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ABSTRACT

Records of almdance of salmon that return to their natal spawning stream
(escapements) are important indices that can assist with monitoring, conservation,
and management of a salmon population over time. On their own, however these
data reveal very little about thalhitat, ecosystem and human communities that
salmon encounter on their journey from freshwater to sea and back again. This
research examines monitoring protocols for Goldstream River salmon stocks (coho,
chinook and chum Pacific salmon). It includes eeathes beyond biostatistics from
stream surveys to gauge First Nationsé®é
River and Saanich Inlet as well as their commercial chum fishing endeavours in
Saanich Inlet on south Vancouver Island, British Columbi&thiélds included
summations of major themes from interviews on traditional ecological knowledge
(TEK) shared by local Saanich First Nation fishers whose families have lived in the
communities around Goldstream River and Saanich Inlet for more than 200 years
Analyses of Goldstream salmon escapements for the period 1932 to 2004 and native
harvest statistics of chum caught from Saanich Inlet between 1982 and 2004 are
integrated with results from analysis of TEK research undertaken for this project.
Key reconmendations arising from the results of this research are: stream habitat

restoration in response to loss and degradation of sab@arnng streams;



modification of stream survey procedures to measure for morphological and
physiological attributes includingdicators of the health of Goldstream salmon;
monitoring and eliminating sources of pollution to Saanich Inlet waters;
implementing precautionary measures to ensure that overfishing of Goldstream
salmon and shrimp in Saanich Inlet does not recur; aedwsafding naturally

abundant Goldstream chum populations at the river. Under current management of
the Goldstream chum fishery, the maximum carrying capacity (K) or target
escapement of chum that the Goldstream River spawning grounds sustain is 15,000.

Based on population assessments as well as physiography and ecosystem dynamics,

I i nfer t hat Gol dstream Riverodos K for it

and 18,000; ~1,500 for the mixed stocks of natural and hatchery enhanced coho; and
~50forc hi nook (based on the riverodés natur al
and 1973) or ~385 enhanced chinook (based on the returning population from 1975
to 2002 since hatchery enhancement took place). -mamagement relationship

exists between Fishegeand Oceans Canada (DFO) resource managers and the
Saanich First Nations bands (Saanich Tribal Fisheries councilors). Improvements to
communication, collaboration and information sharing between DFO resource
managers, Goldstream hatchery operators aadi&aFirst Nations with regards to
decisions made about Goldstream salmon stocks are, however, necessary. In this
thesis, | propose a model with recommendations for compatible fisheries
management goals and techniques including adaptive managemenbsysieza

based management to address this problem.
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CHAPTER 1 - INTRODUCTION: RATIONALE FOR GOLDSTREAM SALMON
MONITORING RESEARCH

1.0 Introduction and Background to the Study

Three species of Pacific salmbroho Oncorhynchus kisutg¢hchinook Q.
tshawytschpand chum@. ketg i migrate through Saéch Inlet to access Goldstream
River, along the southern coast of Vancouver Island, as a spawning stream (Figure 1).
These salmon have enormous cultural, nutritional and economic value for people of the
Saanich First Nation who continue to fish for satna Goldstream River and Saanich
Inlet. The salmon are also valued in the adjacent tidal water sport fishery and the
offshore commercial fishery. Goldstream River salmon are genetically distinct from any
other anadromous salmon population. As showhigstudy, there are ongoing
concerns over the loAgrm viability of the Goldstream salmon, including unexplained
fluctuations in their populations (DFO 1999a 1999b, 1999d, 2001c, 2001d, 2002d,

2004b, 2004c, 2004d, 2004e, 2006a, 2006b).

1.1 ResearchGoals and Objectives

This research was undertaken in the interest of contributing to wild salmon
conservation and future sustainable fisheries management planning. | hope that my
findings will be useful to those working towards protecting, sustaininggahdncing
the Pacific salmon fishery. The purpose of this research was to examine Goldstream
salmon population trends in order to determine if, and how, historical and current
records of sal mon popul ati ons armraogi@aani ch
knowledge (TEK) about the salmon can effectively contribute to improving monitoring
protocols for assessing annual returning populations of wild coho, chinook, and chum

salmon at Goldstream River and Saanich Inlet.



Figure 1. Watersheds and Salmon Migration Routes Leading to Saanich Inlet
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The ultimate goal was to assist in conserving, protecting and sustaining wild and
naural salmon stocks A furtherobjective was to develop a framework that addresses
the complexities of monitoring and assessing salmon stocks and managing the local
salmon fisheries. To that end, this study adopted an adaptive management, co
managemerdnd traditional management systems approach toward assessing returning
salmon populations. The methodology for this research involved the integration of two
emerging knowledge systems relevant to monitoring salmon and salmon fisheries:
quantitative methaslcreating time series graphs from annual escapéi#ependix
A); and native harvest statistics; and social science methods yielding indigenous
knowledge and perspectives of the Goldstream salmon fisheries.

Data gathering for this study was carried ower one field season (2002).

Methods included stream surveys to learn how escapement data used in this study (DFO
19322004) are collected, and interviews with Saanich fishers about their traditional and
current salmon fishing methods, and about the &mdm salmon. In addition to these

two research methodologies, | used the logistic growth model to determine the rate of
population increase of Goldstream salmon. | also conducted apeatahit-effort

(CPUE) analysis with the limited data availatdellustrate its function as a monitoring

tool for Saanich fishefs

'!6Sal mon stocksd and 6wildoé, é6naturalé and 6hatcher
2 Salmon escapements are retsoof abundance of (wild or hatchemised) adult salmon that escaped

capture by inshore, offshore or freshwater fisheries, as well as freshwater or marine wildlife predators

during their migration from freshwater to sea and back again and wet#iédeat their natal spawning

ground (Appendix A).
3 A catchper-unit-effort (CPUE) of the modern Saanich Inlet chum fishery operated by Saanich First

Nation bands was originally proposed for this project. Due to inconsistencies in catch antdbédfca

statistically meaningful CPUE analysis and measure of sustainability could not be attained and so the

CPUE data and results are intended only as an example of the merits of CPUE analyses.



1.2 Thesis Framework

In Chapter 2, the geography and ecology of the Goldstream River salmon habitat
and populations are described based on my review of the literature and personal
observation. Chapter 3 presents an overview of current salmon management practices;
salmon enhancement of Goldstream coho and chinook stocks; Fisheries and Oceans
Canadads (DFO6s) administration of the
overviewofSaani ch and other First Nationso6 p
fisheries. Both science and social science methods were used to address the complex
guestion of salmon populations and monitoring protocols. Chapter 4 summarizes
relevant literature abawhe contributions of traditional ecological knowledge and
western scientific knowledge to wild salmon conservation and includes the topics of past
and present fishing activities, ecological relationships, conservation practices of First
Nation fishers, wdlife population assessments, mixed stocks of wild and enhanced
salmon, native harvest statistics and wild salmon monitoring and management efforts.
Chapter 5 presents methods used in the study, including field monitoring of returning
salmon populationgopulation assessments from escapement records, analysis of native
harvest statistics, and interviews with Saanich fishers. Results from these different
approaches are reported and analysed in Chapter 6, and the findings are discussed in
Chapter 7, inelation to the goals of this research. Chapter 8 presents recommendations

and conclusions emerging from the study.

Saa

er s



CHAPTER 2 - HABITAT AND NATURAL HISTORY OF GOLDSTREAM
SALMON

2.0 Study Sites: Saanich Inlet and Goldstream River Watersheds

The migatory route of Goldstream salmon consisting of Saanich Inlet and
Goldstream River watersheds is referred to as the Goldstream terminal (DFO 1978
2004) (Figure 1). Saanich Inlet is a temperate marine fjord on the southeastern tip of
Vancouver Island lodad on the west side of the Saanich Peninsula extending
approximately 21 kilometres north of Goldstream River. Goldstream River flows into
Saanich Inlet, and both the river and the inlet are important traditional fishing localities
for the Saanich First &tions (Figure 2.1).

Saanich Inlet has unique oceanographic characteristics related to particulars of
inflow of ocean and freshwater sources, ocean currents, low vertical mixing and a high
level of algal or phytoplanktonic primary production of singted diatoms and
dinoflagellates (Table 2.1) (VENUS 2004). These features influence the salmon
popul ationsdé path of migration, as wel/l as
the inlet (e.g. zooplanktonic crustaceans such as copepods and krill).

The Goldstream watershed is located at the head of Saanich-inlayéon
Arm) about 15 km NW of Victoria. Emonmental conditions and human use
(summarized in Table 2.2) can affect fall season salmon runs. Precipitation, and storage

and diversion of water affect the hydrology of Goldstream River, and impact water



Figure 2.1 Location of Saanich First Nation Bands (Base Map from: Bocking et al. 1998)
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Table 2.1 Characteristics of Saanich Inlet (Bornhold et al. 1996: 4; DFO 2002a;
Gargett et al

2002: 2; O6Connel |

1997:

Cartographic
Coordinates/

Latitude: 48U 3606 290 N

Longitude: 1232 8461 06 W

Geographic South of Saltgring Island and Sansum Narrows, West of
Location Sidney (Figure 1)

Total Watershed | 400 km?

Area

Surface Area 65 km?2

Length and Width| 26 km by 0.4 km to 7.6 km

Sill Depth 70m

(at mouth of

Inlet)

Maximum Depth | 225 m

Source of Ocean
Water Inflow

Satellite Chanel (fed by Swanson Channel and Haro Stra

Sources of
Freshwater and
Sediment Inflow

Cowichan River in the winter and northeasterly Fraser Ri\
in the summer; also Goldstream River and Shawnigan Cr

Water circulation

Inverse estuary (ocean wataflow in upper layer, super
saline water outflow in lower layer); low vertical mixing
(driven by winds and tides) most years

Primary High; a major spring algal bloom, followed by several
Production sporadic miniblooms in the summer and fall months
Charateristics of | Anoxic benthic waters, sediments accumulate undisturbe
Benthic over time

Environment

Saltwater Southerly oceanic saline waters are transported to the inl¢
transport and flow into the brackish headwaters of Finlayson Arm,

whichflowsinb t he Gol dstream Ri

mouth (Figure 1)
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Table 2.2 Characteristics of Goldstream River Watershed (BC Fisheries 2001; BC
Ministry of Forests 1999a, 1999b; Bocking et al.1998; CRD 2003a; CRD 2006)

Geographic Latitude: 48° 29' 00" NLongitude: 123° 33' 00" W

Location & at rivero6s mouth. 15 km NV
Ecological the Vancouver Island Forest Region (Nanaimo Lowlands
Features Physiographic Region). Within the warmer, drier Coastal

DouglasFir Biogeoclimatic Zone (ranging from sea level tg
100 m elevation in the adjacent forested riparian area that
extends from reach 1 to 4 along the river) and within the
wetter, cooler Coastal Western Hemlock Biogeoclimatic z
in areas extending frosea level to 200 m elevation and
higher (e.g. forested area adjacent to upper reaches 5 to §
the river) (Figure 2.2). The upper portion of the watersheq
part of the Greater Victoria Water District, a designated
conservation area.

Length 12.5 km

Area 40 km?

Stream Flow Southeasterly (coming from the southeast)

Direction

Stream type Third Order Stream (formed by the joining of two First Ord

streams in the drainage basin which forms a Second Orde
stream whose tributary joins to the main strefamming a
Third Order stream) (Christopherson 1994:420).

Annual Averages 800 mm regionally, mostly in form of rain, heavi
Precipitation in winter months (NowMar), lowest in autumn (Augept)
Surficial materials | Tills of varying depth (primarily witta sandy loam matrix),
colluvium, exposed bedrock

Water Dams were constructed at the outlets of Goldstream, Lubl
Management Butchard lakes between 1892 and 1914 and were upgrad
1995 to meet seismic standards. Water released from the
is diverted into Japan Gulch Reservoir water supply systef
near the Goldstream salmon hatchery. The Capital Regio
District Water Department (CRDWD) maintains minimum
flows to Goldstream for salmon fishery enhancement.
Waterflows in excess of requirement pdesvn Goldstream
River, north into Finlayson Arm. CRDWD used to divert
water from Goldstream and one of its tributaries, Waugh ¢
to provide Greater Victoria with ~20% of their water supply
until 2003 when the Sooke dam was raised and began
providing 100% of the water supply to area residents.
Goldstream system reservoirs now provide only backup st
water for use during drought conditions, annual routine
maintenance or emergencies when water cannot be supp
from Sooke Reservoir (CRD 2006).




levels critical for supporting fall salmon spawning runs. In 2003, for example, hatchery
wor kers at Goldstream River observed Ahund
unable to access spawning grounds upstream due to critically low water levels
(McCully P. pers. comm. 2003).

The lower, 5 km salmahearing portion of Goldstream River watershed is
within Goldstream Provincial Park, which is less than 100 to 180 m in elevation above
sea level, and is lined by hills and sharp cliffs. | used this same Goldstream field
site that hatchery volunteers use to do the annual escapement enumeration of salmon
that is described in the Methods chapter. This stretch of river is about 3 km long,
extending from the mouth of the river at Reach 1, upstream to Reabhkre the
hatcherycounting fence (salmon trap) and the Water Survey of Canada Gauge Station
are located (Figure 2.2).

Salmon returning to Goldstream River pass through Reach 1, near the mouth of
the river, and either remain there or migrate furthetrgam to spawn in Reaches 2 and
3. All three reaches surveyed are quite shallow and are primary salmon habitat assessed
as having high habitat value (Bocking et al. 1998). Channel stability is important for
salmon spawning grounds. Degradation fronsiemal processes such as bank erosion
causes deposition of fine sediments over the riverbed, which can destroy salmon redds
(spawning sites in gravel). Bank erosion may also reduce channel stability by lowering
the riverbed or changing the riverbed sl¢Beye et al. 2004; Parkyn et al. 2005; Payne
and Lapointe 1997). Most of Reach 1 of Goldstream was assessed as having mostly
6gooddé quality sal mon spawning gravel. Ov
the upper parts of Reach 1 and Reach 2 futthstream, however were rated ag/on

ofairé (Bocking et al. 1998) (Appendix B).



Figure 2.2- Lower Salmon Bearing Reaches of Goldstream River
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The Goldstream watershed currently consists of mixed canopies of western
redcedarThuja plicatg, red alder Alnus rubrg bigleaf maple Acer macrophyllum
and Dougladir (Pseudotsuga menziesivith salal Gaultheria shallo, sword fen
(Polystichum munituirand red huckleberryw@ccinium parvifoliufhcomprising some
of the dominant under story species (Bocking et al. 1998). Goldstream acquired its
name from Peter Leech who found gblearing gravel in the river in 1858. A small
goldrush ensued from 1863 to 1864 when about 300 men worked along the river in
search of gold (Akrigg and Akrigg 1998)here is scientific evidence from Saanich Inlet
sediment cores that the woodlands surrounding Saanich Inlet were dominated by cedar,
westernhemlock and DouglaBr (characteristic of old growth forests) 2,000 years ago
(Heusser 1983). Tunnicliffe (2000) found that the ratio of western redcedar
(characteristic of mature forest) to alder (a first colonist in riparian habitat) in this region
has changed from 3:2 in 1865 and 1918 to 1:4 in 1935, with the presence of alder more
than doubling between 1900 and 1970 (after Heusser 1983).

Prior to road and dam construction and logging activities in the mid and late
1800s and from 1938 to 1995, (whbwe Greater Victoria Water District lands at
Goldstream were designated as an ecological reserve and logging activities were
terminated), the riparian zone was dominated by coniferous trees that characterize old
growth forest of the coastal Douglfiszone. That habitat includes coastal Dougigs
Grand fir Abies grandisand Western redcedar (Pojar et al. 2004). The shrub layer is
dominated by dulDregongrape Mahonia nervosp salal, oceansprayiflodiscus
discolon, and trailing blackberryRubts ursinu3. The underlying herb layer consists of

Broadleaved starflowerTrientalis borealisssp.latifolia), sword fern and bracken fern

(Pteridium aquilinunn. Oregon beaked mosKi(idbergia oregang) el ect-tail f i ed

c
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moss Rhytidiadelphus triqueus) and step mos#ylocomium splendehsomprise the
dominant species in the moss layer ingidwth forests of this type (Green and Klinka
1994).

The ecological integrity of Goldstream River habitat is critical to the
perpetuation of healthy Goldstreasalmon populations and of the Saanich First
Peopl esd sal mon fishery. More detail ed

spawning habitat within the Goldstream survey area are listed in Appendix B.

2.1 Life History Patterns of BC Coho,Chinook and Chum Pacific Salmon

The various names of the Goldstream salmon, including the Saanich language
terms, are listed in Appendix C. Pacific salmon species, including the Goldstream
salmon (coho, chinook, chum), are anadromous, hatching invilasin, migrating to
the ocean where they spend most of their adult lives, and returning to freshwater to
spawn. After spawning, the adults die and the fertilized eggs remain in the gravel
spawning beds until they hatch and the young fry salmon emergédffeognavel beds
into the river, then swim downstream to the estuary, and then into the saline ocean
waters as smolts. The lower salrmgaring reaches of Goldstream River are shown in
Figure 2.2. A summary of life history characteristics of the Goldstrealmon,
including amount of time they spend in the river prior to their migration to saline
waters, is provided in Table 2.3 below. More detailed life histories and ecologies of the

three Goldstream salmon species folfbw

* There are no records of pin@iicorhynchus gotlischd or sockeye®. nerka) salmon populations
for Goldstream River.
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Coho spawn later than etdok or chum, from late October and early November
until late December and early January. Eggs remain in the gravel until spring or early
summer (See Table 2.3 for approximate number of eggs laid per female). The fry
spend one year growing in freshwatben as smolts they swim out to sea. Many
remain close to shore throughout their marine lives, others move out to deeper ocean
waters. Coho spend between six and 18 months at sea before returning to their natal
freshwater stream. Average adult weighttikg (Baxter 2000:21) (Table 2.3).

Salmon returning to freshwater after only one year at sea are also called grilse. This is
true of chinook and chum as well, but coho are the species that most commonly return
from sea within just one year. Upon nmeting to freshwater, the coho migrate upstream
diurnally, leapingout of the water frequently and moving quickly through rapids or

Table 2.3 Life History Characteristics of Goldstream River Salmon
(Baxter 2000; Candy and Quinn 19%€rvey and MacDuffee 2002)

Salmon | Average | Spawning | Average Average | # Eggs | Average
Species | Spawning | Season Adult Adult Laid/ Age of Fry
Age Fork Weight | Female | at Ocean
Length® Migration/
Smolt Stage
Coho 3yrsold | Nov-Jan |55cm 4 kg > 5000 | 12 months
Chinook | 3yrsold | OctDec |80cm 16 kg < 4000- | < 3 months
>14,000
Chum 5yrsold | SeptDec | 65cm 5 kg 2,000- | <1 weeR
4,000

shallow riffles during spawning peaks. They usually remain out of sight in deeper
pools or shady areas under streambankswhsgting and are therefore more difficult to

see from the streambank than chum or chinook. Coho are known to have a seasonal

® Tip of nose to fork of tail fin.
® Chum fry swim to estuary immediately after emerging from gravel and migrate from estuary to sea after
a few weeks.
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competitive advantage over other salmon, which spawn in earlier autumn; coho females
tend to dig up and destroy existing reddiatotheir own eggs (Baxter 2000). Coho
can travel further upstream to spawn than chum, because they are able to leap over
obstacles which chum cannot. Coho do not generally migrate as far inland as chinook,
however, and tend to select finer gravel inachtto dig redds (Harvey and MacDuffee
2002). Coho die within approximately two weeks of entering freshwater to spawn
(Baxter 2000).

Chinook (also known as ASpringo or AKin
about mid October to December. Eggs remathéngravel until spring or early
summer. The fry then travel downstream to the estuary right after emerging from gravel
redds and spend about three months growing in freshwater before swimming out to sea.
The smolts remain in sheltered coastal watersxglaummer before migrating
northward to deeper ocean waters. Most chinook spend about two and a half years at
sea and remain within approximately 1000 km of their natal river. They return to spawn
at ages three to four although males tend to be youingerfemales, commonly
returning to freshwater as twearolds (Baxter 2000; Healey 1991). Average weight
of males and females is about 16 kg (Table 2.3) though weights of 45 kg are not unusual
(Harvey and MacDuffee 2002:100). Chinook are the largedebst numerous of the
Pacific salmon, with many spawning populations estimated at less than 1000 spawners
(Baxter 2000:21; Harvey and MacDuffee 2002:100). Chinook spawn in tiny tributaries,
streams or main river channels and die between approximateky 25 days after
spawning (NOAA 2005).

Chum spawn between September and December. Eggs hatch in the gravel in the

spring and the alevins, which feed on their yolk sac, remain in gravel beds for about a
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month, then emerge as fry and travel downstreatng@stuary immediately. The fry
spend about three months growing in brackish waters of the estuary before swimming
out to sea as smolts in the summer (between May and August). Juveniles remain in
nearshore, sheltered coastal waters over the summee Ipeiigrating out into deeper
ocean waters within about 35 km of the coastline in autumn and early winter as adults.
Chum will spend between two and a half and four and a half years at sea before
returning to their natal river. The average weight of arntawale or female chum is 5.4

kg (Baxter 2000; Hicks 2002 in Harvey and MacDuffee 2002(%8ble 2.3).Chum
migration from the estuary of the river to spawning grounds upstream is cued by
increased water flow. They are strong, fast swimmers (maximummsing speed of

3.05 m/s with short burst speeds of 4.6m/s) but they do not leap, are reluctant to enter
long-span fish ladders and their migration distance upstream is stopped by the first
significant barrier. Chum enter freshwater, spawn and die vitihée to 11 days

(Baxter 2000: 28; Rawding and Hillson 2003:23).

2.2 BC Salmon Fisheries as Predators within the Salmon Food Web

It is evident that BC coho and chinook stocks declined from the 1970s through to
2005 (as is detailed in section 2.3). Tasulting decrease in commercial and
recreational Pacific salmon fishing opportunities negatively impacted the economies of
BC6s coastal fishing communities (BC WLAP
1999a, 1999c, 2001d, 2002d, 2004a, 2004c, 2004d; EdaaddSlavin 1999; First
Nation Panel on Fisheries 2004; Haggan 2000; Haggan et al. 2003; Morrell 1989;
Walters 1995). This predatprey dynamic between humans and salmon exemplifies

the importance of salmon in human societies and economies, whichiesdttion to
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their role as keystone speci@s marine and aquatic ecosystems. Under the current
commercial salmon fishery regime, humans as predators take proportionately three to 20
times more Pacific Coast salmon than{muman predators (e.g. beamglves, eagles

and seals) consume in a natural mptedator, predateprey relationship (Reimchen in:
Harvey and MacDuffee 2002:96).

In addition to providing a direct source of food energy for a range of predator
and scavenger species, salmon plagyrble in aquatic and terrestrial ecosystems as
sources of nutrients for tree growth in the riparian 2ane in many other parts of the
food web (Bilby et al. 2003; Helfield and Naiman 2001; Hocking and Reimchen 2002;
Honea 2005; Naiman et al. 2002; Rehen 2001; Sucre et al. 2005). Salmon are a
keystone species in the southern Vancouver Island coastal ecosystem and are also
providers of substantial amounts of nitrogen (~ 23%) contributing to the growth rate of
trees and shrubs within the riparian z¢Helfield and Naiman 200:2403). The
continuance of abundant returns of Goldsteam salmon spawners (or escapements) to
their natal river is therefore very important to the Goldstream riparian ecosystem as well

as to human and ndmuman predators.

2.3 Population Trends in BC Wild Salmon Stocks

Stocks of wild salmon in BC have declined dramatically from their original
numbers since larggcale commercial fishing began at the turn of tHeé@mtury

(Morrell 1989; PFRCC 1999; Pinkerton and Weinstein 19950&\2001; DFO 2002d).

"Keystonepecies is defined by Power et al. (1996:6009)
di sproportionately | arge relative to its abundance
8 |sotopic analyses demonstrate that trees and shrubs near spawning streams de2ig -oRheir

foliar nitrogen (N) from spawning salmon (Helfield and Naiman 2001:2403).
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Gresh et al(2000) document a 70% to 90% reduction of adult salmon escapement to
coastal North American river systems, at least in Wasington, Oregon and California,
since 1890. Public interest groups, scientists and fisheries marzamgeother
researchers have been advising the public about potential effects -disbugy and
habitat destruction upon BC wild salmon stocks for decades (Coward et al. 2000). The
decline in BC salmon stocks was most apparent to commercial, recatatiohFirst
Nation fishers, fisheries managers, scientists and researchers by the 1970s and through
the 1990s. In 1998, an independent panel of scientists informed DFO that unless
meaningful action was undertaken immediately, the BC wild salmon resmaulce
suffer a collapse from which it might never recover (NRDC 2001). Fisheries managers
have since reported that BC salmon stocks are in a state of crisis (Copes 1998; DFO
1998, 1999a, 1999b, 1999c, 2004b, 2004c, 2004d; Fisheries Renewal BC 1998; Harvey
and MacDuffee 2002; Walters 1995). This decrease in salmon stocks led to federal
initiatives for conservation management (e.g. fishing restrictions and salmon
enhancement), which targeted those stocks with the most severe population declines.

It is difficult to assess the details of the letegm decline of the BC wesbast
salmon runs because reliable data on the status of many stockseadable. Lack of
reliable, consistent data from stock assessments (such as mortality abundances along
inshoreterminals) was also a problem for the Newfoundland and Labrador (northwest)
Atlantic cod Gadus morhupruns that collapsed in 1992 (Neis et al. 1996, 1998).
Scientists have found that 43% of Canadads
trout stocks cold not be assessed due to absence of reliable data (Slaney et al. 1996).
Of the 5,507 stocks for which reliable data were obtained, results showed that 142 west

coast stocks have disappeared over the last century, 624 are at high risk of extinction, 78
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are at moderate risk and 230 are of special concern. Habitat degradation from logging,
urbanization and hydroelectric power was cited as the main reason for the 142 west
coast salmon and trout extinctions (Slaney et al. 1996). Escapement data for &uldstre
salmon stocks do exist for the period 1932 to 2004 and my findings from analyzing
these data are included in the results of this thesis. Possible reasons for the emerging
patterns | observed relating to Goldstream salmon stock escapement data edeimelay

the discussion of this thesis.

BC salmon catches were lower in the figgar period from 1996 to 2001 than at
any time 50 years prior to that (1951 to 1996). The number of stocks contributing to the
1996 to 2001 catches also declined, with stobK$irsg from many diverse runs to
fewer strong runs (PFRCC 1999; Wood 2001), resulting in part from hatchery

enhancement of salmon populations.

Goldstream salmon fall within the BC South Coast, West Coast Vancouver
Island (WCVI) and southern Strait of @gia salmon stock categories assigned by DFO
(DFO 1999b, 1999, 2001d, 2002d). According to DFO stock assessments, South Coast
BC coho stocks, Southern Strait of Georgia coho and chinook stocks and WCVI chinook
stocks dropped t o fevetsfromothed970s tolthe ¥980sandatul at i
the beginning of the Zcentury. By 1999, coho salmon populatitvasl decreased
below longterm averages more drastically than other BC salmon species (Baxter 2000;
DFO 1999c, 1999d). These stocks remainddvaiabundances in 2005 but were

projected to increase slightly in 2006 (DFO 2005¢).

° Though conservation efforts are in place, WCVI coho and chinook stocks are not listed as species at risk
under Canadab6s Species at Ri skntBanada2005Baxter 2000;
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Due to high mortality rates at sea over they2&r period leading up to 1999,
WCVI and southern Strait of Georgia coho and chinook stocks were subjected to
intensive caservation measures (Copes 1998; DFO 1999d). Efforts to restore these
declining coho and chinook populations include enhancement programs implemented
under DFO management plans such as the hatchery coho and chinook stock

enhancement initiative in place@oldstream River.

WCVI coho and chinook stocks appeared to be generally increasing in 2003
(DFO 2004d). Southern Strait of Georgia coho returned in low abundance due to poor
marine survival in 2004. However WCVI coho returned in higher abundances and
limited fishing opportunities for wild coho were anticipated and permitted in tidal
waters, including Saanich Inlet, for the 2005 fishing season (DFO 2005c, 2006a, 2006b).
Several south coast (of the BC mainland and of Vancouver Island) coho stocks were
depleted and expected to have low returns in 2006 (SeaChoice 2006). Chinook stocks
remained strong in 2004 and were projected to return in high numbers in 2005 (DFO
2005c). Though expected returns were mixed, some WCVI (as well as Fraser River and
GeorgiaStrait) chinook stocks were projected to be poor (SeaChoice 2006). WCVI
chum stocks were assessed as poor to average (ranging from below average to near
average) in 1999 and were projected to remain between these two status categories in
2003 (DFO 2002d)WCVI chum were reported to be generally returning in good,
strong numbers in 2003 (DFO 2004d), and were projected to return at average to above
average numbers in 2005 (DFO 2005c) and 2006 though according to SeaChoice (2006)

data is lacking.
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CHAPTER 3 - THE GOLDSTREAM RIVER FISHERY

3.0 Management of Goldstream River Salmon

Saanich Peninsula and the area around Saanich Inlet are withiaditienal
territory of the Saanich First Nation people (Claxton and Elliott 1994; Jenness 1938;
Mos et al. 208). For many generations, the families of the North Saanich (Tseycum
and Pauquachin), South Saanich (Tsartlip and Tsawout) and the Malahat (who live on
the west shore of Saanich Inlet) have fished coho, chinook and chum stocks in
Goldstream River, the wats of Saanich Inlet, and adjacent straits (Figure 2.1). Chum,
being the most abundant salmon species returning to Goldstream River were and are a
major food resource, harvested each year from mid or late October to early December.
The administrative bodresponsible for managing the fishery resources of the Tsartlip,
Tsawout and Pauguachin bands, including Goldstream River and Saanich Inlet salmon
stocks is Saanich Tribal Fisheries. The Tseycum and Malahat bands manage their
fisheries independently birt consultation with Saanich Tribal Fisheries. Saanich First

Nati onsd® management of Goldstream sal mon i

The hatchery at Goldstream River is called the Howard English Hatchery (herein
Goldstream hatchery). Goldsam River is a modern day example of a mixed salmon
stock fishery (wild and enhanced salmon stocks inhabiting the same spawning habitat).
Hatchery stocks originated from wild coho and chinook brood stocks indigenous to
Goldstream. DFO officers and Getdeam hatchery technicians manage Goldstream
River to a 15,000 total popul ation fAcarryi
(see Appendix A for definitions). This annual figure was determined by DFO in 1985
(DFO 2001b). It represents the optimabundance of adult chum spawners that the

river can sustain and was put in place to prevent overspawning (additional chum digging
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up existing redds and destroying fertilized eggs of salmon that have already spawned,
which can result when too many chum enlke river), and to prevent population

declines of chum, which may occur if too few chum return to the river to spawn. If for
example, 50,000 Goldstream chum entered Saanich Inlet and were migrating towards
Goldstream River to spawn, DFO would allow tat@f 35,000 chum to be fished from
Saanich Inlet once 15,000 chum reached the river. Another function of the chum target
escapement is to allow enough spawning gravel space in the river to maximize the
abundance of natur8icoho and chinook stocks theen spawn. This strategy is in
keeping with DFO6s current goals for coho
Goldstream River. Goldstream is also referred to as an indicator river by DFO as there
are plans to monitor the Goldstream hatchery contributi@olod and chinook salmon

(also referred to as indicator stocks) caught or observed at sea or upon their return to
freshwater (DFO 1932004, 2002b; McCully P. pers. comm. 2002; Till 2005). (Further
details about enhancement follow in this chapter.)

DFO i ssues an fAExcess Sal mon?

doromuBah a wn i n ¢
commercial fishing license to Saanich Tribal Fisheries as well as the Tsecyum and
Malahat bands on an annual basis (DFO 2001a, 2001b). These licenses have permitted

Saanich First Natiobands to catch and sell chum returning to Saanich Inlet and have

been issued to both purse séfrend gillnet fishing vesséfScontracted by Saanich

10 Natural salmon: Any salmon produced in the natural environment as a result of natural reproduction. A
natural salmon could be either wild or the progeny of hatchery parents that spawned in the natural
environment. It is impssible to distinguish a natural and wild salmon by field observation alone.
“"ESSR is referred to as both 6Excess Salmon to Spa
Spawning Requirementd in the Ceporta)di an fisheries |
12 purse seine pelagic fishing vessels use a neettwtcles salmon in midwater sea depths (~ 100 to 115
m in the deepest waters of Saanich Inlet) with a net that was on average 366 m long, 15 m deep and
large enough to catch 20@8almon in one set. The seine net is then drawn into a pouch and reeled up
on deck (WCVIAMB 2001)
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Tribal Fisheries over the past 23 years (1982 to 2005). This fishery is only supposed to
be permitted aéir 15,000 chum enter Goldstream River which, as shown in my results,
has not always been the case. Two seine and one gillnet vessel currently receive this
ESSR fishing license (DFO 2004e). (Further details about this fishery follow in this
chapter.) Saach Tribal Fisheries as well as the Tseycum and Malahat bands also fish
chum from Saanich Inlet for AFood, Soci al
escapement is met (DFO 2001b). No other commercial (seine, gillnet, troll, trawl or
weir) salmorfishing was permitted in Saanich Inlet between 1982 and 2005 however
prawn and shrimp traps are still permitted. DFO managers and Saanich Tribal Fisheries
council members recently agreed, however, that 80% of future chum salmon caught in
Saanich Inlet wold be allocated to the Saanich Nation (Paugquachin, Tseycum, Tsartlip,
Tsawout and Malahat bands) for their ESSR fisheries (Figure 2.1). The other 20% of
chum in Saanich Inlet will be allocated to commercial fishing vessels (other than those
contracted bysaanich Tribal Fisheries, the Tseycum or the Malahat bands) in the form

of ESSR licenses (Jacks V. pers. comm. 2004).

Goldstream River Park visitors are limited to rod and reel catch and release of all
salmon species in Goldstream River and its tabas during the fishing season and this
fishery i s managed by the BC Ministry of E
Ministry of Environment 2006; DFO 2004b, 2006b). The use of fish weirs for catching
salmon in BC coastal rivers was abandoneciceo r dance with DFOO&6s Fi

(forbidding the use of any barricade or obstruction in-tal waters) in the early

13 Gillnet vessels in deeper waters use buoyed and anchored nets suspended at surface or midwater sea
depths from vessels ranging 10 to 13 m loNgts may span 30 to 75 m with a mesh size of 130 mm
for salmon fishing. Nets run horizontal to the seabed and perpendicular to the path of the salmon so
incoming fish will get their heads but not their bodies through the mesh (WCVIAMB 2001).
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1900s (Harris 2001). As | will discuss in the results, Saanich First Nations retain and
exercise their aboriginal rights to fish arafraon they catch for their FSC purposes at

Goldstream River and Saanich Inlet.

Prior to the moratorium on commercial and sport coho salmon fishing in the
1960s, there were 300 to 400 boats (operated by native anthtioe sport fishing
outfitters and Sanich fishers fishing for FSC purposes) fishing mostly for coho salmon
in Saanich Inlet each day of the fishing season (Jacks V. pers. comm. 2004). Boat sizes
ranged from 5 m long canoes using purse seine nets or troll hook and line gear, ~ 10 to
20 m Ing motorized troll or purse seining vessels, and 10 to 15 m long gillnet fishing
vessels (FIGIS 2001; UBC Fisheries 2006; WCVIAMB 2001). The subsequent decline
in coastwide Pacific coho salmon stocks triggered the closure of the coho commercial
fishery inthe inlet, and this has remained in effect for approximately 40 years (~1965 to

2005) (DFO 2001c, 2002d, 2004c).

The decline of Pacific coho and chinook salmon stocks to critically low levels in
recent years (1985 to 2005) is due in great part to coomhererfishing of these
stocks at sea, as well as their popularity with anglers as prized sports Kill fish (Copes
1998; DFO 19994, 1999d). DFO conservation officers have enforced annual moratoria
on fishing coho and chinook at Saanich Inlet over tls¢ p@ years (1985 to 2005) and
are currently managing coho and chinook
Recent fishing restrictions and conservation efforts include limiting recreational (or

sport) fishers to a maximum catch of 2 cbhaonretention of chinook and 4 chum by

1n 2005, coho fishing was restricted to only 2 hatchery marked coho, this changed to a maximum of 2
coho, only one of which may be wild, in 2006.



24

using barbless hook and line gear. The daily sport catch limit for all Pacific salmon
species from tidal and netidal water combined is 4 (DFO 2006a, 2006b, 2006c).
Closures and elimination of licenses to other commiesailanon fishing (e.g. trawling

and nornative commercial kill fisheries) in Saanich Inlet have been in place since 1912

S0 as to protect the recreational fishery (DFO 2006b; WLAP 1995).

DFO also funds coho and chinook stock enhancement programs abifsart
overall salmon conservation effort. These programs involve incubating fertilized
salmon eggs and rearing then releasing the fry to nearby freshwater environments, a
practice carried out in salmon spawning streams throughout the province. Hatchery
enhancement has been promoted as an effective restoration strategy that could increase
declining salmon stocks at their natal spawning grounds. However, as will be reviewed
in Chapter 4, there are some concerns over mixing of hatchisgd and naturally
spawned salmon in the same spawning groufdgio enhancement activities such as
incubation and introduction of coho transplanted from other systems began at
Goldstream in 1974 (Bocking et al. 1998). DFO officials and hatchery technicians
continue to ehance coho, and now also chinook stocks at Goldstream, but at time of
writing [2006] had not attempted to augment naturally occurring chum populations at
this site. Hatchery volunteers perform annual direct count surveys, also known as visual
surveys or gft counts, that estimate total numbers of live coho, chinook and chum
salmon returning to the Goldstream spawning grounds from October to December. As

reported in the Methods chapter of this thesis, | participated with these surveys in 2002.
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3.1 Goldstream River Salmon Enhancement

Adipose and ventral fin clippingoded wire tagging (CWT) (implanting 1 mm
long metallic wires into the nasal cartilage of 5 cm to 7.5 cm long smolts), and release of
hatchery raised coho and chinook stocks,ldesen undrtaken through thBFO Salmon
Enhancement Programs (SEP) since 1991 (DFO 1998; pers obs. 2002). Goldsteam
hatcheryraised chinook salmon that are released at Goldstream River are not currently
tagged (McCully P. pers. comm. 2003). The hatchery cohmarked to assist with
estimating the hatchery contribution to the general salmon population, and to provide
corresponding recommendations for fisheries management, hatchery production
strategies, experimental design, and international negotiations (Nariwldillaby
1990:1). In particular, hatchery coho marking is carried out to determine the hatchery
contribution to declining stocks of wild southern Strait of Georgia and West Coast

Vancouver Island (WCVI) coho salmon (McCully P. pers. comm. 2003).

There are currently many more hatcheaysed than wild or naturally spawned
coho and chinook in Goldstream River (Bocking et al. 1998; DFO 2002b), with a ratio
of hatcheryraised to wild stocks of approximately 9:1 (DFO 2002c; McCully, pers
comm. 2002). Somof these hatchery fish are released at Goldstream and other sites
where salmon enhancement programs are in place (e.g. Craigflower, Noble, Tod and
Colquitz Creeks) (Goldstream Volunteer Salmonid Enhancement Association [GVSEA]
2001; Till 2005). The renmaing 10% wild brood stocks of coho and chinook returning
to Goldstream are at high risk of being extirpated by the domestically raised, hatchery

stocks returning to this spawning sitdotably, DFO officers identify hatchery salmon

aswifil do stocks after the second generation
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(DFO 2002b, 2002c). Goldstream chum, on the other hand, have retained 100% of their

natural genetic lineage (GVSEA 2005; Mc.Cully P. pers comm. 2002).

3.2 Saanid Inlet Chum Surplus Fishery

DFO uses fisheries management units to delineate the fishing areas where
Saanich First Nation (Tsartlip, Tsawout, Tseycum, Pauquachin and Malahat bands) are
entitled to fish salmon for commercial and communal cultural purpwdesh includes
their food fishery (DFO 2001:6). These designated areas include Saanich Inlet and part
of Goldstream River (within DFO Fisheries Management Area 19), from the bridge over
the river in Goldstream Provincial Park to a location at the gsfuéirkm downstream
(DFO 2001; Friedlaender and Reif 1979: A25 and A28) (Appendix D). Once the target
escapement is reached at Goldstream River,
Saanich Tribal Fisheries, Tseycum and Malahat) are permitted to fighiohSaanich
Inlet and around the Saanich PeninSulmder the specifications of the annual ESSR

chum fishing license (DFO 2001a, 2005b).

3.3  The State of the Saanich First Nation Salmon Fishery

Saanich First Nation people have fished salmon from <a@dm River and
Saanich Inlet since pifeuropean settlement times (Bocking et al. 1998:3), and have
continued to relyn fresh and dried salmon as a staple source of protein year round
(Elliott 1990; Mos et al. 2004; Simonsen et al. 1995: online). Thei8a like other

First Nations of the BC coast, have expressed a general dissatisfaction with how

!> This area under discussion lies within the DFO management Subaréa$d48, 195, 196, 197,
198, 199, 1910m 1911 and 1912.
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enforcement of DFOG6s conservation | aws has
(Morrell 1989; Nuuchahnulth Tribal Council 1998; Richardson and €mnel989).
There is also a perceived | ack of consult a
Nations about the management of their salmon and other fisheries (Edwards and Glavin
1999; Elliott 2003; Macleod 1989; Walters 1995).

Until the 1950s, Saarticpeople obtained much of their food from the waters of
Saanich Inlet by fishing for direct family subsistence or working as wage labourers in
commercial fisheries. Saanich elders recall times past when they knew exactly when the
chum salmon were returrgrio Saanich Inlet because they could hear the killer whales
coming into the inlet feeding upon them (Simonsen et al. 1997: 111). This era is
remembered as a time of plentiful fish and food when there was little poverty.
Unfortunately, once the fishesdecame licensed, and opened up to fishers from outside
t he Saanich First Nation community in the
l onger able to competed (Sampson 1996 in S
earlier, however, neindigenoussport fishers are now restricted to catch and release
salmon fishing at Goldstream River, and to daily limits of 4 salmon from Saanich Inlet

per person.

As well as direct losses of salmon through overfishing, increased pollution of
Saanich Inlet posesthreat to Goldstream salmon that are migrating through the inlet,
and to the health of the Saanich people. Salr@mriiorhynchuspp), herring Clupea
pallasi) and eelgrass plantZdgstera marinahave all significantly declined in
conjunction with incrased pollution of the Saanich Inlet marine ecosystem where these
interdependent species once thrived (WLAP 1995). A common perception amongst

Saanich people is that oil leakage from freighters may be polluting beaches in
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Brentwood Bay, and that mostoeth i nl et 6s marine resources,
shellfish, are in steady decé (Simonsen et al. 1995Further studies show that fecal

coliform in nearshore areas may be the primary contributor to pollution of beaches,
shellfish, eelgrass and juvéafish in local embayments (e.g. Tod Inlet and Brentwood

Bay) where water circulation is lowest (WLAP 1996).

Despite the londerm risks and impacts of overfishing and pollution, Saanich
people continue to exercise their rights to fish salmon at Ge&tstRiver and Saanich
I nl et . Saanich Peoplesdéd rights Ato fish a
Treaties signed by those First Nations referred to then as the South Saanich tribes (which
are the bands now referred to as Tsartlip and Tsawouhardalahat band who are
descendents of the South Saanich Tribes) and North Saanich tribes (now called the
Pauquachin and Tseycum bands). The Douglas Treaties stated that Saanich people
would Aretain their hunti ng (Madildl98l:i9s hi ng r i
Province of BC 200; Union of BC Indian Chiefs 2003) (Figure 1.1). DFO officially
acknowl edges First Nationsdé rights to Afoo
case Supreme Court ruling (Supreme Court of Canada 1990; UsheR1)9dy
overseeing the Aboriginal Fi sheries Strate
DFO manages the fishery and where | and cl a
2000a: 5). Food fisheries recognized by the program entitle First Nations to fish for
FSC purposes in certain fisheries management areas. Commercial sale of those fish is

not, however, officially permitted or legalized under the AFS agreements (DFO 2000a).
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CHAPTER 417 MANAGEMENT SYSTEMS AND ASSOCIATED ISSUES

4.0 The Nature of Traditional Ecological Knowledge

The United Nations Environment Programn
Convention on Biological Diversity called for recognition, protection, and promotion of
indigenous knowledge (UNEP 1997). The application of indigeaoakgical
knowledge (herein termed traditional ecological knowledge or TEK) in biodiversity
conservation initiatives is gradually gaining more widespread acceptance as it is
becoming increasingly recognized that science alone has proven insufficient in
aleviating loss of biodiversity and other issues of environmental degradation facing
society today (Brodnig and May&choenberger 2000; Flett et al. 1996; Garvin 2001,
Mackinson 2001; Nigel et al. 2003; Turner 1997; Turner et al. 2000).

Native fishersfor example, hold extensive, loragcumulated local knowledge
about distribution patterns, morphology, behaviour and life cycles of fish, as well as
overall productivity of fishery resources, which they apply to the harvest, use and
management of those msces (Berkes 1999). A prominent definition of TEK referred
to by many researchers on the subject (Huntington 2000; Kimmerer 2000, 2002; Notzke
1995) has evolved from the work of Fikret Berkes (1993, 1995, 1999): Traditional
ecol ogi cal k nuonwdtivee Boglyeof kinawledge& practice, and belief,
evolving by adaptive processes and handed down through generations by cultural
transmission, about the relationship of living things (including humans) with one another
and with their @d999%8).rKonmerer (2000:9) idéntfiedrTEKeas
being Aéborn of |l ong intimacy and attentiyv
can arise fAiwherever people are materially

|l andscape. 0 Maur o bamnd THEXr dissdrr@20oh)al de
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knowledge that has been developed through generations of intimate contattdy na
peopl es wi t(Maurd anaHardisoh 2000drsKanmerer 2002:433). It was
al so described as t he efriadd®ihKinemererual t wi n t
2002:433), though the formal acceptance of TEK into traditional, western scientific
research has often been met with resistance (Berkes 1999; Bill et al. 1996; Howard and
Widdowson 1997; Salmon 1996). In the case of the Saanigemsls salmon fishery,
and as will be shown in my results, the Saanich tribal chiefs, elders and fishers hold
longstanding and extensive knowledge about salmon ecology, methods that protect and
respect salmon and salmon habitat, salmon fishing praciicés;onservation.

Prior to the 1900s, First Nations used fish nets of various types (e.g. seine, gillnet
and haneheld dip nets) made from spun fibres harvested from stinging nettle plants
(Urtica dioica) to catch salmon in streams and at sea (NeweB 199 First Natic
fishing technologies used prior to the 1900s included adjusting fish net mesh sizes, using
hand carved, steam bent gaff and bentwood hooks (made of yew wood, deer bone barb
and cedar wood lashing) and spears carved from pine wood (N©88). Fishing
technologies probably also included consideratioalsnaethods for targeting the
speies, run, size and gender of the fish in accordance to what they believed would
sustain future fish populations (Berkes 1999).

Some natural resourceamagers and biologists have taken a dismissive attitude
to TEK and the possibility of its integration with Scientific Ecological Knowledge
(SEK) in the past (Johannes 1989). Howard and Widdowson (1996, 1997) negatively
critigued TEK research establisheglBerkes and Henley (1997) who integrated First
Peopl esd6 knowledge within their scientific

al. 2002a, 2002b) . Howard and Widdowson (
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context and spirituwusd&dmegposngframdelentclaimsbehind v e nt

T(E)K researcho. They asserted, AScienti

of hypotheses. Validity depends in turn, on the efficacy of the tests used, and can

therefore be r eeHawand and &didowsbn 1897:463 tTeese d at e 0

authors, however, did not conduct any applied, scientific methods (as Berkes and Henley

did). They did not provide any bona fide data, results or offer evidence about real or

potential drawbacks inherent to methodyés that have been used to integrate

traditional ecological knowledge with western scientific paradigms and were therefore

unable to scientifically prove or disprove their assertions. Instead, these writers

insistently concluded and recommended thasthentific community should reject the

integration of traditional ecological knowledge and scientific ecological knowledge

outright. In contrast, Colorado (1988:49) proposed a balanced approach to the

integration of traditional ecological kwledge and watern scientific kowledge

( WSK) . She defined the term O6integrationd

efforts, not the domination or extension o
Traditional ecological knowledge differs from scidiotecological knowledge in

many ways. The main difference is that traditional ecological knowledge is derived

from direct observations of a given locality over several to many generations, and

consists of a holistic, open approach that may include spaltical, ecological and

spiritual components. By contrast, western scientific ecological knowledge is derived

from direct, relatively shoiterm observations of organisms from a range of sites, and

involves a more deductive, quantitative, and biolalgoontext (Berkes 1999; Kimmerer

2000). Both approaches provide legitimate means by which to understand ecosystems

and biodiversity conservation. Traditional ecological knowledge may strengthen
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western scientific knowledge by providing historical andiitsial insights about the

natural environment that are passed on orally from one generation of First Nations
people to the next or contribute new ecological concepts learned and methods practiced
and passed on by the next generation of First Peoplesntiiciecological knowledge

may contribute extensive, reliable, comparative data and rigorous mathematical,
statistical and ecological models, or new technologies for measuring and analyzing
information. Convergence of traditional ecological knowledgksanentific ecological
knowledge may be useful in resolving mudtakeholder conflict situations concerning
protection of animals and biodiversity conservation (Peirotti and Wildcat 2000:1333).
For example, research that blends traditional ecologiaaklkatge and scientific

ecological knowledge methods that address the question of the status of an animal
population (such as Goldstream coho) will yield recommendations for protection of the
species and its habitat that integrate cultural fishing righdsaativities and provide

greater insight to a greater diversity of stakeholders (e.g. First Nations people, fishers,
fisheries officers and managers, marine planners and biologists) than conclusions based
on either traditional ecological knowledge or stif@ecological knowlege research

could do on their own. The following sections demonstrate how integrating traditional
ecological knowledge with scientific ecological knowledge can complement, enrich, and

strengthen conservation science, monitoringrasdarch.

4.1 Integrating Traditional Ecological Knowledge with Scientific Ecological
Knowledge to Assess and Monitor Fish Stocks

Traditional ecological knowledge acquired by fishers that is specific to fish

species, stocks, populants and commercial and n@oemmercial fisheries is sometimes
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referred to as fisherods ecological knowl ed
Nottestad (1998) proposed that the combination and utilization of traditional ecological
knowl edge ecolgical knovdedge)ywithbavailable scientific data is urgently
required in the midst of our uncertainty about fish stocks. Johannes (1978) illustrated
how knowledge of Paulan fishers in Micronesia surpassed the base of the scientific
understanding ofish stocks. Despite potentially biased perceptions of resource
abundancandof their own impacts upon fish stocks, most fishers know a lot about fish
distribution and behaviour. Much of this knowledge is based not only on individual
observations and erpences, but also those of parents, grandparents and others they
have been fishing with (Makinson and Nottestad 1998:483).

Fishersd |ivelihoods depend upon acquir
fish catch and minimizes effort (Neis et al. 199899). Interviews with fishers can
elicit important information about fish behaviour and fishing practices. Fishers tend to
closely observe environmental features or ecological attributes that are linked to fishing
success such as:

€éseasonal habtat preferemtes feeding behaviour and abundance

dynamics; as well as those physical attributes that affect fish distribution, the

performance of gear and fishing time: wind direction, currents, water

temperature and clarity, bottom characteristia$ lasal assemblages structures

as well as gear fouling (Neis et al. 1996 in Mackinson and Nottestad 1998:483).

Other common observations yielded by fishers include population distribution,
body morphology and presence or abundance of mature femaiesrrgtto spawning
grounds (Hutchings 1996). Catch rates reported by fishers from the same site over time
may help identify local changes in fish abundance (Hutchings and Myers 1994).

Catchperunit-effort (CPUE) analyses, (e.g. using number of fisigbé per

fishing vessel per day), are also sometimes used for estimating the population of a stock
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(Neis et al. 1999). Crosshecking CPUE data with data from those from other fish
stock surveys is also useful for assessing localized fish abundance amahftoring
populations (Moller et al. 2004).
As shown in this thesis, the integratio
scientific ecological knowledge can improve our information base about the status of
fish populations such as the coho, chinaokl chum Pacific salmon populations

harvested by Saanich First Nation fishers at Goldstream River and Saanich Inlet.

4.2 The Importance of Traditional Ecological Knowledge in Identifying
Changes to Fisheries and the Coastal Environment

In the late 18 century, crown officials of the British Empire imposed social,
cultural and political displacement and assimilation policies upon First Nations people
that were carried forward and put into effect by Canadian government officials post
confederation (aftel867). Policies promoting displacement and assimilation are those
that effectively denied Aboriginal people access to their traditional territories and
include the establishment of colonial schools that undermined the ability of aboriginal
people to pason their traditional language, knowledge, and cultural practices. These
policies have fragmented much of the empirical knowledge of ecological relationships
held by diverse indigenous groups but this specialized knowledge persists on
reservations and imaditional communities (Indian and Northern Affairs Canada 1991,
Indian Residential Schools Resolution Canada 2006; Kimmerer 2000).

Reports from the oral history of the N@hahNulth First Nation who reside on
the west coast of Vancouver Island furtileistrate the importance of traditional
ecological knowledge contributions to our understanding of past BC ecosystems.

Though previously unknown to ecologists or historians, past BC ecosystems supported
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bluefin tuna Thunnus thynngsvhose populationsave subsequently been extirpated in
this region (Haggan 2000). This oral testimony was, subsequently, further supported by
archaeological evidence (Crockford 1994, 1997), which confirmed the former existence
of a bluefin tuna faststnb.ery al ong BCds Paci f
One of the major changes impacting Saan
practices since the 1950s is the imposed restriction of land access to the coastal
shoreline. Other impacts observed by Saanich people include:
1. Pollution of the wier bodies and lands around Saanich Inlet.
2. Human encroachment in the form of development, resource
extraction, and general invasion of privacy at sacred places and in
other traditionaluse areas.
3. Lack of employment due to loss of subsiseactivities within the inlet
and other activities such as a viable commercial fishery (Simonsen et al.
1995)
A Saanich First Nation fisher interviewed during the Bamberton Project
consultations (1995) stated that he was fishing Saanidhalnlieast every second day in
the summer of 1994 but failed to catch any
when sal mon and ot her f iis®imoasereetal £8995 wer e pl
This fisherods testi monxperientestdpportatteeresuisnd cur r
from Simonsen et al.&6s interviews with Saa
encroachment and commercial developments have caused major impacts to the coastal
environment around Saanich Inlet since European settlement. ipesgs have
caused a decline in opportunities for the Saanich First Nation people to pursue their
traditional and modern fishing practices in Saanich Inlet and at Goldstream River.
Saanich First Peoples bore witness to the pollution of the Saanicimbriee

ecosystem, caused in part by commercial development of their traditional fishing places.

They began noticing changes in marine life due to pollution in the inlet in the 1950s and
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attributed the decline in the health of the marine ecosystem tosadsféects from

sewage, urban ruoff and runoff from pesticides and fertilizers flowing into the inlet

from agricultural lands (Bruce I. pers.comm. 2005; Duerden 1996:4; Simonsen et al.
1997). At that time, Saanich Inlet was under great strain fromrwahtamination,

however, none of the Goldstream salmon species had yet been assessed under
conservation guidelines or been recognized as species of concern by DFO or any other
governmental or legislative body. This underscores a point made by Wikder et

(1999:58) who surmised that we could do great damage to an ecological system

Awithout actually endangering a species, b
system itself. 0 Tracking t heointsewcasdof col i f o
pol lution in the water over time are I mpor

pollution levels (BC Ministry of Environment 2001; CRD 2003b). It is also advisable to
consult with, listen to and learn from coastal First Peoples whose ancestorsdived a
Saanich Inlet before Eureopean settlement times. This is important because the First
Nations communities should be consulted about pollution monitoring activities and
because they may be able to contribute extensive knowledge about the effects that
pollution and overfishing have had on their traditional fishing waters during their own
and their ancestorsoé I|ifetimes.

Research on integrating fishersdé ecol og
fisheries management suggests that one of the main faduf@sner fisheries
management systems has been the exclusion of the dynamics or behaviour of the fishers
(e.g. frequency, location and target of fishing effort) as an essential consideration of the
system (Freire and Garefdlut 1999; Hilborn et al. 1995 As noted, Saanich people

hold important ecological knowledge about the state of the marine ecosystem and fish



37

populations comprising their past and current subsistence and commercial First Nation
fisheries at Goldstream River and Saanich Inlet. Thaswedge results directly from
generations of Saanich First Nations fami/|
interconnected variety of food items obtained through unique, localized subsistence

practices within the coastal habitat within which theg IfiMos et al. 2004). As

demonstrated in the results of this thesis, the retention of local subsistence practices (e.g
traditional chum fishing practices in Saanich Inlet and Goldtream River) and traditional
ecological knowledge is also directly linkedth® ecosystem integrity and biodiversity

of coast al and marine habitat encompassing
First Nations6é sal mon fishing patterns and
system (here, the Goldstream terminal sadrmigration route) upon assessing past and

present salmon populations for this research and are reported in the Discussion chapter.

4.3 Conservation Practices as Traditional E
Indigenous Peoples

Traditiond ecological knowledge incorporates conservation practices passed on
from many generations of indigenous people who werddiig fishers. Alcorn,
(1993:425) stated that: fnéthe commitment o
compl e x an dmongelre ynang éxamples of Fa&st Nations communities that
have developed conservation practices and limited their fishing efforts to conserve fish
stocks, are the Cree People of northern Canada (Anderson 1994; Berkes 1993;
McGoodwin 2002). Chisasibi Cremsliers used short, intensive fishing cycles at various
fishing sites to a specified catplerunit of effort (CPUE) threshold level, also known as

pulse fishing. In this case, biodiversity conservation (rotation of fishing areas) was an
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indirect effect oimaintaining the general productivity of the fish habitat (Berkes
1993:154). Berkes (1977, 1999) also observed Cree fishers allowing fish to escape, and
exercising careful restraint from fishing in designated sanctuaries holding plentiful
supplies of theimain target fish stocks to prevent depletion of those stocks.
The Vuntut Gwichdéin in the Yukon, North
the size and number of the fish they caught by determining fish net mesh size, and
adjusting lengthand numberf net s according to the quant
fish preserves for the winter (Sherry and Myers 2002). Fish harvest levels for the
Gwi chéin and other First Nation communitie
adhered to in the form ofaditional knowledge practice and belief, territory systems and
prohibitions against waste (Gottesfeld and Johnson 1994:459; Sherry and Myers 2002).
Conservation and resource management in ssoalk traditional societies are
commonly undertaken fdhe benefit of individuals, families and future generations
(Healy 1993 in: Williams andint@estiinnthes 1993: 2
management of local resources does not, however, imply that their conservation
practices will be ineffective. dfties engaged and invested in attaining healthy and
plentiful fish stocks are more likely to take active steps towards restoring and protecting
the population into the future. In the case of Goldstream River and Saanich Inlet,
generations of Saanich fists have diligently practiced their trade and shared and
passed on their accumulated knowledge about their artisanal salmon fishery for probably
t housands of year s. This form of passing
centuries before mari@ology emerged as a discipline. Moreover, there are many
ti mes as many such fishers as there are ma

and Baines 1993:144). In her concise review of fishing peoples and societies,
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McGoodwin (2002:6) also undexsred that selmanagement practices of many
|l ocalized fishers show dtenhsaeacvategardtfopr
This type of practice is also exercised by Saanich fishers and is reported in my Results

chapter.

4.4 Incorporating T raditional Ecological Knowledge with Wildlife Assessments

Scientific investigations that also make use of traditional ecological knowledge
are likely to be particularly successful. The literature consulted on the topic provided
important guidance aboutfe€tive methods for documenting traditional ecological
knowledge, including knowledge about local wildlife, fisheries and related topics
(Berkes 1977, 1979, 1989, 1993, 1999; Berkes et al. 2000; Healy 1993 in: Williams and
Baines 1993; Huntington 2000; Megt al. 1999; Usher and Wenzel 1987; Usher 2000).
Two main aspects of traditional ecological knowledge of value for scientific knowledge
are: 1. 1l ocal peopl ebs specialized knowl ed
the most appropriate guides adlisers to assist scientists wishing to locate particular
organi sms and resources and, 2. traditiona
for compiling inventories of elements of |
and Baines 1993:25). Kecan provide important data in the survey work aspect of
environmental research in biological sciences. TEK is a system of communicating
knowledge about governance and systems of proprietorship as well as knowledge about

local ecosystems within a humaonemunity.
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45 Monitoring Wild and Hatchery Enhanced Pacific Salmon

Population and Behavioural Dynamics of Enhanced and Wild Pacific Salmon Stocks

Canadadés Sal monid Enhancement Program (
the planting (or relase) of all life stages of hatchemgared fish in rivers and streams to
increase natural production and enhance natural populations of anadromous salmon
(Winton and Hilborn 1994) Major genetic pollution of a population may occur when
the quantity of highery salmon begins to outnumber the quantity of wild salmon
returning to a natal freshwater system where enhancement procedures are in place
(Fedorenko and Shepherd 1986). Waples and Do (1994) studied effects of mixing wild
and hatchery salmon populat®in the Pacific Northwest. They concluded that
although hatchery enhancement may temporarily improve population demographic
problems, enhancement could also cause genetic and harvest changes to a population
that could subsequently lead to its extinctimwe (or if) salmon supplementation were
to stop.

Nickelson et al. (1986) compared natural spawning times of hatchised and
wild Pacific coho salmon returning to the same spawning stream in Oregon,
Washington. Results showed that hatchery cohaladdency to spawn substantially
earlier than the wild straingQuinn et al(2002) found that hatchery coho and chinook
whose ancestral lineage was linked to the Lake Washington basin had been spawning
earlier since the 1950s (for chinook) and the 9@ coho) due to inadvertent
selection at three Washington State hatcheries. It has also been found that random
planting of hatchery stocks may effectively reduce natural production. For example,
earlier spawning times of hatchery stock resultedenbating eggs in the stream being

exposed to fall freshets and bed movement resulting in increased overall mortality of
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coho (Nickelson et al. 1986; Lichatowich et al. 1999). Hatchery coho exhibited
intrinsically lower ocean survival rates in early yeairgheir life stages compared to
wild coho smolts, which had comparatively higher ocean survival rates (Nickeslon 1986;
Pearcy 1992). Pearcy and Fisher (1988) reported that wild Pacific Oregon coho smolts
migrated further north than Pacific Oregon hatgrstocks. Further studies reported
observations of hatchergised coho progeny displaying weaker territorial behaviour
than wild salmon progeny (Norman 1987; Utter et al. 1993). Once released in the wild,
cultured stocks may also demonstrate poor calnoent behaviour, inept foraging
behaviour and habitat utilization, and strong aggression, resulting in greater expenditure
of energy, and placing them at greater risk of predation (Currens et al. 1997; Hesthagen
et al. 1995; Hindar et al. 1991; Maynardchet1995, 1996)In addition research on
Oregon steelhead trout (another anadromous salmonid) demonstrated that, for this
species, hatchemaised fish that entered into natural production areas and reproduced
with wild steelhead produced offspring witwer survival rates than their purely wild
counterparts (Chilcote et al. 1986; Kostow 2004; Reisenbichler and Mclintyre 1977).
These studies provide empirical, scientific evidence that there are significant differences
in life-history patterns and behawrs of hatcheryaised, naturally spawned, and wild
salmon stocks (See Appendix B for definitions of terms).

McGie (1980) assessed relationships between hatchery coho salmon transplants
and adult escapements in Oregon coastal watersheds. His resgmidlded that
planting of domesticated hatchery coho stocks into natural production areas did not
increase total salmon production. In fact, research at other sites showed that harvesting
mixed stocks of hatchery and wild salmon (as is done by Sa@mgthNation fishers at

Goldstream River and Saanich Inlet), led to elvarvest, decline and extinction of wild
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populations (Flagg et al. 1995; Wright 1993). Reimchen (2000) found that black bears

(Ursus americanysin an oldgrowth watershed (Moresbyldsd, Haida Gwaii, BC)

were eating a greater proportion of spawning chum males (than females), which may

lead to a greater range of male spawners for any single female (priedatoed

polygamy) and increase the genetic variance of the fertilized eggénadbn. Assuming

this premise for Goldstream salmon, the absence of bears within the saarom

reaches of this watershedoés mature foreste
numbers of park visitors) has probably resulted in a reductiomietigediversity of

fertilized eggs of Golstream chum.

It is important to take into account that information about the status of salmon
stocks in one river system may not be applicable to another as each river system and its
stocks, and hatchery opemts, are unique. Winton and Hilborn (1994), however,
provided some interesting insights about supplementation of chinook at four different
hatcheries with the same overarching enhancement program goals, operating in British
Columbia river systems. Theyqvided synopses of hatchery operations in two coastal
(Snootli and Kitimat Creeks) and two interior (Quesnel and Spius Creeks) systems. The
DFO Sal monid Enhancement Programbés goal s f
hatchery programs administereg DFO) are to increase harvest and enhance, preserve
and rehabilitate natural stocks in a cost effective manner. The authors found that while
each of the four hatcheries had experimented with different spawning, rearing and
releasing strategies, none hecdkr monitored natural stock survival or escapement (nor
had any other Canadian Salmonid Enhancement Program stock supplementation
hatcheries) (Winton and Hilborn 1994). The importance of accounting for effects, or

potential costs and benefits, of hatghgsh interactions on natural stocks was simply
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not a consideration within the SEP hatchery operations framework. Although the goal

of the hatcheries was to increase harvests in the Canadian commercial and Georgia Strait
sport fisheries, numbers of chimlosalmon caught continued to decrease from the period

1978 to 1989 (Winton and Hilborn 1994:11) with the hatchery chinook salmon

contribution generally declining from 1983 to 1987. This was a period when enhanced
chinook stock releases were expectedoiatribute in quantities enabling increase of the
total <catch. The authors concluded the ch
contributing to increased chinook harvests (Winton and Hilborn 1994:11).

The studies cited above indicate that Pacifimsal stock enhancement has not
increased salmon production, but instead has contributed to mismanagement of a mixed
stock fishery in which the wild population component is disdred, has had its genetic
diversity substantially reduced, and even brougleixtoction. Furthermore, hatchery
managers have failed to implement monitoring strategies for measuring natural stock
survival, escapement, or effects of hatchery fish interactions with wild brood stocks

(also called demes).

Assessments of Salmon Bs@ame n t Records from BC6s Centr :

Habitat destruction (logging, damming, road construction agriculture and
urbanization), enhancement programs, commercial fishing and the introduction of
cultured fish resulting in a mixed stock fisherylfhand enhanced) are all factors that
can lead to reduced escapement and genetic diversity of wild salmon (Kostow 2004,
NRC 1996; Slaney et al. 1996; Wood 2001).

Escapement enumeration is the main method used to measure, assess and

monitor salmon stocketurns and to determine and allocate annual allowable salmon
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harvest yields. Thomson and MacDuffee (2002) assessed salmon escapements from
DFO6s sal mon escapement database system (S
assessments represented estimat@nnual abundance of salmon spawners that
returned to their natal streams in DFO statistical management areas 3 to 10 within the
north and central coast of BC. BC 16 reports are official records of annual stream
survey field reports collected fromest where surveying and monitoring occurred, and
are archived in DFO office files. The salmon escapement database system accessed by
Thomson and MacDuffee contains DFOOG6s sal mo
dating from the 1950s to present. Theawdare limited in their ability to disclose
important trends in salmon population (or défsurvivorship, in part because
commercial logging, fishing, and watershed development were already extensive
t hroughout most of BCOG6 495@swles theadhtabasawasion hab
initiated (Thomson and MacDuffee 2002:71).
There are over 1000 freshwater ecosystems (drainage basins) supporting more
than 2500 runs of salmon on the north and central coasts of BC (Thomson and
MacDuffee 2002:18). Effortt survey and estimate abundances of sockeye, coho, pink
and chum escapements (198809) have fluctuated over time. The greatest reduction
in enumeration effort for north and central coast coho occurred in 1999. Only 2% of all
central coast coho systeinad reliable coho escapement data between 1950 and 1999.
Sockeye had the second poorest enumeration record, followed by chinook, pink and
chum (Thomson and MacDuffee 2002:74). DFO monitoring efforts (escapement

surveys) were evidently focused on the tramsnmercially important stream runs.

sSee Appendix A for definitions of O6spawnerd 6popul
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Monitoring efforts neglected the importance of smaller streams and tributaries that are
vital to the survival of many salmon demes; the ecological role of salmon; and the
importance of these smaller runsto Firstblatis 6 f ood fi sheri es.

The authors also found that, due to the limitations of the escapement database,
only 10% of the salmon rearing streams, rivers and tributaries with escapement data
(biased towards larger, more productive runs) had reliable salmgreaseat data
(Thomson and MacDuffee 2002:74). After assessing the status of salmon based on data
from indicator systems that did have reliable data, the authors determined that central
coast coho have been declining since the 1950s. No reliable statibequovided for
the north coast as only 14 of 891 systems had been reliably surveyed. North coast coho
catches have been declining since the 1970s, and all coho systems were deemed critical
in the 1980s, yet none of the indicator systems were surweykd 1990s. High
exploitation rates (60 to 80%) combined with poor escapement data caused extensive
overfishing of coho coastwide. DFO finally issued fisheries restrictions on coho catches
in 1998 and the data from 2000 and 2001 demonstrated improvensame systems.
DFO reported that fisheries restrictions and improved ocean survival in conjunction with
the 1998 ocean regime shift explain the increase in-200Q coho returns (PFRCC
1999). Thomson and MacDuffee (2002:80) cited poor samplingateatial barrier to
assessing coho returns and status, however, warning that habitat changes in logged
watersheds and declining productivity in headwater streams may also have affected wild
north coast coho runs.

To summarize, 56% of indicator systemngok runs on the north coast were
assessed as fAvery depressedodo (less than 40

22% were categorized as Adepressedo (40% t
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Commercial catches of central coast chinook have aethrgnificantly since the

1970s, but escapement goals are still falling short. Bella Coola, a system enhanced by
hatchery fish, is the only central coast indicator system that met its target chinook
escapement goals in 1990 and 1991 (Thomson and MasD2@02: 81). Pink salmon

were the healthiest species within the central coast salmon indicator systems, while 75%
of chum indicator systems were classified
coast indicator chum systems declined in the 19804.88ds at a time when harvest

levels (for Areas 3 and 4) were above average. Only one north coast chum system met

its escapement target in the 1990s with preliminary data from 2000 and 2001 showing

no change to this condition. All indicator chum systemshe central coast (within

Areas 9 and 10) were classified as fAvery d
in several areas hindered the possibility to make adequate assessments of improvements
or declines in central coast chum returns (ThomsorMaaDuffee 2002:8681).

Sockeye on the north and central <coasts
depressedo in 73% of the indicator systems
showed some improvement from 1991 to 2001 while the statuentat coast sockeye
remained oO6very depressedd despite fishing
on the north coast met their target escapement goals, whereas none of the indicator
streams on the central coast met theirs (Thomson and MacD0fi@e82). Central
coast sockeye are not recovering and fishing pressure, habitat loss, global warming
influences and/or marine conditions continue to threaten the status of these stocks.

Thomson and MacDuffee (2002:77) acknowledged that many small rgnskeye

used to contribute significantly to local First Nations fisheries, and that they were once
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important to the commercial fishery, and recommended that the status of these runs be

assessed.

4.6 Use of Native Harvest Statistics in Assessing Fishe e s & Sustai nabili

Usher and Wenzel (1987:145) defined native harvest statistics as counts, or
estimates, of the quantity of a particular species of fish, or wildlife, by category taken in
a specific area by a specific group of native people duringcifgptime period. The
authors reviewed and assessed two common types of native harvésadiatiaistrative
and monitoring records, and spegairpose studies. The existing body of information
on native harvest data can be used to recreate a madmiisgbrical statistical series for
biological as well as socieconomic research purposes (Usher and Wenzel 1987). The
native harvest data from the Excess Salmon to Spawning Requirement (ESSR) licenses
and the BC 16 reports containing Goldstream Rieéog¢ chinook and chum
escapement data that | used for this project were categorized by Usher and Wenzel
(1987:146) as Aadministrative and monitor.
harvesting trends and as potential indicators of fish abund&®8R native harvest
statistics can be used for conducting catch per unit effort (CPUE) analyses of First
Nati ons®é commerci al and/ or communal sal mon
chapter). CPUE analysis using native harvest statistics canibdieator of salmon
abundance and harvesting trends but is not a very precise measurement tool for research

and management. CPUE will be described in greater detail in Chapter 6.
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4.7 Wild Salmon Monitoring and Management Efforts

Co-management

Joint stewardship and applied resource management practices built on First

Nationsd rights to fish (and to harvest ot

as cooperative-maarggmeantdo dBefikes and Henl

al. 1991; Notke 1995; Pinkerton 1989). @oanagement as defined by the Royal
Commi ssion on Aboriginal Peoples invol ves
governments and Aboriginal [and sometimes other parties] enter into formal agreements
specifying their respectiveghts, powers, and obligations with reference to the
management and allocation of resources in
and Henley, 1997:29).

In theHaida Nation v. British ColumbiéMinistry of Forests) 2004 case
decision, the provinal and federal governments were imposed with the legal duty to
undertake O6meaningf ul consultationd with
affect existing or potential Aboriginal rights or title. According to legal counsel of the
BC Aboriginal Fiske r i e s C o nMjsarsngful conspltatior{ should also translate
into greater inclusion and actual substantive participation by First Nations who are
involved in cemanagement relationships with DFO and to provide incentive for those
wh o a r(BrakedanddCompany Barristers and Solicitors 2006).

Numerous case studies highlight strengths and weaknesses, successes, trials and
tribulations resulting from conanagement efforts between federal (or deatel) and
First Nations (or localevel) authoritiegBerkes 1999; Confederacy of Nations 2004;
DFO 2001b, 2005a; First Nations Panel on

2006; Notzke 1995; Pinkerton and Weinstein 1995; Robinson 2001). For a

F
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comprehensive,cadg-c ase | i stinganakyeserstonNiAzNewsP
in Aboriginal Management: Cmanagement o (1995). Schrieb
that lack of attention to local concerns is the dominant contributor to biological and
social crises in fisheries. The flow of social and ecordinefits from the fishery
back into the community is integral to powsdtaring and meaningful @management
arrangements with government fisheries managers (Schrieber 2001).

The Gitxsanbés Selective Surplus Sal mon
First Nation Excess Salmon to Spawning Requirement (ESSR) fishery, is a legalized,
commercial sale fishery entered into by agreement between andreaged by DFO
fisheries managers and the First Nation band councilors (DFO 2005a; First Nation Panel
on Fisheries 2004: 28; Notzke 1995; Pinkerton and Weinstein 1995). The joint
agreement enables and permits harvest and
rights to fish for Food, Social and Ceremonial (FSC) purposes, as is the case with the
SaanichPgnl es 6 fishing rights. These agreemen
First Nations) were developed in part as fishers began exploring options for conducting
more selective fishing methods in order to target enhanced or plentiful stocks, and
rebuild deressed wild stocks that had been evarvested in mixedtock fisheries
(Gitxsan Wetdsuwet 6en Watershed Authority
Taylor 2003).

The ESSR communal fishing license of the Gitxsan allows Native fishers a
commerdal harvest of Babine River sockeye salmon in river waters once the enhanced
sockeye stocks reach a target escapement at Babine River (subject to changes in fisheries
management plans) (DFO 2005a; Pinkerton and Weinstein 1995:66). The Gitxsan

perform catb-surveys using standard sampling surveys of CPUE and total effort and
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have trained a number of their people in salmon population monitoring and management

methods and in the operations of the traditional fisheries management system. The

Gitxsan have sirepublished their current catch monitoring methods and data, spelling

out sample size, methods, and confidence |

to scientific and political scrutinyo (DFC

Taylor 2003) Regional DFO staff interviewed in 1995 stated that the Gitxsan catch

monitoring system was fAas good as you can

which would only improve the data a I|little

in: Pinketon and Weinstein 1995:65). This-oanagement situation between Gitxsan

and DFO was ongoing at the time of writing (Pinkerton E. pers. comm. to Turner, N.J.

July 2006). In 2004, chief negotiatior of the Gitxsan Hereditary Chiefs, EImer Derrick,

was conident that the Gitxsan would be able to reach an understanding on the

all ocation, management, protection and enh

we do want is to conanage our territories, and the resources within those territories, for

thebenet of the Gitxsan and for the Crown, to
The theory behind the ESSR fisheries is that they give the highest possible catch

per unit of effort, using the most effective gear available by season and area, and

purposefully conentrate on aggregations of the most efficiently exploitable fish (Berkes

1999; DFO 2005a; Pinkerton and Weinstein 1995; Pinkerton E. pers. comm. 2002;

Tayl or 2003) . From the | iterature reviewe

fishery appeared te one of the most successful examples ofmanagement effort

established and maintained between DFO and a BC First Nations community. Robinson

(2001) referred to the Gitxsanbs experienc

building cemanagemerpartnerships for the Skeena River salmon fishery as a useful
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model for addressing and resolving native title issues in Australia. The efficiency of the
Gitxsanb6és ESSR sockeye sal mon fishery is a
closely parallels th comanagement initiative between DFO and the Saanich Tribal

Fisheries regarding Goldstream River chum stocks and the ESSR chum fishery in

Saanich Inlet.

Adaptive Management

Another resource management framework, which carries some advantages for

integra i ng First Peoplesdéd Traditional Ecol ogi
conservation, is fAadaptive management o (Be
adaptive management outlined -bpdoifgeamikes (19

of trial-and-errorand feedback learning, and social learning with elders and stewards in
chargeo. I n his experience with the Jame
observed that in the Cree system, research and management were synonymous. They
also assume thatdl cannot control nature or predict yields; they are managing the
unknown, as is characteristic of adaptive management. In light of his research findings,
Berkes (1999) proposed that adaptive manag
traditional manageent. The synchrony between research and management of fishery
resources characteristic of adaptive manag
fishery management system. This is evidenced in the interview results and discussion of
this thesis (Gapters 6 and 7).

According to a review of case studies, ecosystem resilience or possibility for
restoration of resilience of ecological components of the ecosystem and flexibility of

existing power relationships among stakeholders comprising the satipboent of the
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management system are attributes of successful adaptive management institutions
(Gunderson 1999). According to Walters (1997), lack of data on key processes that are
difficult to study and differences in ecological values are key baroesgdcessful
administration of adaptive management institutions. Pinkerton (1999) identified distrust
and resistance of management agencies and lack of broadly organized political support
as additional barriers to successful implementation of adaptivagearent efforts in

BC fisheries. In adaptive management, all parties are actively learning (Berkes 1999;
Gunderson 1999; Johnson 1999; Lee 1999; Pinkerton 1999; Walters 1997). Uncertainty
about relationships among ecological and social componentsggpense to

management, and abundance of the natural resource are inherent to natural resource
management; therefore, elements of risk and ambiguity must be embraced when

engaging in adaptive management processes (Johnson 1999).

Ecosystem Management

The Coast Information Team (CIT), consisting of representatives from the
Province of BC, First Nations, |l ocal gover
nonrgovernment organization reached consensus on a definition of ecodagech
management thas iequally applicable to southern Vancouver Island interests. In April
2001, the Coast Information Team defined ecosystem based management as:

éan adaptive approach to managing human

coexistence of healthy, fully funoming ecosystems and human communities.

The intent is to maintain those spatial and temporal characteristics of ecosystems

such that component species and ecological processes can be sustained, and

human weHlbeing supported and improved (CIT 2001).

TheFirst Nation Panel on Fisheries (2004:2) has since listed an ecosystem

approach to management as a top priority in their vision for BC fisheries. The literature
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on ecosystem based fisheries management showed a trend in recommendations to
simultaneously dopt a precautionary principle (e.g. preventing fishing in areas where
the status of and impact upon the ecosystem is unknown). Ecosystem based
management integrates an adaptive management approach enabling flexibility in the
face of changes in ecosystamd community dynamics. It is holistic in nature and
avoids command and control pathways to resource management (CIT 2001; Larkin
1996; Olsson and Folke 2001). In practice, ecosydi@srd management includes
effective, efficient time and resources ap@lto monitoring of ecosystems and

ecosystem resources such as individual species (Olsson and Folke 2001).
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CHAPTER 51T METHODS

5.0 Overview of Methods Used for this Research

| used both qualitative and quantitative research methods isttiig of
Goldstream salmon stocks monitoring. Traditional Ecological Knowledge (TEK) was
brought out from interviews with Saanich fishers and combined with analyses of salmon
abundances returning to their natal stream (Goldstream coho, chinook and chum
egcapements) as well as abundances of chum salmon caught from Saanich Inlet (native
harvest statistics). Thematic analysis of traditional ecological knowledge from
interviews and analyses of fish stock data (scientific ecological knowledge) are each
based a separate knowledge claims and each imparts partially different information
(Usher 2000). Neither the qualitative nature of traditional ecological knowledge, nor the
guantitative data of salmon catch or escapement could, independently, sufficiently
inform us about the status of Goldstream salmon stocks. An interdisciplinary research
approach, blending science and social science methods was therefore undertaken to
address the question of how escapement counts contribute to Goldstream salmon
monitoring pradocols. This approach was undertaken in order to generate an inclusive
and weltrounded picture of the monitoring protocols and conservation practices in place
for the Goldstream sal mon and of the Saani
This chapter describes the quantitative methods (direct fish counts, time series graphing,
three year rolling averages and assessment of biostatistics) and qualitative methods
(interviews, transcription and analysis of traditional ecological knowledge rdporte
used for this research. My integrated research approach (Figure 5.1) may be used in

conservation biology, ecology and other life science projects.
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Figure 5.1 Integrated Research Approach for Monitoring Wild Salmon Stocks at
Goldstream River and Saanich Inlet, Southern Vancouver Island, B.C.

Thematic Analysis of
Saanich Fi she
and TEK Acquired in
Interviews Conducted
Using a Standardized
Questionniare about
Historical & Current
Abundances of Goldstream
Salmon

N | 4
Direct Count Surveys, & Data Analyses of Excess
Analysis of Goldstream Salmon to Spawning
River Coho, Chinook & Requirement
Chum Escapement Data, (ESSR) and Food, Social
& Consultation with and Ceremonial (FSC)
Goldstream River Chum Catch From
Hatchery Technicians & Saanich

DFO Fisheries Biologists Inlet
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51 Interviews with Saanich First Nation Fishers

Background

Traditional ecol ogi cal knowl edge ( TEK)
ecol ogi cal knowl edge (FEK), of the Saanich
through cdlaboration with Saanich First Nation fishers. Saanich fishers were asked to
share their knowledge and perspectives about the Goldstream and Saanich Inlet fishery
in semidirected interviews that ranged in duration from one to four hours. A
standardizedurvey research instrument was created for conducting these interviews.

The overarching goal of the questionnaire was to document knowledge and life

experiences of Saanich People who have fished these waters for subsistence purposes

over several to manyegrs. The survey was also designed to obtain qualitative and
guantitative information about Saanich fis
salmon over time (Appendix E).

| applied to the University of Victoria Human Research Ethics Committee to
undertake interviews for this research. The questionnaire and Participant Consent Form
designed for conducting interviews with Saanich fishers were submitted in this
application. The application was approved and a Certificate of Approval was obtained,
allowing me to recruit and interview participants for this project for the period of July 26
2002 to July 25 2003 (Appendix F).

Interviewees were selected on a chain referral basis to identify key informants
rather than a random sampling of the commurstihaésis a recommended approach
when undertaking research involving traditional ecological knowledge (Huntington
2000). Experienced fishers referred by their peers, were asked to participate in a face

to-face interview with me. Dr. Nancy Turner who hadrked with him previously
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referred the first interviewee (Earl Claxton Sr.) to me. Three subsequent participants
assisted with guiding the selection process by using peer selection, referring other
fishers and offering their contact information for thegoses of the studyAll fishers
referred by other expert fishers were interviewed until no new names came up. A total
of seven fishers were interviewed (Appendix G).

Upon reading, understanding and signing the Participant Consent Form, each
interviewee provided me witlpermission to tapeecord the session and use the
information within thisma s t e r &Appendixdd¥’.i s

Interviews were subsequently transcrilved batimas closely as possiblé&ach
participant received a copy of the transcriphisfown interview, and was asked to
review the transcription for accuracy, completeness, and approval. Participants were
asked again for approval to use their interviews in my thesis and if they would like the
audiotape of their interview archived withher the Saanich Native Heritage Society or
the Saanich Adult Education Centre library at the Saanich Tribal School located at 7449
West Saanich Road, BC.

The relevant results from the interviews are presented both as part of the

thematic analysis prodere, and as separate topics in my results chapter.

Thematic Analysis

Thematic analysis is commonly used to categorize qualitative information (e.g.

from interviews). It allows for the translation of statements from interviews (qualitative

7 On occasion participants asked that information discussed be left off réndh#se instances, the
tape recorder was shut off until the person expressed that they would like to resume the interview for
the purposes dhe research.
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data) into gantitative data. It is a process of encoding qualitative information by using
a series of codes or flags such as particular themes. A theme is a pattern found in
interview responses that will describe and organize the possible observations and may be
extended to interpret aspects of the phenomenon. Boyatzis (1998:4) described thematic
anal ysis as a useful tool for fAésystematic
situation, an organization, or a culture. o
between positivistic science and interpretive science (Silverman 1993). It can bridge or
translate methods and results into forms accessible to readers from different fields,
orientations or traditions of inquiry (Silverman 1993). Thematic analysigose
methodology to use with interviews regarding TEK within a First Nation community, as
it is useful for analyzing individual and shared responses to questions within the
guestionnaire.

Thematic analysis of interview transcripts was undertaken in tydarcode
gualitative information (TEK) and document dominant, emerging themes regarding
Saanich Peoplesé past and present sal mon f
Saanich Inlet. Transcripts were reviewed to identify, organize and systemgaticall
observe recurring topics and/or details (e.g. varying attributes of fishing effort over
ti me) , emerging from participantsdé qualita
guestions posed in the survey (Boyatzis 1998; Silverman 1993). Themes were coded by
using different symbols for identifying each theni@epending on participant responses,
a topic raised from a question in the rese
configuration of sal mon over ti med@aponmay or
analysis. In this research, the theme (e.g. former fishing methods) is the unit of coding

and the Saanich First Nation fisher is the constant unit of analysisecurring theme
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was identified in the responses of most of the participants, icarasdered a major
theme.

The descriptive and quantitative themes that were generated from thematic
analysis of interviews are tabulated in Chapter 6. This process enabled me to
systematically identify, |ist, sdnasoosr i be an
interactions and cultural relationships with salmttralso provided a structural
framework from which to observe Saanich Pe

the wild salmon fishery at Goldstream River and Saanich Inlet.

Limitations, Assumptions and Advantages of-Wimtdom Chain Referral Participant
Selection and Thematic Analysis

A limitation of the noarandom chaifreferral approach to selecting interview
participants was that the total resulting number of participants ifr@ewas probably
not a statistically robust subset of the total Saanich First Nation fishing population. In
addition, all interview participants were men however women have also traditionally
participated in the fishery. There are no census or othestisreporting the number
of Saanich People who have fished Goldstream River or Saanich Inlet for salmon
throughout their lives so the ratio of Saanich fishers interviewed to the total number of
Saanich fishers could not be determined. The particgeecttion process did,
however, ensure that only experienced fishers were recruited for interviews.
A limitation of thematic analysis is that summation of interviewee responses can result
in |l oss of depth and context19e8) First Peop
Categorizing dominant themes from interviews (Table 6.1) however, allows an overview

of large amounts of qualitative data.
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52 Escapement Enumeration

Purpose of Escapement Surveys

Escapement enumeration is the process of estimating abundance of salmon
completing their life cycle at their natal freshwater habiitdtconducted Goldstream
escapement enumeration for this project in consultation and innobio with Howard
English hatchery technicians and DFO salmon biologists during the Fall 2002 salmon
run season (Appendix 1)Two to three surveyors conducted these annual salmon stock
counts at Goldstream River once a week on the same day each we&Wddmasday,
September 25 to Wednesday, December 4, 2002. This work was undertaken in order to
determine how escapement data were obtaine
(DFO BC 16 reports) (DFO 1932004). Annual escapement counts build uporsgmrg
baseline data and enable observation and comparison of ocean survival trends of
individual salmon stocks at a particular site (or between a number of sites) over time.
These data serve as points of reference and measurement for ongoing wild salmon
stocks monitoring and scientific study. Escapement data also provides researchers with
updated information for preparing annual forecasts and prescriptions for wild salmon
conservation strategies.

Surveyors used two or three pocketed manual counterwore stream waders

and used waterproof notebooks and pencils for recording field notes.

18 Escapement counts acquired from enumeration surveys are sometimes referred to as soft counts
because they are best estimates or approximations of the total number of salmon returning to their natal
river to spawn.
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Visual Survey Procedure

The four salmon spawning reaches of Goldstream River that comprise this study
site (reaches 1 to 3) were visually surveyed during a 2.8tkeam walk. The stream
wal k involved hiking through the riveraos
through shallow river currents (~ 2.5 cm to 60 cm in depth) on gravelly, spawning
ground waters. Surveyors scanned spawning ground waterstladorigerbanks (used
as parallel transect lines) and within the bankfull witithsed for perpendicular lines to
those of the riverbanks) that formed the quadrat.

Quadrats varied in length and size and were visually outlined on site. Surveyors
used thebankfull width (the distance from one side of the stream bank to the other) and
the distance between two points identified on each side of the stream to demark a visual
guadrat. Four objects used for visualizing a quadrat are, for example, a treelded bou
on one side of the river, and a shrub and piece of large woody debris across the bankfull
width. The four markers indicate the plot within which stream waters were surveyed for
salmon abundance (escapements) (Figure 5.2).

Surveyors stood at a poiakong a transect line (the streambank of their quadrat)
and used their counters to record the total number of live salmon (of the species that they
were responsible to count during that stream walk) that they observed within
their quadrat, then moved downriver to plot and examine another quadrat. Each
consecutive plot was delineated and surveyed within about 5 minute<alngmg

in the river and about 10 minutes when traversing the woods along the riverbank.

19 Bankfull width: The width of flow within a stream channel that is just contained with the channel
banks; Commonly known as the distance perpendicular to streamflow between the limits of terrestrial
vegetation on both sides of the stream (BC MigisfrForests 2001:1).
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Figure 5.2 Quadrat Formed for a Visual.Survey of Adult Chum at Goldstream River
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These quadrats were established approximately every 10ene whservation of
river waters was possible until the full 2.8 km stretch of river was surveykdlia
salmon migrating uprivesr spawning at the river were counted. During my field
season in 2002, | was trained by an experienced stream surveyoitarehhgolunteer
named Art Inglis who has conducted weekly counts of Goldstream salmon for several
years. Surveyors are trained to identify each of the salmon species present (coho,
chinook and chum), to calibrate their field of vision within four ocdlatance intervals,
to mark out each quadrat surveyed, to be visually aware of and alert for all migrating
salmon within the reach of river surveyed and were careful not to recount the same
salmon in two or more separate quadrat plots along the lendtb af/er. Weekly
counts or estimates of salmon captured, roughly, the total number of salmon returning to
the river as is done in a population census (complete count) (Thomas et al. 2004). The
general movement of migrating salmon is from downriver tovaptherefore surveyors
counted the salmon froopstream to downstream, in a ndlind direction (beginning
at the terminus of Reach 4 and moving towards Reach 1). This was done in an effort to
reduce the chance of recounting the same salmon twiceidayn

Escapement enumeration was cornddat 10 to 15 elevated observer
checkpoints at heights ranging from approximately 2.5 m to 13 m above water surface
| evel t hroughout Reach 3, and for about ha
river length). Quadrats surveyed from those plesepoints (located about 1.3 km
upstream from the mouth of the river) enabled clearer observation of those deeper water
pools where coho typically prefer to rest. The remainder of Reach 2 and Reach 1 (which
is & 1.3 km) was s uwenekrvateods, alosgithe gverbpokaod r at s a

within river waters (ateye e v e | of the observer, or & 1.5
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Each weekly stream survey took approximately two to three and a half hours. It
was common for one person to survey Reacl30 (8 in length) upstream to
downstream while another one or two people surveyed Reach 3 (630 m long) and
travelled downstream to Reach 2 (1, 270 m). After Reaches 1 through 3 (totalling 2.8
km) had been surveyed (Figure 2.2), all surveyors met at thenteywf Reach 1 where
the road bridge and picnic tables are located (~ 930 m from the mouth or estuary of the
river). At that point, we tallied our weekly escapement counts for coho, chinook and
chum salmon, then returned to the hatchery and reportectohtie bookkeeper.

The bookkeeper recorded weekly escapements at the Goldstream hatchery over
the two and a half month salmon run season. Final tallies of observed escapements were
reported to the Goldstream River Nature House and to DFO offices inf\aaaid
Victoria at the end of the salmon run season. A DFO officer subsequently checked over
escapement survey field reports, accompanying field notes and calculations for general
accuracy of information. Final tallies of salmon counts were then recor@dedatabase
for storing annual escapement records and were filed as BC 16 reports in DFO offices in
Victoria and Nanaimo, BC. DFO then makes these data accessible for external research
purposes (e.g. via the Fish Wizard website on the internet). <aofpilke BC 16 files
containing salmon escapement counts for Goldstream River from the period 1932 to

2004 were obtained for this stuthy

Limitations, Assumptions and Advantages of Goldstream River Salmon Survey

The salmon counts were limited by a rhenof factors. Environmental

conditions such as murky waters resulting from the release of tannins from autumn

2 These archives were collected from the DFO office located at 4250 Commerce Circle, Victoria, BC.
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leaves that fell into the river made it difficult to see past the surface of the water on some
occasions and at some locations within the strsarvey circuit. Since coho preferred

to remain hidden in deep, dark pools of water or under rocks and riverbanks, they were
more difficult to observe from the stream bank and individuals that remained invisible
would have been missed. Coho and churhvlegie counted one week may have been
recounted for the same survey the following week because their senescence period is
about two weeks. This was probably not the case for chinook counts however as their
senescence period after spawning is about 2 (@ayder 2000; Morbey et al. 2005;

NOAA 2005; Rawding and Hillson 2003).

Escapement reports represent estimates of all salmon returning to their natal
river. In practice, however, the procedure yields a rough estimate of all visible salmon
encountered ahaccounted for during a period of three to four hours, once a week
during the fall spawning season (September to December). It is important for scientists
and/or researchers to understand how salmon escapement data are collected so that

inherent marginsf error in estimation of salmon abundance can be recognized.

Coho, Chinook and Chum Escapements (1932 t0)2004

Records of Goldstream River coho, chinook and chum escapement were
retrieved from Fisheries and Oc¢dfiehas Canada
DFO BC 16 reports) for all years on record (i.e. the period 1932 to 2004). Escapement
counts recorded from 1932 t01959 stream surveys were categorized under very wide
numerical ranges, which were coded alphabetically in stream inspectiorMogs.
recent live counts (1960 to 2004) of returning salmon were conducted using more

precise enumeration methods (DFO 128®4). | composed detailed metadata
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descriptions for all the salmon escapement data gathered from Goldstream River stream

inspectionlogs dating from 1932 to 2004 (Appendix J).

Processing Escapement Data with a Thya=r Rolling Average

Escapements from stream inspection log sheets were entered into Microsoft
Excel (©2001) database spreadsheets to create frequency tableseté dlata for each
salmon species. The purpose of plotting the escapement data was to graphically
illustrate a timeseries distribution for identifying and analyzing significant or
noteworthy fluctuations in numbers of coho, chinook and chum salmon regumi
Goldstream River spawning grounds over the past 70 yg@areeyear rolling average
intervals (e.g. averages for 1939331934, 193319341935, 193419351936, etc.)
were logged in order to smooth out arbitrary fluctuations within the-2982 daaset.
Graphs were constructed with time plotted on thax¥ and thregear averages of
escapements plotted on theaXis. This was done for each of coho, chinook and chum
salmon escapement data. Moving averages efédgtdmooth out arbitrary, local

fluctuations in raw data.

Saanich Tribal Fi sheries6 Saanich I nl et Co

Saanich Tribal Fisheriesd tot al all owab
depending on the Aexcesso number of chum (
their return migration to Goldstream River spawning grounds. Managing Pacific salmon
stocks on the basis of a target escapement goal is also known as a tosksite
strategy (Hilborn and Walters 1992: 453). Once the annual escapement targed®f 15,0

chum salmon are accounted for in the river, harvesting activities as outlined and agreed
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to within the annual Excess Salmon to Spawning Requirement (ESSRYfishimgy

license are permitted in the inlet (DFO 2001b). DFO collects and files data froml ann
ESSR chum catch in collaboration with the Saanich Tribal Fisheries council. Total
harvest of Saanich tribal commercial, communal salmon in Saanich Inlet has been
recorded since 1982. The last record of total chum catch available from DFO files in the
winter of 2005 was from the 2002 ESSR fishing season. There was no ESSR fishery in

2003 or 2004.

Population Characteristics Based on Coho, Chinook and Chum Escapements

| determined the carrying capacity (K) for coho and chinook based on observed
popuhtion increases and decreases of the escapement data from 1932 to 2004. (As
noted in Chapter 3, DFO has already determined the carrying capacity of chum at
Goldstream River to be 15,000.)

| then solved for the rate of population growth (r) for three stpdime
intervals (1932 to 1944, 1944 to 1973 and 1973 to 2002) for each of the Goldstream
salmon stocks based on their individual carrying capacities. The logistic growth rate
was determined by using Pierre Véshdsedl st 6s
on the theory that population growth is limited and may depend on population density

(Cox 1996:173).

r=  dN/dt r = Rate of population change over time
N (K-N dN = Change in population
K) dt = Change intime

K = Carrying capacity

| also deciphered the maximum total area of riverbed each salmon species would

occupy in the spawning reaches (Reaches 1, 2 and 3) of the river steeklnad
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reached its maximum carrying capacity for the river during spawning season (October to
December). |did this to find out if there is enough spawning habitat to accommodate
the maximum carrying capacities proposed for Goldstream coho, chinockamd

stocks at this river.

53 Saanich Inlet Excess Salmon to Spawning Requirement and
Food, Social and Ceremonial Chum Fisheries Data Processing

Chum catch data from annual ESSR fishing licenses issued for Saanich Tribal
Fisheries Saanicmlet commercial fishery between 1982 and 2002 and from their Food,
Social and Ceremonial (FSC) chum catch for the 25 year period from 1978 to 2002 were
collected from DFO fisheries managers for this research project (DFO 2001a, 2001b).
These data were iopinto a spreadsheet database (Microsoft Office Excel Program ©
2001) and modeled into a 3@ar time series graph with a thugeint moving average
applied to them.These graphs were also used for comparing trends in Saanich Inlet
chum catch against tnds in coho, chinook and chum salmon escapements from the

same time period (1980 to 2002).

Example of a Catch per Unit Effort (CPUE) Analysis

Catch per unit effort (CPUE) was proposed for this project because of its
potential for measuring the fishingteaxity and sustainability of the Saanich First
Nati onds ESSR and FSC chum fisheries in Sa
data for the total number of chum caught (the measure for catch) per number of days
fished in a year (the unit of effort) for tiperiod 1994 to 1996 were used for the CPUE

for this study.
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CHAPTER 6 - RESEARCH RESULTS

6.0 Introduction to Research Results

Important findings and major themes that emerged from analysis of interviews
with Saanich fishers are provided in this cleaptResults and analysis of thgear
rolling averages of Goldstream River escapement data, Excess Salmon to Spawning
Requirement (ESSR) and Food, Social and Ceremonial (FSC) biostatistics are also
presented. The catch per unit effort (CPUE) data asudtsefor the period 1996 to 1998

are included at the end of this chapter.

6.1 Interviews with Saanich Fishers

The Saanich Nation comprises the communities of Tsartlip, Tseycum and
Pauguachin on the west side of the Saanich Peninsula and theuT savtioe east side
as well as the Malahat on the west bank of Saanich Inlet (Figure 2.1jotdahen
reserve population of these communities is approximately 2250 (Aboriginal Canada
Portal 2006Department of Indian Affairs and Northern Development&20dos et al.
2004).

The traditional ecological knowledge (TEK) component of this project consisted
of the insights voiced by Saanich fishers relating to the cultural and environmental
aspects of the Goldstream and Saanich Inlet salmon fisherypeEneselection
recruitment process of participants resulted in interviews with seven experienced
Saanich fishers including six from Tsartlip and one from Tsato@ix of the seven

participants agreed that they would like the tapes of their recordedents archived

L This method was used to identify specialized fishers and did not aim to or result in equal representation
of the total Saanlt First Nation population.



70

with either the Saanich Native Heritage Society or the Saanich Adult Education Centre
library located at the Saanich Tribal School grounds at 7449 West Saanich Road, BC
(Appendix E and G).

The Saanich fishers interviewed conveyed valuablditional ecological
knowledge including descriptive, biological information about morphology, physical
characteristics, the food web, feeding behaviour and migration patterns of Goldstream
salmon as well as alterations to salmon habitat they have eldsand their own
conservation and restoration efforts at Goldstream River and Saanich Inlet over time.
They also relayed knowledge about their former and current fishing practices and
technologies used to fish salmon. Some observations of size and rad®inflaalmon
caught, and accounts of relativesd fishing
interviews. Some notable quantitative and qualitative descriptions of cultural fishing
practices at these sites were also documented in this process and raeel iegbe
following sections.

In general, according to those interviewed, Saanich salmon fishing opportunities
have markedly declined over the past 150 years or so. Some of the reasons for this are
eradication of many small, local salmbaaring streasidue to road construction,

pollution, and overfishing of salmon and shrimp (a primary food source for salmon).

Habitat Loss

I n the 18706s, the province (BC Departn
several tiny but ecologically significant salmon stredor creeks) that flowed through
East Saanich into Saanich Inlet. The creeks were probably fragmented by wooden

culverts (in the 19 century) and eliminated (completely filled in with gravel and
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debrisf*to provide road access to the Saanich Peninstl¢he time, (1873), road
development was protested by the Saanich People. The Saanich First Nation,
coll ectively, wrote official |l etters to pe
further road devel opment t hinloothggdstahdhe Saani
South Saanich (BC Archives 2003). However, East and West Saanich roads (which
intercept the Tsartlip, Pauquachin and Tse
|l ands) were eventually built desgste the S
AThey bl asted some rockéin Fairmontéthey ¢
way so as the water wonét flow up that way
comm. 2002) . Patricia Bay Hi ghwayEastwhi ch
Saanich, was built in 1960 and then widened in 1970 (Tsawout First Nation Band 2006;
Wikipedia 2006a).

Substances that are deleterious to salmon spawning and rearing habitat in local
creeks or streams include: large and small deposits of rockoélrdkbris from rock
excavation (blasting) that occurred during highway road construction in Saanich in the
1870s, around 1940 and in 1960; and deposits from gravel, asphalt and concrete rubble
that were used to pave roads in the 1940s and 1960s (Aapatment of
Transportation 2004; Statistics Canada 1999). This assortment of construction debris
was probably either directly deposited by road builders or indirectly deposited by rain
and downslope gravitational movement from the construction sitesatby

streambanks and waters. This in turn would have caused bank erosion, siltation and

2 The summation of construction and existence of wooden culverts and filling in of streams to build roads
in the 1870s was derived from literature about California, and New Zealand (State of California 1995;
Victoria University of Wellington 2005). No detailed information from BC sources was found for the
1870s era of highway roads construction and engineering.
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nutrification of stream water at those times in recent history. In addition, the
introduction of clay, concrete or steel culverts during the 1940 road construction
activities in Saanich fragmented the connectivity of the stream habitat, created barriers
to salmon migration pathways and altered the pressure and flow of water where the
culverts were placed (Arizona Department of Transportation 2004; Hoel and Shqgrt 2006
Statistics Canada 1999).

Saanich Inlet tributaries are important habitat for anadromous salmon (Elliott J.
pers. comm. 2002; Simonsen et al. 1995: on
spawn in |little streamsét hplyedg u(sgl Isiecetmt 1J .k
comm. 2002). The elimination of numerous small streams through East and West
Saanich on southern Vancouver Island has disrupted the Saanich Inlet ecosystem by
cutting off, fragmenting and altering the direction of surficial and ggawater flow to
|l ocal creeks and streams. ASo when they pu
knock off all those streams, change their
Elliott observed that these roads acted as physical barriers, foatiogsalmon to
reroute their migration path and subsequently attempt to dig redds (spawning nests) and
lay eggs in inhospitable aquatic environments where spawning and rearing of juveniles
could not occur (e.g. the banks of the inlet). The roads andrtuéilso blocked
nutrients originating from those streams from flowing into Saanich Inlet to nourish the
shrimp and other marine organisms that subsisted upon them.
€Those are the streams that are feeding ou
what they are there for. They eat thosetfient§ and whatever comes out of those

streams, that is their food. And, it is also feeding the young salmon, the ones that are
j ust comi ng o \(Hlotta.fpers. comn280R)r e a me .
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John Elliott, EarlClaxton and other Saanich fishers recalled their elders teaching them

that Saanich Inlet was a nursery and important feeding ground for wild salmon

migrating through and feeding on the then plentiful food sources within it (Claxton Sr.

E. pers. comn2002;Elliott J. pers. comn2002).

éeMy dad always said that this, Saanich | nl
described ité. -r:hte?/a c o0 malminesmotifeeds theggrowa r e b o

up here and the eything teeda with fishimg ds lessbnengit go u p
(Elliott J. pers. comm. 2002).

The Shrimp of the Inlet

A notable decrease in shrimp has taken place in Saanich Inlet since those roads
were built throughout the reserve (Elliott J. pers. comm. 2002). Johit Bii Joe
Bartleman (pers comm. 2002) expressed that the decrease of shrimp in the region is
likely due to increased commercial shrimp fishing and pollution in the inlet. The
continuance of the commercial shrimp (and prawn) fishénat was establishexs a
test fishery in Saanich Inlet in 1999 is increasing the demand for shrimp and causing
further decline to the shrimp population (Bartleman J. pers. comm. 2002). Shrimp are a
major prey for salmon so a declining shrimp population may be a contritfatiay to
the subsequent decrease in size and abundance of salmon and other fish stocks that used
to pass through Saanich Inlet in the thousands (Claxton Sr. E. pers. 206#nElliott
J. pers. comnR002). This has negatively affected the livelihoofdSaanich fishers
dependent on fishing declining numbers of salmon, shrimp, and other fish in the Inlet for

their food (Elliott J. pers. comm. 2002).

% prawns are large shrimp and all licenses for shrimp fishing in BC nearshore Pacific Ocean waters fall
under the | egislation of the uedPthreughDF@Qnd Shri mp Li
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John Elliott (pers. comm. 2002) dissected the stomachs of recently deceased
salmon at Goldstream Riveay tetermine what they had been eating. He found mostly
shrimp in the stomachs of these salmon, indicating that shrimp is a main part of the diet
of the salmon feeding in Saanich Inlet prior to migrating upriver (to Goldstream River

spawning grounds).

Conservation Practices of Saanich First Nation Fishers

The Saanich were aware of the necessity to control and limit their fish catch.
Earl Claxton Sr. (pers. comm. 2002), for example, was careful to teach his grandchildren
about c¢ ons e Mygrandghildren are theioseh that like to go and catch the
fishébut | always say dondét geto anybBwrmrle t h
Claxton leads field trips for children attending kindergarten to grade eight classes at the
Saanich Tribal School dshows them how to fish Goldstream River salmon in the least
wasteful ways. He al so teaches them not t
winter supply of chum during the fishing season.

Joe Bartleman (pers. comm. 2002) and his familyHefTsartlip band) have
fished Goldstream River and Saanich Inlet for over 200 years. They especially like to
fish grilse coho salmon, which were caught in the inlet at approximately 30 cff.long
The coho grilse were a madifishbytlsavet of t he Sa
subsequently been eliminated from their diet due to coho fishing restrictions over the

past 15 tlonus?Havepeemin my.early Z0s last time | ever went out for

% Michielsensetal 2006) define grilse as: A Salmon that ret
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those, because they closed it completely, and when it reopenadwagaould still take

them at 12 inches,and Iresisted ( Bartl eman J. pers comm. 2
witnessed a decline of coho returning to Saanich Inlet feeding grounesaiir$tover

the past twenty years. His testimony illustrated that evangitimes when DFO

reopened coho fishing in Saanich Inlet, he exercised restraint from his traditional coho

fishing practice in the interest of protecting future generations of coho saknon.

similar conservation ethic was evident from the interview Wahrtlip Chief, and

|l ifelong fisher, Simon Smith (pers comm. 2
these are ready to spawn so they don't wan
People like too and we do believe in conservation, we won't fish thembelieve

there isn't eBaulghCiaxtbhe, rdoerBartl eman a
accounts of their familiesd fishing pract.i
of the quantity of salmon that they fish and that conservation idl angeained and

intrinsic part of their fishing practices.

Changes to Saanich Peoplesdé6 Salmon Fishing

In the past (prior to the 1950s), traditional, rotational fishing practices
maintained the general productivity and abundance of Goldstréararsatocks. Joe
Bartl eman spoke of his parentsd experience
River (between 50 and 70 years ago).

| think we had more of a demand on the resource at that time, as there were

always different families in thatream doing their fishing at different times. It

was never all of us there at once. We
But, because there was all that rotation, and with all these people taking fish out

of the stream, we could allow more than 000 ¢hunm) because we were taking

them as they come in. (Bartleman J. pers. comm. 2002)



76

Over the past 50 to 70 years, there has been a transition in fishing effort from
traditional, rotational family fishing practices which entailed catching madneosaat
the river to a modern commercial seine boat (chum) salmon fishery taking place in
Saanich Inlet.
But now they come out from the boats out here in the Sound, there, we
guesstimate the amount they catch, and we guesstimate about all the schools
that are sitting in the Bays@anichInlet 6 ( Bart |l eman J. per s
In these modern fishing times (e.g. 2000 to 2005), there are guardians on duty on
board the seine vessels that fish Saanich Tribal Fisheries ESSR chum fishery in
Saanich Inlet each year. Guardians monitor abundance of salmon caught and estimate
abundance of salmon present in the inlet during spawning season (Smith S. pers. comm.
2002). (See Saanich Tribal Fishergection later in this chapter for further context

regarding the Saanich First Nationds fishe

Changes to the Goldstream River Salmon Stock Fishery
Six out of seven fishers confirmed that Goldstream has historically been a
precbminantly chum salmebearing stream. As noted previously, today, Goldstream
River is a mixed salmon stock fishery providing spawning habitat for enhanced coho
and chinook stocks as well as naturally spawning chum. Five e&tten fishers
expressed carernthat hatchery enhancement of coho and chinook to higher levels than
the streambébs natural, historical popul atio
populations (Appendix A). In addition, two outs#ven fishers relayed th@bldstream
coho and cam were smaller in length, girth and weight than they were when they fished

them in the past. John Elliott (pers comm. 2002), for example, observed that the coho he
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caught in Saanich Inlet in the past two years were about the same length but a lot thinner
(~2 Ibs lighter) than the ones he caught in the previous 40 years.

The following table describes the predominant themes that emerged from the
interviews with Saanich fishers (Table 6.The first column reports recurring themes
expressed by all seven&@uach fishers. Information specific to Goldstream River and
Saanich Inlet (the second and third columns) are summaries of detailed examples that
characterize the major theme, provided by the majority (4 or more) of project
participants. Some of the findjs, and quotes representing the themes presented in this
table include accounts of observations (TEK) passed down from elders, relatives or

other Saanich fishers.



Table 6.1 Major Themes from Interviews with Saanich Fishers

Theme

A. Findings Spediic to
Goldstream River

B. Findings Specific to
Saanich Inlet

Example Quote

1. Observations and
experiences regarding
changes to the (aquatic)
environment

i. Width of river reduced and
restricted partially due to
encroachment

picnic area (paved area with

o1
recreational facilities such as the

i. Pollution in Saanich Inlet.

ii. Development eliminated
several streams flowing into
Saanich Inlet.

1. B. i iWe cari
the fresh fish we used to
get ébecause of

got some food from the sea
(Saanich Inletnot very long

picnic tabl es) ago, about a 1
(terminus of reach 1). we ate it and my wife and |
bothgpt si ck. Wh
fish? Pol [ uti
(Morris S. pers. comm. 2002)
2. Fishing practices I. Set up fishing andmoking i. Canoes docked at the beach 2.a.) A. H i i efilérshhady

a.) Fishing practices and
technologies used from pre
European settlenmé times
to the 1960s

camps near riverbeds (Oct.
Dec.).

ii. Started fishing at the mouth of

the river and moved their way
upriver to the top (so that they
were not taking all the fish from
the same place).

iii. Fished at night.

along the Brentwood Bay
shoreline.

il. Fished near the mouth of
Goldstream River and in the
inlet waters throughout the
Saanich Peninsula.

iii. Peoplefished with their
families all day and at night.

a way of knowing when it was
time for the fish to go up
(Goldstream River There was
times when they would spend
t wo ni ght satchingg
and smokinggalmor) € T h e
used to be a big smokehouse
t her eé n4afedileng 3
(9-12ml o n g )-12&4t0
high (33.5mhigh). It was
only recently that they took it
downaéb(out 10 vy

8.



Theme

A. Findings Specific to
Goldstream River

B. Findings Specific to
Saanich Inlet

Example Quote

2. Fishing practices

a.) Fishing practices and
technologies used from pre
European settlement times
to the 1960s (continued)

iv. Wooden shafts, gaff hooks,
spears, nettle fibre fishing nets,
dip-nds, stakes and weirs were
handmade (e.g. dipets were
made from boughs bent into 0.5
to 1 m diameter circles, bound
with tree sap and twine with a 1
to 1.5 m long bough handle
attached (Smith S. pers. comm,
2002). Stakes and weirs were
used for stakes ting; a 2.5- 3.5
m wide net, with 2 7 kg weights
keeping it submersed below wat
was secured by 8 cm wooden
posts driven into the riverbed to
keep the net in place. The net tr;
ran across half the width of the
river at ~ 45° angle to the
riverbank andured salmon to ont
side of the stream for catching
(Bartleman J. pers. comm. 2002

v. Chum were caught and cure(
(cut, salted and laid out in
containers to dry overnight) or
staked and hung to dry under a
canopy in the sun and wind.

iv. Canoes or woagh boats
using hook and line or net
fishing. Beach seingetfishing,
rod and line as well as spear
fishing salmon from the
shoreline (for family, cultural
and communal Food, Social an
Ceremonial as well as small
scale trade and sale purposes)

Gillnet, seine and troller (hook
and line) boat fishing of coho,
chinook and chum (for family
cultural and communal Food,
Social and Ceremonial as well
as trade and small scale
commercial sale).

People used to catch many mo
chum in Saanich Inlet by: seine
net, toll (using 6590 m of wire
line and 4.5 kg cannon balls fol
trolling), canoes mounted with
line or net, and by spear fishing
in the past than they do now.
(Salmon species not specified.|

They used to smoke the fish

right
comm. 2002)

ther e.

0

6.



Theme

A. Findings Specific to
Goldstream River

B. Findings Specific to
Saanich Inlet

Example Quote

2. Fishing practices

a.) Fishing practices and
technologies used from pre
European settlement times
to the 1960s (continued)

They were alsoraoked by
hanging over burning alder at th
campsite by the rive? Salmon
were then piled in layers and
bundled with rope, or strung
together on a rope line.

vi. Salmon transported from the
river by canoe, rowboat (or othe
boat) horse and buggy, and in
later years (early to mid 1900s)
by car.

vii. Mostly chum caught in river.

v. Salmon were stored in
wooden boxes or crates on the|
boat. Once freezers were kept
home (~ the 1930s), fishers ke|
salmon they caught on ice in
boxes on board the boat.

vi. Crates were stored on the
beach overnight. Salmon could
be left in crates overnight and
carried home or transported by
horse and buggy up to the mid
1900s and by car thereafter.

vii. Caught chum, coho and
chinook.

See quote 2.a.) A-iil. on
previows page.

2. Fishing practices

b.) Recent fishing practices
and technologies used
(1960spresent)

i. Gaff hooks, spears, dipets,
weirs, (for stakes luring), used fq
salmon fishing during day or
nighttime fishing trips. Salmon
then strung together anrope,
pulled downriver and transportef
home where they smoke or airdi

the fish.

i. There are currently-4 seine
boats (contracted by Saanich
Tribal Fisheries) fishing chum
during a 16day fishing season
(Oct); fish are loaded onto a
truck, and deliveed to the home|
residences of Saanich First

Nations people living in

2.b.) B.I A Oy
truckload of fish, and we get
about 4 fish eacleach family
not very much. We just got 4
fish about a \
supposed to bring another

| oad éi¥éto lave our

own boats go out and catch th

% Hard or dry smoking hardens and dries the salmon and it can be eaten at once after smoking or stored over winter &oldrpfdwdismoking half cooks
the chum, adding alder wood smoked flavour to the fish, which can be vesaaled and stored in a freezer for winter food supply. Smoked salmon can also
be transported to a cannery, jarred in its own salmon oil and kept statege for a winter food supply and refrigerated (once the compresalked jar is
opened. Salmon caught for ceremonial purposes (some ceremonies require one male and one female salmemakedh@uhith S. pers. comm. 2002).

o
o



Theme

A. Findings Specific to
Goldstream River

B. Findings Specific to
Saanich Inlet

Example Quote

2. Fishing practices

b.) Recent fishing practices
and technologies used
(1960spresent) (continued)

ii. Bring home chum caught fron
the river raw (in cedar boxes or
other containers) and freeze the
or bring them to a local
smokehouse; or smoke them at
smokehouse built on their
residential property where they
are cured (cut, salted, laid out tc
dry ovenight, staked, hung, ther
cold or hardsmoked by cooking
them over burning alderwood).

the Tsawout, Tseycum,
Pauquachin and Tsartlip
villages.

fish for our peopleuntil about
1999 b ut &Saahidhy
Tribal Fisherieg went in the
hole pankrup) and they hd to
sell that boat
pers. comm. 2002)

2. Fishing practices

c.) Changes in fishing
technologies used to fish
salmon (1940s to present)

Since the 1940s, synthetic fibre
fishing nets, line, hooks, weights
rods and knives have usuallydre
purchased at department stores
rather than handhade. Nets, line!
and twine (used for binding gaff
hooks to fishing poles) were
woven from stinging nettle plant
stems in the past. Hooks, weigh
poles, spears, knives and axes,
chop cedar, alder ather trees fo
fishing poles and firewood), use;
to be made of carved stone and
cedar.

Seine fishing used to be done
from cedar canodsy drifting
cotton nets withmesh sies
adjusted to the size of salmon
they wanted to catclSince
~1940, méeal and fberglass sein
boats with synthetic nets and 1
- 130 horsepower (hp) gasolin
powered motors were used to
fish chum; or 57 hp motor if
coho or chinook fishing as they
are slower swimmers. Wire for
seine bough poles, barline,
cannonballsspoons, othelures,
flashers, buoys and weights fol
spool lines are attached to both
sides of the vessel

2.c.) B. fAWihner
the 19405, we di dn
any sort of an engine to get
around with.
you had a canoe and paddles
you were quitave | | o f
insofar as your ownership of
the canoeémy (¢
made me @Elaxtoa n (
pers comm2002)

T8



Theme

A. Findings Specific to
Goldstream River

B. Findings Specific to
Saanich Inlet

Example Quote

2. Fishing practices

d.) Spiritual
ceremonies and beliefs
about salmon

Saanich people bring their
children to Goldstream to teach
them about their heritage and
ancient connection to the river s
that the younger generation will
feel connected to the stream an
learn and pass on the spiritual
beliefs their parents and elders
learned (e.g. the salmon have a
species name and a prayer ham
that Saanich People use to hong
and respect the salmon and whi
reflects their beliefs of gathering
food; and, how to fish without
needlessly wasting or injing the
salmon; and, how to fish in a wa
that will protect the next
generation of salmon).

Chum (annual abundances of
which are detailed later in this
chapter) and a small number o
coho salmon (e.g. 1 male and |
female for one of the
[unspecified] annudbnghouse
ceremonies) are caught from
Saanich Inlet by Saanich Triba
Fisheriesod6 fis
Social and Ceremonial purposg
(Smith S. pers. comm. 2002).
This catch is used for
communal, cultural celebration
and longhouse ceremonies su(
as wtlatch, naming and blessin
ceremonies.

2.d.) A. AWe ¢
along é our el
there first, and before we ever
start to fish Goldstream River
wedbl |l say a pi
honour the fish, and we thank
f or o u(Ellioft & peds.. (
comm.2002)

3. Traditional knowledge o
salmon ecology and biolog

i. Sockeye and pink salmon are
not endemic to Goldstream.
Salmon are sensitive to pollutior
and the smell of the river.

i. Observed changes in salmon
populations over time (fewer
cohq chinook and chum to be
caught in Saanich Inlet).

3. A i &theB . i |
salmo) woul dnodt
Gol dstreameéelt
contaminated,
put their nose in that river.
There is something wrong
when the fish

their ceek. They try, they

Z8



Theme

A. Findings Specific to
Goldstream River

B. Findings Specific to
Saanich Inlet

Example Quote

3. Traditional knowledge o
salmon ecology and biolog
(continued)

ii. Observed changes in salmon
population dynamics over time
(fewer salmon returning to the
river now than in the past).
Pollution from oil leaks from
boats in the inlet ahoverfishing
of salmon (especially coho and
chinook) at sea/offshore.

ii. Observed changes in salmor
migration behaviour over time
i Feeding lbitat and migration
paths have changed (i.e. coho
are no longer using their forme
migration routes to spawn in
local creeks; naturally spawnec
juveniles no longer feed in loca
creeks in the abundance that
they used to; fewer salmon
return to Saanich Iet from

local creeks or remain in the
inlet after migrating from
Goldstream River (probably du
to pollution in the inlet in recent
years) though the inlet was
commonly used by salmon as
nursery and feeding grounds.

- Overfishing of all salmon
(especiallycoho and chinook)
offshore.

-Shrimp is a main food of
salmon.

- Salmon are staying at greater
depths in the water column.

- Adult salmon returning to
Saanich Inlet are smaller.

canot do it, |
spawn. So they look for anoth
little placeto go and spawn.
They do spawn but their eggs
wonoét (Rlaxtor 3r..ED
pers. comm2002)

3. A.ii & Bi.f
smaller than previous. The
coho seem to be on average
now about 8 Ibs3.6 kg, and
wedd catch t he
18 Ibs B8.2kg) before, it was a
lot of them. 12 Ibs¥.4 kg)
would be a big fishig the
pas), usually about 10 Ibs (4.5

k) i s big now.
pers. comm. 2002)
3. B.ii ASal

Inlet have gone deeper. We
used to catch them in the top
feet (L.8 m) of water. In the last
10 years, web
to catch them around 190 to
200 feet $8 to 61 mMbelow the
surface. o0 (Bar
comm. 2002)

€8



Theme

A. Findings Specific to
Goldstream River

B. Findings Specific to
Saanich Inlet

Example Quote

4. Salmon conservation,
restoration and stewardshiy
efforts by Saanich Peoples

i. Refraining from harvesting
river stocks (including adult coh
coho grilse and all species of
salmon eggs/roe).

ii. Restoring riparian zone by:
planting native vegetatn along
streambanks to improve salmon
spawning and rearing habitat an
to decrease erosion processes i
wetlands, along streambanks ar
in creek beds; removing invasivg
vegetation such as Himalayan
Blackberry, English Holly and
English Ivy. (Wetland
stewardship viewed as a part of
fishery conservation efforts
Saanich people partake in
streamkeepers and wetland
keepers projects in Saanich.)

iii. On-going instream salmon
population surveying.

i. Refrain from fishing coho.

ii. Fish excess chum in Saahic
Inlet to reduce effects of
overspawning in the river.

iii. Keep log of abundance of
chum caught in Saanich Inlet fq
the ESSR and FSC chum
fishery and report total annual
catch to DFO officers.

4. A. . ATher ¢
sal moné. t hell fi
mal esémy ance s
sayé you take
want there éTIH
you take what
theydre mixed

there, females and males...the
third runéyou
That 6s t he | a;s
catch that run. Thansures
your river.o
comm. 2002)

5. Changes resulting from
federal fish
management of Goldstrean
salmon

I. Grants from DFO to augment
coho and chinook place the
natural chum population at risk.

The river has historicallipeen a

i. Representatives of the
Saanich First Nations have
attended meetings with DFO in

which they have expressed tha

5. AL & B. i
negotiating our fishing with
DFO all the time because they

donot bel i eve

v8



Theme

A. Findings Specific to
Goldstream River

B. Findings Specific to
Saanich Inlet

Example Quote

5. Changes resulting from
federal fisheries (DFO)

management of Goldstrean
salmon (continued)

predominantly chunbearing
stream with very few coho and
chinook. Prioriizing coho and
chinook stocks will compromise
chum habitat.

ii. The river is now managed as

tourist attraction

- Goldstream River is poorly
mana@d the park, river waters
and salmon fishery).

- DFO swung the river to the
other side gouthwesterly away
from the reserver¢ason not

specified and employed Saanich
people to assist with that project

- Several Saanich people were
also employedlly DFO) to build
trails. This led to increased

access, traffic and tourism to the

river.

iii. There has been too much

enhancement of salmon species

not originally using this river.

they can no longer eat fish fron
the inlet due to pollution. They|
can ro longer live off of the fish
the way they used to because {
polluted fish and seafood
(salmon, codfish, octopus, crak
clams and shrimp) makes then
ill.

ii. Commercial salmon fisheries
should not be allowed in
Satellite Channel or Saanich
Inlet until the freshwater target
escapement for the (chum)
salmon is reached. DFO was
however, allowing a commerciz
chum fishery in Satellite
Channel (in Oct. 2002) before
the Cowichan River escapeme
target (of 110,000) was met.
This is a double standard and
gives the impression that DFO
using a strong hand with the
Saanich First Nation over the
Cowichan First Nation in their
acts and regulations (Smith S.

pers. comm. 2002).

total rights that we tell them w
do (o fish as formerly under
the Douglas Trealy .(Smith S.
pers. comm. 2002)

5. A. i & B.ii
protect that second runf(
chumpy and i f yo

open up the Saanich Inlet to
harvesting once they reach
15,000 farget escapement
they (DFO) are not protecting
that secondnd.ty
pers. comm. 2002)

5Ai-i 11 . & B. i
believe that they[FO) have

been trying to push this strean
to become a coho stream rath
t han a c h(&lhotd g
pers. comm2002)

G8
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Attributes of Saanich F(1940ste20@) Fi shing Eff

It cost a fisher approximately $2,500.00 (for spools of wire for the bough poles,
bar lines, cannonballs, hoochies, flashers and gas) to operate a hook and line fishing boat
(in Saanich Inlet) each fishing season (Cooper E. pers. cof@).2Using this
financial estimate as a benchmark, adly ESSR chum fishery in Saanich Inlet (now

done by seine and gillnet fishing boats) costs Saanich Tribal Fisheries approximately

$250.00 a day to operate a boat and equipment and this does nohatco f or f i sher

wages which are paid out in cents per pound of salmon caught and sold at the market
value price of a given fishing season (See Figure 6.4 for the total ESSR chum catch from
1982 to 2004).

In the past (prior to 1960) Saanich fishers cawghéverage 120 fish each during
a Shour fishing trip and each person made a total of 12 trips to Goldstream River over
the threemonth long fishing season to provide for a seperson family. This supplied
the Saanich People with approximately 1440neal a year per family. According to the
fishers interviewed, the average weight of chum salmon caught in the past and present
(between the mid940s to 2002) ranged from about 3.6 to 6.8 kg. A conservative
weight of 4.5 kg was selected from this rangerier to estimate annual intake of
salmon per person (by weight). This amounted to each person receiving and consuming
just over 200 salmon or about 930 kg of salmon a year (or 2.5 kg of salmon per person a
day, year round). More recently (1960 to préseotal averages reported foh®ur
fishing trips made three times per fishing season, has yielded a total of under 200 salmon
per fourperson family per year. This amounts to an allocation of just under 50 salmon
(or 220 kg of salmon) per person aahy or just over 1/2 kg of salmon per person a

day, year ou nd . These estimates were derived

f
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number of annual fishing trips made to Goldstream River, the duration of each trip, the
guantity of salmon caught per trip atie number of people in the family to feed with

the total annual catch (Appendices E, G and H).

Traditional Ecological Knowledge of the Goldstream Salmon Run

By listening to their elders, some Saanich fishers have learned to recognize
environmentalcues hat si gnal the timing and abundan
Goldstream River salmon run. Earl Claxton Sr. (pers. comm. 2002) recalled his mother
(Elsie Claxton) teaching him that seasonal stages of local plants indicate the timing of
the (Goldstream)ssl mon run: AMy mother said that wh
(Holodiscus discoloris in full blossom, it is time for you to go out there and get ready
for the sal mon runé When the Spiraea is ju
your fishing camps. O Earl 6s mother also passed
extremely low tides occur when the moon is fill.

Emmanuel Cooper (pers. comm. 2002) also spoke of environmental indicators
about abundance and timing of the salmon run which he darfer om hi s ancest
there are a lot of fir cones on tHaquglag fir tree in the Springtime, you know there is
a big sal mon run ¢ omi n gtée¥éhermes vieie assumbdeta r i e s

be those from the trailing blackberry busRubus ursiug that isnative to BQ, you

% salmon tendo gather near estuaries to feed during spring tides when river and ocean floor sediment is
di srupted due to upwelling caused by the moonbés m
currents are strong. This phenomenon occurs fotdvibbree days before and after the full (or new)
moon because the disruption of gravel and sediment uncovers and transports smaller organisms out of
the river to the estuary and nesdrore saltwater environments where salmon swim in to feedthpan
(DFO 1996; Stowe 1996).
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know the salmon run is coming down. 0 Thes

Saanich peoplesd6 salmon fishing activiti
A little known fact is that there are two runs of chum salmon at Gekistr

Ri v e r first rufi il @otober, are longer, skinnier. They are leaner. The fat is

burned off them. The lean ones are really good for smoking. The fatfromadiie

second run around NovemBere purely for sport (Bartleman J. pers. comm. 2002)

Difficult Experiences with Fishing in Goldstream Park

Three of the Saanich fishers interviewed relayed that DFO conservation officers
as well as visitors to Goldstream Park expressed discontent and reprimanded them for
conducting their traditional speand gaff fishing in public view near or within
Goldstream Park over the past twenty years or so (Bartleman J. pers. 2002m.

Claxton Sr. E. pers. comr2002; Cooper E. pers. comm. 2002). The park encompasses
all three salmo#bearing reaches of thever. However only Reach 1 (from the mouth of
the river to the bridge about 1 km upstream) is made accessible to the public with paths
and bridges within the park. The fishers who were reprimanded by the dOivadion

officers and members of the pubdibout their fishing have since decided to fish in

es

waters further upstream (Reaches 2 and 3),

Saanich Tribal Fisheries

The committee of Saanich People who have become officially known as Saanich
Tribal Fisheies was originally a group of family representatives that would gather
together on a voluntary basis to work out any problems that surfaced regarding fisheries.

Today, Saanich Tribal Fisheries consists of a formal body of three community leaders
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voted inby the Saanich First Nation to serve their communities and to work towards
making the most informed decisions that they can. Saanich Tribal Fisheries has regular
meetings with elders and people who fish for the four bands (Bartleman J. pers. comm.
2002).

In the pastSaanich fishers could travel by canoe to sell or trade salmon they
caught in Saanich Inlet for tea, sugar, flour, bread and other products in coastal
communities of British Columbia and the United States. Current federal and
internationakrade, fisheries and immigration laws now delimit the range in which
Saanich fishers can travel to catch, trade or sell salmon. Salmon caught in Saanich Inlet
was sometimes brought as a gift or for trade when people were visiting relatives or other
membes of local tribes. Saanich fishers also used to sell salmon caught in the inlet to
the market in the town of Sidney or along the side of West Saanich Road. The money
from the sale of the salmon was used for purchasing fishing gear, food, and anything
else they needed for the next fishing trip (Claxton Sr. E. pers. comm. 2002).

Salmon fishing in Saanich Inlet has been federally regulated and intermittently
closed to commercial fishing since 1912. Salmon are still caught by Saanich fishers at
GoldstreanRiver, primarily to feed themselves and their families. The Saanich Tribal
Fisheriesd6 ESSR chum (in place since 1982)
fisheries have taken priority over any other salmon fishing (e.g. commercial sports
fishing) in Saanich Inlet since the 1960s. Saanich Tribal Fisheries is entitled to sell only
the salmon caught from the ESSR chum fishery in Saanich Inlet. Saanich fishers
expressed concerns that current DFO laws prevent them from selling the salmon they are
entitledto catch in Saanich Inlet, their traditional fishing waters. Saanich Tribal

Fisheries, the Malahat and Tseycum ESSR chum licenses prohibit retention of any other
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salmon (i.e. coho or chinook) from the inlet. A requirement of the Saanich First
Nat i SBRahumBishery (emanaged by DFO and Saanich Tribal Fisheries) is that
all profits from the sale of those salmon be placed into fisheries related programs for
Saanich Tribal Fisheries (Bartleman J. pers. co2082; Claxton Sr. E. pers. comm.
2002; Smih S. pers. comm. 2002).
It was tradition for heads of families to safeguard traditional ecological
knowledge about river, estuarine and ocean stewardship, including the presence (or
absence and relative abundance) of salmon and other environmentataiisid
pertinent to Goldstream River and Saanich Inlet waters. This history (like an almanac
but not recorded) is passed on orally during social gatherings and may take on religious
and spiritual contexts important among families within the four Saarilelges. Such
information is sometimes used for predicting when a good salmon run will occur and
may be passed on when one or more families take fishing trips together. Joe Bartleman
(pers. comm. 2002) relayed t learestricicn8ef or e i
Saanich fishers used to rotate fishing are
management protocols for Goldstream River salmon were quite different prior to the
time when DFO fisheries restrictions and management regimes came intotplace a
Goldstream River and Saanich Inlet.
The modern Saanich Tribal Fisheries council of the 1980s arose from the
necessity to bring the Saanich First Nation communities together to communicate to
DFO that nét he Stheassalmopdnd greggoindget together tb figh
the surplus c¢humthatthefSaame chhé ndbe¢eeatnad do t
(Bartleman J. pers. comm. 2002). Saanich Tribal Fisheries used to have their own

licensed commercial boat to fish salmon in Saanich Inlet. Due to high @b
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maintaining the boat, the license and boat were sold in 1989 (Bartleman J. pers. comm.
2002; Morris Sr. |. pers. comm. 2002; Smith S. pers. comm. 2002).

Under current Saanich Tribal Fisheries management practices, equal numbers of
salmon (4 salmo per family or household) are distributed to the Saanich people of
Tsartlip, Tsawout and Pauquachin two or more times a year. (The Tseycum and
Malahat bands have their own vessels that fish, sell and distribute chum independently
of the Saanich Tribal Bheries). Some of these salmon (i.e. chum) are from Saanich
Inlet, whereas some sockeye are caught, transported and delivered to families of the
Saanich bands from other fishing locations such as the mouth of the Fraser River or
Sooke River (Bartleman pers. comm2002; Claxton Sr. E. pers. comg&002; Cooper
E. pers. comm. 2002; Morris S. pers. comm. 2002). Saanich Tribal Fisheries, the
Tseycum and the Malahat bands can also catch chum in Saanich Inlet for their FSC
purposes each year during the salmamseason (October to December). This fishery is
entitled to the Saanich above and beyond the ESSR chum fishery in Saanich Inlet, which
occurs annually during the salmon run season once the 15,000 chum target escapement
goal has been met at Goldstreamedr

In recent years (1982004), Saanich Tribal Fisheries has contracted a fishing
boat captain and crew that lease seine vessels to carry out the ESSR chum fishing in
Saanich Inlet. Salmon caught in the ESSR chum fishery are usually sold to buyers in
Vancouver, BC. However if the Canadian market is full, then they will sell them to

Washington State buyéfs Buyers take inventory of the quantity of male and female

%" The contractors may bid and win the contract at 10 cents per pound of salmon for example and be paid
by the sale of those fish on the market. STF will earn the remaining profit to put back into funding for
STF. For example, if the ESSR chum were sold for 15 cents a pound, STF will earn 5 cents for each
pound of salmon sold.
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chum purchased (from the seine vessel conducting the ESSR), but Saanich Tribal
Fisheries does not. Any profits gained by the ESSR fishery are used to fund Saanich
Tri bal Fisheriesd management needs includi
surveying, guardianship and conservation work at Goldstream River and Saanich Inlet.
Annualunds from Saanich Tri bal Fisheriesd ES.
fishing guardian who oversees the fishing activity on the seine vessel in Saanich Inlet
while the ESSR chum fishing is being conducted, as well as to funding a shore patrol
that monitos the salmon at Goldstream River. This includes employment of a night
shore patrol whose job is to make sure that people do not illegally fish the river for
salmon roe or coho to sell on the market. Stream surveyors are hired to carry out direct
counts & coho, chinook and chum salmon stocks 24 hours a day, 7 days a week during
the salmon run season. Other stewardship activities such as creation, maintenance and
protection of salmo#bearing arms or reaches at Goldstream River are also funded by
Saanich Tibal Fisheries (Bartleman J. pers. con2@02; Claxton Sr. E. pers. comm.
2002; Cooper E. pers. comm. 2002; Morris Sr. I. pers. comm. 2002).

Saanich Tri bal Fi sheriesd shore patrol
caught at Goldstream River and keegoré of those accounts. This is not always an
accurate count because if Saanich people fishing at the river do not wish to relay that
information that is considered their right (Smith S. pers. comm. 2002). Saanich Tribal
Fisheries takes inventory of tkhum caught in Saanich Inlet and provides that
information to DFO each year. DFO is now requesting more detailed counts of salmon
at Goldstream River, so Saanich Tribal Fisheries has hired counters to do that and report

it, which costs additional funds if8th pers comm. 2002).
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Recently, there has been some uncertainty about the quantity of chum in Saanich
Inlet that are Goldstream chum and the number of chum that are Cowichan River chum
that are caught by fishers from each of the bands. Saanich TighatiEs has
addressed this issue by cost sharing ctagging efforts in Saanich Inlet with DFO and
having DNA tests done to determine which salmon are from Goldstream and which are
from Cowichan River (Bartleman J. pers. comm. 2002). Saanich Trib&rigslalso
pays for any necessary consulting work (e.g. scientific research about the native fishery)

from the sale of chum from the inlet.

6.2 Results from Goldstream Salmon Biostatistics

This section relays results from graphing thyear rollingaverages of
Goldstream coho, chinook and chum escapements spanning theetiioe from 1932
through 2004 (DFO 1932004). Threeyear rolling averages of Saanich Inlet Excess
Salmon to Spawning Requirement (ESSR) and Food, Social and Ceremonial (FSC)
naive harvest statistics graphed for the period between 1978 and 2003 (or the earliest to
latest time periods available) are also reported (DFO 2001a, 2001b). Apeataft
effort (CPUE) analysis is also included at the end of this section.

Less than 60 coho per year returned to Goldstream River between 1932 and

1940 (Figure 6.FF. Coho returned in abundances greater than 500 from 1942 to 1952

% Raw data for coho escapements for 1932 (=500 coho), 1933 (=500) & 1934 (=400) were added together
resuling in a countfal,400 coho for the period 1938331934. The raw data for 193834 were
grouped together in Figure 6.1 so that theed@r average timseries data could be illustrated in
alignment with the raw data intervals showing coho escapements foeribd 19322004.



Figure 6.1 Coheo Escapement Trends at Goldstream Eiver from 1932 to 2004
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Table 6.21 EI-Nifio Years on Record for 1932 to 2004 (Stormfax Inc.612@02)
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19321933 | 19331940 | 19401941 | 19411942 | 19461947 | 19511952
19531954 | 19571958 | 19631964 | 19651966 | 19691970 | 19721973
19761977 | 19771978 | 19821983 | 19861987 | 19911992 | 19921993
19941995 | 19971998 | 20022003 | 20042005

(ranging from100 t01500 coho in the raw data tables) and foreiganoidal (or S
shaped) curve with an apparent 1,500 coho carrying capacity at its tail end (in 1952).
Annual coho population averages went below 500 aganging from 50 to 500yom
1965 to 1969 and 1972 1993 A logisticgrowttf® curve is apparent at the end of each
of those periods 1964 was an exceptional year as 2,100 coho escapements were
reported (prior to incubation or hatchery enhancement initiatives). 1970 and 1971
escapements brought averagpsas welwhencounts of 1,50 and about 1,900 coho
returnedn 1992°. A major population increase followed from 1992 to 1994 with
escapements surpassing 1,000. Coho decreased below 1,000 per year from 1995 to 1998
then surged to a rolling average ok0 3,900 per year in the years between 1999 and
2001 at which time aShaped curve can be seen, which indicates a period of population
growth without restraint. This is followed by a decline to just over 1,500 coho per year
between 2002 and 2004.

Lessthan 500 coho returned to Goldstream River nearly 60% of the time
between 1932 and 2004. Lower oscillating numbers of coho returned from 1953 to 1958

following the tail end of the logistic growth curve (1950 to 1952). Historical

2 A logistic growth curve models population behaviour in which the initial stage of population change is
approximately exponential (marked by-ahhped curve); then, population growth slows as competition
arises (. more coho are caught at sea), then at the upper limit to the number of individuals the
environment can support (the carrying capacity of the river), population growth stops (UBC 1998;
Wikipedia 2006b).

% Hatchery enhancement of Goldstmeaoho began in 1982.
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escapement trends fdre 7Qyear period leading up to the coho population dieback that
occurred between 2002 and 2004 indicate th
(K) for spawning coho may be approximately 1,500 coho annually.

Using the logistic population growth modfelstandard deviation of the
population as the measure for population variation (Triola 1995) and assuming this
carrying capacity (K) of 1,500 coho (as a prospective target escapement for the river),
the rate of population change (r) for Goldstream coho ft882 to 2004 is as follows:

- For the period 1932 to 1944, annual rate of population change for coho salmon was
r=5.02%

- From 1944 to 1973 (prior to hatchery enhancement of coho)
r=7.79%

- From 1973 to 2002 (prido, during and following coho population
enhancement at the Goldstream hatchery which began in 1982)
r=64.54%

Goldstream coho increased at the highest rate from 1973 to 2002, the period
during which hatchery enhancement of coho wdgtad at the river (Figure 6.1).

There were less than 25 chinook per year at Goldstream from the 1930s to the
mid 1960s though no data were logged for 24 of the 30 years between 1932 and 1962
(Figure 6.2, Appendix J). Threear averages show less tighchinook annually
between 1962 and 1993; however, 100 chinook were observed in 1994. Fewer than 50

chinook annually returned between 1995 and 1999. The original escapement count was

75 (before the year rolling average algorithm was applied) for teary2000just prior

3 dN/dt=rN(K-N/K) where N is the number of individuals at outset of time interval, dt is per unit time,
r is the rate of population change or per capita growth rate and K is the carrying capacity (Cox 1996).



Figure 6.2 Chinook Escapement Trends at Goldstream River from 1932 to 2004
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to a major population boom that occurred between 20012004 with counts ranging
between about 13thd 500 in the original dataset.

These data show that recent hatchery enhancement efforts have resulted in a
rapid increase in chinook abundance, which greatly surpasses historical population
levels at this site. About 50 or fewer chinook returned torivés system
approximately 84% of the time between 1962 and 2004 (the period for which
consecutive annual chinook enumeration records exist). Chinook have only exceeded an
average annual return of 50 about 14% of the time over tyedt2period betweerDB2
and 2004, all of which occurred over the past twelve years, since 1992 averages. Itis
therefore difficult to estimate a chinook stock carrying capacity for the river.
Approximately 50 individuals appeared to be the best target escapement for chinook
based on natural, historical populations (e.g 1932 to 1973). The recent chinook
population boom (for the period 2001 to 2004), which followed approximately 20 years
of Goldstream chinook stock hatchery enhancement efforts, however, shows exponential
population growth (in the form of adurve) that peaked at a count of 383 chinook (for
2001 to 2003 averages), then dropped to 259 (inyeaeaverages) the following year
(2002 to 2004 averages). This more recent trendline shows that a target of
approximately 385 individuals may be used as a more current baseline maximum
carrying capacity for gauging changes in the population and monitoring hatchery
enhanced chinook stocks at this site.

| used the same intervals as | did previously with coho for tir@ck
escapement dataset, assuming a carrying capacity (K) of 50 chinook for the 1932 to

1944 (12 year), 1944 to 1973 (29 year) and 1973 to 2002429 period intervals. The
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logistic population growth and limitation model equation yielded a rate afl@tgn
change (r) of:

r = 15.36% a year for chinook salmon for the period 1932 to 1944

r =4.16% from 1944 to 1973 (prior to hatchery enhancement of chinook),

r =4.65% from 1973 to 2002 (just prior to, during and following chinook population
enhancement at the Goldstream hatchery which began in 1982).

If the K for chinook was set at 380, which | proposed could be used as a modern
baseline K for the period 1973 to 2002 alone, the rate of population growth (r) for 1973
to 2002 is comparativelyngller (than 4.65%) at 4.08% (Figure 6.2 and Appendix J).

Chum abundance at Goldstream River fell below the assumed 15,000 target
escapement goal between 1932 and 1942 with a sudden increase occurring within the
system between 1942 and 1948, followgdalzrash between 1949 and 1955 (Appendix
J, Figure 6.3). The system received relatively low but stable chum returns of less than
10,000 individuals, at about twhirds the current maximum carrying capacity
between1952 and 1975. Three major populatmonts occurred between 1975 and
2004. Escapements escalated between 1975 and 1980 then decreased between 1980 and
1983. Thereafter, chum returns soared from the 1982 to 1984 rolling average of 17,000
to the 1986 to 1988 return of 46,000 chum, more th@mes the current carrying
capacity. The ensuing decline from 1989 to 1996 is indicative of chum returns ranging
from as low as 14,000 (in 1989) and as high as 45,000 in 1994. Another incline shows
overall increase from 1995 to 1999, then a steep diptimns appears again as a result
of only 10,500 chum returning to the river in 2000. The highest annual return of chum

on record for this site totaled 62,000 and occurred in 2001. This was followed by



Figure 6.3 Chum Escapements at Goldstream River from 1932 to 2004
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another big return of 51,000 chum in 2002heT002 to 2004 rolling average reveals a
subsequent decrease in returns averaging 29,600 chum.

Total escapements have fallen below the 15,000 Goldstream River chum
carrying capacity three times since 1§80Before 1980, Goldstream River chum counts
remaned below the current 15,000 target escapement for about 33 years (1932 to 1942
and 1952 to 1975), which is just over 45% of the totay&& period time between 1932
and 2004. These stocks have not been enhanced by the hatchery at this river, however
overall abundance of chum has far surpassed historical levels in recent years (i.e. 1975
to 2002) as discussed in Chapter 7.

Using the same intervals as | did for coho and chinook and assuming the carrying
capacity (K) of 15,000 chum (determined and assuoyddFO for annual Goldstream
chum fisheries management) the rates of population change for Goldstream chum are as
follows:

r = 2.55% a year for the-year rolling averages of chum salmon from
1932 to 1944.

r = 9.74% for the period 1944 to 1973 (prto hatchery enhancement of coho and
chinook).

r =52.97% for the period 1973 to 2002 (just prior to, during and following coho and
chinook population enhancement at the Goldstream hatchery which began in 1982),

The Goldstream chum populatioargerally increased at relatively slow rate from
1932 to 1944, then declined between 1944 and 1973 Ya&%eriod) however the

population growth rate for that period was much higher (atr = 9.74%). The population

32 The first recod of Saanich Tribal Fisheries fishing Goldstream River ESSR chum in Saanich Inlet on
file is for the year 1982.
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increased at an exceedlingly fast rat®&2.97% for the 2§ear interval from 1973 to

2002, which includes the period following coho and chinook enhancement at the river
from 1982 to 2002 (Figure 6.3). Figures 6.1, 6.2 and 6.3 show that overall Goldstream
coho, chinook and chum stock averabase all generally increased from 1932 to 2002.
The rates of growth reported above show that the rate of population generally increased
from 1932 to 2002 as well.

The length and width of each of the three sakhearing reaches (Reaches 1, 2
and 3) of Gadstream River divided by the carrying capacities (K) for each of the coho,
chinook and chum stocks listed above yields the area of spawning habitat that would be
used by each of these species at their maximum capacity (K). Coho and chinook use
mostly Reahes 2 and 3 and chum use mostly Reaches 1 and 2 of the river to spawn
(pers. obs.). Assuming equal distribution of each salmon species at their proposed
maximum carrying capacities (K) at the river:

Reach 1 (12, 834 m?) + Reach 2 (18,284 m?)
= 31,116m2 per 15,000 chum
= 2.1 m? of riverbed per spawning chum at maximum capacity
Reach 2 (18,284 m?) + Reach 3 (8,460 m?)
= 26,744 m2 per 1,500 coho and per 380 chinook
= 14.2 m? spawning habitat per coho and chinook inclusttely
(See Appendix Bor descriptions of spawning habitat including spawning gravel quality
at Reaches 1 to 3 of Goldstream River.) As shown above, chum salmon have

approximately 2 m2 while coho and chinook have about 14 m2 each in which to spawn at

maximum carrying capacitf). (Further assessment follows in the Discussion chapter.)

% Source of length and width measurements of Goldstream River from Bocking et al. 1998
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The ESSR chum fishery has been fished by Saanich Tribal Fisheries in Saanich
Inlet since its inception in 1982 but was closed to fishing intermittently in seven
different years (1986 to 1988997, 2000, 2003 and 2004). Average annual catches
peaked twice over the 2ar period from 1982 to 2004 (Figure 6.4). The first major
increase occurred between 1990 and 1994, the lowest catch being 17,260 chum in 1993
and the highest being 80,000 in 299The second wave of increased chum catch years
began with 57,000 chum caught in 1999 and ended in a catch of about 75,030 in 2002.
The highest ESSR chum catch on record is for the year 2001 when approximately
129,300 chum were fished from Saanich Inlet

The ESSR is permitted to Saanich Tribal Fisheries once 15,000 chum reach
Goldstream River. Comparison of ESSR and escapement records show three years
when fewer than 15,000 chum returned since 1982 (the inception of Saanich Tribal

Fisheries). Table 6.8hows the abundance of chum fished from the inlet by Saanich

Table 6.3 Saanich Inlet Chum Catch in Comparison to Escapement Years when Chum
Approached and Surpassed Carrying Capacity at Goldstream River
(DFO 19322004, 19822002, 2001a, 2001b)

Year Escapement| Goldstream | Chum caught Chum Saanich Inlet
Goal River in Saanich caughtin | Chum
Chum Inlet ESSR Saanich | (potentially)
Escapements fishery Inlet FSC | overfished
fishery

1983 15,000 14,000 3,250 3,600 1,000
1989 15,000 14,500 9,750 5,125 500
2000 15,000 10,500 0 0 0
2003 15,000 21,400 0 60 -6,400
2004 15,000 16,400 0 No Data 0







Figure 6.4 Abundance of Chum Saanich Tribal Fisheries caunght with Excess Salmon to Spawning Fequirement
Fizhing Licencesz in DFQ Statistical Area 19 (Appendix 1)), Saanich Inlet from 1982 to 2004
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Tribal Fisheries when escapement counts approached and surpassed the 15,000 chum
target escapemegbal. The number of overfished chum reported indicate the
abundance of chum caught in the inlet that would otherwise have migrated touiine mo
of Goldstream Riveor been available as prey for other predators in the ecosystem such
as otters, sea lionseals, otters, bears and seagulls.

In 1983 and 1989, thousands of chum returning to Goldstream River were
removed by chum fishing activity in Saanich Inlet before the established escapement
goal of 15,000 chum was reached (6,850 and about 14, 880 chientieslp). In
contrast, only 10,500 chum returned to Goldstream in the year 2000 (4,500 chum below
target escapement) and no chum fishing activity (ESSR or FSC chum fishing) took place
in Saanich Inlet that year. Chum escapements wereedhoyet goalby about 6,400
and 1,400 in 2003 and 2004 respectively yet no ESSR chum fishing took place in either
of those years and only 60 chum were fished for the FSC fishery in 2003. The trendline
for Saanich First Nation FSC chum catch from Saanich Inlet stwaavmajor periods of
catch increase followed by periods of significant decline (Figure 6.5). FSC chum
catches incrased steadily from 1,470 chum1@77 to 1979 to approximately 8,300
chum in 1985 to 1987 averages. Catches declined to just over 6,58Yito1¥89 and
dropped again to just over 4,440 in 1988 to 1990. Thefls&€ry rebounded whem
sizeablemcrease to just over 8,500 chum were cabghveen 1991 and 1993, then
fluctuated between 8,000 and 9,000 chum until the period average forol®9%t A
significant decreas catch ensued for the sevgear period between 1997 and 2004

with average catches below 4,000 in 1996 to 1998 and below 2,000 from 1997 to 2004,
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ranging from no catch in four of those seven years (1998, 2000, 2002 and 2004) to
3,500 (the highest total annual catch for tleigesryear period) in 1999.

There were four dominant phases of increase and three prevalent stages of
decline in total chum catch from 1979 to 2002 (Figure 6.6). Total Saanich Inlet chum
catch (ESSR and FSC chum catch combined) mostly increasecehet@gé3 and
1986 with the thregear average catch of 1,800 in the period 1979 to 1981 increasing
more than eleven times in six years to over 21(@@the period 1985 to 1987).

Chum catch remained below 10,000 from 1987 to 1989, then soared to arck8@ 33
from 1988 to 1990, and continued to increase over time, peaking at7aha0 in the
period1990 and 1992. Catches remained above 20,000 over the next fouagears
illustrated by the steep, continuously declining trendline for the period 199Dt
(with the exception of a slight increase from 1991 to 1992 averages)dethine
continued until 1995 t@997 when only about 8,000 chum were caught. Catches
increased to above 20,000 in 1997 and 1998 averages, more than doubled to
approximately 8,000 in the 1999 average total, then almost doubled again to about
124,240 for the period 2000 to 2002.

Overall, total chum catch increased between 1979 and 13RI0(1
chum caught) and 2001 to 2003 averages (about 124,270 chum caught). The same is
trueof chum escapements with the exception of the periods 1981 to 1983, 1982 to
1984 and 1983 to 1985 when average escapements (approximately 20,670, 17,000 and
17,170 chum respectively) were generally lower than those reported for 1979 to 1981

(21,200 chum scapements) at the inception of the ESSR fishery (Figure 6.7).



Figure 6.6 Total Saanich Inlet (Area 19) Chum Catch (Excess Salmon to Spawning Requirement and Food, Social and Ceremonial
Catch Combined) from 1979 to 2002
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Figure 6.7 Abundance of Chum Salmon Caught in DFO Area 19, Saanich Inlet in Comparison to
Chum Escapements at Goldstream River between 1979 and 2002
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Total escapemés have been as low as 8,000 (in 1979) and as high as 62,000
(in 2001) over the past 25 years (1979 to 2004) while total harvest has been as low as
0 (in 2000 and 2004) and as high as approximately 85,800 chum (in 1992). In years
when very few escapememtgturned to the river, the otters and seagulls as well as the
Saanich First Nation fishers would have had fewer salmon upon which to feed. The
bacteria and plants that benefit from the remains of salmon carcasses in the watershed
would also have had lesgrogen available to them in those years.

Table 6.4 shows that total chum catch increased nine times (blue cells) and
decreased five times (yellow cells) within seven timeline intervals of 5000 chum
escapements for the period between 1979 and 200&re T$hno apparent, emerging
pattern of total chum catch increasing, decreasing or being managed solely in direct
connection with reports of escapement abundance for the 25 years for which data was
available®* | used purple cells to highlight notablefdifences in total chum catch
abundance in relation to escapements in the same (or relatively close) numeric
intervals. For example, there were no chum caught in 2004 when there were 16,400
chum escapements but there were approximately 85,800 chum cat§b®iwhen
there were 7,000 escapements (8,000 fewer chum than the 1,500 target escapement).
Years that | highlighted in yellow in Table 6.4 depict times when total catch
decreased from the previous year(s) in an escapement interval. Years that |
highlighted in blue represent those years when total catch increased from the previous
year within that escapement interval.

Table 6.4 shows that there was a lot of variation between escapement and total

catch between years. It also illustratest ttloser monitoring of the chum fishery on an
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Table 6.4 Total Chum Escapement and Total Saanich Inlet Chum Catch (1979 to 2004)
(DFO 19322004, 20014a, 2001b)

Escapement Range | Total Escapement | Total Catch Year
10,00014,999 10,500 2000
14,500 1989
14,000 1983
15,00019,999 ' 2004
1992
16,500 1985
16,000 1982
20,00024,999 21,400 2003
22,300 1995
22,000 1993
21,000 1984
25,00029,999 25,400 1999
1996
1980
30,00034,999 1991
1981
40,00044,999 40,500 1998
42,000 1997
45,000 1994
43,500 1988
42,000 1986
50,00054,999 51,000 2002
53,000 1987

Table Coding

--- Total catch decreased over timé@r column

--- Total catch increased over timégar column

B Notable change in total catch in relation to escapements within and bety
intervals

* Each escapement interval lists annual escapement alongside total annug
catch in chronlmgical order from most to least recent year on record
(i.e. 2004 to 1981).

3 Intervals with only one or with no escapemesass on record are omitted from the table.
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annual basis could better protect the chum population returning totgalaisby ensuring
that at least 15,000 chum return to the river. Chum counts surpassadryireg capacity
(K) of 15,000 established by DFO by 1,000 or more for 20 of the 23 years listed in Table
6.4. In 1991, 34,000 chum returned to Goldstream Rivét6&,000 chum were caught in
Saanich Inlet whereas ten years prior in 1981, 32,000 chum returned to the river but only
3,000 were caught in the inlet. In 1983, total escapement was 14,000 (1,000 chum below
the target escapement goal) and total catchep&s) whereas in 1986, total escapement
was three times that of 1983 at 42,000 chum while total chum catch was only 7,000 (only
150 more total chum caught than in 1983). These data demonstrate that under the current
15,000 chum target escapement Saanrdbal Fisheries could have harvested 28,000
more chum than they did for commercial and community fishing purposes in Saanich Inlet
in 1986 as set out in the ESSR fishing licenses under DFO regulation. A comparable
dynamic occurred in the system in 1996awhotal chum catch in Saanich Inlet was
around 9,260 and escapement was 27,500. Nine years prior, in 1987, there was a similar
total catch of about 9,500 chum when escapements were reported at 53,000 chum, almost
two times that of 1996 (Table 6.4). Thlisows that Saanich Tribal Fisheries could have
caught 12,500 more chum in 1996 and 38,000 more chum from Saanich Inlet in 1987 for
either their commercial ESSR chum fishing or FSC purposes. The abundance of chum that
returned to Goldstream in those yestisuld have provided a surge of nitrogen to the river
and riparian zone ecosystem and increased salmon prey abundance available for other
species such as seagulls, bears, and river otter.

Examining Saanich Inlet ESSR chum catch alongside Goldstream c

escapements for the period 1982 to 2004 revealed several inverse relationships (Figure
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6.8). For example, ESSR chum catch averages increased from 3,200 to 14,650 between
1980 and 1983 while escapements decreased from 24,670 to 17,170 (just 2;Q66 ove
15,000 chum target escapemen)contrast, ESSR catch decreased from 13,570 t0 0O

while escapements escalated from 26,500 to 46,170 in 1984 to 1986 averages. Also, the
ESSR catch progressively increased from 3,250 to 70,900 chum between 198B@&nd

while escapements decreased from 37,000 to 29,450 during the same time interval.

ESSR catch and escapements increased (from 50,650 to 54,870 and from 24,330
to 28,000 chum) simultaneously between 1991 and 1992. Chum escapements then
increased slighy from 29,770 to 30,600 between 1993 and 1995 while the ESSR
fishery underwent a sizeable decrease in thygze average catches from 29,870 to
2,030 chum. Escapements remained over 26,000 averages (undergoing two periods of
increase and decrease ramgfrom 26,812 to 44,800 chum) from 1996 to 2002. During
that time, the ESSR fishery increased continuously and markedly from a catch of 8,158
in 1996 to approximately 68,120 in 2001. The ESSR chum fishery then decreased (to
25,011) in 2002 at the samme that escapements dropped from 44,800 to 29,600 in
2001 to 2002 rolling averages.

Figure 6.9 illustrates that the Saanich
underwent two discernable waves of increase between 1978 and 2003. The first wave
coincides witha period of increase in chum escapement between 1983 and 1986 (three
year rolling averages). The second increase in FSC catch occurred between 1989 and

1994. Chum escapements were on the rise again during this time with the exception of
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