUMMArY ... vvitiitiiitiiieiineensroeeresssesrosssnssosssnsssnns 3
Summary of key findings . ......oiii i e 4
Introduction ... ..ot it ittt ittt it e, 6
Priority Threat Management Framework ............cooiiiiiiiiiiiiiiiinnnn, 8
STEP 1 — Define objectives, scope, and timeframe . ............ ... ... ..... 9
STEP 2 — Identify salmon CUSt0 CONSEIve ........ovuniiivinnennennennnnn. 9
STEP 3 — Identify threats, strategies, and actions. ......................... 10
STEP 4 — Estimate costs and feasibility of actions ........... ... ... ... ... 13
STEP 5 — Identify benefits of strategies . ....... ... oo i i i 13
STEP 6 — Cost-effectiveness calculation ......... .. ..o i, 13
RESUILS ..ttt ittt it i e e eeeeneeeeeaeasesaseoeacacacacacasanannns 14
Predicted outcomes for ‘baseline’ and ‘all’ strategy scenarios............... 14
Costs and benefits of strategies — Simple Ranking Method. . ................ 16
Complementary strategies to maximize conservation success............... 18
Recommendations. .......cviiiiiiiiiiieiinreinrneeressoeerossonssonsnns 20
L0007 T 1T+ 22
3L =1 1§ (oA 23

Contents | BC Central Coast: Prioritizing Strategies for Pacific Salmon Recovery and Persistence

5



Introduction

ACIFIC SALMON have been exceptionally

important to communities on the Central Coast

of BC for millennia.>3 Unfortunately, many
salmon populations in the region are in decline.45¢
A recent assessment of the current conservation
status of salmon on the Central Coast has shown that
several Conservation Units (CUs)* are in urgent need of
conservation intervention due to declining abundance
relative to historical abundance.” These declines have
resulted in diminished fishing opportunities®? and
the loss of livelihoods, and have impacted the cultural
identities of Indigenous communities. In addition,
declining abundances and associated reductions in
salmon biodiversity may adversely impact aquatic and
terrestrial ecosystems in this region.1213

Currently, there is no overarching strategic framework
for determining how and where to invest limited

funds across multiple actions to maximize the
probability of recovery and persistence for salmon

CUs. While Canada’s Wild Salmon Policy and regional
First Nation communities® recognize the need for a
strategic prioritization of management actions, there

is little guidance on how to successfully achieve

this.» 7 Typically, resources are allocated to the

most threatened populations or species (e.g., Cultus,
Sakinaw, or South Atnarko sockeye CUs).*®:2° However,
they may have the lowest probability of recovery, and
may require the most expensive management actions,
compared to less threatened populations with higher
recovery potential. If the overall objective is to increase
the number of healthy populations or species (through
recovery of at-risk CUs, and maintenance of those CUs
currently in good condition), then focusing on the most
threatened CUs might not be the most cost-effective
approach.

Deciding where and how to invest in recovery and
conservation efforts for salmon on the Central Coast
therefore remains a pressing challenge. The factors
responsible for declining salmon populations

are complex and poorly understood, and include
overharvest, habitat loss and degradation, barriers to
salmon migration, disease, predation, poor marine
survival, and climate change.?*22-23 Existing funding
available for salmon conservation is inadequate

to mitigate all threats and conserve all salmon
populations.?4 Limited resources mean that trade-
offs are required between various recovery actions.
Decision-support tools that explicitly incorporate
both the cumulative benefits across all species or
populations of interest, and the costs and feasibility
of implementing actions, can help to identify the most
cost-effective solution, while maximizing the benefits
to biodiversity.?>2°

This project used a decision-support tool called Priority
Threat Management (PTM) to help identify which
conservation strategies are likely to maximize both the
probability of recovering at-risk Central Coast Pacific
salmon CUs and the probability of safeguarding healthy
CUs against future threats. The output of this work

is intended to provide the Central Coast Indigenous
Resource Alliance (CCIRA) and the four First Nations
(Heiltsuk, Nuxalk, Kitasoo/Xai’xais, and Wuikinuxv),
whose traditional territories span the Central Coast
region, with information on where and how to cost-
effectively prioritize strategies to manage and reduce
threats for salmon CUs.

The project focused on the Central Coast of BC, a region
that includes the marine and terrestrial traditional-
use areas of the Heiltsuk, Nuxalk, Kitasoo/Xai’xais,

* Conservation Units (CUs) are geographically, ecologically and genetically unique groups of wild salmon

populations identified under Canada’s Wild Salmon Policy.

6 BC Central Coast: Prioritizing Strategies for Pacific Salmon Recovery and Persistence
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FIGURE 1. Map of the Central Coast study area encompassing the traditional use territories of the Heiltsuk (Bella
Bella), Kitasoo/Xai’xais (Klemtu), Nuxalk (Bella Coola), and Wuikinuvx (Wuikinuxv Village) Nations.

and Wuikinuxv Nations (Figure 1). This region is in
the temperate rainforest, with relatively low levels of
industrial development, supporting hundreds of wild
salmon spawning locations comprising 79 CUs.

This project was undertaken in collaboration with
these four First Nations and CCIRA, who together are
instrumental in the management and conservation

Introduction | BC Central Coast: Prioritizing Strategies for Pacific Salmon Recovery and Persistence

of salmon in the Central Coast. Recent work by the
Pacific Salmon Foundation, in collaboration with the
four CCIRA-member Nations, Fisheries and Oceans
Canada (DFO0), and regional salmon experts, assessed
the current status of Central Coast salmon CUs and
their freshwater habitats, which provides the baseline
information for this project.”



Priority Threat Management Framework

HE PRIORITY THREAT MANAGEMENT (PTM)

framework can help decision-makers

determine which management strategies will
recover and safeguard as many species or populations
as possible per dollar invested.?”28 The PTM framework
evaluates the cost-effectiveness of conservation
strategies using structured expert-elicitation
workshops. This method prioritizes conservation
strategies, rather than prioritizing specific areas or
individual species. The PTM Framework has been
applied extensively worldwide, including here in
Canada,? and offers great potential to guide strategic
planning efforts for salmon CUs in a way that reflects
community objectives and priorities.

The PTM framework involves a six-step process,
including identifying strategies that mitigate threats
to the biodiversity features of interest (in this case

salmon CUs), and estimating the costs, feasibility, and
benefits of each strategy (Figure 2). For this project,
STEPS 1—3 were conducted during a day-long workshop
in Vancouver, BC, with First Nation representatives

and Pacific Salmon Foundation in May 2018, followed
by several conference calls. STEPS 4 and 5 were
conducted during a two-day workshop in June 2018,
with a panel of 19 experts who had expertise in salmon
threats, the feasibility and costs of conservation
options in the Central Coast and/or the ecological
response of salmon to each strategy. Experts included
representatives from the CCIRA and the four CCIRA-
member Nations, academics, and resource managers,
scientists, and practitioners from federal and provincial
governments and non-governmental organizations.
Further details on the methods are provided in the
scientific paper describing this project.s®

STEP 1 — Define objectives, scope, and timeframe

Initial workshop
with First Nations

STEP 2 — Identify salmon CUs to conserve

STEP 3 — Identify threats, strategies, and actions

Second workshop
with First Nations
and other experts

STEP 4 — Estimate costs and feasibility of actions

STEP 5 — Identify benefits of strategies

Follow-up conference calls
and analysis

STEP 6 — Cost-effectiveness calculation

ONGOING — Communicate results

Ongoing meetings
and conference calls

ONGOING — Prioritize strategies and implement

ONGOING — Monitor and evaluate, reassess

FIGURE 2. Priority Threat Management framework. Figure adapted from Carwardine et al. (See reference #27.)

8 BC Central Coast: Prioritizing Strategies for Pacific Salmon Recovery and Persistence
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STEP 1 —
Define objectives, scope,
and timeframe

The objective of this strategic planning process was
to maximize the number of thriving Central Coast
Pacific salmon CUs, over a timeframe of 20 years. A
‘thriving’ population was defined as one that fulfills its
ecological function and role, and provides livelihood
opportunities for present and future generations. This
objective is analogous to maximizing the number of
CUs in the ‘green status zone’ under the Wild Salmon
Policy, where the need for conservation intervention
is low and fishing for First Nation Food, Social, and
Ceremonial (FSC), and commercial and recreational
purposes, is possible.

STEP 2 —
Identify salmon CUs to conserve

We included 79 salmon CUs from five Pacific salmon
species that are within, or overlap with, the traditional
territories of the four CCIRA Nations — Kitasoo/Xai’xais,
Heiltsuk, Nuxalk and Wuikinuxv (Figure 1). These 79
CUs were clustered into nine groups for the analysis,
with the idea that those grouped CUs would experi-
ence similar threats and have similar responses to
management strategies (Table 1). Including CUs with
green status into the analysis, in addition to those

with amber, red and data-deficient status, ensures that
conservation strategies (STEP 3) are designed to pro-
mote recovery of amber- and red-status CUs while also
avoiding future declines of green-status CUs.

TABLE 1. Salmon species included in the analysis, their CU groups, and the CUs included in each group.
Status is based on data current to 2017, using historic spawner abundance benchmarks. (See reference #7.)

Status of CUs

CU group CUs included in group

Data-

A
mber Deficient

Green

6 CUs — Rivers Inlet, Wannock, Bella Coola-Bentinck, Dean River, NCC-late

hinook
Chinoo timing, NCC-early timing

9 CUs — Smith Inlet, Rivers Inlet, Wannock, Spiller-Fitz-Hugh-Burke, Bella
Chum Coola-Dean Rivers, Bella Coola River-Late, Hecate Lowlands, Mussel-Kynock, 5
Douglas-Gardner

6 CUs — Smith Inlet, Rivers Inlet, Bella Coola-Dean Rivers, Mussel-Kynoch,

Coho
Hecate Strait Mainland, Northern Coastal Streams

Pink 5 CUs — Hecate Lowlands, Hecate Strait-Fjords, Homathko-Klinaklini-Rivers- 3 2
Smith-Bella Coola Dean, Hecate Strait-Lowlands, Hecate Strait-Fjords

8 CUs — Canoona, Kainet Creek, Koeye, Kwakwa Creek, Namu, Port John,
Green A . 8
Roderick, Tankeeah River

35 CUs — Bloomfield, Borrowman Creek, Busey Creek, Chic Chic, Fannie Cove,
Dallain Creek, Elizabeth, Elsie/Hoy, Evinrude Inlet, Higgins Lagoon, Kadjusdis
River, Kdelmashan Creek, Kent Inlet Lagoon Creek, Kildidt Creek, Kildidt Lagoon

Amber & Data
Creek, Kisameet, Kunsoot River, Limestone Creek, Mary Cove Creek, Mcdonald 4 31

. Deficient - Coastal
Lake-type Creek, Mcloughlin, Powles Creek, Price Creek, Ship Point Creek, Stannard Creek,
sockeye Talamoosa Creek, Treneman Creek, Tuno Creek East, Tuno Creek West, Tyler
Creek, Wale Creek, Watt Bay, West Creek, Yaaklele Lagoon, Yeo
Amber & Data
) 6 CUs — Owikeno, Wannock[Owikeno], Soda Creek, Dome, Kimsquit, Pine River 1 5

Deficient - Inland

South Atnarko 1 CU — South Atnarko Lake Sockeye -
River-type sockeye 3 CUs — Rivers-Smith Inlets, Northern Coastal Fjords, Northern Coastal 3

Priority Threat Management Framework | BC Central Coast: Prioritizing Strategies for Pacific Salmon Recovery and Persistence



STEP 3 —
Identify threats, strategies, and actions

We identified major threats to Pacific salmon on the
Central Coast based on a literature review and expert
knowledge elicited through workshops, conference

calls and meetings with First Nation representatives,
managers and researchers. The primary threats to Pacific
salmon on the Central Coast of BC that we identified
included overharvest, habitat loss and degradation due
to forestry, anthropogenic barriers in streams and rivers
that prevent salmon migration, industrial development
in critical salmon habitat, salmon aquaculture (due to

We identified 10 strategies that would address each
threat, and each strategy contains several specific
actions (Table 2). Strategies and underlying actions
were initially proposed based on a literature review
and examination of existing recovery plans, regional
landscape-scale marine and watershed plans, and
recent habitat assessments conducted by Pacific
Salmon Foundation, CCIRA, and the CCIRA-member
Nations,” and were finalized at the second workshop.
Three combinations of strategies also were considered,
as experts thought their combined benefits could

be synergistic if implemented together (Table 2). We
developed an Overarching Enabling Strategy for

Monitoring & Assessment that was considered essential
for effective implementation and evaluation of all

other strategies. We also developed an Overarching
Harvest Strategy that included several actions related

to governance, management planning, and the

risk of disease, parasites and pollution), hatcheries
(due to competition and genetic introgression), and
predation by marine mammals and other predators.
Strategies to mitigate other threats such as climate
change, deglaciation, and marine survival were not
explicitly considered in this project, as the resource development of harvest targets across fishing sectors,
managers at at the spatial and governance scale of this

project have little control over these threats.

and would be assumed to facilitate both the Sustainable
Commercial Harvest and Sustainable Recreational
Harvest strategies.

TABLE 2. Strategies and underlying actions designed to abate threats to Pacific salmon Conservation Units (CU)
on British Columbia’s Central Coast

Overarching » Establish monitoring programs for data-deficient CUs.
Enabling Strategy
for Monitoring &

Assessment *

» Conduct integrated Wild Salmon Policy status
assessments for CUs.

» Conduct intensive monitoring of adult escapement and
smolt abundance for CU indicator streams.

» Establish co-management of fisheries between First
Nations and Fisheries and Oceans Canada regarding
commercial and recreational catch limits, monitoring
and enforcement. Co-develop an Integrated Fisheries
Management Plan for the Central Coast.

Overarching >
Harvest Strategy T

Establish quantitative management targets for groups
of CUs.

» Support and collaborate with First Nation Food, Social,
and Ceremonial (FSC) initiatives to sustainably manage
fisheries and improve FSC catch data.

*  The costs of the Overarching Enabling Strategy for Monitoring & Assessment were considered essential regardless of whichever
other strategies were implemented.

t  Overarching Harvest Strategy had its costs divided across the Sustainable Commercial Harvest and Sustainable Recreational
Harvest strategies.

10 BC Central Coast: Prioritizing Strategies for Pacific Salmon Recovery and Persistence | Priority Threat Management Framework



1
Sustainable
Commercial Harvest

2
Sustainable
Recreational Harvest

3
Watershed Protection

4
Stream Restoration

5

Removal of Barriers
to Fish Passage &
Migration

6

Marine & Estuary
Habitat Restoration &
Protection

>

Shift towards terminal fisheries, and limit mixed-stock
catches to a lower percentage of total catch.

Improve enforcement of commercial fishery
regulations.

Reduce bycatch of non-target salmon species.

Improve regulations to limit fleet and operations
expansion by tourism and sport fishing operators;
monitor/regulate independent sport fishers.

Monitor and restrict Fish and Wildlife permits.

Set more restrictive daily and annual harvest limits per
person, based on number of licenses and management
reference points.

Set size limits for Chinook salmon (e.g., mandatory
catch and release of older/larger fish).

Increase compliance, auditing, and enforcement of
logging regulations and forestry practices.

Identify streams vulnerable to high temperatures and
variable flows. Then, implement relevant actions to
ensure future sufficient flows.

Maintain and restore riparian habitat characteristics
and processes (e.g., install large woody debris

and engineering stream banks to ensure habitat
complexity).

Remove significant barriers (e.g., culverts) to upstream
adult migration, or provide safe passage over these
barriers (locations identified in first action) and remove
significant barriers to juvenile dispersal to rearing
habitats.

Protect eelgrass and other juvenile salmon rearing
habitats, including prohibiting dredging and dumping
in nearshore habitats.

Restore estuaries degraded by forestry operations
(e.g., marine loading sites, log sorts, helicopter-drop
sites, booming areas, derelict vessels or fishing gear,
abandoned sites).

Implement strategies and best practices to reduce
future resource extraction impacts in the estuaries and
marine ecosystems.

>

Improve how the Pacific Salmon Treaty manages mixed-
stock fisheries in Alaska to reduce impacts on Central
Coast CUs.

Research: Routinely collect genetic samples for CUs to
identify catch composition of mixed-stock fisheries.

Limit catch and release mortality by reducing
interactions with non-target salmon species.

Improve recreational catch monitoring and estimated
mortality rates from catch and release fisheries for
coho and Chinook salmon.

Research: Estimate carrying capacity of tourism
operators on the Central Coast, and theirimpact
on salmon.

Restore watershed vegetation to pre-logging conditions
in addition to above existing work (e.g., reduce

surface erosion from roads in priority areas by road
decommissioning).

Conduct fine-scale habitat condition monitoring
in priority areas using established assessment
procedures (e.g., Watershed Assessment Procedure).

Research: Develop central database for habitat
restoration actions, with measures of effectiveness.

Research: Assess passability of barriers and stream
crossings in Central Coast to identify priority barriers
for removal.

Ensure that pollution policies and laws use
international best practice guidelines and are
implemented (i.e., develop and enforce provisions
related to compensation for the destruction of fish and
fish habitat).

Research: Identify critical habitats (i.e., nearshore
rearing/benthic habitat) for juvenile salmon on the
Central Coast.

Priority Threat Management Framework | BC Central Coast: Prioritizing Strategies for Pacific Salmon Recovery and Persistence
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12

Conservation Strategy
7

Limit Industrial
Development in
Salmon Habitat

8
Supplement
Small Populations

9
Predation Control

10
Salmon Aquaculture
Management

Combined Strategies

Combined Harvest Strategies >

Combined Habitat Strategies >

Combined Supplement Populations >
& Predation Control Strategies

All Strategies Combined

>

Limit future development and industrial activities
(e.g., mining, oil and gas infrastructure, wind farms,
aquaculture) that have the potential to impact salmon
habitats by developing protocol agreements between
First Nations and proponents and maintaining existing
tenures held by First Nations.

As a last resort for CUs in the critical red zone, initiate
hatcheries. Mark all hatchery fish to ensure adequate
monitoring and prohibit fishing on stocks enhanced for
conservation.

Monitor and improve the effectiveness of hatcheries
supplementing target CUs (e.g., parental based
tagging).

Trap sculpins when juveniles are migrating, especially
for populations in decline.

Conduct hatchery releases at night to minimize
predation risk by sculpins and trout.

Research: Identify importance and significance of
predation by pinnipeds on Central Coast.

Ensure existing salmon aquaculture facilities
implement best practices that prevent the spread of
parasites and disease to wild salmon.

Develop siting guidelines that preclude salmon
aquaculture tenures from overlapping with critical
habitats for wild salmon and juvenile migratory routes.

Incentivize land-based salmon aquaculture.

>

Manage water discharges from mines, gravel pits, and
roads to reduce water pollution.

Research: Identify impacts of dumping sites (e.g., from
clay mines) on out-migrating salmon.

Research: Assess risks of shipping traffic to salmon.

Provide full or partial fish ladders over natural barriers
(e.g., waterfalls) affecting access to new spawning and
rearing habitat (i.e., increase capacity of systems).

Build spawning channels, where appropriate.

Research: Evaluate current hatchery practices on
Central Coast and conduct a risk analysis of the use
of hatcheries and other options to supplement small
salmon populations.

Research: Conduct experimental culls (or traditional
First Nation harvest) of pinnipeds to investigate
effects at reducing predation pressure on juvenile and
adult salmon.

Research: Evaluate contribution of human-mediated
predation and haul-outs (e.g., docks or around fishing
vessels).

Research: Understand historical relationship between
First Nations, marine mammals, and salmon.

Create tenures owned by First Nations to control new
and existing aquaculture licenses.

Research: Synthesize monitoring data to assess the
impact of aquaculture on the Central Coast.

Research: Assess potential interactions and risks to
salmon populations transiting through aquaculture
operations.

Contained Individual Strategies

Sustainable Commercial Harvest strategy

> Sustainable Recreational Harvest strategy

Watershed Protection strategy

> Stream Restoration strategy

> Removal of Barriers to Fish Passage & Migration strategy

> Predation Control strategy

All 10 strategies together

Supplement Small Populations strategy

BC Central Coast: Prioritizing Strategies for Pacific Salmon Recovery and Persistence | Priority Threat Management Framework



STEP 4 —
Estimate costs and feasibility of actions

Experts estimated costs of labour, consumables and
equipment, travel, capital assets, overhead, monitoring,
and coordination for each action3* within each strategy.
Opportunity costs (i.e., foregone profits as a result of

a strategy) were not included in these calculations.
Experts also estimated the probability of uptake of each
action and the probability of success for each action.
The feasibility of each strategy was calculated as the
product of the probability of uptake and probability of
success, averaged across each underlying action.

STEP 5 —
Identify benefits of strategies

We used the modified Delphi technique3*33 — which

is a structured expert-elicitation method — to estimate
the benefits of each strategy to the CU groups. Fourteen
experts were involved in this step to estimate the
expected benefits of each strategy for each CU group.
For each strategy, each expert provided their best guess
of the probability that each CU within a group would

be thriving after 20 years, along with estimates of
confidence. These estimates of probability of achieving
the objective for each strategy were compared with the
experts’ estimates of a business-as-usual scenario. This
baseline scenario included all the current management
actions and policies that would continue for the next
20 years, while also considering current and emerging
threats. These actions included recovery planning,
Integrated Fisheries Management Plans that outline
annual harvest plans and management, and ongoing
monitoring and assessment programs for salmon CUs.

The ‘benefit’ of a strategy for a given CU group was
calculated as the difference between the probability
of achieving the objective under the baseline scenario,
and the probability of achieving the objective if the
strategy was implemented, averaged across experts.?”
The ‘cumulative benefit’ for a strategy was the sum of
benefits for all CU groups.

Priority Threat Management Framework

STEP 6 —
Cost-effectiveness calculation

The cost-effectiveness of each strategy was calculated
using two methods: (1) ranking based on a simple
cost-effectiveness equation, and (2) a complementarity
approach. In the ranking method, strategies (i) were
sorted based on their cost-effectiveness (E;), which

is the cumulative benefits (B;), multiplied by the
feasibility per strategy (F.), divided by the costs per
strategy (C)):

The complementarity analysis identified strategies that,
when combined, would increase the benefits across
as many CU groups as possible for any given budget.3*
Rather than choosing two cheap strategies that would
benefit the same CU group, the complementarity
analysis would select one of those strategies and
another slightly more expensive strategy that would
benefit a different CU group. Implementing one of the
cheap strategies and the more expensive strategy
would conserve a complementary suite of CU groups,
whereas implementing the other cheap strategy would
offer minimal additional benefit.

For this analysis, we defined arbitrary ‘thresholds of
conservation’ to determine the number of CU groups
that would reach a satisfactory level of protection under
any given budget. We selected conservation thresholds
of 50%, 60%, and 70% probability of achieving the
conservation objective — i.e., being a thriving CU with
green status in 20 years. The benefit metric per strategy
per CU group used in the complementarity analysis
was the ‘benefit’ estimated for that strategy, multiplied
by the feasibility, which was then summed with the
baseline probability of achieving the conservation
objective.

BC Central Coast: Prioritizing Strategies for Pacific Salmon Recovery and Persistence
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Results

Predicted outcomes for ‘baseline’ and
‘all’ strategy scenarios

Under the baseline scenario (i.e., business-as-usual,
with no additional investment in salmon conservation),
only 25% of the 79 Pacific salmon CUs on BC’s Central
Coast (8 green-status lake-type sockeye, 5 pink, and
6 coho salmon CUs) were predicted to have a greater
than 50% chance of ‘thriving’ and being in a green
state (i.e., the conservation objective) within the next
20 years (Figure 3). No CUs were predicted to have a
greater than 70% probability of reaching the stated
conservation objective under the business-as-usual
scenario (Figure 3; Table 3).

Lake-type Sockeye Green CUs

In contrast, if all 10 strategies were implemented, all
CUs (except the South Atnarko Lake Sockeye salmon
CU) would have a greater than 50% probability of
achieving the conservation objective (Figure 3).
However, less than half of all CUs (43%) — including
green-status lake-type sockeye, pink, coho, Chinook
and chum salmon CUs — were estimated to reach
greater than 60% probability of recovery (Table 3).
Amber-status, red-status, or data-deficient lake- and
river-type sockeye salmon CUs were estimated to have
less than 60% chance of recovery with all strategies
(Figure 3; Table 3).

Pink CUs

Coho CUs

Chinook CUs

Chum CUs

Lake-type Sockeye Amber & DD - Coastal CUs

Lake-type Sockeye Amber & DD - Inland CUs

River-type Sockeye CUs

Lake-type Sockeye South Atnarko CUs

Legend
. Baseline

Limit Industial Development
in Salmon Habitat

|| combined Habitat Strategies

Probability of CUs achieving objective 10%  20%  30%

40% 50% 60% 70% 80% . All Strategies Combined

FIGURE 3. Probability of CUs within each CU group obtaining a thriving status in 20 years (while accounting for the feasibility of
the strategy) under the (1) baseline strategy (business-as-usual), (1) Limit Industrial Development in Salmon Habitat strategy,
(i) the Combined Habitat Strategies (Watershed Protection, Stream Restoration and Removal of Barriers to Fish Passage &
Migration), and (1v) All Strategies Combined. The vertical lines show which strategies would ensure each CU group would have
at least 50%, 60% and 70% probability of achieving the objective. Note: the experts estimated the probability of achieving
thriving CUs was higher if All Strategies Combined were implemented, compared to the Combined Habitat Strategies. However,
once feasibility was factored into these calculations, the Combined Habitat Strategies resulted in a higher probability for some
CU groups. This figure presents a subset of strategies from Table 3.
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TABLE 3. Probability of CUs within each CU group reaching a thriving status within 20 years under different strategies, while
accounting for feasibility; DD = data-deficient. Darker shading shows the strategies that are predicted to result in »70%
probability of each CU within that CU group thriving in 20 years (i.e., more likely to be thriving and with a green status). Lighter
and medium shading demonstrates the strategies that will result in »50% or >60% probability of CUs thriving. White cells
suggest that the strategy has less than a 50% probability of recovering the CUs to thriving green status. Some strategies result
in similar outcomes and there may only be minimal additional benefits of implementing two strategies when one strategy may
be sufficient to achieve a particular conservation threshold. The complementarity analysis identifies which strategies would
achieve certain thresholds for the highest number of CUs for the least cost (shown in Figure 5).

CU group

Lake-type Pink Coho Chinook Chum Lake-type  Lake-type  River-type  Lake-type
Sockeye Sockeye Sockeye Sockeye Sockeye
Green Amber Amber South
&DD - &DD - Atnarko

Coastal Inland

Baseline 41.5% 38.4% 33.0% 28.7% 26.9% 26.1%

Sustainable Commercial

8.6 % 6% 0.6 % 8.3% 6.4 % 8%
i 4 45 4 38.3 36.4 35

Sustainable Recreational

Harvest 59.2% 45.3% 38.8% 31.1% 29.0% 31.0%

Watershed Protection 56.5 % 51.8% 45.6 % 42.6% 41.9% 35.6 %

Stream Restoration 56.7 % 55.4% 46.7% 43.7% 42.5% 36.5%

Removal of Barriers to Fish
Passage & Migration

g:sr;:;f’f:::‘;% :Z_ZZZt -- 59.9 % 52.9 % 48.3% 42.3% 39.5% 37.1% 32.0%
fr’;n;g/’:‘;f;ﬁztgivelo" ment --- 56.9 % 53.9 % 48.7% 40.1% 40.7 % 34.5%
iZZZ;Z:?::: Ll --- 53.5% 52.1% 42.7% 38.8% 38.6 % 35.7%
Predation Control -- 58.8% 53.0 % 46.3% 40.6 % 35.7 % 33.5% 30.4%
;‘Lera(;neque:‘;wlwre -- 53.1% 45.3% 42.3% 36.8% 32.7% 30.9% 29.5%
Combined Harvest Strategies ---- 53.5%
Combined Habitat Strategies -----

Combined Supplement
Populations & Predation 59.1 % 54.2% 48.1% 41.8% 41.3% 38.8%
Control Strategies

All Strategies combined ----- 55.7% 53.7% 51.5% 49.7%

53.8% 51.4% 47.5% 42.3% 41.8% 33.7%

46.8% 45.3% 43.1% 43.1%

56.3 % 53.0 % 47.5% 44.6 %
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Costs and benefits of strategies -
simple ranking method

Limit Industrial Development in Salmon Habitat was of this strategy. Predation Control (i.e., reduction of

the most cost-effective strategy based on the simple predation by problem marine mammals and other
ranking method (Table 4). This strategy aimed to predators) was the second most cost-effective strategy
restrict future development in critical areas of salmon (Figures 4 & 5; Table 4), and also had a low annual cost
spawning and rearing habitat. This strategy had a of $110,000 million. The average annual equivalent
relatively low cost of $150,000/year (compared to the cost of conducting all 10 strategies for the Central Coast
average annual cost of individual strategies = $1.73 region was predicted to be $17.3 million per year (total
million), and a high cumulative benefit across CU cost over 20 years = $346 million present value, which
groups (Figure 4). However, it is important to note that accounts for discounting into the future; Figure 4).

the analysis did not include the opportunity costs

TABLE 4. Benefits, costs, feasibility, and cost-effectiveness (CE) of each strategy to conserve salmon on the Central Coast of
British Columbia, ordered by cost-effectiveness from the ranking method. Benefit is the difference between the probability of
achieving the conservation objective (i.e., thriving CUs with green status) after 20 years under each strategy and the baseline
scenario per CU group, averaged across experts, and summed across all CU groups (see page 13). Cost is the average annual
present value (total cost of each strategy discounted at 4%, divided by the 20-year timeframe). (See reference #30.)

COSt (CAD) FeaSIblllty -

Limit Industrial Development in Salmon Habitat 1,490 $150,000 74%

Predation Control 1,241 $110,000 46% 253 2
Removal of Barriers to Fish Passage & Migration 1,395 $210,000 72% 239 3
Salmon Aquaculture Management 772 $90,000 34% 147 4
Watershed Protection 1,407 $540,000 70% 92 5
Marine & Estuary Habitat Restoration & Protection 1,293 $790,000 56% 46 6
Sustainable Commercial Harvest 1,406 $590,000 38% 45 7
Sustainable Recreational Harvest 707 $990,000 73% 26 9
Supplement Small Populations 1,102 $3,270,000 72% 12 11
Stream Restoration 1,421 $10,550,000 76% 5 13
Combined Harvest Strategies 1,818 $1,590,000 59% 34 8
Combined Supplement Populations & Predation Control Strategies 1,911 $3,390,000 57% 16 10
Combined Habitat Strategies 2,366 $11,300,000 73% 8 12
All Strategies Combined 2,896 $17,300,000 59% 5 14
Overarching Enabling Strategy for Monitoring & Assessment NA $700,000 71% NA NA
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Al strategies combined [
Combined Habitat Strategies I "
Combined Supplement Populations & Predation Control Strategies _
Combined Harvest Strategies _
Limit Industrial Development in Salmon Habitat
Stream Restoration
Watershed Protection
Sustainable Commercial Harvest
Removal of Barriers to Fish Passage & Migration
Marine & Estuary Habitat Restoration & Protection
Predation Control
Supplement Small Populations
Salmon Aquaculture Management
Sustainable Recreational Harvest

Cumulative benefit to salmon 500 1,000 1,500 2,000 2,500 3,000

Stream Restoration

Limit Industrial Development in Salmon Habitat

Combined Habitat Strategies

Sustainable Recreational Harvest

Supplement Small Populations

Removal of Barriers to Fish Passage & Migration

Watershed Protection

All Strategies Combined

Combined Harvest Strategies

Combined Supplement Populations & Predation Control Strategies

Marine & Estuary Habitat Restoration & Protection
Predation Control

Sustainable Commercial Harvest

Salmon Aquaculture Management

Feasibility 20% 40% 60% 80%

All Strategies Combined

Combined Habitat Strategies

Stream Restoration

Combined Supplement Populations & Predation Control Strategies
Supplement Small Populations

Combined Harvest Strategies

Sustainable Recreational Harvest

Marine & Estuary Habitat Restoration & Protection
Sustainable Commercial Harvest

Watershed Protection

Removal of Barriers to Fish Passage & Migration
Limit Industrial Development in Salmon Habitat
Predation Control

Salmon Aquaculture Management

]
Average annual cost (CAD/year) $5,000,000 $10,000,000 $15,000,000 $20,000,000

FIGURE 4. Benefits, feasibility and cost of strategies for Pacific salmon conservation on BC’s Central Coast. Average annual cost
is the full cost (present value) over the 20-year plan calculated using a 4% discount rate divided by 20 years. Coloured bars
show combined strategies.
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The combined strategy that was predicted to achieve
the greatest cumulative benefit was Combined Habitat
Strategies, which included three strategies: Watershed
Protection, Stream Restoration, and Removal of Barriers
to Fish Passage & Migration (Figure 4). However, this
combined strategy had a low cost-effectiveness rank
due to high implementation costs relative to other
strategies. Other costly strategies, including Stream
Restoration and Supplement Small Populations with
hatcheries and other enhancement methods, were the
least cost-effective (Table 4).

The Overarching Enabling Strategy for Monitoring &
Assessment of biological status of all salmon CUs
required an additional $0.7 million/year (including
data-deficient CUs; Table 4). Experts considered
investment in this strategy essential to support the
successful implementation of any other management
strategy. The wider social and economic benefits of
all proposed strategies would include job provision,
secured fishing opportunities, reduced risk of
pollution and habitat loss, increased capacity for First
Nation leadership in natural resource management,
stewardship and governance, and development of new
skills within remote communities. The project also
identified six specific research questions that could
form Masters or Doctoral research projects.

18 BC Central Coast: Prioritizing Strategies for Pacific Salmon Recovery and Persistence

Complementary strategies to maximize
conservation success

To identify which strategies would safeguard and
recover the largest number of CUs for any given budget,
we conducted a complementarity analysis. For any
given budget, the analysis identifies the strategy that
maximizes the number of CUs that would achieve
greater than 50%, 60% or 70% probabilities of having a
green status and be thriving after 20 years.

Across all these thresholds, we found two levels of
investment (and associated management strategies)
that maximized the number of CUs reaching the
conservation objective (Figure 5). The first investment
threshold is $0.15 million/year, which would fund
the most cost-effective strategy Limit Industrial
Development in Salmon Habitat. This level of
investment would result in 19 CUs reaching greater
than 60% probability of thriving, and 13 CUs having
greater than 70% probability of thriving. Next, for a
budget of $11.3 million, investing in the Combined
Habitat Strategies is predicted to deliver the highest
number of CUs conserved across all probability
thresholds (Figure 5; Table 3; i.e., 34 of 79 CUs would
reach »60% probability of thriving, and 19 CUs would
have »70% probability of thriving).

Even when accounting for the large uncertainty in the
benefits and costs of the Combined Habitat Strategies,
in a sensitivity analysis, it remained the most
beneficial and cost-effective option. This combination
of strategies was predicted to achieve similar
conservation outcomes compared to implementing all
management strategies (i.e., the same number of CUs
would exceed the 60% and 70% probability thresholds
of thriving status). To ensure the three river-type
sockeye CUs would reach greater than 50% probability
of obtaining green status, an extra $6 million would be
required to implement all 10 strategies (for a total of
$17.3 million) (Figure 5).

Results



80 CUs conserved -

60 CUs conserved

>50% probability :

40 CUs conserved |

20 CUs conserved '.:
Average annual cost
CAD millions/year,
( /year) $5m $10m $15m
$o0.12m $1.59m $11.3m $17.3m
Predation Control Combined Harvest Strategies Combined Habitat Strategies All Strategies Combined

$0.15m
Limit Industrial Development
in Salmon Habitat

FIGURE 5. Under the complementarity analysis, different levels of annual investment are required to maximize the number of
Pacific salmon Conservation Units reaching three probability thresholds (50%, 60%, and 70%). For example, with an annual
budget of $11.3 million, the Combined Habitat Strategies (Stream Restoration, Watershed Protection, and Removal of Barriers
to Fish Passage & Migration) would achieve the greatest outcomes for salmon CUs across all probability thresholds. This
would result in 75 CUs with >50% probability of achieving a green status, 34 CUs with »60% probability, and 19 CUs with >70%
probability (shown in Table 3).

Results | BC Central Coast: Prioritizing Strategies for Pacific Salmon Recovery and Persistence 19



Recommendations

RECOMMENDATION 1

We suggest managers invest in conservation strategies
that maximize the number of thriving salmon CUs;
that is, invest in actions that lead to a high probabil-
ity of recovery for CUs in the red and amber zones

and safeguard healthy CUs that currently are in the
green zone. This includes the cost-effective proactive
strategy to Limit Industrial Development in Salmon
Habitat, which would reduce future declines across all
CUs, and the Combined Habitat Strategies that involve
both the protection and restoration of watersheds and
stream habitats.

Deciding which strategies to implement requires

the selection of a target probability of achieving the
objective (e.g., threshold of 50%, 60%, or 70%). This
is particularly important when only small budgets are
available (e.g., under $2 million/annum), because the
most cost-effective strategies change depending on the
target threshold (e.g., Limit Industrial Development in
Salmon Habitat is most cost-effective using the 60%
threshold, while aiming for »70% probability would
require the strategy to Limit Industrial Development in
Salmon Habitat or Predation Control; Figure 5).

RECOMMENDATION 2

We recommend developing an implementation plan
for the most cost-effective strategies that outlines

the specific actions under these prioritized strategies,
clear roles and responsibilities of all involved parties,
sources of funding, and timelines for implementation.

When developing the implementing plan, specific
actions required under each strategy should be
validated, and their associated costs updated to
ensure that the implementation plan reflects the
most up-to-date information on costs. For example, a
spatial analysis and field validation would provide

a more accurate estimate of the number of barriers

20 BC Central Coast: Prioritizing Strategies for Pacific Salmon Recovery and Persistence

across streams that require removal, the number of
forestry roads to decommission, and the number of
streams to restore. Due to time constraints and limited
information, we made several assumptions about the
spatial extent and intensity of the actions required, and
this uncertainty should be accounted for when deciding
which strategies and underlying actions to implement.

An analysis of the opportunity costs of each strategy
(e.g., foregone economic development in the region)
would also be worthwhile, particularly those associated
with the Limit Industrial Development in Salmon Habitat
strategy. Additional investigation into the economic
benefits, social preferences, and risks to salmon and
other environmental assets across different scenarios
of industrial development would provide a more holistic
assessment of this strategy.

RECOMMENDATION 3

The implementation plan should outline a long-term
monitoring program for Pacific salmon in the region, as
monitoring and assessment of salmon CUs is essential
for the effective implementation and evaluation of

all other strategies. A robust and informative annual
monitoring program could be delivered through a part-
nership, whereby provincial, federal, and First Nations
governments and other interested parties would work
together to increase efficiencies and build capacity.
This would involve determining which CUs and environ-
mental variables need to be assessed, the appropriate
methodology, and how that information will be gath-
ered, analyzed, and archived. Future investment in
community-based monitoring will expand the capacity
of local First Nations to play a larger role in the manage-
ment and standardized monitoring of salmon popula-
tions within their traditional territories. Data collected
from these partners could be housed in transparent and
accessible information systems such as Pacific Sal-
mon Foundation’s Salmon Data Library and the Pacific
Salmon Explorer (www.salmonexplorer.ca).

Recommendations



RECOMMENDATION 4

This Central Coast PTM exercise should be updated
periodically (e.g., every 5 years) as more data and
information about salmon status, threats, strategies,
benefits, feasibility, and costs is collected. This would
ensure that new threats are addressed and strategies
are evaluated, updated, and refined, providing an
opportunity for the objectives, benefits and costs to be
re-evaluated.

There also is scope to explicitly include Indigenous
social and cultural values of salmon in future PTM
exercises by weighting different CU groups according to
their relative importance to First Nation communities.
This would provide a mechanism for ensuring that
resources are directed to those CUs that are more
strongly tied to First Nations cultures and communities.
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RECOMMENDATION 5

Finally, we recommend the establishment of a
collaborative working group to provide leadership

to ensure successful implementation of the priority
strategies identified in the PTM exercise. This working
group could be comprised of individuals with diverse
knowledge and expertise related to Central Coast
salmon and include — at minimum — representatives
of the four Nations, CCIRA, Pacific Salmon Foundation,
DFO, Province of BC, and other experts involved in this
PTM project.
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Conclusion

URRENTLY THERE IS NO SYSTEMATIC APPROACH that quantifies

the trade-offs among mitigating the diverse suite of threats

for Pacific salmon, such as overexploitation, habitat loss and
degradation, disease, predation, and industrial development. Without a
formal prioritization process that assesses the costs, benefits to salmon
biodiversity, and feasibility of implementing management actions, there
is a risk that current and new funding will be spent inefficiently on actions
that deliver sub-optimal outcomes for salmon.

In the Central Coast, under the business-as-usual scenario (i.e., with no
additional investments in salmon conservation), only 25% of salmon CUs
have greater than 50% probability of recovering to thriving populations
within 20 years. Additional investment in cost-effective strategies are
likely to result in large improvements in the probability of achieving

our conservation objective of maximizing the number of thriving CUs
over a 20-year time frame. Limiting Industrial Development in Salmon
Habitat was the most cost-effective strategy, which focuses on proactive
protection to mitigate this future threat, rather than reactive actions for
population augmentation.

The PTM framework we applied for BC’s Central Coast is a decision-support
tool for guiding conservation investment that aims to not only recover
depressed CUs, but also safeguard healthy CUs from future declines. The
PTM framework also has the unique potential to improve the conservation
outcomes for Pacific salmon by explicitly accounting for the benefits, costs,
feasibility, and complementarity of strategies. It requires minimal training
and technical skills, and it can be updated to add new objectives, species,
strategies, actions, and data. The results from this project demonstrate
that intentional investments and the strategic allocation of funding is
required to support the long-term persistence of Pacific salmon in the
region. Beyond BC’s Central Coast, the PTM framework could serve as

a model for other regions or First Nations interested in systematic and
strategic planning for Pacific salmon.
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