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Site C Fisheries Studies — 2010 Elemental Signature Pilot Study Executive Summary

EXECUTIVE SUMMARY

B.C. Hydro is considering the Peace River Site C Hydroelectric Project (Site C) in north eastern British
Columbia as a potential resource option to help meet BC’s future electricity needs. B.C. Hydro is taking a
stage-by-stage approach to the evaluation of Site C. B.C. Hydro is currently in Stage 3; Environmental
and Regulatory Review. Fisheries studies are presently underway to add to existing baseline information

and to address data gaps that have been identified.

The purpose of this work is to complete a pilot study to establish whether otolith microchemistry analysis
can be used to address data gaps in our knowledge of the Peace River fish community. The objectives of

the study are as follows:

1. Test the efficacy of using otolith microchemistry in the Site C study area using otoliths collected
from fish located in the Peace River and the Halfway River.

2. Examine existing water chemistry data for the Peace River, Moberly River, and Halfway River to
establish whether there is sufficient separation of potential chemical signatures.

3. Complete the analytical procedure on a sample of otoliths collected from each of two target
species (Arctic grayling and mountain whitefish) from the Halfway River and the Peace River.

4. Document whether the Halfway River is a source of recruitment of fish collected from the Peace
River for each of the two target species.

5. Document use of the Halfway River by adult fish for each of the two target species.
Document the age of sampled fish.

We examined 82 fish otoliths (42 mountain whitefish, 40 Arctic grayling) collected from the Peace River
and Halfway River, and compared the elemental signatures of Strontium:Calcium (Sr:Ca) and
Barium:Calcium (Ba:Ca) to measured water chemistries from these systems. Next we identified the
proportional relationship between otolith and water chemistries for both Arctic grayling and mountain
whitefish and predicted the recruitment habitat and first summer rearing habitat for each species. Peace
River Arctic grayling appear to recruit from the Moberly River watershed. Halfway River Arctic grayling
recruit from the Peace River watershed and habitats not measured for water chemistry (unknown).
Mountain whitefish recruit from both the Halfway and Peace Rivers as well as from unknown habitats.

Most of the mountain whitefish were rearing in the Peace and Halfway Rivers during their first summer.
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Site C Fisheries Studies — 2010 Elemental Signature Pilot Study Executive Summary

Our work demonstrates that the elemental signature method can be applied to investigate fish life history
strategies in the Site C study area. As such, otolith microchemistry analysis can be used to address data

gaps in our knowledge of the Peace River fish community. Main findings are as follows:

1. The elemental signature method was an effective technique when applied to otoliths collected
from fish located in the Peace River and the Halfway River.

2. Water chemistry data for the Peace River, Moberly River, and Halfway River provided sufficient
separation of potential chemical signatures.

3. The Moberly River appears to be a major source of recruitment for Peace River Arctic grayling.
The Halfway River and Peace River appear to be major sources of recruitment for Peace River
Arctic grayling.

5. Unknown sources of recruitment also were identified for Arctic grayling and mountain whitefish
collected from the Halfway River and the Peace River.

6. The elemental signature method can be used to document the age of younger Arctic grayling and
younger mountain whitefish collected from the Peace River and the Halfway River.

December 2011 ii



Site C Fisheries Studies — 2010 Elemental Signature Pilot Study Acknowledgements

ACKNOWLEDGEMENTS

This report was produced for Bruce Mattock of B.C. Hydro Site C team.

Earthtone Environmental Ltd. would like to acknowledge Rick Pattenden of Mainstream Aquatics Ltd.
for the technical support he provided during preparation of this report. In addition, Brent Mossop of B.C.
Hydro had enough confidence in our experimental approach to recommend us to work on this new and
interesting project. Finally, Bruce Mattock of B.C. Hydro provided the water chemical data for the Peace,
Halfway and Moberly Rivers.

December 2011 il



This page is intentionally blank.



Site C Fisheries Studies — 2010 Elemental Signature Pilot Study

Table of Contents

TABLE OF CONTENTS

Page #

EXECUTIVE SUMMARY ..ccoviniiinsensnissicssisisssssuissessssssissssssissssssssssssssssssssssssssssssssssssssssesssssssssssss sesssssssass i
ACKNOWLEDGEMENTS ...uuoiiiiiiniiniiniiesniessiesssssssssssssssisssisssssssssssssssssssssssssossssssssssssssssssssssssssssssassss iii
TABLE OF CONTENTS v
LIST OF TABLES ....uuoitiiriniiinnnnicesssissesssssissssssisssssssssissssssissssssssstsssssssssssssssssssssssssssessesssssssssssases vii
LIST OF FIGURES ix
1.0 INTRODUCTION...ucioiiisiisenssenssnisssiessssssssssssssssssssssssssssssssssssssssssssossssssssssssssssssssssssssssssssssssesssssssssassss 1
1.1 BACKGROUND ..uuciuiiinniiinsensnisiesaisaissssssisssssssssissssssssssssssssssssssssssssssssstssssssssssessssssssssssssssssssssssssss 1
1.2 PURPOSE AND OBJECTIVES 3
1.3 STUDY AREA AND SAMPLES 4
2.0 METHODS ..uuoiiiiinninieessnissssssississssssissssssisssssssssssssesssssssssssstssssssssssesssssssssesssssssssssssssssssssssssssssssssosess 7
2.1 OTOLITH COLLECTIONS .7
2.2 OTOLITH ANALYSES ..iiiirtiininsnisicsinsissssssississsssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssse 7
3.0 RESULTS uuoiiiitisicnisaisisssisississiesssssissssssisssssssssissssssssssssssssssssssssssssssssssssssssssssessssassnss 11
4.0 DISCUSSION ..uuoiuiiiieisinsnisnicsesssisncssisssssssssisssssssssessssssissssssssssssssssisssssssssssssssssssssssesssssssssssssssssssssssss 31
5.0 SUMMARY ......... 35
6.0 LITERATURE CITED .....ccoviniivinnnsnnsensaisensnnscsssssnnene 37

Appendix A — Fish Collection Data

December 2011



This page is intentionally blank.



Site C Fisheries Studies — 2010 Elemental Signature Pilot Study

Tables

Table 1.1

Table 1.2.

Table 3.1.

Table 3.2.

Table 3.3

LIST OF TABLES

Number of otolith samples collected by species, waterbody, and section area, 2010

Site C Sample Collection for Elemental Signature Pilot Study. .........ccccovvevvervenvenenenne.

Biological characteristics of target fish species collected from the Halfway,
Moberly, and Peace Rivers, 2010 Site C Sample Collection for Elemental Signature

PAlOt STUAY . ..evieeieeee ettt e et e e tb e e s e e tbe e sab e e e raeenraeearaeenes

Average otolith elemental values for each site are provided. Expected water
chemistries were determined using the incorporation coefficients developed using
Peace River grayling and whitefish otoliths. Expected water chemistries were then
compared to measured water chemistries for each site (average values over all

$€ASONS AT PrOVIAGA). .eevierieiiiriiiiieieeieetesteseeete e te et e bt e seeessbesnseesseeseessaessnessnenes

Measured water Sr, Ba, and Ca (mg/L) concentrations for the Peace, Halfway, and
Moberly Rivers and expected otolith chemistries based on the incorporation
coefficient developed with Peace River water and otolith elemental Sr:Ca and
Ba:Ca. The incorporation coefficients were 0.42 and 0.36 for Sr:Ca (Gr and Mw

respectively) and 0.037 and 0.032 for Ba:Ca (Gr and Mw respectively)........ccocveeennennn.

Biological attributes for each fish sampled. Measured otolith chemistries for the
capture, first summer rearing, and natal portion of each otolith are provided.

Estimated ages according to Zn:Ca are presented...........ccecveerveeecieerieeniieeecreeerveesveens

Page #

......... 4

....... 13

December 2011

Vil



This page is intentionally blank.



Site C Fisheries Studies — 2010 Elemental Signature Pilot Study Figures

Figure 1.1
Figure 2.1

Figure 3.1

Figure 3.2

Figure 3.3

Figure 3.4

Figure 3.5

Figure 3.6

Figure 3.7

Figure 3.8

Figure 3.9

LIST OF FIGURES

Pilot elemental signature study area, 2010 Site C Fisheries Studies.........cccccvvevvrercieeecieeennnnnns 6

Representative sectioned and polished mountain whitefish otolith. The laser scan
travelled across the entire surface of the otolith and through the otolith core. ..............c.......... 8

Representative life-history profile for a Halfway River Arctic grayling according to
Sr, Ba, and Mn measured in the otolith. The centre of the otolith core is located at 0
um on the x-axis. Elemental concentrations are mirrored extending out from the core
to the edge of the otolith. One side of the profile is longer due to growth patterns
observed in fish OtOLIthS. ....c..cooviiiiiiiiii e 11

Representative life-history profile for a Halfway River mountain whitefish according
to Sr, Ba, and Mn measured in the otolith. The centre of the otolith core is located at
0 um on the x-axis. Elemental concentrations are mirrored extending out from the
core to the edge Of the OtOlith.......cccicciiiiieiiccce e 12

Representative Zn profile for a Halfway River Arctic grayling with an age of 1+
years. The top of the peaks represents summer (0+) when Zn is being incorporated at
a higher rate than winter. The 2™ summer is characterized by the beginning of the
last peak which starts at 600 and -600 Pm on the X-aXiS. ....c.cccvvereereeriiesirencreereerreesreesseeseens 17

Spatial map of expected otolith Sr:Ca and Ba:Ca concentrations based on measured
water chemistries (converted using incorporation coefficients) for the Peace,
Moberly, and Halfway (Site 8 and 9) Rivers. Halfway River sections 1 to 6 are
represented by average Sr:Ca and Ba:Ca concentrations measured at the edge of the
otolith for all of the Arctic grayling from each Section.............ccecvriiriiiriiesieriieieeeeee 21

Arctic grayling Sr:Ca and Ba:Ca concentrations measured at the edge of each otolith
and plotted on the spatial map of expected otolith chemistries...........cecevererierenerienenenne 22

Arctic grayling Sr:Ca and Ba:Ca concentrations measured in the natal portion of
each otolith and plotted on the spatial map of expected otolith chemistries. Most of
the Arctic grayling appear to recruit from outside of their capture locations, with a
large proportion recruiting from the Moberly watershed or a chemically similar
RADIEAL. ..ottt e s 22

Arctic grayling Sr:Ca and Ba:Ca concentrations measured in the portion of each
otolith that represents their first summer. Most of the Arctic grayling appear to
remain in their natal stream at age 0+ but some appear to have migrated to the Peace
ANd HalfWay RIVETS. .....iiiiiiiiiie ittt et e et e e s be e e aa e e sbaeesesaessseeanneas 23

Mountain whitefish Sr:Ca and Ba:Ca concentrations measured at the edge of each
otolith and plotted on the spatial map of expected otolith chemistries. The estimated
water chemistries for Halfway sites 1-6 were slightly lower for Ba:Ca using
mountain whitefish otoliths but very similar for Sr:Ca when compared to Arctic
Srayling OtOITERS. ...oveiiiiiiie ettt 24

Mountain whitefish Sr:Ca and Ba:Ca concentrations measured in the natal portion of
each otolith and plotted on the spatial map of expected otolith chemistries. ............c.ccveeneen. 24

December 2011 ix



Site C Fisheries Studies — 2010 Elemental Signature Pilot Study Figures

Figure 3.10

Figure 3.11

Figure 3.12

Figure 3.13

Figure 3.14

Figure 3.15

Figure 3.16

Figure 3.17

Figure 3.18

Mountain whitefish Sr:Ca and Ba:Ca concentrations measured in the portion of each
otolith that represents their first summer. Most of the mountain whitefish appear to
have migrated to (or remained in) the Peace River during their first summer or fall.
One mountain whitefish (M30) appears to have migrated to, or remained in, the
Moberly River. There does appear to be habitat separation for Peace and Halfway
mountain Whitefish. .........ccociiiiiniiiii e 25

Complete life-history plot for a Halfway River Arctic grayling (Grl0). This
individual appears to have recruited outside of the habitats measured for water
chemistry. At age 0+ Grl10 migrated to the Halfway River where it remained until
CAPTULC. ..veeevieeiteeeeiee ettt estteeette e steessseeesseeesssaeanseeessseeasseeassseesnseeansseenssaeansseenssessnseeanssessnseeensses 26

Complete life-history plot for a Halfway River Arctic grayling (Grl4). This
individual appears to have recruited outside of the habitats measured for water
chemistry. At age 0+ Grl4 migrated to the Halfway River where it remained until
CAPTULC. ..eeeiteeetteeeetee ettt eette e ettt ettt e eabeeenteeeemteesaseeessseesnseeaanteesnseeensaeeanseesnsaeesaseesnseeanseeesnsaeennsens 26

Complete life-history plot for a Peace River Arctic grayling (Gr21). This individual
appears to have recruited outside of the habitats measured for water chemistry but
may have migrated into the Moberly River at age 0+ before migrating to the Peace
River where it remained until CaPLUTe. ...........oevieriieiieiiieie e 27

Complete life-history plot for a Peace River Arctic grayling (Gr23). This individual
appears to have recruited outside of the habitats measured for water chemistry but
may have migrated into the Moberly River at age 0+ before migrating to what
appears to be the Halfway River where it remained until capture. This individual
was captured in the Peace River but had a Sr:Ca concentration representative of the
Halfway River. One other individual (Gr34) captured in the same Peace River
location demonstrated this life-hiStory. .........ccccieriiriiiiiiiee e 27

Complete life-history plot for a Halfway River mountain whitefish (M2). This
individual appears to have recruited outside of the habitats measured for water
chemistry. At age 1 this individual likely migrated to the Halfway River (lower
Ba:Ca than the Peace) where it remained until capture. This individual does appear
to migrate into the Peace River in its 4™ year before moving back into the Halfway............ 28

Complete life-history plot for a Halfway River mountain whitefish (M3). This
individual appears to have recruited outside of the habitats measured for water
chemistry. At age O this individual likely migrated to the Halfway River but it
appears to spend time in both the Peace and Halfway Rivers.........ccococeviiiniiiincnicncnene 29

Complete life-history plot for a Peace River mountain whitefish (M40). This
individual appears to have recruited in the Peace River, and reared in the Peace until
it was captured. The lower left portion of the track indicates movement into a habitat
not measured for water chemistry (tributary or mouth of tributary). ..........cceeeevvevieeninnnnnnns 29

Complete life-history plot for a Peace River mountain whitefish (M33). This
individual appears to have recruited outside of the habitats measured for water
chemistry (same habitat as M40). Expected Sr:Ca suggest Peace River rearing for
most of this individual’s life but Ba:Ca is lower than expected...........cccceeverrirrienieniennnne. 30

December 2011 X



Site C Fisheries Studies — 2010 Elemental Signature Pilot Study Introduction

1.0 INTRODUCTION

1.1 BACKGROUND

B.C. Hydro is considering the Peace River Site C Hydroelectric Project (Site C) in north eastern British
Columbia (BC) as a potential resource option to help meet BC’s future electricity needs. B.C. Hydro is
taking a stage-by-stage approach to the evaluation of Site C. B.C. Hydro is currently in Stage 3,
Environmental and Regulatory Review. Fisheries studies are presently underway to add to existing

baseline information and to address data gaps in order to assist in completion of Stage 3.

A number of Peace River tributaries may provide important spawning and early rearing habitat for several
fish populations that occur in the mainstem Peace River. Movements between the Peace River mainstem
and tributaries have, or are currently being evaluated using:

1. Radio telemetry (e.g., AMEC and LGL 2010a, 2010b).

Full- or partial-spanning fish fences for upstream and downstream migrants (Mainstream 2009),

3. The re-capture of fish in tributaries that were marked in the Peace River (e.g., Mainstream 2010,
Mainstream and Gazey 2011).

Capture of downstream migrants in rotary screw traps (Maintream 2011a).

5. Inferences based the seasonal abundance and distribution of fish life stages in the Peace River and
in tributaries (e.g., Mainstream 2010).

It is not known if a single tributary, multiple tributaries, entrainment from upstream from the
Peace Canyon Dam, or a combination therein are recruitment sources for the Peace River fish community.
Arctic grayling are thought to recruit from the Moberly River; however, clumped distributions around
tributary confluences suggest recruitment of juvenile Arctic grayling from several tributaries.
Mountain whitefish are known to spawn in the Moberly River and Halfway River, as well as the
mainstem Peace River. Like Arctic grayling, concentrations of juvenile mountain whitefish have been

documented around tributary confluences suggesting recruitment of fish from these systems.

A second point of interest is the potential need for fish to pass through the proposed Site C dam to access
spawning tributaries. Arctic grayling, bull trout, and mountain whitefish that reside downstream of the
dam site may enter the Pine River to spawn, which eliminates the need to pass Site C. If fish must access

upstream tributaries then the dam would block upstream movement without mitigation.

There are numerous methods to determine migration, rearing areas, recruitment and spawning locations of
fish. Inclined plane trap, beach seine, visual observations, and minnow traps are common fish capture

methods because they provide estimates of juvenile migration timing and stock size (Fedorenko et al.
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1983; Delaney et al. 1982). Within the study area, boat electrofisher, fish fences, and rotary screw traps
have been employed as fish capture methods and radio telemetry has been used to describe fish

movements.

Problems have been associated with these techniques that may bias results. For example, Fedorenko ef al.
(1983) stated that their results were biased due to variation in trapping effort, trapping efficiency based on
gear use, debris in the river, and selection of capture sites. Additionally, other techniques such as
physically tagging animals can reveal inherent biases. Tagging programs often end up concentrating on
the re-captured, non-mobile portion of the population (migrating fish often leave the study area), or on the
members that are physically large enough to receive tags. Moreover, some individuals susceptible to
injury from handling may experience higher mortality rates resulting directly from the application of
physical tags. A relatively new method that has been shown to be effective for discriminating habitat use
by freshwater and marine fish is analyzing otoliths using laser ablation-inductively coupled plasma mass
spectrometry (LA-ICPMS). This procedure has recently been used successfully to discriminate stream
location in cutthroat trout (Wells et al. 2003) and also in Arctic grayling (Thymallus arcticus) (Clarke et
al. 2007a,b).

Otoliths, which are calcified bony structures of the inner ear, function in the senses of balance and hearing
(Popper et al. 2005). They are primarily composed of calcium carbonate (CaCO3) while K, Sr, Na, N, S,
Cl, Ba, P, and other trace elements are the minor elements within the otolith (Campana 1999).
Concentrations of specific elements may differ between freshwater systems (e.g., tributaries versus
Peace River). Differences in water chemistry are consistently reflected in the trace elements of Sr, Zn, Pb,
Mn, Fe, and Ba that are incorporated into the otolith (Campana 1999). Because otoliths are metabolically
inert and permanently retain elements incorporated through daily growth, entire individual life histories
can be recorded in the structure (Campana and Neilson 1985). It is then possible to analyze the otolith to
determine a specific life history using Laser Ablation-Inductively Coupled Plasma Mass Spectrometry

(LA-ICPMS).

Elemental concentration in otoliths can vary based on three mechanisms:

1. Maternal influence in elemental deposition from yolk into the core of progeny (Kalish 1990),

2. In physiological active elements such as Zn, concentrations can vary seasonally due to
metabolism (Milner 1982; Bradley and Sprague 1985; Clarke and Telmer 2008); and,

3. In non-physiological elements (e.g. Ca, Ba, Sr) variation is dependent on spatial differences in
water chemistry (usually as a result of migration).
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Spatial differences in the chemistry of freshwaters largely reflect differences in age and composition of
the underlying bedrock. These differences result in variation among stream chemistries, but also provide a
stable chemical signature for each river system. Consistency within river systems is well described by
Taylor & Hamilton (1994) who examined 25 years of water chemistry data on the Saskatchewan River
system and showed that element ratios remain consistent over time. Further support for the consistency in
water chemistry is the stability of Sr, Ba, and Mn measured across otoliths of slimy sculpins (Clarke et al.
2004). Slimy sculpins are considered to be non-migratory and the elemental concentrations maintained a
flat profile for 2—5 years depending on the age of the sculpin. The lack of changes in elemental signature
across much of the otolith indicates that chemical signatures have been stable for at least 5 years for the

tributaries that were sampled in the Williston Watershed (Clarke 2004).

LA-ICPMS is a technique that utilizes a narrow laser beam to scan the surface of a solid object (e.g. fish
otolith). This technique has gained popularity in the fact that LA-ICPMS has the ability to analyze
concentrations of single or multiple trace elements at high precision (Sanborn and Telmer 2003). Other
benefits of this technique include little to no sample preparation, few sample size limitations, and low
probability of contamination (Sanborn and Telmer 2003). A number of studies have used LA-ICPMS
towards fisheries research, including stock discrimination and identification (Rooker et al. 2003),
migratory and environmental history (Arai et al. 2007; Clarke et al. 2007a, b), age of fish based on
seasonal variation in elemental signature of the water (Clarke et al. 2007c), and fish physiology

(Melancon et al. 2005; Arai and Hirata 2006).

1.2 PURPOSE AND OBJECTIVES

The purpose of this work is to complete a pilot study to establish whether otolith microchemistry analysis
can be used to address data gaps in our knowledge of the Peace River fish community. The objectives of

the study are as follows:

1. Test the efficacy of using otolith microchemistry in the Site C study area using otoliths collected
from fish located in the Peace River and the Halfway River.

2. Examine existing water chemistry data for the Peace River, Moberly River, and Halfway River to
establish whether there is sufficient separation of potential chemical signatures.

3. Complete the analytical procedure on a sample of otoliths collected from each of two target
species (Arctic grayling and mountain whitefish) from the Halfway River and the Peace River.

4. Document whether the Halfway River is a source of recruitment of fish collected from the Peace
River for each of the two target species.

5. Document use of the Halfway River by adult fish for each of the two target species.
6. Document the age of sampled fish.
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1.3 STUDY AREA AND SAMPLES

The study area for water chemistry sample collections included the Peace River, Halfway River,

downstream of the Cameron River confluence, and the Moberly River (Figure 1.1).

The study area for otolith collections included sections of the Halfway River and Peace River
(Figure 1.1). Halfway River fish were collected between the Chowade River confluence and the
Cameron River confluence, or approximately 110 km to 40 km upstream of the Peace River. All
Peace River mountain whitefish were collected in Section 3, which is located from 5 km to 15 km
downstream of the Halfway River confluence. Peace River Arctic grayling were collected from Section 3
(n=15), Section 5 (n = 14), and Section 6 (n = 1). Section 5 is located from 1 km to 15 km downstream of

the Moberly River confluence; and Section 6 is located from 1 km to 17 km downstream of the Pine River

confluence.

In total, 40 Arctic grayling and 42 mountain whitefish otoliths collected by Mainstream Aquatics Ltd.
were provided for the pilot study (Tables 1.1 and 1.2, Appendix A).

Table 1.1 Number of otolith samples collected by species, waterbody, and section area, 2010
Site C Sample Collection for Elemental Signature Pilot Study.

Waterbody | Section Arctic grayling Mountain whitefish Total Total
Collected |Submitted |Collected |Submitted| Collected | Submitted
Halfway River| One 8 8 9 9 17 17
Two 1 1 1 1 2 2
Three 4 4 4 4 8 8
Four 2 2 1 1 3 3
Five 3 3 2 2 5 5
Six 2 2 4 4 6 6
Subtotal 20 20 21 21 41 4]
Peace River One 0 0 7 0 7 0
Three 7 5 28 21 35 26
Five? 16 14 16 0 32 14
Six 1 1 0 0 1 1
Subtotal 24 20 51 21 75 41
Total 44 40 72 42 116 82

Rotary screw trap PO1 is located within Section 5 of the Peace River
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Table 1.2. Biological characteristics of target fish species collected
from the Halfway River and Peace River, 2010 Site C

Sample Collection for Elemental Signature Pilot Study.

Fork Length (mm)

Waterbody Species
n Mean Range
Halfway River Arctic grayling 20 204.7 155 - 285
Mountain whitefish 21 242.2 164 - 322
Peace River Arctic grayling 24 233.7 162 - 356
Mountain whitefish 51 314.6 97 -478
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2.0 METHODS

2.1 OTOLITH COLLECTIONS

Fish otolith collections were made opportunistically during other Site C fisheries investigations that
included the Pilot Rotary Screw Trap Study (Mainstream 2011a), Halfway and Moberly River Study
(Mainstream 2011b), and the Peace River Inventory (Mainstream 2011c). Additional samples were
collected during the Water License Requirement Peace River Fish Index Study that was occurring

concurrently to the Site C fisheries investigations (Mainstream and Gazey 2011).

Standard fish capture methods were used (Bonar et al. 2009). On the Halfway and Peace Rivers, the
majority of fish were collected using jetboat or inflatable boat based electrofishers. A smaller number of

samples were collected using rotary screw traps located on the Peace River and the Moberly River.

Target fish were euthanized and otolith removal was accomplished following procedures described by
Mackay et al. (1990). Once otoliths were removed, they were cleaned of any residual tissue
(i.e., gelatinous membrane or blood) using fresh water. Samples were then air dried and placed in labelled
envelopes. At the end of the field program, otoliths were transferred into labelled cryogenic vials padded

with cotton and stored until submission to Earthtone Environmental R&D.

2.2 OTOLITH ANALYSES

Otolith preparation was conducted using standard methodology by Earthtone Environmental R&D Inc.
(Clarke et al. 2007a). Samples were cleaned in deionized water, then embedded in epoxy (Buehler Epoxy-
Cure Resin), which adds strength to the otolith preventing breakage. The otoliths, along with the epoxy
covering, were then scored with a scalpel and sectioned using an isomet saw (Buehler). Secondary epoxy
embedding was accompanied by placing the sectioned otolith into acrylic tubing where more epoxy was
added to secure the otolith. The core was exposed by polishing the otolith with adhesive-backed lapping
paper in 320, 600, and 1200 grit sizes (Buehler, Carbimet). To achieve a highly polished surface, otoliths
were moistened with 0.25 um diamond suspension spray (Buehler, Metadi Supreme) and polished with
2500 grit pads (Buehler, Texmet). LA-ICPMS was accomplished at the School of Earth and Ocean
Sciences, University of Victoria, using the UP-213 Laser Ablation System (New Wave Research)
attached to an X Series II ICP-MS (Thermo Electron Corporation).
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Prior to scanning, background data was collected for 20 seconds to separate the background signal from
otolith elemental chemistry. Polished otoliths were probed with the laser in regions of the otolith that
corresponded to maternal growth (core), early juvenile rearing, and the location of capture. Regions were
probed using a continuous line scan. Finally, Plasmalab (version 2.5.3.280, Thermo Electron 2003)
software was used for data collection and reduction. Data reduction involves integration of data over a
10 ms dwell time where isotopes are measured consecutively. The laser travels at 5 um/s and each
elemental concentration (e.g. 86 Sr) is measured every 10 ms. The data points are then averaged over a

10 um section of the continuous line scan (or every 2 seconds).

Mean Sr:Ca and Ba:Ca ratios were calculated for three regions of each otolith. The first region examined
was the core of the otolith which is composed of maternal Sr:Ca and Ba:Ca. This reflects the maternal
yolk incorporation into the juvenile otolith core — revealing the most recent habitat occupied by the
maternal parent. The second region of the otolith that was examined was the portion that represents the
first summer rearing habitat of each fish. (see Donohoe et al. 2008, Figure 2.1). Finally, measured
elemental ratios were determined at the edge of the otoliths for each individual, which should correspond

to measured water chemistries at each capture location unless fish have recently migrated.

Figure 2.1 Representative sectioned and polished mountain whitefish otolith. The laser scan travelled
across the entire surface of the otolith and through the otolith core.

Age was determined by microanalysis for all of the Arctic grayling and mountain whitefish examined in
this study. Elemental signature fluctuations can estimate age reliably for bull trout, Arctic grayling, and
rainbow trout to age 4; this technique becomes less accurate when annuli become more tightly spaced as
otoliths get larger and older (Clarke and Telmer 2008). Halden er al. (2000) determined that seasonal
deposition of Zn in Arctic char otoliths correlates to annulus formation. Milner (1982), as well as Bradley

and Sprague (1985), suggest that metabolic rate influences Zn deposition in fish otoliths. Seasonal
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summer temperatures likely positively influence the uptake and production of Zn, while colder winter
temperatures would represent times when lower levels of Zn uptake occur (Halden et al. 2000). Clarke et
al. (2004) also determined that oscillations of Zn present in fin-rays of 15 bull trout represent yearly
increments because ages estimated using Zn:Ca ratios corresponded well to independent age estimates
provided by North/South Consulting who used traditional ageing techniques. Halden et al. (2000) noted
that the incorporation of Zn into Arctic char otoliths decreases with age. The results of Halden et al.
(2000) are also consistent with other studies examining Zn uptake by fish (Milner 1982; Bradley and
Sprague 1985; Campbell and Stokes 1985). Our ageing convention is Age 0, Age 1, Age 2 etc. where an
age 0 fish is from 1 to 364 days of age.

Dissolved Sr (mg/L) and Ba (mg/L) water chemistries measured in 2008 (Golder 2009) were provided by
Bruce Mattock (B.C. Hydro). Arctic grayling and mountain whitefish capture locations corresponded well
with Peace River water sampling sites; however, water sampling for the Halfway River occurred
downstream of the fish collection sites and downstream of the confluence of a major tributary

(Cameron River).

The trace metal chemistry in otoliths has been related to the trace metal chemistry in water using an
incorporation coefficient (Wells et al. 2003; Clarke et al. 2007b). The incorporation coefficient refers to
the proportion of element/Ca incorporated into the otolith from the water. The coefficient is calculated as
the molar ratio in the otolith over the molar ratio in the water (e.g. [(Sr (wmol):Ca(mol)yoiitn] /
[(Sr:Cayaer ]). The raw data obtained from the otolith scans were expressed as parts per million. These
values were converted to the equivalent units of the water analysis by stoichiometric conversion of CaC0s
using a molecular weight conversion of Ca as 40% of the assumed CaCO; composition of the otolith. We
used the Peace River Sr and Ba (mg/L) water samples to develop the incorporation coefficient for both
Arctic grayling and mountain whitefish. We used 18/20 Peace River Arctic grayling (excluded 2 outliers
— Gr23 and Gr34) and 20/21 Peace River mountain whitefish (excluded M23). Fish were excluded
because their elemental ratios were significantly different than other fish captured at the same site
suggesting recent immigration from a discrete location. The incorporation coefficients were used to
calculate the expected otolith elemental concentrations (river specific) based on the measured water

chemistries for each river examined.

Next, we used the measured water chemistries (a mean of all sampling periods to reduce variance) and the
determined incorporation coefficients to create a spatial map of expected otolith chemistries for each river
examined (five Peace, two Moberly, and two Halfway sites). We used all of the measurements for water

chemistry sampled from February to October 2008 in order to allow for seasonal variation in water
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chemistry (57 sample points mapped). Finally, we used the mean chemistries measured at the edge of the
otolith (these values should represent the habitat where the fish were captured) for all of the Arctic
grayling and mountain whitefish collected from Halfway River sites 1-6 (to estimate water chemistries for

these sites).

For each fish we used Zn:Ca ratios to estimate the region of the otolith that represented the natal area, (the
maternal rearing area and first habitat), the first summer rearing period, and the location of capture (edge

of the otolith).

These values for each fish (n = 82) were then plotted on our chemical map for each life history stage.

We then rebuilt a continuous age-specific life-history for four Arctic grayling and four mountain
whitefish. We used the Sr:Ca and Ba:Ca concentrations measured in each otolith from Age 0 until
capture. Changes in Sr:Ca and Ba:Ca concentration were used to help identify chemically unique habitats
in the study area (this highlights the need for further water sampling). The life histories for each fish
begin at the core and extend to the period of time when the fish was captured and killed. Measured water

chemistries were plotted for each age-specific life-history in an effort to track each fish throughout its life.
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3.0 RESULTS

Representative line scans of Sr:Ca, Ba:Ca, and Mn:Ca ratios for a Halfway River Arctic grayling (Gr) and
a Halfway River mountain whitefish (Mw) are presented in Figures 3.1 and 3.2, respectively. Sr:Ca and
Ba:Ca concentrations did fluctuate throughout each individual’s life history suggesting some movements

within and between watersheds.
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Figure 3.1 Representative life-history profile for a Halfway River Arctic grayling according to Sr, Ba,
and Mn measured in the otolith. The centre of the otolith core is located at 0 pm on the x-
axis. Elemental concentrations are mirrored extending out from the core to the edge of the
otolith. One side of the profile is longer due to growth patterns observed in fish otoliths.
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Results
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Figure 3.2 Representative life-history profile for a Halfway River mountain whitefish according to Sr,
Ba, and Mn measured in the otolith. The centre of the otolith core is located at 0 pm on the x-
axis. Elemental concentrations are mirrored extending out from the core to the edge of the

otolith.

Water chemistry data that was provided for the Halfway, Peace, and Moberly Rivers showed considerable

spatial variability for both Sr:Ca and Ba:Ca. The lower Halfway River was higher in Sr:Ca than the

Peace River but there was some minor overlap in water chemistries. The Moberly River has unique water

chemistry when compared to both the Halfway and Peace Rivers (Tables 3.1 and 3.2). As well, the

Peace and Moberly Rivers were remarkably consistent for all sampling locations, both spatially and

temporally. The Sr:Ca and Ba:Ca did vary seasonally in the Halfway River (possibly due to seasonal

discharge volume differences from the Cameron River). Finally, the estimated water chemistries

corresponded well to the measured water chemistries. Interestingly, estimated Ba:Ca was higher using

Arctic grayling otoliths than it was for mountain whitefish otoliths (Table 3.1).
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Site C Fisheries Studies — 2010 Elemental Signature Pilot Study Results

Both Arctic grayling and mountain whitefish sampled in the Halfway River were captured further up the
watershed in respect to the location of the water sampling sites. Sr:Ca and Ba:Ca concentrations measured
at the edge of each otolith (representative of capture site) were converted to estimated water chemistries
for the upper Halfway River. This suggests higher Sr:Ca in the area where fish were captured (above the
Cameron River confluence) when compared to measured water chemistries in the lower Halfway River
(Table 3.2). The incorporation coefficients determined using Peace fish otoliths and water chemistry were
0.42 and 0.36 for Sr:Ca (Gr and Mw respectively) and 0.037 and 0.032 for Ba:Ca (Gr and Mw,

respectively).

Age according to Zn:Ca ratios was determined for each fish to help identify age-specific migration
patterns (Table 3.3). Zn:Ca ratios used to age the fish in this study suggest that ages range from 1+ to 3+

for Arctic grayling and 2 to 8 for mountain whitefish. An example illustration is presented in Figure 3.3.
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Figure 3.3 Representative Zn profile for a Halfway River Arctic grayling with an age of 1+ years. The
top of the peaks represents summer (0+) when Zn is being incorporated at a higher rate than
winter. The 2™ summer is characterized by the beginning of the last peak which starts at 600
and -600 um on the x-axis.
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Site C Fisheries Studies — 2010 Elemental Signature Pilot Study Results

For the three watersheds examined there was considerable chemical separation between the Moberly and
both the Peace and Halfway Rivers. There was some minor overlap between the lowest Halfway River
water chemistry sites and the Peace River water chemistry sites. Additionally, there was minor spatial and
temporal variation for water chemistry collected, but separation between watersheds was still clear

(Figure 3.4).
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Figure 3.4 Spatial map of expected otolith Sr:Ca and Ba:Ca concentrations based on measured water
chemistries (converted using incorporation coefficients) for the Peace, Moberly, and Halfway
(Site 8 and 9) Rivers. Halfway River sections 1 to 6 are represented by average Sr:Ca and
Ba:Ca concentrations measured at the edge of the otolith for all of the Arctic grayling from
each section.

Sr:Ca and Ba:Ca concentrations measured at the edge of Arctic grayling otoliths correlated well to
measured water chemistries in the Peace River for all fish examined. Halfway River Arctic grayling

showed more variation in otolith chemistry (similar to measured water chemistries) (Figure 3.5).

Otolith chemistries measured in the natal portion of the otolith core for Peace River Arctic grayling
suggest recruitment from the Moberly River watershed. One Peace River grayling had a very high Ba:Ca
ratio and appears to have recruited from outside of the study area (in terms of location where water
chemistries were measured). Halfway River Arctic grayling show more variation in recruitment origin but

it appears that at minimum six individuals recruited from the Moberly River watershed (Figure 3.6).
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Figure 3.5 Arctic grayling Sr:Ca and Ba:Ca concentrations measured at the edge of each otolith and
plotted on the spatial map of expected otolith chemistries.

Otolith concentrations measured in the otolith core that represent the first summer habitat show that most

of the Arctic grayling sampled remain in chemically similar habitats to their natal streams, albeit with

more variation. A small number of fish appear to have migrated to chemical habitats similar to the Peace

and Halfway Rivers in their first summer (Figure 3.7). There appears to be considerable variation in

habitat use for Halfway River grayling during their early rearing period based on the examined samples.
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Figure 3.6 Arctic grayling Sr:Ca and Ba:Ca concentrations measured in the natal portion of each otolith
and plotted on the spatial map of expected otolith chemistries. Most of the Arctic grayling
appear to recruit from outside of their capture locations, with a large proportion recruiting
from the Moberly watershed or a chemically similar habitat.
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Figure 3.7 Arctic grayling Sr:Ca and Ba:Ca concentrations measured in the portion of each otolith that
represents their first summer. Most of the Arctic grayling appear to remain in their natal
stream at age 0+ but some appear to have migrated to the Peace and Halfway Rivers.

Similar to Arctic grayling, otolith chemistries measured at the edge of the otolith for mountain whitefish
correlated well to expected and measured water chemistries for all of the fish sampled. Expected otolith
Ba:Ca for fish captured above the Cameron River suggest lower river Ba:Ca than what was determined

from Arctic grayling (Table 3.2, Figure 3.8).

In contrast to the Arctic grayling, only two mountain whitefish sampled in this study appear to be
recruiting from the Moberly River watershed. Recruitment for mountain whitefish appears to occur
mainly in the Peace and Halfway Rivers, with some other tributaries not measured for water chemistry

(Figure 3.9).

Otolith concentrations measured in the otolith core that represent the first summer habitat of mountain
whitefish show that most fish have moved into the Peace River with the exception of one Peace whitefish
that migrated to, or remained in the Moberly River (Figure 3.10). There does appear to be separation
between Peace and Halfway mountain whitefish. Halfway mountain whitefish could be rearing below the

confluence of the Peace and Halfway Rivers or the lower portion of the Halfway mainstem.
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Mountain whitefish Sr:Ca and Ba:Ca concentrations measured at the edge of each otolith and

plotted on the spatial map of expected otolith chemistries. The estimated water chemistries
for Halfway sites 1-6 were slightly lower for Ba:Ca using mountain whitefish otoliths but
very similar for Sr:Ca when compared to Arctic grayling otoliths.
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Figure 3.9 Mountain whitefish Sr:Ca and Ba:Ca concentrations measured in the natal portion of each
otolith and plotted on the spatial map of expected otolith chemistries.
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Figure 3.10 Mountain whitefish Sr:Ca and Ba:Ca concentrations measured in the portion of each otolith
that represents their first summer. Most of the mountain whitefish appear to have migrated to
(or remained in) the Peace River during their first summer or fall. One mountain whitefish
(M30) appears to have migrated to, or remained in, the Moberly River. There does appear to
be habitat separation for Peace and Halfway mountain whitefish.

Rebuilt life-histories (starting from the area of recruitment) to the time of capture for Halfway River
Arctic grayling suggest that early rearing is occurring in tributaries not measured for water chemistry.
Recruitment location is defined as the habitat where individual fish first emerged from the gravel because
we used the maternally incorporated signature as the starting point. During the spring or summer (near the
end of their first year) Arctic grayling appear to be migrating to the Halfway River where they remained
until capture. The variation exhibited by each fish within the Halfway is likely attributed to in-river

migrations and temporal variation in water chemistry (Figures 3.11 and 3.12).

Peace River Arctic grayling are for the most part recruiting from the Moberly River and migrating to the
Peace River at the end of their first year (spring), or during their second summer. Once Peace River Arctic
grayling have entered the Peace River they appear to remain there until at least age 3+ (oldest fish

sampled in this study (Figures 3.13 and 3.14).

Arctic grayling 23 is an example of one of two Peace River grayling that exhibited a different life-history
than the remaining 18 fish sampled. Both fish appear to recruit from the Moberly River but have rearing
habitats that are similar to the Halfway River (Figure 3.14). The two individuals were captured in the
same stream reach and either recently emigrated from the Halfway River, or recently emigrated from a

tributary with very similar water chemistry to the Halfway River.
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Figure 3.11 Complete life-history plot for a Halfway River Arctic grayling (Grl0). This individual
appears to have recruited outside of the habitats measured for water chemistry. At age 0+

Gr10 migrated to the Halfway River where it remained until capture.
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Figure 3.12 Complete life-history plot for a Halfway River Arctic grayling (Grl4). This individual
appears to have recruited outside of the habitats measured for water chemistry. At age 0+

Gr14 migrated to the Halfway River where it remained until capture.
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Figure 3.13 Complete life-history plot for a Peace River Arctic grayling (Gr21). This individual appears
to have recruited outside of the habitats measured for water chemistry but may have migrated
into the Moberly River at age 0+ before migrating to the Peace River where it remained until
capture.
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Figure 3.14 Complete life-history plot for a Peace River Arctic grayling (Gr23). This individual appears
to have recruited outside of the habitats measured for water chemistry but may have migrated
into the Moberly River at age 0+ before migrating to what appears to be the Halfway River
where it remained until capture. This individual was captured in the Peace River but had a
Sr:Ca concentration representative of the Halfway River. One other individual (Gr34)
captured in the same Peace River location demonstrated this life-history.
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Both Peace and Halfway River mountain whitefish recruit from the mainstem Halfway and Peace Rivers
but a large number are also recruiting from outside of the study area (measured water chemistries). Most
of the whitefish start rearing in either the Halfway or Peace River during their first summer and remain
there for their entire life histories (Figures 3.15 to 3.18). There is some evidence for habitat use outside of
measured water chemistries but the habitats are similar to the Peace River water chemistry make-up.
Habitat use could be occurring immediately below tributaries to the Peace (affecting local water

chemistry) or in tributaries to the Peace not examined in this study.
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Figure 3.15 Complete life-history plot for a Halfway River mountain whitefish (M2). This individual
appears to have recruited outside of the habitats measured for water chemistry. At age 1 this
individual likely migrated to the Halfway River (lower Ba:Ca than the Peace) where it
remained until capture. This individual does appear to migrate into the Peace River in its 4™
year before moving back into the Halfway.
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Figure 3.16 Complete life-history plot for a Halfway River mountain whitefish (M3). This individual
appears to have recruited outside of the habitats measured for water chemistry. At age 0 this
individual likely migrated to the Halfway River but it appears to spend time in both the Peace
and Halfway Rivers.
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Figure 3.17 Complete life-history plot for a Peace River mountain whitefish (M40). This individual
appears to have recruited in the Peace River, and reared in the Peace until it was captured.
The lower left portion of the track indicates movement into a habitat not measured for water
chemistry (tributary or mouth of tributary).
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Figure 3.18 Complete life-history plot for a Peace River mountain whitefish (M33). This individual
appears to have recruited outside of the habitats measured for water chemistry (same habitat
as M40). Expected Sr:Ca suggest Peace River rearing for most of this individual’s life but
Ba:Ca is lower than expected.
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4.0 DISCUSSION

The main finding of this work is that discrete and stable water chemical signatures exist for the Peace and
Moberly Rivers and these watersheds are useful for further examination of fish life-history to help assess
potential effects of the Site C project. The Halfway River showed some variability in water chemistry
below the Cameron River, but this would be quantifiable through an examination of more years of data.
Regardless, both otolith and water chemistry signatures are different between the Halfway (particularly
above the Cameron River) and Peace Rivers samples. This suggests a good model describing habitat use

of Peace watershed fishes could be developed with further sampling of both otolith and water chemistry.

We identified unknown habitats used by both Arctic grayling and mountain whitefish in our study but a
lack of water chemistry data inhibits quantitative classifications. The results from the Sr:Ca
concentrations measured in both Arctic grayling and mountain whitefish otoliths suggest decreasing
concentrations of Sr:Ca in the Halfway River in a downstream direction. The measured water chemistries
in lower portions of the Halfway do overlap with Peace River water chemistries but fish were not sampled
in these areas of the Halfway River. On the other hand, estimated water chemistries for the Halfway River
(sites 1-6) using otoliths for captured fish suggest that there is good chemical separation between the
Halfway River (above the confluence of the Cameron River), and the Peace River. For the Peace River,
otolith and water chemistry data suggests a very homogenous chemical environment. We are confident
we can assign future samples to the Peace River, but any fish movements up and down the Peace River
would be difficult to discern. The Moberly River was unique chemically and movements to this watershed

by fish could be detected.

A large peak in Sr:Ca at the core of the otolith has previously been demonstrated to represent a marine
maternal signature. Differences in those levels in the core have also been used to differentiate between
progeny of anadromous and resident rainbow trout (Zimmerman and Reeves 2002; Donohoe et al. 2008)
and bull trout (Brenkman et al. 2007). Originally, Kalish (1990) found that Sr:Ca ratios in the core of
rainbow trout would reflect the composition of the ambient water where the maternal parent matured. To
take the work of Kalish (1990) one step further, the Sr:Ca measured in the otolith core can be used to
identify the maturing area of the maternal parent in freshwater fish (Clarke and Telmer 2008; Korman et
al. 2009). The core (natal area) constitutes both ambient water chemistry of the developing otolith and
maternal contribution (adult rearing area). The ratio changes as the yolk is used up by the developing fish
eventually reflecting only ambient water chemistry near the outer portion of the core (we examine the
core spatially so we can identify the specific area that reflects maternal composition). Most of the Arctic

grayling in the sample appear to be recruiting from the Moberly River watershed and moving into the
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Peace, and or, Halfway Rivers during their second spring or summer (age 1 to 1+). Mountain whitefish,
on the other hand, appear to be recruiting from the Peace River, Halfway River, and some unknown
tributaries before moving into the mainstem Peace and Halfway Rivers during their first summer. Only

two of 40 mountain whitefish examined in this study appear to have recruited from the Moberly River.

Two Arctic grayling (23 and 34, considered outliers) were captured in Section 3 of the Peace River and
had elemental concentrations measured at the edge of the otolith that reflected expected Halfway River
values. There are three possible explanations for this observation. The first possibility is that these two
fish recently migrated from the Halfway River into Section 3 of the Peace River. One weakness with the
use of LA-ICPMS is that we cannot observe the last month of a fish’s life. Although the 10 um resolution
for the laser used to ablate these otoliths corresponds to approximately 1 week of otolith growth, shorter-
term signals can still be detected. The magnitude of the change in concentration is less for short-term
changes due to target mixing, but it is still clearly observable. This is known from the analysis of otoliths
in chemical tagging experiments where fish are exposed to elevated Sr concentrations for just a few
hours. In such analysis, a beam resolution of 50 um was able to clearly detect exposures of just 6 h
(Telmer et al., 2006). However, material deposited onto the otolith just before death is difficult to analyse
because it is right at the edge of the target. A short end-of-life signal by the nature of its location in the
otolith is difficult to observe. A second possibility is that the specific location these fish were captured in
the Peace River differs in water chemistry from the other locations sampled. This scenario seems unlikely
given the volume of water moving through this system. The third possibility is that these two individuals
recently emigrated from a tributary that has similar water chemistry to the Halfway River. Further water

sampling of tributaries used by Arctic grayling will be needed to explore this possibility further.

Zn:Ca ratios were used to estimate the ages of both Arctic grayling and mountain whitefish in this study
and to determine age at specific migrations. Halden et al. (2000) determined that seasonal deposition of
Zn in Arctic char otoliths correlates to annulus formation. Milner (1982), as well as Bradley and Sprague
(1985), suggest that metabolic rate influences Zn deposition in fish otoliths. Seasonal summer
temperatures likely positively influence the uptake and production of Zn, while colder winter
temperatures would represent times when lower levels of Zn uptake occur (Halden et al. 2000). Clarke et
al. (2004) also determined that oscillations of Zn present in fin-rays of bull trout represent yearly
increments. In that study, ages estimated using Zn:Ca ratios corresponded well to independent age

estimates using traditional ageing techniques.

Halden ef al. (2000) noted that the incorporation of Zn into Arctic char otoliths decreases with age. These

results are also consistent with other studies examining Zn uptake by fish (Milner 1982; Bradley and
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Sprague 1985; Campbell and Stokes 1985; Clarke and Telmer 2008). We have noted that Zn:Ca is often
more concentrated on one side of the otolith than the other. The imperfect symmetry of otoliths,
particularly for metabolically controlled elements that are more strongly uptaken in the protein matrix of
otoliths (e.g. Zn), results in a higher concentration on one side of the otolith than the other; due to a higher
concentration of endolymphatic fluid. The more compressed side of the otolith is always lower in Zn. The
combination of these factors makes ageing more difficult, particularly for slow growing species and for

older ages.

Our results for the Peace and Halfway Rivers indicate that LA-ICPMS is a valid technique for
determination of life-history characteristics and behaviours of fishes in these watersheds. Previous work
has shown that elemental signatures are directly proportional to water chemistry (Wells ef al. 2003 for
cutthroat trout; Clarke et al. 2004 for slimy sculpins; Clarke e al. 2007a for Arctic grayling). The data
examined in this report suggests that otoliths of fishes from these watersheds are also proportional to
water chemistry and there appears to be sufficient heterogeneity between rivers to assess fish movement
and rearing patterns. The results are not surprising, as recent work in other British Columbia watersheds
has revealed significant heterogeneity among freshwater habitats (Clarke et al. 2004; Clarke et. al 2007a;
Clarke and Telmer 2008).
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5.0 SUMMARY

Our work demonstrates that the elemental signature method can be applied to investigate fish life history
strategies in the Site C study area. As such, otolith microchemistry analysis can be used to address data

gaps in our knowledge of the Peace River fish community. Main findings are as follows:

1. The elemental signature method was an effective technique when applied to otoliths collected
from fish located in the Peace River and the Halfway River.

2. Water chemistry data for the Peace River, Moberly River, and Halfway River provided sufficient
separation of potential chemical signatures.

3. The Moberly River appears to be a major source of recruitment for Peace River Arctic grayling.
The Halfway River and Peace River appear to be major sources of recruitment for Peace River
Arctic grayling.

5. Unknown sources of recruitment were identified for Arctic grayling and mountain whitefish
collected from the Halfway River and the Peace River.

6. The elemental signature method can be used to document the age of younger Arctic grayling and
younger mountain whitefish collected from the Peace River and the Halfway River.
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