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1.0 INTRODUCTION

ARC Environmental Ltd. (ARC) has been contracted by Bntish Columbia Hydro (BCH)
to review fish and aquatic information on the Shuswap River as part of the Water Use
Plan (WUP) initiated for the Shuswap River system. Following the direction of the terms
of reference the project area has been separated into four separate units; Mara Lake to the
outlet of Mabel lake, Mabel Lake from its outlet to Wilsey Dam, Wilsey Dam to Sugar
lake Dam and upstream of Sugar Lake (Figure 1). This has been done to take into
account the varying influences of B.C. Hydro’s hydroelectric operations on the different
geographical areas throughout the watershed. The report will first provide a general
overview that includes study objectives and resource use within the Shuswap system as a
whole. Following this general overview, a more detailed discussion for each of the four
geographical areas will be presented. Finally, the report will provide a discussion of
information gaps relative to the Water Use Planning Process, as well as a list of

recommended studies to be undertaken to fill these gaps m information.

Objectives:

The objectives of the Shuswap River Fish/Aquatic Information review were to:

e Conduct a comprehensive and thorough search of al] documented hterature and file
information on fish, fish habitat, water quality and bydro-fish interactions in the
Shuswap River watershed above Mara Lake,

e Thoroughly review and summarize the current knowledge searched in “Objective 1™
nto a succinet useable document, and

e Based on expert interpretation, clearly identify outstanding knowledge gaps and
provide well-considered recommendations to close any critical gaps 1dentified which

would lead to greater understanding of hydro-fish interactions/impacts.

' Note: The interpretations within this report are those of the author. Based on the information presented
discussion of gaps and srudy priorities will be undertaken by the SHU WUP CC. Final prionities for future
activities will be identified by this group through this process.

ARC Environmenial Lid Shuswap River Fish/Aquaric Information Review
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2.0 BACKGROUND

The Shuswap River, located in south-central British Columbia, flows from it's
headwaters in the Monashee mountains through, Sugar Lake, Mabe] Lake and Mara Lake
before entering into Shuswap Lake at Sicamous, B.C. The Shuswap River has been
identified as three separate sections;, the Lower Shuswap River from Mabel Lake
downstream to Mara Lake, the Middle Shuswap River, from Sugar Lake downsteam to

Mabel Lake and the Upper Shuswap River from Sugar Lake to the headwaters (Figure 1).

BC Hydro owns and operates two dams and a generating station on the Middle Shuswap
River above Mabel Lake. The hydro facilities were constructed by the West Canadian
Hydroelectric Corporation in 1929 and acquired by BC Hydro in 1962. The hydroelectric
system consists of a small storage reservorr (Sugar Lake) which was created by the Sugar
Lake Dam (Peers Dam). The Sugar Lake Dam raised the previous lake level by
approximately 8 meters. Contro] of water releases through the system takes place at the
Sugar Lake Dam. Wilsey Dam located 29 km downstream of Sugar Lake creates a small
headpond and water 15 either released through the generating station or over the spillway

or a combination thereof.

The Middle Shuswap River then travels approximately 18 km before entering into Mabel
Lake. Major contributions to flows upstream of Wilsey Dam come from Cherry, Ferry,
Holstein and Reiter Creeks. with smaller contribution from other tnbutanes. Major
tributanes downstream of the Wilsey Dam include Bessette, Ireland and Big Creeks.
Other smaller streams contribute some inflow to the system. The Lower Shuswap River
has a length of approximately 89 km from its orngin at Mabel Lake to 1ts outlet at Mara
Lake. Tributary inflows are contributed primarily from Kingfisher, Danforth and Trinity
Creeks, with lesser contnibutions from Ashton, Blurton, Brash, Cooke, Fortune, and
Johnson Creeks.

ARC Environmenial Lid Shuswap River Fish/Aquatic Informarion Review
Project No. 1180 Page 3
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In addition to electric generation, the Shuswap hvdroelectric system 1s operated i order
to address environmental and flood control issues. On average, Sugar Lake Reservorr 1s
at its lowest level at the end of April and is filled duning spring freshet. The reservorr
elevation is maintamed throughout the summer recreational periods and then drawn down
over winter. Freshet flows, stored m the reservoir, are used to augment downstream
flows during the winter months, which are used for incubation of fish embryos and

alevins, as well as for power generation.

Anadromous salmon, (chinook, sockeye, and coho) utilize the Shuswap River upstream
to Wilsey Dam, as well as vanable use in tributary systems (FHIIP 1990). Anecdotal
information (French 1995) suggest that chinook salmon were able to access the Middle
Shuswap River upstream to Wilsey Dam prior to its construction. Current fish use
upstream of the Wilsey Dam includes rainbow trout, bull trout and mountain whitefish.
Sugar Lake supports a population of introduced kokanee salmon as well as native
rainbow trout and bull trout. In addition to salmonids numerous other fish species utilize

the Shuswap River system to varying degrees (Table 1)

Resource use in the Shuswap system includes logging, recreational activities, and
agriculture throughout most of the drainage. Forestry 1s the major resource use in the
upper portion of the drainage above Sugar Lake. Agricultural activity 1s limited upstream
of the Sugar Lake Dam, increasing slightly in the Middle Shuswap upstream of the
Wilsey Dam, and reaching high levels of activity along the Shuswap River and its
tributanies downstream of the Wilsev Dam (DFO 199?). In addinon to agricultural
activity, other resource use activities increase with distance downstream. Valley flat
areas along the mainstem below Wilsey dam, and associated tmbutary systems. have
experienced heavy resource use activity. This has resulted in increasing water
withdrawals, decreasing water quality, as well as habitat impacts associated with land

clearing (DFO 1997).

ARC Environmenial Lid Shusweap River Fish/Aquatic Information Review
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Table }: Fisl Species Preventin the Shoswep Ryver Sviicm.

Arcx Latin (ompon Reference
Susar Lake Onchormmchus mukice Rainbow trow Lisier 1990
(and gibwanes)  Sohclons confluenius Bol) mowr Kloho-Cnppen. {998
Onchorhvachue nerko Kokanee ARC. 2000
Prosopium williamson Mownwm whote fish FISS
Lota lota Burbor
Onchormmchus clark: Cunhroar o
Rhinichthvs cataraclac Longnosc dace
Richardsomus daheasus Redside shuper
Cotius cognaius Slany sculpin
Cortus asper Pnckly sculpw
Catoxiomus machrocheilus Largescale sucker
Middle Shuswap  Onchorhvnchus mykiss Rambow zrou Griffiths. 1979
Upsteam of Sohelinus confluenius Bull row Fec and Jong. 1984
Wilsev Dam Prosopsum williomsoni Mountan whtefish Tnron 1995
Rhimichthvs casoracioc Longnose dace FISS
Richardsonius bolieaius Redside shaner
Cotius cognarus Slimy seulpin
Corus asper Prckly seulpin
Rbimichihvs foicoiu Leopard dace (unconfmed)
Carosioris machrocherhet Larpeserle sucker
Onchorbvnchus clarke Cunhrost mow {lisSIONC. Do TeCeDi Capnes)
Onchormnchus ishasvischa Chmaok wistoneroonduced
Middle Shuswap  Onchorhinchus shawvisciz Chinoak Fec and Jogg. 1984
Dowasoeam of  Onchormvnchus kisuich Cobha Envirocon. 1984
Wilsev Dam Onchorhvnchus nerko Sockeve Envirocon 1989
Onchoarhvnchus nerko Kokanee FISS
Onchaorhvnchus mkiss Rawnbow arout
Sohehnus confluentux Bub) goul
Prochochedus oregonesis Northern pikemuanotw (formerly syuaw(sh)
Richarasonius balieaiux Redside shuner
Afvlocherhes caurinus Peamouth chub
Catostomus macrochetlus Largescale sucker
Cotes asper Prickly scupm
Rhinichtins cotaraciac Longnose dace
Prosopnum willuamsom Mouniai whysefish
Lota loia Burbor
Mabe) Lake Onchorivnchirs ishawsixcho Chwnook FISS
Oncnormmnchue kisuich Cobn Envwrocon. 1989
Onchormvchus nerko Sockeve Jantz, )986
Onchortynehus nerko Xokanee
Onchorhynchus myhise Raisbow onm
Sabwhnus confluenivs Bul} powl
Prchocheslus oregonesis Northero Pakermunnow ( formerly squavwfish)
Richordsonius bolieniuc Redside shiner
AMvlochelus caurinun Peamaouth chub
Catosiomus macrocheiln. Larpescale sucker
Cotnes osper Pnckiv sealping
Rhimehin cararaciue Langnose Dace ‘
FProsopnm wallianion Mountan whitetish
Lota lota Burboi
Sanehnus pamaveush Lake paut
Mddle Shuswap  Onehornynchus ishavischs Chunecok DFO. 1982
Downsoeam ol Onchorhvnchus kiswueh Cobo FISS
Mabel Lake Onchorhvnchus nerka Suckeve Envirocon. 1989
Onchorhvncans nerka Kokanee
Onchornvnchus mvkist Rainhow oou!
Sabvehinus confluenius Bult ool

Fivehochedus oregonesis
Richarasomus bolteatus
Mvilocheilus cavrinud
Catosiomus macracheibis
Cortus sp.

Rhtnichifne catoracior
Prosoprunt wilhomrom
Crprinu< carpiv
Sohvelinus ramavevsh
Rhinichthvs foleatus

Norhern Pukernionow (1omerly squawigh)

Redside shuper

Peamouth chub

Largescale sucker

Sculpms

Lougnose Dace

Mowunign whnelish

Carp

Lade oout

Leopard dace (uncovmed |
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BC Hydro Operations

The Sugar Lake (Peers) Dam was constructed at the outlet of Sugar Lake on the former
site of Brenda Falls. The reservoir provides storage for hydroelectric generation
downstream at Wilsey Dam through out the year. Sugar Lake is approximately 11.5 km
long and varies in width from 1 — 4 km. The reservorr is typically operated to be at 1ts
lowest level 1n April and full pool in mid summer (Figure 2). Inflows Maximum draft of
the reservoir is 7.8 meters. Current operation of the Sugar Lake Dam increases mean fall
and winter outflows by approximately 45% (August to March) and decreases spring
freshet by approximately 11%, as compared to pre developr.nent flows (Figure 3c). The
Sugar lake reservoir has the capacity to store only 13.4% of mean annual flow. Once
storage 1s reached the outflows at the Dam equal the inflows to the reservoir through the
summer and early fall. During the late fall and winter reservoir inflows are less than
outflows. Discharge facilities presently consist of four sluiceways and an overflow
spillway with 14 bays. Each bay crest in the overflow spillway can be raised from 600.00
to 601.52 meters with the addition of stop logs. The overflow spillway 1s used annually
to pass spring freshet discharges. After runoff peaks (May - June), the reservoir level
follows a recession and typically reaches the level of the stop logs by July. Current Stop
Log Operation Guidelines are provided in Table 2. Normally the first stoplogs are put in
place from mid Aprl to mud June. The last two (4 ® and 5M) stoplogs are usually put
place after July 1®. When 5 stoplogs are in place the reservoir alert level is 601.65.
Management of levels to 601.63 15 accomplished though. gate operation. If alert level is
exceeded with all gates wide open stoplogs 4&35 must be removed before a reservoir level

of 601.80 1s reached.

Reservorr storage (releasmng less water from the dam than 1s entering Sugar lake)
typically commences in early June and full pool is maintained until late fall. During
storage, filling rate 1s maintained by adjusting the sluice gates. During peak inflows the
gates are fully open. however inflows exceed release capacity and rapid filling of the

reservoir takes place.

ARC Environmental Lid Shuswap River Fish/Aquatic Information Review
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Figure 2. Sugar Lake Reservoir Elevations (1984-1999)

— 605
[
604
L1
l 603 -
-
- 602
) 1984
] 1985
- 1986
601 1987
§; 1088
&-L 1989
1990
I 600 | 1991
. E 1992
8 1993
i 5 1994
J 5 1995
599 - 1996
Y 1997
'-i 1998
1999
_ 598 —90% ile
' ——=median
B ——— 10%ile
, 597 J
-
- 596 W
oo
595 | L
[
594 . - . . . , . — — — ,
- C Fal = S > [ =5 o [« 9 ‘5 >
- s ¢ & & & 5 2 2 & 8 & &
S S ) o s b © S b= 1 s o
! Time of Year
- ARC Environmental Ltd

Project 1180

Shuswap River Fish/Aquatic Infromation Review



«

r—

o e

e m e .

rm4

- e

| el =

—

r—

Flow (mJ/s)

%80
~—Pre (1911-1928)
984 - 1997

JAN
Fes
MAR
APR
MAY
JUN
JuL
AUG
sep |
ocT
Nav
DEC

Figure 3a: Shuswap River Downstream Mabel Lake:
Pre and Post regulation mean monthly flows (Sherbot, D. BCH)
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Figure 3b: Shuswap River Downstream Wilsey Dam:
Pre and Post regulation mean monthly flows ) (Sherbot. D. BCH)
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Figure 3c: SGR Mean Monthly Inflows and Outflows (1984-1998)(Sherbot, D. BCH)
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Table 2. Current Stop Log Operation Guidelines (prepared by K. Meidal, BCH. 2000).

| MAX Stop Logs
15 April -1 0-2 Depending on  |El. 600.00 - 600.61 m
15 June ’ snowpack
15June-! 3 install after peak of |El. 600.91 m
30 June freshet has passed
after 01 | 4 Provided daily |EL 601.21 m
July ! inflows are < 83
m>/s due to snow
pack depletion
after01 | 5 Provided daily |El. 601.52 m
July | inflows are < 30 |When 3 stop logs are in place, the Reservoir Alert Level 1s

m*/s due 1o snow [601.65 m. Crews go to site and operate gates to maintain
pack depletion [level below 601.65 m. If 601.70 m is reached with all gates

' wide open, stop logs 4 & 5 must be removed before 601.80 m

|is reached.

Power generation in the Middle Shuswap River takes place at the Shuswap Falls
Powerhouse 1mmediately below Wilsey Dam. The Wilsey Dam, located 29 km
downstream of Sugar Dam was built on the site of Shuswap Falls, a set of extended
rapids with maximum head of approximately 2] meters (D.B Lister and Associates
1990). The facility consists of Wilsey Dam, two intake structures and penstocks located
at either side of the dam, and an overflow concrete weir (spillway). Spillway crest
elevation 1s 444.52 meters, however this can be increased to 445.43 meters with the
addition of flashboards. The headpond at the Wilsey Dam 1s small with hittle storage
capacity. Assuming full pool (Level = 44543 m . Volume + 1009 700 m?), the headpond
could be drained in < 37 minutes if all gates are fully opened and inflows are low (1e

winter flows.

A total of 78% of the flow downstream of Wilsey Dam ongnates above Sugar Lake.
The remainder of the flows are contributed from the local tnbutaries. Flows entering
from the tributanes, principally Cherry and Ferry Creek, typically start to increase in

Apri] and peak 1n June (Figure 4). Flow recession is moderately steep through July.

ARC Environmental Ltd Shuswap River Fish/Aquatic Information Review
Project No. 11680 Page 9
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Downstream Flows

Wilsey Outflow

The Wilsey Reservoir 1s operated to maintain headpond Jevel to allow penstock intakes to
be underwater. The Wilsey Reservoir can provide 30 munutes of storage. While there are
no formal imposed limits to the rate of filling and/or drawdown of the headpond.
Ministry of Environment, Lands and Parks (MoELP), Fisheries and Oceans Canada
(FOC), and BCH have agreed to the following releases (BC Hydro 2000):

1) September 15-November 15: Flow >22.7 m*/sec (802 cfs)

2) All other times: Flow = 15.0 m®/sec (530 cfs)

3) Flow scenanos, based on forecasting, are presented to MoELP and FOC annually for
decision. Inter agency dialogue commences in August to set spawning and
overwintering flows. Factors of consideration include inflows to the reservoir, and
long term weather forecasts. Dialogue continues through the late summer, fall and
winter as information is updated. Both MoELP and FOC must be notified if the flow

regime falls or is expected to fall below the annual flow plan.

Flows downstream of Wilsey Dam exhibit the same hydrographic patterm as outflows
from Sugar Lake Dam (Figure 5). Current regulated flow patterns demonstrate decreases
in peak freshet flows and increases in late fall/winter flows compared to pre-regulated
conditions. Natural mnflows from tnbutary systems can produce short term peaks

associated with Jarge volume rain events.

Flows 1n the Lower Shuswap River downstream of Mabel Lake are significantly less
influenced by flow management at Sugar Lake. Although 53% of the flow volume 1n the
Lower Shuswap River is contributed from Sugar Lake inflows (1990 - 1998 data)
(Webber 2000) only a small fraction can be retained. The pattern of annual discharge 15
sumitar to the Middle Shuswap River in that there is a reduction in average peak flows

and augmentation of late fall winter flows. During the 1999 — 1998 period peak flows

ARC Environmental Lid Shuswap River Fish/Aquatic Information Review
Project No. 1180 Page 1]
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were attenuated by and average of 15% (Range 3-21%) (Webber 2000). Wnter flows
(February, March and April) can be in excess of 30% greater than pre-regulated flows

(Figure 3a).

Fish/Flow Impacts

River systems experience natural varability m flows. In the interior of BC, which
includes the Shuswap drainage, snow melt provides the primary source of inflow to the
system. Once the snowmelt ends, the river stage follows a natural recession whereby
water flows and associated water levels dechine through the summer and fall period.

Inflows are further decreased through the winter as water 1s stored as snow.

Fish assemblages develop spawner timing and rearing patterns hinked to seasonal habitat
availabilities. In the interor of BC, fish have adapted their life history patterns around
typical flow/habitat relationships. Maintenance of natural flow patterns 1s generally
believed to be a nisk averse approach in regards to flow management. Currently flow
pattemn, peak flows, and flow recession, in the Shuswap follows the pre-regulation pattern
with the exception that augmented fall and winter flows increase the frequency of hugher
river levels (Figures 3 a. b and c). It should be noted that the data presented on the
graphs represent the average of several years of data, which tends to smooth out annual
variability Annual vanability for reservorr filhng and river flows downstream of Wilsey
Dam can be seen in Figures 2 and 5. On a year to ycar‘basis short term high flows will
still occur. Often these short term flow fluctuations are largely contributed to by inflows

from unregulated tributarnes.

Although flow management in the Shuswap system has resulted in only small changes in
annual flow patterns, and increases in winter flows are thought to have potentially
benefited downstream fish resources, short term disruption of flows associated with BC
Hydro operation can put fish and aquatic resources at risk. Changes in flows at Sugar

Lake Dam (Controlled Events) are subjected to ramping rates put in place to manage the

ARC Environmental Lid Shuswap River Fish/Aquatic Informaiion Review
Project No. 1180 Page 13
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risks of downstream stranding of fish. These ramping rates, as discussed later. take into

consideration time of year and life history information for fish species within the river.

Short term disruptions can occur due to abrupt gate changes or as a result of unscheduled
outages and cessation of power generation (Uncontrolied or Unit Tripping Events).
These short term disruptions in flow have the potential to significantly affect water levels
in the river which, in turn, can result in stranding fish on gravel bars, isolating them in
pools or side channels. lIsolated fish may be more susceptible 10 increased predation
and/or changes 1p water quality. In addition, flow reduction can potentially dewater eggs
and ova that have been deposited in the gravel. These operational issues are areas of
concern within the Shuswap River system. The effect of these short term flow
fluctuations 1s dependent on the magnitude and the duration of the flow changes, as well
as, the time of year. Good management of operational components of the system and a
thorough knowledge of fish species and life history (greatest perods of risk) will help

reduce nisks of impacts due to flow fluctuations.

ARC Emvironmemal Lid Shuswap River Fish/Aquaiic Information Review
Project No. 1180 Page 14
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3.0 METHODS
3.1 Collection of Information

The collection of information can be divided into two categories including: interviews
with individuals, and references from librares, agency memos, world wide web

databases, consultant reports, and community group reports.

Personal interviews were collected from individuals from various disciplines including;
o Fishenes and Oceans Canada,

«  Minstry of Environment. Lands and Parks,

« BC Hydro,

« First Nations, and

¢ Communty Groups.

Initially a letter and an accompanying response sheet (Appendix A) was sent (e-matled)
to individuals in the above organizations, outlining various objectives of the Water Use
Plan (WUP) information review. The response sheet consists of several headings

including:

1) Contact Information ttle and address of the individual;

2) Relevant Information 1) Fish and Fish Habitat Assessments, 11) Water Quality. 111)
Hydro-Fish Interactions, and i'v) Other,

3) References references the individual considers useful; and

4) Other Contacts other people that may have relevant information relating to the

WUP Process.

For cases where the response sheet could not be used, or further follow-up was required a
telephone or personal interview was conducted. A list of individuals contacted 1s

provided 1n Appendix B.

ARC Environmenial Lid Shuswap River Fish/Aquatic Informarion Review
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A thorough search for information and references relating to the WUP was conducted.

Information was collected from libraries and office files including:

e BC Hydro (Burnaby/Vemon);

s Tnton Environmental Consultants Ltd;

o Fisheries and Oceans Canada (Kamloops and Salmon Arm);

e  Ministry of Environment, Lands and Parks (Penticton and Kamloops); and

e ARC Enviroumental Ltd.

In addition, several search databases were used including; WAVES, BC Conservation
Data Centre, ASFA (American Fisheries Society Database), and the FOC and MoELP
maintained Fisheries Information Summary System (FISS).  The Minstry of
Environment, Lands and Parks web site was also used to search for lake survey
information, release records, watershed codes, and water licenses, and the Environment

Canada database was used to query for hydrometric stations.
3.2 Documentation and Review of Information

The author, title, year and location of all references identified were entered into an excel
spreadsheet (Appendix C), and uruque numbers were assigned to each. The excel
spreadsheet allowed for all references to be sorzed and for filters to be applied, thus
assisting 1n tracking the references and avoiding duplication. The reference mformation
was reviewed and categoncally identified as relevant or not relevant. Relevant references
were further reviewed and notes were made jdentifying information useful to WUP. The
review of reports included the identification of study objectives, appropnateness of study
plans, as well as an assessment of results relative to the ongnal objectives. This was
done to ascertain whether information was incomplete, and consequently to provide a
direction for additional work that might be required. Relevant information was entered
Into a data summan: sheet for each of the 4 units (Appendix D). The data summary sheet
assisted m forming the basis for the report and the daia gap and marrix spreadsheets

(Appendix E and F respectively).

ARC Environmenial Lid Shuswap River Fish/Aquatic Information Review
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4.0 RESULTS

4.1 Mara Lake to the outlet of Mabel Lake

4.1.1 Aguatic Resources

4.1.1.1. Water Quality and Quantity

A comparison of water quality among, Sugar, Mabel and Mara Lakes indicates that
overal} water quality is good (Bryan and Jensen 1999). All three lakes are relatively clear
and quite low in nutrients, phytoplankton, and zooplankton. No measurable effects to
water quality deterioration in Mara Lake have been reported from 1971 — 1998, but
affects from non-point sources and treated waste have been noted (Bryan and Jensen
1999). Other than concems related to high stream temperatures, water quality has not, to
this point, been identified as a major problem in the Shuswap River between Mabel and
Mara Lake Unit as it applies to the fisheries resources. There are however concerns
regarding water quality associated with water potability and human health (Nordin 1978).
Impacts to water quality in the Lower Shuswap are noted mainly from municipal waste
discharges, degradation of npaman habitat. and streambank erosion by ranching and
logging. Several tmbutary systems including Blurton, Fortune, Johnson, Kingfisher and
Tnnity Creeks are impacted by ranching and logging (Nener and Wernick No Date).
Kingfisher Creek is also a major natural source of suspended sediment, and bactenal
levels m Fortune Creek are a high level of concern (Nozdin 1978). Water temperatures
have been measured up to 25 °C near Mabel Lake (Nener and Wernick No Date). These
high temperatures during the fall have the potential to impact spawning salmon, and in
some years prespawn mortality has been noted in years of elevated temperatures (Wolski,

S. 2000. pers comm.).

There are a total of 131 water licenses that draw water from the major tributary systems
of the Lower Shuswap River (downstream of Mabel Lake) for domestic, irmgation,

enterpnise, waterworks, power, conservation and stockwatering (MoELP 2000d).

ARC Environmenial Lid Shuswap River Fish/Aquatic Informazion Review
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4.1.1.2 Discharge

One active hydrometric station (station no. 08LC002) lies on the Lower Shuswap River
near Enderby. Hydrometric data exists from 1911 to 1936 and 1960 to present
(Environment Canada 2000). The mean annual discharge at Enderby is 88.6 m*/sec with
maximum flows occurring in June and minimum flows occurring in late winter (February

and March) (Figure 3c).

4.1.2 Fish and Fish Habitat

4.1.2.1 Fish Distnibution

Anadromous salmon species in this unit include sockeye, coho, pink, and chinook.
Sportfish species within the Lower Shuswap include kokanee, lake trout, mountain
whitefish, rainbow trout and bull trout [Fish Habitat Inventory and Information Program
(FHIIP)1990; DFO 1997; Jantz 1986] Brook trout, cutthroat trout, and lake trout have
also been released mnto lakes in the Lower Shuswap (MoELP 2000c). Chiselmouth were
observed m 1964 within Mara lake. however no other records of threatened or
endangered species have been identified within the study area (BC Conservation Data
Centre 2000). Species distribution and comparison to other areas of the Shuswap

Drainage can be found in Table 1.

In general. salmonids are concentrated in the upper half of the Lower Shuswap River
above the village of Enderby. The upper section of the river has a steeper gradient and
gravel/cobble/boulder substrate, preferred by salmomuds. Downstream of Enderby, the
Lower Shuswap 1$ a slower more meandering river with fine substrates, providing habitat

conditions more suitable to non-salmonid species.

Overall there 15 a good knowledge of spawning distribution of chinook and sockeye

salmon. Spawner distribution of kokanee and coho salmon 1s not as well documented.

ARC Environmental Lid Shuswap River Fish/Aquatic Information Review
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422 Life History

In general, the Lower Shuswap River is used as a mugration, spawning, incubation and
early rearing system for salmon. Chinook salmon enter the Lower Shuswap as early as
July and hold in deeper water sections of the nver, with some fish moving upstream into
Mabel Lake. Spawning commences in late September and persists through October.
Chinook spawming is concentrated in the Shuswap River upstream of the Village of
Enderby (DFO 1997). Eggs incubate through the winter and emerge in the spring (late
March through to early May) (Figure 6). Mar@n habitats along the Lower Shuswap
River are used for early rearing [Federenko and Pearce 1982; Envirocon Pacific Ltd.
(Envirocon) 1989]. The majonty of fry leave the system to rear downstream m Mara
Lake (Envirocon 1989; FHIIP 1990). Lower Shuswap River chinook are mamly ocean
type (95%) (Envirocon 1989). Ocean type chinook mugrate to the ocean during thetr first
year, alternately stream type chinook spend a complete year in fresh water before
migrating 10 the ocean. The majority of the adults return as 4 year olds, with fewer 3 and

S vear olds.

Sockeyve and kokanee spawmning takes place in October, with spawning concentrated in
the upper area of the Lower Shuswap River, above the Village of Enderby. Sockeye and
kokanee fry mugrate downstream to Mara Lake upon emergence. Sockeye adults return
primarily as 4 year olds with a small percentage of 3 year old males. Kokanee salmon

return to spawn as 3 year olds.

Coho spawning and rearing takes place in the mainstem and tributanes (FHIP 1990).
Spawning occurs in November and coho frv rear m tributary and/or mainstem habitats for

a minimum of one year prior to migrating downstream to the ocearn.

Rainbow trout use tributanes to spawn, since there is apparentty limited rearing in the
maimnstem (Jantz 1986). Life history information of Lower Shuswap rainbow is limited,
particularly fry/juvenile distribution. The elevated summer water temperatures in the

Lower Shuswap likely contribute to low usage by salmonids. Bull trout have only been

ARC Environmental Lid Shuswap River Fish/Aquatic Information Review
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Figure 6. Lower Shuswap River Lifestage Periodicity Chart (prepared by Sherbot, D. BCH. 2000).
Note: chinook. sockeve and cobo mformauon i1s specific 10 the Lower Shuswap Ruver. while the Kokanpet, rawmbow gout,
bull rout and whutefish life istory touns wformanon follows the known Midd)e Shuswap River Penodicity Summiary .
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found in imjted numbers 1n the Lower Shuswap Raver. The mainstem is considered to
have higher temperatures than preferred by bull trout for rearing. Numerous non-

salmonids use the system for rearing and probable spawning (Envirocon 1989) (Table 1).

4.{.2.3 Habatat Productivity

Both Mabel Lake, drairung into, and Mara Lake at the outlet of. the Lower Shuswap
River, are considered ohigotrophic, although Mara Lake is nearing mesotrophic status.
(Bryan and Jensen 1999). Although tributary systems are noted as having elevated
nutrient levels (Nordin 1978), the nutrient levels in the Lower Shuswap River are not
high. The system is likely limited for salmomds due to elevated water temperatures
during the summer that exceed the preferred range for stream dwelling salmomnds.
Elevated water temperatures dunng the spawning period have the potential to put chinook
spawners at risk (Wolski, S. 2000. pers comm). There is no cwrent information

suggesting where any limits to production are occwrnng.

4.1.2.4 Escapement

Chinook escapements have shown a recent trend of increasing numbers, with 1999
having the highest escapement number for the period of record 1951-1999 (24,698)
(Table 3)(Figure 7). Current chinook escapements to the Lower Shuswap River have
exceeded the interim escapement target of 11.000 spawners established as a result of the

Canada-US Pacific Salmon Treaty of 1985 (DFO 1997).

Lower Shuswap River sockeye demonstrate a four year cyclic dominance, with the recent
cycle returns, 1994 and 1998, showing a decline from the cycle high in 1990. Returns wn
1994 and 1998 (367,661 and 291 631 respectively), were less than the 1990 returns of

983.554, which are the highest in the current data record. (Table 3) (Figure 7). Current

ARC Environmental Lid Shuswap River Fish/Aquatic Informanon Review
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Tabic 3. Escapements of Salmouids for the Lower and Middle Shuswap River

DATE CHINOOK COHO SOCKEYE KOKANEE
LS MS LS MS LS MS LS MS
1951 750 750 wr o 0 0
1952 3500 1500 r wr 0 0
1953 7.500 750 3,500 1.500 140 0
1934 1.500 w/r i 750 17.462 61
1955 3,500 1.500 3.500 3.500 2 0
1956 3.500 1.500 1,500 750 s 0
1957 3.500 1.500 730 400 490 0
1958 7.500 750 3.500 1.500 9,387 499
1959 1,500 750 1,500 750 281 0
1960 3.500 750 ).500 3.500 0 0
1961 3.500 1,500 750 3.500 242 0
1962 3,500 750 250 1,500 31.20% 457
1963 3,500 750 750 1.500 2,014 0
1964 3.500 750 3.500 750 0 0
1963 1.500 400 200 400 583 0
1966 3.500 400 400 400 24.629 1.872
1967 13,000 1.500 200 200 5,931 5%
196& 1.500 400 400 400 0 0
1969 7.500 500 750 730 1,702 0
1970 7.500 750 400 ann 29,074 4.559
197 2,500 750 75 400 6.117 284
1972 4.500 200 300 400 290 0
1973 9.000 400 250 500 7.452 0
1974 10.000 600 100 500 86.396 3.064
1974 17.500 600 )00 250 11,652 227
1976 2,500 400 40 60 400 0
1977 9.500 550 100 594 14,695 0
1978 10,400 350 300 350 187.167 10.890
1979 10.000 500 300 500 10,092 578
1980 4.000 500 150 S50 2) 0
198) 5,500 S00 250 250 7,358 0
1982 2.200 500 300 350 513,928 40302
1983 35.800 200 200 250 2308 27
1984 7.892 700 300 250 79 .
1983 11.125 900 500 1.200 N 180
1986 12.000 1.000 250 330 600,495 80,529
1987 10.000 1,700 350 500 10.343 787 8.500”
1988 14,000 1.600 430 1.200 194 0
1986 11.000  1.300 250 500 3,017 0
1990 3000 4.000 200 200 983,834  96.43]
1991 10000 3.000 200 300 15,678 58) 37.0007
1992 13,300 5.000 350 R00 383 180
1993 6.000 2.500 20 20 2,736 47 585007
1994 16,)30 4.000 100 300 368.285 11806 329007
1994 367661'C
1993 )0.000 3.000 23 50 12,330 143
1996 19000 5000 652" SR
1997 13100 3800 162 o
199% 16704 4474 200631 13262
1999 246988 2441 6788 292< 1050007

T - DO numencal estmaie available

informanon Sourges:

(A) - Clunook escaperent 19911999
(B) - Chioook escapements 10 the South Thompson Raver Svsiet
(C) - Lower and muddle Shuswap sockeve escapenient lable

(D) - Mimstry of Environment Penticton

Remammg Data Exuracted from:

Sirategic Revieve of Ficheries Resources for the South Thompxon-Shuswvap Hobiror Manugemen) Areo
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Figure 7. Spawner Returns for the Lower Shuswap River (Sherbot, D. BCH).
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sockeve escapements are still below the intenm escapement target of 1.200.000

established by Fisheries and Oceans (DFO [997).

Coho salmon escapements have declined from the 1950°s and early 1960 and are
currently at the lowest values from the period of record (Table 3)(Figure 7). The dechne
in coho escapements has been seen throughout the Thompson-Shuswap system, and are
currently believed to be as a result of a decline in ocean productivity combined with
excessive harvest. Loss of freshwater habitats 1s also a concern related to coho salmon

production.

Pink salmon have been enumerated in the Lower Shuswap River, however numbers have
been low with the greatest number of pinks recorded wn 1987 (15) (FHIIP 1990). The
Lower Shuswap River would be considered at the extreme of the range for pink salmon.
Given that pink salmon fry demonstrate passive downstream mugration directly post
emergence, relying on river currents to take them to the estuary, it is unlikely that fry
from the Lower Shuswap River can successfully survive a migration through the

Shuswap Lake system.

4.1.2.5 Stock Monitoring/Assessment

Annual spawner counts for chinook and sockeye are conducted in the Lower Shuswap
River. Kokanee counts have been done however, they are not done annually (Caverly, A.
2000. pers comm; Jantz, B. 2000. pers comm). Trapping and coded wire tagging of
chinook juveniles was conducted in the Lower Shuswap River in 1976, 1979 and 1980, in
order to document ocean mugration and tirning, as well as, fishery contribution of the
stock pnor to enhancement activities. No records of re-captures of the tagged fish have
been found. In 1985 and 1986, Envirocon conducted an assessment i order to determine
the interaction of hatchery and wild salmon (Envirocon 1989). No evidence was found

that hatchery releases were negatively impacting wild salmon fry.
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4.1.2.6 Enhancement

Releases of rainbow trout, cutthroat trout, brook trout, and lake trout by MoELP within
the Lower Shuswap River system have occurred between the years 1909 and 2000
(MoELP 2000c). MoELP’s stocking strategy 1s to stock smaller high elevation lakes to
provide sport fish opportunities. No mver stocking 1s being done since stocks are
managed by means of regulation (Jantz, B. 2000. pers comm). Brood stock collection
and chinook salmon fry releases within the Lower Shuswap River are conducted by the
Shuswap River Hatchery [Triton Environmental Consultants (Triton) 1995¢]. Fry
releases to the Lower Shuswap from the Shuswap Hatchery have been conducted every
year since 1984. During this penod the releases have ranged in size from a low of 72,136
in 1989, to a high of 1,113,900 1n 1986 (Table 4). In addition to the releases from the
Shuswap Hatchery, the Kungfisher Community Hatchery has been in operation since
1981. and releases up to 237.000 fry annually (Table 5).

Fishenes enhancement potential was identified for Kingfisher/Danforth Creeks in 1984
(Gniffith 1984)

4.1.2.7 Angler Use

A sport fishery for chinook salmon re-opened in 1986 on the Lower Shuswap with an
average of 475 adults harvested from 1986 to 1994 (Schubert 1995). Generally 70-300
chinook are taken per year by sport fishers, and 200-300 are taken for the Indian Food
Fishery throughout Shuswap River (Ball, J. 2000. pers comm). There is a small

recreational fishery for rainbow trout and mountain whitefish which mostly appears to be

from locals.
ARC Environmental Lid Shuswap River Fish/Aquatic Information Review
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Table 4. Lower Shuswap River chinook Releases from Shuswap Hatchery.

Stock BrYr Start Date End Date Total Rel. Totals
Shuswap R Low 1984 /4 1985/05/25 67011
Shuswap R Low 1984 // 1985/04/26 51869 118880
Shuswap R Low 1985  1986/05/27  1986/05/29 27161
Shuswap R Low 1985  1986/04/28  1986/04/30 25725
Shuswap R Low 1985  1986/04/28  1986/04/30 25672
Shuswap R Low 1985  1986/05/27  1986/05/29 27124 105682
Shuswap R Low 1986  1987/04/27 1987/04/29 561900
Shuswap R Low 1986  1987/05721  1587/05/23 552000 1113900
Shuswap R Low 1987  1988/05/10  1988/05/11 447100
Shuswap R Low 1987  1988/05/04  1988/05/05 441200 888300
Shuswap R Low 1988  1989/05/17  1989/05/18 443640
Shuswap R Low 1988  1989/04/06  1985/04/07 400000 843640
Shuswap R Low 1989  1990/05/15  1990/05/15 36052
Shuswap R Low 1989  1990/05/15  1990/05/15 36084 72136
Shuswap R Low 1990  1991/05/14  1991/05/15 82005 82005
Shuswap R Low 1991  1992/04/15  1992/04/16 241120 241120
Shuswap R Low 1992 i 1992/11725 28730
Shuswap R Low 1992 1993/05/03  1993/05/06 403000 431730
Shuswap R Low 1993 /! 1993/11/29 45140
Shuswap R Low 1993 1954/05/03  1994/05/07 625570 670710
Shuswap R Low 1994  1995/05/15  1995/05/2) 702500 702500
Shuswap R Low 1995 1996/05/14  1996/05/19 667380
Shuswap R Low 1995 /7 1995/11/29 16380 683760
Shuswap R Low 1996  1997/05/16  1997/05/19 892820
Shuswap R Low 1996  1996/11/21  1996/11/26 89240 982060
Shuswap R Low 1997  1998/05/19  1998/05/22 656700 656700
Shuswap R Low 1998  1995/05/08  1995/05/12 59882
Shuswap R Low 1998  1999/05/08  1999/05/12 384288
Shuswap R Low 1998  1999/05/08  1999/05/12 382108
Shuswap R Low 1998  1999/05/08  1999/05/12 41222 867500
Shuswap R Low 1999  2000/05/15  2000/05/19 26072
Shuswap R Low 1999  2000/05/15  2000/05/19 28041
Shuswap R Low 1999  2000/05/15  2000/05/19 28085
Shuswap R Low 1999 2000/05/15  2000/05/19 311902
Shuswap R Low 1999  2000/05/15  2000/05/19 18291
Shuswap R Low 1999  2000/05/15  2000/05/19 385650 798041
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Table 3. Lower Shuswap River chinook Relesases from Kingfisher Hatchery.

Stock Br Yr StartDate End Date Total Rel Totals
Shuswap R Low 1981 /! 1982/06/01 4275 4275
Shuswap R Low 1982 // 1983/04/01 27000 27000
Shuswap R Low 1983 /7 1684/06/20 27000 27000
Shuswap R Low 1984 /7 1985/06/09 83500 83500
Shuswsp R Low 1985 /! 1986/06/27 20000

Shuswap R Low 1985 /1 1986/07/31 180000 200000
Shuswap R Low 1986 !/ 1987/04/15 100000

Shuswap R Low 1986 /! 1987/06/30 135000 235000
Shuswap R Low 1987  1988/07/04  1988/07/05 99500 99500
Shuswap R Low 1988  1989/04/02 1989/05/18 172000 172000
Shuswap R Low 1986 1990/04227 1990/04/27 138000 138000
Shuswap R Low 1950  1991/04/14  1991/04/14 160000 160000
Shuswap R Low 1991 1992/03/29  1992/03/29 45000 45000
Shuswap R Low 1992 1993/04/ 1993/04/ 160000 160000
Shuswap R Low 1993 1994/04/ 1994/04/ 75000

Shuswap R Low 1993 1994/07/ 1994/07/ 20000 95000
Shuswap R Low 1954 1995/04/05  1995/04/10 237000 237000
Shuswap R Low 1995 1996/05/01  1996/05/02 110000 110000
Shuswap R Low 1996 1997/04/01  1997/04/30 86000 86000
Shuswap R Low 1997  1998/06/27 1998/06/27 31000 31000
Shuswap R Low 1998 1999/05/09 1999/05/30 110138 110138
Shuswap R Low 1999  2000/04/22  2000/05/19 222465 222465
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4.1.3 Effect on Aquatic Resources

4.1.3.1 Flow Fluctuations

The resulting effects of flow fluctuations at the Wilsey Dam on the Lower Shuswap are
buffered by Mabel Lake. Although the shape of releases from Sugar Lake maintawns its
fidelity, the impacts of operational outages at the Wilsey Dam are not likely transferred

downstream of Mabe] Lake.

4.1.3.2 Flow Management Strategies

Flow management strategies developed for the Middle Shuswap River could potentially
have some effect on the flow conditions in the Lower Shuswap. Inflows from upstream
of the Sugar Lake Dam, contribute approxumately 53% of the mean annual flow to the
Lower Shuswap River (Webber, 2000). As Sugar Lake has the capacity to store only
13% of the mean annual inflow, the operations at Sugar Lake can only actively influence
approximately 7% (13% of 53%) of the annual flows below Mabel Lake, and are subject
to timimng constraints associated with the filling and drafting of the reservoir. At a
monthly resolution, the regulation at Sugar Lake reduces flows by approximately 10% for
peak flows. and increases and stabilizes winter flows by approximately 16% (BC Hydro
2000). In addition, 1t should be expected that flow management for the benefit of fish in
the Middle Shuswap River. would also benefit fish in the Lower Shuswap River due to

similar species composition and life histories.

4.1.5.3 Habitat Productivity

Current flows in place in the Middie Shuswap River have not had any apparent negative
effect on returns of chinook and sockeye salmon since returns have been increasing

recently. Unless large changes in flows are experienced in the Lower Shuswap River it
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seems reasonable to assume that current habitat productivity will be maintained. Large
changes in flows are unlikely due to limited storage and fish flow requirements upstream
in the Middle Shuswap River. The assumption is that current storage and nver
management in the Middle Shuswap River has provided a positive effect associated with
late fall winter flow augmentation. Future nver management will be developed by the

WUP.

4.1.4 Identified Interests and Concerns

The following section briefly documents the current state of knowledge regarding

interests/issues or concerns from various stakeholder groups.

Shuswap Nation Fisheries Commission (SNFC)
e The SNFC is currently maintaining a fish fence on Danforth Creek in cooperation

with FOC, to monitor coho stocks [Shuswap Falls and Sugar Lake Water Use Plan
Consultative Meeting (WUPCM) 2000].

Spallumcheer Indian Band
o The Spallumcheen Indian Band currently harvests chinook salmon in the Lower
Shuswap River. There is a desire to increase the capability of the Spallumcheen Band

to harvest chinook near the Village of Enderby.

Kingfisher Environmental Socien:

e The Kingfisher Environimental Society is a local society made up of residents. This
society continues to be active in conducting fishenes projects and promoting
environmental awareness. They have been active in fish culture for chunook salmon

and restoring habitat values within the watershed.

Fisheries and Oceans Canada (FOC)

e FOC 15 committed to continuing stock rebuilding efforts for chinook, sockeye and

coho salmon in the Lower Shuswap River. FOC concems related to resource use,

ARC Environmental Lid Shuswap River Fish/Aquatic Informarion Review
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include the degradation of fish and fish habitat due to poorly managed land use

practices.

4.1.5 Discussion

4.1.5.1 Aquatic Resource

Water Quality

The major current concermn associated with water quality 1s that of high water
temperatures, particularly during the chinook spawning period. Water temperatures in
excess of 20 °C increase nisks to spawning salmon due to increases in the potential for
disease, as well as increases in metabolic demand that have the potential to affect
spawning success. Elevated water temperature appears to be a result of warm summer
and fall temperatures causing the warrmung of Mabel Lake, and the fact that the shallow
outlet shelf effectively skims warmer surface water. The only potential concem relative
to the WUP process could be related to changes in water management that could
exacerbate temperature problems in the Lower Shuswap River. Given the current
objectives for fish flow releases in the Middle Shuswap River large reductions in late

summer/fall flows are not expected.

A possible benefit of reduction in peak flows as a result of water management at Sugar
Lake 1s possibly a reduction in bank erosion along the Lower Shuswap mamstem.
Although bank erosion s a naturally occurring process agriculture, urbanization, and
linear development have resulted in the loss of nparian values along the Lower Shuswap

River and the associated increase in risk of erosion (DFO 1997).

Flow studies

Although the Middle Shuswap River inflows above Sugar Lake contribute approximately

53% to the tota] Mabel Lake inflows, the small storage capacity (13% of inflows) limits
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any effects that upstream flow management might have on the fisheries and aquatic
resources in the Lower Shuswap River. Confirmation of contribution on a monthly basis
should be undertaken with any flow scenario developed for the Middle Shuswap River,
however it is difficult to see how any change from current operation would be of

sufficient magnitude to warrant flow studies in the Lower Shuswap River.

4.1.5.2 Fish and Fish Habitat

Current knowledge of fish distribution and life history for salmon in the Lower Shuswap
River 1s generally good for chinook and sockeye salmon. Information on kokanee stocks
is incomplete because kokanee enumeration, which has occurred in the past, 1S not being
done at present . Knowledge of coho salmon is not as complete as for the other salmon
species, although, additional effort 1s being directed at increasing knowledge of coho
spawner numbers particularly in tributary streams. The knowledge of resident fish in the
area 15 somewhat limited  While mformation 1is lacking to maximize fisheries
management options in the Lower Shuswap, particularly as it relates to sport fish
concerns, no information gaps have been identified relating to the Water Use Planning

process.

4.1.5.3 Hydro-Fish Interactions

No significant effects from hydroelectric operations in the Middle Shuswap River are
apparent for fish and aquatic resources in the Lower Shuswap River, unless there are
significant changes in flow management, particularly in the fall/winter pertod (which 1s

unlikely). Flow changes associated with tripping events are buffered by Mabel Lake.

4.1.6 Summary and Recommendations

Based on the information collected on the section of the Shuswap River from Mabel Lake

to Mara Lake, there are resource related concerns from anthropogenic activities.

ARC Environmental Lid Shuswap River Fish/Aquatic Information Review
Project No. 118() Page 31



However given the current stream flow patterns and the limited capacity to signyficantly
alter flows within the Lower Shuswap River, no study needs have been identified relative
to the Water Use Planning Process. In general fisheres is relatively complete for life
history and distribution of anadromous stocks, with the exception of coho in the drainage.
Information on non-anadromous stocks is less complete and fisheries management could
bepefit from the collection of additional data, however this 15 viewed as outside the
mandate of WUP. Large flow fluctuations form the Sugar Lake Dam could in thecry
impact fishenes resources in the Lower Shuswap, but as there 1s hmuted storage, the
ability to greatly modify flows 1s also limuted. In addition, the objective of maximuzing
fish production in the Middle Shuswap will logically have a beneficial affect on
downstream resources due to the similarity in fish assemblages and life history. If new
information, suggesting that large flow flucthations could occur in the Middle Shuswap

River then nisks to fishenes impacts on the Lower Shuswap River should be revisited

4.2 Mabel Lake from its outlet to Wilsey Dam

4.2.1. Aquatic Resources

4.2.1.1 Water Quality and Quantity

Current water quality in the maimnstem of the Middle Shuswap River has not been
identified as degraded as far as fish habitat values are concemed. There are, however,
concems relating 10 public health and potability of water. Cwent resource use activities
along the Middle Shuswap River, and in its tributaries, have the potential to put water

quality at sk

Intensive farming. with the removal of ripanan vegetation, channelization, stream bank
trampling, and non-point source pollution, has the potential to affect water quality in the
Middle Shuswap River. Water quahty issues and excessive water withdrawal are most
severe within trbutary systems. A total of 28% of the watershed has been logged. 14%
recently (Nener and Wernick No Date). Logging in the tributary systems 1s contributing

to erosion and sedimentation (Nener and Wemick No Date). Water quality in Mabel

ARC Environmenual Lid Shuswap River Fish/Aquatic Informarion Review
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Lake is considered good with no deterioration in water quality from 1971 — 1998,
although there is potenual for water quality to be affected by non-pomnt source pollution

and treated waste (Bryan and Jensen 1999).

A total of 359 water licenses exist on the entire Shuswap River mainstem, however, their
location along the mainstem is indiscernible. A total of 180 water licenses extract water
from the tributary systems within the drainage from Mabel Lake to Wilsey Dam for the
purpose of domestic, tmgation, stock watering, waterworks, power, conservation,

storage, camps, and processing (MoELP 20004).

There are concems with potential August water demand, and low summer and winter
flows in tributary systems. For instance, water is diverted out of Duteau Creek to the
Vemon lmgation District. Concerns also exist with municipal and rural discharges,
stormwater runoff, and chlonnated effluents (Nener and Wemick No Date), again mostly

concentrated in tnibutary systems.

4.2.1.2 Discharge

One active hydrometric station (station no. 08L.C003) exists i the Middle Shuswap River
downstream of Wilsey Dam with data available from 1913 to present (Environment
Canada 2000).Streamflows typically increase from Apri) reaching a peak in early to mid
June, after which time they follow a relatively steep recession through July and into
August. Lowest streamflows typically occur in later winter (March). Flow regulation at
Sugar Lake has resulted n a reduction in peak flows and an augmentation in winter flows

over unregulated values (Figure3b and Figure 5).

4.2.2 Fish and Fish Habitat

4.2.2.1 Fish Distnibution

Fish distnbution is referenced by reach delineation that is taken from Fee and Jong 1984,

Figure 8. The mamstem of the Middle Shuswap River is known to contain chinook,

~—
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coho. and sockeye salmon, as well as kokanee, bull trout. rainbow trout. and mountain
whitefish. Nop-salmonuds inciude sculpins, longnose dace, redside shiner, peamouth
chub, largescale sucker, northem pikeminnow and burbot (Table 1) (FHIIP 1990; Fee and
Jong 1984; Envirocon 1989; Envirocon 1984). Tributary Systems contain rainbow trout.
coho and chinook salmon, and mountain whitefish, as well as suckers, shiners, dace, and
sculpin (Fee and Jong 1984). The Bessette system provides the majority of the mbutary
habitat. Habitat values i other Middle Shuswap River tributaries are generally restncted
to the lowermost reaches. Inventory work identified rainbow trout as the domunant
species In tributary dramnages with some use by salmon i lower reaches of tmbutary
streams [ARC Environmental Ltd. (ARC) 1998]. Bull trout use of Middle Shuswap

River tributanes i1s unknown.

Mabel Lake fishenes resources include: rainbow wtout, bull trout, kokanee, mountain
whitefish, burbot, cutthroat trout, longnose dace, redside shiners, slumy sculpin, prckly

sculpwn and largescale sucker, as well as early rearing for chunook and sockeye salmon.

Although, there are no records of threatened or endangered species jdentified within area
(BC Conservation and Data Centre 2000), bull trout have been listed as threatened
provincially (Caverly, A. 2000. pers comm). Given the lack of information in the
Shuswap system in regards to stock status. related to historic habitat impacts and harvest

pressure, there 1s concern regarding this spectes.

In addition, Middle Shuswap coho stocks are at extremely low numbers, and have
recently been the focus of attention by FOC. Current efforts include hatchery
supplementation of Middle Shuswap River coho and development of groundwater side

channels, preferred habitat for coho juveniles.

ARC Environmental Ltd Shuswap River Fish/Aquatic Information Review
Project No. 1180 Page 34



!
. N Mabel
N ‘L'I‘:\ ‘F\‘ LO ke
*3 3;\ CoUtaia  ALBERIA feach 1 -
bﬁ"?’i { 0.07% Sugar
'W{F% & Lake
PR {
W L !
(Q/ \1 \’L’.‘ N ‘] ) ()
{ ¢ oo }m
' % Ty \ AN !
O NG T ' '
1 "/-‘\Gv.m ----- \ \ \
Enlarged Area 1
/ Reach 2 -
{ 0.1%
RS-
- o
v
7
() )
= Shuswap River )
Halchery
S 'X\\ 0 '
A IR O
Bessellg Creek y $
e Wilsey Dam  J Reach 3 - =N
5 \\;0.2 /u _
’ ~ Reach 4 - -~
QA5 0:26%
Iy e Cheny Cregy
5 e
) \
Lumby
Shuswap Falls Flow Monitoring 0 _ 5km

Figure 8. Reach Delineation for the Middle Shuswap River (Fee and Jong [984)




[

-
Powenenty

-

4.2.2.2 Life History

Life Histories for chinook, sockeye, coho, kokanee, rainbow, bull trout, and whitefish are
outlined in Figure 9. Sockeye and kokanee spawn below Wilsey Dam and migrate
directly to Mabel Lake in April and May (Jantz 1992). Sockeye enter the Middle
Shuswap River in late September and early October with peak spawning occurring
typically between the 10™ and 20™ of October. Sockeye spend 1 year rearing in
freshwater lakes prior to migrating downstream to the ocean. Fraser River sockeye return
to spawn as 4 year olds, with a small percentage of 3 year old males (jacks). Middle
Shuswap kokanee rear in Mabel Lake, and return to spawn as 3 year olds. As spawners
they are generally small, averaging approximately 20 cm. Kokanee spawners distribute
themselves throughout the nver making extensive use of side channels (Figure 10). Due
to their size, kokanee spawning preference 1s for shallow, lower velocity water and small
substrate. This habitat preference puts them at nsk to reductions of flows from the
spawmning to incubation period, although current flow regulation has reduced the risk over
pre regulated flows (Figure 3b). A small number of kokanee (hundreds) spawn in lower
Bessette Creek. Historically this population numbered in the thousands and spawned
upstream as far as Lumby according to archival information in Lumby (Caverly, A.

2000. pers comm).

Coho spawn in Middle Shuswap and tributaries arriving in mid October with spawning
starting October 21 peaking November 13" and ending December 7™ (Triton 1994).
Some emergent coho migrate directly downstream, however most rear for a year in the
Middle Shuswap and tributanies (Envirocon 1984). Preferred rearing 1s in off channel
habitats and 1n areas of low velocity, generally, in association with woody debris, and in

tributary systems.
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Figure 10. Kokanee: 1993 Spawning Distribufion and
Densifies in The Middle Shuswap River.
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Chinook enter the Middle Shuswap River starting in July with spawning commencing tn
mid September peaking on October 2 and finishing on October 2] (Tmton 1994).
Spawning takes place within the upper 8 kan of the Shuswap River downstream of Wilsey
Dam. Reach 2, although approximately 80-90 % of chinook spawning takes place in the
upper 3.5 km. (Figure 11). Water depths, velocities, and substrate within the lower 15
km of the Middle Shuswap River are generally not within the preference for spawning
chinook. Fry emerge 1n the spring beginning in April and show vanable life histories.
Some fry continue downstream migration to Mabel Lake immediately post emergence
(Envirocon 1984) while most reside in low velocity margins and off/side channel
habitats for severa) weeks. After residing in off/side channel habitats, they begin to show
a preference for increased velocities. The majority of chinook migrate out of the system
to Mabel Lake within 60-90 days, and to the ocean 90-150 days post emergence
(Stalberg, H. 2000. pers comm). Rearing densities of chinook fry are high along the
shoreline of Mabel Lake through June and July (Envirocon 1989). A small number of fry
remawn in the river for a full year. The majonty of adults return as 4 year old fish with
smaller numbers of 3 and 5 year olds. The Middle Shuswap stock is classified as Ocean
Type, as most juveniles migrate to the ocean n their first year. Analysis from scales
collected duning the 1980°s has shown Middle Shuswap Chinook were 60% Ocean Type
(DFO 1997). Recent scale data collected during the 1990’s indicates that currently over
95% of the fish returming are exhibiting an Ocean Type life history. Freshwater age
information from both the Lower and the Middle Shusyvap Rivers have shown similar
freshwater age during the 1990°s. As the hatchery contmbution to retums is significantly
different. the anomaly seen in the Middle Shuswap between the 1980°s and the 1990 may

be purely an artifact of the scale reading itself rather than any change in life history.

The limited number of chinook juveniles that stay in the Middle Shuswap River appear to
select deep, back eddy areas in the mainstem or are associated with log debris and
abundant cover in main sites with suitable water velocities (>30 cm/sec) (Fee and Jong

1984; Envirocon 1989).
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FIGURE 11. Chinook salmon: 1993 Spawning Distribution and

Densities in the Middie Shuswap River.
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There appears to be a small population of chinook that spawn and rear in the Bessette
Creek drainage and demonstrate a Stream Type life history (Bailey, R. 2000. pers
comm). There are records in the archives in Lumby that tell of locals pitch forking

chinook salmon from the stream (Caverly, A. 2000. pers comm).

Rainbow trout primanly use tributary systems (mainly the Bessette system) to spawn and
rear for 1-2 years (Jantz 1986). These tributaries serve as recruitment systems for Mabel
Lake as there are very low numbers of mature rainbow in the mainstem (Jantz 1992).
Migration occurs from February to June with spawning taking place anywhere from
February through to the end of May. Incubation takes place up to the muddle of July
(Caverly, A. 2000. pers comm). Rainbow trout fry rear in side chanonels of the Middle
Shuswap River and some parr rearing 1s found in habitats with suitable velocities and

complexity within the mamnstem (Caverly, A. 2000. pers comm).

Whitefish spawn 1n the fall (September and October) over cobble substrate in flowing
water and are not nest builders, but rather eggs are dispersed over the substrate.
Distribution of Middle Shuswap spawners is currently unknown. Incubation occurs from
October through to mud March. Immediatelv after emergence, whitefish seek out quiet
water habitats with dense cover, such as inundated vegetation or weedy growth. After
several weeks in quiet habitats, whitefish move into faster water habitats with gravel
substrates. Whitefish have been found rearing in some tributary systems (Fee and Jong
1984; Gniffiths 1986). No habitat preference data fox; Middle Shuswap whitefish 1s
currently available therefore risks to flow values has not been defined, however, current

whitefish populations appear to be healthy (S. Wolski pers comm).

Bull trout are imited in the Middle Shuswap and tnbutary use is unknown, although they
are part of the Mabel Lake sport fishery. Water temperatures in this area are generally

higher than preferred for bull trout systems during summer and early fall.
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The Middle Shuswap River is heavily utilized by non-salmonid species. Some rmgration
from lakes takes place by adults moving 1nto the river to spawn. Reanng occurs 1n the

mainstem primarily in lower velocity water and side/off channel habitats, particularly for

juvenules (Wolski, S. 2000. pers comm).

4.2.2.3 Habitat Productivity

Sugar and Mabel Lakes are considered oligotrophic (Bryan and Jensen 1999). Although
putrient inputs from the tributaries enter into the Middle Shuswap River, water quality
data indicates that the nutrient status of the mainstem 1s Jow. The Middle Shuswap River
appears to be Nitrogen limited (Fee and Jong 1984). Sugar and Mabel Lakes have
Nitrogen:Phosphorus (N:P) ratios of > 14:1 suggesting that both of these waterbodies are

P limiting (Bryan and Jensen1999).

Coho, chinook and sockeye primarily use the 8km of nver below the Wilsey Dam for
spawning (D.B Lister and Associates 1990), although the majority of chinook spawning
takes place in the 3.5 km downstream of the Wilsey Dam. The remaining 15 km of river
while providing limited suitable spawning conditions for salmon 1s well utihized by
kokanee. Supenmposition of redds during chinook spawmning at several sites may
indicate that spawning substrates could be hmiting (Wolsky, S. 2000. pers comm).
Mainstem habitats are used for rearing chinook and coho (Fee and Jong 1584), with low
velocity margin habitats and side/back channel habitats providing post emergence nursery
habitat for chinook, coho and rainbow trout. Coho ree;ring takes place 1 off channel
habitats throughout the year including newly constructed groundwater channels (Flynn,
M. 2000. pers comm). Warmer off-channel habitats and groundwater channels are

heavily utilized for rearing of non-salmonid species.

Bessette Creek. near the confluence with the Shuswap River has spawning populations of
chinook and coho, and provides rearing opportunities for chinook juveniles and preferred

rearing for and coho fry and smolts (Envirocon 1984). Water quality problems including
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sediment inputs. elevated temperatures, high nutrient inputs and mull leachates (DFO

1997) within the tributary systems may be affecting tributary production.

High water temperatures in the mainstem during summer months, combined with low
food, reduces productivity however, an increase in productivity may be expected with the
increase In spawner numbers and carcasses to the Middle Shuswap downstream of
Wilsey Dam (Slaney, 2000. pers comm). The low productivity within the system appears

to be related to low natural production.

The average wetted width, under current flow management, exceeds the pre- regulated
wetted width (due to winter flow augmentation). Therefore, it is possible that current

productive capacity the Middle Shuswap could be somewhat greater than histonc values.

Low numbers of rainbow trout utilize the mainstem (Fee and Jong 1984; and Envirocon
1989). Rambow trout production from tributary systems appears to recruit to Mabel
Lake.

Mabel Lake kokanee are small averaging 22 cm, possibly an indicator of the low
productivity within Mabel Lake. In Wood Lake, a eutrophic lake, kokannee grow up to
45+ cm. In Okanagan Lake, a mesotropkhic lake, they reach 30-35 ¢cm in length.

4.2.2.4 Escapement

Escapements to the Middle Shuswap River are summarized in (Table 2). Middle
Shuswap chinook escapements, which were relatively stable from 1951 to 1986, showed
an increase n numbers from [987 to 1990 after which time they have remained relatively
stable again. Average escapement over the past 10 years 1s 3,922 (Figure 12). Early
Increases in returns are, possibly due to hatchery contribution to the system. Fry stocking
of the Middle Shuswap River was initiated in 1985, and continues to date. Stocking
numbers and release dates can be found in Table 6. Although both the Middle and Lower
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Table 6. Middle Shuswap Chinook Releases from Shuswap Hatchery (Cook. R. DFO)

Stock Br Yr Start Date End Date Total Rel.

Shuswap R Mid 1983 /7 1986/04/28 35244

Shuswap R Mid 1985 1986/05/28  1986/05/25 37102

Shuswap R Mid 1985 // 1986/04/28 35193

Shuswap R Mid 1985  1986/05/28  1986/05/29 37448 144987
Shuswap R Mid 1986  1987/05/20  1587/05/22 313300

Shuswap R Mid 1986 !/ 1987/04/09 297600 610900
Shuswap R Mid 1987 /! 1988/05/16 257059

Shuswap R Mid 1987 /] 1988/05/16 261941

Shuswap R Mid 1987 /] 1988/04/13 257703

Shuswap R Mid 1987 // 1988/04/13 260797 1037500
Shuswap R Mid 1988 /] 1989/05/15 219010

Shuswap R Mid 1988 /7 1989/05/15 219010

Shuswap R Mid 1988 !/ 1989/04/10 235000

Shuswap R Mid 1988 !/ 1989/04/10 235000 908020
Shuswap R Mid 1989  1990/05/16  1990/05/16 261957

Shuswap R Mid 1989  1990/04/04  1990/04/04 259836

Shuswap R Mid 1989  1990/05/16  1990/05/16 261577

Shuswap R Mid 1989  1990/05/16  1990/05/16 23180

Shuswap R Mid 1989  1950/04/04  1990/04/04 258919 1065469
Shuswap R Mid 1990 /7 1991/04/19 439381

Shuswap R Mid 1990 !/ 1991/05/15 440502 879883
Shuswap R Mid 1961 /7 1992/05/13 410875

Shuswap R Mid 1991 !/ 1992/04/27 409406 820281
Shuswap R Mid 1992  1992/11/10  1992/11/16 97630

Shuswap R Mid 1992 /! 1993/05/27 518100 615730
Shuswap R Mid 1993 1994/05/24  1994/05/27 442340

Shuswap R Mid 1993 1993/11/13  1993/11/18 21740 464080
Shuswap R Mid 1994  1994/11/08  1994/11/15 102900

Shuswap R Mid 1994  1995/05/30  1995/05/31 413220 516120
Shuswap R Mid 1995 1995/11/07  1995/11/2] 58030

Shuswap R Mid 1995  1996/05/28  1996/05/30 417150 475180
Shuswap R Mid 1996 / 1996/11/14 62630

Shuswap R Mid 1996  1997/05/28  1997/05/29 262200 324830
Shuswap R Mid 1997  1998/05/29  1998/05/30 327580 '
Shuswap R Mid 1997 /7 1997/11/18 11050 338630
Shuswap R Mid 1998 0/ 0/ 1999/05/18 101909

Shuswap R Mid 1998 0/ 0/ 1999/05/18 103378

Shuswap R Mid 1998 07 0/ 199%9/05/18 77613 282900
Shuswap R Mid 1999  2000/05/26  2000/05/26 96596

Shuswap R Mid 1999  2000/0526  2000/05/26 93406

Shuswap R Mid 1999  2000/05/26  2000/05/26 93798 283800
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Figure 12. Spawner Returns for the Middie Shuswap River (Sherbot, D. BCH).
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Shuswap chinook stocks increased through the Jate 1980°s and early 1990°s the Lower
Shuswap stocks have continued to increase through the later 1990°s while the Middle
Shuswap stock has not. One possible explanation for this could be that the Middle

Shuswap system 1s at capacity for chinook production.

Sockeye salmon in the Middle Shuswap River return to spawn every four years. The
Middle Shuswap stock demonstrates cyclic dominance with the dominant cycle occurring
(most recently) in 1994 and 1998 with escapements of 31,806 and 15,262 respectively.
The Middle Shuswap dominant year return is coincidental with the dominant cycle of the
Lower Shuswap River. A significantly smaller return cycle occurs the year after the
dominant cycle. Escapement data indicate that in some years sockeye show up in the

Middle Shuswap River during the other cycle years (Table 3).

Coho salmon have declined in numbers in the Middle Shuswap over time and are
currently at their lowest point over the period of record (Table 3). Other Thompson and
Shuswap River coho stocks have shown a similar decline 1n numbers during the 1990°s

(Galesloot, M. 2000. pers comm.)

Kokanee spawner counts have not been conducted an annual basis but are available for
1991, 1993, 1994, and 1999. A recent increasing trend in Kokanee spawners could be a
result of flow management relative 1o spawning/incubation flow ratios (Jantz, B. 2000.
pers comm), or perhaps due to increase productivity in Mabel Lake due to nutrient inputs

from salmon carcasses.

An assessment conducted in 1984 determined that there was additional capacity for
chinook outplants in the Middle Shuswap (Fee and Jong 1984). However, the study may
have overestimated the amount of useable area because of the use of unsuitable habitat

preference curves, as well as, an untested assumption that juveniles would utilize the

ARC Environmental Lid Shuswap River Fish/Aquatic Information Review
Project No. 1180 Page 46



N N R Sy A .

o

entire cross section of the channels for reaning. Studies of juvenile rearing in larger niver
systems have indicated that rearing is heavily weighted to use along the margins

(Anonymous 1987).

An additional assessment was done in (1984) by Envirocon. This assessment determined
that the majority of chinook fry leave the Middle Shuswap River after a short period of
time, as very few overwintered smolts were captured. This study focussed on the
collection of overwintered smolts which may have resulted in less than optimum trapping
methods and/or location to monitor outmigration of fry. Beach seining in Mabe] Lake
documented chinook fry rearing from May to the end of July. Catches peaked at the end
of July (Envirocon 1989).

A 1985/86 assessment assessed the impact of hatchery verses wild chinook. This report

found no obvious impact from outplanting (Envirocon 1989).

Adult chinook, sockeye, and coho are monitored annually. Kokanee escapement
information is limited to four years of data. Monitoring of juvenile use of man made side
channels is currently being done through the use of fences at channel outlets (Flynn, M.
2000. pers comm; Wolski, S. 2000. pers comm).

MOoELP has had releases of rainbow trout. cufthroat trout, and brook trout from 1928 to
1999 w* n tributary systems of this section of the Middle Shuswap River (MoELP
2000c). Stocking occurs in higher elevation lakes to provide recreational fisheries. No

stocking 1s done in niver systems. River stocks are managed through regulations.

The Shuswap hatchery has been in operation since 1985, during this period releases of
chinook have ranged from 144, 987 in 1985 to 1,065,469 in 1989 (Table 6). Hatchery
contribution to retuns has been high in the Middle Shuswap River varying from a high of
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73% in 1994, to 36% in 1998. Releases in the past two years have been reduced to just
over 280.000 . (Cooke, R. 2000. pers comumn). These reductions are an attempt 1o assess
the relationship between numbers of fish released and contribution to returns (Wolski,
2000. pers comm). In addition, 1t was believed that the Middle Shuswap River was at its
escapement target (D. Lofthouse, 2000. pers comm). Recent enhancement of coho has
taken place from 1998-2000. Egg targets from the Middle Shuswap and Duteau stocks
while set at 100,000 have not been reached due to the low numbers of returning adults to

the system.

Man made groundwater fed side channels have been constructed to increase off channel
rearing habitat for Middle Shuswap River salmonids (Flynn, M. 2000. pers comm). The
man made portion of the Maltman channel is approxunately .8 km in length while the
Engineered portion of the Lang channel is 3.8 km long. The channels are currently being
monitored and are used by early reanng chinook and coho fry and juvenyles, rainbow

trout, as well as, numerous course fish species.

As a result of increases 1n chinook retums to the Middle Shuswap River a summer fishery
for chimook salmon has been in operation since 1986 (Knstamanson 1999). restoring a
traditiona} fisherv in the Middle Shuswap River (Caverly, A. 2000. pers comm). This

recreational activity 1s monitored through an annual creel survey.

Current angler use for resident species on the Middle Shuswap 1s unquantified. There 1s a
fishery for whitefish and occasionally rainbow trout. Bull trout are sometimes captured
when cooler water temperatures and salmon abundance provide suitable conditions

(Caverly, A. 2000. pers comm.).

Mabe] Lake received the highest angler use of 101 Okanagan regional lakes (D.B Lister
and Associates 1990). A 1984 creel study in Mabe] Lake indicated that 53% of the catch

was rainbow trout and 36% was comprised of kokanee (Jantz 1986).
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4.2.3 Effects on Aquatic Resources

4.2.3.1 Short Term Flow Changes

Short term fluctuations can occur at the Wilsey Dam. These can be attributed to:
1. Placement or removal of flashboards at Wilsey Dam. This requires a temporary flow
increase through the powerhouse to reduce headpond level and subsequent flow

reduction to refill the headpond for normal operations.

!\)

Planned shutdown of generating unit(s) for maintenance work or to facilitate
dredging.

Temporary shut-off of the generating unit(s) due to tripping events.

(O3]

BC Hydro has operational protocols in place to minimize flow disruption associated with
the first two events. To mitigate sudden reductions in flow below Wilsey Dam during
unplanned tripping events, BC Hydro normally operates the headpond +/- 2cm of the
spillway sill. In the event of tripping either or both units, the headpond would begm to
spill within 4-6 minutes at an initial discharge of 15 m?sec increasing until outflow
equals 1nflow (D.B Lister and Associates 1990). 1t was noted that under different
monitoring programs, that downstream flow minimums were reached within 30-50
minutes and water levels are fully recovered in ]-2 hours (D.B Lister and Associates
1990; Agquatic Resources 1997). Water reductions ranged from 0.09 m to 042 m
associated with an average discharge reduction of approximately 43%. Prior to 1990, it
was observed that §2% of the reductions occurred between November and March (D.B
Lister and Associates 1990). There have been 30 tripping events since 1989 or
approximately 3 per year. Risk from tripping occurs when maximum turbine discharge
exceeds median releases, which generally occurs over the seven month period from

September to March.

The Howell Bunger Valve installed in 1993 on Penstock No. 2 mitigates some flow
fluctuations by providing immediate bypass flow until the Wilsey Dam forebay fills and
spills are resumed however, some change 1n stage 1s expernienced with the Howell Bunger

valve in operation. The Howell Bunger Valve bypass is not always able to function due
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1o the type of outage. In the past operational constraints including cross tripping, trash
rack debris have prevented the bypass valve from operating during some tripping events.
When the system fails there 1s a cessation of flows until the forebay of the Wilsey Dam
fills and water flows over the spillway. This negative stage change can result in the
stranding of fish on gravel bars, isolating of fish in lateral pools and dewatering of eggs

and ova, depending on the timing and severity of the event.

4.2.3.2 Reservoir Drawdown

Reservoir drawdown does not affect the fish and aquatic resources below the Wilsey
Dam. However, during dredging operations at the forebay of the Wilsey Dam, the
forebay is drawn down which increases the risk to downstream fish values in the event of
an outage. During an outage at this time it will take a greater amount of time to refill the

forebay to a level that spills will occur.

4.2.3.2 Flow Management Strategies

While there 1s limited reservoir capacity at Wilsey Dam to regulate discharges, flows are
managed during installation and removal of flashboard, cleaning of trashracks, during
gate/penstock/turbine maintenance, and bringing units on line to reduce tmpacts of flow
ramping downstream of Wilsey Dam. There is no flow management undertaken at the
Wilsey Dam operation. Flows are managed by operation of the Sugar Lake Dam.
Wilsey Dam facility operation is linked to the flow releases from Sugar Lake. For

background purposes the general flow operation 1s presented.

Typically, the Sugar Lake reservoir 1s managed to be at low pool in the last week in April
pnor to freshet. The reservorr fills with the natural inflows and reaches full pool in July.
Peak freshet flows are stored and re-distributed to the post spawning period, October on,
with the main net benefit accruing to the January to March period. This redistribution

provides winter flows in excess of historical levels. Interactive management with
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decisions on flow release are made by BC Hvdro, FOC and MoELP on an ongoing basis

from August (Lewynsky, V. 2000. pers comm). In general, the flow management

strategy appears to benefit the fisheries resources downstream of the Wilsey Dam by

augmenting winter flow levels. This provides improved protection for incubating eggs

and ova and increases wetted habitat vatues for winter use.

4.2.4 Identified Interests and Concerns

Ministrv of Environment, Lands and Parks-

Kokanee- specifically flow reductions after spawmng and through winter. Spawner
counts have shown an increase i returns over the last few years (Jantz, B. 2000. pers
comm).

Maximize rainbow trout production, although it appears that the tributanes are the of
primary importance there may be some mainstem areas important for production (ie
side channels).

Although there 1s not a significant bull trout population, due to the warmth of the
system, there may be seasonal use. Prior to the construction of the Wilsey Dam 1t
may have been possible for bull trout to move to more favourable habitats upstream .
There do not appear to be concems relating to Middle Shuswap mountain whitefish,
at present however knowledge of this species life history in the Middle Shuswap 1s

mcomplete.

Fisheries and Oceans Canada-

Maximizing chinook, coho and sockeye production. Reduction of impacts due to
flow fluctuations. Establishment of mcubation flows that are no less than 2/3 of
spawning flows.

Water quality related to dredging the Wilsey Headpond, as well as the increased risks

associated with drafting the forebay for dredging.

Landowners-Flood Issues. Mabel Lake Preseivation Society.
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e Recreational Users-Paddlers low water hazards make the river impassable at times. Is

there potential for better whitewater if the nver retuned (o 1ts natural flows”

Anglers
e Anglers would like to have better fishing in the Middle Shuswap River.

Spallumcheen Indian Band-
o Indian Food Fishery, information needs including traditional use areas, and trading

route between Sugar and the Kootenays.

Okanagan Nation Fisheries Commission-

e Indian Food Fishery.

Others

e Fish ladder around Shuswap Falls (Dam prevents salmon from accessing historcal
spawning/rearing habitat)

e Flooding problems, spring freshet problems for farms and ranches when all four gates
opened at once.

e Maintaining integrity of nver, balanced use of water.

e FErosion at high levels, heavy silt choking spawning grounds, eroston along banks
with heavy flows.

e Use bio-degradable hvdraulic fluid at generating station to minimize nisks of impacts

associated with spills.

4.2.5 Discussion

4.2.5.1 Aquatic Resources

Water Qualit

Water quality can be affected by sediment inputs from mbutary systems. At the current

time FRBC studies have indicated that sedument sources are occurring in the tributaries,
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some of which are natural and some logging related. No major sources of sediment have
been identified from FRBC studies and no cumulative sediment contribution has been
determined. FRBC activity and adherence to Forest Practices Code (FPC) should reduce
sediment inputs from the tributaries. Restoration activities have been initiated at some
sites. Dredging of the forebay of the Wilsey Dam will continue to be a maintenance
activity. Although suction dredging has been use in the past the current operation
involves lowering of the forebay and the mechanical removal of accummulated
sediments. The operation will require continued protection of downstream values
including risks of sediment discharge as wel] as protection from flow changes when the
forebay 1s lowered for the dredging. Total Gas Pressure (TGP) may be an 1ssue. This has
been identified by BCHydro which 1s currently undertaking a study to assess the nsks
associated with TGP. Sediment discharges have the potential to affect spawning grounds
in the Middle Shuswap. Flow volumes should be competent enough to provide flushing
flows to mobilize matenials. Water quality from tributary inflows (Bessette) has the
potential to impact downstream fisheries values. Sediment inputs from the Bessette
system, while not a hydro impact, has the potential to put downstream fish habitat values

in the Middle Shuswap mainstem at risk.

4.2.5.2 Fish and Fish Habitat

There 1s a need to know more about temporal use of off channel habitat. Off channel
habitat 1s used by chinook fry post emergence, unti} they acquire competent swimnming
capability. Knowledge of the timing of use for post emergent habitat, along with
adequate knowledge about the rnver stage to access to nursery habitats will provide the
information required to ensure that these habitats are available. Fish distribution
information is based on studies conducted in the early to mid 1980°s. There may be some
value 1n re-visiting these studies to determine if 15 years of hatchery production has
resulted in any change in the system, due to changes in life history or increases of
nutnients due to increases of carcasses. For an appropriate comparison of values, methods

should follow as closely as possible the methods used for the onginal studies. The
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methods in the original studies appear to be adequate to describe the relative abundance

and distmbution of fish in the system.

The 1997 high water event resulted in channel changes that potennally affected the
amount of available spawning habitat, as well as, the distribution of spawners throughout
the upper portion of the river. Previous studies have provided good information on
distribution of spawners to identify those areas of high importance. Spawner distnbution
should be re-mapped to determine current use and to compare with previous values and to
aid in an assessment of spawner capacity. As approximately 90% of chinook spawners
appear to use the upper portion of the Middle Shuswap River, mapping of spawning
habitat within 3.5 km of the Middle Shuswap River downstream of the Wilsey Dam
might provide a good approximation of available chinook spawning habitat in the Middle
Shuswap River. There is a suggestion that increased sediment from Bessette in 1997 may
have affected spawning gravel quality downstream and the distbution of spawners

(Stalberg, H. 2000. pers comm).

The development of optimum fish flows requires knowledge of spawner capacity at
different flows. The approach needed included an assessment of nisk that weighs the
amount of available spawning habitat at different flows verses the nsk associated with
flow decline from spawning to incubation flows. Flow decline 1s dictated not only by the
selection of the spawning flow but also the amount of available storage, which as
previously mentioned is limited at Sugar Lake Reservoir. Assessing available spawning
area at achievable flows (from 1000cfs-500cfs) will hélp determine the flow habitat
relanonships to help in the decision making process. Spawner survey data collected by
DFO in 199] indicated that at the spawning area near the hatchery flow reduction from
1000c£s-900 cfs resulted in a reduction of available spawning habitat of 12%. Reduction
increased to 25% when flows were reduced to 800 cfs. Spawning habitat reduction was
greater at the spawning site downstream of Bessette with reduction in habitat availability
of 33% and 57% respectively when flows were reduced from 1000-900-800 cfs (Stalberg
1992). Simularly a study by MoELP on kokanee in 1991/92 observed that approximately

10% of kokanee redds were dewatered by flow reductions form 1000 —650 cfs, however a
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further reduction in flows to 500 cfs resulted in approximately 50% of redds being
affected (Jantz, 1992)

Jt will be necessary to conduct mode) runs similar to ones conducted by Sigma in 1993 to
determine flow scenarios associated with selection of spawnung flows less than 1000 cfs.
The objective of determining the optimal spawning flow is to ensure that adequate water
remains to guard against flow reduction over the winter incubation period, even in dry
years (FOC’s objective 1s to provide incubation flows that are maintained at no less than
2/3 of spawning flows). Kokanee may be the species most at risk due to negative stage
change post spawmung as indicated in Kjantz 1992. MoELP has mapped specific flow
thresholds where spawning areas dewater (Caverly, A. 2000. pers comm). These
flow/spawner area relationshups should be determined for chinook and kokanee. Useable
spawning area for kokanee needs to take into account the need to access side channel
spawning habitats. Coha also benefit form the access to side channel spawnung habitats.
The objective of the exercise will be to gather the data to develop a nsk assessment
matrix that can be used on an annual basts to set fall/winter flow values. Thus selection
of flows, done on an annual basis, will take into consideration, not only the habitat

iformation, but also the reservoir data and forecast information.

There 15 also some concemn due to the lack of gravel recruitment to the system and there
15 a risk that either the quality of the grave) or the amount of suitable gravel could decline
over time. Basehne information, specifically upstream of Bessette Creek, can be
collected which documents the current quality and aerial extent of the gravels. This
imformation regarding be used comparatively in future years for similar assessments.
Alternately, airphoto analysis of historic verses current airphotos could provide
information on changes over time. As sediment discharges from the Bessette system
have the potentia) to impact downstream spawrung areas, it may be desirable to assess
gravel quality downstream of Bessetie to either compare with upstream values (spatial
comparison) or to values in later years (temporal compansons). This i1s not a WUP issue

but it may affect Performance Measures selected for the WUP process.
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Groundwater/riverwater side-channels are currently being built by FOC to provide side
channel refuge habitats. Spawner escapement into the channels 1s being monitored,
however there is presently no biological monitoring of natural versus man made habitats
or juvenile use. This comparison can assist in better understanding the function and

importance of the natural off channel habitats.

4.2.5.3 Impacts of Flow Management

Flow changes in the Middle Shuswap, including downstream of Wilsey Dam, result from
flow changes at the Sugar Lake Dam. Flow changes at Sugar Lake are govemed by
established ramping critena. Effects of stage change at the Sugar Dam attenuate with
distance downstream and would be even more conservative below Wilsey than in the
Middle Shuswap above Wilsey Dam. It 1s unknown how the rates of stage change
downstream of Wilsey Dam associated with Sugar Dam flow management may compare

to natural rates of stage change in the system from rainfall events.

Rates of stage change below the Wilsey Dam, associated with outages (Tripping Events),
do not follow ramping rate guidelines and present a nisk to fisheries values. Impacts of
flow perturbations can include stranding, pocket isolation, side channel isolation as well
as dewatering of sidechannels and redds. The severity of these impacts will vary
depending on timing of the event, relative to critical life history, as well as duration of the
event. Flow changes resulting in 1solation events due to hatural flow recession should be
separated to those related to flow management. Timing of 1solation of habitats will be

required to assist with this assessment.

There are no applicable interactions relating to reservoir drawdown, therefore no
information gaps are identified relating to the Water Use Planning process. The one
operanional nisk is that of operational outages during the penod of Wilsey Dam forebay

drawdown which could increase lag in flow restoration.
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4.2.6° Summary and Recommendations

In general, information on fish distribution and life history provides the ability to
understand the fish habitat use in the Middle Shuswap downstream of the Wilsey Dam.
However, the most recent assessment was conducted in 1984 and since that time 15 years
of hatchery production and changes in habitat may have affected fish reanng patterns and
densities in the river. Revisiting the 1984 study will provide the ability to compare
current distribution/abundance to pre-enhancement values. In addition, the knowledge of
amount of total available spawning habitat, at different spawning flows 1s not of
sufficient detail to assess capacity for species that use the system, particular]y for chinook
salmon. Also, channel changes that occurred in 1997 may have resulted in a change in
spawning habitat and a change in spawner distribution. Data that was reasonably
complete prior to the event should be updated to provide a good understanding of the

current spawning habitat distribution and use.

The Middle Shuswap River, in addition to being heavily utilized for spawning, is also
important for early rearing, particularly for chinook. These fish use low velocity habitat
along the margins, as well as side and back channel habitats. A good understanding of
the period of use and the river conditions that provide access to these nursery habitats

will help in understanding fish/flow requirements during this penod.

The major effect of flow regulation has been the reduction of the peak flows and
augmentation of overwinter flows to benefit incubating eggs and overwintening fish.
This increase of winter flows has also resulted in wetted widths that are greater than
unregulated flows which would presumably be of some benefit to benthic reanng
orgarusms. Although studies conducted to date have indicated that productivity of the
systern 1s low (typical of many intertor BC streams), this appears to be more related to the
natural condition of the system rather than any impacts associated with flow regulation.
Anadromous returns for chinook to the Middle Shuswap have increased and are currently
at the mgh end of the range for the penod of record. Sockeye returns have been strong

through the 1980°s and 1990°s. The exception is the decline of coho returns, however
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coho declines are common throughout the Thompson Shuswap System and are more a

result of over harvesting than conditions 1n natal streams.

Flow management strategies can wmclude developing flow options to maximize
production. There is a requirement to survey the maximum available spawning habitat
for chinook, kokanee, coho and sockeye at different flows 500, 600, 700, 800, 9500, 1000
cfs, to accurately assess at what leve! protection will be guaranteed for incubatibn, for all
species. The objective is to develop spawning flows that can provide the most spawning
for all species, and yet will allow for incubation flows to be maintained at a level that will
provide the lowest risk to eggs and alevin. The data collected will allow for a decision
protocol to be established that weighs the risks associated with the amount of available
habitat verses nsks associated with winter flow recession. Part of this exercise will be to
assess access to side channel or off channel spawning habitats.  Once flow habitat
relationships are better understood annual fall/winter flow schedules can be decided each
vear using this information and information on annual snowpack, precipitation, inflow

and storage.

There 1s general agreement that short term changes in flows have the capacity to affect
production through short term changes in stage, which can result in impacts such as
stranding or isolation of fish or dewatering of eggs and alevin. It 1s unlikely that the
affect on incubating eggs or alevin 18 significant (D. B. Lister and Associates 1990).
There 1s a recogruzed need to reduce or manage short term flow fluctuations to the
oreatest extent possible and to quantify the affects of these changes 10 assess what the

implication of these operational impacts might be.

As the quantity and quality of the spawning habitat in the Middle Shuswap River is
important there i1s a need to monitor the condinon of the spawning habitat over time.
This includes an assessment of gravel recruitment/scour upstream of Bessette Creek as
well as overall gravel quality (% fines) downstream of Bessette Creek, since it

contributes fine sediments to the system.
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To fill the gaps in knowledge the following studies are suggested (taken from the Mabe]

to Wilsey Matrix Table — Appendix F).

Reassess spawner distribution in the Middie Shuswap River. A 1997 flow event
resulted in changes in channel morphology and potentially impacted spawning
habitats available to the fish stocks in the River. In some cases side channels that
were previously used for kokanee spawning, have become the mam nver channel
with conditions unsuitable for kokanee spawming. In addition, substrate/flow
conditions for chunook have been altered due to the channel changes (Wolski. S.
2000. pers comum). Sediment wmputs from Bessette Creek may have affected
downstreamn spawmning quality and resulted in chinook spawners redistributing to
upriver sites, where superimposition of redds has been observed (Stalberg, H. 2000.
pers comm). Current spawner distribution should be documented and compared to
previous information to assess what, if any, changes in spawner distribution have
occurred.  Flow morutoring sites used in 1994 (Triton 1995b) should be revisited to
assess whether they can still be used as index sites. This tnformation 1n spawner
distribution will be necessary to assess current spawner capacity in the system.

(Priority — Hieh)

Assess spawning capacity for chinook. Amounts of suitable spawning gravel at
different achuevable spawning flows (1000, 900, 800 and 700 cfs, as well as under
extreme low flows, S50 cfs). Conduct model runs at these different spawning flows
to develop fall winter flow recession. Using these recessions develop flow release
based on results of the spawning capacity assessment and the nsks associated with
vanous levels of flow reduction from spawning flows. This information will be input
Into a matrix to assess the relative risks associated with amount of spawning habijtat
verses potential negative impact due to winter flow recession. As a first cut FOC has
identified a 2/3 reduction from spawning to incubation flows as a maximurmn flow
reduction for chinook.  The value can be refined through a nsk assessment

framework. (Update of Sigma Study). (Priority — High)
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Quantify risks to short term flow fluctuation through stranding/isolation studies. by

staging event with on-site monitoring of index sites. (Priority — High)

Survey side channel inverts - assess emergent fry rearing habitats (assess risks to
rainbow trout young of the year to flow recession). Side and off channel habitats are
used by salmon at various times of the year. Chinook, coho and rainbow trout use
these low velocity areas as early rearing (nursery) habitat. Information on the timing
of use of these areas, as well as information on the flow levels that will make these
habitats available, 1s tmportant in maxmizing off chanpel bhabitat in the Middle
Shuswap River downstream of the Wilsey Dam. In addition, information on habitat
use and channe] outlet elevations will help in 1dentifying when these habitats become
isolated during flow recession. These channels are often selected for spawning by

kokanee. (Priority — Moderate to High)

Compare fish use of off channel habitats verses man made habitats. (Prionty —

Moderate to High)

Update Middle Shuswap stock status, from 1980°s) by using similar methodologies to
earber work that will allow for companson of current condition to the earher stock

status. (Prority — Moderate to High)

Assess spawning gravel recruitment, specifically in the spawning area above Bessette
Creek (Pnonty moderate to high). Collect baseline gravel quality downstream of
Bessette Creek, however this may be monitoring non-Hydro impacts. (Pnonty ~ Low

to Moderate)

Assess whitefish spawning distribution and potential susceptibility to flow fluctuation

(Priority — Moderate)
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4.3  Wilsev Dam to Sugar Lake Dam

4.3.1. Aquatic Resources

4.3.1.1 Water Quality and Quantity

Water quality may be affected by increases in sediment inputs to the Middle Shuswap
River area from tributary systems as a result of logging and other resource activities. The
amount of contribution to the mainstem has not been quantified, however, remedial
actions within tributary systems, Cherry and Ferry Creeks, have been 1dentified [ Summuit
Environmental Consultants (Summt) 1996]. Land use activities along the mainstem

have resulted in bank instability and loss of nparian values (Summit 1996).

Forty-seven water licenses allocated for domestic, umgation, ponds, mstitutions,
enterpnise and storage use draw water from tributary systems between the Wilsey and
Sugar Lake Dams. There are no community watersheds m the Wilsey Dam to Sugar
Lake area (MoELP 2000a)

4.3.1.2 Discharge

There 1s one active hydrometric station (station no. 08LC0 ] §) at the outlet of Sugar Lake
with data available from 1926 to present (Environment Canada 2000). Typical

strearmnflows, pre and post regutation can be found in Figure 3c.

4.3.2 Fish and Fish Habitar

4.3.2.]1 Fish Dismbution

Fish species In the Shuswap River between Wilsey Dam and Sugar Lake include rainbow

trout. bull trout, kokanee, cutthroat, mountain whitefish, northem pikeminnow, longnose
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dace. redside shiner, slimy sculpin, prickly sculpin, leopard dace, bndgehp. sucker. and
Jargescale sucker. A list of species present in the Middle Shuswap between Sugar Lake
and the Wilsey Dam, as well as, species present in the remainder of the Shuswap
drainage can be found in Table 1. All species are present 1o the mainstern. rambow trout
and sculpins are the most widely distributed in the tributaries. Fishenies wventory work
determined that rainbow trout are the dominant species 1 the Middle Shuswap River
tributary streams and Cherry Creek was identified to have rainbow trout throughout, with
bull tout concentrated in the upper reaches (ARC 1999). Bull trout are found in limited
numbers 1n the mainstem. Anecdotal information suggests that bull trout densities are
below historic levels. Whitefish are the most abundant species 1n the Middle Shuswap
River above Wilsey Dam (Gnffith 1979; Fee and Jong 1984).

There are anecdotal reports of high cutthroat trout numbers in the Middle Shuswap River.
No cutthroat have been captured in recent sampling of the mainstem or tributaries
(Gniffiths 1979; Fee and Jong 1984; Tnton 1995d; ARC 2000). MoELP stocking records
indicate that cutthroat trout were stocked in Valerian Lake and Valerian Creek located in

the headwaters of the Upper Shuswap River (MoELP 2000).

Chinook salmon were transplanted above the Wilsey Dam and are documented in
association with the 1993 (August 10-20 ™ -144 females/144 males/5 jacks) and 1995
(August 2] to September 7%- 153 females/140 males/ 7 jacks) transplants (Triton 19952).
The objective of the transplant was to detrermone if chinook could effectively spawn,

incubate and rear in the Middle Shuswap River upstream of the Wilsey Dam.

4.3.2.2 Life History

Multiple age classes of rainbow trout are found in the mamstem including young of the
vear, although there 1s no documented mainstem spawning. Typically in larger systems
rainbow trout spawning and early rearing, up to two or three years occurs in tributary

systems. Cherry and Ferry Creeks have multiple age classes of rainbow trout suggesting
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that some portion of the population are resident (Triton 1995d). Ferry Creek 1s cwrently
inaccessible to rainbow trout upstream of an impassible culvert at Highway 6. Some
recriutment may also come from the lower reaches of Holstein and Reiter Creeks

(Griffiths 1979).

Good adult rearing values for rainbow trout are found in the uppermost reach, Reach 5, of
the Middle Shuswap River, although potential for spawning in this section 1s lumited
(Griffith 1979). Good early rearing habitat for rainbow trout can be found in the middle

reach in the vicimity of Cherryville, Reach 4.

Whitefish are distnbuted tn high numbers throughout the Middle Shuswap, and have
been found in high concentrations in the upper section of the rnver in the fall where they

may be aggregating to spawn (Triton 1995d).

Bul) trout numbers are low in the mainstem but, resident bull trout are found in the upper
reaches of Cherry Creek (ARC 1999). Recruitment systems for Middle Shuswap bull
trout are unknown.

Fish biomass in the upper reach of the Shuswap River, Reach 5 1s dominated by whitefish
(Gniffith 1979). The low number/biomass of resident rainbow trout may result from lack
of suitable spawning substrate (Griffith 1979), or possib}y from lack of recruitment from
tributary systems. Standing stocks are below theoretical capacity using both (Ptolemy
alkalinity model, and Binns and Eiserman HQ index) (Triton 1995d). Low standing
stocks could be a function of under recruitment to the mainstem, environmental
conditions including flow varables or exploitation (Slaney, P. 2000. pers comm).
Alkaltruty. a measure of productivity, 1s low (36 mg/l), and Sugar Lake upstream is

known to have low nutrent values.
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4.3.2.4 Escapement

There are no anadromous escapement records above Wilsey Dam (FHITP1990).
However, there are historical accounts of chinook salmon above Shuswap Falls (French
1995). Shuswap falls were described as a series of extended rapids with head of
approximately 2] meters (D.B. Lister and Associates 1990). The results of a historic
review provided anecdotal information of chinook being captured in the Middle Shuswap
River above Shuswap Falls. There is no indication of the numbers of fish that might have
spawned, in that section of river. If retums to the Shuswap River were significant it
might be possible to look for marnne nitrogen from cores of trees that were growing mn the

late 1800°s.

4.3.2.5 Stock Monitonng/Assessment

Fish and fish habitat, including standing stock assessments, have been carried out mn
1979, 1984 and 1995 . Although there were differences in standing stock estimates
among the studies, all three studies indicated that the system was performing below
theoretical capacity (Fee and Jong 1984, Gnffith 1979; Tnton 1995d). Trton (1995d)
reported an anomaly 1n rainbow trout age class within Reach 4 of the study area. This
lack of 1993 recruitment in Reach 4 was not observed in Reaches 3 and S or in Cherry or

Ferry Creek. The cause for this was not determined (Tnton 1955d).

4.3.2.6 Enhancement

Adult chmook transplant pilot studies were conducted in 1977, 1993, and 1995. (Triton
1995a). Chinook salmon transported above Wijsey Dam spawned successfully and fry
were documented rearing in the river (Trton 1994; Triton 1995d). Releases by MoELP
within this section of the Middle Shuswap River system have included rainbow trout

(MoELP 2000c). MoELP stocks high altitude lakes to provide recreational opportunities
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for anglers. Fish resources in rivers are managed through regulations (Jantz. B. 2000.

pers comm).

4.3.2.7 Angler Use

Angler use 1s presently low, likely due to current low stocks. However, nivers in this
region are easily overfished. As of 1994 there were no special angling regulations 1n the
Shuswap River above Shuswap Falls. This section of miver i1s exempt from the region
wide angling closure from April 1-June 30 (Tniton 1995d). Middle Shuswap experiences
relatively little sport fishing due to the small size of resident rainbow trout in the area
(Fee and Jong 1984). However, residents report reasonable size of rainbow trout and bull

trout 1n the past (Caverly, A. 2000. pers comm).

4.3.3 Effects on Aquatic Resources
4.3.3.1 Flow Fluctuations

Flows are regulated from Peers Dam and flow fluctuations are the result of placement and
removal of stop logs, as well as, the operauon of the spillway. Flow changes are
managed to munimize changes in stage and to comply with ramping rate guidelines.

These guidelines are outlined in Table 7.

Table 7. Ramping Rate Guidelines (flow changes at the WSC gauge (Station No.
08LCO018).

- Duration . Life History Stage ! Day Ramp Rate ‘ Night Ramp Rate
Apr 1 —July 31 | Fry Emergence . 0-2.5 cm/hour I 2.5-5.0 cm/hour

- August | - October 31 | Rearing until ; 0 - 2.5 cm/hour 5.0 - 10.0 c;v/hour
. ! temp. <5° C. i

| November ] — May 31 ! Winter Rearing | O cm/hour <5 cm/hour

Rates of stage change are measured at the WSC gauging station on the Shuswap

immediately below Sugar Dam. Fry emergence penod is extended to include rainbow
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trout. Minor increases in flows can occur during daylight hours to a maximum of ].4

m’/s (50 cfs) at stage changes less than 2.5 covhour. (BC Hydro 2000).

4.3.3.2 Reservolr Drawdown

The Wilsey Dam headpond experiences fluctuations with mmaintenance including

dredging of the forebay.

4.3.3.3 Flow Management Strategies

In general, the reservoir is managed to be at low poo) in late April. The reservoir fills
with increasing natural inflows and typically reaches full pool in July. Peak freshet
flows are stored and re-distributed to the fall/winter period with the main benefit accruing
to the January to March penod providing flows in excess of historical levels. Interactive
management decisions on flow release are made on an ongoing basis from August
onward (Lewynsky, V. 2000. pers comm). Additional information on Flow Management

can be found 1n Section 4.2.3 3.

4.3.4 ldentified Interests and Concerns

Ministry of Environment. Lands and Parks -

¢ Maintenance of the sport fishery. while maximizing production (WUPCM 2000).

¢ Re-establish migratory bull trout and raimnbow trout stocks (Caverly, A. 2000. pers
comm).

e Ensunng that, 1if chinook are introduced into the Middle Shuswap above Wilsey Dam,
they will not impact on resident species (WUPCM 2000).

» Assess if current flow regime for anadromous fish/kokanee downstream of Wilsey

Dam is beneficial to resident fish above.
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Fisheries and Oceans Canada -

o Opportunuty to re-establish chinook (Stalberg, H. 2000. pers comm. ).

Local stakeholders -

e Maintamn/improve fishing opportunities.

e Maintain/improve recreational opportunities including canoeing and kayaking.
establish better access to the river.

e Maintai/improve aesthetic values.

e Reduce flooding and erosion.

4.3.5 Discussion
4.3.5.] Aquatic Resources

Water Quality

Water quality 1s currently good, however nutrients and productivity are low. Sediment
contribution from the tributary systems is a concem as it can impact on the water quality
within the Middie Shuswap River. Although FRBC assessments of the tributaries have
1dentified some sediment sources, the contribution to the Middle Shuswap River 1s
unquantified. There is no data to assess current sediment contribution to historic vatues.
In addition, eroding banks along the mainstem are providing sediment inputs into the
system. Removal of riparian vegetation along the stream channels has increased the

potential for streambank eroston (DFO 1997).

The effects of short term flow regulation due to operation needs to be assessed. Although
conservative ramping guidelines have been put in place, braided channe] habitats in
Reach 4 are susceptible to flow changes, particularly when young of the year rainbow
trout are In the system. Better information on both temporal and spatial use of these
habitats will provide wformation to confirm the efficacy of established ramping rates.

Risks to stranding and isolation need to be quantified. In addition, assessment of river
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stage at tributary mouths during periods of upstream migration will identify whether there

are any risks associated with upstream access.

4.3.5 2 Fish and Fish Habitat

Although previous studies have identified fish distribution in the Middle Shuswap River,
tittle data 1s available to document early life history distribution and habitat use of young-
of-the-year rainbow trout. This information is required to assess risks associated with

flow changes.

There 15 a lack of general understanding regarding raimbow trout recruitment to the
Middle Shuswap. It is unknown if there is maiwnstem spawning, or if all recruitment 1s
from tributary systems. Little is known of timing and the distribution of young of the
year rainbow. In addition, there is little knowledge of bull trout life history and no

explanation for low population numabers other than historical harvest rates.

Habitat productivity in the Middle Shuswap is low and current standing stock information
suggest that the system 1s under capacity. 1t 1s not clear if this 1s due to a lack of
recruitment to the system, lack of nutrients, high summer temperature, overexploitation,
flow effects or a combination of several of these factors. Of importance to the WUP
process. 15 to provide adequate information to insure that no direct losses of production
are taking place due to flow management or flow fluctuations, such as stranding or
1solation of important habitats. Water quality/nutnent status 1s likely similar to
unregulated values (Bryan and Jensen 1999), unless salmon runs were large and
contmbuting nutrients to the system. In addition, flow management has resulted in
increased fall winter flows and consequently wetted widths, which would be expected to

be of soime benefit to benthic production.

In the event that chinook and other migratory fish are provided access to the Middle

Shuswap above Wilsey Dam, it may be prudent to confinn that habitat capacity 1s
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available without compromising resident stocks. One benefit of the mtroduction of
chinook 1s the supply of nutrients from the carcasses (Slaney, P. 2000. pers comm). Thas
benefit could potentially offset any risks to resident stocks. It should be noted that fish

access past Wilsey Dam is not a WUP Management issue.

Fisheries regulations m the Middle Shuswap should take mnto account the apparent low

productivity of the system.

4.3.5.3 Hydro-fish Interactions

There may be opporturuties to minimize flow fluctuations and 1dentify sensitive periods
in critical mainstem habitat areas. In addition, ensuring that the reduction of forebay at

the Wilsev Dam does not negatively impact fish in the headpond.

By better understanding life history requirements, strategies can be developed to improve
conditions downstream of Wilsey Dam, and not impact stocks above the dam. Flow
management should ensure that important life history requirements of rainbow trout fry

are identified and taken into consideration.

4.3.6 Summary and Recommendations

The data caps and sugeested studies are based on the current physical conformation of
the Middle Shuswap River with the Wilsey Dam in place, and without addressing the
option of decommissioning or developing fish passage around the dam. This activity,
although brought forward bv a number of parties. 1s understood to be beyond the terms of
reference of this review. However, if anadromous fish were allowed access to the Middle
Shuswap River above the Dam. there would be a need to revisit the question of impacts
on resident fish. One of the outstanding data gaps 1s an understanding of historic use of
this section of nver. Although anecdotal information strongly suggests anadromous fish

use (French ]995), there 1s no indication of the number of fish that might have accessed
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this habitat. If anadromous fish use was high then the issue of displacing resident fish
would be viewed in a different light. It may be feasible to assess for the presence of
marine nitrogen in cores of 100 year old and older trees and compare the data to similar
data collected below the dam. This research might provide the opportunuty to assess
historic usage. In addition if fish were allowed access upstream of the Wilsey Dam

consideration for downstream fish passage would need to be addressed.

The major data gap 1dentified relative to WUP 1s a lack of understanding of recruimment
of rainbow trout from the tributary systems and life ustory of Middle Shuswap River bull
trout stocks. Rainbow trout young of the year are present in the mainstemn and these fish
may be susceptible to flow changes in the less channelized section of the nver near the
village of Cherryville, as well as at several other locations. Better understanding of

habitat use by young rainbow trout will help quantify nsks associated with flow changes.

While productivity m the Middie Shuswap is low, this probably reflects the inherent low

productivity of the system.

To fill the gaps in knowledge the following studies are suggested (taken from the Wilsey

to Sugar Lake Marmrix Table — Appendix F):

e Assess rainbow trout early rearing in Reach 4 of the Middle Shuswap River.
Assessment should include both temporal and spatial use of fry habitats. (Prionty -
Moderate to High ) '

¢ Based on the assessment of rainbow early rearing habitats, assess risks associated
with flow change in important habitat areas. The study should identify when
important habitats become 1solated and nsks. if any, of stranding of rainbow trout.
(Prionty — Moderate to High)

* Assess Middle Shuswap water levels during spring to ensure that access of spawners

to tnbutary systems is not unpaired by flow management (Pnonty- Low)
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o Undertake a bull rout study to understand life history requirements and constraints to
production. May be more of a management rather than flow 1ssue. (Pnoority-
Moderate)

» Update species composition and ageclasses in the Middle Shuswap between Wilsey
Dam and Sugar Lake Dam (Prionty-Low to Moderate)

e Assess spawner utilization in the mainstem (may require telemetry) (Priority — Low 10

Moderate.

4.4  Upstream of Sugar Lake Dam

4.4.]. Aquatic Resources
4 4.1.1 Water Quality and Quantity

Water quality in Sugar Lake from 1971 to 1998 1s reported as being good, with no
deterioration in water quality, although there is nonpoint source pollution (Bryan and
Jensen 1999). Sediment inputs have been increased because of a lack of riparan buffers
and forest activities in tnbutaries (Summit 1996). Five water licenses draw water from
mributary systems upstream of Sugar Lake, as well as, Sugar Lake itself. These water
withdrawlis are used for domestic and power storage uses. A total of 359 water licenses
exist on the entire Shuswap mawstem, however their location is indiscernible (MoELP

2000d).

No community watersheds were identified for this area (MoELP 2000a).
4.4.1.2 Discharge
There are no active hydrometric stations on the Shuswap River upstream of Sugar Lake

(Environment Canada 2000). Discharges and inflows from the Sugar Lake Dam are
monutored by BC Hydro (Figure 2¢).
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4.4.2 Fish and Fish Habitat

4421 Fish Distribution

Sugar Lake is known to support populations of kokanee, rainbow trout (including stocked
Gerrard rainbow). cutthroat trout, bull trout, mountain whitefish and burbot (Klobn-
Crippen 1998; Crowley 1974, MoELP 2000b). Trbutary areas, upstream of Sugar Lake
Dam, show records of rainbow trout, cutthroat trout, bull trout, pnckly sculpin, shimy
sculpin, longnose dace, largescale sucker and redside shiner(Klohn-Crippen 1998: Van
Dnmumelen 1978; ARC 2000). MoELP stocking records indicate that cutthroat trout
were stocked 1n Valerian Lake and Valerian Creek located in the headwaters of the Upper
Shuswap River (MoELP 2000c). Table 1 provides a list of fish species present in Sugar
Lake and upstream, as well as comparative tmformation for the rest of the Shuswap

drainage.

FRBC fish inventory information conducted on tributary streams to the Upper Shuswap
River have identified rainbow trout and bull trout within the system. Rawnbow trout are
the dominant species, however this drainage has been identified as an important bull trout
area (Klohn-Knppen 1998, ARC 2000). Bull trout 1n the system appear to be linuted to
tributaries on the east side of the watershed (Klohn-Krippen 1998).

The Upper Shuswap River 15 50km in length and serves as a spawning and juvenile
rearing area for Sugar Lake salmonid stocks (D.B Lister 'and Associates 1990). There are
no records of anadromous salmon above Sugar Lake, although anecdotal information has
suggested that chinook salmon may have reached Sugar Lake (French 1995). The Sugar
Lake Dam 15 Jocated at the historic site of Brénda Falls. Fish passage at this location

would likely have been affected by these falls.

Review of the BC Conservation Database failed to discover records of threatened or
endangered fish species within area (BC Conservation Centre 2000). Species considered

to be vulnerable include burbot and bull trout (Caverly, A. 2000. pers comm).
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4.4.2.2 Life History

Kokanee, originally stocked in 1950, 195} and 1952 are now self supporting. spawning in
tributary systems, primarily the Upper Shuswap River and recruiting to Sugar Lake
(Einarson 1985). It is currently unknown whether there are shore spawning kokanee 1n

Sugar Lake.

Rainbow trout, bull trout and cutthroat trout may exhibit resident, fluvial and adfluvial
life histories (Klohn-Krippen 1998). Specific knowledge of recruitment systems and
strategies for Sugar Lake salmonids is generally lacking, however, there is anecdotal

mformation of kokanee and bull trout spawning in Sitkum Creek.

4.4 .23 Habitat Productivity

The Upper Shuswap River 1s described as moderately productive for rainbow trout and
bull trout upstream of Sugar Lake. Fish usage is primarily found within Rainbow, Star,
Curwen, Vigue, and Gates Creeks. The remaining tributaries are characterized by steep

gradients and low discharge (Van Drimmelan 1978).

Bryan and Jensen (1999) report that Sugar Lake 1s an oli gotrophic iake, which was likely
the case pnor to construction of the Sugar Lake Dam. Kokanee introduced into Sugar
Lake between 1959 and 1964 weighed as much as 3.3 kg. The average size i 1985 was
approximately 120g (Einarson 1985) .  Reservoir operation results mn an annual
drawdown of 6-8 meters which has likely affected littoral production (Einarson 1985) .
Bathymetnic mappwng of Sugar Lake was undertaken m 1969 (MoELP 2000b), and 1s

available for assessment of littoral habitats.
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Productivity of Sugar Lake is himited by a high flushing rate (6 months). low nument
levels, and a fluctuation in lake levels from use as storage (D.B Lister and Associates
1990). Winter drawdown inhibits, the establishment of aquatic vegetation and bottorn

dwelling fish food organisms in shallow areas (D.B Lister and Associates 1990).

There are suggestions that kokanee may be a competitor with resident species.
contributing to a decline 1 their populations (Einarson 1985). Recent information from
resort owners on Sugar Lake suggest that kokanee catches have declined (although size
has not changed). Ths could be in part due to success of introduced Gerrard rainbow to

successfully predate kokanee, however the current status of the Gerrards 15 unknown.

4.4.2 4 Escapement

There are no anadromous escapement records (FHIIP 1990). There have been two
kokanee counts. One was done in 1987 above Sugar Lake (Jantz, B. 2000. pers comm),
and a second done in 1999 when an estimated 17,000 kokanee were enumerated near the

Vique Creek confluence.

4.42.5 Stock Monitoning/Assessment

An unsanctioned creel survey done i 1985, suggested that kokanee have become smaller
over time and that the bull trout population has been reduced, perhaps due to over
explortation (Einarson 1985). The status of rambow trout and bull trout populations is
uncertain (Caverly, A. 2000. pers comm). The status of burbot 1s unknown, but winter

exploitation by ice fishermen has been reported.

4.4.2 6 Enhancement

Releases by MoELP within the area upstream of the Sugar Lake Dam are recorded from
1931 to 1994 and have included Gerrard rainbow trout (Fee and Jong 1984), kokanee,
lake trout, lake whitefish and rainbow trout (MoELP 2000c). Additional stocking of
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kokanee occurred from 1950 to 1952 (MoELP 2000c). and 1959 to 1964 (Einarson 1983)
into Sugar Lake. MoELP stocking records indicate that cutthroat trout were stocked m
Valerian Lake and Valerian Creek located 1n the headwaters of the Upper Shuswap River
(MoELP 2000c). MoELP’s current stocking stategy 1s to stock small lakes to provide
angling opportunity. Large lakes and nvers are managed by regulation (Jantz, B. 2000.

pers comm).

4427 Angler Use

An unsanctioned creel survey, done in 19835, documented a total of 6289 rod hours of
fishing activity, the biweekly range in fish per hour was between 0.08 in the last two
weeks i May, to a hugh of 0.89 fish/hour in the first two weeks of August (Einarson
1985). Kokanee provided the majonty of the catch. There i1s a lodge/resort on Sugar

Lake catenng to anglers. An annual derby held in October promotes catch and release.

4.4.3 Effects on Aquatic Resources

4.4 3.1 Flow Fluctuations

Flow fluctuations in tnbutanes upstream of the Sugar Lake dam are a result of

unregulated run-off. A discussion of flow management can be found in Section 4.2.3.3.

4.4 3.2 Reservoir Drawdown

The reservoir 1s managed to full pool in July, and stays at or near this level until
September.  Reservoir drawdown occurs through the fall and winter period with
maximum drawdown m March or April (Lewynsky, V. 2000. pers comm). The annual
drawdown 1s between 6-8 meters. Drawdown can affect littoral production as well as

access to tmbutanes for fish.
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4.4 3.3 Flow Management Strategies

Flow management from Sugar Lake dam applies to the Middle Shuswap River

downstream of Sugar Lake. Additional information on Flow Management can be found

in Section 4.2.3.3.

4.4.4 Identified Interests and Concerns

The following section briefly documents the cwrent state of knowledge regarding

interests/issues or concerns from various stakeholder groups

Ministry of Environment, Lands and Parks -

¢ Sport fishery and recreational opportunities in Sugar Lake.

Local landowners and Fishing Resort owners -

+ Continued and improved fishery.

e Maintenance of recreational values associated with reservoir management. Currently
during highest recreational use, reservoir is at or near full pool.

e Exposed stumps (aesthetics Sugar Lake).

Mabel Lake Preservation Society -

e Filling Sugar Lake and pulling gates dunng high flood times dramatically increasing
the flow of the river in a very short time causing major flooding into valley bottom.

e Siltation of the north end of Sugar Lake.

e Issuing of ‘new’ water hicenses.

Cherry Ridge Management (VP)-

¢ Keep water levels at Sugar Lake high for sumimer.
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4.4.5 Discussion
4.4.5.1 Aguatic Resources

Water quality in Sugar Lake is considered good and has shown no signs of a downward

mend.

Reservoir management has the potential to reduce littoral production, to affect upstream
fish access into tributary streams that flow directly into the lake when reservoir levels are
low, and to inundate lower reaches of tributaries in early summer. There is limited

information to assess pelagic or littoral production as well as limits to tributary access.

4.4.5.2 Fish and Fish Habutat

There is general knowledge of fish distnbution in Sugar Lake and in the Upper Shuswap
River from inventory work conducted through FRBC. However, there 1s incomplete
knowledge of life history of fish in this area, specifically Sugar Lake bull trout and
burbot. Additional information on spawning and recruitment systems would help to
better manage the stocks. In addition, the productive capacity of the reservorir and the
constraints to production caused by reservoir drawdown, is not well understood. This
information is required to determine how to best establish exploitation rates in order to
manage reservolr populations. There 1s some concern that reservoir populations are
easily exploited. Burbot are known to spawn in shallow water (and sometimes streams in

winter), and may be susceptible to drawdown.

4.4.5.3 Hydro-Fish Interactions

BC Hydro operation impacts in the Sugar Lake Reservorr relate to reservoir drawdown
and the associated decrease in Sugar Lake productivity from a reduction in pelagic and
littoral productivity, as well as, potentially restricting tributary access. The resource use

consideration regarding reservoir management 1is the downstream benefits associated with
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current flow management strategies. There may be a need to assess overall benefit to
fisheries resources by comparing Sugar Lake productivity to downstream fisheries values
in the Shuswap River. This can potentially be done by modeling trade offs. No attempt
has been made to date to undertake this analysis. It is unlikely that there 1S currently

sufficient data to undertake that analysis.

4.4.6 Summary and Recommendations

Although there are data gaps relating to an understanding of reservolr productivity and
drawdown, effects such as loss of littoral production and tributary access, there appears to
be agreement that current BCHydro operations have benefited downstream fish stocks.
Augmentation of winter flows has resulted in protection of incubation habitat for
chinook, coho, sockeye and kokanee downstream of the Wilsey Dam. In addition, the
fact that the reservoir has the capacity to store only 13% of the inflows limits what can be
done. The need for information to better describe reservoir production may be needed to
help in the discussion of trade-offs relating to resident fish production in Sugar Lake and

production of anadromous and resident fish downstream.

To fill the gaps in knowledge the following studies are suggested (taken from the Wilsey
to Sugar Lake Matnix Table — Appendix F):

e Assess reservolr productivity, effects of loss of littoral production and contribution of

httoral versus petagic production (update bathymetry) (Priority — Moderate to High)

¢ Determine whether spawning activity is taking place in the drawdown zone of the

reservoir. (Priority — Low to Moderate , Moderate to High for Burbot)

e Assess changes in tributary access associated with reservoir operation, d etermine
which, if any, are spawning/recruitment systems. For those that are, assess how

reservolr fluctuation may affect tributary access. May need to do habitat assessment
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as a surrogate. if upstream access is not possible during the spawning period. (Priority

- Low to Moderate)

e Assess inundation of tributaries and effects on spawning. (Priority - Low to

Moderate)

5.0 OVERALL SUMMARY AND DISCUSSION. OF DATA GAPS

This section summanes the mnformation on the data gaps that currently have been
identified relative to BC Hydro Operation within the Shuswap River systems. The Gap
Summaries and the Matrices in Appendices E and F provide summarized information on
data gaps and suggested studies. The summary below bnngs forward the suggested
studies from the individual sections and presents them with a suggested prionty. It has
been put together using the data gathered to date and responses from several reviewers.
As noted in the introduction the priorities are those of the author. Final pnontization and
decisions on further work needed will be done by the SHU WUP CC.

High Priority

¢ Shuswap River Mabel Lake to Wilsev Dam - Reassess spawner distribution. A
1997 flow event resulted in changes in channel morphology and potentially impacted
on spawrung habitats available to the fish stocks i the nver. In some cases side
channels that were previously used for kokanee spawning have become the main river
channel with conditions unsuitable for kokanee spawning. In addition, substrate/flow
condttions for chinook have been changed due to the channel changes (Wolski, S.
2000. pers comm). Sediment inputs from Bessette Creek may have affected
downstream spawning quality and resulted in chinook spawners redistributing to
upniver sites where superimposition of redds has been observed (Stalberg, H. 2000.
pers comm). Cwrent spawner distribution should be documented and compared to

previous information to assess what, if any, changes in spawner distribution has
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occurred. Flow monitoring sites from 1994 should be revisited to assess whether
these sites are still appropriate to use as index sites for flow monitoring. This
information in spawner distribution will be necessary to assess current spawmner

capacity in the system.

Assess spawning capacity for chinook. Amounts of suitabje spawning gravel at
different achuevable spawning flows (1000, 900, 800 and 700 cfs, as well as under
extreme Jow flows, 550 cfs). Conduct model runs at these different spawning flows
to develop fall winter flow recession. Using these recessions develop flow release
based on results of the spawning capacity assessment and the risks associated with
various levels of flow reduction from spawning flows. This information will be input
into a matrix to assess the relative nsks associated with amount of spawning habitat
verses potential negative impact due to winter flow recesston. As a first cut FOC has
identified a 2/3 reduction from spawning to incubation flows as a maximum flow
reduction for chinook. The value can be refined through a nisk assessment

framework. (Update of Stgma Study). (Pnority — High)

Shuswap River Mabel Lake to Wilsey Dam - Quantify risks to short term flow
fluctuation through stranding/isolation studies, by staging a typical flow reduction
event with on-site monitoning of index sites (Assess applicability of 1994 monitoring

sites).

Moderate to High Priority

Shuswap River Mabel Lake to Wilsev Dam -Survey side channel inverts - assess
emergent fry reanng habitats (assess nisks to rainbow trout voung of the year to flow
recession). Side and off channel habitats are used by salmon at various times of the
year. Chinook as well as rainbow trout use these low velocity areas as early rearing
(nursery) habitat. Information on timing of use of these areas as well as flow levels

that wil]l make these habitats available 1s important in maximizing off channel habitat
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use in the Middle Shuswap River downstream of the Wisey Dam. This survey will
provide information to identify a critical flow value at which extra habitat may
become available. In addition, information on habitat use and channel outlet
elevations will help in identifying when these habitats become 1solated, during flow

recession.

Shuswap River Mabel Lake to Wilsev Dam - Compare fish use of off channel

habitats verses man made habitats.

Shuswap River Mabel Lake to Wilsey Dam - Update Middle Shuswap stock status
(from 1980’s) using similar methodologies to earlier work that allow for comparison

of current condition to earlier status.

Mabel Lake to Wilsey Dam - Assess spawning gravel recruitment, specifically in
the spawning area above Bessette Creek (Priority moderate to hugh). Collect baseline
gravel quality downstream of Bessette Creek, however this may be monitoring non-

Hydro impacts.

Shuswap River Wilsev Dam to Sugar Lake - Assess rainbow trout early reanng in
Reach 4 of the Middle Shuswap River. Assessment should include both temporal and

spatial use of fry habitats.

Shuswap River Wilsey Dam to Sugar Lake - Based on the previous 1¢ ntification
and assessment of rainbow earlv rearing habitats, assess risks assocr 4 with flow
change in important habitat areas. The study should identify when important habitats

become 1solated and nisks. if any, of stranding of rainbow trout juveniles.
Sugar Lake - [dentify nsks 10 spawnung Burbot associated with reservoir drawdown.

Sugar Lake - Assess reservoir productivity, effects of loss of littoral production and

effect on pelagic production (update bathymetry).
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Moderate Priority

Shuswap River Wilsey Dam to Sugar Lake - Undertake a bull trout study to

understand life history requirements and constraints to production. (May be more of a

management rather than flow issue).

Mabel Lake to Wilsey Dam - Assess whitefish spawning distribution and potential

susceptibility to flow fluctuation.

Low to Moderate Priority

()

Shuswap River Wilsey Dam to Suvgar Lake Assess Middle Shuswap River water
levels during spring to ensure that access of spawners to tributanes is not impaired by

flow management.

Shuswap River Wilsey Dam to Sugar Lake Assess spawner utilization in

mainstem (may require telemetry studies).

Shuswap River Wilsev Dam to Sugar Lake Update species composition and

ageclass in the Middle Shuswap between Wilsey Dam and the Sugar Lake Dam.

Above Sugar Lake Dam - Assess changes In tributary access associated with
reservoir operation. Determine which are spawning/recruitment systems. For those
that are, assess how reservoir fluctuation may affect tributary access or whether
spawning areas are inundated at hugh reservorr levels. (May have to do habitat
assessment as surrogate, 1f upstream access 15 not possible during the spawning

penod).

Above Sugar Lake Dam - Determine whether spawning activity 1s taking place in

the drawdown zone of the reservoir.
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Low Priority

o Shuswap River Wilsey Dam to Sugar Lake - Assess Middle Shuswap water levels
dunng spring to ensure that access of spawners to tributary systems 1s not impaired by

flow management.
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Van Drimmelen, B.1978. An inventory of tributaries to the Upper Shuswap River.
Stream Inventory Fish and Wildlife Branch. Victonia BC.

Water use Plan Consultative Meeting (WUPCM) Shuswap Falls and Sugar Lake:
Meeting Notes. 2000. - White Valley Hall. Lumby

Webber, F. 2000. Mabel Lake Inflow Routing and Sugar Lake Watershed
Contmbutions. Unpublished.

Wolski, S. 2000. Personal communication. Hatchery Manager. Shuswap Falls
Hatchery.

ARC Environmental Lid Shuswap River Fish/Aquatic Information Review
Project No. 1180 Poge §7
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June 15, 2000
Reference: ARC Project 1180

RE: BC Hydro Water Use Planning: Shuswap River Fish/Aquatic Information Review

ARC Environmenta] Ltd., at the request of BC Hydro, is currently conducting an information review of the
Shuswap River basin to identify the current status of the fisheries/aquatic resource and those factors that
may be affecting the resource. The study area includes the Shuswap River upstream of Mara Lake to its

headwaters above Sugar Lake.

The objective of the review is to develop a comprehensive list of references (journal, consultant reports,
etc) and personal communications and with this information at hand, identify gaps in information that need
1o be filled to aid in the Water Use Planning initiative that is currently underway. The intent is to access all
the information that exists on the system and therefore your input is requested.

Please take the time to fill out the artached individual contact sheet and return it by mail. The information

we are requesting is as follows;
Section ] - Contact Information

Section II - Relevant Information: subjects may include Fish and Fish Habitar Assessments

(i.e. stock management issues, restoration initiatives, standing stock, etc.), Wazer

Qualirv, Hydro-Fish Interacrions (i.e. minimum flow issues, entrainment,

operational issues, etc.) Other (i.e. land-use issues, Forest Renewal BC relevant

projects. etc.)

Section III - References (references you suggest that should be reviewed)
Section IV - Other Contacts (other individuals, organizations, and/or stakeholders vou

suggest we should contact)

In addition to the above. any historic (pre-impoundment) information related to the above sections would
also be of value.

We will follow up with you vour responses to the enclosed contact sheet. Please respond to either Bill
Rublee or Harry Goldberg at:

ARC Environmemntal Lid.
1326 McGill Road
Kamloops BC
V2C 6N6

Phone (250) 851-0023
Fax (250) 831-0074
e-mail: brubleefuarc-env.com
heoldberg(@arc-env.com

Yours truly.
ARC Environmenta) Ltd.

Bill Rublee. R.P. Bio.


mailto:hgoldberg@!.arc-env
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Appendix B
Individuals Contacted
Name Title/Organization Address Phone FFax E-mail

Bob Weslcolt BC Hydro Burnaby | 604-528-3340 bob. westcoll@bchydro.be.ca
Hugh Smith BC Hydro Burnaby hug|1.5n)iii)@iﬁéilydrdbc.cn
Bryan |lebden BC Ilydro Kamloops bryan.hebden@bchydro.be.ca
Paul Higgins BC tydro [Zumaby_ paul Inggms@bchydro bc.ca
Brian Gadbois BC lydro Revelstoke brian. gadbons(Dbchydlo be.ca

Al Caverly
lan McGregor
Brian Jantz
Dave Tesch
George Smith
Paul f)oylc

Marta Donovan

Mike I'Iynn
Doug Lolthouse
Richard Balley
[Teather Stalberg
John Ball

Mel Shenb
Dean Walls
Gordon Kosakoski
Will Jolley
Brian Symonds
Lee Hesketh
Brian Nuttal
IZéihy Groves
Phil Epp

MoELP, Fish/Power, WUP
MoFI.P. Fisheries Section Head

Mol:LP. Fisheries Technician
MoLLP. lnvenlony Specialist
Mol:l. . WRP Co-ordinalor

Molil.P. W

aler Management

Mo 1P, BCCDC. Biological
Information Coordinator

1FOC, R
FOC
FOC
FOC, I
FOC, I
FOC
FOC, I3i

esloration Biologis!

abitat Biolobisl
lshenec Officer

lologisi

IFOC, Area Chief -
MoELP. Senior Dam Salety

Officer

MoELP, Waler Management _

Cattlem
Stewarc
Mol:LP,

ens Assocnallon
Iship Coordinator
Foxest Renew1| OITcer

BC Hydro

MoELP.W

Geomor

Watershed Restoration /
ph

Satmon Arm

Kamloops

i(mnioops
i(nmloops
Penticton
Kamloops
I(nmloops
Kamloops

Vicloria

Kamloops
Vancouver
Kamloops
K'nnloops

Nanauno

Kamloops
Victoria

f’énlicloh

Kamloops

| Penticton

250-371-6321
250-371-6252
250-490-8242
250-371-6316
250-371-6204
250-371-6284
250-356-0928
250-851-4950
604-666-8646
250-851-4950
250-851-4950

© 250-832-8037
250-756-7016
250-851-4950

250-851-4950

© 250-387-3263

250-490-8255
250-547-6586

250-371-6200

250-490-8274

250-828-4000
250-828-4000
250-492-1314
250-828-4000

250-828-4000
250-828-4000

250-387-2733
250-851-4951
250-851-4951
250-851-4951

250-756-7088
250-851-4951
250-851-4951
250-952-6792

250-547-6586

250-492-1314

acaverly@kamloops env.gov. be.ca
ian. mcgrebor(l)gemsS -BOV. be.ca
Brian. Jantz@g,emsS gov. be.ca
dlesch(DkamIoops env.gov. be.ca
GdSmith@kamloops.env.gov.be.c
p'ml.doyle(_D,gems‘).gov.bc.C'\

eiﬁédcd:iié@victoria i..gOV,bC,Cﬂ

FlynnM(Upac dlo- npo.ge.ca
LoflhouseD@b'\c dlo-mpo.ge.ca
Ballele(Dpac dfo-mpo. ge.ca
Stalbelgll@pac dfo Mpo.ge.ca
BaIIJ(Dpac dfo- 1npo ge.ca
ShengM(Dpac dfo- .mpo ge.ca
WallsD@dro mpo. gc.ca
Kosakoskld(l)pac dlo-mpo.gc.ca
W|IIlam.JoIIey(()gellls().gov.hc.cn

Brian. Symonds@gems9. gov.be.ca
Brhn Ndiiéi(bg,emﬂ gov.he.ca

nlhy Oroves(a)bchy(l:o ca
Phil. l"pp({)bemsS gov.be.ca

ARC Environmental Ltd.

Project No. 1180

Shuswap Fish/Aquatic Information Review

Page | of 2



mailto:Kathy.Groves@bcllydro.cn
mailto:Kosakosk.G@pac.dfo~lllpo.gc.ca
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Appendix B
Individuals Contacted

Name Title/Organization Address | Phone [Fax [E-mail

Pat Slaney Mol:1.P. Technical Coordination |Vancouver 604-222-6741 Pat.Slaney@gemsS.gov.be.ca
Manager

Eric Parkinson Mol‘ish. Populaiton Biology and |Vancouver 604-222-6762 1 604-660-1849 |Lric. Parkinson@gems9. gov_be.ca
Biodiversity Unit lead

Gordon Haas Mol-ish. Biologist Vancouver 604-222-6769 | 604-660-1849 |Gordon. Haas@gems4.gov.be.ca

Szezepan Wolski Shuswap Hatchery, Manager W:250-547-6673. | 250-547-6673 iswoiski@iéius.net )

11:250-545-5634

Neil Schubert -OC New Westminsler Sciluberff\j@pac.dfo-mpo.gc.ca

Steve Maclarlane HOIQ MacFarIaneS((D,pac.dfé)-num.gc.cn

Ehner IFast FOC Kamioops 250-851-4950

Angelo Facchin Molish. Data Management Unit | Vicloria 250-953-4982 | 250-356-1202 | Angelo.Facchm@gems6.gov he ca
Head

Diana I'rench Okanagan University College 250-762-5445

(local 7363)

Loretta Lustache Spallumcheen Indian Band _Enderby 250-838-6496

Bob Reid Riverside Forest Producls Lumby 250-545-3168

Howie Wright Okanagan Nation Fisheries Wes(bank 250-707-0095 2504
Commission 707-0166

ARC Envirommental Lid, Shuswap Fish/Aquatic Inforntation Review

Project No. 1180 Page 2 of 2
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Appendix C
References for Entire Project

[ [ Reference FiSS Author(s) Year Reference Title Location (inthe  Source
Number ' Reference world) List
Number
T Triton Environmental Consultants Ltd. 1993 .Shuswap River Flow Monnoring Program, ARC Office C
e ' i 1994, Dmafi '
2 Triton Environmental Consultants Lid. - 1994 'Shuswap River Flow Monitoring Program. ARC Office C
3 i Triton Environmental Consultants Ltd. 1994 |[Howell-Bunger Bypass Valve Testing and ARC Office B/C
- . |Commissioning, Nov. 16, 1994. Result of
IWater Quality and Water Level Monitoring
4 1997 IPower Facilities Upper Columbia ARC Office B/C
: |Generation Local Operating Order No.
- 13P03-76C Shu-Shuswap Falls Generaung
: 'Station Unit Operation . |
N 1998 Power Facilities Upper Columbia ARC Office B/C
|Generation Local Operating Order No.
et {4P03-80A Shu-Middle Shuswap River,
' ISugar Lake and Wilsey Reservoir
H 6 ! 1998 |Power Facilities Upper Columbia ARC Office C
i iGeneration Local Operating Order No.
.’ } 14P03-80C Shu-Middle Shuswap River
7 1997 IPower Faciliues Upper Columbia ARC Office B/C
N |Generation Local Operating Order No.
/ 14P03-80B Shu-Sugar Lake Dam Discharge
- 8 1998  [Power Facilities Upper Columbia - ARC Office C
i Generauon Local Operating Order No.
s '3P03-73B Shu-Shuswap Falis Generaung
+ 9 . 1998 [Power Facilines Upper Columbia \ ARC Office C
- !Generation Local Operating Order No.
: I1P03-75 Shu-Power System Safery 1
b 10 |BC Hydro ' 2000 IBC Hydro Shuswap Falls Field Faciliry ARC Office - C
i IGuide 2000/06/09 DRAFT : .
-t 11 {BC Hydro . 2000 !Shuswap Falls and Sugar Lake Water Use - ARC Office CC
{Plan Project: Project Team Meeting No.
3 : 16:ED09-NL: April 10, 2000 f ,
i 12 iBC Hydro 2000  iShu: Bypass Valve Briefing Note: ARC Office T C
- - {DRAFT: 00-05-17 ’
13 'BC Hvdro 2000 !Environmental Incident Reporting ARC Office - C
14 Trmon Environmental Consuliants Lid. 1994 1 Shuswap Falls Penstock #2 Replacement: ARC Office . BIC
- !Environmental Monnoring During : i
' Construction
N Triton Environmental Consultants Lid. 1994 NO TITLE: DRAFT ARC Office . C
o 16 Fielden. R.J. and T.L. Sianev 1994 iPrelimwnary Jmplicanons of Summer Flow ARC Office B/C
!Ramping 1n the Middle Shuswap River
17 BC Hvdro 1983 'Shuswap Falls Project: Probable Maximum ARC Office B/C
'Flood
e 19 Agquatic Resources Lid. 1997 'Middle Shuswap River: Flow Ramping ARC Office B/C
:and Fish Production: DRAFT
20 .D.B. Lister and Associates Lid. 1990 An Assessment of Fishenes Enbancemen: ARC Office B/C
iPotential of BC Hvdro Operations at
- 'Shuswap River
21 .BC Hydro 1991 '"Wilsey Dam: Comprehensive Inspection ARC Office C
.and Review 1989
22 Envirocon Lunired 1985 ‘Shuswap River Enhancment Site ARC Office G
- {Reconnaissance 1982 10 1984
X HQ1164 !Klohn-Crippen 199§ !Upper Shuswap River Fish and Fish ARC Office A/B/D
'Habuat Inventory
24 Tnton Environmental Consultants Ltd. 1998 :Shuswap River Hatchery Operation 1994- ARC Office G
- 1995
-
ARC Environmemal Lid Shuswap Fish/Aquatic Information Review
ARC Project No. 1180 Puge 1 of 17
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References for Entire Project

Reference
Number

FISS

Reference
Number

Author(s)

) ear

Refcrence Title

Location

world)

(in the

Sourcq
List

25

EW272

Envirocorn Pacific Limited

1989

‘Ecology of Wild and Hatchery -Reared
Juvenile Chinook and Coho Salmon in the
"Thompsor River Watershed Dunng 1985
1and 1986

ARC Office

AG

26 "~ Triton Environmenial Consultams Ltd.

1994

|Evaluation of the Effectiveness of Water
IR eiease as Mitigation 10 Protect Fish

ARC Office

27

|Province of Brtish Columbia

1999

!Okanagan Shuswap Land and Resource
IManagement Plan. Draft #7

ARC Office

2%

JUSL Urban Systems Lid.

1986

'Shuswap Lake 1986 Secchi Disk Program
'Water Qualiry Review

ARC Office

29

‘Dobson Engineenng Lid.

1996

‘Interior Watershed Assessment for the
‘Duteau Creek Watershed: Watershed
1Restoration Program: Summary Repon

ARC Office

30

1WRP MoELP

1998

1Annual Compendium of Aquatic
I Rehabilnation Projects for the Watershed
Restoration Program 1997-1998

ARC Office

31

“WRP MoELP

199%

i Annual Compendium of Aquatic
i Rehabilitation Projects for the Watershed
i Restoranon Program 1998-1999

ARC Office

G |

32

-ARC Environmental Ltd.

1999

iReconnaissance (1:20,000) Fish and Fisb
:Habutat loventory of the Cherry Creek
I'Waterbsed.

ARC Office

‘Summit Environmental Consuttants
Lid.

1996

{Watershed Restoration Program: Middle
'Shuswap River Watershed Stream
s Assessment

ARC Office

~CIDIG

14

:Summit Envyonmental Consuliants
tLad.

1996

'Watershed Restoration Program: Upper
'Shuswap River Stream Assessment

ARC Office

C/D/IG

KR

‘DFO

1997

!Strategic Review of Fisheries Resources
Ifor the South Thompson-Shuswap Habitat
IManagement Area

ARC Office

D/G

36

‘Hanman. F. and Miles. M

1995

tEvaluation of Fish Habntat improvement
IProjects in BC and Recommendations on

Ithe Development of Guidelines for Future |

ARC Office

37

Shuswap Nanon Fishenes Commission

1999

iResults from Juvenile Fish Surveys of
i Thompson and South Thompson Basin
'Streams Dunng the Fall of 1998

ARC Office

8046/8078 Gnffith. R.P.

1986

{Rainbow Trout Production and
‘Irnplications of Coho Salmon
:Enbancement in the Besserte Creek
'Drainage, Tributary 10 the Middle

ARC Office

A/BIC/

39

ARC Environmental Lid.

1997

The Kamloops Forest Region Stream
1Classificanon Project

ARC Office

D/G

40

Shuswap Nation Fishenes Commission

1996

Results from Monitoring Adult Coho
{Escapements into Thompson Basin
:Streams Duning the Fall of 1997,

ARC Office

4}

Shuswap Nation Fisheries Commission

199§

.Results from Juvenile Fish Surveys of
"Thompson and South Thompson
1(Shuswap) Basin Streams Dunng the Fall
10f 1997.

ARC Office

Province of British Columbia

1593

{Forest, Range and Recreatnon Resource
1 Analysis

ARC Office

29K-25

Sebasnon D.C.

44

1983

1Qurplanting Opportunities for Chinook,
ICoho (and sieelhead) 10 Six Selected
‘Tnbutanes of the South Thompson
:Drainage 1982

ARC Office

MoELP

No Date

:Shuswap Lake Environmental
+Management Plan

ARC Office

a3

Shuswap Nanon Fishenes Commission

2000

"Results from Monitoring Aduli Coho
iEscapements inio Thempson Basin
‘Streams Dunng the Fall of 1999,

ARC Office

ARC Emvironmental Lid

ARC Project No. 1180

Shuswap Fish/Aquanc Information Review
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Appendix C

References for Entire Project

Reference FISS Author(s) Ycar Reference Title Location (inthc  Source
Number Reference world) List
Number
46 ‘Thompson Basin Fishertes Council 199972000 Fish Talk: Newslener ARC Office G
47 'Ministry of Energy. Mines and 1996 1Bntish Columbia Mineral Exploration ARC Office G
|Petroleum Resources iReview 1995:Informartion Circular 1996-]
48 {Dobson Engineenng Ltd. 1996 ,Duteau Creek Watershed: Results of the ARC Office G
I'W atershed Restoration Project
49 :Dobson Engineenng Lid. 1996 !1nterior Watershed Assessment for the ARC Office G
‘Hamns Creek Watershed: Watershed
IRestoration Program: Summary Repont
St 18076/8077/iFee and Jong 1984 !Evaluation of Chinook and Coho ARC Office A/B/C/
29-K :Ourplanting Opporuniues 1n the Middle D/E
!Shuswap River above and below Shuswap
51 Janz. B. 1986 ICreel Survey and Life History ARC Office B/C
ICharacienistics of Rainbow Trout and
iKokanee in Mabel Lake, 1984
52 8186 Gnffuh. R.P. 1979 |Enhancement Opponunpities for Resident ARC Office A/B
‘Rainbow Trout in the Middle Shuswap
!River Above Shuswap Falls and Potennial
!Impact of Chinook Salmon Re-
s3 8080 ‘Humon, R. 1987 11986 Fisheries Job Development Project ARC Office B/C
‘Juvenile Salmonid Residency Srudy,
'Salmon and Shuswap Rivers
54 "Tredger. D. 1977 'A Review of Fisheries and Marine Service ARC Office C
IData (1977) for the Middle Shuswap River
|(Shuswap Falls 10 Brenda Falls)
S8 8185 Janiz, B. 1992 .Technical Repon: Effects of Winter Flow ARC Office . A/BIC
IReductions on Kokanee Salmon Spawning .
|Habitat in the Middle Shuswap River.
56 Logan. G 1994 |Letter To Peter Lewis: Shuswap River ARC Office C
IChinook
57 $407  Trmon Environmental Consultants Lid. 1995 'Shuswap River Standing Stock ARC Office « A/B/C/
1Assessment and Carrying Capacity i D
S8 "Shuswap Nation Fishenes Commission 1997 'Summary of 1997 Helicopter Surveys of ARC Office B/C
IChinook Spawners 1o Streams within the
'Tradiional Temtones of the Shuswap
IPeople .
<9 ‘Shuswap Nation Fishenes Commission 1996 ‘Summary of 1996 Helicopter Surveys of ARC Office C
1Chunook Spawners Conducied by the
:Shuswap Nation Fishenes Commtssion
a0 Shuswap Nanon Fishenes Commission 1996 Summary of 1995 Helicopter Surveys of ARC Office B/C
iChinook and Coho Spawners Conducted '
by the Shuswap nation Fishenes
61 Jaotz. B. 199& ‘Lang/Tulley Channel Complexing ARC Office B/C
62 29K-27 Nordin. R.N 197% Water Quality in the Shuswap River ARC Office " A/B/IC
{Between Mabel and Mara Lakes, 1977
63 Sigma Engmeening Lid. 1993 ‘Shuswap Flow Capabibiry Study ARC Office B/C/D/
G
64 Federenko. AN and B.C. Pearce 1982 Trapping and Coded Wire Tagging of ARC Office E/G
Wild Juvenile Chinook Salmon in the
South Thompsor/ Shuswap River System,
1976. 1979 and 1980
63 Ross. M. 1984 The Trophic Status of Shuswap Lake ARC Office G
66 -Russell. L.R. C.C Graham. A.G Sewid 1980 Distribution of Juvenile Chinook. Coho ARC Office E.G
.and D.M. Archibald 1and Sockeye Salmon in Shuswap Lake-
1978-1979; Biophysical Inventory of
-Littoral Areas of Shuswap Lake, 1978 .
Fletcher. I. R. 1990 Flow Dvnamics and Fish Recovery ARC Office G

Expenments: Warer intake Sysiems

ARC Environmemal Lid.
ARC Project No. 1180

Shuswap Fish/Aquatic Informanon Review
Puge 30f17



-

| 5 i
[T e ] onig v

e

Appendix C
References for Entire Project

Reference FISS Author(s) \ car Reference Title Location (inthc  Source
Number  Reference world) List
Number
F 68 HQ0897/H:ARC Environmental Ltd. 1998 iMiddle Sbuswap River and Mabel Lake ARC Office A/B
- Q0897 :Tributaries: Fish and Fish habitat Program.
-+ Appendices
69 |Bison, R. 1990 |Rainbow Trout Production Charactenstics ARC Office G
!for Four Major mbutanes 10 Shuswap
70 1Coffey 1990 | Shuswap History: The First 100 Year of ARC Office G
| Contact.
71 iColumbia Shuswap Regional Dismct 1988 !Shuswap Lake System Management ARC Office G
'Strategy
72 |FOC 1994 i Interior and Fraser River Above Hope: ARC Office D.G
| Master List of Habutat Improvement
' Projects.
73 EW225 [Norhwest Hvdraulic Consultants Ltd. 1992 IHydrology and Water Use for Salmon ARC Office A/D
1and Hamilton R. !Streams in the Thompson River
'Warershed, BC
74 1Pankratz. T, 1990 ‘Shuswap lake Creel Survey 1990. ARC Office G
75 IShuswap Nation Fisheries Commission 1995 {First Quarter Report 1994/1995 ARC Office G
76 HQ0107 'Spallucheen Band 1994 iForune Creek Fishenes Project, March ARC Office A/D
11992-October 1993
77 'WRP MoELP No Date ‘WRP Streamline Volume 4, No 2 ARC Office G
78 iBC Hydro 199s IMaking the Connection: the BC Hydro Triton Office H
.Elecinc System and How 1t is Operated.
79 IMoELP 1996 IBritish Columbia Water Qualiry Status Truon Office H
Report.
80 tHirst, S.M. 1991 Itmpacts of the Operation of existing Trnton Office . D/H
iHydroelecu'ic Developments on Fishery f
IResources in BC. Volume 2 :
81 iLewis, A.F., Triton Enviroomental 1996 iFish flow Overview Report Triton Office H
iConsulhiants. G.J Naito, Sigma
‘ 'Engineenng Lid., S.E Redden
( 82 'Scbubert. N.D. and N.J Viivian 1994 {Estimation of the Shuswap River System Tnion Office | EH
‘Sockeye Salmon (Oncorhynchus nerka) :
i rescapement. !
82 ‘Swain. L.G. 1991} iBessette Creek Water Qualiry Assessment Tnton Office . D/H
;and Obijectives ’
84 8002  MoELP 1995 LAKE PLANS - OKANAGAN MELP - Regional =~ A
‘WATERSHED Headquarters, Penticton
83 8003 'MoELP 1995 Lake plans - Shuswap watershed MELP - Regional A/D
i Headquarners, Penticton'
%6 8007  ‘MoELP 199] Summary of Small Lakes Index MELP - Regional = A
Management aenal angler count for 1991. ' Headquaners, Penticton
87 ®KO0K  MoELP 1995 Aberdeen Lake. File #: 34020-20-(03). MELP - Regional A
Aberdeen Lake Headgquaners, Penticton
38 8009 MoELP 1964 Vemon Imganon Distnct, 1964, "Repair MELP - Regional A
.10 Aberdeen Lake Dam.” Library Number:i Headquarnters, Penticton:
(258
89 010 Jamiz B. 1965 BC Ministry of Environment. Personal MELP - Regional A
icommunication.  Headquaners, Penuicion
90 8016 MoELP 1995 Haddo Lake. File #: 34020-20-(03). MELP - Regional A
iHaddo Lake. ' Headquarers, Penncion
9t 8017 MoELP 1995 Gnzzly Swamp. File #: 34020-20-(03). MELP - Regional A
‘Gnzzly Swamp. " Headquaners, Penticton,
92 8019 MoELP 1995 Brunene Lake. File #: 34020-20-(03). MELP - Regional A
Brunene Lake. Headquaners. Penncion
91 8020 MoELP 1995 Wollaston Lake. File #: 34020-20-(03). MELP - Regional A
Wollaston Lake. Headquanters, Pcmicxon:
94 8021 MoELP 199s DOREEN LAKE FILE #34020-20-(03) MELP - Regional A
Headquaners. Penticton

ARC Environmemal Lid
ARC Project No. 1180

Shuswap Fish/Aquanc Information Review
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Reference FISS Author{(s) \ car Reference Title Location (inthe  Source
‘T’umhcr Reference world) List
Number
9s 8022 MoELP 1994 Doreen Lake. File #: 34020.20-(03). MELP - Regional A
, ‘Doreen Lake. Headquaners. Pennicion
96 8024 MoELP 1995 Specs Lake 1. File #: 34020-20-03. MELP - Regional A
) 'Headquarters, Pennicton
97 8025  'MoELP 1995 I Curtis Lake. File #: 34020-20-(03). MELP - Regional A
1Curus Lake. | Headquarters, Penticion
9% 8027 'MoELP 1995 Specs Lake 2. File #: 34020-20-03. MELP - Regional A
' Headquarters. Penticton
99 8028 IMoELP 1995 * Specs Lake 3. File #: 34020-20-03. MELP - Regional A
1 Headquarters. Pennicton
100 8031 'MoELP 1995 . Nicklen Lake. File #: 34020-20-(03). MELP - Regional A
INicklen Lake. 'Headquaners, Penuicton
101 8032 !MoELP 1995 . Lily Pad Lake. File #: 34020-20-(03). MELP - Regional A
|Lily Pad Lake. i Headquarnters. Penticton
102 8033 IMoELP 1995 : Thelma Lake. File #: 34020-20-(03). MELP - Regional A
i Thelma Lake. | Headquaners, Penticton'
103 8034 Smith, D. 1980 " Technical repont "Creel Census Greystoke MELP - Regional A
!Lake Ipventory” 1980. 40pp. Library #: |Headquaners, Penticton
1128
104 8036 IMoELP 1995  Home Lake. File #: 34020-20403). MELP - Regional A
|Home Lake. i Headquarers, Penticton
108 8038 IMoELP 1995 i Russell Lake. File #: 34020-20-(03). MELP - Regional A
JRussell Lake. | Headquarters, Penticton”
106 8039 MoELP 1993 Mosquito Lake. File #: 34020-20-(03). MELP - Regional A
| Headquaners, Penuicton
107 8040 'MoELP 1995 . Echo Lake. File #: 34020-20-(03). MELP - Regional A
| i Headquaners, Penticton
10§ 8041 MoELP 19958 Bonneau Lake. File #: 34020-20-(03). MELP - Regional A
|Bonneau Lake. i Headquarters, Penticton .
109 8042 "MoELP 1995 Ferry Creek. File #: 34020-20<03). FER : MELP - Regional A
ICR | Headquarters, Penticion’
110 8043 'MDoELP 1995 Habitat Conservation Fund. 39080)-25- MELP - Regional ;| A
«(F). 20pp. | Headquarters, Pemiuon!
1 R044  MoELP 1995 : Cathlene Lake. File #:34020-20-(03). |  MELP - Regional A
Cathlene Lake. ! Headquarters, Penticton
112 8047  MoELP 1995 Bessene Creek. File #: 34020-20-(03). MELP - Regional A
! Headquaners, Pemiclon!
113 EW259  Dobson Engineenng Lid. 1992 Terrawn Stabiliry and Hydrology of the i ARC Office A
‘Nikwikwaia Creek Warershed : '
114 K048 \'an Dnmmelen. B 1978 An Inventory of mbutanes to the Upper MELP - Regional A/DN
!Shuswap River, Library #: 2696. + Headquaners, Penticton
N 8050 MoELP 1995 Holstein Lake. File #: 34020-20-(03). MELP - Regiopal @ A
_Hols ’ . Headquaniers. Penticton'
116 8O3 Merkley. L 1983 Chemical Rehabihtanon of Holstein Lake. MELP - Regional A
:Unpublished MS. BC. pp 1-63 Lib#: 1 Headquarters, Penticton
2243,
117 KOS3 MoELP 1995 Kathy Lake. File #: 34020-20-03. MELP - Regional ' A
' Headquarers, Peaticton”
(RS X034 MoELP 1903 Rammbow Lake. File #: 34020-20-(03). MELP - Regional A
! Headquaners, Penucion-
119 guss MoELP 1993 Peters Lake. File #: 340020-20-(03). MELP - Regional A
i Headquarters, Penticton
120 BOAA Bull. CJ 1979 Technical Repon "Creel Census MELP - Regional A
1Monashee Park.” Fishenes Report. Peters,| Headquarners, Penticion
iMargie and Rainbow Lake. Library #: '
121 KOS7  "MoELP 1998 Chnsuan Lake. File #: 34020-20-03. MELP - Regional | A
'CHR i Headquarters, Pcnuclonf
122 KOSE  MoELP 1995 Beavenack Lake. File #: 34020-20-03. ., MELP - Regional ' A
‘BEAV . Headquaners. Penticton’

4RC Emvironmenial Lid.
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Reference FISS Author(s) Yecar Reference Title Location (inthc  Source
Number , Reference world) List
Number
TIZR 8059  MoELP 1995 , Bigg Creek. File #: 24020-20-03. BIG MELP - Regional A
| | ) ' Headquaners, Penticton.
124 8060 iMoELP 1995 Conn Lake. File #: 24020-20-03. CONN MELP - Regional A
‘ ) . Headquaners, Penticton'
[ 128 8061 !MOELP 1995 Pnichard Lake. File #: 34020-20-03. MELP - Regional A
i : IPRIT ( Headquaners. Penticton’
T 126 . 8062 IMoELP 1995 Haggkvist Lake. File #: 34020-20-03. MELP - Regional A
' ‘HAG i Headquaners, Penticton
F 127 , 8064 IMoELP 1998 Noisy Creel. File #: 34020-20-03. MELP - Regional A
. | Headquaners, Penticton
128 8065 IMoELP 1998 Sigalet Lake. File #: 34020-20-03. SIG *  MELP - Regional A
| Headquaners, Peaticton
129 8066 IMoELP 1995 Wapp Creek. File #; 34020-20-03. MELP - Regional A
L 5 ! Headquaners, Penticion
{ 130 . 8067 IMoELP 1995 Sugar Lake. File #:34020-20-03. SUG +  MELP - Regional A/D
| Headquanters, Penticton
131 . 8068 iMOELP 1995 Kingfisher Creek. File #: 34020-20-03. MELP - Regional A
' ' Headquarters, Penticion
132 806% 'MoELP 1995 Kidney Lake. File #: 34020-20-03. MELP - Regional A
, ' i Headquarters, Penticton
133 ¢ 8070 !MoELP 1995 . Greenbush Lake. File #: 34020-20-(03). MELP - Regional A
. | Headquaners. Penticton
13§ 8072  IMoELP 1995 Fortune Creek. File #: 34020-20-03. MELP - Regional A
' Headquanters. Penticton
136 * 8073 IMoELP 1995 Shuswap River. File #: 34020-20-(03). MELP - Regional A
{ Headquanters, Penticton
137 : 8074 IMoELP 1995 Gardom Lake. File #: 34020-20-(03). MELP - Regional A
‘ : Headquaners, Penticton-
rIBS 8081 IMoELP 1695 Freshwater Fishing Regulations Synopsis, MELP - Regional A
1Bnush Columbia. 1994-1996. | Headquarnters, Penticion .
139 8083  {MoELP 1995 - Triniry Creek. File #: 24020-20-(03). . MELP - Regional A
| Headquanters, Penticton’
140 8083 IMoELP 1995 Trnity Creek. File #: 34020-20-(03). MELP - Regional . A
| Headquarters, Penticton.
14] 8085 'MoELP 1995 Vance Creel. File #: 34020-20-(03). i MELP - Regional A
'"VAN Headquanters, Penticion
142 8088 MoOELP 1995 Sinclair Lake. File #: 34020-20-03. MELP - Regional A
' Headquarnters, Penticton
143 81190 TRUMBLEY ENVIRONMENTAL 1994 "Hotspot” Fish Inventory. 1994. Vemon, MELP - Regtonal A
‘CONSULTING.MELP BC. | Headquaners, Penticion
144 &091 MoELP 1995 Hidden Lake. File #: 34020-20-03. MELP - Regional A
Headquarners. Penuicton
145 §204  MoELP 199¢ Reeves Lake. File #: 34020-20-03. MELP - Regional A
Headquarners, Penticton
146 8403 MoELP 1993 Wap Creek siudy (Devil. Derry, MELP - Regional A
-Kingfisher. etc.) file. . Headquarters, Penticton
147 8404  MoELP 1998 Shuswap River standing stock assessment, MELP - Regional A
Headquarnters, Penticton
T—HR ®403 REGION & FISHERIES STAFF 199< REGION 8 HIGH VALUE FISH MELP - Regional A
| STREAM 1:100 OO0 MAP SERIES i Headquaners. Penticion
149 K406 FRASER RIVER, NORTHERN B.C. 1990 STREAM SUMMARY CATALOGUE, MELP - Regional AD
L AND YUKON DIVISION. SUBDISTRICT # 29K SALMON ARM ' Headquarters, Penticton
150 N4 Ross. M.D. - TRIBAL FISHERIES 1994 FORTUNE CREEK FISHERIES MELP - Regional A
’ MANAGER ASSESSMENT PROJECT, 1994 i Headquaners, Penticion:
18] 295-100  Kent. R. 19¥9 Assistant Chief of Operations, DFO - SUBDISTRICT A
Management Operanons, Fraser River, 291: Pnince George
‘Northern B. C. and Yukon Division, New
‘Wesmmipster. Stream files and personal
communication. 1989
ARC Emvironmemual Lid. Shuswap Fish/Aquatic Informanon Review
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Number
152 29)-55  Demontier, D.G. No Date Communiry Advisor, SEP, Kamloops. DFO - SUBDISTRICT A
' Personal communication. 29J: Clearwater
153 29J-61  De Marco. R. No Date DIGITIZING AND INTERPRETATION A
1OF 1:50,000 AND 1:250.000 SCALE
'NATIONAL TOPOGRAPHIC SERIES
IMAPS. CALCULATION OF RESULTS
JAND GENERAL COMMENTS.
154 29K-1 iFarwell, M.K, N.D Schbern. K.H Wilson. 1985 Salmon escapements 1o streams entening DFO - FRASER R., A
:and CR Hamson istaristical areas 28 and 29, 1951 10 1985, NORTHERN B.C.
‘Can. Data Rep. Fish. Aquat. Sci. 601: YUKON DIVISION -
166p. NEW \WEST
158 29K-11  Bruner. M. 1985 Invemiory of fisheries facilities and Habitat  DFO - FRASER R., A
'Improvement Projects (Intenor of B.C. NORTHERN B.C.
‘Fraser River Drainage). Habat YUKON DJVISION -
iManagement Unil. DFO. New NEW WEST
iWesiminster, B.C. 231p. 1985
156 29K-12 :FOC 1984 Annual Repor of salmon streams and DFO - FRASER R., A
spawning grounds Creighton Creek. 1984 NORTHERN B.C.
YUKON DIVISION -
NEW WEST
157 29K-14  Kainin, L.W, 1981 Bessene Creek coho C.W.T. project. DFO - FRASER R., A
iMemorandam to N. Schuben. DFO New NORTHERN B.C.
‘Westminster. B.C. 1981 YUKON DIVISION -
NEW WEST
158 29K-16  Sookachoff, P. 1985 Index of Dams in British Columbia Fraser  DFO - FRASER R, A
iRiver Northern B.C. & Yukon Division. NORTHERN B.C.
Dept. of Fisheries Internal Document. YUKON DIVISION -
1985 NEW WEST
159 29K-2  Brown, R.F., MM Musgrave. and 1979 Catalogue of salmon streams and DFO - FRASERR,, A/B
‘Marshall DE ‘spawning escapements for Kamloops sub- NORTHERN B.C.
«district. Fish. Mar. Serv. Data Repon 151:  YUKON DIVISION -
226p. 1979 NEW WEST
160 29K-20 'FOC 1985 Hatchery releases 10 19§S5. DFO - FRASER R.. A
NORTHERN B.C.
YUKON DJVISION -
NEW WEST
161 29K-21 FOC 19%4 Annual Repor of salmop stream and DFO - FRASERR,, A
spawning grounds. Johnson Creek. 1984 NORTHERN B.C.
YUKON DIVISION -
NEW WEST
162 29K-22 Knapp, W. Nassichuk, M.D. er al 1982 The Thompson River Basin: Pacific DFO - FRASER R.. A
Salmon Resourges and Environmental NORTHERN B.C.
Issues. Can. MS Rep. Fish. Aquat. Sci. YUKON DIVISION -
166%: viii ~ [17p. 1982 NEW WEST
163 29KN-28  Bowman. SL (Envirocon) 1984 Middie Shuswap River juvenile saimoaid DFO - FRASER R., .A/B/EA
‘reconnaissance program, 1984. Prepared NORTHERN B.C.
“for Dept. Fish. and Oceans by Envirocon YUKON DIVISION -
Lid.R1p. 1984 NEW WEST
164 JYK-3  Bemy FCand Kahl AL 1982 Catalogue of selected Fraser and DFQO - FRASER R.. A/D
Thompson River rributanies imponant to NORTHERN B.C.
chinook and coho salmon and a YUKON DIVISION -
preliminary assessment of their NEW WEST
enhancement potennal. MS Report of
Fraser River. Nontern B.C. and Yukon
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Number : Reference world) List
Number
168 29K-30 ANONYMOUS 1969 . Rep. on the fish. problems with proposed , DFO - FRASER R.. A
diversion of water from Shuswap R. 10 . NORTHERN B.C.
'Okanagan Lk. Prepared by the Technical YUKON DIVISION -
is1affs of the Dept. Fish. and Forestry of NEW WEST
{Canada and the [PSFC in collaboration
-with the F&W BR., B.C. Dept. of Rec. and*
1Cons. 1969
166 29K-31  Mackunilay, D.D. 1984 SEP New Projects Unit water qualiry data. DFO - FRASER R.. A
icollected 1979-1984. Can. Daia Rep. Fish.  NORTHERN B.C.
1Aquat. Sct. 409: v + 190p. 1984 YUKON DIVISION -
NEW WEST
167 29K-32  Lipmski, N. 1978 Middle Shuswap River chinook re- DFO - FRASERR,, A
restabhishment study 1977, Unpub. MS. NORTHERN B.C.
iFisheries and Manne Service. 23p. 1978 - YUKON DIVISION -
NEW WEST
168 29K-34  ANONYMOUS 1972 Stream survey form. Wap C. MOE. 1973 DFO - FRASER R,, A
NORTHERN B.C.
YUKON DIVISION -
NEW WEST
169 29K-35  GRIFFITH, R.P. 1984 Fishenes Enhancement Potential for DFO - FRASER R,, A
and 807] 'Kungfisher/Danforth Creeks. Fishenes NORTHERN B.C.
|Improvement Unit, MOE. 1984 YUKON DIVISION -
NEW WEST
170 29K40 "MoELP 1673 Wap River stream wventory. 1973 A
171 J9K4S  ANONYMOUS 1974 Surveys and Mapping Branch, Department. DFO - SUBDISTRICT A
«of Energy Mines and Resources, 1-50,000; 29K: Salmon Arm
11972-1974. ‘
172 29K46 Kunz. B 1986 Fishery Officer, DFQO, Salmon Arm. ' DFO - SUBDISTRICT® A
‘Stream files and personal communication. . 29K: Salmon Arm
173 29K-33  Stewan, R. 1986 Fishery Biologist. Central Interior Triba] ' DFO - DISTRICT 1 - A
|Council. Personal communication. 1986 KAMLOOPS :
174 29K-55  Demontier, D.G. 1986 Communiry Advisor, SEP, Kamloops. DFO - DISTRICT I - A
!Personal communication. 1986 KAMLOOQOPS
175 29K-6}  Swan. R. 1988 Suggestions for enhancement of sockeye DFO - FRASER R., A
‘in the Fraser system. Prepared for DFO, NORTHERN B.C.
|Management Operations, Fraser River, ' YUKON DIVISION -
Northem B.C. and Yukon Division. NEW WEST
Unpublished Report. 1988
176 J9K-6%  Pearce. BC 1984 1983 Fraser River Spawning ground DFO - FRASER R., A
.recoveries of coded wire tagged chinook NORTHERN B.C
'satmon. Fraser River, Northen B. C.and  YUKON DIVISION -
“Yukon Division, DFO. Unpublished MS NEW WEST
repont. 1984
| 177 J9K-9 ANONYMOUS No Date Bessene Creek Watershed, review of DFO - FRASER R., A
fishenes related informanion. DFO. NORTHERN B.C.
YUKON DIVISION -
NEW WEST
17X BCLDB 'MoELP 1995 B.C. Lakes Daiabase MINISTRY OF A
FISHERIES.
VICTORIA, B.C.
179 DFPOGT  Philip. DF 1995 Addition of zones & points re; FISS maps MINISTRY OF A
for fish distnbution for G.L.S. display FISHERIES.
| purposes VICTORIA, B.C.
180 EW069  Neuman. R. 1992 Untitled MELP, Stream Files, A
Surrey. BC .
181 EW213  Schuben, N.D. 1994 Untitled DFO - SUBDISTRICT A
291: Pnnce George
182 EW226  LOST. . AM 1996 UNTITLED MELP. VICTORIA A
183 EW227 Ball). 1994 Unntled "DFO - SUBDISTRICT A
29K: Salmon Arm

ARC Environmenial Lid
ARC Project No. 1180

Shusyveap Fish/Aquatic Informaiion Review
Page 8ol 17




Appendwx C
References for Entire Project
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Number
184 EW228 Schuben. N.D. 1988 _An assessment of four upper Fraser River Can. Data. Rep. Fish. A
chinook salmon spon fisheries, 1986 Aquat. Sci. 1890:52
185 EW229 :Schuben, N.D. 1990 An assessment of four upper Fraser River ~ Can. Data Rep. Fish. A
ichinook salmon sport fishenes, 1988 Aquat. Sci. 2051(58)
186 EW230 !Schuben, N.D. 1990 Angler effon and catch in five Fraser Can. Data. Rep. Fish. A
IRiver chinook salmon sport fisheries, Aquat. Sci. 2142:58
187 EW231 Trask J.A. 1994 ' Inventory and rating of salmonid habitat ECL Envirowest A
11n the vicinity of Kamloops, B.C. Consultants Lid.. New
Westmmnster, BC
189 EW234 ‘Sigma Engineering Lid. 1991 . Assessment of resource uses in the South DFO - Vancouver. B.C. A/D
 Thompson/Shuswap habitat management
iarea.
190 EW236 Sialberg, H. 1994 ' Untitled DFO - DISTRICT 1 - A
KAMLOOPS
19] EW237 Rosenberger. R. B. 1994 |Personal communication with fishery DFO - DISTRICT 1 - A
iofficer KAMLOOPS
192 EW238 Demonuer. D.G. 1994 Untitled DFO - DISTRICT | - A
KAMLOOPS
193 EW249 Crowe M. 1994 Unniled DFO - DISTRICT 1 - A
KAMLOOPS
194 EW258 Kunz, B 1994 |Personal communication with fishery DFO - SUBDISTRICT A
‘officer _ 29K: Salmon Am
195 EW262  Fletcher, W.K. 1991 Exploration geochemistry - sedument DFO - SUBDISTRICT A
1supply to Hamms Creek (82L/2) 29K: Saimon Amn
196 EW26&  Sheng, M. 1994 - Untitied SEP, Vancouver, BC A
197 EW269 Zwack, G. 1994 » Untitled DFO - Management A
Biology Operation,
New Wesmminster, BC
198 EW270 :Ross, M. 1994  Unmtled Shuswap Nation ! A
Fishenes Commission, :
Kamloops, BC
200 FISSMU] 'MoELP 1995 FISS map/form information (source not MINISTRY OF A
iindicated) FISHERIES,
VICTORIA. B.C.
201 HQOI04 Jamz B. 1996 OKANAGAN REGIONAL FISH MINISTRY OF A
.SAMPLING RECORDS (MAPS) FISHERIES, i
VICTORIA. B.C. |
202 HQU474 'Schubert, N.D. 1995 ANGLER EFFORT AND CATCH IN MINISTRY OF ! AJE
'FOUR FRASER RIVER CHINOOK FISHERIES,
"SALMON SPORT FISHERIES., 1992 VICTORIA, B.C.
208 HO1086  Kingfisher Environmental 1997 Fish Inventory and Stream Classification A/D
for CP 244
206 HOI1111  SUMMIT ENVIRONMENTAL 1997 SICAMOUS-GRINDROD: OVERVIEW MINISTRY OF A
‘CONSULTANTS LTD. STREAM CHANNEL AND FISH FISHERIES.
‘HABITAT ASSESSMENTS VICTORIA, B.C.
207 KIU83  SURVEYS & MAPPING 1973 MAPSHEET NO. 082L 11 OTTAWA A
BR..DEPT.MINES.ENERGY.RESOUR
‘CES
20K SISSMOY FOC 1993 SISS map information (source not MINISTRY OF A
nindicated) FISHERIES.
VICTORIA. B.C.
209 SUM-1  AG_SUMMARY No Date  -Anghng Guides Database A
210 SUM-10 SL_SUMMARY No Date  .SLIM (Small Lake Daiabase) A
211 SUM-1]  RH_SUMMARY No Date  'Rehabilnation (poison and re-stock of A
212 SUM-12 RG_SUMMARY No Date  Regulations dbase A
213 SUM-14  LSF SUMMARY 1999 SUMMARY FISH DISTRIBUTION MINISTRY OF A
'DATA EXTRACTED FROM THE BC FISHERIES,
'LAKES DATABASE VICTORIA, B.C.
214 SUM-2  RL_SUMMARY No Date  Stocking dbase A
215 SUM-  EC_SUMMARY ’ 1997 Summary from FSHWHSE FSHWRHSE A

ARC Environmenial Lid,
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216 SUM-6  LSP_SUMMARY No Date  'BC Lakes-physical dbase A
}——2’]7—,;SUM-7 LSC_SUMMARY No Date  :BC Lakes-chemical dbase A
218 SUM-8 LSA_SUMMARY No Date BC Lakes - angler access dbase a
219 SUM-9  LST_SUMMARY No Date  BC Lakes - facilities dbase A
220 'Acres Imemational LTD. 1993 {Resource Smart: Shuswap Falls BC Hydro B
|Generating Station Review of
iRehabilitation Opporruninies
221 'BC Depaniment of Lands and Forests 1957 W ater Resources Invesuganons: Report on BC Hvdro B
|Hydrology of the Watshan and Shuswap
'River Waterhsheds
222 |BC Hydro No Date  !Shuswap Falls Hydroelecnc Development BC Hydro B
! Information Pampbhlet.
23 'BC Hydro No Date  IDRAFT. Environmental Comminee Report BC Hydro B
'Shuswap Area.
| 224 .BC Hvdro 1982 !Shuswap Falls Headpond. BC Hvdro B
228 !BC Rvdro 1984 1Dam Safery Defictency Investigation: BC Hydro B
'Sugar Lake Dam Rehabilnation Studies J
226 'BC Hvdro 1984 iWilsey Dam BC Hvdro B
227 -BC Hydro 1984 "Wilsev Dam: Preliminary Report on Site BC Hvdro B/C
1Geologic Mapping and Foundation
:Assessment,
228 ARC Environmental Ltd. 1998 IProposal 10 Provide Professional Services: not known B
‘Shuswap River Fish Stranding Assessment
129 ‘BC Hvdro 1986 Dam Safery Investigations: Wilsey Dam - BC Hydro B
|Dam Breach Inundation.
230 -BC Hvdro 1986 'Wilsey Dam Emergency Preparedness Plan BC Hydro B
23} 'BC Hydro 1987 'Shuswap Developroent 1985 Annual BC Hvdro B
232 'BC Hyvdro 1988 'Sbuswap Falls Project Dredge Monitoring BC Hydro B
IReport 1988
233 'BC Hvdro 19%8 'Shuswap Generating Station: Headpond BC Hydro B/C
'Sedimentation
234 iBC Hydro 1990 1Columbia Sbuswap Distnet: Lake not known B
iRevelstoke Recreation and Tourism
‘ \Development Oppornunities
‘ 238 ‘BC Hydro 1990 'Dam Safery investigations: Wiisey Dam BC Hydro B
' Deficiency Investigation Memorandum oo
ithe 1989 Foundation Dnilling Program
236 BC Hvdro 1990 Resource Smart: Shuswap Project BC Hydro B
Rebabilitanon/Redevelopment Overview
‘Study.
237 BC Hvdro 1990 ‘Shuswap Falls Dredge Monitoring BC Hydro B
'Program Spning and Fall 1989.
23K BC Hvdro 1991 Dam Safery investizations: Wilsey Dam BC Hvdro B/C
‘Comprehensive Inspection and Review
229 BC Hvdro 1991 'Shuswap Falls Forebav Dredge Monnonng BC Hvdro B |
1990
240 BC Hvdro 1991 Wilsey Dam Intermediate Civil lospection BC Hydro B
Repon
241 ~ BC Hvdro 1992 Dam Safery investigations: Wilsey Dam BC Hydro B
.Deficiency Investigation
242 " BC Hydro 1952 'Dam Safery investiganons: Wilsey Dam BC Hvdro B
Reporn on 1991/1992
243 BC Hydro 1992 "Shuswap Falls BC Hvdro B
:Rehabilnation/redevelopment
244 ‘BC Hvdro 1992 Wilsey Dam Intermediate Civil Inspection BC Hydro B
L 'Repon
248 .BC Hvdro 1993 "Wilsey Dam Iniermediate Civil lnspection BC Hvdro B
‘Repon
246 BC Hydro 1993 Interoffice Memo: Riprap Erosion BC Hydro B
Protection Circuit SL79
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247 BC Hydro 1993 ‘Sugar Lake Reservoir Property Inventony BC Hvdro B/C
248 .BC Hydro 1994 .Dam Safery Investigarions: Wilsey Dam BC Hvdro B
1992 Remedial Works
T 249 IBC Hydro 1994 IReport on the Electrica! Sysiem Operanions BC Hyvdro B
IReview.
250 T {BC Hydro 1994 ‘Shuswap Falls Powerplant Penstock No 2 BC Hydro B
IReplacement Design and Construction
iRepon
251 'BC Hvdro 1994 'Shuswap Penstock #2 Rehabilitation BC HBydro B
! Testing and Commissioning Reporn
252 :BC Hydro 1994 !Shuswap Penstock #2 Rehabilnation. BC Hydro B
|Bypass Valve Test and Commissioning.
252 iBC Hydro 1994 'Wilsey dam 1994 Spnng and Fall BC Hyvdro B
!Intermediate Civil Inspection
254 :BC Hvdro 1998 iDRAFT. Flow Ramping at Hydro elecrnc BC Hydro B
ID1scharge Facilities: Methodologies for
‘lmpact Assessment and Mitigation.
255 'BC Hydro 1995 iResource Smar: Shuswap Falls Debns BC Hydro B
iRemoval Systems Feasibiliry Study
256 ‘BC Hydro 1995 !Shuswap River DFO and MoELP BC Hydro B
|Communication
257 iBC Hvdro 1995 |Wilsey Dam: intermediate Civil Inspection BC Hydro B
IReport.
258 ‘BC Hvdro 1996 L.ake Revelsioke Reservoir Integrated not known B/C
IR ecreation Plan
259 ;BC Hydro 1996 '"Wilsey Dam: Intermedsate Civil Inspection BC Hydro B
IReport. !
260 ‘BC Hvdro 1998 |Dam Safery Investigation: Wilsey Dam BC Hvdro B
IComprehensive Inspection and Review
i 261 'BC Hydro 1998 'Power Facilies Upper Columbia BC Hvdro B
1Generation Local Operating Order No.
:3P03-76C Shu-Shuswap Falls Generating
‘Station Unit Operation
262 'BC Hydro 1998 'Shuswap Powerplant Seismic Evaluation BC Hyvdro B
;and Upgrade Program: Phase | Survey
263 BC Hydro 1998 ‘Wilsey Dam: 1997 Comprehensive BC Hydro B
‘Inspection and Review.
264 BC Hydro 1998 ‘Wilsey Dam: Intermediate Civil laspection BC Hydro , B
Repon. '
265 BC Hvdro 1999 'Draft. Water Use Plan Program. Shuswap BC Hydro B
Falls and Sugar Lake Water Use Plan
‘Project. iImplementation Phase
266 BC Hvdro 1999 ‘Recreation Opportupiues. Power Supply BC Hvdro B
.Environment Commupiry Interests
267 BC Hvdro 1999 Svsiem Operating Order 4P-19 (Revision BC Hvdro B
10 SO0 4P-19 1997) Sugar Lake/ Shuswap
Project
268 BC Hvdro No Date  'Dam Safery Investigations: Sugar lake dam BC Hydro B
- Dam Breach
269 BC Hvdro No Date  Dam Safety Invesngations: Sugar lake BC Hydro B
- ‘Dam Comprehensive
270 BC Hvdro No Daie  "Dam Safery invesngations: Sugar lake dam BC Hvdro B
- Discharge
27 ‘BC Hvdro 1974 Memorandom on Rehabilitation of Sugar BC Hydro B/C
'Lake Dam
272 BC Hyvdro No Date  iReporn on Sugar Lake Debns BC Hyvdro B/C
} 273 .BC Hvdro No Date  Resource Sman: Shuswap Project BC Hydro B
| Rehabilitation and Redevelopment
| 274 BC Hvdro 1682 Shuswap River Propenties Repon BC Hvdro B/C
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275 BC Hydro No Date  .Shuswap River Recreation Areas. BC BC Hydro B
{Hyvdro Pamphlet
276 .BC Hvdro No Date  :Sugar Lake Dam Comprehensive BC Hvdro B
ilnspection and Review
277 IBC Hyvdro No Date  |Sugar Lake Dam Emmergency BC Hvdro B
!Preparedness Plan
278 'BC Hydro No Date  |Sugar Lake Dam Intermediate Civil BC Hvdro B
{inspection Report
279 'BC Hvdro No Date  !Sugar Lake Dam Intermediate Civil BC Hydro B
'Inspection Repont
280 iBC Hvdro No Date !Sugar Lake Dam Left Abutement BC Hvdro B
|Peizometer and Weir Ins.
281 iBC Hydro No Date  !Sugar Lake Dam Preliminary Repon of BC Hyvdro B/C
|Geological Mapping
282 1BC Hydro No Date  !'Sugar lake Project: 1985 Rehabiliation BC Hvdro B
IMemorandom
281 IBC Hydro No Dale  !Sugar Lake Storage Dam Public Safery BC Hvdro B
|Hazards
284 :BC Hvdro No Date  'Wilsev Dam Penstock #2 Replacement BC Hydro B
288 :BC Power Commission 1957 'Shuswap Falls Hydro Electnic BC Hydro B
Development: Annual Repon
286 1BC Power Commission 1958 1Annual Inspection Report on the Shuswap BC Hydro B
'Falils hydroelectric Development
287 :BC Power Commission 1958 IHydro Electric Plant Data Sheets for the BC Hydro B
'Shuswap Hydro
288 iBC Power Commission 1958 'Shuswap Falls Hydro Electric Generating BC Hydro + B
'Starions Civil Plant Inspection
289 !BC Power Commission 1958 ‘Shuswap Plant Field Survey BC Hydro B/C
290 'BC Power Commuission 1961 .Annual Repont on the Shuswap BC Hydro " B
!Generating Station
291 'Bradford MH, Taylor GC, Allan JA and 1995 An Expenimenta! study of Stranding of BC Hydro ., B
‘Higgins PS jjuvenile coho Salmon and Rainbow Trout
iDunng Rapid Flow Decreases under ;
'Winter Conditions '
292 CH2M Hill Engineering Lid. 19932 .Shuswap Falls Generating Station BC Rydro ! B
2912 ‘French DE 1995 Histonc Review of Anadromous Salmonid BC Hydro B
'Passage Above Shuswap Falls :
294 Hatfield Consultanis Lid. 1994 ‘Proposal: Middle Shuswap River Flow BC Hydro ' B
‘"Mountionng Program }
298 ‘Klohn Crippen Consulting Engineers 1991 :Resource Sman: Shuswap Falls Generating BC Hydro B
and Shawinigan integ Inc (Klohn) ‘Station Review of Rehabilitation
'Oppormuniues
296 ‘Klohn-Cnppen 1994 :Shuswap Falis Hvdroelecinc BC Hyvdro B
'Development: Penstock #2 Replacement
297 LifeSpace Design L1d. 1979 :Shuswap Falls Propenies: A Recreational BC Hydro B
.Corridor Concept
298 LifeSpace Design Lid. 1979 'Shuswap Falls Propenies Resource BC Hvdro B
3 Nornthwest Hvdrauhc Consulrants 1994 .Shuswap Generating Station. Headpond BC Hydro B
‘Silting Hydraulic Model Studies
302 Sh iswap Nation Fishenes Commission 199% ‘Summary of 1998 Helicopter Surveys of BC Hydro B
‘Chinook and Coho Spawners in Streams
within the Traditional Terniiones of the
‘Shuswap People
302 Summu Environmental Consultants 1996 iMiddle Shuswap River Walershed Stream BC Hvdro " B/C/D
Lid Assessment '
04 Tnion Environmental Consuhants Lid. 1994 JProposal 10 Provide Professional Services: not known B
'Shuswap River Standing Stock
Assessment and Carrying Capaciry.
| 3o Tron Environmental Consultants Lid. 1994 Shuswap River Flow Monitoring Program BC Hydro B

ARC Emvirommeniul Lid.
ARC Project No. 1180
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Appendix C
References for Entire Project

Reference FISS Author(s) Year Reference Title Location (in thc  Source
Number Refercnce world) List
Number
RV ‘Trnton Environmental Consultants Ltd. 1994 Draft. G2 Testing Wetted Width Changes BC Hyvdro B
: .at Whitehead Channel
307 “Triton Environmental Consultants Lid. 1995 -DRAFT:Shuswap River Fiow Monitorng BC Hydro B
|Program
308 iTriton Environmental Consultants Lid. 1995 IDRAFT: Shuswap River Water Elevanon BC Hvdro B
IChanges and Fish Stranding Survey
309 {BC Hvdro 2000 'DRAFT Tripping Event Summary BC Hvdro C
310 iARC Environmental Lid. 2000 iReconnasssance (1:20000) Fish and Fish ARC Office D
‘Habitat Inventory of the East Sugar Lake
. 1(Phase 4-6)
312 :Shuswap Nation Fishenies Commission No Date :Traditional Termtones of the Shuswap not known D
‘Nation and Locations of Bands presently
rconducting fisheries projects
| Association with the Shuswap Nation
'Fishenes Commission
KR! 'Water Qualiry Branch Environmental 1994 iWater Qualiry objectives Anainment 1n nol known D
'Protection Department. MoELP 11993
318 iMcPhail JD and JS Baxter 1996 :A Review of Bull Trout (Salvelinus not known D
icontfluentus) Life-History and Habirat Use
1in Relation 1o Compensation and
‘Improvements Opporunities
316 Rahegh. RF, Hickman T, Soloman. RC 1984 IHabitat Suitabiiity Information: Rainbow not known D
rand Nelson PC ‘Trout.
317 Bull, CJ 1974 ‘Fishery Resource Eshancement Program. MELP - Regional D
Memo | Headquarters, Penticton
318 IBull, CJ 1983 IRe: Fishery of the Shuswap System. MELP - Regional D
ICormrespondence ! Headquarters, Penticton
319 1Bull. CJ 1993 iRe: Bison and Sugar Lake Scale Samples. MELP - Regional D
'Correspondence ' Headquarnters, Penticton:
320 IEinarson, D 1985 ICreel Census and Stream Assessment of not known DA
'Sugar Lake. '
322 IFord BS. PS Higgwns, AF Lewss. KL 1995 Literarure Reviews of the life History, ARC Office D
sCooper. TA Watson, CM Gee, GL 'Habuat Requirements and
‘Eonis and RL Sweeting ‘Mitigation/Compensation strategies for
Thirteen Spon Fish Species in the Peace,
Liard and Columbia River Drainages of
N -Hughes P 1998 'DRAFT Lake Management Plan for Kate not known D
Lake '
324 Jamz, B. 1983 ‘Re: Sugar Lake. Unpubhished memo. File MELP - Regional D
4038 ' Headquaners, Penticion
328 Jantz. B. 1987 Memo 10 File. File 40,3503 MELP - Regional D
, Headquaners, Penticton
326 '"MoF 1991 Upper Shuswap River Integrated Resource not known D
Management Pian - Summan
327 'Stewan, M 1991 Re: The Vernon Power Production Area. not known D
Cormrespondence
32k ‘Kristmanson. J. 1999 Angler Effon and Caich on the Shuswap Can.Manuscr. Rep. E
River Chinook Salmon Spon Fisheries, Fish. Aquat. Sau.
1996
329 Foote, CJ. Wood CC. Clark WC and 1992 Circannual Cvele of Seawaier in po! known E
Black burn J Oncorhynchus nerka: Geneuc Differences
berween Svmparnc Sockeve Salmon and
Kokanee
33 Wood CC and Foote C! 1990 *Genetic Differences n the early Can.Manuscr. Rep. E
Development and Growth of Sympatnc Fish. Aquat. Sci.vol 47,
‘Sockeye Salmon and Kokanee no.ll

-(Oncorhvnchus nerka) and their Hybnds

ARC Emvironmemal Lid
ARC Pruject No. 1180

Shuswap Fish/Aquaiic Information Revie
Page 13 0f 17
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Appendix C
References for Entire Project

Reference FISS Author(s) Y car Reference Title Location (in the  Source
Number Reference world) List
Number
32 W althers, LC and Nener JC 1997 -Water Temperature Monitonng 1o the Can.Manuscr. Rep. E
' .Salmon River (Shuswap), BC 1995: Fish. Aquat. Sci.
:1mplications of Measured Temperatures for
1Anadromous Salmon
132 INidie BH apd KS Shornreed 1996 IResults from a Seven-Y ear Limnological not known E
{Study of Shuswap Lake. Pant |
I {Maclellan SG, Mueller CW | Enzenhofer 1995 i Traw} Catch Statistics on Shuswap Lake Can. Data. Rep. Fish. E
|HJ and Hume JMB ifrom 1987-1992 Aguat. Sci.
334 ‘Hume, JMB. Williams I\ and Monon 1990 'Factors Affecting the Production of Can. Tech. Rep.Fish. E
'KF |Juvenile Sockeye Saimon (Oncorhynchus Aguat. Sci.
inerka) in Shuswap and Quesnel Lakes
336 '"MoELP.FsRBC. FOC, Riverside 1999 1Bessette Creek Riparian Restorauon/ not known F
L IRehabilnation
337 iFOC Habitat and Enhancement Branch 1999 |Bessente Creek Ripanan Restoranon/ not known F
IRehabilitation |
338 ‘Okanagan Nation Fisheries Commission 1998 'Bessette Creek Waterhshed Cobo pot known F
. FsRBC 'Spawning Survey
339 'Okanagan Nation Fishenes Commission 1999 i Bessente/ireland/Bolean Creelk/Saimon not known F
. FsRBC iRiver-Coho Enumeration
140 'Riverside Forest Products, FsRBC 1999 Kingfisher Creek Restoration Works not known F
4] :Riverside Forest Products, FRBC 199§ !Kingfisher Creek Watershed 1:20000 Fish * not known F
;and Fish Habuat lnventory
342 .FsRBC. FOC, Kingfisher 1698 IKingfisher Environmental Interpretive not known F
‘Environmental Lid 1Centre
343 ‘FOC, Kingfisher Environmental Ltd 1981 | Kingfisher Epvironmental Interpretive nol known F
| Centre ‘
344 ‘Tolko Industries Limited Lavington 1998 |Lumby 1:20000 Reconnaissance Fish and uot known F
Division ‘Fish habnat inventory
345 'MoELP 1998 !Okanagan TSA Small Lakes Inventory not known F
346 ‘Kangfisher Environmental Interpretive 1999 {Potrie’s Slough Side Channe] Monitoning pot known F
Center. FOC ' Survey
347 ‘Riverside Forest Products, FsRBC 1998 iRiverside Multi-Y ear Plan-Inventory not known F
'1:20000 Reconnaissance.
348 Weyerhaeuser Canada Ltd.-Okanagan 1998 iUpper Kertle/Upper Shuswap Watersheds not known F
'Falls FRBC, ARC Epvironmenial 1:20000
349 Friends of Violet Creek, FOC 1997 Violet Creek Habitai Enhancement not known F
50 MoELP 2000 ihnp://www env.gov.be.ca/fsh/ids/dman/wir. web
35] '"MoELP 2000 1 brip:/fwww.elp.gov.bc.ca/wat/cws/query/cw web
352 MoELP 2000 Threp:/iwww.envy.gov.be.ca/fsh/IS/products/F web
353 MoELP 2000 htrp:/fwww env.gov.be.ca/fsh/l Srproducts/l: web
344 MoELP 2000 hitp:/fwww.env.gov.be.ca/fsh/1 S/products/hi web
155 MoELP 2000 :hrp:/rwww .env _gov.be.ca/fsh/1 S/products/ic web
356 :MoELP 2000 'hrp:/fwww.env.gov.be.ca:8000/bath/owasb, web
3587 ‘MoELP 2000 thrp:/iwww env.gov.be.ca/fsh/] S/products/fe web
358 'MoELP/FOC 2000 'hrp:/rwww canbcfpr.pac.dfo-mpo.gc.ca/FP; web
359 ‘Environment Canada 2000 brtp:/rwww weatheroffice.com/chmhydro/m web
360 MoELP 2000 ' hrrp:/rwww elp.gov.be.ca:8000/wirwhsespls web
361 .FOC 2000 i brrp://habitat.pac.dfo.ca/cfdocs/fiss/dcfil .ct web .
362 Webb., TM. Daniel. CJ. Korman. J., 1994 iDevelopment of a Fish Habitat Sensitiviny ARC Office E
Meisner JD .Indexing Scheme for application in the
i Fraser River Basin
!
163 Levings. CD; Scrivoer JC: Andersen. B; 19%S 'Results of Reconnaissance Sampling for Can. Data. Rep. Fish. = E
‘Shirvell; Lauzier. R. Juvenlile Salmonids in the Upper Fraser Aquat. Sci. No.549 '
.and Selected Tnbutanes, August and ) .
-October 1984 ‘ '

ARC Environmenial Lid.
ARC Pryject No. 1180

Shuswap Fish/Aquatic Informanon Review
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Appendix C
References for Entire Project

Refcrence FISS Author(s) Year Reference Title Location (inthc  Source
Number Refercnce world) List
Number
164 ‘Hou, Z 199§ Sediment Budge: of Gold and Magnetite Dissentation Abstracts E
:and thew Distribution in Stream Sediment Internauonal Pant B:
.in Lower Harris Creek, South Central BC Science and
Engineenng vols9, No
r-365 R IMonon, KF; Shonreed, KS 1996  |Results from a Seven-Year Limnological ~ Can. Data. Rep. Fish. E
'Study of Shuswap Lake. Pant 2 Aquat. Sci.
366 iQuinn. TP: Gravnoth, E; Wood. CC: 1998 iGenotypic and Phenotypic Divergence of Transactions of the E |
‘Foote CJ !Sockeve Salmon in New Zealand from American Fishenes
‘Thewr Ancestral BC Populations Sociery. Vol. 127, no
4.can
367 |Bajard, Y 1983 I Development of a Planning Framework to - E
IReduce Fisheries Habitat Conflicts wn the
|Besserte Creek System: Final Report
368 ‘Schuben. N.D. 1993 IAngler Effort and Catch 1n four Fraser ARC Office E
IRwver Chinook saimon Spon Fishenes,
11994, and a Retrospective on Nine years of
{Upper Fraser River Sport Fishery
imaoagernent and Assessment
369 ‘Schuben, N.D. 1995 .Angler Effort in Four Fraser River System  Can. Manuscr. Rep. E
‘Spont Fisheries, 1991 Fish and Aquat. Sci.
70 'Schubent, N.D. 1995 IAngler Effort 1n Four Fraser River Sysiem  Can. Manuscr. Rep. E
!Sport Fishenes, 1992 Fish and Aquat. Sci.
i 'Graham. CC: Russell LR 1979 -An Investigation of Juvenile Salmonid IFish and Manne Service E
iUtilization of the Delta- lakefront Area of Manuscnpt Report;
‘the Adams River, Shuswap Lake 1508
in 'Rosberg, G.E: MacKintay DD 1987 IReview of the Biological Design Cniena SEProgram, New E
1for the Sbuswap River Salmonid Projects Unit
|Enbancement Faciliry
N ‘Triton Environmental Consultants Ltd. 1995 IChinook Salmon Adult Transplant on ARC Office .
IMiddle Shuswap River - 1995 !
374 "Trton Envuonmental Consultants Ltd. 1994 "The Assessment of Chinook Salmon Fry ARC Office
iMigration Timing in Middle Shuswap ,
L IRiver Upstream of Wilsey Dam 1994 and i
373 Trton Environmental Consultants Lid. 1993 iChinook Saimon Adult Transplant on ARC Office
‘Middle Shuswap River - 1993
376 iDFO 1990 'Stream Summary Catalogue. Subdistrict ARC Office
29K, Salmon Arm.
377 EBA Engineenng Consultants Lid 1999 iIntenm Interior Watershed Assessment ARC Office
'Procedure Upper Creighton Creek and
L iFerrv Creek.
378 ‘Caverly, A. 1999 ' E-mail-Shuswap Kokanee Counts ARC Office
379 BC Hydro 1997 Proposed Sedment Removal from Wilsey ~ Hebden/Bengeyfield 1
Dam Headpond.
80 BC Hvdro 199% iRare element occurrence: Field Guide 10 not known |
-the rare and endangered species found
L within the watershed boundaries of each
[ 381 Brvan. J. and E\" Jensen. 1999 Water Qualiy Trends in Mara, mabe! and ‘ I/K
L 'Sugar Lakes 197]1-199%
L 182 DFO 1982 :Salmon Enhancement program at Shuswap not known !
‘Falls. Notes meeung DFO-SEP-BC
[ KB International Pacific Salmon 1977 ‘Middle Shuswap River and Sugar Lake not known !
( 184 Northwest Rvdraulic Consultants 1987 .Shuswap Generating Station. Headpond not known 1
.Silung Hvdraulic Model Studies
3gs ‘Starr, P 197§ A short Revies of Fishenes related not known ]
sinformation peninent to the BC Hydro ‘
idam and Generating plant at Shuswap Falls:
] 386 ‘Silvatech Consulting Lid. 1999 ‘Reconnaissance (1:20000) Fish and Fish ARC Office

“Habitat Inventory of the Cooke, Kingfisher!
:and Noisv Creek Watersheds '

ARC Environmemal Lid.
ARC Project No. 1180

Shuswap Fish/Aguatic Informarion Review
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Reference

Author(s)
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Locaton
world)

{in the

Source
List

387

Minns, C

1993

:Calcularing Net Change of Productiviry of
‘Fish Habitats

ARC Office

288

:BC Conservarion Data Cenrre

2000

Faxed Repon of Rare Eelement
IOccurrences: Shuswap River Watershed

ARC Office

389

{Nener and Wermck

No Darte

|Fraser River Basin Strategic Water Qualiry
!Plan - Thompson River Sub-basin: North
‘Thompson, South Thompson. and
iThompson-Nicola Habitat Management
1Areas.

ARC Office

390

Shuswap Falls and Sugar Lake Water
{Use Plan Consultative Commirtee

2000

!Shuswap Falls and Sugar lake Water use
|Plan Consultative Meenng: Meeting Notes
- White Valley Hall, Lumby

ARC Office

iCrowley. D.

1974

iTechnical Report - Creel Census Mabel
1and Sugar Lakes 1974

ARC Office

392

‘Silvatech Consultng Lid.

1998

|Intenior Watershed Assessment Procedure
|for the Kangfisher, Cooke and Noisy Creek
| W atersheds.

oot known

392

:Silvatech Consulnng Lid.

1999

iOverview Fish and Fish Habitat
1Asssessment Procedure for Cooke,
!Kangfisher and Noisy Creek Waterhsheds

not known

‘Silvatech Consulting Lid.

1999

iChannel Assessment Procedure for the
{Kingfisher, Noisy and Cooke Creek
IWatersheds

not known

iBall. J.

2000

iPersonal Communication regarding angler
use and escapement numbers within
!Shuswap River watershed

ARC Office

396

IMoELP

2000

Ihrtp://www.env.gov.bc.ca/sivwrp/iwap/pha
1sel/admin.htm]

web

Wolsku. S.

2000

'Personal communication. regarding
tfishenes resources in the Middle and
:Lower Shuswap Rivers.

ARC Office

98

Jamiz. B.

2000

IPersonal communication regarding
‘kokanee and bull trout populations, angler
wuse and fish-bydro interactions in the
'Shuswap River watershed

ARC Office

299

Gnffith. R.

1984

‘Biophysical Reconnaissance of
‘Kingfisher/Danforth Creeks: Program
-Options

ARC Office

400

ARC Environmenia) Lid.

1999

'Reconnaissance (1:20000) Fish and Fish
'Habntat Inventory Program of the East
‘Sugar Lake and Upper Kertle: Phase | 10 11l
‘Pre-Field Project Planning Repon

ARC Office

401

Knstrmanson. J.

1999

Angler Effont and Catch in the Shuswap
'River Chinook Salmon Spon Fishenes,
1996.

ARC Office

Slaney. P.

2000

IPersonal communicauion. regarding fish
.and fish habuat ia the Middle Shuswap
‘River. as well as management flows

ARC Office

403

Lewwvnsky. \’

2000

'Personal communicanon, regarding fish
:and fish habiart in the Middle Shuswap
‘River. as well as management flows

ARC Office

403

Salberg. H..FOC Habuar Biologist

2000

‘Personal communcation. regarding
ifishenes resources in the Middle and
Lower Shuswap Rivers.

ARC Office

408

Flvnn, Mike. FOC Restoration Biologist

2000

'Personal communcation, regarding
:fisheries resources in the Middle and
Lower Shuswap Rivers, specifically
‘resioration activities, groundwater

ARC Office

ARC Emvironmemal Lid.
ARC Project No. 1180

Shuswap Fish/Aquaiic Information Review
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Numher  Reference world) List
| Number
406 Cooke. Robena. DFO Vancouver 2000 ‘Data files, hatchery releases, hatchery ARC Office
‘returns, age class data
407 1Caverly, Al. MoELP Kamloops 2000 i Data files and personnal communication ARC Office
408 'Bailey, R. DFO Kamloops 2000 {Personnal Communication ARC Office
409 IRubtee W.0O, H Goldberg, D.B. Gamble 1997 |Winter Habitat Use and Relared ARC Office
i Constrarnts to Production of Interior B.C.
410 ' Aponymous 1987 ' Deparmment of Fisheries and Oceans
!Studies of juvenile chinook salmon in the
!Necbako River, 1985 and 1986. Dept.
tFish. Ocean. Pac. Yuk Region, Vancouver
[ 41 'Sherbot, D. BC Hydro 2000 iGraphics for repon
412 .Lofihouse, Doug FOC SEP Biologist, 2000 :Personal communication re: hatchery
"Vancouver ireleases.
413 'Stalberg. H..FOC Habiiat Biologist 1992 IMemo: Memo: Results of field

|Assessments-Reduced Flows. To: J.
!Scouris. Internal Memo. Deparoment of
'Fishenes and Oceans Canada.

Source List

A IMoELP/FOC FISS

IB iBC Hvdro RFP

!C iDarren Sherbot's List

! !ARC Proposal

E \Trmon/FOC - Louise Archibald

iF !Fishenes Project Registy

IG iARC Environmental Library
% H iTriton Environmental Library
i ] 'List from Bill Bengeyfield

1) iBob Westcott June 1/2000

iK IFrom Brvam Jantz

ARC Emvironmenmal Lid
ARC Project No. 1180

Shuswap Fish/Aquanic Informanon Review
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- Shuswap River Watershed Unit: Mara Lake to the outlet of Mabel Lake

AREA DESCRIPTION

| ; Drainage Area (ha): NTS Maps:
82176, 82L./7
| Ii 821./10, 82L./11
& 82L/14, 82L/15
Major Waterbody Systems:

.. Ashton Creek

Blurton Creek
: |I Brash Creek
| Cooke Creek

Danforth Creek
Fortune Creek
Johnson Creek
Kingfisher Creek
Mara Lake
Trimty Creek

‘ AQUATIC RESOURCES

B

- Kevword Summary of Current Knowledge References

3 Water Water quality in Mara Lake 1s good with no . 62 — Nordmn

| Quality/Quantity deterioration in water guality from 1971-1998, - (1978)
although affected by nonpoint source pollution 351 — MoELP

_ and treated waste™®!. (2000)

B Impacts to water quality in Lower Shuswap 360— MoELP
River noted as a result of municipal discharges, (2000)
degradation of riparian habitat and streambank 381 — Bryan and

| erosion by ranching, and logging to, stream Jensen (1999)
banks, tributary valleys and upslope areas by 389 -FOC (No

i foresny3 8 Impact risks greater in regard to - Date)

8 human risk (potable water) than risk to fisheries 397 — Wolski
resources. (2000)

Water temperatures measured up to 25°C near
| Mabel Lake™’.
Agnculture and logging impacts identified in

1 tnbutary systems such as Blurton, Fortune,

- Johnson, Kingfisher, and Trinity Creeks as well

7 as concems with summer and winter low
-

ARC Environmental Lid

Project No. 1180

Shuswap River Fish/Aquatic Information Review
Page | of 27
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Discharge

flows™®*.

A total of 131 water licenses draw water from
the major tributary systems of the Lower
Shuswap River for the purposes of domestic,
uTigation, enterprise, waterworks, power,
conservation, stockwatering, watering and fire
protection. In addition a total of 359 water
licenses exist on the entire Shuswap River
mainstern, however, their location along the
mainstem is indiscernible™®.

Brash Creek and Fortune Creek have been
designated as community watersheds™'.
Kingfisher Creek watershed has been identified
as a major natural source of suspended
sediments into the Lower Shuswap. Fortune
Creek (pnmarily through agnculture) and the
Enderby sewage treatment plant also contnbute
nutrients wnto the mainstem. In addition
bactenal levels in Fortune Creek were at a high
level of concemm®,

High temperatures a concem in fall due to nsk
to chinook spawning. Prespawn mortality has
been noted in some years™®’.

One active hydrometric station (station no.
08LC002) lies on the Lower Shuswap River
near Enderby. Hydrometric data exists from
1911 10 1936 and 1960 to present™*’,

359 —~ Environment
Canada (2000)

“Tributary System
Watershed Works

Kingfisher Creek

Interior Watershed Assessment Procedure

Overview Fish Habitat Assessment
Procedure™”

Channe) Assessment Procedure™

Sediment Source Survey™

Access Management Plan"®

Watershed  Restoration Program  Middle
Shuswap Stream Assessment'”

Reconnaissance Fish and Fish  Habitat
[nventory e

Kingfisher Creek Instream and Off-Channel
Fish Habitat Restoration Project’’

Trbutary of Kingfisher Creek-Hunter’s Creek-
Cougar Groundwater Channel™’

Noisy Creek

Interior Watershed Assessment Procedure™™-
Overview Fish Habitat Assessment

30 — WRP (1998)
31 — WRP (1999)
303 - Summut
(1996)

392 - Silvatech
(1998)

393 - Silvatech
(1999)

394 — Silvatech
(1999)

386 — Silvatech
(1999)

ARC Environmental Ltd

Project No. 1180

Shuswap River Fish/Aquatic Information Review
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Procedure™ "

Channe) Assessment Procedure’
Sediment Source Survcy392
Access management Plan™®
Reconnaissance Fish and  Fish
Inventory * 86

%4

Habstat

Cooke Creek

Interior Watershed Assessment Procedure™
Overview Fish Habitat Assessment
Procedure™®”

Channel Assessment Procedure”
Sediment Source Survey’”*
Access management Plan'®’

04

Reconnaissance Fish and Fish  Habitat
Inventory *%
Watershed  Restoration  Program  Middle

Shuswap Stream Assessment™™

FISH AND FISH HABITAT

Kevword

Summary of Current Knowledge

References

Fish Distribution .

Records of sockeye, coho, pink (presence
noted), and chinook salmon, kokanee, lake
trout, mountamn whitefish and bull trout are
known within the Lower Shuswap River
system' . Rainbow trout are also documented
within the system™™*".

Rejeases of brook trout, cutthroat trout, and
lake trout have occurred within the system‘m‘
Chiselmouth were observed in 1964 within
Mara lake, no other records of threatened or
endangered species identified within area™®",

35— DFO (1997)
51 - Jantz (1986)
357 — MoELP
(2000)

376 — DFO (1990)
388 ~ BC CDC
(2000)

‘Life History ~ ®

Lower Shuswap River chinook primarily follow
ocean type life history(95%).”

Chinook spawning and early reanng in the
Lower Shuswap River. Majonty of fry leave
the system to rear downstream in the lakes™ V¢
Sockeye and kokanee spawn in Lower Shuswap
River and migrate downstream to Mara Lake
upon emergence.

Coho spawning and rearing in mainstem and
tributaries.* "

Rainbow trout use tributanes to spawn, limited
rearing in mainstem”’.

25 - Envirocon
(1989)

S5} - Jantz (1986)
376 — DFO (1990)

ARC Environmental Lid
Project No. 1180

Shuswap River Fish/Aquatic Information Review
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Numerous non-salmonids use the system for
. . <
reaning and probable spawmng.z'

Habaitat Productivity

Mara Lake is considered oligotrophic, although
it is approaching mesotrophic status. 8

No barriers or obstructions to mainstem
migration, access to Mabel Lake'.

System likely Iimited for salmomds due to high
summer water temperatures. Risk to adult

spawners due to elevated temperatures in fall
197

376 — DFO (1990)
381 — Bryan and
Jensen (1999)

397 - Wolski
(2000)

Escapement

Escapement sumumary available for sockeye,
coho, pmk and chinook salmon (see escapement
Table 1n the tc:xt)3 7

Large producer of chinook and sockeye salmon,
with fewer coho and pink salmon™.

35— DFO (1997)
376 — DFO (1990)

Stock Monitoring /

Juvenile fish surveys conducted i 1997 and

25 — Envirocon

Assessment 1998 within tributary systemns’ " *'. (1989)
® Juvenile tagging was conducted in 1976, 79, 80. 37— SNFC (1999)
No information available on recaptures. ™ 4] — SNFC (1998)
* Assessment of hatchery vs. wild chinook and 169 — Gnffith
cobo done in 1985 and 1986, no impacts (1985) 64-
identified™. Federenko and
° Fisheries enhancement potential identified for Pearce 1982
Kingfisher/Danforth Creeks in 1984'¢.
Enhancement e Releases of rainbow trout, cutthroat trout, brook 24 — Triton (1995)
trout, and lake trout by MoELP within the 357 —-MoELP
Lower Shuswap River system have occurred (2000), 406 DFO
between the years 1909 and 2000, 2000
® Brood stock collection and chinook salmon fry
releases within the Lower Shuswap River by
the Shuswap River Hatchery®. Fry releases
have occurred annually form the Shuswap
Hatchery since 1984 Releases have ranged from
a 72,136 to 1.113,900. Kingfisher community
hatchery has been releasing up to 237,000
chinook fry annually since 1981. Hatchery
contnbution to returns form 1987 to 1996 has
Zﬁé’ged from less than 1 % to a hugh of 17.3%
Angler Use ®  Chinook salmon sport fishery reopened in 1986 368 ~ Schubert

on the Lower Shuswap with an average of 475
adults harvested from 1986 to 1994
Generally 70-300 chinook taken per year”
throughout Shuswap River.

Indian Food Fishery of 200-300 chinook

(1995)
395 — Ball (2000)

ARC Environmental Lid

Project No. 1180

Shuswap River Fish/Aquatic Information Review
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salmon yearly™"

Small recreational fishery for rainbow trout.

mostly locals.

HYDRO-FISH INTERACTIONS

Keyword Summary of Current Knowledge

References

Flow Fluctuation ®  The resulting effects of flow fluctuations on the
Lower Shuswap by the Wilsey Dam, are
buffered by Mabel Lake.

Reservoir e No applicable interactions.

Drawdown

Flow Management

Strategies River®.

None developed for the Lower Shuswap

63 — Sigma (1993)

IDENTIFIED INTERESTS AND CONCERNS

Stakeholder / Interest Group

Issue / Concern

Reference

Shuswap Nation Fisheres
Commussion

Currently maintaining a fish fence
on Danforth Creek in cooperation
with FOC™,

390 — WUP (2000)

Spallumcheen Indian Band

Kingfisher Environmental
Society

/,

. stewardship.

Establish an abonginal fishery in the
Lower Shuswap River to harvest
chinook salmon.

Stewardship group wants to restore
and enhance fishenes values,
Kingfisher hatchery. Active 1n
promoting environmental

390 —WUP (2000)

IDENTIFIED GAPS

Keyword Recommendations
Aquatic Resource -
Water Quality ® If autumn flows greatly reduced from middie Shuswap then water

Quality may be a concern as well as possibly available spawning
habitat. If flows reduced within Lower Shuswap the increased water
temperature 1ssue as wll as spawning habitat should be re-visited.

o Continue monitoring.
No information gaps 1dentified relating to the Water Use Planning

process.

ARC Environmental Ltd
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Discharge

No information gaps identified relaung to the Water Use Planning
process.

Flow studies e

Middle Shuswap contributes approximately 40% of flow to the
Lower Shuswap River. If large changes in flows are done in the fall
may have to assess the % change in the Lower Shuswap

No information gaps identified relating to the Water Use Planning
process.

Fish and Fish
Habitat

Fish Distribution e

Good knowledge of spawning chinook salmon, sockeye salmon, less
for kokanee, limited knowledge of coho salmon.

No information gaps identified relating to the Water Use Planning
process.

Life History *

Good knowledge for salmon, less information regarding resident
species.
No information gaps identified relating to the Water Use Planning
process.

Habitat Productivity

Information gaps in knowledge of resident species, although no
requirements for purposes of Water Use Planning.

No information gaps identified relating to the Water Use Planning
process.

Escapement

No information gaps identified relating to the Water Use Planning
process.

Stock Monitoring /  ®
Assessment

No information gaps identified relating to the Water Use Planning
process. '

Enhancement ® No definable impact from BC Hydro, no measurable differences to
enhancement activities, unrelated to Water Use Planning.
® No mformation gaps identified relating to the Water Use Planning
process.
“Angler Use ® No information gaps identified relating to the Water Use Planning
process.
Hvdro-Fish
Interactions
" Flow Fluctuation ® The resulting effects of flow fluctuations on the Lower Shuswap by
the Wilsey Dam, are buffered by Mabel Lake.
® No applicable interactions, therefore no information gaps identified
relating to the Water Use Planning process.
Reservoir ® No applicable interactions, therefore no information gaps identified
Drawdown relating to the Water Use Planning process.

Flow Management  ®
Strategies

Flow management has a minimal impact on Lower Shuswap. Fish
flows designed for Middle Shuswap will have a positive effect (or at
least seen as not having a negative effect) on Lower Shuswap as fish
assemblages and general life history strategies are similar. Large
changes in fall flows could affect water temperatures in the Lower

ARC Environmental Ltd
Project No. 1180

Shuswap River Fish/Aquatic Information Review
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Shuswap River Watershed Unit:

Mabel Lake from its outlet to Wilsey Dam

AREA DESCRIPTION

Drainage Area (ha):

NTS Maps:

82L/2, 82L/3
82L/6, 82177
821/9, 821/10
82L/15, 82L/16

Major Waterbody Systems:

Bessette Creek
Bigg Creek
Creighton Creek
Duteau Creek
Harmis Creek
Ireland Creek
Mabel Lake
Tsuius Creek
Wap Creek

AQUATIC RESOURCES
Kevword Summary of Current Knowledge References
Water ® Intensive farming with removal of riparian 360 - MoELP
Qualiry/Quantiry vegetation, channelization, stream bank (2000)
trampling and non-point source poliution 381 - Bryan and
affecting the river. Water quality 1s worst in Jensen (1999)
fributaries. *°. 389 - FOC (No
®* Watershed has been logged, mostly in Date)

tmbutaries, contributing to erosion  and
sedimentation™”.

Concerns with potential August water demand,
and low summer and winter flows in tributary
systems™®.

Concerns with municipal and rural discharges,
stormwater runoff and chlorinated effluents™”.
Water quality in Mabel Lake is good with no
detenoration 1n water quality from 1971-1998,
although affected by nonpoint source pollution
and treated waste'®'. Nutrient levels in the
mainstern are low.

180 water licenses extract water from the

ARC Environmental Lid
Project No. 1180
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- tbutary systems within the drainage from
Mabel Lake to Wilsey Dam. These are for the
| purposes of domestic, irriganon, stockwaternng,
waterworks, power, conservation, Storage,
: camps, and processing. In addition a total of
""J 359 water licenses exist on the entire Shuswap
River mainstem. however, their location along
the mainstem is indiscernible’®,
-,_“ Discharge * One active hydrometric station (station no. 293~ French
08LCO003) near Lumby. Hydrometric data (1995)
available from 1913 to 1986, 359 — Environment
s ® Historic flow data from gauging station at Canada (2000)
' Couteau falls from 1912-1916%"
' ‘ Tributary System Bessette Creek 29-Dobson (1996)
[ ) Watershed Works e Rehabilitation Projcct“ 31-WRP (1999)

Duteaun Creek

: ® Intenior Watershed Assessment for the Duteau

"} Creek Watershed” Diversion of Duteau Creek
to the Vernon Irmgation District.

l Harris Creek
- ® Intefor Watershed Assessment for the Harris
Creek Watershed*?
.l e Rehabilitation Project-Stabilization of a large

49-Dobson (1996)
68-ARC (1998)
303-Summit(1996)
396-MoELP
(2000)

377 - EBA (1999)

slide™
Tsuis Creek
~ ! ® Middle Shuswap River Watershed Stream ;
- 302 i
Assessment
] Wap Creek {
B ® Mddle Sh%iwap River Watershed Stream ;
Assessment
Creighton Creek
| e Creighton Creek Riparian Restoration".
e Interior Watershed Assessment Procedure’’".
Other
- ® Middle Shuswap River and Mabel Lake
Tributaries. Fish and Fish Habitat Inventory®
® Middle Shuswap River Watershed Stream
- Assessment*
o e IWAP Mabe) Lake Northeast and Southeast'™
-
FISH AND FISH HABITAT
-
Kevword Summary of Current Knowledge References
Fish Distribution ® Mainstem known to contain chinook, coho, and 51-Jantz (1986)
ARC Environmental Ltd Shuswap River Fish/Aquatic Information Review

Project No. 1180
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sockeye salmon. kokanee, bull trout, rainbow
trout. and mountain whitefish. Non salmomids
include sculpins, longnose dace, redside shiner,
peamouth chub, largescale sucker, northemn
pikeminnow and burbot’’®.

Trbutary systems contain rambow trout, coho
and chinook salmon, and mountain whitefish, as
well as suckers, shiners, dace, and sculpin®
Bull trout distribution 1n the tnbutaries is
unknown ‘%

Inventory work identified rainbow trout as the
dormunant species in tributary drainages. Some
use by salmon in lower reaches of tributary
streams®,

No records of threatened or endangered species

identified within area'®®

68 - ARC (1998)
376 — DFO (1990)
388 - BC CDC
(2000)

50 — Fee and Jong
(1984)

407 A Caverly
pers com.2000

Life History ¢

Sockeye spawn late s September to early
November peak is around the 15" of October.
Spawning 1s in the 8 km of river downstream of
the Wilsey Dam.

Kokanee spawn from early September to mud
October peaking 1 the third week of
September. Spawning 1s concentrated several
km downstream of the Wilsey Dam. Spawning
occurs m shallow Jower velocity water and
small substrate, side channels are heavily
utilized. Kokanee fry immugrate to Mabel Lake
directly after emergence.*.

Coho spawn in Middle Shuswap and tributaries
amving in mid October and spawning from late
October through to early December'®.
Spawning starts November 15"  peaks
November 30™ and ends December 15 **,
Some migrate directly downstream (most rear a
year in the Middle Shuswap and tribs)’®
Preferred rearing 1 off channe! habitats and 1n
areas of low velocity including mbutary
system.

Chinook enter the Middle Shuswap River
between early July and late September and hold
in the upper canyon and deep pools until ready
to spawn. Dunng penods of high water
temperatures chinook will stay in  Mabel
Lake"™’ Spawning takes place in the 8 km
section of nver downstream of the Wilsey Dam
(Reach 2). Most (approximately 90%) of the

55-Jantz (1992)
51-Jantz (1986)
163 — Envirocon
(1984)

307 — Wolski pers
comm. (2000)
404 Stalberg pers.
com.(2000)

408 R. Bailey pers

" com, (2000)

409 Rublee et a}
(1997)

407 Caverly pers
com. (2000)

ARC Environmental Lid
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spawping occurs in the upper 3.5 km below the
Wilsey Dam. Spawning starts i mud September
peaks in late September and ends m mud
October® Fry emerge in spring (April into
May) and show vanable life history. Some
downstream mugration to Mabel Lake occurs
immediately post emergence'®’. Most reside in
low velocity margin and off/side channel
habitats for several weeks after which time they
begin to show a preference for increased
velocities. Most of the chinook migrate out of
the system within 60-90 days and continue on
to the ocean to amve 90-150 days after
emergence*™.  Chinook fry are found rearing
along the margins of Mabel Lake in June and
July 25. A portion of the population remains in
the river for a full year. The majority of the
stock is ocean type (95%)™. There is a second
stock that spawns 1n Besette and Duteau Creeks
that are stream type (rearing a full year 1n fresh
water).  These fish are smaller than the
mainstem stock. ‘**

Chinook rearing in the mainstem appear o
select deep, back eddy areas in middle Shuswap
as well as mainstem habitats with moderate
water velocities with log debris and abundant
cover. Some downstream migration likely
occurs throughout the warm water rearing
period May to October/November.
Overwintering likely occurs within substrate
and dense cover,*®”

Rainbow trout primarily use tributary systems
to spawn and rear for 1-2 years’'. Middle
Shuswap tributartes primary contnbutors as
recruitment systems for Mabel Lake. Rainbow
trout fry are found in side channel habitats in
the mainstem*”’. Very low numbers of mature
rainbow in the mainstem.™

Whitefish are fall spawners (September and
October). Whitefish spawn in flowing water
over cobble substrates. Fry emerge in the
Spring, rear in quite water habitats along the
margin for several weeks then take up position
in niffle/gravel habitats. Whitefish rear in the

Middle Shuswap throughout all life history |

. . k
phases and also may use some tributaries*’’**’.

ARC Environmental Ltd
Project No. 1180
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Non-salmonid species some migration from
lake by adults to spawn. Rearing in matwnstem
in lower velocity water and side/off channel
habitats™’.

Habitat Productivity ¢

Sugar and Mabel Lake 1s considered
oligotrophic™"".

Productivity low although studies conducted in
the Middle Shuswap River suggest that the
system is nitrogen limiting °* N:P ratios in
Sugar and Mabel Lake of > 14:] suggest that
those water bodies are P limiting™®',

Coho, chinook and sockeye primarily use 8km
below dam for spawning.® Coho (and some
chinook) also spawn 1n the Besette system).
Bessette R. near confluence with Shuswap R.
preferred rearing for chunook salmon fry and
coho smolts'®* The origin of the fish rearing in
this area 15 unknown.

An elevated temperature in summer, combined

with low food, reduces productivity in the

Middie Shuswap River. Temperatures in the
Middle Shuswap River have exceeded
20°C.during the summer “7**Should be an
increase 1n productivity with the increase in
spawner numbers and carcasses to the
system.*®

A limuting factor to the number ratnbow trout in
the Middle Shuswap River 15 suspected to be
the shortage of spawning and rearing habitat as
well as the elevated summer temperatures.
Mable Lake is used for rearng chinook and
coho>!  Rearing densities in Mabel Lake
increase from June through July 2

50-Fee and Jong
(1984)

20-d.b. Lister and
associates (1990)
163- Envirocon
(1984)

402 ~Slaney
pers.com. (2000)
381 Bryan and
Jensen

54 Tredger (1977)
397 Wolsk: (2000)
25 Envirocon

Pacific Ltd. (1989)

‘Escapement .

Escapement summary available for sockeye,
coho, and chinook salmon (see Table 1n text)”"\
Kokanee spawner counts available for 1986,
1987, 1991, 1993, 1994, and 1999 %,

376 — DFO (1999)
398 - Jantz (2000)

Stock Monttoring/~ *
Assessment

‘Enhancement o

Assessment done pre and post hatchery
operation. ' %% ** Pre assessment indicated that
there was capacity for outplants. Post
assessment did not detect negative impact of
hatchery releases on wild population.

163 Envirocon
(1984)

50 - Fee and Jong
(1984)

25 — Envirocon
(1989)

MoELP has had releases of rainbow trout,
c_utth:oat trout, and brook trout from 1928 to

357 — MoELP
(2000)

ARC Environmenial Lid
Project No. 1180

Shuswap River Fish/Aquatic Information Review

Page 12 of 27


http:pers.com
http:16).50.25

1999 within mbutary systems of this section of 406 R. Cooke pers

the Middle Shuswap River™’.

The Shuswap River has been in operation since
1984, during this period the releases have
ranged from 144,987 in 1995 to 1,065,469 mn
1689. (Summary table in text)Hatchery
contribution to returms has been high in the
Middie Shuswap River varying from a lngh of
73% 1n 1994 to 36% in 1998. Releases in the
last two years have been reduced to just over
280,000.°® Coho stocks (Duteau, Mainstem

Middle Shuswap (from channels) have been .

enhanced since 1998. Egg targets have been set

at 100,000 although targets have not been met

due to low returns.

FOC has constructed groundwater channels to
provide off-channel rearing habitat with
threatened interior coho being the target species
for this activity.

com. (2000)

~Angler Use ' .

Summer fishery for chinook salmogo.

Fishery for whitefish and the occasional
rainbow trout in the river'”’

Limited access points

Mabel Lake recetved highest angler use of 101

(Check with
Szczepan)
55-Jantz (1992)
20-DB Lister and
Associates (1990)

Okanagan regional lakes.*" Angling in Auvgust 407 Caverly
- is directed at chinook. (2000)
HYDRO-FISH INTERACTIONS
Kevword Summary of Current Knowledge References

Flow Fluctuation

Short term fluctuation from Wilsey Dam,
caused by outages. can result ;n downstream
impacts. When generation ceases flow drops
dramatically and only resumes when the Wilsey
Dam forebay fills and begins to spill. This can
result tn short term changes of stage up to 50
cm®. Depending on time of vear this can result
in stranding of fish, isolating fish in shallow
lateral pools and potential dewatenng of eggs in
the gravel  Operational 1mpacts have been
mitigated by the use of a Howell Bunger valve
in Unit 2 penstock. With this running flow
reductions are reduced. The Howell Bunger

~ bypass has had reliability problems which are

20-DB Lister and
Associates (1990)

ARC Environmental Ltd
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being addressed. It cannot fully restore nver
flows if both units trip because the valve 1s only
on one of the two penstocks.

Reservolr
Drawdown (No
reservoir on this
reach)

Dredging forebay of Wilsey Dam increases
downstream rnisks to fish in the event of a
concurrent power outage.

Flow Management
Strategies

In general the reservolr is managed to be at Jow
pool in March. The reservorr fills with the
natural inflows and reaches full pool in July.
Peak freshet flows are stored and redistributed
to the post spawning period, October on the
main net benefit accruing to the Jan to March
period providing flows In excess of historical
levels. Flows benefit both fish and power
production. Interactive management with
decisions on flow release made on an ongoing
basis from August.*”

403-Lewynsky
pers.com.(2000)

IDENTIFIED INTERESTS AND CONCERNS

Stakeholder / Interest Group

Issue / Concern

References

Recreational users

Ministry of Environment, Lands ® Kokanee- specifically flow

and Parks

Landowners

reductions after spawning and
through winter, spawner counts
have shown an increase in returns
over the last few yearsm.

Mountamn whitefish probably no
concerns at present.*”’

Rawmnbow trout production. main
focus in the tributanes. Bull tout
not a significant poptlation, system
1S 100 warm,

368 — Jantz (2000)

‘Fisheries and Oceans Canada ~ ® Maximizing chinook, coho and

sockeve production. Reduction of
impacts due to flow fluctuations.
o Water quality dredging.

* Flood 1SSues, Mabel  Lake
Preservation Society.

the niver ympassable at times. s
there potential for better whitewater
if the river returned to its natural

(2000)

* Paddiers - low water hazards make 390-WUPCC

ARC Environmental Ltd
Project No. 1180

Shuswap River Fish/Aquatic Information Review
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Anglers ® Recreational fishing, including

chinook salmon. o
Spallumcheen Indian Band * Indian Food Fishery, information

including traditiona) use areas and

trading route between Sugar and the

Kootenays.
Okanagan Nation Fisheries e Indian Food Fishery.
Commuission
Mabel Lake Preservauon 11-Project Team
Society Meeting (2000)
Others Fish ladder around Shuswap Falls 11-Project Team

Dam prevents salmon from Meetng (2000)
accessing traditional  spawning
channel

Flooding problems, spring freshet
problems for farms and ranches
when all four gates opened at once.
¢ Maintaining mntegrity of River-
balance use of water

Erosion at high levels, heavy silt
choking spawning grounds, erosion
along banks heavy flows.

» Use bio-degradable hydraulic fluid.

IDENTIFIED GAPS

Keyword Recommendations
Agquatic Resource
Water Quality ® Monitor sediment from tributaries and dredging of forebay. Assess
Total Gas Pressure (TGP) downstream of the facility.
Discﬂg_e__ o __* Establishment of optimum flow regime. o
Fish and Fish
Habitat
“Fish Distribution ® Need to know more about fish species and temporal use of off
channel/side channel habitat.
Need to reassess spawning areas following 1997 high water event.
ldentify available spawning areas for different species at different
e B flows.
Life History ® Better understand off-channel use, post emergence " habitat

requirements.
Trapping program tnconclusive not designed for fry >
Fish distribution an abundance based on mid 1980°s data, should be

162

ARC Environmental Ltd
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updated using similar methodologies to assess current status.

Habitat Productivity

Identify capacity related to spawning habatat.
Assessment of changes in gravel quality percent fines, gravel
recruitment near Wilsey.

Escapement Contnue escapement esumates (salmon and kokanee)

Stock Monitoring/  *  Continue spawner counts, assess for changes in spawner distribution.

Assessment Continue monitoring of man made off channel habitats compare
densities to natural off channel habitats.

Enhancement ®* Continue enhancement for chinook , assess hatchery contribution.
Rebuild coho stocks.

Angler Use

Hydro-Fish
Interactions

Flow Fluctuation

Assess how to achieve flow changes with minimal ramping rates to
avoid salvage (i.e. electronic gate operation).

Assess impacts of flow perturbations, stranding pockets isolation of
side channels, dewatering of sidechannels, or redds

Forebay Drawdown

Reduce nsk of outage, operational failure when forebay is drawn
down for dredging.

Flow Management
Strategies

Assess ability to achieve an incubation flow which is 2/3 of the
spawning flow.

Develop flow option to maximize production need to know
maximum available spawning habitat for chinook, kokanee and
coho, sockeye. Stage change spawning to incubation factonng in
needs of kokanee, Maximum groundwater channel access for coho .
assess 1f happened histoncally

Revisit Sigma report 1o see 1f there can be more surety in developing
seasonal hydrographs !
Estimate (quantify) risks associated with flow fluctuation (Establish
indexing sites, monitor during flow fluctuation).

ARC Environmental Lid

Project No. 1180
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Shuswap River Watershed Unit:

Wilsey Dam to Sugar Lake Dam

AREA DESCRIPTION

Drainage Area (ha):

NTS Maps:

82L/1, 82L/2

82L/7. 82L/8
Major Waterbody Systems:
Cherry Creek
Ferry Creek
Holstein Creek
Reiter Creek
Woodward Creek
AQUATIC RESOURCES
Keyword Summary of Current Knowledge References
Water ® Suggestion of increases in sediment inputs to 34 ~ Summit
Quality/Quantity the Middle Shuswap River area from tributary (1996
sources as a result of logging and other resource 351 — MoELP
activity. Amount of contribution to mainstem 1s  (2000)
unquantified, however, remedial actions were 360 - MoELP
identified.  Land use activities along the (2000)
mainstem have resulted m bank instability and 50 — Fee and Jong
Joss of riparian values™. Low nutrient values® (1984)
o057 52 — Griffith
No community watersheds identified"™". (1979)

" Discharge

47 water licenses draw water from tributary
systems between the Wilsey and Sugar Lake
Dams. These are for the purposés of domestic.
imganon, ponds, institutions, enterprise and
power uses. In addition a total of 359 water
licenses exist on the entire Shuswap River
mainstem, however, their location along the
mainstem is indiscernible’®.

57 - Tnton (1995)

e One active hydrometric station (station no.
08LCO018) at outlet of Sugar Lake.
Hydromerric data available from 1926 to
present’lsg.

359 — Environment
Canada (2000)

Trbutary System
Watershed Works

Holstien Creek
e Middle Shuswap River and Mabel Lake
Tributaries: Fish and Fish Habitat Inventory®.

32 - ARC (1999)

68 - ARC (1998)

ARC Environmental Ltd
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Cherrv Creek
Reconnaissance 1:20000 Fish and Fish Habitat
Inventory ™.

FISH AND FISH HABITAT

Summary of Current Knowledge

References

System known to include rainbow trout, bull
trout, kokanee, northern pike minnow,
cutthroat, mountain whitefish, longnose dace,
redside shiner, slimy sculpin, prickly sculpm,

leopard dace, bridgelip sucker, largescale

sucker. All species are present in the mainstem,

rainbow trout and sculpins are the most widely -

distributed in the tributaries. > %" There are

anecdotal repors of high cutthroat numbers n
the Middie Shuswap Rievr. No cutthroat have
been captured 1 recent sampling of the
mainstem or tributaries’> ** 7. MoELP
stocking records indicate that cutthroat trout
were stocked 1n Valenan lLake and Valenan
Creek located 1n the headwaters of the upper
Shuswap River in the early 19805

Chinook salmon are documented in association
transplants conducted wmn 1979, 1993 (144
females, 144 males and 5 jacks(, 1995 153
females, 140 males and 7 jacks. 7', Chinook
from transplants were found rearing throughout
the year in the Middle Shuswap. Anecdotal
reports of chinook above Shuswap falls prior to
the construction of the Wilsey Dam. ***
Inventory work determined that rambow trout 1s
the dominant species in Middle Shuswap River
tributary streams. Access to lower reaches by
Middle Shuswap River rainbow trout™.

Cherry Creek identified to have rainbow trout
throughout with bull trout concentrated m the
upper reaches™.

Whitefish comprise the largest percentage of
fish biomass

There are anecdotal reports of abundant .

cutthroat.

32— ARC (1999)
50 — Fee and Jong
(1984)

52 — Griffith
(1979)

57 — Triton (1995)
373 = Triton
(1995)

375 — Tnton
(1993},

293 French 1995
352 MoELP 2000

Kevword
Fish Distribution e
[ 3
o
e
ARC Environmenial Ltd
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Life History

0+ rainbow trout are present in the mainstem.
There 1s no knowledge of rambow trout
spawning in the mainstem, although mainstem
spawning 1s generally not noted for systems of
this size. Recruitment from the mainstem is
likely from tributary systems.

Cherry and Ferry Creek have multiple age
classes of rainbow trout suggesting that some
portion of the population is resident”’.

Bull trout numbers are low, resident bull trout
are found in upper Cherry Creek. Recruitment
systems for Middle Shuswap bull fout are
unknown'?.

Good habitat values exist for adult rainbow
trout in Reach 5. Reanng habitat for juvenile

rainbow trout and chinook are highest. in reach
52,50,57
4.7~

57— Triton (1993)
32~ ARC {1999)
52 - Gnffith
(1979)

50 - Fee and Jong
(1984)

Habitat Productivity

The upper reach (Reach 5) is confined and
whitefish dominate the population, lumited
spawning gravels in this reach.*

Low number/biomass of resident rainbow trout
may result from lack of suitable spawmning

substrate.’” Habitat productivity in the Middle
Shuswap is low (36 mg/l). Standing stocks are
below theoretical capacity using both (Ptiomy
alkalinity model and Binns and Eiserman HQ
index).>” Low standing stocks could be a

function of under recruntment to the mainstemn, .

environmental conditions

S (ncluding  flow
variables) or exploitation*®’.

52-Gnffith -
(1979)
57-Tnton (1995)
402-Slaney,pers.
comm. {2000)

Escapement

No anadromous escapement records™".

Historical accounts of chinook salmon above
Shuswap Falls™".

376 - DFO 1990

293 — French

(1995)
Stock Monitoring / Fish and fish habitat (including standing stock 50 — Fee and Jong
Assessment assessments) have been carried out in 1979, (1984)
1984 and 1995.  Although differences in 52— Griffith
standing stocks, all three studies indicated that (1979)
that system was performung below theoretical 57 — Triton (1995)
capaci'rysu' s2.57
Triton (1995) reported an anomaly 1n rainbow
trout age class within reach 4 of the study site.
This lack of the 1993 recruitment was not
observed m reaches 3 and 5 or in Cherry or
o Ferry Creek.  The cause for this was not
ARC Environmental Lid Shuswap River Fish/Aquatic Information Review
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determined’ .

Enhancement °

Three adult chinook transplant pilot studies
were conducted one m 1977, one in 1993 and
onein 19957,

Releases by MoELP within this section of the
Middle Shuswap River system have included

. 357
rainbow trout™’.

337 - MoELP
(2000)

373 — Triton
(1995)

Angler Use ¢

Angler use presently low, likely due to current
low stocks. However rivers in this region are
easily overfished. As of 1994 there were no
special angling regulations in the Shuswap
River above Shuswap Falls. This section of
niver is exempt from the region wide angling
closure from April 1-June 30.”7

Middle Shuswap expenences relatively lifttle
sport fishing due to small size of - resident
rainbow trout in area.*’

50 — DB Lister and
associates (1990)
57 = Trton (1995)

HYDRO-FISH INTERACTIONS

Kevword Summary of Current Knowledge References
Flow Fluctuation o Flows are regulated from Peers Dam.
Reservoir ® No applicable interactions, other than risks
Drawdown associated with  Wisey Dam headpond
fluctuations.
“Flow Management  * 1In general the reservoir is managed to be at low 403-Lewnsky,

Strategies

pool m March. The reservoir fills with the
natural inflows and reaches full pool in July.
Peak freshet flows are stored and redistributed
to the post spawning penod, October on the
main net benefit accruing to the Jan to March
period providing flows in excess of historical
levels. Interactive management with decisions
on flow release made on an ongoing basis from
August.‘m’1

pers.comm. (2000)

IDENTIFIED INTERESTS AND CONCERNS

Stakeholder / knterest Group Issue / Concern References
Ministry of Environment, Lands ® Maintenance of the sport fishery, 390-WUPCC
and Parks while maximizing production.”®" (2000)

e Ensuning that if chimnook are re-
mtroduced  nto  the  Middle

ARC Environmental Lid
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Shuswap above Wilsey Dam that
thev will not impact on resident
Spccies.m

Fisheries and Oceans Canada *  Opportunity to

re-establish + 404-Stalberg
anadromous fish 1if operations limit pers.comm.
habitat downstream of Wilsey “*  (2000)

Local stakeholders

* Maintain/improve fishing 11-Project Team
opportunities, recreational Meeting (2000)
opportunities, aesthetic values, etc.

IDENTIFIED GAPS

Kevword

Recommendations

Aquatic Resource

Water Quality

Water quality 1s currently good, while nutrients and productivity are
low.

Assess the impacts of sediment contribution to the system and their
impacts on fish habitat.

Discharge

Fish and Fish
Habitat
Fish Distmibution

The effects of short term flow regulation due to operation needs to be
addressed.

Braided channel habitats in Reach 4 are susceptible to flow changes,
particularly w June and July with short term changes and potentially
in winter if these side channel habitats are important.

Ruisks to stranding and isolation need to be quantified.

Tributary access needs to be assessed to ensue access is possible
during possible periods of upstream mugration. .

Regutre a better understanding of fish habitat use over time in Reach
4 (1.e. temporal and spatial uses, habitat preference etc.)

‘Life History

Require a better understanding of raimbow trout recruitment (i.e. is
there mainstem spawning, where, when does early rearing take
place).

Have no knowledge of bull trout life history and as a result no idea
why the numbers are low.

“Habitat Productivity * Understand the Jimits to production and determine whether they are
flow related or non flow related (i.e. habitat).

e No mformafigﬁaps identified relating to Water Use Planning,

Stock Monitoring /' *  Assess bull trout population. Possibly assess current rainbow trout

Assessment status vs, capacity.

Enhancement * )dentify if the current habitat capacity for chinook is underutilized
and therefore have a munimal impact associated with introduction of
chinook through transplants.

“Escapement

ARC Environmental Ltd
Project No. 1180

Shuswap River Fish/Aquatic Information Review
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Determine if there may be a benefit due to the introduction of
carcasses., or other nutrient sources.

Angler Use .

Develop appropnate regujations.

Hyvdro-Fish
Interactions

Flow Fluctuation

Minimize flow fluctuations and identify sensitive periods in critical
mainstem habitat areas. Ramping rates bave been established for
flow changes at the Peers Dam. No assessments have been done to
assess efficacy of ramping rates.

Reservolr
Drawdown

Monitor drawdown of the forebay at Wilsey dam to ensure that
drawdown 1s not negatively affecting fish in the headpond. There is
an increased risk to downstreamn fish resources in the event of an
outage when the forebay 1s drawn down.

Flow Management  ®
Strategies

Understand life history requirements so that strategies to improve
conditions downstream of Wilsey Dam do not impact on stocks
above the dam. Assess flows for late summer/fall rearing.

ARC Environmental Lid
Project No. 1180

Shuswap River Fish/Aquatic Information Review
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Shuswap River Watershed Unit:

Upstream of Sugar Lake Dam

AREA DESCRIPTION

Drainage Area (ha):

Major Waterbody Systems:

NTS Maps:

82L/7, 821/8
82L./9, §21/10

Biogeoclimatic Zones:
Kate Creek
Outlet Creek
Sitkum Creek
Sugar Creek
Sugar Lake

AQUATIC RESOURCES
Kevword Summary of Current Knowledge References

Water Quality Water quality in Sugar Lake 1s good with no 34 — Summut (1996)
deterioration in water quality from 1971-1998, 351 - MoELP
although affected by nonpoint source (2000)
pollution™". 356 - MoELP
No community watersheds identified"”". (2000)
5 water licenses draw water from tributary 360 - MoELP
systems upstream of Sugar Lake, as well as (2000)
Sugar Lake itself. These are for the purposes 381 Bryanand

of domestic and storage-power uses. In
addition a total of 359 water licenses exist on
the entire Shuswap River mainstem, however,
their location along the mainstem 1§
indiscernible™®". '

Lack of nipanan buffer and sediment 1nputs
resulting from forestry activities within upper
Shuswap Rjver area™.

Bathymetric mapping of Sugar Lake in
1969

Discharge

Jensen 1999

No active hydrometric stations on the Shuswap
River upstream of Sugar Lake™.
Available inflow information mto Sugar Lake,

as well as reJease information from Peers Dam.

355 -~ Environment
Canada (2000)
BC Hydro Records

Trbutary System
Watershed Works

~ Sitkum Creek

Reconnaissance 1:20.000 Fish and Fish
Habitat Inventory of East Sugar Lake''

310 - ARC (2000)

ARC Environmental Lid
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Kate Creek

Reconnaissance 1:20.000 Fish and Fish

Habitat Inventory of East Sugar Lake''

FISH AND FISH HABITAT

Kevword

Summary of Current Knowledge

References

Fish Distribution b

Life Hisiory

Sugar Lake known to support populations of
kokanee, rammbow trout (including stocked
Gerrard tout), cutthroat trout bull trout,
tountain whitefish and burbot® **! 3,

Records of rammbow trout, cutthroat trout, bull
trout, prickly sculpin, slimy sculpin, longnose
dace, largescale sucker and redside shiner are

also known within the tributary areas upstream

of Sugar Lake Dam>" '* *!°,

Inventory studies have identified fish use by
rainbow trout and bull trout. Rainbow trout 1s
the domunant species, however this drainage
has been 1dentified as an important bull trout
area V0.

MoELP stocking records indicate the stocking

of cutthroat trout i Valenan [Lake and
Valerian Creek located in the headwaters of
the Upper Shuswap River'>

Bull trout in the system appear to be imited to

tributaries on the east side of the watershed 2.

Upper Shuswap R. (50km mainstem) serves as
a spawning and juvenile reanng area for Sugar
Lake salmonid stocks.”

No records of anadromous salmon above
Sugar Lake, although suggestions that chinook
salmon may have reached Sugar Lake™.

No records of threatened or endangered
species identified within area'®® Burbot and
mountain whitefish are considered to be
vulnerable species 1n this area of the

- 407
drainage*”’.

23 = Klohn-Crippen
(1998)

114 - van
Drimmelen (1978)
293 - French
(1995)

310 - ARC (2000)
353 - MoELP
(2000)

388 - BCCDC

(2000)
391 - Crowley

' (1974)

352 — MoELP 2000
407 Al Caverly
Pers. com.

Kokanee, once stocked, are now self
supporting, spawning 1w  Upper Shuswap
tnbutary systems and recruiting in the lake
(naturalized stock)m.

Rainbow trout, bull trout and cutthroat trout

may exhibit resident, fluvial and adfluvial life

23 - Khlohn
Cnippen (1998)
320 - Einarson
(1985)

ARC Environmental Lid
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histories™ .

Habitat Productivity

Moderate]y productive for rainbow trout and
bull trout upstream of Sugar Lake, primanly
within Rambow. Star, Curwen, Vigue, and
Gates Creeks. Remaming tributanes are
characterized by steep gradients and low
discharge''“.

Sugar Lake s ohgotrophic
Annual drawdown of 6-8 meters has greatly
reduced any littoral productionm.

Kokanee mtroduced between 1959 and 1964
and reached 3.3 kg. Average size in 1985 was
approximately 120 g*%.

Indications that kokanee may be a competitor
with resident species contributing to a declie
in their pOpulationsm‘

Productivity of lake hmited by high flushing
rate, low nutnient levels fluctuation in lake
levels from use as storage.*’

Winter drawdown 1inhibits establishment of
aquatic vegetation and bottom dwelling fish
food organisms in shallow areas.?®

18]

114 — van
Drnimumelen (1978)
320 ~ Enarson
(1985)

38) ~ Bryan and
Jensen (1999)
20-d.b Lister and
Associates (1990)

Escapement » No anadromous escapement records” . 376 - DFO (1990)
Stock Monitorng /' *  Unsanctioned creel survey done in 1985, 320 - Einarson
Assessment suggested that kokanee have become smaller (1985)
over time and that the bull trout population has
been reduced, perhaps due to over
exploitation*?.  Status of rainbow trout
uncertain.
Enhancement ® Releases by MoELP within the area upstream 320 — Emarson
of the Sugar Lake Dam are recorded from (1985)
1931 to 1994 and have included Gerrard 357 — MoELP
rainbow trout™”. kokanee, lake trout, lake (2000)
whitefish and rainbow trout™’.
® Sugar Lake has had extensive stocking of
rainbow from 1931 to 1994,
® Additional stocking of kokanee from 1950 to
B 1952"7 and 1959 to 1964™° into Sugar Lake.
Angler Use e Unsanctioned creel survey done in 1985. Total 320 — Einarson

of 6289 rod hours. range in monthly fish per
hour of 0.05 in May to 9.2 in August™ .

(1985)

HYDRO-FISH INTERACTIONS

ARC Environmental Lid
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Kevword Summary of Current Knowledge References
Flow Fluctuation e No applicable interactions.
Reservoir » Annual drawdown of 6-8 meters. 320 - Etnarson
Drawdown » Reservoir managed to full pool in July, maximum (1985)
drawdown in March, *® 403-Lewynsky
® Reservoir has low nutrient status and likely did Pers. comm.
before impoundment™®'. (2000)
881 Bryan and

Jensen (1999)

Flow Management
Strategies

No applicable interactions.

IDENTIFIED INTERESTS AND CONCERNS

Stakeholder / Interest
Group

Issue / Concern

References

Ministry of Environment,
Lands and Parks

Sport fishery and recreational
opportunities in Sugar Lake.

Local landowners and
Fishing Resort owners.

Continued and improved fishery.
Maintenance of recreational values
associated with reservoir management.
Currently duning highest recreational
use, reservolr 1$ at or near full pool.

Exposed stumps (aesthetics Sugar
Lake).

1]-Project Team
Meeting

Mabel Lake Preservation
Society

Filling Sugar lake and pulling gates
during high flood times dramatically
increasing the flow of the niver in a very
short time causing major flooding into
valley bottom.

Siltation of the north end of Sugar Lake.
Issuing of ‘new’ water licenses.

[ 1-Project Team
Meeting

“Cherry Ridge Management
(VP)

Keep water levels at Sugar Lake high
for summer.

1]-Project Team
Meeting

IDENTIFIED GAPS
Kevword Recommendations
Aquatic Resource
Water Quality ¢ Water quality in Sugar Lake is considered good and has shown no

signs of downward trend, also low nutrents (Sugar Lake may act as

ARC Environmental Lid
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nutrient sink).
No informanon gaps identified relating to the Water Use Planning
process.

Discharge

No mformation gaps identified relating to the Water Use Planning
process.

Fish and Fish
Habitat

Fish Distribution .

Basic knowledge of fish distribution determuned by means of
inventory work.

No nformation gaps identified relating to the Water Use Planning
process.

Life History ¢

Incomplete knowledge of life history, specifically Sugar Lake bull
trout, additional information required to better manage the stock.

Habitat Productivity

Unknown productive capacity of reservorr and the constraints to
production caused by reservoir drawdown

Determine how to best establish exploitation rates in order to manage
reservolr populations.

Escapement

No information gaps identified relating to the Water Use Planming
process.

Stock Monitoring /

Limited knowledge of recruitment to Sugar Lake especially for bull

Assessment frout.
® Unknown effects of reservoir drawdown and reduction in littoral
production.

Enhancement ® No information gaps identified relating to the Water Use Planning
process. :

Angler Use ® Increase knowledge of exploitation n order to maintamn populations.
Relates to Water Use Planning such that changes in production due to
reservoir management can be isolated from changes in production
due to exploitation.

Hvdro-Fish

Interactions

“Flow Fluctuation . ®  No applicable interactions, therefore no information gaps identified
relating to the Water Use Planning process.
‘Reservoir ® Reduction in Sugar Lake productivity related to reservoir drawdown

Drawdown (litoral productivity, tributary access). May need to assess overall

benefit to fisheries resources by comparing Sugar Lake productivity
to downstream fishenes values in the Shuswap River. Insufficient
data to currently undertake that analysis.

Flow Management ~ ®
Strategies

No applicable interactions, therefore no information gaps identified
relating to the Water Use Planning process.
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Gap Summary Mara Lake (o the Qutlet of Mabel Lake

Keyword

Relevant Reports
Reviewed
(Reference
Number)

Recommendations for stndies relative to
Water use planning

Gaps in Information - Relative
to needs of Water Use
Planning

Adequacy of Information

Aquatic Resource

Waler Quality

1.C Biyanand 'V
Jensen (18)), Noidin.
R.N (62). Nemer.

J C.and Wernick (389),
B.G. FRB(C Reporis

CGood Review af water quality in Mabel and  Increases in sediment inputs and
Mara Lakes. No decline in water quality over increased bank erasion in mainsten:,

No new study needs identified. Con(inue monitoring.
Issue of fall water temperatuie likely only a concern if
over historic values unguantified, No  (all llows are greally reduced from the Middle
references found suggesting decline in Shuswap. If flows are reduced in the Middle
spawning habitat values. Large Shuswap then temperature may be an issue in the
Lower Shuswap and should be re-visited.

course of the study. Sediment contribution
ftom Kingfisher Cieck, Fortune Creek.
nutrient inputs. Surface walel temperatures
nem Mabel lake measines at 25°C, Potential
waler quality impacts fiom forestry and
agriculture. Sediment inputs from tributaries. occur after emeigence.

spawning population likely keeps
gravels clean, imajor sedimenl evenlts

Discharge

WSC review of
contribution of flaws
from middle Shuswap

N/A

Flow studies

No Flow study
references found

Need to identify contribution of MSR and % of Mows
refative lo LSR changes in MSR likely to have limifed
elTect on Lower Shuswap.

Fish and Fish
Ilabitat

Fish DIstribution

Stewar( et al 1989 (25).
DFO 1982 (64). Hutlon
1986 (S3), Jantz (S1),
DFO spawner records,
MoELP Files FRBC
Repoits lor tibutaries

(Good description of spawner distributions of
chinook. sockeye and kokanee.

Good information for spawning sahnon and kokanee,
with the exception of coho. No gaps re: WUP
identilted.

L(fe Mistory

Stewart et at 1989 (25).
DIFO 1982 (64), Mutton
19RG (SX), Jantz (S1)

Adequate (o describe life history for chinook, Incomplete information on rainbow

sockeye and kokanee. trout life history. Suggestion there is
low use of Lower Shuswap because of
high sumimer water lemperatures.
There is limited information fo fall
rainhow trout frv

No additional studies perfinen( fo Waier use planning.

ARC Emvironmental Lid.

Project No. 1180
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Gap Smnmary Mara Lake to the Oullet of NMabel f.alke

Kevword

Relevant Repurts
Reviewed
(Reference
Number)

Adequacy of Information

Gaps in [nformation - Relntive
to necds of Water Use
Planning

Recommendnations for studies relative to
Water use planning

Habltat Productivity

Na studres reviewed
dusecily velated (o
assessiment of habilal
productivity.

Gaps in knowledge for capacity of anadromous fish
and for tesident species, however (hiere will nof be
any requirenment to augment knowledge (o1 the
purpose of Waler Use Planning. unless large clianges

in flowwee aca neanacad in tha Middla Shicnian that will

Escapemenl

U1 O Spawner 1ecords,

Mol LP Data files.

Adequate for monitoring chinook and
sackeye slocks

No

Stack Monitoring /
Assessaient

DIFO Spavned 1ecords,

Mo Data files.

DO enumeration is more vigorous than
MOELPs activily.

N/A

Eahancentent

DFO Repotls. Stewarl,

1989 {25)

Release records, no indication of impacis of
Ha(chery releases on wild population. Do not
ave curcent information on percent
compositian of tfatchery returns.
Enhancenment work canied oul by the
Kingfisher Environmental Society.

Angler Use

DFO teporls - chrrook
sport lisheyy, MofLY
files

DI'O creel adequate to maonitor catch
Sportfish catch monitoring generally facking

Not a WUP issue, unless changes in flow result in
impacts to fish entry habitat. Unlikely given
constraints (o slorage and inanagement of flows for
fish in Middie Shuswap River.

tlsdro-Fish interactions

No studies divecled at
hydro fish inleractions
in {he lLower Shuswap

Genelal streamflow information from WSC
adequate 10 assess confribution of flows lromi
Middle Shuswap and to identify buffering
efTects of Mabel Lake.

Flow Fluctualion

No operational fluctuations from Wilscy Dam, flow
changes bufTered byMabel Lake

Resersoir Dravdown

ARC Emvitonmental Ltd
Project No. IR0

Shuswap River Fish/Aquatic Information Review
Page 2 of 1



Gap Summary Mara Lake to the Quilel of Mabef Lake

- am am s

Kevword

Retevant Reports Adequacy of Information
Reviewed
(Reference
Number)

Gaps in Informafion - Relative
to nceds of Water Use
Planning

Recommendations for studies relative (o
Waler use planning

Flow NManagement
Sirategics

BC Iydio Operalion
Leparts

Flow management in the Middle Shuswap can affect
flows in the Lower Shuswap Rivel. Flow
contribution from upstream of Sugar Lake is
approximalely 53% of (laws. at Mabel Lake. Sugar
Lake has minimuim storage (13% of inflows).
Regulated flows have resulted in shaving the peak
hydrograph and augmenting winler floows. Salman
stocks have increased and chinook slocks are at
highest levels for (he period of record. Fisly Nows
desipned for Middle Shuswap will have a positive
effect ((or at least seen as not having a negative effect)
on Lower Shuswap as fish assemblages and gencral
1ife bislory simitar.

ARC Eudironmental Lid
Project No. 1150

Shuswap River Fish/Aquatic Informanon Resieu
Pagr 3of 3



Gap Summary Aiabel Eake from its ontlel (o Wilsex Do
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Relevaut Repaorts
Reviewed (Refevence
Number)

Keyword

Adequacy uf Fnformation

Gaps in Information - Relative Recommendations for studies relative (o Water

to needs of Water Use Planning

use planning

Aquatic Resource

BC Hydio Operation Reports
(Forebay Dsedging)

Waler Quality

Monitoring of activities provides
data on sediment discharge
downstiean associaled with (he

activity.

A consideration selative 1o the WUP

process is the incieases in sediments

fiom other non BClHydvo related
sedimenl inputs into the system.

No informalion on TGP - is presently

being addressed by BCU

Sediment inputs fromn tributary systems may nced to be
explored il there is some concem that risks associated with
olher resource impacts will limit the eflectiveness of water
release sfralegies. Review results of TGP study to assess
risk.

BCHydio Opesation Reporls
(Sugar Lake Discharges.,
Wilsey Dam operation), WSC
Gauge mfamation, Aqualic
Resouices 1997 (19), lrrton
1994 (1), (viton 1994 (2) Sigma
{I18), Lewinsky (39R)

Discharge

Sheam flow infornalion and waler Confinmation on available spawning
habitats at difTerent flow for salmon and

release data adequate to monitor
flows Flow siudy has indicated
canslraints to difTerent flow
scenarios due to limils to slorage.
Flaws are inlensively managed
from August on 1aking into
account reservoir volume and fo

kokanee. lufonnalioncquired to ses
optimum spawning/incubation Nows

given slorage conslrainis.
to generate Sigma Report needs
revisiling?

Dala used

Cstablishuent of oplimum flow regime. Survey of available
spawning area for chinook at different i.e. 1000c¢fs, ROO cfs
and 900 cfs (abave this level inay be incompatible with
available water to avoid unsuitable decreases in incubation
Mows). Sintilar exet

Fish and Jish
Habitat

BCHydro Operalion Repotls
(Sugar Lake Discharges.
Wilsey Dam operation). WSC
Gauge informalion, Aqualic
Resowrces 1997 (19), Triton
1994 (1), Triton 1994 (2) Sigma
(1R). Lewinsky (398), Bowman
and Stewart 1984 (1613)

Fish Distribulion

Adcquate infounation on
viver mosphology in 1997 may
of reating populations should be

updated. Don't know peak
outmigration timing.

Good general knowledge. based on mid
- distribution of spawners, change in 1980's studies. Should be updated fo

provide cutrent status. Need 10 know
have a(fected distribution (o some mose about temporal use of off channel compared to results from earlier studies.,
exienl. Distvibution and abundance use, need fo reassess spawning areas

post 1997 high water event and

sedunteat inputs flom Bessette Creek

Assess ofT channel use and compare use (0 man made side
channels. Assess cuirent fish distribution and abundance
employing methodologics that provide daia that can be

Shuswap River Fish/Aqnatic Infor matiog Revis w
Page 1 of 4
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Gap Summary Mabel Lake from ils outlet to Whsey Dam

Kevword

Relevant Reports
Reviewed (Refercnce
Number)

Adeguncy of Information

Gaps in Information - Relative

to needs of Water Use Planning

Recommendations for studies relative to Water
use planning

Life Mistory

Stewat JYRY (25), Fee and
Jang, 1984 (50), Aquatic
Resouices 1997 {19), Triton
1994 (1), Triton 1994, Bowman
and Stewart (94 (163)

Chinook prinarily occan type,
except for Duleaw/Iamis fish
which have a siveain type life
histoty. Extensive use ol Mabel
Lake for early rearing of chinook.
Some ovenvintering in Middle
Shuswap. Coho use Maddle
Shuswap and tributary syslems for
Y year.

Knowledge of spawning needs and
eaily rearing needs adequate for
development of Mlows. No obvious need
for additional stndics to describe life
history identified however, timing of
peak outmigration is not clear.
Incomplete knowledpe of use of side
channe

Conducl assessments posl emergeice 10 assess ealy life
history use in nussery habilats (side and off channel).

Habitat Produchivity

Stewat 1989 (25), Fee and
Jong. 1984 (S0). Aquatic
Resoutces 1997 (19), Tiiton
MO 1), ot 1994 Bawman
and Stewart 1984 (163),
Slaney, P

Standing stock eslimates may not
be the best assessment of capacily
due to recruitiment issues (RBT)
and food/tenmperatuice issves. Far
chimook availabilily of spawning
habitats and nursery habtats may
be important. Gravel quality data
available suggests

Estimate of available spawning habitat
plus aiea sequived per pais. Assess
superimposition of redds al main
spawning sites . Syslem specific
habital preference data required.
Inventory of nursery habitats (side
channel and off channel) used in first
mo

Map available spawning habitats at different achievable
flows. 1000cTs, 900cfs, R00efs. Assess changes in spasvhing
area factoring in appropriate habilat paramelers (1Dep(h
velocity substrale size).Also assess superimposition of redils
al majot spawning site

Escapement

DFO Recouds, Mof:LP Data
Ciles

Continue collection during WUP

Stock Monitoring /

Chinook Fnumeration DFO

Annual monitoring of salmon

Assessnient Recoids. Stewait 1989 (235), adults, moniloring of off channel
Fee and Jong. 19R4 (SD), habilals constiucled. Previons
Aqualic Resources 1997, assessiments to identify potential
Bowman and Stewart 1984 for enhancement
(163)
Falianccment DFO Hatchery Outplanting Assessing hatchery 1etuins, Assess contiibution (rain Man made vs. natural channe!

recards. Chinook Enumeration,
Stewasl 198Y (25), [Fee and
Jong, 1984 (50). Aquatic
Resouices 1997, Bowman and
Stewart 1984 (16})

production from constructed off-
channel habitats. built (o provide
prefered habitat for threatened
interior coho.

habitats.

ARC Emyvironmental Lid.
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Gap Summary NMabel Lake from s oulle( (o Wilsey Dam

Keyword Refevant Reports Adequacy of Infurmation Gaps in Information - Relative Recommendations for studies relative to Water
Reviewed (Reference to needs of Water Use Planning nse planning
Nuniber)
Angles Usce MoLL.P Data files, DFFO Soime local use for RB 1. the major Creel information to assess use and

Chinook Spont Fishing Reporls

activity is the annual sportfishery success.
for chinook. Theie is a desite for

a better fishery. There is a

maun(ane whitefish fishery

Hydro-Fish
Interactions

Flow Flucivation

BCHydro Operation Reports
tSugn Lake Discharges.
Wilsey Dam operation), WSC
Gauge informaiion, Aquafic
Resources 19941997 (19, 16),
Liilon 1994 (1), Friton 1994 (2)
Sigma (IR),

Information on changes in flows  Knowledge of timpacts of shost term Conduct flow sbanding (gravel bar siranding and Ialeial poo!
are recorded, information on the  flow changes regarding stranding and  isolation) study that quantifies potential risk associated witls
impacis of 1he Nows (ateral pool isolation specifically in shott term flow Auctuations.  Swuivey information on
(ramping/stranding) are Reach 2) is insufficient. Knowledge of  channel invert elevalions will hielp determine when side
tncomplete. Risks 1o coho due 10 channel invert elevations will aid in channel habitats be

flow reductlions 1ol done. determining flow levels at which

Gnidelines for Now ramping arte  channels become isolated.  Seri
canservative and based on the best
infonnation cumre

Reservoir Drawdown

ARC Emvironmental Lid.

Project No 1180
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Shusseap River Fish/Aquatic Information Review
Pape Raf 4


http:chang.es

Gap Summary Mabel Lake front its omilet 1o Wilsey Dam

Keyword Relevant Reports Adequacy of Information  Gaps in Information - Relative Recommeudations for studies relative to Water
Reviewed (Reference to needs of Water Use Planning use plauning
Nuimber)

Flow Management BCHydro Operation Reporls In the past low management Have not developed the relationship of  Develop flow option (o maximize production. Need to know

Stralegies (Sugar Lake Discharges, gencrally follows rule curve No - avatlable spawning habitat at possible  maximam available spawning habitat for chinoak, kokauee
Wilsey Dam opeiatjon), WSC 12, Management now more Aows (1000900, 10, 7041, 600) and coho, sockeye, given flow constraints and the need (o
Gauge information, (19), Friton  adaptive. inter agency gioup Channcl changes may 1equire revisiting access side channel spawning for kokanee, and coho as well
1994 (1), Triton 1994 (2) Sigma  (FOC, BCIIL MoELP) actively 1993 .94 survey sites. Nced invert as the limits (o reducli
(1R), manage, starting in August. to elevations of side channel spawning

achieve the most beneficial flows  sites and off cliannel sites to asse
o1 salimon and kokanee spawning
as well as for

Shusscap River Fish/Aquatic hifurmnting Review
Pave 4 of 4

ARC Emvironmemal Lidd.
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Gap Sununary Wilsey Dam to Sugar Lake

Keyword

Relevant Reports Reviewed
(Reference Number)

Adequacy of
Information

Gaps in Information - Relative Recommendations for studies
to nceds of Water Use Planning relative to Water use

planning

Aqautic Resource

Waser Quality

BC ydio Operatton Repouts, ERBC Reports,  nformatian on veservoir  Sediment inputs from (ributaries, not

Bryan, 1999 (381),Fee and Jong, 1984 (50),
Triton 1995 (57), Grilfiths 1979 (52)

water quality, some
baseline water quality
nuliients from biological
studies. Adequate (o
describe basic water
quality paranteters. Some
infornation on sediment
inputs fiom tributary
systems.

Tracking of WRP initiatives to
address sediment issues in the
tribularies.

gquantified. Potential ta alfect BCH
opeiation.

Dischage

BCllydio Opetation Reports (Sugae Lake
Dischaiges Aquatic Resowces 1994 (16), Fee
and Jong, 1984 (50), Lriton 1995 (57),
Griffiths 1979 (52)

Stream flow information
and water release dafa
adequale 1o monilor
flows. Flow relafed
information from
biological studies. Risks
to fish productions relate
(o rate of stage change as
well a5 magnitude of
change for higher risk
habitats. Insufficient data

Habitat use in Reach 4 where early Survey Reach 4, assess use [or eaily
reating habilal is present for rainbow  reating and risks (o stranding and
ltaut is not sufficient to assess risk due isolation due (o changes in Mows.

to Now related events. Data on temporal (Rate and magnifude)

and spatial use of habitats used by

raiubow fry needs to be collected

(specifically duiing 1ainbo

Fish and Fish Iabitat

Fish Distribution

Aquatic Resouces 1994 (16), Fee and Jong,
1984 (50), Triton 1995 (57), Griffiths 1979
(52)

Informalion on species
abundance and
distribution adequale,
with the exception of use
of Reach 4 as eatly
rearing for rainbow trout.

Young of the yeai piesentin this aiea,  Early rearing fish survey in Reach 4.
(assessment of polenfial chinpok
spawning habitat in Reach 4 - is this

on??)

no 1ecord of inainstem spawning.
Braided area susceptible to flow
changes 1995 Tritan report identified
missing ageclass in this reach.

ARC Environmental L.1d.
Project No. 1180

Shuswap River Fish/Aquatic hiformation Revien
Page 1 of 3
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Gap Summary Wilsey Dant (o Sngar Lake

Keyword Relevant Reports Reviewed Adequacy ol Gapsin Information - Relative Recommendations for studics
(Reference Number) Information to needs of Water Use Planning relative to Water use
planuing
Iife istory Aqualic Resowces 1994 (16), Fee and Jong,  Adequate for most life  Eatly life history information for Mainstem spawning surveys, or as a

FO84 (20). Iriton 1995 (87), Giiffiths 1979 history for rainbow aud - 1ainbow trout incomplete. O+ fish are  swrrogate post emergence tapping.

(52} white fish. Mainsiem present but it is unknown whether there  Bull troul surveys (likely 1adio
reariing bull out - early  is mainstem spawning or recruitment is  {agging), sufficient sample size may
fife history unknown. exclusively fiom tibuary system. Bull  be a problem.

trout recruwstiment patferns unknown.

JTabitat Productivity Aquatic Resources 1994 (16), Fee and Jong,  Standing stock estimates 1.ack of RBT production inay be due to  If chinook accessis 1o be restored to
1984 (SOY. Imiton 1995 (57), Giiffiths 1979 may not be the best either lack of 1ecruitment, the Middle Shuswap above Wilsey
(52) assessment of capacity  fond/lemperature issues, fosses due 1o Dam there may be a requitement to
due 1o recruitment( issues flow regulation or over-exploitation. asses available food resources
such as tainbow fron the Low praductivity of systems increases  (nufrients, primary and secondary
tributaries and the risks 1o exploitation. production) (o determine il the
food/temperature issues. presence of chinook juveniles wifl
Whitefish populations further reduce rai

comprise the majority of
the biamass. Habitat
for rainbow trout curre

Escapement ' No escapement records
for syslen.
Stock Monitoring / Assessment Aquavic Resources 1994 (16), Fee and Jong,  Adequate as basefine Rainbow ttout stocks not monitared
1984 (50), Triton 1995 (57), Guiffiths 1979 Bul trout stocks not monitored.
ARC Environmental Lid. Shuswap River Fisti/Aquaric Information Revien

Project No. 1180 Page 20f 3



Gap Summary Wilsey Dam (o Sugar Lake

—

.

- -

Keyword

Relevant Reports Reviewed

(Reference Number)

Adequacy of
Information

Gaps in fuformation - Relative Recommendations for studies

to needs of Water Use Planning

relative to Water nse
planning

Eohancement

Vec and Jong, 1984 (S0). Teiton 1995 (57),

Griffiths 1979 (52), lrviton 1995 (273)

Standing stock studies
provides baseline
information. Chinook

can spawn and rear above

Wilsey Dam. No final
deletmination whether
restoring access for
chinook will affect
spoutfish production.

Not related to water use planning?

Stocks currently appear (o be undes-
wtitizing habitat, if no change should
be room for adadiomous salmon.

Angler Use

MoLZLP Data files, Janiz, 2000 (pers.
com), riton 1995 (57)

Some local use for RB I,

intformalion scarce, no
fishery closures.

No WUP Gap Fisheries management
issue.

[Hydro-Fish Interactions

Flow Flucluation

BCllydro Operation Reports (Sugar Lake
Discliatzes) Aqautic Resources 1994 (16), I'ee

and Jong, 1984 (50). 'riton 1995 (57),
Griffiths 1979 (52)

Dala on reco d

Ramping needs lor middie Shuswap
above Wilsey Dam

Assess fish use and susceptibility ta
flow reductions in Reach 4. Conduct
stranding study (bar stranding and
isolation in lateral pools and
side/back channels)

Reservoir Drawdoswn

NA

NA

Flow Management Stiatepies

BCltydro Operation Repovis (Sugar Lake
Discharges) Aquatic Resources 1994 (16), Fee

and Jong, 1984 (S0}, Titon 1995 (57),
Griffiths 1979 (52)

Flow .management
generally foliows rule
curve No. 12 and are

Critical instieam flow needs for Middle

Shuswap above Wilsey dam not
addressed. Apan for risks to young of

managed aclively starting the year rainbow (if there are any)
1in August to achieve the generally flow regimes for downstream
most beneficial Mows o1 areas should benefit upper Shuswap

salmon and kokanee

spawning below Wilsey

Dam.

Assess flow needs for rainbow trout
young of the year - specifically in
Reach 4. llabitat survey, eatly life
history sampling.

ARC Envirommental Ltd.
Project No. 1180

Shuswap River Fish/Aquatic Information Rey ey
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Keyword

Relevant Reports Reviewed (Reference
Number)

Adequacy of
Information

Gaps in Information - Relative
to needs of Water Use Planuing relative to Water use planning

Recommendations for studies

Aqunatic Resource

\Water Qualily

Gryan 1999 (81). FRBC Reparts, MoELP files

Water quality data indicate
Sugar is an Oligotrophic
Lake, water quality has shown
no significant change from
1971 1o 19Y8.

Pelagic productivity

Assessment of current pelagic
productivily. Assess opportunity to
increase production.

Dischatge

BCHydio Opcration Reparls (Sugar Lake
Reservair operation), Mol P data (iles

Data provided to asscss
temporal aspects of
drawdown. Lake bathymetric
profile is available (o assess
changes in littoral area
associaled with drawdown.

Lake tributary access, changes in
littoral productivity

Assess changes in lake tributary access
relative to reservoir operation, Asscss
loss of production duc to reservoir
drawdown,

Fish and Fish Habitat

Frsh Distrbation

FRBC Reports, NMoFL PP Data files, Einarson, 1985
(320)

Provides bascline on species  Recruitiment systens for lake rearing

composition and distribution. stocks nol described.

Ldentify vecruitment systems for lake
populations

Life 1history

FRBC Reports, Mo LLP Dala files, Einarson, 1985
1220

General life history
understood. Timing and
spawning locations of
adfluvial stocks nol well
known. Burbol life history
inadequate, especially
spawning locations.

Specific information on early rearing
stategies lacking Spawner location and life history requirements and quantify
risks to reservoir drawndown is needed. risks to producution from reservoir

Determine burbot spawning and early

operalion.

Habitat Producnvity

FRBC Reports, MoELP Data files. Einarson, 1985
(x2m

Produclivity not addressed in  Reservoir productivity might be
the tribulary systems. Lake
productivity low, size of
kokanee has decreased. Low
productivity may make butl
(roul and rainbow susceplible
to overexploitation.

reduced due to drawdown efTects.

Assess change in produclivily
associated wilth reservoir operation.

Escapement

No escapement records for
sysletn, Some MoELP
K okanee counts.

Stock NMoniloning / Assessinens

Eiwarson J9RS (320)

lnadequate

ARC Envisonmental Lid
Priyect 1180

Shusvup Ricer FishAquotic Informateon Reiens

Page | of 2
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Gap Summary Sugar Lake Upstream

Keyword Relevant Reports Reviewed (RReference Adequacy of Gapsin Informatign - Relative  Recommendations for studies
Number) Information to necds of Water Use Planning  relative to Water use planning
Cnhancement MoELDP Daia files. Historic stocking of kokanee, NA

stocking ol headwater lakes
with Rainbow trout and
culthroat trout.

Angler Use Einarsan (985 (120), MoELP Data files 198S Creel Census no other  No WUP Gap - Fisheries management
documented information issue. Creel would provide a rough
found. indicator of stock status.

Ilydro-Fish Inferncllons

Flow Fluctuation NA

Reservoir Draw down BC Hydro Operation Reporis, MoGLP Files Data provided (o assess Lakc tributary access, hitoral habitat,  Assess changes in lake fribufary access
temporal aspects of tributary inundation after spawning, relative (o reservoir operation ajso
drawdown. Lake bathymetric presence of shore spawning kokanee.  tiibutary inundation after spawning.
profile is available 10 assess Assess changes in produclivity relating
changes in littoral area to loss of littoral production.
associated with drawdowa Determine whether shore spawning

kokanee asre present. Assess ris
Flow Management Strategies NA
ARC Envoonmenul Lid. Shusseap River Frsh/Agquate bifirmanon Rin e

Project 1180 Duge 20f 2
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Mara Lake 1o the Quilet of Mabel Lake Matrix Analysis

Geographical Area|

Water hody

Aquartic Resource

Resource Use

Potential [mpact

B

Knowledge Gap
(relating to WUP)

Recommended Acrion

Priority

*Reference No.

Life Histarv Primary uhitut Lo BC livdre Qperution Otleer Renonrce Use BC Hydre Other Renouree Use
Stuge Opceration
Blabrel Lake to Mara Luwer Shaseap River S keye Adudi emergent [Spawning. qugriion ladireet elteet buttened hv[Forestrv Resreaindagn [Oaly possible Ripanzn himpncts, Nune identitied. unless  [Nong wlenGed. unless Lurge Currently Low
Lake Irv wicubauon Mube| Lake and culngc! Lingar etbect due 1o large | hobitat degradation.  [large deparmre trom departurs Bom cument Now
addinional mbuary Drevelopmeny Urban clunges in tlow | water yuaticy currem fow 10ARIgeTnenT eynsidercd
wllows, Developmeni rezubiiou management consigered
Kukasee Adwdt, cmeraent | Spaverung, ugronen. Indwrest e et bupesed o[ ForeryrRecrvatiuvagn |Ouly pussiblke Rapanan Lmpacrs, MNune identitied. unless  [Nune dennbied, wiless jarge Currently Low
v wmeubanon Mah<) Lake wund sulpands Lisear e lieGt due 10 large [habitag degradauon.  |large Jepamue wom doparrure from cureent How
addinienal mbuwary Devetugment/ Lirban vhanges mn flow  |water quality curent tow manageren considered
[HTIVIN Developmem negulating manzgeronent cunsidered
Chingwk Adults v, Spawning, migralon. luguree elizet burlered by|ForesirviRevreatinnagri [Only possibie Riparian lnpacts. None wlenhfied. urless  [None idennifial, unfess large Currenily Low
juvendes uwnbabon teanng Mabel Loke wid ulnune L ez etlect due o large |habiat Jegrodation, | luge depumat tum departure om curre How
additienal tnbury Developrent/Uran changes v 1low  |waler quabry current Uow mansgewent considersd
ntlows Develnpment regulanon manageren vonsidered
Cohy Adults trv, Spawning, mugratmi Indurect ellect bullered by|Forarv Revrcaton/aen [Only pussible Ruparzan impacts. Nonc idenvied, unless  |Noog wenu ficd. unless large Currently Low 102 - 104
Juverules ncubanon reanng Mabel Lake amd cwlnwre/ Linear cllect dJue (o large [hatitac degradauon,  [Jarge departure trom dcparnze om curmeny How
additional rribwary Pévelopmenytirhan clunges in low | waler quadity current tow management considensd
nilows, Developioent rezulanion managemenl considered
Rombow oow. try, Juveniles, rearing, migranon Indreet zticut butlered by[f'oresry/Recnzzovvagn |Only pussible Ripariac Impacts, Wooe idenofied. unless  [Mone identifial, unless large Currently Low 102 . 105
adudls Mabe Lake and culrore/ Luaear clevt due 1o Jarge habitat degrodarion.  (large deparnore Gom deparnure Fom current (low
addivwnat oibwary Development/Urban changes in Jow  |waler qualiry. current Now managemsint considered
inlows. Development regulation rmanagernert considered
Wiuielish v, jurendcs, Spavwrung, reanng, Indirect ellet bullered by|Foresmw/Recreauwn/apr [Only possible Ripacan Impacts, Nomne identibed. imlesy  [None iengfiel unless large Currently Low 102 - 107
odults incubativa Mabxel Lake and culnwe/Linear cilect due o large | habitat degradation.  |large departure trom deparure from current Now
addivonal tbuiry Developmeny/Urban changes in flow  |waler quality, currert tlow management considened
wulowy Development regularion manngement considered
Bull Trout Adult higranon smgine/eeding Indirect eftert bultered by | Furestrys Recnanon/agn |[Only possible Rupanan Llmpacls, Nooe idennfied wnless | Mong wlconfiel, imkess large Curremly Low
Mabe| Lake an cwinre/Linear efiect due lo large (habitat degradarion.  |large departure tom deparmore from currem How
gdditiona) mibutary Deveiopment/ Urban changes in low  |waler qualiry currerd tow managerenl vnsidencl
uflows, Developrent reguisnon management considered

ARC Emviranmental Lid
Proyect No 1130
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Mara Lake to the Outlet of iMlahck Lake Matmx Anatvsis

Geographical Area

Walter body

Aquatic Resource

Resource Use

Potential Impact

Knowledge Gap
(refatiag to WUP)

Recommended Action

Prigrity

*Relerence No. |

Spevia Life Histary Prunacy (labitat Use BC lydroe Gperution Orher Reanree Uac B Hydm Other Rivuucee Use
Stuge Operativn
Tributaries ta Luwee Shuveup { vk Juvernle Reunmy { None Foresrv/ ReereatiimApn [none Habuot degradavon’  [None idenitied. wiless | None wenatied, wiless lurge Curmenly Love
i hinens water gquality lrge Jupurture fom deparmure trom current llow
developraentiuban problems cwrent oy macagerment considered
uses uidieson ) management considered
develppment
Culo Juvernules aduhs  [Rearng/spavrung Mone Foresmnv/ResieatonAgn [rone Habitat degradanew  [Nooe senulied, unless  [Nune wdennlied. unless large Curnpmtly Law
vulnue/lineur water quality lasge deparioe fom deparnure fom currem How
developmentiurban problems currem Hlow manggement considered
useindustria) manpgeTent considered
13 developrnent
sombew Juvenilew adnhs |Reanmg/spavwiung Mspe Foresryi RecyeabonAgn |none Habiwl degradsnioty  |None idennlicd unkss  [Nooe denutied unless large Curremly Low
cudnareflaingar water gualiy large depamure fom departure from currens Hlow
developmenvurban prablems carren! (ow snamagement coasulered
I e nedustnat mnragenery considered
dervelopmoent
Miarn Lale chinvakicubwisackeye Hievewlis Reanmg Not sigmlicm Furesory/Recreanondgn |oone habitat degradation  [None ideniified unless  [Nune wentitied. nndess large Cumemly Low
e lingar : large Jepamire om departure trom curment (low
dirvelopmeniiurbgn curment How marmgemet consideret
use/ induserial mangernent consulered
i development .
Rawbow, bull trout juveniles adulis  |Reannyg Meat sy fiean Forestry/ RecrenuonAgn [mone habuat Jegradation  [Nene idennficd, imless  [Nune denufied. unless large Currcruly Low
burbot. culure/lincar large departure om departure from curent ow
develvpmendurban curment flow mznpgement considered
use/ indusmal manngement considered
develupment
Surnmary ol Recommendations - Flow releases from Middle Shuswap are butfend by Mabel Lake. Flows developed 1o maximize fish production in the Middle Shuswap wili be of bengii 1o lish production in the Lowee Shuswap, due o sisnilar Tish assemnblages and Jife hisiones.

ARC Envirenmentnl Lid.
Proyect No. 1130

Shusreap River Fiskiilquatee Informuion Revew
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Mabel Lake from its outict to Wilscy Dam Matrix Analysis

G‘:ogruphicul Arca

Water bady

Aquatic Resonrce

Resonrce Use

Fluctuations

waler quality.

aod on reanng tish,
Aceass to off channet
habitats. Comparison ol
MNatural verses mae
made channels, Mid
1980's abundance and
distribution of figh in
the Middle Shuswap
should be updated 1o
provide cwrent inform

required for off channel access to
spawners (need to updaie dala
because of srream channel changes
that occurred in 1997). Assess
impacts of flow Guctuation on
incubating cobo cegs.  Assess
impacts of short lerm £o

Potential [npuct Knowledpe Gup Recommended Action Priority *Reference No.
Npecies Life Histary Primary Hubitat Use B Hydro Operation | Other Resource Use BC Hydro Other Resanrce Use
Stage Operation
Wilsey Dum to Mulel Middle Shuswup Sockeye Adull, emergent | Spawmng, incubanon Yos Forestrys Recreationzagri| Wilsey and Peers Ripanan Impacts. Eltecis of Uow Assess ellects ot short lerm tlow i1
Lauke (v cullure Pam - Flow habiizl degradation,  |tuctuations on Nuctuation on incubating sockeye.
Flugruations waler yuatily incubating suckeye. Collect survey intormation 10 assess
Chonnel changes since  [risks of tlow changes Itom
1997 have occwrred, Spawmng 1o reanng lows.
study sites should be
revisited.
Kokanee Adull, cmergent |Spawning, incubation Yen Foresiry/Recreationvagri[ Wilsey and Peers [Ripanan [mpacts. Effects of tlow Assess ellects ot short lerm How [
fry culture Dam - [ow abitat degradation, | fluchuations on (luctuation oo incubasing kokanee,
Fluctuations water quality. incubating kokanee, Collect survey informauon 1o assess
Channel changes since  [risks of flow changzs from
1997 have occwred, spawning to rearing (Tows. Conduct
study sites shouid be surveys 10 assess aeed for side
revisiled. channel access {update pre 1997
data after channel ch
Clnook Adults, Ty, Spawning, incubanon and|Yes Foresiry/Recreation/agn| Wilsey and Peers [Ripanian lmpacts, Elfect ol Nlow Survey spawning areas 1¢ determine |H
Luvenles reanng culture Cam - Flow habitat degradation.  [regulation on incubation[spawning ground capacty at
Fluctuations waler qualiry. and vn rearing fish different Nows (LO/OOG/R00).
Capacity of spawning  |Assess impacts of sbort term Iow
orea at diflerenl Hows.  [Nuctuations. (stranding studies,
Early rearing use ol including grave! bar stranding and
rursery /ol channel isolation 1n lateral pools) Siranding
babitats. Mid 1980's studics could be co
abundance and .
distribution of fish in
the Middle Shuswap
should be updated lo
prov
(oho Adults, Iy, Spawming, incubativn and{Yes Forestry/Recreationsagri[Wilsey and Peers |Ripanan lmpacts, EtTect ol fiow Cullect data 1o indicate [low levels [R 162 - 104
Juveniles rearing culture Dam - Flow habitat degradation, [regulation on incubation

ARC Envircormental Lid.
Progect No. 1187

Sheswap River FishiAquaiic Informavon Review
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Mabel Lake from its outlet to Wilscy Dam Matrix Analysis

Gengruphicul Arca \Water hady Aqtrutic Resource Hesvaree Use Potentiul Impuct Knowledge Gup Recoinmended Acrion Priprity |* Reference No.
Specics Life 1listory Primury Hubitwt Use BC llydro Operution | Other Revource Use BC Hydro Other Resource Use
Srage Crperation
Ranbow Insur, fry, juventles,  [ranng Yes Furestry/Recreatinmragn [ Wilsey and Peers |Riparian Impacts. Early reanng e Assess elfects ol ilow regulation on [H - a5 the work | 102 - 105
adults Culture Dam - Flow wiler quality. history, Mid 1980 1salation of Finbow Tout [ty 1n will be combaned
Fluciwations abundanee aml lateral pools and in cut otT side wath siwdies tor
disinbution ot tish in - |chiannels Requires survevs ol other lish.
the Middle Shuswap channel inlets and
shiould be upelated 10 standingrisolation surveys dunng
provide current Now recession, Conduct stranding
iptormaton. surveys Lo assess risk associal
Whitetish lry, juveniles,  [Spawming, incubation and[Wilscy and Peers Dam - [ForesirysRecreation negligible Recreaiiga- Cowplete It lusiory  [Conduct studies, usiog comparative |M 02167
adulis rearing Flow Fluctugliong encroachmens on information of Middle  |methodalogies to the *98U's siudies,
riparian and foreshore| Shuswap whitefish, that provide curment s@tus of
Population curcenly Middle Shusvap populaiions
Arpars e be hedlthy ?
Mid 1980's abundance
aad disrnbution of fish
inthe Middle Shuswap
should be updaied te
- provide current
i inlormation.
[dentiiieanon of
SPAWNING ar
Bull Tevut Adult Rezring {icmporal) [Walsey aned Peers Dam - | Forestry/RecreationAgn [neg ligitle Reerealion- Bull Trout life history  [None
Flow Fluctuaiions culture cncroachment on ugcertain, The middie
ripanan and loteshore| Shuswap below Wilsey
dam is likely (00 warm:
10 be a gowd bull trout
system. Use would be
limuted.
Tributaries ro iMiddle Chinook, Juvene (sume  |Reanng {30me sprwning [None Eorestry/RecreatonAgn [none hatitat degradation/  |lmpact on recrwtment  [Moniter ributary condibions
Shuswup adulis in Beseue)|in Besseue) cutturelinear water quality to Middle Shuswap through Agencies
developmentfurban problems
use/indusmipl
developmeni
g — [ Cobo * [Tuveniles adulis |Rearing/spawning None Forestry/RecreanonAgn [none habisat degradation/ | fmpact oo recrustment | Moaiter tnbutary cooditions
cutruresinear waler quaiiry 10 Middle Shuswap rough Agencies
developmenvurban probiems
usefindustrial
development
Rainbow Juvemles adults,. |[Rearing/spawning None Forcsry/RecreationAgri|none habitat degradation/ [lmpact on recruitment | Momlor tributary condBons
Bessette/Dutean culrure/linear waler quzlity 10 Middle Shuswap through Agencies
developmenvurban problems
usefindustrial
development

ARC Environmental Lid. Shuswap River Fishidquatic Informanon Review
Project No. 1180
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Upstream of Sugar Lake Dam Tributaries Matriz Analysis

Nowing directy into
Sugar Luke

T}eﬂzmplncul Area Wuter body Aquutic Respurce Resnurce Use Potentizd Lmpuct Knowledpge Gap Recommended Action *Relercnce No.
(Relative to WUT)
Specica Life History Trimary Hubitui Use 3 Uydrn Gperation Othier Resource Use BC Hydro Other Resomirce Use
Stuge Operation
Sugar Lake Upsiream  |Sugar Lake Rainbaw, kokanes, bull  Adult, Juvenile?  Rearing s roresirve Reereation Yes Yus Reseovorr produchon,  |Assess reservorr produciivity,
IeiL, burbot expinuation, inbutary  |effeets o Joss ol litoral producuon,
aceess, inunyanon, 55655 INbulary acess. Spawmning
Burbet Nfe hstory - achivily »0 drawidown zane. Burbo
specilically spowning  [spowning locations in reservoir and
localions nsks 1o drawdpwn,
Supar Lake inbutanes Rambow, kekanee bull - Fry, juvemles Spawning, incubation and - |iNo Forgsirys Recreation Yesrelaling v Yo Changes 10 mbulary Assesy (Mhui@ny aceess.
ot sdul reaning |ribnmry acesss access for tnbutanes

While impacts to production of reservour tish stocks have resulied as a Tesabi ol eesenvons operation, H s gencrily agresd (hat the downsiream benc(its 1o cunrent reservoir operzuon lave been positve,

Since 11 s hkely 1ot reyervoir managemeni 101
be required 1o be able (o ossess values Tor trade ofls.

Possible Acuons

ARC Environmental Lud
Project ¥o. 1138

Updaling Sugar Lake Batiymetry fo provide iformation gn drawdawn <fTects o he littoral zone, Prionty Modenate (o High
Igentilfying burbiol spawnmg fecatinns 1o assess Nsk avsociated with cesenvanr operatiog - Priority Moderale o High
Deiermune whedher spawniog is iaking place withio the draswdown zenc ot'the reservair. Priority Low to Moderate

Assess canges In tmbutary aceess assaciated vth reservarr operation Prioaty Low 1o Moderte,

Shuswap River Fishidguane Iaformation Rowew
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