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Chapter 1. Vancouver Island Region Large Lakes Plan

1.0 Introduction

The purpose of the Vancouver Island Large Lakes Plan is to provide long-term direction for

fisheries management at large lakes in the Vancouver Island region. Our plan includes a review

of fish stock, fishery data, current regulatory schemes, operational objectives and management

strategies including suggested regulations, and long-term monitoring programs. This document

is not a blueprint for fisheries management; it is intended as a coarse level of data analysis and

broad management perspective which can evolve as additional data is gathered. Sport fisheries

in large lakes cannot be easily supplemented by stocking so these fisheries are entirely

dependent on native, wild fish stocks. As a result, conservation of wild stocks is inherent in, and

supersedes all other management objectivesandwe 6 ve consi dered this objec
determining if additional angling opportunities exist at large lakes. We 6 ve pr ovi ded direc
the best management approach based on current data and, where that was not possible, the

data gaps which must be filled to provide management direction in the future.

The objectives of our plan are to:

1. Review the status of fish stocks and fisheries trends at large lakes in the Vancouver
Island region.

2. ldentify optimum and maximum angler effort, catch and maximum harvest levels for
large lake habitats.

3. Review stock status data and identify trends in target populations at individual large

lakes.

4. ldentify data gaps required for wild stock conservation, fisheries management and
monitoring.

5. Identify fisheries objectives and management strategies for the region and individual
large lakes.

6. Develop operational management plans including monitoring approaches for Vancouver
Island large lakes.

Our plan is divided as follows:

1. Chapter 1: Overview of the Vancouver Island Region large lake habitats, target fish
species and fisheries. This chapter includes a summary of fisheries based on data
gathered through the Vancouver Island Lakes Questionnaire (VILQ) (Appendix 1),
fisheries stocks, recommended fisheries management objectives, and an overall
operational plan and management strategy for regional large lakes management.

2. Chapters 21 17: Summary information for individual large lakes, fish stocks and
fisheries as well as recommended fisheries management objectives and action plans
including assessment and monitoring schedules.

3. Appendices: Data, background and reference information used to develop fisheries
objectives and management strategies presented in the body of the plan.



2.0 Overview of the Vancouver Island Region Large Lake Habitats and Fisheries

Physical Attributes of the Region

The Vancouver Island Region consists of two geographically distinct areas i Vancouver Island,
which accounts for >70% of the total area of the region, and the adjacent Mainland Coast from
Knight Inlet up to and including Kingcome Inlet (Figure 1). The region is dominated by heavy
forest cover, with three major climatic zones including the relatively dry southeast coast, the
wetter north, west and Mainland Coasts, and the cool, wet mountain area. Precipitation is
greatest during the winter-spring period and generally low in the summer.

Nimpkish

Legend

. Huaskin Lake

. Alice Lake

. Victoria Lake

. Nimpkish Lake

. Woss Lake

. Lower Campbell Lake
. Upper Campbell Lake
. Buttle Lake

. Comox Lake
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12. Sproat Lake

13. Kennedy Lake
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15. Nitnat Lake

16. Cowichan Lake
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B Large Lakes
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o
“10

1
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Victoria-(‘;ulf
Islands

100 Kilometers

FIGURE 1. Overview of the Vancouver Island Region and distribution of Region 1 large (>1,000 ha) lakes (Alice,
Buttle, Comox, Cowichan, Great Central, Elsie, Henderson, Huaskin, Kennedy, Lower Campbell, Nimpkish, Nitinat,
Sproat, Upper Campbell, Victoria and Woss Lakes) and Planning Units (Knight, Nimpkish, Campbell Oyster, Nanaimo
Cowichan, Victoria Gulf Islands, West Coast) (Source: Integrated Land Management Bureau).

The Region is divided into six Planning Units (PU) based on major water precincts: Victoria/Gulf
Islands; Nanaimo/Cowichan; West Coast; Campbell/Oyster; Nimpkish and Knight (Figure 1).
Large lakes in the region occur in two main areas: the central mountains of Vancouver Island
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from the Campbell River watershed south to the Cowichan watershed, and the north part of the
Ni mpkish and West Coast PUOS.

3. 0 Vancouver Island Region Lakes

All lakes in the Vancouver Island region are what Northcote (1956) termed insular, coastal
mountain lakes. Lakes in this category range from steep-sided, fjord-like lakes several square
km in area and >300 m deep, to small, shallow basins formed on the hard granitic rocks by
glacial scour. These lakes have high flushing rates with little summer depletion of oxygen in
bottom waters. Lakes at low elevation also lack cover and circulate freely throughout the winter.
Most lakes are clear and characterized by low (< 75 parts per million {ppm}) Total Dissolved
Solid (TDS) content resulting in low standing crops of plankton, bottom fauna and fish
(Northcote, 1956).

Large Lakes 1 General Information

Of the roughly 1,400 lakes in the region, 16 are >1,000 ha and are classified as large lakes
(Table 1). Most large lakes in our region are dominated by a pelagic food web, which includes
a prey target species (i.e. kokanee, sockeye, and/or stickleback) and a trout and/or char
piscivore. Because each lake is unique, their management requires lake-specific data
collection, analysis and regulations.

TABLE 1. Location, size, depth and water quality parameters at Alice, Buttle, Comox, Cowichan, Great Central,
Elsie, Henderson, Huaskin, Kennedy, Lower Campbell, Nimpkish, Nitinat, Sproat, Upper Campbell, Victoria and
Woss Lakes (Source: Ministry of Forests, Lands and Natural Resource Operations (FLNRO) files, Nanaimo; Fish

Information Summary System (FISS).

Lake Planning Waterbody Surface Perimeter  Max. Mean pH TDS Secchi  Survey
Name Unit Identifier Area (km) Depth  Depth (ppm)  Depth Year(s)
(ha) (m) (m) (m)
Alice West 00107BRKS 1,218 40.6 71.3 30.9 7.1 46 8.5 1969
Coast
Buttle Campbell 00362CAMB 3,095 74.4 120.7 61.3 40 13.0 1951, 1966,
Oyster 1967, 1969,
1979, 1980,
1997
Comox Campbell 01005COMX 2,100 40.7 109 61 71 22 10.0 1948, 1951,
Oyster 1975, 1980,
1990
Cowichan Nanaimo 00408COWN 6,204 109.7 152 50.1 7.4 1950, 1953,
Cowichan 1960
Elsie West 00133ALBN 1,107 28.3 20.7 7.8 6.9 32 9.0 1969, 1980
Coast
Great West 00587ALBN 5,085 82.3 250 124 71 20 15.5 1969, 1975,
Central Coast 1986
Henderson West 01446ALBN 1,545 37.4 250 97 6.9 63 1972, 1975,
Coast 1986
Huaskin Knight 00964SEYM 2,120 84.6 175 64.9 1991
Inlet
Kennedy West 01168CLAY 6,475 111.9 145 38 72 21 7.5 1962, 1975,
Coast 1986
Lower Campbell 00058CAMB 2,694 89.2 75.6 17.1 7.4 40 7.6-8.0 1951, 1980
Campbell Oyster
Nimpkish Nimpkish 00188NIMP 3,653 54.3 320 122 7.1 17 9.5 1975, 1986
Nitinat West 00056SANJ 2,748 56.0 ~200 <10 75 1962
Coast
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Lake Planning Waterbody Surface Perimeter  Max. Mean pH  TDS Secchi  Survey

Name Unit Identifier Area (km) Depth  Depth (ppm) Depth Year(s)
(ha) (m) (m) (m)

Sproat West 01128ALBN 3,775 90.8 195 74 71 32 14.7 1951, 1955,
Coast 1975, 1986

Upper Campbell 00104CAMB 2,978 21.7 39.6 12.2 56 1951, 1980

Campbell Qyster

Victoria West 00195BRKS 1,576 37.6 109.7 43.3 6.9 35 7.3 1969
Coast

Woss Nimpkish 00594NIMP 1,366 38.1 155 81 8.2 1970, 1986

*Survey years include only those years reported in the Fish Information Summary System (FISS) when the lake was
assessed for physical characteristics and chemical parameters.

4.0 Vancouver Island Large Lakes Fish Stocks

The fish species reported in Vancouver Island large lakes are provided in Table 2. Stocks of
resident cutthroat (Oncorhynchus clarki clarkii) and rainbow (O. gairdneri) trout and Dolly
Varden char (Salvelinus malma) are found in most lakes. Eleven lakes provide access to
salmon species and many also provide habitat for anadromous stocks of cutthroat trout and
steelhead (O. gairdneri). Kokanee salmon (O. nerka) are present in eight lakes. Other fish
species include Pacific lamprey (Lampetra tridentate), river lamprey (L. ayresi) and the
Cowichan Lamprey (L. macrostoma; also known as the Vancouver or Lake Lamprey).
Smallmouth bass (Micropterus dolomieu) have been reported in some lakes but not verified.

TABLE 2. Trout, char, salmon, and other native and non-native fish species present in Alice, Buttle, Comox,
Cowichan, Great Central, Elsie, Henderson, Huaskin, Kennedy, Lower Campbell, Nimpkish, Nitinat, Sproat, Upper
Campbell, Victoria and Woss Lakes (Source: FLNRO files, Nanaimo, FISS).

Fish Species Present in Lake
Trout Char Salmon Other Non-Native
— - o b
o e ) .| = 5
Lake Name c ol |Elsle|z|al8 515 Elel|B|3
d] olo |3|2|c|5|E| e o vx|G|S|2|E| 0
- ° ° Olc ol S || 2| c| E|x S|EQ|ln|lo|L x| @
T 2| S S |x 0| @ I 0l Eld|g|d2 25|28 SlElol g
°la| 8| > |9fz= 2125l glxP|c|8|o| 2|82 22lad|lelk =
Elal|s IR v1s|ege2 »algle8|=|5SalalE|le2|E|x|E|E|2
ElE|2| = |E|5|8|x|S|E|E|GS|IS|E|S|L|S|le|0e|e|aq|928|&5|S|8|8|€
S| |2 o |c|lc|o|E|o|c|c|loo|l=s|l=|o|l€|c|l2|lwc  c|lo|lcs|=2]2(2]|5
Ol|dh| o |[Clo|0|la|lon|lx|lnlOnla|ln|n|ldla || 3|J|la|lEFh|Z|d|lda|d|da
Alice < < x | x < < < <
Buttle x| x < X x x
Campbell (Lower) sl x| x| x x x
Campbell (Upper) s | = x x ¢
Comox x| x| x| x x| x < < < x | x| x
Cowichan x| x| x X | x| x| x < < x| x x | x X | x| x| x| x
Elsie sl x| x| X x x =< x
Great Central x| x| x| x [x|x|x|x|x]|x x x x x | x
Henderson x| x| x| x [x|x|x]|x|x x x x
Huaskin < x| x |x x
Kennedy x x| x |x x x| x X1 X
Nimpkish < x| x Ix| x| x|x|x|x x| x x
Nitinat x = x| x| x = x | = x
Sproat
x| x| x| x < x| x < x | x
Victoria < | x <
Woss x| x x | x < x| x| x < X

*in the watershed
**reported but not confirmed
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5.0 Angling Statistics
Angler Effort

Vancouver Island provides year-round sport fishing opportunities for anglers but lakes are by far

the most important component of the fishery accounting for ~80% of the total angler days in the

region (Reid,1982). I n t he 19806s, angler effort at | arge | a
lakes in the region (Table 3). Over the years, angling effort in these lakes has declined and in

2011 angler effort was ~42,300 angler days, down from 51,000 angler days in 2006, and 55,600

angler days in 2002.

TABLE 3. Total angler effort (angler days) at Region 1 large lakes (Alice, Buttle, Comox, Cowichan, Great Central,
Elsie, Henderson, Huaskin, Kennedy, Lower Campbell, Nimpkish, Nitinat, Sproat, Upper Campbell, Victoria and
Woss) 1986-2006 (Source: Aitzhanova, et al. 2003; Andrews, 2007, Silvestri, 2013, in prep.).

Habitat Type Angler Effort (angler days)
1986 1989 1992 2002 2006 2011
Vancouver Island 155,235 224,746 241,397 238,792 236,318 in prep.
Large Lakes 42,766 44,640 58,006 55,628 51,249 42,283
Percent of Total 28 20 24 23 22 in prep.
Angleref f ort at | arge | akes built through the | ate 1

reached a maximum of ~60,000 angler days (Figure 2). Angler effort then began declining after

1992 and since 2002, angling effort at large lakes has declined from ~56,000 angler days in

2002, to ~51,000 angler days in 2006, and ~42,000 angler days in 2011. In 2011, angler effort

was below the long-term average of ~51,000 angler daysandwe 6 ve pr o jarglertefiod t ha't
will continue to decline at large lakes further over the next decade.
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FIGURE 2. Total angling effort (angler days/year) compared to the mean angling effort (51,398 angler days/year)
over the 25 year survey period of the Vancouver Island Lakes Questionnaire (1986 i 2011), trend in angling effort
and projected trend at large lakes over the next ~10 years at Vancouver Island large lakes (Alice, Buttle, Comox,
Cowichan, Great Central, Elsie, Henderson, Huaskin, Kennedy, Lower Campbell, Nimpkish, Nitinat, Sproat, Upper
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Campbell, Victoria and Woss Lakes) 1986 1 2011(Source Aitzhanova, et al. 2003; Andrews, 2007, Silvestri, 2013, in
prep.).

Angler Catch

In 1986, fish caught at large lakes comprised 23% of the total of fish caught in lakes on
Vancouver Island (Table 4). As angler catch in small lakes has increased over the past three
decades, however, the percentage of total catch from large lakes has decreased and since
1992, catch from large lakes has averaged ~18% of the total catch from regional lakes.

TABLE 4. Total catch at Region 1 large lakes (Alice, Buttle, Comox, Cowichan, Great Central, Elsie, Henderson,
Huaskin, Kennedy, Lower Campbell, Nimpkish, Nitinat, Sproat, Upper Campbell, Victoria and Woss) 1986-2006
(Source: Aitzhanova, et al. 2003; Andrews, 2007, Silvestri, 2013, in prep.).

Habitat Type Total Catch

1986 1989 1992 2002 2006 2011
Vancouver Island 293,100 427,078 474,868 445,281 477,011 in prep.
Large Lakes 66,221 93,608 76,028 88,909 83,969 68,261
Percent of Total 23 22 16 20 18 in prep

Total catch at large lakes in the Vancouver Island region has been decreasing slightly since the
VILQ began in 1986 (Figure 3). In 1986, total catch was ~66,000 fish. As angler effort

increased catch also increased to ~93,000 fish in 1989. In 1992, angler effort hit its peak but

total catch dropped to 76,000 fish then rose again in 2002 to ~89,000. Total catch was ~84,000

fish in 2006 and ~68,000 in 2011. That year, angler catch was at an historic low having

decreased by 14% from the mean catch over the survey period, and by 18% since 2006. We 6 v e
projected that total catch will remain ~constant over the next ten years.

100,000
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80,000 - .
70,000
f,' 60,000 - 1986 1989 1992 2002 2006 2011 2020
©
© 50,000 -
8
.2 40,000 -
Total Catch at Vancouver
30,000 - Island Large Lakes
20,000 - —Trend in Total Catch at Large
Lakes
10,000 -
0 J

Survey Year

FIGURE 3. Total catch of cutthroat and rainbow trout and Dolly Varden compared to the mean catch (79,499 fish)
over the 25 year survey period of the Vancouver Island Lakes Questionnaire (1986 i 2011), trend and projected trend
in total catch over the next ~10 years at Vancouver Island large lakes (Alice, Buttle, Comox, Cowichan, Great Central,
Elsie, Henderson, Huaskin, Kennedy, Lower Campbell, Nimpkish, Nitinat, Sproat, Upper Campbell, Victoria and
Woss Lakes) (Source: Aitzhanova, et al. 2003; Andrews, 2007, Silvestri, 2013, in prep.).
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Rainbow and wild cutthroat trout provide the backbone of the catch on Vancouver Island with
these species accounting for >90% of the catch at large lakes (Table 5). In 2006, cutthroat trout
made up 60% of the catch while rainbow trout comprised 35% and Dolly Varden made up 5% of
the angler catch at large lakes (Andrews, 2007). In 2011, cutthroat trout comprised 53% of the
total catch, while rainbow trout and Dolly Varden accounted for ~43% and ~3% respectively
(Silvestri, 2013 in prep.).

TABLE 5. Estimated catch of rainbow trout, cutthroat trout, Dolly Varden and other species* at Alice, Buttle, Comox,
Cowichan, Great Central, Elsie, Henderson, Huaskin, Kennedy, Lower Campbell, Nimpkish, Nitinat, Sproat, Upper
Campbell, Victoria and Woss Lakes compared to estimated catch in all Vancouver Island habitats in 2011 (Source:
Andrews, 2007; Silvestri, 2013 in prep.).

Year Total Catch by Species
Rainbow Trout Cutthroat Trout Dolly Varden Other* Total
Total Percent Total Percent Total Percent Total Percent
2006 29,387 35.0 50,379 60.0 4,198 5.0 136 <1 83,965
2011 29,432 43.1 36,170 53.0 2,603 3.8 56 <1 68,261

*unconfirmed reports of smallmouth bass

Angler Success

Angler catch/day at large lakes has been as high as 1.7 fish/angler day (fish/day) in 1989 and
as low as 1.3 fish/day in 1992 when angler effort was at its highest level (Table 6; Figure 2).
Although angler effort declined between 2002 and 2011, angler success stayed constant at 1.6
fish/ day which is roughly the long-term average for regional large lakes. We project that angler
success at large lakes will increase as angler effort continues to trend downward (Figure 4).

TABLE 6. Angler success (catch/angler day) by year at small (<1,000 ha) and large lake (Alice, Buttle, Comox,
Cowichan, Great Central, Elsie, Henderson, Huaskin, Kennedy, Lower Campbell, Nimpkish, Nitinat, Sproat, Upper
Campbell, Victoria and Woss) in the Vancouver Island Region 1986 - 2006 (Source: Aitzhanova, et al. 2003,
Andrews, 2007, Silvestri, 2013, in prep.).

Habitat Type Angler Success (catch/angler day)

1986 1989 1992 2002 2006 2011 Mean
Small Lakes* 2.1 2.0 2.2 2.0 1.7 in prep. 2.0
Large Lakes 15 1.7 1.3 1.5 1.6 1.6 1.56
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FIGURE 4. Angler success (catch/angler day) compared to the mean angler success (1.56 fish/angler day) over the
25 year survey period of the Vancouver Island Lakes Questionnaire (1986 i 2011), trend and projected trend in
angler success over the next ~10 years at Vancouver Island large lakes (Alice, Buttle, Comox, Cowichan, Great
Central, Elsie, Henderson, Huaskin, Kennedy, Lower Campbell, Nimpkish, Nitinat, Sproat, Upper Campbell, Victoria
and Woss Lakes) (Source: Aitzhanova, et al. 2003; Andrews, 2007, Silvestri, 2013, in prep.).

6.0 Large Lakes Management on Vancouver Island

In his Regional Management Statement, Reid (1984) highlighted a number of challenges
associated with managing large lakes in this region including: limited catch statistics; a lack of
life history information on trout stocks and their status in large lakes; the naturally oligotrophic
nature of all regional lakes; and the combined effects of poor land-use practices and rapidly
expanding foreshore development. Reid also noted that as of 1984, there was no active
management program targeting large lake stocks, and the database on angler harvest and
distribution was limited and subject to error. He identified the following priorities for managing
fisheries in large lake habitats:

Develop a method of defining the total fish production associated with large lake fisheries.
Determine the optimum harvest rates for large lake stocks.

Develop a plan for conducting angler surveys in the future.

Implement angler opinion surveys to assist in defining management objectives.

Develop a monitoring program for key large lakes.

arwbdpE

Budget and staffing shortf al |l segiorhfroroimgementingthe he 199
priorities Reid identified. In addition, lakes management in the region focused on small lakes

which, along with anadromous (steelhead) fisheries dominated the regional priorities (Reid,

1986). Large lakes fisheries were estimated to account for only 5% of the total regional angling

activity and the information available suggested there was an adequate supply of fish to meet

angler demand at those habitats to the year 1990 and beyond. Consequently, apart from

studies on high-use lakes such as Cowichan and Sproat Lakes, only limited investigation has so

far been conducted on fisheries and stocks at large lake habitats.

Our goal was to addowesosld@Reidedodgsterm direction fortfisheries
management for regional large lakes. We felt the most appropriate place to start was to identify
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a method of determining fish production which we could then use to determine maximum
allowable harvest. The following section outlines how we addressed the issue of determining
maximum harvest at large lakes, and how we subsequently integrated stock status data into our
analyses to develop operational objectives and associated management actions.

7.0 Defining Optimum Fish Production and Determining Optimum Harvest Rates at
Vancouver Island Large Lakes

Rawson (1952) points out that itd secessary to have an understanding of biological productivity
and to attempt to discover their rates of production to provide a baseline from which to
determine management objectives. We wanted to determine optimum production so we could
define the maximum harvest rate at large lakes in the Vancouver Island region. The BC-
developed Large Lakes Kokanee Model was created for the purpose of defining optimum
production at large lakes. Unfortunately, we were unable to run this model on Island lakes
without sockeye or kokanee. Of the lakes where we used the model, we found no correlation
(R? = 0.034) between the yield of predators predicted by the model, and the actual yield based
on angler catch determined by the VILQ and estimated harvest (see Appendix 2 for details).

In the absence of the Large Lakes model, we used the morphoedaphic index (MEI) to predict

yield for large lakes on the Island. The MEI is the ratio of TDS to mean depth (Z), and provides

a predictor of standing crop, yield or biomass of lentic systems (Jenkins, 1967; Ryder et al,

1975). WeusedRyder 6s simpl i fi ed r predictedsyigld varies flaom @.41toound t h
2.36 and averages ~1 Ib/ac. at Island large lakes (Table 7; Appendix 3). One consideration in

using MEI is that Island lakes are oligotrophic. In fact, large lakes on Vancouver Island are

among the most nutrient poor and consequently unproductive lakes on the continent.

Consequentl vy, Ryder és regression maysoweviewesst i mat e
our estimation of productivity using MEI as a generous threshold.

TABLE 7. Minimum, maximum and mean predicted yield based on MEI (TDS/mean depth in pounds/acre/year)
calculated using Ryderds (1965) simplified regression Y~2&aX
large lakes (Alice, Buttle, Comox, Cowichan, Great Central, Elsie, Henderson, Huaskin, Kennedy, Lower Campbell,

Nimpkish, Nitinat, Sproat, Upper Campbell, Victoria and Woss) (Source: FLNRO files, Nanaimo).

Factor TDS (ppm) Mean Depth  MEI Surface Area Predicted Yield based
(ft) (acres) on MEI (pounds/acre/yr)

Minimum 10 25.74 0.042 2,733 0.41

Maximum 63 409.2 1.391 15,988 2.36

Mean 33.6 189.442 0.360 7,406 1.04

Determining Maximum Allowable Harvest

In 1984, Provincial fisheries managers recommended an allowable harvest rate of 40% for
island large lakes (Andrusak and Brown in Reid, 1984). Andrusak and Brown did not provide
details on how the maximum harvest rate was determined though their recommendation was
consistent with the harvest rate of 44% for Vancouver Island determined by the 1985 National
Sport Fish Survey (Levey and Williams, 2003).

We compared predicted yield based on MEI with actual yield using catch data from the VILQ
and harvest rates determined from the National Sport Fish Survey (Levey and Williams, 2003)
and the VILQ. We felt this was a suitable comparison given that sport fishing yields are closely
correlated with angling effort (Jenkins and Morais, 1971; McCombie, 1983; Schlesinger and
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McCombie, 1983). We found that actual yield was well below what we predicted using MEI
(Table 8) and, as a result, we feel a maximum allowable harvest rate of 40% should be a
reasonable limit for Vancouver Island large lakes.

TABLE 8. Yield (pounds/acre) based on total catch determined by the VILQ from 1986 i 2011 at Vancouver Island
large lakes (Alice, Buttle, Comox, Cowichan, Great Central, Elsie, Henderson, Huaskin, Kennedy, Lower Campbell,
Nimpkish, Nitinat, Sproat, Upper Campbell, Victoria and Woss). Harvest rate was calculated thusly: using a harvest
rate of 44% in 1986 and 1989; 39% in 1992; 33% in 2002 (Levey and Williams, 2003); 27% in 2006 and 18% in 2011
(Andrews, 2007; Silvestri, 2013, in prep). No harvest rate was available for 2002 so the 1992 and 2006 harvest rate
means were used. We estimated that the mean size of cutthroat in island large lakes is 0.5 pounds based on all
available data from Ministry files and used that to calculate total pounds of fish harvested. Yield is calculated as
pounds of fish/total surface are of all large lakes (113,835 acres) (Source: FLNRO files, Nanaimo).

Factor 1986 1989 1992 2002 2006 2011
Total Catch (# of fish) 66,221 93,608 76,028 88,909 83,966 68,261
Harvest (# of fish) 29,137 41,188 29,651 29,340 22,671 12,287
Pounds 14,569 20,594 14,825 14,670 11,335 6,143
Yield (pounds/acre) 0.13 0.18 0.13 0.13 0.10 0.05

We plotted angler effort and total catch to estimate the maximum and optimum angler effort and

catch for Island large lakes and found that angler effort and catch were at optimum levels during

t he 1@i8uwedps When angling pressure began to build late that decade, angler catch also
expanded,andincr eases in angler effort in the early part
catch and harvest of fish approaching the maximum.

If catch and harvest approached the maximum or crossed the equilibrium line, angler catch
rates would have declined and angler effort would have decreased as anglers left the fishery. In
fact, anglers did leave the fishery and in 2011, angler effort at regional large lakes was the
lowest in the 25 year survey (Figure 2).
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FIGURE 5. Angler effort (angler days) vs. total catch and maximum angler effort and catch at the current
regulations, and maximum sustainable angler effort and catch at Vancouver Island large lakes (Alice, Buttle, Comox,
Cowichan, Great Central, Elsie, Henderson, Huaskin, Kennedy, Lower Campbell, Nimpkish, Nitinat, Sproat, Upper
Campbell, Victoria and Woss Lakes) 1986 i 2011 Note: the point at which the second degree polynomial curve
diverges furthest from the 45 degree equilibrium line is where the optimum angler effort produces the highest
sustained catch. In this case, 61,000 angler days would result in an optimal catch of ~90,000 fish (Source:
Aitzhanova, et al. 2003; Andrews, 2007; Silvestri, 2013 in prep.).

Angler Success

The fact that angler effort and total catch increased then decreased suggests that overfishing

may have occurred at the higher e tdspitethefact¢hate!l s dur
allowable harvest rates may have been appropriate. Because angler success is proportional to

the size of the fish population (Ricker, 1975), this response would be revealed as a decline in

angler success.

Angler success rates reached a high of almost 1.7 fish/day in 1989 but by 1992 when angler
effort was at its highest angler success was ~1.3 fish/day (Figure 6). Angler effort declined in
the 199006s as an @qhdeheisdeparturfe tesulted ia anfincresabeanrsyccess for
remaining anglers. In 2011, angler success was 1.6 fish/day which is roughly the long-term
average and the maximum angler success at the optimum angler effort for Vancouver Island
large lakes (~50,000-55,000 angler days/year).
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FIGURE 6. Angler effort (angler days/year) compared to angler success and maximum angler success at ~optimum
angler effort at current regulations at Vancouver Island large lakes (Alice, Buttle, Comox, Cowichan, Great Central,
Elsie, Henderson, Huaskin, Kennedy, Lower Campbell, Nimpkish, Nitinat, Sproat, Upper Campbell, Victoria and
Woss Lakes) 1986 i 2011 (Source: Aitzhanova, et al. 2003; Andrews, 2007; Silvestri, 2013 in prep.).

8.0 Stock Status at Vancouver Island Large Lakes

Parkinson (undated) notes that the build-up of a new fishery generally follows a humber of
phases. In the early phases, total yield is low but angler success is high as larger, older fish are
harvested with a modest amount of fishing effort. As angler effort builds, the yield rises but
success drops due to declining standing crops. As angler effort increases, a population of fish
becomes significantly reduced and harder to catch (Schlesinger and McCombie, 1983). Both
yield and angler success drops as stocks almost inevitably become overfished.

Fisheries affect not only a change in stock levels, but also stock composition. Ri cker 6s (1946)
work demonstrated that a fishery will substantially increase the mortality of fish for many years

and how, when enough years have elapsed to spread those effects through the stock, there is a

marked decrease in the relative number of the oldest and largest fish.

The peak period for angling licence sales in British Columbia occurred in 1995. That year, there

were a total of 279,259 annual licences purchased vs. 220,273 in 2009 (Clarke, 2012). There has

been a region-wide decline in angler effort on Vancouver Island sincethelate 19 9 06s f or a v a
of reasons including the economic downturn and the fact that people do not have as much time to

participate in the sport as they once did (Levey and Williams, 2003).

Cutthroat Trout

We wanted to determine if there was a change in stock composition and/or stock status at Island
large lakes which might have contributed to anglers leaving the large lakes fishery. We compiled
fish data from each large lake and analyzed age and growth and catch indicator data for each
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species to determine if there were changes in parameters such as mean and maximum fish length
over the past three decades. Changes in these parameters would not only have affected angler
satisfaction and likely caused them to leave the fishery, but would also indicate a change in stock
status.

We found the maximum, mean and modal fork length of cutthroat caught by anglers has

declined appreciably since the 195006 s . I n the 19506s the maxi mum si
recorded was >700 mm, the mean was 420 mm and the modal length was ~500 mm. In the

20006s, t he i:m@6&mmmanchthesneaneand modal lengths are <300 mm (Table 9;

Figure7).1 t 6s i mportant to note that althoughearwe di d n

|l engths of cutthroat troutstchhage tc dwghatn'gilrertshd n2a(
statistical significance may not reflect the biological significance of larger, older fish being

removed from the population. In addition, regardless of statistical significance, angler

satisfaction would no doubt have decreased as anglers caught more, smaller fish and this would

have contributed to anglers leaving the large lake fishery.

TABLE 9. Minimum, maximum and mean fork length (mm) of cutthroat trout captured by anglers by decade 1950 i
2000 (N=608) in Vancouver Island large (Alice, Buttle, Comox, Cowichan, Great Central, Elsie, Henderson, Huaskin,
Kennedy, Lower Campbell, Nimpkish, Nitinat, Sproat, Upper Campbell, Victoria and Woss) by decade 1950-2000
(Source: FLNRO files, Nanaimo).

Fork Length (mm)

Decade N Minimum Maximum Mean Mode
1950 54 180 724 420.3 508
1970 99 125 673 404.3 432
1980 51 140 600 332.9 350
1990 53 190 660 373.3 360
2000 351 150 660 291.7 250

! We used an independesamples-test to test the differences in means of cutthroat trout caught by anglers in the
19506s vs. means of cutt hr o &404)40.25P=0.05 t9a0uM42@G; 20000M=a ngl er s |
291).
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FIGURE 7. Fork lengths (mm) of cutthroat trout (N=608) captured by anglers at Vancouver Island large lakes (Alice,
Buttle, Comox, Cowichan, Great Central, Elsie, Henderson, Huaskin, Kennedy, Lower Campbell, Nimpkish, Nitinat,
Sproat, Upper Campbell, Victoria and Woss) by decade 1950 i 2000 and difference between the means for each
decade (Source: FLNRO files, Nanaimo).

We also compared length frequency distributions and found that anglers had higher catches of

larger cutt hroat t compatedtbanglbher 4 9i510 0 tsdneecatchi@gdndré,s wh o
smaller cutthroat more frequently. In particular, cutthroat >500 mm comprised ~40% of the

angl er cat ch(Figure8A; hable1D)950686% <5% of the angler catc
(Figure 8B; Table 10).
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FIGURE8. Length frequency distributions of cutthroadand®Brout capt.
t he 2000 06a Vahdduve Blanyg large lakes (Alice, Buttle, Comox, Cowichan, Great Central, Elsie,

Henderson, Huaskin, Kennedy, Lower Campbell, Nimpkish, Nitinat, Sproat, Upper Campbell, Victoria and Woss); see

Appendix 4 for complete length-frequency diagrams for each decade 1950-2000 (Source: FLNRO files, Nanaimo).
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TABLE 10. Percent of angler catch of cutthroat trout in each size category in 1950 (N=54) and 2000 (N=351) in
Vancouver Island large (Alice, Buttle, Comox, Cowichan, Great Central, Elsie, Henderson, Huaskin, Kennedy, Lower
Campbell, Nimpkish, Nitinat, Sproat, Upper Campbell, Victoria and Woss) by decade 1950-2000 (Source: FLNRO
files, Nanaimo).

Length Category (mm) Percent of Angler Catch
1950 2000
<300 29.6 61.5
<350 42.6 81.2
<400 51.9 89.7
<450 57.4 94.0
<500 59.3 95.7
>500 40.7 4.3
Al so of note is the proportion of cutthroat trout

t he 2 0Taivivasm important consideration because on average, cutthroat trout in large lake

habitats on the island mature at ~320 mm (Figure 9). Inthe1 9506s, 43 % of the angl
was <350 mm, while in the 20006 andtte@fete, ikely t he angl
immature.
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FIGURE 9. Mean length (mm) of immature, maturing and mature cutthroat trout captured in gillnets, seines, trap
nets and by anglers 1948 i 2011 (N=705) at Vancouver Island large lakes (Alice, Buttle, Comox, Cowichan, Great
Central, Elsie, Henderson, Huaskin, Kennedy, Lower Campbell, Nimpkish, Nitinat, Sproat, Upper Campbell, Victoria
and Woss). Note: we removed all rainbow trout >500 mm as these fish are likely steelhead (Source: FLNRO files,
Nanaimo).

We compiled age data for cutthroat trout sampled in nets and by anglers and found that the
meanage-at-l engt h f or f i sh qFgoel10A&) diasiarger thdane¢hosk Sabfled s
in the 2000B).s (FFoirguerxeampl e, the mean size of age 1

mm vs. ~123 mm in the 200006s, the mean age of 2+
mm recently and of 3+ fish was ~335 mm in the 195
years cutthroat wer e, on average ~470 mm in the 19506s alt
fish averaged 484 mm in the 195006s vs. ~410 mm in
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mm in the 19506s vs. 400 mm in the 20006sn
t he 1 9 5fiehtokler than 6+ were sampled recently?.
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FIGURE 10. Minimum, maximum and mean length-at-age of cutthroat trout sampled in gillnets, seine nets, trap nets
and by angling in (A) tthree DDDO@EYan(iveldn)dd laage hkeg (Blive, Buttle,
Comox, Cowichan, Great Central, Elsie, Henderson, Huaskin, Kennedy, Lower Campbell, Nimpkish, Nitinat, Sproat,
Upper Campbell, Victoria and Woss) (Source: FLNRO files, Nanaimo).

Overall, themeanage of cutthroat trout caught by
1T197060os 1+ in the 19906s and 20006s (Tabl e
Cutthroat >500 mm and 7+ years were caught by

processed in time for this chapter. See Chapter 5 (Cowichan Lake) for the most up to date dtatedat twout
captured.

Al t ho

angl ers

11) .

angl ers
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TABLE 11. Total catch and mean age of cutthroat trout caught by anglers by decade 1950 -2000 (N=652)
Vancouver Island large (Alice, Buttle, Comox, Cowichan, Great Central, Elsie, Henderson, Huaskin, Kennedy, Lower
Campbell, Nimpkish, Nitinat, Sproat, Upper Campbell, Victoria and Woss) by decade 1950-2000 (Source: FLNRO
files, Nanaimo).

Decade n Mean Age
1950 99 3+
1970 49 3+
1980 119 3+
1990 167 1+
2000 218 1+

Rainbow Trout

As with cutthroat trout, despite the fact that we found no statistical significant difference between

thesizesof rainbow caught by anglers in %theeisl195006s vs
considerable difference in fish size between the decades. For example, 50 years ago anglers

were catching rainbow trout that were, on average ~320 mm and up to 490 mm in length. In the

present decade anglers are catching rainbow up to 450 mm and averaging ~265 mm. The

modal length of rainbow trouthasal so shi fted from ~380 mm in the 1
2 0 0 @Talde 12; Figure 11).

TABLE 12. Minimum, maximum and mean fork length (mm) of rainbow trout captured by anglers by decade 1950 i
2000 (N=308) in Vancouver Island large (Alice, Buttle, Comox, Cowichan, Great Central, Elsie, Henderson, Huaskin,
Kennedy, Lower Campbell, Nimpkish, Nitinat, Sproat, Upper Campbell, Victoria and Woss) by decade 1950-2000;
Note: we removed all rainbow trout >500 mm as these fish are likely steelhead (Source: FLNRO files, Nanaimo).

Fork Length (mm)

Decade n Minimum Maximum Mean Mode
1950 32 175 490 319.7 381
1970 37 320 495 434.9 457
1980 106 215 495 290.0 260
1990 47 172 450 292.3 300
2000 86 120 450 265.5 250

3 We used an independesamples-test to test the differences in means of rainbow trout caught by anglers in the
19506s vs. means of cutthr o@&ll7)#047 8240.051850 y11320; 2000 Mangl er s
265).
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FIGURE 11. Fork lengths (mm) of rainbow trout (N=308) captured by anglers at Vancouver Island large lakes
(Alice, Buttle, Comox, Cowichan, Great Central, Elsie, Henderson, Huaskin, Kennedy, Lower Campbell, Nimpkish,
Nitinat, Sproat, Upper Campbell, Victoria and Woss) by decade 1950 i 2000 and difference between the means for
each decade. Note: we removed all rainbow trout >500 mm as these fish are likely steelhead (Source: FLNRO files,
Nanaimo).

We compared length frequency distributions of rainbow trout caught by anglers and found that
i n t he,2@®®Pobtledasnbow trout catch was 350 mm - 400 mm and 15% was >400 mm

(Figure 12A). Inthe20006 s, >40% of trhnei 260artmonith omhya~40%200 1
rainbow >350 mm (Figure 12B).
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FIGURE12. Length frequency distributions of rainbowand(®ut captur
the 20006s (N=86) at Vancouver |Island | arge | akes (Alice, Bu
Huaskin, Kennedy, Lower Campbell, Nimpkish, Nitinat, Sproat, Upper Campbell, Victoria and Woss). Note: we

removed all rainbow trout >500 mm as these fish are likely steelhead. Note: see Appendix 4 for complete length-

frequency diagrams for each decade 1950-2000 (Source: FLNRO files, Nanaimo).

Al so of not e i s~60%0oéthe angter catdh ef rainBolv Boditsvas <350 mm and

~40% was >350 mm (Table 13) . I n the 20006s, however, 88% of t
was <350 mm while only ~12% of the catch was >350 mm. Rainbow trout in Island large lakes
mature at ~200 mm i 250 mm (Figure 13), therefore,angl er s i n the 20006s are

immature rainbow trout than anglers caughti n t he. 19500s
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TABLE 13. Percent of angler catch of rainbow trout in each size category in 1950 (N=32) and 2000 (N=86) in
Vancouver Island large (Alice, Buttle, Comox, Cowichan, Great Central, Elsie, Henderson, Huaskin, Kennedy, Lower
Campbell, Nimpkish, Nitinat, Sproat, Upper Campbell, Victoria and Woss) by decade 1950-2000. (Note: all rainbow
trout >500 mm were removed as these fish are likely steelhead (Source: FLNRO files, Nanaimo).

Length Category (mm) Percent of Angler Catch
1950 2000
<200 9.4 23.3
<250 313 64.0
<300 50.0 70.9
<350 59.4 88.4
>350 40.6 11.6
300 -
250
B
£ 200
(]
<
5 150
E
© 100
(]
-
50
0
Immature Maturing Mature
Maturity

FIGURE 13. Mean length (mm) of immature, maturing and mature rainbow trout captured in gillnets, seines, trap
nets and by anglers 1948 i 2011 (N=511) at Vancouver Island large lakes (Alice, Buttle, Comox, Cowichan, Great
Central, Elsie, Henderson, Huaskin, Kennedy, Lower Campbell, Nimpkish, Nitinat, Sproat, Upper Campbell, Victoria
and Woss); Note: we removed all rainbow trout >500 mm as these fish are likely steelhead (Source: FLNRO files,
Nanaimo).

We reviewed age data for rainbow trout and found that the mean length-at-ta ge i n t he 19506
was larger for each age class captured. For example, the mean length of 2+ rainbow in the

19506s was 245 mm and i whiletthe mea 16ngtd af 3+ rainbowththg 1 mm
19506s was 267 mm vs. igdrldA; Rigare L4B). Rdinbowaged43-6s ( F

were,onaverage,287 mm in the 195006s compared to 215 mm i
averaged 351 mm in the 19506s and ~242 mm in the
~383 mm in the 1950660W&s. ~3AdPe dnm/ #rouawedh e8 2 r ai nbov

red in the 195006s, however, no rainbow ol der
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FIGURE 14. Minimum, maximum and mean length-at-age of rainbow trout sampled in gillnets, seine nets, trap nets

and by angling

i 80) gnd\(B) the & @ 0 @ & &9) tAVanolver Island large lakes (Alice, Buttle,

Comox, Cowichan, Great Central, Elsie, Henderson, Huaskin, Kennedy, Lower Campbell, Nimpkish, Nitinat, Sproat,
Upper Campbell, Victoria and Woss). Note: all rainbow trout >500 mm were removed as these fish are likely

steelhead (Source: FLNRO files, Nanaimo).

The mean age of rainbow trout caught by anglersinils | an d

in the 197006s and
caught rainbow trout has been 2+ years.

4 +

n

|l arge | akes was
t htwo déc8deq) thesmedn age bflarglerd 4 ) .
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TABLE 14. Total catch and mean age of rainbow trout caught by anglers by decade 1950 -2000 (N=622)
Vancouver Island large (Alice, Buttle, Comox, Cowichan, Great Central, Elsie, Henderson, Huaskin, Kennedy, Lower
Campbell, Nimpkish, Nitinat, Sproat, Upper Campbell, Victoria and Woss) by decade 1950-2000 (Source: FLNRO
files, Nanaimo).

Decade N Mean Age

1950 80 3+

1970 52 5+

1980 165 4+

1990 56 2+

2000 269 2+

Dolly Varden

Webve presented the mini mum, maxi mum, mean and mo

by anglers over the past 50 years in Table 15. The decreasing trend in length we found for

cutthroat and rainbow trout captured by anglers has not been repeated for Dolly Varden. In fact,

the maximum size of Dolly Varden caught by anglersnowi s | arger than it was i
Note, however, the Dolly Varden statistics were evaluated based on small sample sizes which

make statements regarding changes in stock status for this species unreliable.

TABLE 15. Minimum, maximum and mean fork length (mm) of Dolly Varden captured by anglers by decade 1950 i
2000 (N=18)) in Vancouver Island large (Alice, Buttle, Comox, Cowichan, Great Central, Elsie, Henderson, Huaskin,
Kennedy, Lower Campbell, Nimpkish, Nitinat, Sproat, Upper Campbell, Victoria and Woss) by decade 1950-2000.
Note: all rainbow trout >500 mm were removed as these fish are likely steelhead (Source: FLNRO files, Nanaimo).

Fork Length (mm)

Decade N Minimum Maximum Mean Mode
1950 10 225 340 252.5 240
1970 2 457 483 4700 -
1980 1 410 410 4100 -
1990 9 290 480 402.8 480
2000 6 150 430 246.7 250

9.0 Summary of the Large Lakes Fishery and Target Fish Stocks

We 6 v e s u da fksisyiell dasad on harvest rates of ~40% is within the theoretical
production of Island large lakes as estimated by the MEI (Table 7). We do, however, suspect
that anglers harvested too many larger, older cutthroat and rainbow trout in the expanding
phases of the large lakes fishery. Angler effort increasedint h e 1 &8 dudng that decade
and the preceding years, anglers caught higher percentages of larger, older cutthroat and
rainbow trout. Recently, anglers have been catching more smaller cutthroat and rainbow trout,
and higher percentages of immature fish of both species.

One of the goals of the Ministry of Forests, Lands and Natural Resource Operations (FLNRO) is

to increase angler participation. However, i t cftisal to determine whether fish stocks at large

lake habitats can accommodate additional angler effort before facilitating additional participation

at these habitats. At present, we are within optimal angler effort and catchandwe 6 ve pr oj ect e
angler effort will decrease over the next decade. Even so, we have concerns regarding

conservation of wild stocks. The downward trend in fish size and the increasing frequency of

the catch of immature fish by anglers must be addressed before we can develop targets and
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strategies for facilitating additional angler effort at large lake habitats on Vancouver Island. The
following section provides fisheries objectives and management strategies to provide angling
opportunities while also protecting wild fish at regional large lakes.

10.0 Current Regional Regulations at Large Lakes
Regional daily catch quotas

Trout, 4 but not more than 1 >50 cm.
2 hatchery steelhead >50 cm are allowed.
2 from streams (must be hatchery).

Anglers must release all char (Dolly Varden).

Notwithstanding the above, Sproat and Great Central Lakes have a maximum size limit of 60
cm for rainbow trout. Comox Lake has a maximum size limit of 50 cm and a minimum size limit
of 30 cm for cutthroat trout, Sproat Lake has a mandatory release of cutthroat trout and
Cowichan Lake has a cutthroat daily quota of 2 and a maximum size limit of 50 cm for cutthroat
trout

With the exception of the 30 cm minimum size limit for cutthroat at Comox Lake, there is no
general minimum size limit for trout in lakes.

11. 0 Fisheries Objectives and Management Strategies

The following regional fisheries objectives were designed to conserve wild stocks while
maintaining angling opportunities. We recognize our recommended regulations could result in
decreased angler effort initially at large lakes. Over time these management actions will result
in increased angler satisfaction and angler success because mean fish size and the number of
fish available to the angler as a result of these actions will increase. Therefore, in the long-term
angler participation at large lakes may increase resulting in a requirement for additional
conservation regulations. We recommend that the type and level of management response
developed at that time be based on the results of ongoing fishery and stock status monitoring
according to the process and schedule outlined in Figure 15 and Table 16.

In addition to conserving wild stocks, our goals are to maintain angler effort at ~optimum levels,
maintain the long-term angler success rate of 1.6 fish/angler day, and to stay below a regional
yield of 1.0 Ib/ac at all island large lakes combined. To that end, we recommend the following:

1. Monitor the regional angler statistics at large lakes using the VILQ.

2. Maintain a region-wide angler success of 1.6 fish/day according to the VILQ. If angler
success drops by 10%, review angler statistics at individual larges to determine at which
lake(s) success has dropped then gilinet those lakes to determine stock status (Figure
15).

3. If angler effort drops to 40,000 (a 10% drop from 2011 levels) according to the VILQ,
identify lake(s) of concern, implement gillnetting and additional angler surveys (i.e.
angler creel surveys and angler satisfaction questionnaires) to determine if additional
management actions such as regulations are required (Figure 15).

4. Do not exceed the region-wide harvest threshold of 1 Ib/ac. This is the average yield of
island large lakes predicted by the MEI (Table 7).
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5. Develop management strategies to protect large fish, provide an opportunity for fish to
return to historic sizes, and establish consistency in the regional regulations.

1 At lakes where cutthroat is a target species implement a maximum size
limit appropriate to the lake. At some lakes (e.g. Cowichan) 50 cm will be
suitable for protecting large cutthroat.

I At lakes where rainbow is a target species implement a maximum size
limit appropriate to the lake. In most cases, 40 cm will be suitable for
protecting large rainbow.

6. Develop management strategies to permit sufficient survival of immature fish and allow
fish to spawn at least once before they recruit to the fishery.

1 At lakes where cutthroat is a target species implement a minimum size
limit of 30 cm.

I At lakes where rainbow is a target species implement a maximum size
limit of 25 cm.

7. Conduct gillnetting or angling survey assessments to establish stock status and monitor
stocks at large lakes according to their priority: immediate need, high, medium and low
priority (Table 16).

8. Monitor using the VILQ to identify if angler effort increases by >10% from 2011 levels
(>50,000 angler days) and catch increases by 10% to ~88,000 fish; or if angler effort and
catch exceed optimum levels. Design regulations to maintain catch but decrease harvest
so angler success meets the target of 1.6 fish/angler day.

Monitor angler effort and success with VILQ.

7 N

Conduct habitat assessments and
implement enhancement projects to
improve wild stock habitat

\ y

Implement creel surveys, juvenile assessments,
snorkel surveys if negative change by >10% in
3 or more stock status parameters

™\ e

Gillnet lake and evaluate stock status parameters
if 10% decline in angler effort or success

Implement regulations following
public consultation

Develop conservation regulations based on specific
changes in stocks (e.g. size and/or harvest)

FIGURE 15. Flow chart outlining recommended process for establishing reasons for change in angler effort and/or
angler success as determined by changes in the results of the VILQ. Note: gillnetting is initiated if there is a negative
change by >10% in angler success or angler effort. Additional surveys focused on angler catch and satisfaction is
implemented if a change in stock status is revealed through gillnetting.
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TABLE 16. Gillnetting schedule for lakes that must be netted immediately (Alice, Victoria and Woss), and for high
priority (Cowichan, Comox, Sproat, Upper and Lower Campbell), middle priority (Great Central, Buttle, Alice, Woss,
Victoria), and low priority (Elsie, Nimpkish, Henderson, Huaskin and Nitinat) lakes. We prioritized lakes based on
points assigned for angler effort, total catch and angler success data collected through the VILQ from 1986 i 2011
(see Appendix 5 for details) (Source: Aitzhanova, et al. 2003; Andrews, 2007; Silvestri, 2013 in prep.).

Net Immediately High Priority Middle Priority Low Priority Low Priority
Net every three years Net every four Net every five Net in 2023
starting in 2014 years starting in years starting in

2015 2018

Alice Cowichan Great Central Elsie Huaskin

Victoria Comox Buttle Lake Nimpkish Kennedy

Woss Sproat Henderson Nitinat
Upper Campbell starting in 2017
Lower Campbell Alice

Victoria
Woss

Large Lakes Monitoring
Gillnetting

Wedbve outlined a mobable6.0Althongh they ard reothigh peiority lakes, we
recommend that Alice, Victoria and Woss Lakes be netted immediately as there is no recent
gillnetting data to establish stock status at these lakes. The remainder of the lakes are netted
on a rotating schedule depending on their priority. We prioritized lakes based on angler effort,
total catch and catch rates; the higher the angler effort and catch, and the lower the angler
success rates, the higher the lake priority (see Appendix 5 for details). We & vecommended
that high priority lakes (Cowichan, Comox, Sproat Lake and Upper and Lower Campbell Lakes)
be netted every three years beginning in 2014, medium priority lakes (Great Central, Buttle,
Alice, Victoria, Woss) be netted every four years, and low priority lakes (Elsie, Nimpkish,
Henderson, Huaskin, Nitinat) be netted every five years or in 2023 in the case of Huaskin and
Nitinat Lakes. Netting schedules may conflict in some years and the decision regarding which
lake to net should be made based on the priority of the lake, and the status of the fishery as
determined by the VILQ (Figure 15).

In the past, some gillnetting surveys have occurred at different times of the year which biased
comparisons between data sets. We recommend gillnetting in August to allow the collection of
mature fish of all species prior to spawning. We also recommend using the procedures outlined
in Fish Collection Methods and Standards (Resource Inventory Committee (RIC), 1997). While
we recognize this procedure was developed for small lakes sampling, the objective of gillnetting
is to compare stock status indicators over time. These comparisons can be made if nets are set
in the same location, and at the same time each year that gillnetting is completed.

Given the size of some lakes it may be wise to set more than two sets of nets in a lake*. Overly-
extensive sampling of the lake is not required because as a rule, the length, weight, and age

* The standard procedure in BC requires that two gangs of gill nets be set overnight. Usually one net is floating and
the other is sinking. The floating net is set directly off shore and perpendicular to the beach. The sinking net is set
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data from 30 fish of each species is required to develop statistically useful relationships (RIC,
1997). We suggest that six nets be set initially, and additional nets set if there are insufficient
sample sizes of target species. In addition, we recommend the initial net locations be
randomized over the entire area of the lake, and these locations be re-netted in subsequent
years.

Additional Surveys and Actions

Webve recommended conduct i nangldr éreellsieveyis and anglerr vey s i n
satisfaction questionnaires if gillnetting results show a 10% decrease in three or more stock

status parameters (Figure 15). Additional conservation regulations may follow as should habitat

assessments and enhancement projects focused on the improvement of wild-stock habitat.

Thereafter, the fishery is monitored using the VILQ and the process repeated if VILQ data

indicates further declines. We also recommend, where practical, continued annual or biannual

snorkel surveys on priority tributaries of high-priority lakes as part of the overall lake monitoring

program.

12.0 Individual Large Lakes Management Plans

The remainder of this document provides detailed data and information regarding fisheries and
stocks at each large lake in the Vancouver Island region. We reviewed data files and reports
(Appendix 6) and conducted the same or similar analyses for angler success, harvest, and effort
and stocks status as we did for the region to determine the state of the fishery and stock status
(Appendix 7) and lake-specific fisheries objectives and management actions. Finally, web v e
identified data and information gaps which, in addition to regular monitoring using gillnets, must
be completed to have a thorough understanding of the lake fishery and stocks. In some cases,
webve recommended tasudpiemantaatafiom theuMiLQ begasise even if the
VILQ is conducted every three years as was originally intended (Law, P, 2012, pers. com.) there
could be a delay between when fishery declines begin, and when these declines are
discovered. This is particularly true at very low effort lakes where the VILQ may not be sensitive
enough to pick up changes in harvest and success. We 6hhvk a better chance of detecting
changes in lower-effort fisheries with angler-targeted studies such as angler creel surveys.

further off shore ® connecting the neashore end of the net to 15 to 30 m of rope that is tied off on shore and then
setting the net from the end of the rope.
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Chapter 2. Alice Lake

Lake Alice
Planning Unit West Coast
Watershed Marble River
Surface Area (ha) 1,2185
Mean Depth (m) 31

Key Tributaries

Freshwater Fish Species

Limits to Production

Regional Priority*

Angling Statistics 2011
Angling Effort
Total Catch
Angler Success (catch/day)
Current Harvest Rate
Optimum Sustainable Effort
Optimum Sustainable Catch
Angler Success at Optimum

Stock Status

Data Gaps
Management Actions

Operational Plan Priorities

Potential Partners

Marble, Benson, Link Rivers
Cutthroat, Rainbow
Logging, Mining,

8

223 angler days

56 fish

0.25 fish/angler day

25%

Unable to calculate

Unable to calculate

Unable to calculate

Unknown; angler success is decreasing but netting data
incomplete.

Gillnetting; fish assessment (streams); snorkel surveys
Declines in angler success and angler effort and small size of
cutthroat; develop new regulations if necessary following
gillnetting assessment.

Gillnetting assessment and development of conservation
regulations; snorkel surveys and stream inventories; angler
creel survey, review of stocking data, and Level 2 WRP
assessments

Port Alice Fish and Wildlife Association

* see Appendix 5 for information on how we prioritized Vancouver Island large lakes.
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1.0 Overview of the Alice Lake Watershed
General Information

Alice Lake is located 40 kilometres south of Port Hardy on Port Alice Road in the West Coast
(WC) Planning Unit (PU). The majority of the watershed is low in elevation, and is in the sub-
montaine, very wet maritime coastal western hemlock biogeoclimatic zone (Fielden, 1998). The
area surrounding the lake consists of low rolling mountains and mostly logged coniferous forest
(Ministry of Environment (MOE), 1969). Alice Lake is situated 38 m above sea level, has a
surface area of 1,218 ha and a perimeter length of 40.6 km. This lake has a maximum depth of
72 m, a mean depth of 31 m, a TDS of 46 ppm and a pH of 7.1 (Figure 1, Table 1).

J
Marble'River,
& e

8
I T e Kilometers

) e

FIGURE 1. Map of Alice Lake and tributaries; bathymetric profile of this lake is provided in Appendix 9. (Source:
iMap BC)

TABLE 1. Location, size, depth and water quality parameters at Alice Lake (Source: FLNRO files, Nanaimo, FISS).

Planning  Waterbody Surface  Perimeter  Max. Mean pH TDS Secchi  Survey

Unit Identifier Area (km) Depth  Depth (ppm)  Depth Year(s)*
(ha) (m) (m) (m)

West 00107BRKS 1,218 40.6 72 31 7.1 46 8.5 1969

Coast

*Survey years include only those years reported in the Fish Information Summary System (FISS) when the lake was
assessed for physical characteristics and chemical parameters.
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Although Alice Lake has a steep shoreline, it is accessible. In 1964, three sites including the
mouth of the Marble River where it enters Victoria Lake, the northern end of Alice Lake, and the
lower ~2.5 km of the lower portion of the Benson River were proposed as Provincial parks. The
resulting 1,419 hectare Marble River Provincial Park is a popular destination for recreational
angling, including fly-fishing on the river, and tidal water fishing for Chinook and coho salmon,
steelhead, cutthroat and rainbow trout and Dolly Varden.

Tributaries

TABLE 2. Names, order, length and/drainage area and other information for tributaries to Alice Lake (Source:
Fielden, 1998, Fisheries and Oceans Canada, 1968)

Tributary

Length (km)

and/or Drainage

Area (km?)

General Information

Lower Marble
River

Lower Marble
Unnamed
Tributary
Lower Marble
Tributary 2
Lower Marble
Tributary 3
Lower Marble
Tributary 4
Lower Marble
Unnamed
Tributary 5
Lippy Creek

Sorenson Creek

Pinch Creek

Benson River

Malook Creek

8.0 km

Alice Lake outlet; up to ~15 m wide and 6 m deep; considerable silting
and erosion in tributaries; water levels low in summer and winter, high
during spring and fall freshets; falls at ~1.5 km, 6 km and 11 km are
passable unless water levels low; fishway at Bear Falls allows coho
and Chinook access; lake outlet falls located at top of Reach 6; 3.6 m
falls is passable because of natural channel around area; top of Reach
6 crossed by Port Alice highway and Alice Lake.

Flows into Reach 5 of Marble and drains Sara Lake; Sara lake used by coho.

6.4 km

5.0 km

2.5 km

Has anadromous access; drains Larry Lake 6.4 km upstream.

4 unnamed lakes and 2 unnamed marshes; may have a barrier to
anadromous fish at lower end; upper reaches have cutthroat.
Flows into Marble River from southeast above Bear Falls; drains a
small lake; coho access.

Flows into Lower Marble and drains into an unnamed lake.

6.4 km

6.0 km

4.6 km

300 km*
drainage area;
26 km

3.1 km

Flows east into Alice Lake; 4 reaches; entire watershed logged to
stream banks ~30 years ago; low flow in lower reaches 1.5 m falls in
Reach 2 limits coho access; cutthroat access to Reach 4; number of
roads provide access.

Flows into Alice Lake from the west; 7 reaches; entire watershed
logged i some reaches to the stream banks; limestone canyon up to
15 m high in Reach 2; 4 barriers in Reach 2 prevent anadromous
access; upper reaches are steep and lack flow.

Flows west down small mountain to southeast end of Alice Lake; 3
reaches; most of the stream has been logged to the stream banks;
spring provides summer flow but high winter flows may reduce egg-to-
fry survival; upper reaches dry and are high gradient.

2 lakes 1 Kathleen Lake and Benson Lake located 7 km and 10.5 km
upstream from mouth; Raging River is tributary draining ~100 km? and
flows into Maynard Lake 600 m upstream; 12 m high dam built at
Maynard Lake for hydro to Benson Lake Mines; dam and power plan
now closed; limestone canyon through Reach 2 and Reach 4; sockeye
spawning in Reach 4.

Flows east into the lower reaches of the Benson River; coho, Dolly
Varden in lower reaches; Reach 3 flows underground; uppermost
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Tributary Length (km) General Information
and/or Drainage
Area (km?)

reach logged and has steep gradient.

Yootook Creek 8.9km?; 7.4 km  Located east of Howlal Creek and flows north into the Benson River 2
km upstream of Benson mouth; steep, fast flowing creek; Yootook
valley heavily logged ~25 years ago- all timber removed from valley;
logjam in Reach 2 is upper limit for anadromous; Dolly Varden present
until top-most reach (47% gradient).

Howlal Creek 10 km?; 7.1 km Flows south for ~7 km before entering Benson River; watershed
extensively logged ~40 years ago; 3 reaches; coho observed to Reach
3; Reach 3 gradient increases to 60%.

Jeune Creek Flows east into the Link River between Alice and Victoria Lakes; roads into the upper part
of the watershed are no longer accessible except on foot.

Alice Lake There were 14 tributaries to Alice Lake (some marked on TRIM maps did not exist during

Unnamed field survey) surveyed during the assessment by Fielden and detailed information is

Tributaries contained in Fielden 1989; some streams with impacts from logging; some with steep

gradients and low flows; trout, Dolly Varden and anadromous fish including sockeye and
coho were observed in some streams.

Species Composition

Dolly Varden, resident cutthroat, resident rainbow trout and steelhead have been recorded in
Alice Lake (FLNRO files, Nanaimo). There are Chinook and coho salmon stocks in the
watershed and sockeye have been listed for various tributaries including Pinch Creek and Link
River (Chambers, 1988a; Ministry of Environment, 1989). A DFO stream and spawning ground
assessment in 1968 notes that sockeye occur above Alice Lake, and Fielden (1998) notes that
sockeye salmon spawn in the lower reaches of some of the Alice Lake tributaries. Coho salmon
are widespread and spawn in many Alice Lake tributaries, the Link and Benson Rivers. The
main Chinook salmon spawning areas are in the lower Marble River below Alice Lake, and the
Benson River below Kathleen Lake. Chinook have also been found spawning in the Link River,
Sorenson, Lippy, Pinch and Yootook Creeks, and Alice Lake Unnamed Tributary 8.

Rainbow trout juveniles are found in the lower reaches of Pinch, Howlal and Yootook Creeks,
and Benson and Link Rivers. Stream resident rainbow trout have been captured in Jeune
Creek and cutthroat trout have been found in many smaller systems. Fielden (1998) suggested
that all of the cutthroat trout he sampled were probably non-anadromous as falls in the lower
river probably restrict anadromous cutthroat to the tributaries of the lower Marble River. He also
noted there are fluvial and adfluvial cutthroat, and that adfluvial cutthroat are associated with the
lakes. According to Fielden (1998), only age 0+ and 1+ juveniles are found in the streams with
lake access including Lower Marble River tributaries, Lippy and Sorenson Creeks.

The only population of fluvial rainbow trout Fielden (1998) sampled were from Jeune Creek
which contained some older, larger individuals not found in adfluvial populations. The Marble
River was sampled in 1996 and fish found included: prickly sculpin; threespine stickleback; coho
salmon; cutthroat trout; rainbow trout and Dolly Varden (Fielden, 1998). Coho juveniles were the
most ubiquitous species of fish in the anadromous areas. Coho out-plants from the Marble
River hatchery were also found in hon-anadromous areas in Sorenson Creek (Fielden, 1998).
Dolly Varden with lake access were found in Yootook, Lippy and Malook Creek and the Link
River. The Dolly Varden captured in these areas were generally age 0+ and 1+. Adfluvial Dolly
Varden were found in Alice Lake Tributary #7.
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The estimated annual escapement in the Marble River for winter steelhead is 50 fish and for
summer steelhead is 100 fish (Wightman, 1998). Steelhead spawn in the lower Marble River
below Alice Lake, the Link River and throughout the Benson River to the upper reaches
(Fielden, 1998). The Marble River has supported populations of 4,000 sockeye; 7,500 Chinook;
20,000 coho; 4,000 chum and 1,500 pink salmon (Chambers, 1988a). Chum and pink salmon
are restricted to the lower 2 km of the Marble River (Fielden, 1998).

Summary of Work and Reports

In 1996, MOE contracted Aquatic Resources Ltd. to review information on the Marble River
watershed, and conduct a reconnaissance survey of fish and fish habitat on the Marble River
and some of its tributaries. The resulting report includes fish and habitat information for Lippy,
Sorenson, Howlal, Malook, Yootook, and Jeune Creeks, the Benson and Teihsum Rivers, and
unnamed tributaries to Alice Lake, Victoria Lake and the Lower Marble River (Fielden, 1998).
Hamilton (1980) provides a detailed summary of the hydrology, fisheries, and watershed
development of the Marble River.

2.0 Limits to Fish Production
Water Withdrawal

Fielden (1998) suggests that fish populations may have been impacted by the removal of water
by the Western Forest Products pulp mill in Port Alice and the BHP Copper Mine on Rupert
Inlet. He also notes this water extraction could reduce juvenile rearing habitat during the
summer in the Link and Lower Marble Rivers when flows can reach a low of 1.9 m?/s (Fielden,
1998).

Logging

Of all the industrial activity in the watershed, logging has probably had the most impact on fish
populations, particularly in the tributaries feeding the lakes (Fielden, 1998). The valley bottoms
throughout most of the watershed have been logged to the stream banks over the past 50
years, and ~50% of the Alice Lake shoreline has been logged to the shore.

In addition to logging around Alice Lake, a large portion of the Marble watershed has also been
logged. Sprout and Fraser (1981) state that fisheries problems from logging were most notable
in the Marble River and that problems from logging along with mining activity have caused the
dramatic decline in Chinook and coho stocks in this river. Fielden (1998) further points out that
logging has likely contributed to channel instability, increased channel widths, reduced Large
Woody Debris (LWD) in the channel, and a loss of habitat complexity. A report in 1975 by DFO
noted that the falls on the Marble River had a partial collapse and this in combination with
unstable water levels because of increased logging and increased water use in the Marble River
could lead to difficult access for fish (Fisheries and Oceans Canada, 1975).

Mining

Most of the mining activity in the watershed has taken place around Benson Lake. Sprout and
Fraser (1981) report that heavy metals from the discharge of mine tailings into Benson Lake by
the Benson Lake Copper Mine may have had an impact on Chinook and coho in the system.
There are two copper mines and three iron mines in this area and, as of 1998, four prospects in
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the vicinity of Alice Lake, mainly around the Link River (Fielden, 1998). The main commaodities
from these sites are zinc, iron, gold, copper, magnetite and lead (Fielden, 1998). There is one
operating mine, as well as six past-producing mines and developed and undeveloped showings
in the Marble River watershed (Fielden, 1998). A limestone quarry operated by Imasco
Minerals Ltd. is also currently operating in the watershed.

Fish Stocking

A Salmonid Enhancement Program (SEP) Community Development Program hatchery has
operated at the north end of Alice Lake since 1981 (Fielden, 1998) and coho have been
released into Sorenson and Howlal Creeks, Little and Marble Rivers, and Sara and Larry Lakes.
Juveniles are released back into the systems that the broodstock were taken from (Anderson,
1998). In 1996, the hatchery took eggs from Chinook, coho and steelhead (Anderson, 1998).
As of 1988, >1.2 million Chinook and 250,000 coho had been reared and released into the
drainage area (Chambers, 1988b). No assessment of the success of these programs has been
completed.

Fielden (1998) conducted extensive fish habitat and fish assessments of the Marble River
watershed and found that Pinch and Lippy Creeks had the highest proportion of habitat
available for trout due to a high proportion of shallow, slow-flowing riffle habitat, while Malook
Creek had the smallest proportion of trout fry compared to actual fish densities. Fielden also
found that habitat in eight tributaries was under-utilized by Dolly Varden and trout, but was near
or above capacity for coho juveniles at most sites. He further noted that Dolly Varden and trout
fry and parr densities were well below predicted maximum salmonid densities in all eight
systems. Fielden suggests that one reason for the low densities of trout and Dolly Varden fry
could be due to lack of appropriate substrate and suitable cover. He also suggested that the
high densities of coho juveniles in the creeks may have helped depress the Dolly Varden and
trout fry and parr populations.

Stream Habitat

An assessment of four unnamed streams flowing east into Alice Lake was conducted in 1995 for
MacMillan Bloedel Ltd. (NVISEA, 1995). This assessment found that Unnamed Stream #1 and
#2 suffered from low summer flows and that Stream #3 had a barrier 245 m upstream of the
confluence with Alice Lake. Stream #4 contained coho and trout, and had excellent spawning
areas for salmonids (NVISEA, 1995). This report also notes that LWD piles from shake-block
waste and previous logging activities had accumulated at the mouths of these and other creeks
flowing into Alice Lake, and that these materials were disrupting the natural migration pattern of
salmonids.

3.0 Angling Statistics

Angler Effort

The average angler effort since 1986 at Alice Lake is ~1,200 angler days/year (Figure 2).
However, there has been a decreasing trend in angler effort over the survey period. Angler
effort dropped from ~2,000 in 1986 to ~1,500 in 1989 and to ~1,200 in 1992. In 2002, angler

effort increased to ~1,900 angler days but angler effort fell again to 880 in 2006 angler days and
to 220 angler days in 2011.
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FIGURE 2. Angler effort (angler days) by year compared to average angler effort from 1986-2011 and trend in effort
at Alice Lake 1986 i 2011 Note that the fisheries estimates from the VILQ on a low effort lake such as Alice Lake are
subject to high variability as the VILQ is not sensitive enough to pick up subtle changes in parameters including catch
and harvest on lightly-fished lakes such as Alice Lake. In the case of Alice Lake, only seven anglers responded to
the mail-out VILQ; fewer anglers sampled means higher variability and catch and success estimates are subject to
error (Source: Aitzhanova, et al. 2003; Andrews, 2007, Silvestri, 2013 in prep.).

Catch

Total catch has also been declining over the survey period and mirrors that of angler effort
(Figure 3). In 1986, total catch was at its highest at 3,700 fish. Between 1989 and 2002 total
catch ranged from ~2,500 fish to 2,700 fish. In 2006, total catch dropped to 900 fish and in
2011, total catch dropped to its lowest level at an estimated 56 fish.
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FIGURE 3. Total catch by year compared to average catch from 1986-2011 and trend in catch at Alice Lake 1986 i
2011 (Source: Aitzhanova, et al. 2003; Andrews, 2007, Silvestri, 2013 in prep.).

Fifty-one percent of the angler catch in 2006 was cutthroat trout (466 fish) while ~49% was
rainbow trout (443 fish) (Table 3). In 2011, all 56 fish caught by anglers were cutthroat trout.

TABLE 3. Catch of rainbow and cutthroat trout at Alice Lake 2006 and 2011 (Source: Andrews, 2007; Silvestri 2013
in prep.).

Species 2006 2011

Catch % of Total Catch % of Total
Cutthroat 466 51.3 56 100.0
Rainbow 443 48.7 0 0
Total Catch 909 56

Angler Success

Between 1986 and 1989 angler success reported by the VILQ averaged ~1.7 fish/day (Figure
4). This is similar to reporting by Wolter and Gwilt (1980) who reviewed angler creel census
reports from early in the decade which suggested that Alice Lake received moderate angler use
with anglers maintaining average catch success rates of 0.5 fish/hour (~2 fish/day for a 4-hour
day).

In 1992, angler success increased to 2.2 fish/day likely in response to the decrease in angler
effort that year (Figure 2). Thereafter, angler success began a steady decline to 1.3 fish/day in
2002, 1 fish/day in 2006, and 0.25 fish/day in 2011. The declines in the last two survey years
reflect the decline in angler effort and total catch at this lake. Overall, the average angler
success at Alice Lake is 1.4 fish/day.
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FIGURE 4. Angler success (total catch/total angler effort in angler days) and trend in angler success compared to
average angler success and the objective for angler success (1.6 fish/angler day) at Alice Lake 1986 i 2011 (Source:
Aitzhanova, et al. 2003; Andrews, 2007; Silvestri, 2013 in prep.).

Harvest

In 2006, anglers harvested ~30% of their cutthroat trout (136 fish) and ~28% of their rainbow
trout (125 fish) (Table 4). The overall harvest rate at Alice Lake that year was ~30%. In 2011,
anglers harvested 25% of their cutthroat (14 fish).

TABLE 4. Catch, harvest and percent harvest of rainbow and cutthroat trout at Alice Lake 2006 and 2011 (Source:
Andrews, 2007; Silvestri 2013 in prep.).

Species 2006 2011

Catch Harvest Percent Catch Harvest Percent
Cutthroat 466 136 29.2 56 14 25.0
Rainbow 443 125 28.2 0 0 0.0
Total 909 261 28.7 56 14 25.0

4.0 Stock Status Indicators
Relative Abundance

Alice Lake has been sampled twice by gillnet; once in August 1969 when 25 fish were caught,
80% of which were cutthroat trout, and again in September 1980 when seven fish were caught
(Figure 5). Rainbow trout were collected only in 1980 and comprised ~60% of that sample.
Dolly Varden comprised ~20% of the sample collected in 1969 and none of the 1980 sample.
Because Dolly Varden move into the tributaries to spawn in September these fish may not have
been available for the1969 netting which was conducted that month.
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FIGURE 5. Percent cutthroat trout, rainbow trout and Dolly Varden captured in gillnets in Alice Lake in August 1960

and September 1980. Gillnet type (sinking or floating) and locations were not specified (Source: FLNRO files,
Nanaimo).

Length and Weight

Unfortunately, the only information recorded during the 1969 gillnet sample indicated that 25 fish
were caught. In 1980, three cutthroat ranging from 206 mm - 288 mm and averaging 241.0 mm
and ~167 g were caught. Four rainbow trout ranging from 170 mm - 306 mm and averaging
240 mm in length and 192 g were also captured.

TABLE 5. Minimum, maximum, mean length and mean weight for cutthroat and rainbow trout and Dolly Varden
captured in gillnets in Alice Lake 1980 (N=7) Note: because of low numbers of fish sampled, this data is subject to
high variability and of little value in drawing conclusions on stock status in Alice Lake (Source: FLNRO files,
Nanaimo).

Species N Length (mm) Weight (g)

Minimum Maximum Mean Mean
Cutthroat 3 206.0 288.0 241.0 166.8
Rainbow 4 170.0 306.0 240.3 192.1
Dolly Varden 5 No length or weight data

One maturing female cutthroat 288 mm and 264 g, and two mature male cutthroat averaging
218 mm and 118 g were captured in 1980. One mature female rainbow 306 mm and 358 g, one
maturing female rainbow 302 mm and 286 g, and two mature male rainbow averaging 177 mm
and 62 g were caught in the 1980 gillnet set (Table 6).
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TABLE 6. Number, range of fork length and mean fork lengths of immature and mature male and female cutthroat
trout (N=3) and rainbow trout (N=4) captured in gillnets in Alice Lake 1980 (Source: FLNRO files, Nanaimo).

Cutthroat Rainbow

Females Males Females Males

Maturing Mature Mature Maturing Mature
n 1 2 1 1 2
Minimum Fork Length (mm) 206 170
Maximum Fork Length (mm) 229 183
Mean Fork Length (mm) 288 217.5 306 302 176.5
Mean Weight (g) 264.2 118.1 358.3 285.7 62.1

Catch Indicators
Total Catch

Twenty-five fish of which 80% were cutthroat and 20% were Dolly Varden were captured in
gilinets in 1969. In 1980, seven fish, 43% of which were cutthroat were caught in gillnets in
1980 (Table 7). There is no information regarding the number of nets or their locations, the
number of sets, or the soak times for either sample.

TABLE 7. Total catch of cutthroat trout, rainbow trout and Dolly Varden captured in Alice Lake in 1969 and 1980
(Source: FLNRO files, Nanaimo).

Species 1969 1980
Cutthroat 20 3
Rainbow e 4
Dolly Varden 5

Total 25 7
Data Gaps

The only recent data for Alice Lake has come from the VILQ and there is no additional fisheries

data such as angler creel surveys to provide further insight into the Alice Lake fishery (Table 8).
Gillnetting data is >10 years ol d amnmldstatushe exi stin
indicators such as fish length or age data. Lake and stream inventories and juvenile

assessments in the tributaries are also >10 years old and there have never been snorkel

surveys to assess spawning populations.
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TABLE 8. Summary of data gaps for Alice Lake that are required for wild stock conservation, fishery evaluation and
stock monitoring and potential restoration and enhancement.

Factor <10 years >10 years No data

Gillnetting

Lake Inventory

Stream Inventory (general)

Fish Assessment (streams)

Angler Creel Survey

VILQ X
Water Quality/Lake Productivity
Level 1&2 WRP Surveys

Snorkel Surveys

Fishery Data and Angler Preferences
Acoustic Surveys

XX X X X

XX X X X

5.0 Fisheries Objectives and Management Strategies for Alice Lake
Existing Regulations

Alice Lake is covered by the general regional regulations of four trout but not more than 1>50
cm. There is no data on how often these goals are achieved. All wild trout and steelhead from
streams and all Dolly Varden must be released.

The Marble (Link) River and tributaries between Victoria and Alice Lakes and the Benson River
and tributaries are fly-fishing only. The remaining tributaries to Alice Lake are covered by the
regional regulations of two fish from streams (must be hatchery) and mandatory release of all
wild trout and steelhead from streams. There is a bait ban and single barbless hook restriction
in all streams, all year.

Maximum Catch and Effort, Harvest and Yield at Current Regulations

We could not project maximum or optimum levels despite the close relationship between angler
effort and total catch (Figure 6). The yield in 2011 and in 1986 when catch was at its highest

recorded level yield is below what we6 vpeedictedusingMEIl and Ryder ds simpl i fi

(Appendix 8).

47



4,500 -

4,000 -
3,500 -
3,000 -
< g
= 2,500 - _
O ——Trend in Angler Effort
I vs. Total Catch at Alice
= 2,000 -
e Lake 1986 - 2011
1,500 -
R2=0.8421
1,000 -
500 -
O ‘ T T T T T 1
0 500 1,000 1,500 2,000 2,500 3,000

Angler Effort (angler days)

FIGURE 6. Relationship between angler effort vs. total catch and trend in angler effort and catch at Alice Lake 1986
- 2011 (Source: Aitzhanova, et al. 2003; Andrews, 2007, Silvestri, 2013 in prep.).

Fisheries Objectives and Management Strategies

It appears Alice Lake is under-fished based on the low yield and the fact that we could not
project optimum angler effort and catch. However, angler success has declined in every VILQ
survey year since 1992. In fact, despite angler effort being high in 2002, anglers caught fewer
fish than in the previous survey year and angler success also declined that year. In 2011,
angler effort, catch and success all declined by >10% from the previous survey.

The major data gap at this lake is the lack of stock status indicators. If we were to rely on the
VILQ data, our conclusion would be a major decline in salmonid species. However, because of
the low number of anglers sampled on lightly-fished lakes such as Alice Lake, catch and effort
statistics have a high probability of error resulting in a wrong conclusion. Specifically, in the
case of Alice Lake, only seven anglers responded to the mail-out VILQ in 2011. Fewer anglers
sampled means higher variability in the data and catch and success estimates subject to error.

We 6 ve r ec o mmegilktEng progham be implemented immediately to gather stock
indicator data and determine the status of cutthroat and rainbow in Alice Lake (Table 16;
Chapter 1). Conservation regulations may be required after that sampling and may need to be
strengthened depending on the results of the subsequent sampling and the results of the next
VILQ.

1. Gillnetting should proceed in 2013 and stock status and catch data reviewed against

existing 1980 data and means for Vancouver Island large lakes to determine if there are
stock declines at Alice Lake.
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2. Develop conservation regulations if necessary. We recommend the approach outlined in
Chapter 1 for both species but wedve moved the
small size of maturing fish at Alice Lake. We recommend this size limit be confirmed
during the gillnetting:

a. a minimum size regulation of 250 mm to allow fish to spawn once before entering
the fishery; and,

b. a maximum size limit of 400 mm to protect immature and large fish but sill allow
anglers to catch a fish.

3. According to the VILQ a similar situation exists at Victoria Lake (Chapter 16). We
recommend reviewing the data at that lake and determining if the same regulations are
appropriate. Similar regulations at Alice and Victoria Lakes will make things easier for
anglers moving between these areas.

4. The current harvest rate at Alice Lake is 25% which is already conservative, though we
recommend moving to catch-and-release fishing if repeated gillnetting and the next VILQ
indicate continued stock declines.

5. Fielden suggests high densities of coho juveniles in tributaries and we recommend
reviewing the stocking program with DFO to determine if biostandards of 0.5 coho/m?
(Envirowest Environmental Consultants, 1990) are being exceeded, and if monitoring
suggests stocking in this watershed has been successful.

Operational Management Plan for Alice Lake

We 6 v e pr oopédratiomal mamagement plan for Alice Lake in Table 9. Given the existing

data gaps in stock status we 6sureeyssonthegBersdneMarble mp | e me
and Link Rivers to assess cutthroat and rainbow spawning, and that an angler creel survey

precede or accompany any change in regulations (Figure 15; Chapter 1). If a roving angler

creel is not possible, we recommend a box angler creel survey such that implemented at Upper

and Lower Campbell Lakes (Michalski, 2011b). We also recommend areviewof Fi el den 6 s

(1989) report and detailed (Level 2 WRP) habitat assessments on lake tributaries to determine

limiting factors, identify priorities and develop tributary enhancement and/or restoration plans.
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TABLE 9. Operational Management Plan for Alice Lake.

Activity Objective Tentative
Schedule

Stock Assessment Assess stock status indicators; compare against 1980 data and 2013 and
VI large lakes data 2016
Conduct snorkel surveys on the Benson, Marble and Link 2014
Rivers to asses cutthroat and rainbow spawning,
juvenile rearing densities, fish species compositions and size- 2015
age distributions.

Regulation Change An out-of cycle conservation regulation may be necessary 2015

(possible) depending on results of the gillnetting survey; consider
minimum size; slot limit or catch-and-release regulation.
Public consultation with Port Alice Fish and Wildlife Association  2013-2015
and Region 1 Freshwater Fishing Regulations Committee
(FFRAC).

Fisheries Assessments Conduct an angler creel survey or box angler creel survey to 2015
determine actual angler effort, catch and harvest and gather
stock status data on angler caught fish.

Other i Coho Stocking Determine if stocking is still occurring; review stocking rates with 2013
DFO; assess if this is a possible impact on Dolly Varden and
trout fry.

Habitat Assessment Conduct WRP assessments to determine limiting factors, 2015
identify priorities.

Habitat Restoration Develop and implement restoration plans for Alice Lake 2017
tributaries.

Fisheries Monitoring - Evaluate changes in fisheries statistics every three years; Ongoing

VILQ

review in conjunction with results of gillnetting assessments to
determine if more restrictive regulations are required.
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Chapter 3. Buttle Lake

Lake Buttle

Planning Unit Campbell Oyster
Watershed Campbell
Surface Area (ha) 3,095

Mean Depth (m) 61.3

Key Tributaries
Freshwater Fish Species
Limits to Production
Regional Priority*:
Angling Statistics 2011
Angling Effort
Total Catch
Angler Success
Current Harvest Rate
Optimum Sustainable Effort
Optimum Sustainable Catch
Angler Success at Optimum
Stock Status

Data Gaps

Management Actions

Operational Plan Priorities

Potential Partners

Thelwood, Price, Phillips Creeks; Ralph River
Rainbow, Cutthroat, Dolly Varden

Hydro, Forestry, Mining

7

2,924 angler days

6,752 fish

2.3 fish/angler day

25%

Unable to calculate

Unable to calculate

Unable to calculate

Mean length of cutthroat has remained stable, however, total catch
in gillnets has declined substantially since 1960; although more
rainbow trout have been observed in snorkel surveys recently.
Mean length and weight of rainbow trout has declined since 1960
and total catch has declined by more than an order of magnitude in
the same period, we identified a decline in modal length of this
species.

A hydroacoustic study would be beneficial and there are no stream
electrofishing surveys; snorkel surveys should be continued every
two years. We recommend an education program be developed in
cooperation with watershed partners including an underwater fish
viewing facility be developed on Thelwood Creek or Ralph River.
There is also potential to illustrate fish habitat components and
stream ecological processes in the Thelwood Valley and Ralph
River campground. No restoration is recommended at this time.
Determine if there is gillnetting data available from NVI Mines;
analyze data and compare results to determine if there are
declines in stock status indicators for cutthroat and rainbow trout;
develop regulations to decrease harvest if declines confirmed. If
no declines, monitor with VILQ.

Public awareness program; ongoing lake monitoring with Campbell
River Fish and Game Association.

NVI Mines, BC Parks, BC Hydro, Western Forest Products, Gold
River Fish and Game Association

* see Appendix 5 for information on how we prioritized Vancouver Island large lakes.
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1.0 Overview of the Buttle Lake Watershed
General Information

Buttle Lake | i es i nmabovikkalewlbetwweendamphell Riveryand2Gpid
River in the mountains of Strathcona Park. This lake is located within the coastal western
hemlock zone of the Campbell-Oyster PU and is the largest in a chain of lakes within the
Campbell River watershed. Buttle Lake drains northward through a short channel into Upper
Campbell Lake and the water levels of both lakes are controlled by BC Hydro at the Strathcona
Dam.

Buttle Lake and much of its watershed have been within the Strathcona Provincial Park since
1911 and except for forest fires, this lake was largely undisturbed until dam construction in
1958, and mine construction in 1966.

Buttle Lake has a surface area of 3,095 ha, a perimeter length of 74.4 km, an average depth of
61.3 m, and a maximum depth of 120.7 m (Figure 1; Table 1). The lake has a secchi depth of
13 m, with a TDS of 40 ppm and was assessed by Provincial Fisheries staff in 1951, 1966,
1967, 1969, 1979, 1980, 1983 and 1997 (Table 1).

FIGURE 1. Map of Buttle Lake and tributaries; bathymetric profile of this lake is provided in Appendix 10. (Source:
iMap BC).
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TABLE 1. Location, size, depth and water quality parameters at Buttle Lake (Source: FLNRO files, Nanaimo, FISS).

Planning Waterbody Surface  Perimeter Max. Mean pH TDS Secchi  Survey
Unit Identifier Area (km) Depth Depth (ppm)  Depth Year(s)*
(ha) (m) (m) (m)
Campbell 00362CAMB 3,095 74.4 120.7 61.3 40 13.0 1951, 1966,
Oyster 1967, 1969,
1979, 1980,
1997

*Survey years include only those years reported in the Fish Information Summary System (FISS) when the lake was
assessed for physical characteristics and chemical parameters.

Tributaries

Webve provided a summary of the major tributaries
one of the most important cutthroat and rainbow trout spawning tributaries in the system with

the Ralph River providing additional ~900 m of spawning and rearing habitat. The Wolf River

and Henshaw and Phillips creeks are major spawning tributaries for rainbow trout (Reid, G.,

2012, pers. com.).

TABLE 2. Names, order, length and/drainage area and other information for tributaries to Buttle Lake (Source:
Hatfield Consultants Ltd. 1982; FISS).

Tributary Length Other Information
(km)
Wolf River 22.43 The Wolf system is relatively large but has an impassable falls ~200 m from the

lake high water mark. The stream is poorly suited for spawning or fry rearing; the
main fish usage in the accessible portion of this river would appear to be feeding
and overwintering by larger juveniles and adult fish.

Ralph 9.26 The mainstem is accessible to salmonids from the high water mark to ~900 m

River upstream at which point the Ralph is joined by Shepherd creek. From this
confluence, Ralph River appears to be accessible for a further ~500 m; the
gradient steadily increases upstream with small 1-2 m cascades. The total
quality spawning habitat is limited in this creek. Some juvenile rearing likely
occurs, but given flow and general absence of cover, most fry are probably
displaced downstream shortly after emergence.

Phillips 12.08 Phillips creek is accessible to salmonids for ~400 m from the lake high water

Creek mark. Most of the accessible portion is typified by boulder substrate and turbulent
flow suitable for use by larger juveniles and adults. Some spawning (~100 mz) is
available above the high water mark; further suitable areas would be available
during low lake levels. Fish usage is likely confined to some spawning; potential
fry rearing areas are minimal and fry probably migrate lake-ward shortly after

emergence.
Thelwood 13.81 The lower reaches of Thelwood creek are accessible to fish from Buttle Lake
Creek from the Buttle Lake high water level to impassable falls and rapids ~2.7 km

upstream. Hatfield Consultants estimated the amount of spawning area in
Thelwood and Price creeks to be ~1,200 m”and estimated the resident salmonid
population at ~1,500. Below the impassable falls and rapids, the stream is
formed of deep, bedrock controlled pools providing good habitat for rearing
juveniles and overwintering adults. Below the deep pools, the creek flows over
gravel-bottomed pool/riffle sequences suitable for spawning and glides. Further
downstream and to its mouth, the channel is divided into several channels
comprised of small-gravel substrate, more lower-flow pool areas and generally
more diverse habitat features. Over the winter and early spring when lake
drawdown approaches a maximum, ~1,200 m of additional stream channel exists
between the lake high and low water marks. This portion of the stream is not
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Tributary Length Other Information
(km)

available as stream habitat over summer when the channel is flooded. This
creek is very important for rainbow trout spawning and initial rearing phases.
Henshaw 13.47 This creek is accessible to fish from Buttle Lake for ~600 m; passage would
Creek become increasingly difficult until completely restricted by steep rapids and small
falls. Bottom material is comprised mainly of cobble and boulders; only ~300 m?
is suitable for spawning while other fish activities in the stream would be
restricted by the absence of instream and riparian cover and turbulent flow.
Price 8.05 Price creek is a tributary to Thelwood creek. From its confluence with Thelwood
Creek creek upstream to higher gradient and small falls ~500 m upstream this creek
provides some rearing and overwintering habitat (i.e. pools, LWD). Small areas
are available for spawning. The lower reaches (~500 m) of Price creek are
accessible to Buttle Lake fish and sampling by Hatfield Consultants suggest this
creek is more important for cutthroat and Dolly Varden than for rainbow.

Species Composition

Native fish in Buttle Lake include cutthroat trout, rainbow trout, Dolly Varden, prickly sculpin, and
threespine stickleback. Anadromous salmonids have never had access to the system upstream
of a major waterfall near John Hart Dam.

Summary of Work and Reports

Fish and fish habitat studies have been conducted on several tributaries that enter Buttle Lake
(i.e. McMynn and Larkin, 1953; Sinclair, 1965; Butcher, 1981; Hatfield, 1982a and 1982b,
Slaney, 1990, Lough et al, 1991, Hallam Knight Piesold Ltd., 2000, Golder, 2001). MOE has
also performed several general habitat assessments and mapping surveys of Buttle Lake
tributaries and some of these assessments include recommendations for habitat enhancement.
Many of these reports can be found in the Ministry regional office in Nanaimo, and on-line
through Ecocat (http://www.env.gov.bc.calfish/).

The Ministry has conducted annual snorkel surveys since 1991 to monitor rainbow trout stocks
in five main Buttle Lake tributaries: Ralph and Wolf Rivers and Henshaw, Thelwood and Phillips
Creeks. The provincial government and North Vancouver Island (NVI) Resources Ltd. have
conducted a number of studies focused on assessing impacts from the mine. Many of these
surveys include fish assessments and some of these reports, as well as reports from the
Ministry snorkel surveys, can be found in the Ministry files in Nanaimo.

2.0 Limits to Fish Production
Water Withdrawal

The Strathcona Dam was constructed between 1955 and 1958 by the BC Power Commission
and this dam, along with the Ladore and John Hart dams make up the Campbell River hydro-
electric system. The Strathcona Dam raised the levels of both Upper Campbell and Buttle
Lakes by 8.5 m and water level in the lakes now fluctuates ~9 m annually. Except during
maximum reservoir draw-down, the two lakes usually have a common elevation. A study by the
Fisheries Branch found only one fish marked in Buttle Lake suggesting limited movements of
fish through these two lakes (FLNRO files, Nanaimo).
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Logging

Logging in the area is minimal and riparian habitats of all spawning streams are intact because
the lake is contained entirely within Strathcona Provincial Park.

Mining

Buttle Lake was subjected to long-term heavy metal contamination as a result of a
copper/lead/zinc mine located at the south end of the lake adjacent to Myra creek. This mine
began operating in 1966 and until 1984 mine tailings were deposited directly into the southern
basin® of Buttle Lake. Acid mine generation in the drainage basin released metals, especially
copper, zinc and cadmium into Buttle lake via Myra Creek until 1983. Water chemistry analysis
by MOE identified zinc and copper throughout the watershed and declines in rainbow trout,
which are sensitive to zinc and cadmium toxicity, were documented on the basis of declining
angling harvests and angler success in Buttle Lake (Deniseger et al, 1988). This fact, coupled
with a lack of a similar decline in adjacent, limnologically similar but un-impacted Upper
Campbell Lake, suggested that declines in fish numbers were due to the high heavy metal
concentrations from tailings disposal in the Myra Creek watershed.

In 1983, a surface and groundwater collection and treatment system was installed at the mine
and in 1984 an on-land tailings disposal system replaced the lake disposal system. The
wastewater from ore extraction is now deposited into tailings ponds where it is treated with lime
to precipitate heavy metals. The water is then directed into Myra creek, which is not accessible
to fish, then into Buttle Lake. Gillnetting conducted by MOE in 1988 in Buttle Lake produced
high catches (i.e. 265 fish/100 m) of which 45% were rainbow trout 250 mm - 300 mm, and 55%
were Dolly Varden 260 mm i 340 mm. Based on these results it appeared that earlier trends
towards increasing heavy metals levels had been reversed and the water quality of the lake was
improving (Deniseger, et al, 1988).

3.0 Angling Statistics
Angler Effort

Angler effort averaged ~2,200 angler days/yearinthemid-l at e 198006s (Figure 2).
angler effort has increased at Buttle Lake reaching 4,500 angler days in 2002 and 5,852 angler

days in 2006. In 2011, angler effort dropped to ~3,000 angler days. Angler effort has averaged
~3,700 angler days/year at Buttle Lake since 1986.

® A 40 meter deep sill occurs approximately 8 km from the southern end of Buttle Lake and creates a well defined
basin somewhat isolated from the rest of Buttle Lake.
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FIGURE 2. Angler effort (angler days) by year compared to average angler effort from 1986-2011 and trend in effort
at Buttle Lake 1986 i 2011 (Source: Aitzhanova, et al. 2003; Andrews, 2007; Silvestri, 2013 in prep.).

Catch

Total catch increased by >30% from 1986 to 1989 (Figure 3). In 1992, angler catch was almost
10,000 fish and in 2002 catch increased to >11,000. By 2006, angler catch increased to
~15,500 fish but in 2011 catch dropped to ~7,000 fish. Angler catch at Buttle Lake has
averaged ~10,000 fish/year over the 25 year VILQ survey period.
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FIGURE 3. Total catch by year compared to average catch from 1986-2011 and trend in catch at Buttle Lake 1986 i
2011 (Source: Aitzhanova, et al. 2003; Andrews, 2007, Silvestri, 2013 in prep.).
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Anglers caught ~7,400 cutthroat trout (47.7% of the total) and 6,250 rainbow trout (40.3% of the
total) in 2006 (Table 3). A total of 1,875 Dolly Varden comprising ~12% of the catch were also
caught that year.

In 2011, 3,856 cutthroat trout comprised ~57% of the total catch (Table 3). This catch of
cutthroat was ~ ¥2 what it was in 2006. Catches of rainbow trout and Dolly Varden were
considerably reduced in 2011 with only 2,576 rainbow trout (28.2% of the total) and 306 Dolly
Varden (4.5% of the total) caught by anglers that year.

TABLE 3. Catch of rainbow and cutthroat trout at Buttle Lake 2006 and 2011 (Source: Andrews, 2007, Silvestri,
2013 in prep.).

Species 2006 2011

Catch % of Total Catch % of Total
Cutthroat 7,398 47.7 3,856 57.2
Rainbow 6,250 40.3 2,576 38.2
Dolly Varden 1,875 121 306 4.5
Total 15,523 6,738

Angler Success

Angler success reached a high of almost 6 fish/day in 1989 then declined to between 2.5 and
2.6 fish/day from 1992 until 2006 (Figure 4). In 2011, angler success was ~2 fish/day and
overall, angler success has averaged ~3 fish/day since 1986. This is above the regional
success objective of 1.6 fish/day (Figure 4).

7 mmm Angler Success

Success Objective

——Trend in Angler
Success

1986 1989 1992 2002 2006 2011

Angler Success (total catch/angler
effort)

Year

FIGURE 4. Angler success (total catch/total angler effort in angler days) compared to average angler success and
the objective for angler success (1.6 fish/angler day) at Buttle Lake 1986 i 2011 (Source: Aitzhanova, et al. 2003;
Andrews, 2007; Silvestri, 2013 in prep.).
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Angler Creel Surveys

Actual angler success is likely well below the estimates provided by the VILQ. The Fish and
Wildlife Branch (1979) conducted aerial boat and angler counts and angler creel surveys at
Buttle Lake on May long-weekends in 1978 and 1979. Anglers caught more cutthroat than
rainbow trout in those years, and harvest ranged from ~760 7 1,700 fish (Table 4). Angler
success was <0.5 fish/day in both 1978 and 1979 (Fish and Wildlife Branch, 1979).

TABLE 4. Summary of angler harvest and angler success rate (for harvest) (fish/day) data collected during aerial
angler counts and angler interviews at Buttle Lake Victoria Day (May) long weekends 1978 and 1979 (Source:
FLNRO files, Nanaimo).

Year Fisheries Statistics Species (%)
Harvest Harvest Success Cutthroat Rainbow Dolly Varden
(fish/day)
1978 1,704 0.42 44 36 20
1979 759 0.20 58 33
Harvest

Anglers harvested 38% of their catch of cutthroat trout (2,818 fish) and ~31% of their catch of
rainbow trout (1,909 fish) in 2006 (Table 5). Anglers also harvested ~2% of the Dolly Varden
they caught (45 fish) despite the region-wide mandatory release regulation for this species.

TABLE 5. Catch, harvest and percent harvest of rainbow and cutthroat trout and Dolly Varden at Buttle Lake 2006
and 2011 (Source: Andrews, 2007; Silvestri 2013 in prep.).

Species 2006 2011

Catch Harvest % Harvest Catch Harvest % Harvest
Cutthroat 7,398 2,818 38.1 3,856 933 24.2
Rainbow 6,250 1,909 30.5 2,576 738 28.6
Dolly Varden 1,875 45 2.4 306 14 4.5
Total 15,523 4,772 30.7 6,738 1,685 25.0

There was a decrease in the overall harvest rate from ~31% in 2006, to 25% in 2011. In 2011,
anglers harvested 24% (933 fish) of their cutthroat catch, ~29% (738 fish) of their rainbow catch
and ~5% (14 fish) of their catch of Dolly Varden.

4.0 Stock Status Indicators
Relative Abundance

Buttle Lake has been sampled a number oftimessi nce t he 1 @ y@sSentechthred we

relative abundance of fish captured in gillnets in Figure 5. With the exception of samples taken

in 1990 when Dolly Varden comprised most of the sample, rainbow trout have consistently out-

numbered other species and have remained relatively constant in terms of numbers found in

gilinet samples. Many samples were collected in the summer, althoughs ampl es i n t he 19¢
were collected during the spring and winter when Dolly Varden and cutthroat may have been

spawning in the tributaries. This may explain the low numbers of these species in those
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samples. Unfortunately, no information on the number of gillnets, locations or soak times were

provided for any of the samples.
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FIGURE 5. Percent cutthroat trout, rainbow trout and Dolly Varden captured in gillnets in Buttle Lake in June 1951;
August 1954; June, July, August, October, December 1967; April 1968; June, July, August 1969; October 1969; May
1979; June 1984; June 1985; October 1987; June 1988; June 1989; June 1992; June 1993; June 1994; June 1995;
July 1999; May 2001. No information on the number of gillnets was provided in any year (Source: FLNRO files,

Nanaimo).
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(Hatfield Consultants Ltd, 1982).
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is interesting given cutthroat trout are the most important species to the angler comprising ~50%
2006 and
draw any conclusions or links to the fishery as there may have been differences between the
net locations and numbers of nets over the sampling years which may have affected the
sampling. In addition, different species have been found to occupy different areas within Buttle
Lake. In 1982, Hatfield Consultants found that rainbow trout had a greater relative abundance
in the southern portion of the lake, with most rainbow trout congregating to the south and east of
Myra Creek, while cutthroat trout were more abundant in the northern portion of Buttle Lake

samples have dec
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Snorkel Surveys

Annual snorkel surveys are conducted during rainbow trout spawning periods and the data are

used by MFLNRO to monitor this species. Observations of rainbow trout made during snorkel

surveys have increased over the years and particularly between 2006 and 2010. In the early

20006s for exampl e, r ai nb o wshtorralbtiibutariesoFrilom®2@8 aver aged
until 2010, counts increased to ~8,000 but by 2012 the count declined to ~4,000 (Figure 6).
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FIGURE 6. Total number of rainbow trout observed in snorkel surveys of the tributaries to Buttle Lake (Thelwood
Creek (n=56988), Ralph River (n=16307), Wolf River (n=7302), Phillips Creek (n=4286), and Henshaw Creek
(n=402), June 19911 2012 (N=85285). Trend line represents 3-year moving average. Note: no swims were
conducted between 1997 and 1999. In 2005, only Phillips Creek and Wolf River were swum. In 2011, only Thelwood
Creek, Philips Creek and Wolf River were swum. In 2012, only Thelwood Creek and Ralph River were swum (Source:
Kevin Pellett, BCCF Nanaimo Snorkel Summaries of Buttle Lake; FLNRO files, Nanaimo).

Thelwood creek is the most important rainbow spawning tributary to Buttle Lake accounting for
66% of the total rainbow observed in snorkel surveys over the past ~2 decades (Table 6).
Counts in this stream have ranged from 1,000 in 1991, to nearly 5,000 in 1995 and 2010, and
have averaged ~3,100 fish annually. The Ralph River is also an important spawning area with
counts ranging up to 2,620 fish and averaging ~1,000. Counts of rainbow in Wolf River and
Phillips Creek average 609 and 306 respectively, while counts in Henshaw Creek range
between 4 and 93 and average 40 fish/swim.
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TABLE 6. Total number of rainbow trout observed in snorkel surveys of Thelwood Creek (n= 56,988), Ralph River
(n=16,307), Wolf River (n=7,302), Phillips Creek (n=4,286) and Henshaw Creek (n=402), June 19917 2012
(N=85,285) (Source: Kevin Pellett, BCCF Nanaimo Snorkel Summaries of Buttle Lake; FLNRO files, Nanaimo).

Year Thelwood Ralph Wolf Phillips Henshaw
1991 1,000 300 98
1992 2,500 1,300 750

1993 3,220 965

1994 3,975 2,100

1995 4,915 2,620 800 800

1996 2,300 450 450 500

1997

1998

1999

2000 2,840 1,175 148

2001 2,501 420 361 132 4
2002 3,374 724 228 111 24
2003 3,032 532 170 65 7
2004 2,590 910 576 109 78
2005 335 94

2006 3,105 650 5
2007 3,921 690 42
2008 4,408 1,103 1,250 162 24
2009 4,128 1,181 1,210 624 93
2010 4,892 708 1,590 540 27
2011 1,123 140 106

2012 3,164 479 192 145

Total 56,988 16,307 7,302 4,286 402
Average 3,166 959 609 306 40

Ministry staff swam Thelwood Creek in 1998 and 1999 to enumerate spawning cutthroat trout in
that system (Table 7). The highest number of spawning cutthroat trout were seen in April (mean
=72).

TABLE 7. Total number of cutthroat observed in snorkel surveys of Thelwood Creek (N=456) February 1998-June
1999 (Source: FLNRO files, Nanaimo).

Year Date Number Observed
1999 03-Feb 6

1998 27-Feb 69

1999 10-Mar 21

1998 01-Apr 87

1999 14-Apr 51

1998 30-Apr 77

1999 04-May 70

1999 28-May 38

1998 02-Jun 37

MJ Lough Environmental Consultants conducted an assessment of cutthroat trout spawning
habitat in tributaries to Lower Campbell Lake in 2000° (Lough, 2000). These investigators
conducted snorkel surveys in 14 tributaries to the Ladore Reservoir and tributaries to the
Strathcona Reservoir between March and May, 2000. Cutthroat trout redds were found in 6

® Additional information on spawning in the Elk River is provided in the Upper Campbell Lake section of this
report.

61



Strathcona tributaries when they were surveyed during late March and early April. Lough
(2000) identified the Elk River and Thelwood Creek as among the most important spawning
tributaries for cutthroat trout in this watershed (Figure 7).
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FIGURE 7. Number of cutthroat trout redds identified in each of the tributaries to the Strathcona Reservoir, as
determined from field surveys during March and April 2000 (N=213); see the Upper Campbell Lake section of this
report for more information on spawning in the Elk River (Reproduced from Lough, 2000).

Lough et al (2003) conducted snorkel surveys of tributaries to the Buttle, Upper and Lower and
Comox Lake in response to Dolly Varden conservation concerns raised by the Ministry of Water,
Land and Air Protection (MLAP) in 2003. Henshaw, Marblerock, Phillips and Price Creeks and
Ralph, Thelwood and Wolf Rivers were assessed.

Lough et al (2003) found that spawning activity varied between streams but generally occurred
between mid-October and early December, however, some adult migrants moved into the
streams by mid-September. Peak counts in Thelwood and Price Creeks were in early
November. This study, as well as a previous study by Lough and Hay (2001), found that Dolly
Varden migrate from the lake into the small ephemeral spawning streams when flows are
increasing and temperatures are declining (8°C-4°C). A total of 24 sexually mature Dolly
Varden were sampled from the spawning population in the Thelwood River. Spawning males
had a mean length of 35 cm and females had a mean length of 31 cm (Lough, et al, 2003).
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Length and Weight

We 6 v e

relationships in Appendix 10.

presented t he nmeanilemgihrand mean weightwfeuttaroatiand
rainbow trout and Dolly Varden captured in gillnets in Buttle Lake by decade in Table 8 and
individual data for each sample year, length frequency distributions and length weight

The minimum size of cutthroat trout has ranged from 190 mm to 330 mm, the maximum size
has ranged from 355 mm to 490 mm and the mean size has ranged from ~287 mm to 357 mm

(Tabl

e 8).
mmin20006s.

Cutthroat

trout

have

andl the ntodiakesizelofcuthroad was 230 mm but that increased to 390
ranged from 215

The minimum size of rainbow trout has ranged from 150 mm inthe 1 9 7 Ot@®200 mm in the
f,io 880 mmMAiAe 20O iddle t he 196
t he

1980DBhse. maxi

mum size ranged

the mean size has ranged from 212 inthe 1 9 6 Dt@~<s28 0 mm
length has stayed relatively constant at ~220 mm. The mean weight of rainbow trout has

ranged from 105 g to 380 g over the sampling period.

i n

19806s and

The minimum size of Dolly Varden has ranged from 140 mm to almost 200 mm, the maximum
size has ranged from 245 mm to 445mm and the mean size has ranged from 222 mm to ~290
1 95 0 6 sfDolly Varden haw tamgad fronh ~2356 gntn ko 246 mm
and the weight has ranged from <150 g to ~270 g over the past five decades.

mm S

nce

t he

TABLE 8. Minimum, maximum, mean and modal length and mean weight for cutthroat and rainbow trout and Dolly

Varden captured in gillnets in Buttle Lake by decade 1950 i 2000. Note, in the 195006s, 19606s
some years for which only total number of fish sampled and mean lengths were provided; see Appendix 10 for details
on individual year totals) (Source: FISS; FLNRO files, Nanaimo).
Species Length (mm) Weight (g)
N Minimum Maximum Mean Mode Mean
Cutthroat 1950 26 3570 -
1960 11 240 355 295.0 305 215.0 - 610.0
1970 43 190 430 286.7 - 301.0 230
1980 14 250 490 333.9 250 343.3
1990 13 228 436 328.3 316 377.7
2000 6 330 390 364.2 390 478.3
Rainbow 1950 37 2660 -
1960 471 165 290 212.0-221.0 220 105.0-380.0
1970 39 150 310 215.0-247.0 200
1980 85 200 355 276.7 290 237.2
1990 103 150 335 259.7 220 201.4
2000 26 165 380 272.9 215 242.6
Dolly 1950 3 2220 -
Varden
1960 34 195 245 220.0-253.0 - 127.5
1970 46 140 390 236.8 270
1980 60 174 390 272.2 250 258.2
1990 87 190 445 289.0 234 317.0
2000 15 175 335 279.3 275 267.8
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In addition to reviewing lengths of fish captured in gillnets in Buttle Lake, we also wanted to
determine if there was a difference in the mean lengths of fish captured by anglers. We found
that anglers caught cutthroat trout that averaged 320 mm in the 19 8 0, @sscutthroat that

m mUnforiundtely,ave dny Bad dasa from the two decades to
compare and so cannot make any statement regarding changes in size of cutthroat targeted by
anglers (Appendix 10).

averaged

Age and Growth

260

Cutthroat trout caught in gillnets or angled in 1951 and 1954 were aged andwe 6 ve provi ded
summaries of the ageing data in Figure 8A. The mean size of the two 2+ cutthroat sampled

was ~330 mm while the four aged 3+ cutthroat averaged 360 mm. Five aged 4+ cutthroat were

sampled and they averaged ~400 mm. In 1951, one aged 6+ cutthroat was sampled and it was

410 mm, while in 1954, one aged 6+ cutthroat was sampled and it was 633 mm. Together

these fish averaged 521 mm.
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Minimum 275 320 365 410
Maximum 400 385 450 633
* Mean 330.6 360.0 409.0 521.5
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FIGURE 8. Length-at-age of (A) cutthroat sampled in gillnets in 1951 and 1954 (N=20) and (B) rainbow trout

sampled in gillnets in (N=37) in Buttle Lake (Source: FLNRO files, Nanaimo).

There is considerable variability in the aging data i especially for 2+ cutthroat which range from
see
surveys itd Bkely that juveniles don &dar in the tributaries but recruit to Buttle Lake in the late
summer when they are <60 mm and ~1+ year old. If this is the case, cutthroat 150 mm 1 200
mm are likely 2+ years old, and fish 250 mm i 300 mm are 3+ years old which is consistent with
the situation for other Vancouver Island large lakes (Appendix 9).

275 mm to 400 mm (Figure 8A). Gi v en

we

donot

young

fish

Thirty-seven rainbow trout were aged in 1951 (Figure 8B). One age 1+ fish was 160 mm while
ten aged 2+ rainbow averaged 257 mm. Ten aged 3+ rainbow averaged 276 mm. The ten

aged 4+ fish averaged 262 mm. There were four aged 5+ rainbow that averaged 296 mm and
one aged 6+ fish that was 320 mm. Unfortunately, as with the cutthroat data, there is
considerable variability in the rainbow trout aging data, especially for fish aged at 3+ (230 mm i

330 mm).

Only 3 Dolly Varden were captured and aged in 1951. The only age 1+ Dolly Varden was 165
mm while the age 2+ fish averaged 250 mm (Table 9).

TABLE 9. Age, fork length and mean fork length (mm) of Dolly Varden captured in gillnets in Buttle Lake in 1951
(N=3) (Source: FLNRO files, Nanaimo).

Age N Fork Length (mm) Mean Fork Length (mm)
1 1 65 -
2 2 180 250

320

Lough et al (2003) constructed a length-weight relationship of spawning Dolly Varden sampled

from the Thelwood River in 2001 (Figure 9). Mature Dolly Varden (~280 mm - 300 mm)
averaged ~200 g, while larger fish (i.e. up to 400 mm) averaged ~600 g.
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FIGURE 9. Length-weight relationship of spawning Dolly Varden sampled from the Thelwood River on November 1,
2001 (Reproduced from: Lough et al, 2003).

Catch Indicators

Total Catch

Individual data for gillnet catches for each sample year is provided in Appendix 10.
Unfortunately, wed rupable to compare catch indicators as no information on the number of
gilinets used, the number of net sets or net locations, or soak times was provided for any
sample.

Data Gaps

There is no data on angler preferences and no hydroacoustic surveys have been completed at
Buttle Lake (Table 10). Lake and stream inventories, water quality and electrofishing surveys

are >10 years old. Angler creel surveys and instant counts and gillnetting data are <10 years
old and snorkel surveys are completed annually to monitor rainbow trout populations.
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TABLE 10. Summary of data gaps for Buttle Lake that are required for wild stock conservation, fishery evaluation
and stock monitoring and potential restoration and enhancement.

Factor <10 years >10 years No data

Lake Inventory

Water Quality/Lake Productivity

Stream Inventory (general)

Level 1&2 WRP Surveys

Fish Assessment (streams)

Electrofishing Surveys (streams)

Snorkel Surveys*

VILQ

Angler Creel Survey** & Instant Counts (effort)
Angler Preferences

Gillnetting***

Acoustic Surveys X

XX X X X X

X

X XXX

*snorkel surveys of Buttle Lake tributaries are done annually by BC Conservation Foundation and the Ministry;
surveys are currently funded by BC Hydro.

** a box creel has been run by Fish and Wildlife for 3 years; data on catch and harvest is on file.

***gillnetting may be done by NVI Mines; data is kept with the Mine.

5.0 Fisheries Objectives and Management Strategies for Buttle Lake
Existing Regulations

Buttle Lake is covered by the Region 1 general quota of four trout/char per day but not more
than 1 > 50 cm. All wild trout and wild steelhead from streams and all Dolly Varden must be
released. There is a single barbless hook regulation and bait ban for all streams all year.

Buttle Lake tributaries are fly fishing only except for Thelwood Creek which is closed all year.
Maximum Catch and Effort, Harvest and Yield at Current Regulations

We were unable to estimate maximum and optimum angler effort and catch as there is
considerable variability in the relationship between these statistics (R*<0.5) (Appendix 10).
Current yield is well below predicted yield based on MEI (Appendix 8), and the harvest rate at
Buttle Lake is ~25%.

Fisheries Objectives and Management Strategies and Operational Management Plan for Buttle
Lake

Total catch at Buttle Lake declined by >10% and although angler success has remained
somewhat constant over the past decade, angler success rate declined by ~10% between 2006
and 2011. In addition, although angler success exceeds the regional objective of 1.6 fish/day,
the success rate at Buttle Lake has been below the long term average of 3 fish/day.

The mean length of cutthroat and rainbow trout captured in gillnets has remained stable over
the past five decades and, with the exception of 2012, more rainbow trout have been observed
in snorkel surveys in this decade compared to previous decades. It would be worthwhile to
determine if the size of angler-caught fish of either cutthroat or rainbow trout has declined, and
to collect more information on angler effort and determine if effort is different at different
locations on this lake.
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We recommend contacting NVI Mines to determine if there is recent gillnetting data that can be
shared with the Ministry, monitoring the Buttle Lake fishery using the VILQ, establishing a
partnership with Campbell River Fish and Game (CRF&GA) and implementing gilinetting
surveys starting in 2015 (Table 16; Chapter 1), and angler creel and preference surveys in the
future (Table 11). We also suggest implementing an angler education program to advise
anglers of current regulations, and a general public awareness program in partnership with BC
Parks to provide information on the stocks and fisheries of Buttle Lake.

1.

2.
3.

Determine if there is gillnetting data available from NVI Mines; analyze data and
compare results to Ministry data to update stock status information.

Implement a gillnetting survey in 2015 with volunteers from CRF&GA.

Conduct angler creel and angler preference surveys in the future with volunteers from
CRF&GA.

Implement a public awareness program to advise anglers of regulations at Buttle Lake.
Implement an angler and public education program within Strathcona Park. This
program should include signs outlining the life history characteristics of species found in
the lake, characteristics of the Buttle Lake stocks and fishery. We recommend these
signs be placed at all campgrounds, boat ramps, at the park entrance and at the
Thelwood bridge. We also suggest an underwater fish viewing facility be constructed at
either Thelwood Creek or Ralph River to increase public awareness of Buttle Lake fish
species.

TABLE 11. Operational Management Plan for Buttle Lake.

Activity

Objective Tentative
Schedule

Monitor Fisheries Monitor using VILQ; follow procedure outlined in Figure 15 2014
Statistics Chapter 1 if there have been changes by >10% in three or

more parameters for cutthroat and rainbow trout. If not,
implement gillnetting surveys according to Table 16 Chapter
1

Long Term Monitoring Implement gillnetting program to monitor Buttle Lake stocks 2015

with the Campbell River Fish and Game

Association; design and implement angler creel and angler
preference surveys in the future. We also suggest
implementing an instant angler-count program to gain
precision on angler effort.

Education Program Implement a public and angler awareness program in 2017

Strathcona Park; construct an underwater viewing facility at
Thelwood Creek or Ralph River.
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Chapter 4. Comox Lake

Lake Comox

Planning Unit Campbell Oyster
Watershed Puntledge
Surface Area (ha) 2,100

Mean Depth (m) 61

Key Tributaries

Freshwater Fish Species

Limits to Production

Regional Priority*:

Angling Statistics 2011
Angling Effort
Total Catch
Angler Success (catch/day)
Current Harvest Rate
Optimum Sustainable Effort
Optimum Sustainable Catch
Angler Success at Optimum

Stock Status

Data Gaps
Management Objectives Summary

Operational Plan Priories
Potential Partners

Upper Puntledge and Cruickshank Rivers, Comox and Rees
Creeks

Cutthroat Trout, Rainbow Trout, Dolly Varden, kokanee
Water Withdrawal, Forestry

2

6,530 angler days

8,757 fish

1.3 fish/angler day

35%

6,500 angler days/year

8,000 fish

1.2 fish/angler day

~ 90% of cutthroat trout captured in gillnets in 2009 and 2010
were <300mm and immature; mean size of immature cutthroat
in Comox Lake is 225 mm. Rainbow trout and Dolly Varden are
also present in the fishery; a hydroacoustic survey conducted in
2009 estimated at ~10 million fish with only age 1+ fish
sampled.

Juvenile densities in streams and on lake shoal habitats;
densities of stocked coho in tributaries.

Monitor changes in the fishery and stock status to determine
effects of regulations changes; implement juvenile assessments.
Monitoring and tributary habitat enhancement where possible.
Courtenay Fish and Game Association, BC Hydro, TimberWest,
DFO

* see Appendix 5 for information on how we prioritized Vancouver Island large lakes.
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1.0 Overview of the Comox Lake Watershed
General Information

Comox Lake lies within the Coastal-Douglas Fir biogeoclimatic zone in the Campbell Oyster
Planning Unit (PU) ~6 km west of Courtenay (Figure 1). This lake sits at an elevation of 138 m,
has a surface area of 2,100 ha, a perimeter length of 41.4 km and is, on average, 61 m deep
(Table 1). Much of the flow into Comox Lake is glacial in origin and while surface temperatures
can exceed 20°C in the summer, hypolimnion temperatures remain between 5°- 6° C throughout
the year (Ministry of Environment, 2009).

FIGURE 1. Map of Comox Lake and tributaries; bathymetric profile of this lake is provided in Appendix 11. (Source:
FLNRO files, Nanaimo)

Comox Lake was assessed by Provincial Fisheries staff in 1948, 1951, 1975, 1980 and 1990
(Table 1). With a TDS of 22 ppm, Comox Lake is oligotrophic like all other large lakes in the
region. Comox Lake has a pH of 7.1, and a secchi depth of 10 m.
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TABLE 1. Location, size, depth and water quality parameters at Comox Lake (Source: FLNRO files, FISS).

Planning Waterbody Surface  Perimeter  Max. Mean pH TDS Secchi  Survey

Unit Identifier Area (km) Depth  Depth (ppm)  Depth  Year(s)*
(ha) (m  (m) (m)

Campbell  01005COMX 2,100 40.7 109 61 7.1 22 10.0 1948,

Oyster 1951,

1975,

1980,

1990

*Survey years include only those years reported in the Fish Information Summary System (FISS) when the lake was
assessed for physical characteristics and chemical parameters.

Tributaries

Major tributaries to Comox Lake include the Cruikshank and Upper Puntledge River systems
and Perseverance and Toma Creeks (Table 2). The Cruikshank and Upper Puntledge Rivers
are both 4" order streams while Perseverance and Toma Creeks are small 3" order tributaries.
The 1% and 2™ order tributaries to these systems are unusable or inaccessible by fish due to
excessive gradients (Russell, et al., 1990).

Most of the flow from the Cruikshank River and a significant portion of the Upper Puntledge is
glacial in origin and a reconnaissance survey found that flow in the Cruikshank system varied
between 20% i 30% of Mean Annual Discharge (MAD) (Russell, et al, 1990). Much of the
Cruikshank and Upper Puntledge systems are relatively steep, high-velocity habitat contained
by narrow, mountainous valleys and very few small, headwater tributaries that are available to
lake resident fish for spawning and rearing (Russell et al., 1990). The Cruikshank tributaries of
Comox, Rees and Eric Creeks along with the Upper Puntledge River are of considerable value
to the system for rearing cutthroat and recent investigations by Lough et al (2011a) revealed the
Upper Puntledge River is also a valuable spawning habitat for cutthroat trout. The Upper
Puntledge River above Comox Lake may also be the main spawning tributary for Dolly Varden
and kokanee salmon (Russell et al., 1990).
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TABLE 2. Names, order, length and/drainage area and other information for tributaries to Comox Lake (Source:
Russell et al., 1990; Griffith, 1995).

Tributary Stream Length (km) and/or Other Information
Order Drainage Area (km?)
Comox Creek 3’ ~ 7 km to barrier Gradient varies from 1.6% to 3%.
Cougar Lake Tributary 2° ~3km Gradient ~ 10%
Cruikshank River 4° ~ 127 km to barrier; 214  Gradient varies between <1%-8%.
km
Eric Creek 3° ~ 6 km to barrier Gradient varies between 1.9%-2.7%
Kweishun Creek 2° ~2km Gradient ~ 7%
Perseverance Creek 3° 22 km? 1° and 2° tributaries to this creek are

unusable or inaccessible due to excessive
gradients (Russell, et al., 1990).

Rees Creek ~ 5 km to barrier. Gradient varies between 1%-4%

Toma Creek 3° 22 km? 1° and 2° tributaries to this creek are
unusable or inaccessible due to excessive
gradients (Russell, et al., 1990).

Upper Puntledge River 4° ~ 123 km to barrier; 96 Gradient varies between <1%-1.6%.
km

Species Composition

Cutthroat and rainbow trout, Dolly Varden, steelhead, Chinook and kokanee salmon are found
in Comox Lake as are coast range sculpin and threespine stickleback. Historically, the upper
watershed appears to have been primarily the domain of summer steelhead, Chinook salmon
and resident trout and char, while winter steelhead, coho and other anadromous salmonids
were apparently restricted to the lower watershed (Rimmer et al, 1994). Both the Cruikshank
and Upper Puntledge River systems contain cutthroat, rainbow, Dolly Varden, sculpins and
stickleback.

From 1921 until 1954 the lake was stocked with cutthroat trout, rainbow trout, Atlantic salmon
and brook trout. Puntledge River steelhead fry were released into the Cruikshank system in
1982 and 1985 (Russell et al., 1990). DFO stocks coho salmon, which are not thought to have
been present historically in Comox Lake (Rimmer et al, 1994) into the lake and tributaries, with
the exception of Comox Creek and the Upper Puntledge River.

Summary of Work and Reports

Comox Lake was surveyed in 1948 and 1951 by the B.C. Game Department and again in 1975
by Fish and Wildlife Branch; data collected is provided in two reports available in the Fish and
Wildlife files in Nanaimo. Over the years, MOE completed three detailed habitat inventory and
fish assessments of Comox Lake and tributaries. In 1977, Caw documented fish habitat in
Cruickshank River and tributaries, in 1989, Russell et al (1990) conducted habitat surveys and
fish assessments of the same streams, and in 1995 Griffith completed a detailed watershed
assessment including conducting fish assessments in a number of Comox Lake tributaries.

Between 2009 and 2011 the Courtenay and District Fish and Game Protective Association

(CDF&GPA) funded and assisted Ministry staff in implementing a fish and fisheries assessment
of Comox Lake. Detailed reporting of this study is provided in Michalski, 2011a. As part of this
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study, Johner and Sebastian completed a hydroacoustic survey in 2009 to assess the pelagic
fish population of Comox Lake.

Lough and Associates conducted a detailed assessment of cutthroat trout spawning including
identifying peak spawning times and locations in Comox Lake tributaries and estimating the
cutthroat escapement in 2011. Results of this study can be found in Lough et al, 2011b, while
results of the follow-up monitoring conducted in 2012 can be found in the Fish and Wildlife files
in Nanaimo. Electrofishing assessments by Lough and Associates and funded by the Fish and
Wildlife Compensation Program (FWCP) of BC Hydro were ongoing at the time of this report. A
final project report from this study will be available on the BC Hydro web site at:
http://www.bchydro.com/about/sustainability/environmental responsibility/compensation_progra
ms.html?WT.mc_id=rd bcrp

Some Water Survey of Canada (WSC) data is available for the Cruikshank (08HB074) and the
Lower Puntledge River just below the dam (8HB007) (Russell, et al, 1990). In 2011, the
Environmental Protection Division of MOE concluded a detailed water quality survey at the lake
and this report is available on-line at:
http://www.env.gov.bc.ca/wat/wg/comox/comox-overview-may2011.pdf

2.0 Limits to Fish Production
Water Withdrawal

An impoundment dam was constructed at the outlet of Comox Lake in 1868 to supply water and
power to Canadian Collieries and the coal mines in central and eastern Vancouver Island. The
dam was replaced in 1912 and reconstructed in 1956 and 1982 by BC Hydro. The present
structure is a 10 m high, 100 m wide concrete and earthen-filled dam and the diversion dam is a
3.5 m high, 30 m long, concrete structure. Both dams were furnished with rebuilt fish ladders in
1955-56, and the main dam was raised by five meters in 1981 to accommodate maximum water
levels.

Water levels in Comox Lake are now controlled by the Comox Dam which is operated according
to the BC Hydro Water Use Plan (WUP) for the Puntledge River System (BC Hydro, 2002). The
Bridge Coastal Fish and Wildlife Restoration Program reviewed the impact of the dam in 1994
and concluded that the current spring drawdown strands fish and reduces access to tributary
and wetland habitat, and that the dam has caused a loss of instream, lake, riparian and upland
habitats. A fishway into Comox Lake was installed as part of the original dam construction and
although extensive use by fish has not been documented, the sporadic occurrence of Chinook
and chum salmon in Comox Lake tributaries testifies to its occasional use.

Water Licences and Operational Constraints

The formal agreement between DFO and BC Hydro has been informally modified in attempts to
benefit both fisheries and power generation. From November through February, the minimum
flow below the diversion dam is in effect and provides barely adequate coverage for summer-
run Chinook spawning, but is insufficient for steelhead to ascend Stotan Falls (FLNRO files,
Nanaimo). From March to June, BC Hydro provides flow below the diversion and draws down
Comox Lake if refill forecasts are favourable. From June to August, flows below the diversion
are to minimize pre-spawning adult injuries at Stotan and Nib Falls. BC Hydro normally reduces
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flows to reduce draws on Comox Lake and lowers flow into the Puntledge River after mid-
August when summer-run Chinook have completed their in-migration.

Logging

Extensive logging continues around the watershed and in the higher evaluation of both the
Cruikshank and Upper Puntledge Rivers. Logging also continues in the higher evaluation areas
of both the Cruikshank and Upper Puntledge Rivers. There is evidence of sand and silt from
logging and road building throughout the length of the Cruikshank and these impacts may
account for the depressed juvenile cutthroat trout production suggested by Russell, et al (1990).
Direct impacts from logging in the Upper Puntledge watershed are probably reduced because of
the buffering effects of Blue Grouse and Willmar Lakes which are located higher in the system.
The Upper Puntledge downstream of these lakes has many log jams throughout its length and
at least one of these log jams may impede fish migration.

Fish Stocking

DFO established a hatchery on the Puntledge River near Courtenay in 1977, and constructed a
spawning channel adjacent to the powerhouse in 1990 to build a fall-run of Chinook and coho
salmon, and steelhead stocks (Sigma Engineering Ltd 1990).

An agreement between DFO and MOE on stocking levels and locations was reached in
November, 1989. This agreement stipulates a coho stocking strategy for the Comox Lake
watershed and specifies that Forbush and Willemar Lakes be stocked with <1,500 fry/ha;
Comox Lake spring out-plants be reduced; and Comox Creek be dropped from all coho
colonization stocking plans and identified as a cutthroat trout sanctuary (Law, 1989). As of
2010, coho stocking in Rees Creek, the Cruikshank and Upper Puntledge River was continuing.
In 2010 and 2011, there were several coho releases totalling ~1.3 million fish each year but in
2012 numbers of coho releases were reduced to ~800,000 (Miller, D., 2012, pers. com.). Also
in 2012, DFO agreed to a request by the Fish and Wildlife Branch to discontinue coho stocking
in the Upper Puntledge River system.

Stream Habitat

Although some reaches of Comox and Rees Creeks and the Upper Puntledge River lack some
important habitat components such as LWD, the most important factor limiting fish production in
Comox Lake tributaries is nutrients (Caw, 1977; Michalski, 2011a). Russell et al (1990)
provides a comparison of theoretical vs. actual fry production and, based on associated water
guality data, also maintains that under-seeding of important streams in the Comox Lake
watershed is due to a lack of nutrients.

Nutrients

Comox Lake is a naturally oligotrophic lake and nutrients are likely the major constraint to fish

production. There are low levels of nitrate-nitrogen and phosphorous and low conductivity and
total alkalinity in both Comox Lake and the Cruikshank River (Larkin and Vernon, 1948; Binns,
1982; Russell et al, 1990).
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3.0 Angling Statistics
Angler Effort

Angler effort has varied between ~4,500 angler days in 1986, and 8,500 angler days in 1989
(Figure 2). In 2006 and 2011, angler effort was close to the long-term average of 6,400 angler
days.

9,000 -
ES’OOO | 6,454 6,530

& 7,000 -

8 6,000 -

5,000 -
1989 1992 2002 2006 2011

E 4,000 -
:;: 3,000 - mmm Angler Effort

?2,000 -

< 1,000 - —Erﬁenr? in Angler
0
0 |

Year

FIGURE 2. Angler effort (angler days) by year compared to average angler effort from 1986-2011 at Comox Lake
1986 7 2011 (Source: Aitzhanova, et al. 2003; Andrews, 2007; Silvestri, 2013 in prep.).

Volunteers participating in the CDF&GPA study conducted instant angler counts from April,
2009 until October, 2010 and based on that data angler effort at Comox Lake was estimated at
~5,600 angler days/year in 2009 and 2010 (Figure 3) (Michalski, 2011a). This is similar to the
6,454 angler days predicted by the VILQ for 2006 (Figure 2).
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FIGURE 3. Expanded angler effort at Comox Lake April 2009 i October 2010. Expanded angler effort calculated
using instantaneous angler counts conducted by Courtenay Fish and Game Club volunteers (Source: FLNRO files,
Nanaimo).

Catch

Total catch at Comox Lake has varied from a low of ~5,000 fish in 1986, to 9,500 fish in 2002
(Figure 4). Catch dropped to 7,600 fish in 2006 but rose to ~8,000 fish in 2011 which is roughly
the average catch over the 25 year VILQ. Overall, there is an increasing trend in angler catch at
Comox Lake.
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FIGURE 4. Total catch by year compared to average catch from 1986-2011 and trend in catch at Comox Lake 1986
T 2011 (Source: Source: Aitzhanova, et al. 2003; Andrews, 2007, Silvestri, 2013 in prep.).
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According to the VILQ in 2006, 66% of the angler catch (~5,000 fish) was cutthroat trout, 23%
(1,750 fish) was rainbow trout, and 11% (841 fish) was Dolly Varden (Table 3). In 2011, the
catch of cutthroat was roughly the same at ~5,000 fish but the species comprised only 58% of
the catch. That year, rainbow trout comprised ~33% of the catch (2,868 fish), and Dolly Varden
comprised ~9% of the catch (807 fish).

TABLE 3. Catch of rainbow and cutthroat trout at Comox Lake 2006 and 2011 (Source: Andrews, 2007; Silvestri
2013 in prep.).

Species 2006 2011

Catch % of Total Catch % of Total
Cutthroat 5,034 66.0 5,082 58.0
Rainbow 1,750 23.0 2,868 32.8
Dolly Varden 841 11.0 807 9.2
Total 7,625 8,757

Webve provided angler catch data coll m@a0®d during
cutthroat trout comprised 96% of the angler catch, and fish classified as trout comprised 4% of

the catch. In 2010, cutthroat trout comprised 56%, while rainbow trout comprised 31% and fish

classified as trout comprised the remaining 13% of the angler catch.

TABLE 4. Total and percent of catch by species at Comox Lake April 2009 i October 2010 (Source: angler
interviews conducting following instantaneous counts conducted by Courtenay Fish and Game Club April, 2009 i
October, 2010; FLNR files, Nanaimo).

Species 2009 2010
Catch (# of fish) Percent of Total Catch (# of fish) Percent of Total
Cutthroat 87 96 25 56
Rainbow 0 0 14 31
Trout 4 4 6 13

Angler Success

According to the VILQ, angler success at Comox Lake has been stable at ~1.2 fish/day over the
25 year survey period (Figure 5). In 1986, angler success was about average at 1.2 fish/day but
the successrate fellin  t h e | ato €l fish/8a8. 0Sthee that time, angler success increased
to a high of almost 1.4 fish/day in 2002, then declined to 1.2 fish/day in 2006, and increased to
~1.3 fish/day in 2011. Overall, the trend in angler success at Comox Lake is increasing
although it is still below our regional success objective of 1.6 fish/day.
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FIGURE 5. Angler success (total catch/total angler effort in angler days) compared to average angler success and
the objective for angler success (1.6 fish/angler day) at Comox Lake 1986 i 2011 (Source: Aitzhanova, et al. 2003;
Andrews, 2007; Silvestri, 2013 in prep.).

Estimates of angler success from the angler creel survey conducted during the CDF&GPA study
suggest a much lower angler success rate does the VILQ. Angler success rates estimated from
the angler creel survey data suggest an angler success of 0.64 fish/day in 2009, 0.38 fish/day in
2010 and an average angler success of ~0.52 fish/day over the 2-year survey (Table 5).

TABLE 5. Total catch, observed effort (instantaneous angler counts) and angler success (catch/angler day) by year
from April, 2009 i October, 2010; note only catch by Fish and Game Club members that occurred on instant count
days included. (Source: instantaneous counts and angler interviews conducted by Courtenay Fish and Game Club
April, 2009 i October, 2010 and angler logs kept by Courtenay Fish and Game Club May i October, 2009; FLNRO
files, Nanaimo).

Year Total Catch Observed Effort Angler Success
(catch/angler day)

2009 91 142 0.64

2010 46 120 0.38

Total 137 262 0.52

Average Angler Success 0.51

Harvest

According to the VILQ, the harvest rate at Comox Lake was ~42% in 2006 and ~35% in 2011
(Table 6). However, harvest rates calculated from data collected by volunteers participating in
the CDF&GPA study indicates that overall, anglers harvest 82% of their total catch and 90% of
their cutthroat trout catch (Table 7).
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TABLE 6. Catch, harvest and percent harvest of rainbow and cutthroat trout and Dolly Varden at Comox Lake 2006
and 2011 (Source: Andrews, 2007; Silvestri 2013 in prep.).

Species 2006 2011

Catch Harvest % Harvest Catch Harvest % Harvest
Cutthroat 5,034 2,386 47.4 5,082 1,949 38.4
Rainbow 1,750 693 39.6 2,868 1,142 39.8
Dolly Varden 841 91 10.8 807 - 0.0
Total 7,625 3,170 41.6 8,757 3,091 35.3

TABLE 7. Total and percent of catch and harvest of each species caught by anglers and Courtenay Fish and Game
Club Members at Comox Lake April, 2009 i October, 2010 (angler interviews conducting following instantaneous
counts conducted by Courtenay Fish and Game Club April, 2009 i October, 2010 and angler logs kept by Courtenay

Fish and Game Club May i October, 2009; FLNRO files, Nanaimo).

Species Catch Harvest Harvest Rate (%)
Cutthroat 92 83 90
Rainbow 6 1 17
Trout 9 44
Total 107 88 82

In addition to finding high harvest rates of cutthroat trout generally, the CDF&GPA study also
found that anglers were harvesting a high percentage of small (<300 mm) cutthroat trout (Figure
6; Appendix 11). In fact, almost 70% of the cutthroat harvested by anglers at Comox Lake were
<300 mm. Cutthroat trout from large lakes on Vancouver Island mature at ~320 mm (Figure 9;
Chapter 1) and the mean fork length of spawning cutthroat trout at Comox Lake is 390 mm
(Lough, et al, 2011). As a result, most of the cutthroat trout harvested by Comox Lake anglers

are immature.
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FIGURE 6. Length frequency diagram of cutthroat trout harvested by anglers at Comox Lake April, 2009 i
September, 2010 (N=76); note that cutthroat trout in Vancouver Island large lakes mature at ~320 mm (see Figure 9,
Chapter 1 for details) (Source: Michalski, 2011a).

4.0 Stock Status Indicators
Relative Abundance

Kokanee salmon, cutthroat and rainbow trout and Dolly Varden were sampled in gillnets in

1948, 1951, 1953, 2009 and 2010 andwe 6 ve presented the relative abu
in Figure 7. Gillnetting samples in 1948 revealed a predominance of kokanee and Dolly Varden

with small numbers of cutthroat trout and smaller numbers of rainbow trout. Almost 50% of the

gillnetted fish sampled in 1948 were kokanee, followed by 30% Dolly Varden, and 20% cutthroat

trout.

80



100 -

1948 October (N=132)
90 1 1951 August (N=35)
80 - 1953 May/June/July (N=10)
S 70 - = 2009 August (N=30)
@ 60 m 2010 August (N=36)
S5
& 50 -
O
= 40 -
[}
[&]
o 30 -
a
20 A
10 A
0 T T T 1
CT RB DV KO
Species

FIGURE 7. Percent cutthroat trout, rainbow trout, Dolly Varden char and kokanee captured in Comox Lake by
gillnets in 1948, 1951, 1953, 2009 and 2010 (N=243) (Source: FISS and FLNRO files, Nanaimo).

In 1951 almost 90% of the sample of 35 fish was comprised of cutthroat trout with 10% of the
sample comprised of rainbow. The proportion of cutthroat trout have decreased in the samples
starting in 1951 when this species comprised ~80% of the sample, to 2009 when cutthroat
comprised 60% of the sample and 2010 when cutthroat comprised only 20% of the sample.
Conversely, the proportion of rainbow in the gillnetting samples has increased with that species
comprising ~20% of the 1953 sample, 35% of the 2009 sample, and ~50% of the 2010 sample.
| tlikety that steelhead stocking by the Ministry, and releases of rainbow trout from the
CDF&GPA trout pond located adjacent to Comox Lake have contributed to the increased
numbers of rainbow trout in the lake.

Snorkel Surveys

Lough et al (2003) conducted snorkel surveys of the lower three km of the Cruickshank and the
Upper Puntledge River, Kweishun and Comox and Rees as part of an investigation into the life
history characteristics of Dolly Varden (Table 8). Swimmers found a few Dolly Varden adults
had moved into the river by mid-September. In larger rivers such as the Cruickshank, Dolly
Varden gather into aggregations of 10 - 15 fish near prospective spawning areas in the weeks
prior to spawning. As spawning time approaches, these fish enter the small streams or proceed
to the upper reaches of the mainstem. In the Comox Lake system, the spawning period
probably ends toward the end of November but the last of the spawners probably remain in
some areas like Rees Creek until early December (Lough et al, 2003).
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TABLE 8. Peak counts of Dolly Varden spawners and redds observed during snorkel surveys from September 13 to
November 26, 2001 (Reprinted from Lough, et al, 2003).

Stream Peak Number of Redds Date
Spawners

Comox Creek 0 0 Oct 29/01

Cruickshank River 5 1 Oct 29/01

Rees Creek 72 78 Nov 6/01

Length and Weight

We 6 v e p asuminatyeofllength and weight data of fish captured in gillnets in Table 9 and

detailed fish sampling data including length frequency distributions and length weight

relationships in Appendix 11. Although the mean size of cutthroat has remained between 240

mm -300 mm,thema xi mum si ze of this species de®2bined fro
mm in 2000 and the modal length has shifted from 280 mm i n t h,¢o 2109 ndhe

20006 .sThe mean weight of cutthroat has also decreased from~400g i n t he 1®@iB306s t o
t he 2.0AB®d concern is the percentage of larger cutthroat (>300 mm) captured in gillnet

samples over the years. In the 1948 sample, cutthroat >300 mm comprised ~25% of the gillnet

sample, whereas in the 2009, sample cutthroat >300 mm comprised ~2% of the sample

(Appendix 11).

TABLE 9. Minimum, maximum, mean length and mean weight for cutthroat and rainbow trout and Dolly Varden
captured in Comox Lake by gillnets by decade 1940 - 2000 (Source: FISS; FLNRO files, Nanaimo; Michalski, 2011a;
Ministry files, Nanaimo).

Species Decade N Length (mm) Weight
Minimum Maximum Mean Mode (Mean) (g)

Cutthroat 1940 34 208 355 2765 280 @ -

1950 40 165 560 313.5 255 407.5

2000 28 130 425 239 210 185.0
Rainbow 1940 3 230 250 2433 250 -

1950 5 155 330 2554 - 210.2

2000 29 110 375 199.8 130 108.8
Dolly Varden 1940 47 195 380 2544 210 -

2000 9 150 340 239.7 250 169.4

Although the minimum size of rainbow trout has decreased from 230 mm to 110 mm since the

19400s, murhsze msircieased from250mm i n t he 106, tthe 3APG 0O ¢
to375mm i n t h eThenkénGideof. this species has decreased over the decades from

243 mm to ~200 mm. The modal length has also shifted from250mm i n t he 1 MM0O6 s, t o
recently, while the mean weight has decreased from~210g i n t he©1BgH hé s

20006s. Note the smal |l s ampnhakeitdifficuletedrawn t he 194006
comparisons to earlier decades.

The minimum size of Dolly Varden decreased from 195mm i n t he 16m@cestly,t o 150
while the maximum size has decreased from380mm i n t he 1®8Mm0BB8 tbe3200006s
(Table 6). The mean size of this species has remained somewhat constant at between 240 mm

and 250 mm over the past 50 years, while the modal length has increased from 210 mm in the

194 0t@250mmint h e 2 ONoté that only nine Dolly Varden were captured in the 2009

and 2010 gilinet samples.
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Age and Growth

We 0ve pr es e-a-bge dnalysesriogdutthroat trout captured in gilinets and by anglers in
2009 and 2010 in Figure 8A. Seven 1+ cutthroat were caught ranging from 130 mm - 187 mm
and averaging 163 mm, 2+ cutthroat ranged from 180 mm - 300 mm and averaged 215 mm, 3+
cutthroat ranged from 203 mm - 356 mm and averaged ~280 mm, and 4+ cutthroat ranged from
240 mm - 380 mm and averaged 322 mm. Age 5+ cutthroat ranged from 229 mm i 406 mm
and averaged 338 mm, age 6+ cutthroat ranged from 285 mm - 445 mm and averaged 348 mm.
There were also four cutthroat aged at 7+ which ranged from 300 mm - 356 mm and averaged
~328 mm.
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FIGURE 8. Length-at-age of (A) cutthroat trout (N=155), (B) rainbow trout (N=51), and (C) Dolly Varden (N=17)
caught by anglers and in gillnets in 2009 and 2010 in Comox Lake (Source: FLNRO files, Nanaimo; Lough, 2009;
Lough, 2010).

Fifty-one rainbow trout were also captured and aged in 2009 and 2010 (Figure 8B). Age 1+
rainbow ranged from 110 mm - 208 mm and averaged 145 mm, age 2+ rainbow ranged from
178 mm - 280 mm and averaged ~224 mm, age 3+ rainbow ranged from 260 mm - 320 mm and
averaged ~282 mm, while age 4+ rainbow ranged from 305 mm - 325 mm and averaged ~318
mm. Two age 5+ rainbow averaging 375 mm, and one age 7+ rainbow 356 mm were also
caught.

A total of 17 Dolly Varden were caught in 2009 and 2010 and aged. Age 2+ fish ranged from
187 mm - 250 mm and averaged 233 mm, age 3+ fish ranged from 210 mm i 260 mm and
averaged 240 mm and age 4+ fish ranged from 270 mm i 340 mm and averaged 305 mm
(Figure 8C).

Mean Age

Unfortunately, only four cutthroat were aged inthe samples f r om t $soave doQidn @ & s
compare the mean age between decades. The mean length of the 157 cutthroat sampled from
2009 to 2010 was ~285 mm and the mean age was 3+ (Table 10). The mean length of the 52
rainbow trout sampled was 214 mm and the mean age was 2+ while the mean length of the 17
Dolly Varden captured was ~240 mm and the mean age was 2+.

TABLE 10. Mean length (mm) and mean age of cutthroat and rainbow trout and Dolly Varden captured in gillnets
and by anglers n Comox Lake in 2009 and 2010 (Source: FISS; FLNRO files, Nanaimo; Lough, 2010, Lough, et al,
2011).

N Mean Length (mm) Mean Age
Cutthroat 157 284.6 3+
Rainbow 52 214.4 2+
Dolly Varden 17 239.7 2+
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Catch Indicators
Total Catch

Unfortunately, no information on the number of gillnets or the number of net sets or soak times
was provided from the earlier gillnet samples so we can only compare total catch (Table 11) and
relative proportion of the catch (Figure 7) between samples. Both comparisons show a
decrease in the numbers of cutthroat and Dolly Varden, and an increase in the number of
rainbow trout at Comox Lake over time.

TABLE 11. Total catch of cutthroat and rainbow trout and Dolly Varden captured in gillnets in Comox Lake 1948 i
2010 (Source: FISS; FLNRO files, Nanaimo).

Species 1948 1951 1953 2009 2010
Cutthroat 34 32 8 19 9
Rainbow 3 3 2 10 19
Dolly Varden 47 e e 1 8
Total 84 35 10 30 36
Data Gaps

The detailed fisheries and stock assessment completed on Comox Lake in 20097 2011
provided recent fisheries and stock status data (Table 12). No angler preference survey was
completed during this study, however, which is an important data gap given there was a change
in regulations in 2012. In addition, electrofishing data is required to confirm the length of
residence of juvenile fish in Comox Lake tributaries, and to determine coho stocking densities to
establish if there are density-related impacts to wild cutthroat trout as a result of stocking
practices.

TABLE 12. Summary of data gaps for Comox Lake that are required for wild stock conservation, fishery evaluation
and stock monitoring and potential restoration and enhancement.

Factor < 10 years >10 years No data

Gillnetting

Angler Creel Survey

VI Lakes Questionnaire

Snorkel Surveys

Acoustic Surveys

Electrofishing (streams) (not complete)
Juvenile age, weight, density X
Lake/Limnology

Stream Habitat Inventory
Angler Preferences X
Water Quality/Lake Productivity X

Kokanee Assessment X

X X X X X X

x X
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5.0 Fisheries Objectives and Management Strategies for Comox Lake
Existing Regulations

The Fish and Wildlife Branch implemented a mandatory release of all cutthroat <300 mm in
2012. The rationale for this regulation was based on the results of the CDF&GPA study which
established that anglers were harvesting high numbers of immature cutthroat trout. The
objective of the minimum size limit is to insure that cutthroat will spawn at least once before
entering the fishery.

The Ministry also extended the mandatory bait ban and single barbless hook and mandatory
release of cutthroat >50 cm to cover the entire year. The extension of the maximum size limit
ensures protection of remaining large cutthroat trout.

The region-wide regulation of 4 trout/day is still in effect at Comox Lake. The Cruikshank River
is closed all year as are all tributaries to the Puntledge River. All wild trout and wild steelhead
from streams and all Dolly Varden must be released.

Maximum Catch and Effort at Current Regulations

The maximum angler effort is ~13,000 days and the maximum catch is 10,500 fish while the
optimum angler effort is ~6,000 angler days and the optimum catch is 8,000 fish (Figure 9).
Note these values are based on VILQ data collected before the minimum size limit and year-
long extension of the maximum size limit were implemented. The new regulations should result
in a higher optimum sustainable effort and catch in addition to providing larger sized cutthroat
for the angler.

14,000 -

12,000 -

10,000 - o 2002 '\
< 2011 ¢ Maximum Angler Effort and
% 8,000 - =t Catch at Current
o Regulations
g 6,000 - Optimum Sustainable
- * Angler Effort and Catch

4,000

2,000

Rz=0.7151
0 T T T T T T T
0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000

Angler Effort (angler days)

FIGURE 9. Angler effort (angler days) vs. total catch at Comox Lake 1986 i 2011 and maximum angler effort and
catch and optimum sustainable angler effort and catch at current regulations (Source: Aitzhanova, et al. 2003;
Andrews, 2007; Silvestri, 2013 in prep.).
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Fisheries Objectives and Management Strategies

Angler success based on the VILQ has been stable over the years, albeit below our regional
target of 1.6 fish/day. However, the actual angler success based on angler creel survey data is
much lower at <0.5 fish/day and until the implementation of the new regulations in 2012, anglers
were harvesting high numbers of immature fish. Also of concern is the decrease in the
percentage of larger cutthroat trout (>300 mm) in gillnets overthe past50years. | n t he 19406s
cutthroat >300 mm comprised ~25% of the sample while in 2009, fish this size comprised only
~2% of the sample (Appendix 11). In addition, rainbow trout comprise increasingly large
proportions of gillnet samples and the Ministry is extremely concerned about the large numbers
(~1 million/year) of coho being stocked into Comox Lake and tributaries. Impacts from this
activity are well known (Glova and Mason, 1977; Tripp and McCart, 1983) and could impact the
success of the new angling regulations.

1. Monitor the Comox Lake fishery with an angler creel survey in 2013/14 and again in
2016 to determine changes in angler catch and success. Determine if there is a need
for additional regulations following the 2016 survey.

2. Conduct an angler preference survey as part of all angler creel surveys. There is a data
gap regarding this particular aspect of the Comox Lake fishery which must be filled in
view of the recent regulations change.

3. We recommend instant angler counts be conducted in 2013/14 and again in 2016 along
with the angler creel surveys to monitor angler effort at Comox Lake.

4. Repeat the gillnet assessment in 2014 and compare stock status indicators.

5. Conduct snorkel surveys to monitor cutthroat trout escapement and mean size.
Complete surveys can be done once every three years and index reach surveys can be
completed annually if funds permit (see Lough, et al, 2011 for procedures).

6. Conduct electrofishing in Comox Lake tributaries to establish ages of juvenile fish
rearing in tributaries and determine densities of stocked coho salmon. Additional studies
such as a shoal assessment of Comox Lake should also be implemented to confirm the
age and size of cutthroat trout recruiting to the lake.

7. Review the results of the VILQ to determine if fisheries statistics show changes in angler
effort, catch, success and harvest compared to previous VILQ surveys. The VILQ can
again be used as the primary monitoring tool for Comox Lake once changes to stocks
and the fishery as a result of the new regulations are established.

8. MFLNRO requested that DFO discontinue coho stocking in the Upper Puntledge River
and to review the stocking numbers in Comox Lake tributaries. DFO agreed to stop
stocking the Upper Puntledge and has agreed to assess coho stocking success as part
of a recently-funded FWCP project. We recommend the Ministry, CDF&GPA and DFO
jointly review stocking practices and assessment results and, based on that review,
determine long-term management objectives that benefit all salmon and trout species in
the watershed.

87



Operational Management Plan for Comox Lake

Wedbve summarized the operational madadmoeent pl an
detailed management plan is outlined in Michalski, 2011a.

TABLE 13. Operational Management Plan for Comox Lake.

Activity Objective Tentative
Schedule
Fishery/Regulations Monitor changes in the fishery since implementation of 2013/14
Monitoring regulations changes in 2012. 2016/17
Fish Stock Assessment Conduct gillnetting assessment and gather data on angler- 2014

caught fish to compare stock status and catch data from
2009-2010 study.

Conduct snorkel surveys at index reaches and compare to Annual
2012 results.
Conduct electrofishing survey to determine numbers of 2013/2014

juvenile trout in Comox Lake tributaries; conduct shoal
assessment to establish age of cutthroat juvenile recruitment
to Comox Lake.

Habitat Enhancement Investigate feasibility of fertilizing tributary streams and/or Potential with
increasing rearing habitat with addition of LWD, boulders etc. = DFO study
to increase nutrients and habitat for juvenile fish.

VILQ Evaluate changes in fisheries statistics every three years. Ongoing
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Chapter 5. Cowichan Lake

Lake Cowichan

Planning Unit Nanaimo Cowichan
Watershed Cowichan

Surface Area (ha) 6,204

Mean Depth (m) 50.1

Key Tributaries

Freshwater Fish Species

Limits to Production

Regional Priority*:

Angling Statistics 2011
Angling Effort
Total Catch
Angler Success (catch/day)
Current Harvest Rate
Optimum Sustainable Effort
Optimum Sustainable Catch
Angler Success at Optimum

Stock Status

Data Gaps

Management Objectives Summary
Operational Plan Priorities

Potential Partners

Sutton, Nixon, Cottonwood and Robertson Creeks
Cutthroat and Rainbow Trout, Dolly Varden, kokanee
Forestry, Urbanization at mouths of Key Tributaries
1

12,447 angler days

15,273 fish

1.2 fish/angler day

20%

11,000

12,000

1.1 fish/day

Stable for cutthroat and Dolly Varden; unknown for rainbow
Fecundity for cutthroat trout; genetic studies to determine life
history types for rainbow trout in Cowichan Lake and Cowichan
River; bathymetric map to assist with definition of rearing areas
for juvenile trout.

Restrictive regulations to increase catch and angler success
Gillnetting surveys every two years; habitat restoration of key
streams; monitoring of prescriptions and stock status with Valley
Fish and Game.

Valley Fish and Game Association, TimberWest,

* see Appendix 5 for information on how we prioritized Vancouver Island large lakes.
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1.0 Overview of the Cowichan Lake Watershed
General Information

Cowichan Lake is located ~70 km northwest of Victoria and 31 km west of Duncan and lies in
the Coastal Douglas Fir Zone in the Nanaimo-Cowichan PU (Figure 1). With a surface area
6,204 ha, Cowichan Lake is the 2™ largest lake on Vancouver Island (Table 1). The lake is
situated at an elevation of 164 m, has a maximum depth of 152 m and a mean depth of 50 m.
Cowichan Lake is ringed by 1,500 m high hills and drains a watershed of ~300 km?. The
Cowichan River, which is the lake outlet, leaves the eastern end of Cowichan Lake and flows
east ~45 km down the Cowichan Valley and into Cowichan Bay and the Georgia Strait. The
area drained by the lake and river is ~600 km?.

FIGURE 1. Map of Cowichan ake and trlbutanes a bathymetrlc proflle of this Iake is prowded in Appendlx 12
(Source: iMap BC).
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TABLE 1. Location, size, depth and water quality parameters at Cowichan Lake (Source: FLNRO files, Nanaimo,
FISS).

Planning Waterbody Surface Perimeter Max. Mean pH TDS Secchi  Survey

Unit Identifier Area (km) Depth  Depth (ppm)  Depth Year(s)*
(ha) (m) (m) (m)

Nanaimo 00408COWN 6,204 109.7 152 50.1 7.4 53 1950, 1953,

Cowichan 1960

*Survey years include only those years reported in the Fish Information Summary System (FISS) when the lake was
assessed for physical characteristics and chemical parameters.

Tributaries

There are 30 tributaries to Cowichan Lake; only seven of which are major streams and these
enter at widely separated points around the lake (Table 2). Four of these streams (Meade,
Cottonwood, McKay and Shaw Creek) enter along the north shore of the lake, and three
(Robertson River, Sutton and Nixon Creek) enter from the south. Each of these seven streams
drains the surrounding highlands and are typical mountain streams with long, gravelly reaches
and swift, cold water (Carl, 1952). During the rainy season these tributaries are subject to
flooding and shifting of gravel and boulders. There is also a tendency of substrate to form bars
across the tributary mouths. During the dry season, the flow of most streams is much reduced
with the result that considerable portions of the lower reaches of some streams are completely
dry or consist of isolated pools connected by water flowing beneath the gravel (Carl, 1952).
Possible groundwater entering Cottonwood and Shaw Creeks may limit summer fish production
(Table 2).

TABLE 2. Names, order, length and/drainage area and other information for tributaries to Cowichan Lake (Source:
Burns, 1984).

Tributary Order Length (km) Other Information
and/or
Drainage Area
(km?)
Meade Creek 3 5.4 km Steep, non-buffered, winter discharge fluctuation and

bedload may limit production; lacks winter habitat;
possibility that falls at ~4.9 km; 2m falls at head of
canyon.

Cottonwood Creek 3 9.5 km Production may be limited by cold summer temp.
And high fall-winter discharge fluctuation;4m falls at
~2km greatest vertical leap ~ 2m; 6 small falls <1m
at 1.5 km; 2m falls at 4 km.

McKay Creek 2 7 km Drains southern tail of Vancouver Island range;
steep, non-buffered; summer cold and low nutrients;
high fall-winter discharge fluctuations; 3m falls at 1.2
km; 5m falls at 2.5 km, 8m falls at 5 km.

Shaw Creek 3 25 km Largest tributary to the lake, no fish found in Middle
Fork above 1.2 km, production limited by cold
summer temp (<10°C) and high fall-winter flow
fluctuation; 2.5 m falls at 3 km on mainstem, series
of cascades at 5 km, 3 m falls in Middle Fork 1.2 km
above confluence with mainstem, rapidly increasing
gradient and decreasing channel size in W. Fork 9
km above confluence with mainstem.

Robertson River 3 16 km Productive length estimated at 11 km becausel0 m
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Other Information

Tributary Order Length (km)
and/or
Drainage Area
(km?)

Sutton Creek 3 11.6 km

Nixon Creek 3 15.8 km

falls at ~1 km on mainstem, falls and/or rapidly
increasing gradient on some tributaries. Large, low
nutrient, cold mountain stream with several important
tributaries, extensive logging, flow and turbidity
respond rapidly with precipitation, extensive gravel
extraction in lower reaches; mainstem limited by
summer drying, low nutrients and bedload instability.
Productive length estimated at 10 km. High
discharge fluctuations, cold summer temp, low
nutrients; gradient increases at 10km; 2m cascade at
~0.6 km; 7m falls at ~0.7 km; 3 m falls at ~0.6 km on
South Sutton; 5 m falls at 100m on 1% west tributary;
series of falls total ~25m at 250m on 2™ tributary.
Productive length estimated at 7.5 km. Subject to
extreme discharge fluctuation; 5" largest lake
tributary, responds quickly to rainfall and carries
large amounts of sediment, production may be
limited by low nutrients, violent fall-winter discharge
fluctuation, unstable channel and substrate, lower 2
km dries by mid-July most years; rapidly increasing
gradient at 10 km in mainstem and 5 km in Raymond
creek; 3m cascade at 300m in 2™ west tributary.

Numerous secondary and smaller streams flow directly into Cowichan Lake and, like some of
the major streams, these smaller systems possess a variety of obstructions and barriers to the
upstream migration from the lake of adult cutthroat trout and Dolly Varden (Griffith, 1989).

Species Composition

The Cowichan watershed supports an abundance and diversity of anadromous and resident
salmonids. Anadromous species include Chinook, coho and chum salmon, steelhead and
cutthroat trout while resident species include brown trout, which were introduced into the

Cowichan Riverinthemid-1 9 7 06 s ,

D o rhihbgw avdacutttireantrout, and kokanee

salmon. Other species include the Cowichan Lake or Vancouver lamprey, Pacific lamprey,

prickly sculpin and threespine stickleback.

Cowichan Lake contains cutthroat trout, rainbow trout, Dolly Varden and kokanee salmon.
Brown trout and brook trout (Salvelinus fontinalis) are also reported in the lake (Rutherford et al,
1988) but have not been verified. The lake and tributaries are used by spawning and rearing

steelhead trout, and coho salmon (Griffith, 1989).

An assessment by Griffith (1989) found the most abundant and widely distributed species in
Cowichan Lake tributaries were coho salmon followed by rainbow trout, cutthroat trout, Dolly
Varden and brown trout. This assessment also found the greatest numbers of cutthroat trout
and Dolly Varden in the Robertson River and Sutton and Nixon Creeks which are located on the
south side of the lake. A cursory review of habitat data by Burns (2002) suggests that average
gradients of south-side streams are lower than for streams such as Meade, Cottonwood, McKay
and Shaw which are located on the north side, and this gradient difference may explain the
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dissimilarity in cutthroat distribution between the two sides of the lake. Griffith (1989) did not
find evidence of Dolly Varden in major stream systems on the north side of the lake, however, in
2006, Michalski and Jancowski confirmed Dolly Varden presence in Sutton, Cottonwood and
Nixon creeks, and the Robertson River.

Griffith (1989) conducted electrofishing assessments and found cutthroat and Dolly Varden in
streams on the south side of the lake, however, he noted the absence of both species at sample
sites in all the major tributaries on the north side of the lake. Where cutthroat presence was
identified, densities tended to be low (Griffith, 1989). Coonskin Creek was the only stream
sampled on the north side found to contain significant numbers of cutthroat fry, while Stanley
Creek below the outlet of Cowichan Lake also contained high densities of cutthroat fry. Despite
finding limited areas of cutthroat production, Griffith (1989) found evidence of widespread
hybridization of cutthroat and rainbow trout at streams around the lake. He noted that some
degree of blended characteristics in cutthroat and rainbow fry populations was observed at
nearly all sites he sampled (Griffith, 1989).

Summary of Work and Reports

A number of assessments of Cowichan Lake and its tributaries have been conducted including
a limnology assessment in 1952 by Carl, and water quality monitoring studies of the Cowichan
River between 1985 and 2003 by MOE (Pommen, 2004). Fish assessments have focused on
salmon production plans (i.e. Burns and Tutty, 1987; Burns, 2002), and on identifying
enhancement opportunities for cutthroat trout and Dolly Varden (e.g. Michalski and Jancowski,
2006; Griffith, 1989; Tripp, 1989). In 1989 and 1990, MOE conducted angler creel surveys at
Cowichan Lake to determine effort and total catch over the late summer period. In 1988,
Rutherford et al. conducted a detailed investigation into stock levels and life history attributes of
Cowichan Lake kokanee, and from 1988 until 2004, DFO conducted a series of Chinook salmon
escapement studies on the Cowichan River. These studies were published as part of the
Canadian Manuscript Report Series available through Fisheries and Oceans Canada.

In 2009, the Fish and Wildlife Branch received funding from the Habitat Conservation Trust
Fund (HCTF) to conduct a fish and fisheries assessment of Cowichan Lake. The Ministry
partnered with the Valley Fish and Game Club (VF&GC) to implement instant angler counts and
angler creel surveys to assess Cowichan Lake fisheries, and conduct gillnetting and
electrofishing surveys to assess the status of Cowichan Lake fish stocks. Summaries of some
of the study findings are provided here and a final report will be available from the Fish and
Wildlife Branch in 2014. A hydroacoustic and trawl survey to assess the Cowichan Lake
kokanee population was completed by Johner and Sebastian (2011) as part of the
Ministry/VF&GC study.

2.0 Limits to Fish Production
Water Withdrawal

The Town of Lake Cowichan and the Cowichan Valley Regional District (CVRD) both have
water licenses to remove water from Cowichan Lake for waterworks purposes (2,408 dam®/a)
(Epps, 2011). There are also a number of domestic licenses allowing individuals to withdraw
water for domestic use (including drinking water), and irrigation purposes, and there are a
number of water licenses for domestic and irrigation purposes on the Cowichan River and
Cowichan Lake (Epps, 2011). DFO holds water licenses for conservation purposes.
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Of the water required for industrial purposes, almost 90% is held by Catalyst Paper in two
licences which account for 68% of the water licences in the entire area. One licence supplies
industrial water to the pulp and paper mill in Crofton and allows 62,000 dam® of water storage on
Cowichan Lake. A flow control weir is located at the lake outlet to affect water storage. During
much of the year, dam flood gates may be partially or fully opened to provide unimpeded access
to the lake, however, associated velocities are often high, and there may be limited periods
when the weir is actually passable to smaller fish such as juveniles moving upstream (Griffith,
1989). Stored water is released according to a rule curve which specifies a minimum release of
~7 m*/s from June 11 October 15 and opening and closing of the weir gates is overseen by
committee comprised of government, industry and private stakeholders.

Logging

The area around Cowichan Lake and extending to the Cowichan Valley was at one time heavily

forested with extensive stands of Douglas fir, cedar, hemlock and Sitka spruce. By 1952,

however, Carl noted that practically the whole lake was girdled with a deforested belt extending

from the lake to an altitude of ~ 450 m and, to a great extent, the timber cover had been

removed by logging and subsequent burning of slash with the result that a great part of the

watershed was denuded of large trees (Carl, 1952). In 1989, McKean pointed out that although

the forestry industry provided the economic base in this area for many decades, the available

timber supply had declined and it appeared unlikely that operations in the Cowichan Lake area

would continue at the levels of the previous decades (McKean, 1989). Despi t e McKeanos
prediction, logging continues in the Cowichan Lake watershed.

Development

The upper Cowichan Valley includes the Village of Lake Cowichan and several communities
around Cowichan Lake. In 1981, the population of the area was ~30,000 (McKean, 1989) and
by 2001, the population of this area more than doubled reaching 73,948 (BC Ministry of
Citizens' Services, 2009). By 2020, population is projected to reach 93,223 and over the next
25 years to increase by 30% to 106,360 (BC Ministry of Citizens' Services, 2009). Development
restrictions and habitat protection mandates will be important in this watershed given the large
extent of private land ownership around the lake, and the limited numbers of tributaries including
Nixon, Sutton, Cottonwood, Coonskin and Stanley Creeks and the Robertson River critical for
salmon and trout production.

Fish Stocking

Griffith (1989) and Ptolemy (1990) raised concerns about coho stocking and its impact on

cutthroat at sites in most of the larger streams of the Cowichan watershed. Griffith (1989) noted

that if stream densities of coho juveniles were to be increased, the Cowichan system would

probably be close to the point where cutthroat recruitment could be affected. He further

suggested that agencies should take a critical look at how coho enhancement was being

conducted, and what the ultimate effects of this activity might be with respect to over-

recruitment of streams and related impacts on trout production. 1t6 sot knownwhet her Gr i f f i t I
concerns were ever brought to the attention of DFO.

94



Stream Habitat

Griffith (1989) performed a habitat assessment of tributaries to Cowichan Lake and concluded
there was ample habitat of good quality in the streams containing the majority of cutthroat
production. He also noted that a lack of water during low flow periods is the major constraint to
potential fish production, particularly in streams on the south side of the lake. He pointed out
that not only does reduced wetted width reduce overall capacity for fish, but also that there are
reductions in deeper habitats specifically required by parr. He noted that high densities and
wide distributions of coho and rainbow trout, coupled with low flows were the principal factors
limiting the production of cutthroat and Dolly Varden in the tributaries to Cowichan Lake.

In 2006, Michalski and Jancowski conducted overview and Level 1 Watershed Restoration
Program (WRP) fish habitat assessments and fish inventories of Sutton, Cottonwood and Nixon
creeks, and the Robertson River and found poor instream cover in the form of LWD and
LWD/boulders, high concentrations of fines and bedload, and low wetted area as the main
factors limiting fish production.

Nutrients

With a TDS estimated at 53 ppm, Cowichan Lake is typical of other large coastal lakes in that it

is oligotrophic. It is also deep with nearly 85%
> 20 m, and depths <10 m representing only ~6% of the total surface area (Rutherford, et al,

1988). In his biolimnology assessment, Carl (1953) indicated that Cowichan Lake had limited

primary and secondary production.

Epps (2011) recommended a number of water quality objectives’ for parameters including
dissolved oxygen and chlorophyll a for the protection of aquatic life, and total suspended solids
objectives for the protection of drinking water. She notes these objectives are required to
ensure that inputs from residential, timber harvesting, and recreation do not impair water uses in
the Cowichan watershed.

3.0 Angling Statistics
Angler Effort

Angler effort at Cowichan Lake has averaged ~16,500 over the past 25 years (Figure 2) and in
2011 was 2" only to Elk Lake with respect to angler effort at all regional lakes (Silvestri, 2013 in
prep.). However, there has been a declining trend in angler effort at Cowichan Lake since 1992.
That year angler effort exceeded 25,000 angler days and accounted for almost ¥4 of all the
angler effort in the Nanaimo Cowichan PU. Since then, angler effort declined to ~15,000 angler
days in 2002, and to ~12,000 angler days in 2006 and 2011.

"Water quality objectiveare prepared for specific bodies of fresh, estuarine amstalanarine surface waters of

British Columbia as part of the Ministry of Environmen:
prepared only for those waterbodies and water quality characteristics that may be affected by human actirvity now

in the future.
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FIGURE 2. Angler effort (angler days) by year compared to average angler effort from 1986-2011 at Cowichan Lake
1986 i 2011 (Source: Aitzhanova, et al. 2003; Andrews, 2007; Silvestri, 2013 in prep.).

Instant angler counts conducted as part of the Ministry/VF&GC study provided the data used to
estimate angler effort of~15,200 angler days in 2010 (Figure 3) (Michalski, 2014 in prep).
Although angler counts were conducted for only part of the year in 2009 and 2011, data was
extrapolated using the 2010 results to estimate ~15,800 angler days in 2009, and ~12,700
angler days in 2011. These estimates are consistent with the VILQ which estimated 12,447
angler days in 2011 (Table 2; Silvestri 2013 in prep.).
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FIGURE 3. Expanded angler effort at Cowichan Lake July, 2009 until June, 2011. The expanded angler effort was
calculated using instantaneous angler counts conducted by the Valley Fish and Game Club. We estimate the angler
effort for all of 2009 at ~15,800 angler days, and for all of 2011 at ~12,700 angler days; see the Appendix 12 for raw
data and calculations (Source: Source: Michalski, 2013).

Catch

Total catch at Cowichan Lake has varied from a high of >20,000 fish in 1992, to a low of
~11,000 fish in 2006 (Figure 4). Over the past 20 years, anglers at Cowichan Lake have caught
an average of ~16,000 fish per year. The lowest catches on record have occurred since 2002
although in 2011, total catch increased to 15,000 fish which is still just less than the long-term
average of ~16,000 fish. The trend in total catch mirrors that of total angler effort over the
survey period.
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FIGURE 4. Total catch by year compared to average catch from 1986-2011 and trend in catch at Comox Lake 1986
T 2011 (Source: Aitzhanova, et al. 2003; Andrews, 2007; Silvestri, 2013 in prep.).

Angler creel assessments were conducted by MOE in 1989 and 1990. In 1989, anglers caught
roughly equal numbers of cutthroat and rainbow trout while in 1990, anglers reported catching
more cutthroat trout (68%) than rainbow trout (32%) (Table 3) (Griffith, 1989; Stewart, 1990).

TABLE 3. Percent of total catch of cutthroat and rainbow trout and Dolly Varden by anglers in 1989 (n=61) and 1990
(n=77) at Cowichan Lake (N=138) (Griffith, 1989 and Stewart, 1990).

Species Percent of Total Catch

1989 1990 Average
Cutthroat Trout 59 68 63
Rainbow Trout 41 32 37
Dolly Varden 0.2 12 7

Although data from the 2011 VILQ suggests 60% of the catch at Cowichan Lake is cutthroat
trout (Table 4), data collected during angler creel surveys conducted during the Ministry/VF&GC
study suggest that 78% of the catch is cutthroat trout (Table 5) (Michalski, 2014 in prep.).
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TABLE 4. Catch of rainbow and cutthroat trout at Cowichan Lake 2006 and 2011 (Source: Andrews, 2007; Silvestri ,
2013 in prep.).

Species 2006 2011

Catch % of Total Catch % of Total
Cutthroat 7,000 39.1 9,008 59.1
Rainbow 4,545 0.8 5,973 39.2
Dolly Varden 91 100 251 1.6
Total 11,636 0.0 15,231 100.0

TABLE 5. Percent of total catch of cutthroat and rainbow trout and Dolly Varden by anglers in 2009, 2010, 2011 at
Cowichan Lake (N=179) (Source: angler interviews conducted following instantaneous counts conducted by Valley
Fish and Game Club volunteers July, 2009 i June, 2011; FLNRO files, Nanaimo).

Species Percent of Total Catch

2009 2010 2011 Average
Cutthroat Trout 72.4 78.9 83.9 78.4
Rainbow Trout* 27.6 20.0 16.1 21.2
Dolly Varden 0.0 11 0.0 0.4

Angler Success

The average long term angler success rate at Cowichan Lake is 1 fish/day and there has been
an increasing trend in this statistic over the past 25 years (Figure 5). Angler success is still
below the regional objective of 1.6 fish/day, however. Angler success has varied from <1
fish/day in 1989 and 1992, to just over 1 fish/day in 2002. In 2006, angler success was 0.9
fish/day and in 2011 it was ~1.2 fish/day.
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FIGURE 5. Angler success (total catch/total angler effort in angler days) compared to average angler success and
the objective for angler success (1.6 fish/angler day) at Cowichan Lake 1986 1 2011 (Source: Aitzhanova, et al. 2003;
Andrews, 2007; Silvestri, 2013 in prep.).

Angler success calculated using angler creel survey results from the Ministry/VF&GC study is
substantially lower than that estimated by the VILQ. Angler success calculated using angler
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creel survey and instant angler count data suggests that angler success actually averages ~0.3
fish/day (Table 6), as opposed to 1.2 fish/day estimated by the VILQ (Figure 5).

TABLE 6. Total catch, observed angler effort from instant counts and success (total catch/observed effort) at
Cowichan Lake 2009, 2010, 2011 (Source: angler interviews and instantaneous counts conducted by Valley Fish and
Game Club volunteers July, 2009 i June, 2011; FLNRO files, Nanaimo).

Year Total Catch Observed Effort Success (catch/angler day)
2009 58 234 0.25

2010 90 277 0.32

2011 31 87 0.36

Total 179 598 0.30

Average Success 0.31

Derbies

Derbies at Cowichan Lake run almost weekly throughout the winter months and provide anglers
with the opportunity to catch some of the largest cutthroat trout on the West Coast. Much of the
angler effort in October and throughout the winter months until roughly Easter is attributed to
derby effort, and much of this angler effort is from local anglers.

In 1989 and 1990 the Ministry conducted angler creel surveys at Cowichan Lake derbies and
the angler effort and catch data collected is presented in Table 7. Angler success averaged
0.55 fish/day in 1989, and 0.56 fish/day in 1990. Data did not include a derby in October at
which angler success was 0.67 fish/day. In 1989, Burns provided information on an additional
derby including an overall success rate of ~1.2 fish/day. He cautioned that many anglers did
not report in and he suggested that angler success rate was more likely closer to ~0.6 fish/day.

TABLE 7. Summary of angler effort (angler days), total catch and success (catch/angler day) of Cowichan Lake
creel studies completed in 1989 and 1990. Angler days were determined by dividing effort in hours by 2.5 which is the
average number of hours anglers spend fishing Cowichan Lake (Source: Stewart, 1990; note from Burns in FLNRO
files, Nanaimo).

Month Effort (hours) Effort days* Catch Success
(catch/angler day)

1989 1990 1989 1990 1989 1990 1989 1990

July 236.5 94.6 89 0.94

August 695.5 540.2 278.2 216.1 116 155 0.42 0.72

September 48.0 550.2 19.2 220.1 6 124 0.31 0.56

October 73.6 29.4 12 0.41

-derby 647.0 258.8 174 ~0.6* 0.67

*Not all anglers reported in and it is assumed that anglers not reporting in did not catch fish which reduced the angler
success to ~0.6 fish/angler day.

Volunteers, contractors and Ministry staff attended weigh-ins for 23 derbies held on Cowichan
Lake between October 2009 and March 2012 as part of the Ministry/VF&GC study. The number
of anglers weighing fish at each derby ranged from 2 anglers to 33 anglers with an average of
15 anglers weighing fish at each event (Table 8).

TABLE 8. Total number of derbies monitored, number of calendar days during which derbies occurred, total, range
of number of derby participants and average number of anglers/derby at Cowichan Lake October, 2009 i March
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2012; derbies were monitored by Valley Fish and Game Club volunteers, contractors and Ministry staff (Source:
FLNRO files, Nanaimo).

Year Derbies Total Number of  Total Number Range of Average Number

Monitored Calendar Days of Anglers Number of of Anglers/Derby
Anglers

2009 4 6 50 7-20 13

2010 12 15 179 2-26 15

2011 3 6 78 13-33 26

2012 4 5 45 5-23 11

Total 23 32 353 2-33 15

Anglers weighed in 573 fish at the 23 derbies monitored between October, 2009 and March,
2012 (Table 9, Table 10). Approximately 95% of fish (544 fish) were cutthroat trout, ~5% (26
fish) were rainbow trout and <1% (3 fish) were Dolly Varden.

TABLE 9. Total number of cutthroat and rainbow trout and Dolly Varden weighed-in at 23 derbies conducted from
October 2009 until March 2012 at Cowichan Lake. Weigh-ins were monitored by volunteers from the Valley Fish and
Game Club, contractors and Ministry staff (Source: FLNRO files, Nanaimo).

Year Cutthroat Rainbow Dolly Varden Total
2009 71 6 e 77
2010 278 16 1 295
2011 153 3 2 158
2012 42 r 43
Total 544 26 3 573

TABLE 10. Total number of derbies monitored, total number of anglers, total number, range and average number of
cutthroat trout weighed-in per derby from October 2009 until March 2012 at Cowichan Lake. Weigh-ins were
monitored by volunteers from the Valley Fish and Game Club, contractors and Ministry staff (Source: FLNRO files,

Nanaimo).

Factor Number
Number of Derbies 23
Total Number of Anglers 366
Total Cutthroat Weighed-In 544
Range of Cutthroat Weighed-In 6 - 66
Average Number Weighed-In/Derby 24

Four hundred and seventy-six cutthroat trout ranging from 160 mm - 650 mm were weighed at
derbies between 2009 and 2012 (Table 11). The mean length of these fish was 397.2 mm, and
the modal length was 400 mm.
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TABLE 11. Total number and minimum, maximum, mean and modal length of cutthroat trout weighed-in at scales
and released during derbies held October, 2009 until March 2012 at Cowichan Lake. Note, only weight was provided
for fish caught during the Caycuse Family Derby held April 2, 2010. | estimated the length of these cutthroat trout
using a length-weight relationship for cutthroat trout in Vancouver Island large lakes (Appendix 12). Weigh-ins were
monitored by volunteers from the Valley Fish and Game Club, contractors and Ministry staff (Source: FLNRO files,
Nanaimo).

Number of Fish Length (mm)

Minimum Maximum Mean Mode
Weighed-In
476 160.0 650.0 397.2 400.0
Released
38 140.0 635.0 476.7 500.0
Harvest

According to the VILQ, harvest rates at Cowichan Lake in 2006 were ~24% and in 2011 were
~20% (Table 12). However, harvest rates calculated from angler creel surveys conducted
during the Ministry/VF&GC study were much higher. This study found that overall, the harvest
rate for all species was ~40%, while the harvest rate for cutthroat trout specifically was ~44%
(Table 13).

TABLE 12. Catch, harvest and percent harvest of rainbow and cutthroat trout and Dolly Varden at Cowichan Lake
2006 and 2011 (Source: Andrews, 2007; Silvestri 2013 in prep.).

Species 2006 2011

Catch Harvest Percent Catch Harvest Percent
Cutthroat 7,000 1,795 25.6 9,008 1,810 20.1
Rainbow 4,545 977 215 5,973 1,197 20.0
Dolly Varden 91 0 0.0 251 0.0
Total 11,636 2,772 23.8 15,231 3,007 19.7

TABLE13. Tot al catch and harvest and harvest rate (percent) of
Varden by anglers in 2009, 2010, 2011 at Cowichan Lake (Source: angler interviews conducted following

instantaneous counts conducted by Valley Fish and Game Club volunteers July, 2009 i June, 2011; FLNRO files,

Nanaimo).

Species Total Catch Total Harvest Harvest Rate (%)
Cutthroat 139 61 44

Rainbow 28 3 11

Trout 9 7 78

Dolly Varden 1 0 0

Total 177 71 40

In general, anglers at Cowichan Lake (not including derbies) harvest cutthroat trout that range in
size from <150 mm - 600 mm (Figure 6) (Michalski, 2014, in prep.). Most of the cutthroat
harvested are 250 mm - 400 mm, however, ~50% are <350 mm and ~45% are <330 mm.
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30 4 50% harvested <350 mm (14 in.)
45% harvested <330 mm (13 in.)
30% harvested <300 mm (12 i
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FIGURE 6. Length frequency analysis of cutthroat trout harvested by anglers at Cowichan Lake July, 2009 i June,
2011 (N=126) (Source: angler interviews conducted following instantaneous counts conducted by Valley Fish and
Game Club volunteers July, 2009 i June, 2011; FLNRO files, Nanaimo).

Anglers participating in derby fisheries harvest larger cutthroat trout than anglers participating in
the general fishery (Figure 7) (Michalski, 2014, in prep.). More than 80% of cutthroat weighed

at derby scales are between 300 mm - 500 mm. Approximately 90% of all cutthroat harvested

at derbies are >300 mm, 83% are >330 mm and 74% are >350 mm.

~90% >300 mm (12 in.)
83% > 330 mm (13 in.)
74% > 350 mm (14 in.)
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FIGURE 7. Length frequency diagrams of cutthroat trout weighed-in at derbies (n=473). (Source: Interviews and

sampling conducted by Valley Fish and Game Club volunteers, contractors and Ministry staff at Cowichan Lake
October 2009 i March, 2012; FLNRO files, Nanaimo).

Rainbow trout comprise ~21% of the fishery at Lake Cowichan and most fish are caught in
March (25%), and September and October (20% each) (Figure 8). Most rainbow trout are
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released by anglers with the exception of some rainbow which are harvested during derby
fisheries (Michalski, 2014, in prep.).
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FIGURE 8. Percent of rainbow trout caught by month at Cowichan Lake July, 2009 until June, 2011 (N=30).
(Source: angler interviews conducted following instantaneous counts conducted by Valley Fish and Game Club
volunteers July, 2009 i June, 2011; FLNRO files, Nanaimo).

4.0 Stock Status Indicators
Relative Abundance

Webve shown the proportion of cutthroat and rainb
collected in gillnets between 1950 and 2009 in Cowichan Lake and tributaries in Figure 9. In

1989, ~90% of fish caught were cutthroat, and in 2009 ~75% of the fish caught were cutthroat

trout. No Dolly Varden were caught in the 1989 sample, however, 13% of the 2009 gillnet

sample was Dolly Varden.
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FIGURE 9. Percent cutthroat trout, rainbow trout, Dolly Varden and kokanee salmon captured in Cowichan Lake by
gillnet in 1989 (N=9); 2009 (N=47) and 2011 (N=57) (Source: Griffith 1989; and FLNRO files, Nanaimo).

Net traps were set by the Cowichan Lake Education Center in 1996 and 1998. Both years of
sampling found almost equal proportions of rainbow and cutthroat trout. A total of 101 fish were
caught by net trap in 1996 and this sample consisted of 35% cutthroat, 28% rainbow, 24%
kokanee and 14% Dolly Varden (Table 14). In 1998, 536 fish were caught and this sample
consisted of 35% cutthroat, 20% rainbow, and 45% kokanee.

TABLE 14. Total number of cutthroat and rainbow trout, Dolly Varden and kokanee captured in net traps by the
Cowichan Lake Education Centre in 1996 (n=101) and 1998 (n=536) (Source: FLNRO files, Nanaimo).

Species 1996 1998
Cutthroat 35 186
Rainbow 28 108
Dolly Varden 4
Kokanee 24 242
Total 101 536

We 6 v e p r thesnmenimumg, thaximum and mean lengths of cutthroat trout captured in net
traps in 1996 and 1998 in Table 15. Age 1+ cutthroat trout captured in the traps early in the
year and larger, older (likely 3+year old) fish were captured later in the year suggesting that
cutthroat recruit from the tributaries to the shoals at 1+ years, and stay in these habitats until
they are >300 mm when they likely move into deeper, pelagic habitats.
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TABLE 15. Minimum, maximum and mean length (mm) of cutthroat trout captured in net traps in Cowichan Lake
1996 7 1998 (N=221) (Source: MFLNRO files, Nanaimo).

Month Length (mm)

N Minimum Maximum Mean
April 3 99.0 136.0 117.7
May 156 84.0 346.0 143.5
June 27 85.0 370.0 153.6
November 35 150.0 390.0 228.4

Snorkel Surveys

A snorkel survey of the Cowichan River has been conducted annually in July since 1976. The
original objective of this snorkel survey was to enumerate rainbow trout which were reported by
a local resident as declining (Reid, G., 2013 pers. com.). Over the years, this snorkel survey
has also become the method used to track trends in brown trout numbers and information on
snorkel counts for this species can be found in Appendix 12.

Snorkel counts of rainbow trout have increased steadily over the past 30 years (Figure 10). In
2008, swimmers counted >500 rainbow trout and in 2009 swimmers counted >400 rainbow
trout. On average, swimmers observe ~300 adult rainbow over the ~20 km stretch between
Cowichan Lake and Stoltz Crossing. More rainbow trout are observed in snorkel counts early in
July, vs. later in the month.

800 +

700 ~

—3 per. Mov. Avg. (Rainbow Trout Observed)
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300 -

Total Rainbow Observed

200 +
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FIGURE 10. Total number of rainbow trout observed in snorkel surveys of the Cowichan River 1976 i 2012. All
swims were conducted during the month of July, except for in 1995, 2011 and 2012 when the swim took place in
August. Snorkel swims were completed in sections 1-3 from 1976 to 1992 and in sections 1-4 from 1993 to 2010. The
2011 and 2012 swims were completed in sections 1-2 only. Note: no swim was conducted in 2006 (Source: FLNRO
files).
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Cutthroat trout are observed in the annual rainbo
summary of these observations in Appendix 12. Wedve also provided the r
surveys conducted in the spring over a number of years in an attempt to enumerate spawning
cutthroat trout in the Cowichan River. Lough and Associates conducted a number of shorkel
surveys in tributaries to Cowichan L askssmeatniill webve

Appendix 12 while complete results of these studies can be found in Lough et al (2012a) and
Lough et al (2011a). In short, these studies found that cutthroat spawning activity in the
Cowichan watershed occurs from the end of March until May, and peak spawning occurs
between 4°C and 6°C (Lough, 2012a).

Length and Weight

Cowichan Lake was sampled fromt he 189n8lthé1ls9 8 0 6 s uoss methodsvirecluding

gillnets, net traps and angling. Gillnets were setin 1980 and 2000 andwe 6 ve pr esent ed

minimum, maximum, mean and modal length and mean weights of cutthroat, rainbow trout and
Dolly Varden sampled by this method in Table 17.

I'n the 198006s, cutt hrmma424mm,and averagad?2gOensn. The om 180

modal length that decade was 180 mm. At present, cutthroat range from 113 mm - 525 mm and
average ~295 mm. The modal length now is 260 mm, and the mean weight is ~320 g.

TABLE 17. Minimum, maximum, mean length and mean weight for cutthroat and rainbow trout and Dolly Varden
captured in gillnets in Cowichan Lake 1980 and 2000 (Source: FISS; FLNRO files, Nanaimo; Michalski, 2014, in

prep.).

Species Decade N Length (mm) Weight
Minimum Maximum Mean Mode (Mean (g)
Cutthroat 1980 9 180 424 210.5 180 -
2000 59 113 525 296.7 260 319.6
Rainbow 1980 1 260 260 260  --- e
2000 21 180 374 246.2 240 196.2
Dolly Varden 2000 22 100 420 286.6 225 372.2

Only one rainbow trout was captured by gillnettingin t he 1918D/p s n( Tk 2120006 s

rainbow trout were netted and these fish ranged from 180 mm - 374 mm and averaged ~245
mm. The modal length of rainbow trout is now 240 mm, and the mean weight is ~195 g.

Twenty-two Dolly Varden were captured in gillnets in this decade. These fish ranged from 100
mm - 420 mm and averaged ~285 mm. The modal length of this species is 225 mm, and the
mean weight is 372.2g (Table 17).

Age and Growth

We 0 v e pr aesing datadram fish scales sampled from angling and gillnets in Figure 11.
Age 1+ cutthroat range from 113 mm i 235 mm and average ~175 mm, 2+ cutthroat range from
170 mm 1 450 mm and average ~283 mm, 3+ cutthroat range from 173 mm i 660 mm and
average ~350 mm, and 4+ cutthroat range from 215 mm i 594 mm and average 278 mm
(Figure 11A). Age 5+ cutthroat range from 140 mm 7 600 mm, age 6+ fish range from 280 mm
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T 500 mm and average 456 mm and 7+ cutthroat range from 500 mm i 559 mm and average
~530 mm.

700

600
€ 500 —_@n=2
£ 400 | g n72 $ n=1e

—~r® N=107

< @® n=66
> 300 n=32 A
g 200 ‘+ n=7 1

100
0

Minimum | 113 | 170 | 173 | 215 | 140 | 280 | 500
Maximum| 235 | 450 | 660 | 594 | 600 | 500 | 559
® Mean 175.4 | 282.8 | 349.5 | 377.8 | 423.9 | 455.5 | 529.5

Age
600
- 500
£ + n=3
g %0 n=10g n=1
= 300 * + n—18. n=26
o @ n=13]
:I:, 200 —en=41 B
100
0
1 2 3 4 5 6 7
Minimum | 180 190 210 192 | 374 | 240 350
Maximum| 205 | 300 340 | 450 | 460 | 495 350
® Mean 193.8 | 232.8 | 278.0 | 321.2 | 409.7 | 375.8 | 350.0
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FIGURE 11. Length-at-age of (A) cutthroat trout (N=302) caught by anglers in 1989 and 1990 and 2009 i 2012,
and in gillnets in 2009 and 2011 (N=302); B) rainbow trout (N=75) caught by anglers in 1989 and 1990 and 2009 i
2012, and in gillnets in 2009 and 2011and (C) Dolly Varden (N=21) caught by anglers in 1989 and 1990 and 2009 i

2012, and in gillnets in 2009 and 2011;an g | i ng

Michalski, 2014, in prep.).
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Age 1+ rainbow trout sampled in Cowichan Lake range from 180 mm i 205 mm and average
~194 mm, 2+ fish range from 190 mm 1 300 mm and average 233 mm, 3+ rainbow range from

210 mm i 340 mm and average 278 mm and 4+ rainbow range from 192 mm i 450 mm and
average 321 mm (Figure 11B). Age 5+ rainbow trout range from 374 mm i 460 mm and
average ~410 mm, and 6+ rainbow range from 240 mm i 495 mm and average 375.8 mm.
Only one 7+ rainbow trout has been sampled in Cowichan Lake and it was 350 mm.

Age 2+ Dolly Varden range from 275 mm i 295 mm and average 285 mm, 3+ Dolly Varden
range from 240 mm i 480 mm and average 359 mm, 4+ Dolly Varden range from 290 mm i

450 and average 363 mm and 5+ Dolly Varden range from 350 mm 1 480 mm and average 400
mm (Figure 11C).

Mean Age and Length
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older and larger cutthroat trout over the decades. In contrast, anglers caught younger and, on
average, smaller rainbow trout between 1980 and 1990.
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TABLE 18. Mean age of cutthroat and rainbow trout captured in Cowichan Lake by decade by decade by anglers.
Data sets with fewer than 10 fish have not been included (Source: FLNRO Files, Nanaimo; Michalski, 2014, in prep.).

Cutthroat
Year 1980 1990 2000
N 36 52 168
Mean Age 3.3 3.8 4.4
Mean Length 313.5 382.6 422.4
Rainbow
Year 1980 1990
N 25 23
Mean Age 4.3 3.9
Mean Length 3324 299.1

Catch Indicators

The numbers of cutthroat and rainbow trout and Dolly Varden captured in gillnets in 2009 and
2011 are provided in Table 19. Although fewer cutthroat were captured in the 2011 assessment
compared to that conducted in 2009, more than double the number of rainbow trout and Dolly
Varden were captured in 2011 compared to 2009.

Table 19. Total catch of cutthroat and rainbow trout and Dolly Varden captured in gillnets in Cowichan Lake in
1984 (N=1), 1989 (N=9), 2009 (N=47) and 2011 (N=56) (Source: Michalski, 2014, in prep.).

Species 2009 2011
Cutthroat 35 25
Rainbow 6 15
Dolly Varden 6 16
Total 47 56
Juvenile Fish

Webve provided popjuleale troat and saknbn captutecby eldctmfishing in
Cowichan tributaries as part of the Ministry/VF&GC study in 2012 in Appendix 12. Michalski
(2014, in prep.) noted very high densities of coho in sampled sites which supported Ptolemyo s
1990 review of Griffith=osofConvikian leakedributaries.flihsshi ng as s
review, Ptolemy noted that coho fry abundance in most sampled sites was extremely high;
perhaps too high for their own maximum growth performance and survival, not to mention the
increased mortality of cutthroat fry. Ptolemy (1990) also pointed out that marginal growth of
coho was usually seen from late July until mid-August, and that typically extreme densities of
400+ fish per unit (FPU) were estimated with some sites containing up to 713 FPU. These high
densities of coho in stream habitat may be why cutthroat trout parr are found on lake shoals as
opposed to in tributaries (Table 20; Appendix 12) (Michalski, 2014, in prep).
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TABLE 20. Number and minimum, maximum and mean length of cutthroat trout captured by electrofishing (N=27)
conducted by Fish and Wildlife Branch staff in August 2012 and in net traps in Lake Cowichan April, May, June and
November 1996 and November 1998 (N=221) by the Cowichan Lake Educational Centre (Source: FLNRO Files,
Nanaimo; Michalski, 2014, in prep.).

Month Life Stage® N Length (mm)

Minimum Maximum Mean
Electrofishing
August Fry 25 40 89 47.6
August Parr 2 98 150 124.0
Net Trap
April Parr 3 99 136 117.7
May 156 84 346 143.5
June 27 85 370 153.6
November 35 150 390 228.4

" Estimated size of cutthroat trout at emergence is ~25mm; growth of 0+ up to ~85 mm growth of 1+ up to ~145 mm
(Carlander, 1969)

Data Gaps

The detailed fisheries and stock assessment completed on Cowichan Lake in 20091 2011 as a
result of the joint Ministry/VF&GC study resulted in fisheries and stock status data and
eliminated many previous data gaps on this system, however additional data would provide
more clarity on fish life history characteristics (Table 21). For example, information on cutthroat
fecundity would be useful for developing management objectives, and a genetic study on
Cowichan Lake and Cowichan River rainbow trout may provide insight into how movements of
this species affect the lake fishery for this species. A more detailed bathymetric map would
provide better insight into locations of kokanee spawning and shoal locations critical to the
survival of young cutthroat trout.

TABLE 21. Summary of data gaps for Cowichan Lake that are required for wild stock conservation, fishery
evaluation and stock monitoring and potential restoration and enhancement.

Factor <10 years >10 years No data

Gillnetting
Fecundity X
Angler Creel Survey
Derby Data

Angler Preferences

VI Lakes Questionnaire
Snorkel Surveys
Acoustic Surveys
Electrofishing (streams)

Limnology
Bathymetry X
Stream Habitat Inventory

X X X X X X X X

>
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5.0 Fisheries Objectives and Management Strategies for Cowichan Lake

Existing Regulations

Current regulations at Cowichan Lake include a daily catch quota of two trout but none >50 cm
and there is a bait ban and single barbless hook regulation from November 151 April 15 on the
lake. As with all Region 1 waters, Dolly Varden must be released.

There are a number of regulations on the Cowichan River including no fishing from the
Cowichan Lake weir to the Greendale trestle, November 15-April 15, a year-long closure of
tributaries above and including Holt Creek, fly fishing only in some locations and no fishing
downstream of the Mile 66 trestle.

Regional regulations apply to the remaining Cowichan Lake tributaries including a daily catch
guota of 4 from streams but not more than 1>50 cm (2 hatchery steelhead >50 cm allowed) and
2 from streams (must be hatchery). All wild trout and wild steelhead from streams and all Dolly
Varden must be released.

Angler Preference Surveys

A total of 123 anglers provided opinions on the Cowichan Lake fishery during the 2009 angler
creel survey conducted as part of the Ministry/VF&GC study. Only 12% of anglers said the
angling at Cowichan Lake is excellent, most anglers (~46%) said the angling is good and 37%
said angling is poor.

TABLE 21. Percent of responses by anglers during an angler preference survey at Cowichan Lake conducted
during the July 2009 i December 2009 angler creel surveys by Valley Fish and Game Club volunteers, contractors
and Ministry staff (Source: Michalski, 2014, in prep.).

Question and Response

1. How do you rate fishing in Cowichan Lake? (N=123)
Excellent (n=15) Good (n=56) Poor (n=46) No answer (n=6)
12.2 45.5 37.4 4.9

2. Why do you fish Cowichan Lake? (N=123)
Catch fish to eat (n=59) Catch large fish (n=30) Catch many fish (n=28) No answer (n=6)

48.0 24.4 22.8 4.9

3. Which species do you prefer to catch? (N=123)
Cutthroat (n=57) Rainbow (n=55) Dolly Varden (n=1) No Answer (n=10)
46.3 44.7 0.8 8.1

Forty-eight percent of anglers said they fish Cowichan Lake to catch fish to eat while about
equal numbers (~23%) said they fish to catch large fish, or to catch many fish (Table 21). About
equal numbers (~45%) like to fish for cutthroat as like to fish for rainbow, while <1% said they
fish for Dolly Varden.

When asked if they would be in favour of regulations changes to improve the fishery and
conserve stocks, 18% of anglers said they were happy with the current regulations (Table 22).
Approximately 16% said they would support catch-and-release regulations, while 13% said they
would support reducing the number of fish killed. This is an interesting response given that 48%
of the anglers participating in this survey also said they fish the lake to catch fish to eat.
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TABLE 22. Percent of responses to a question regarding regulations changes as part of the angler preference
survey at Cowichan Lake conducted during the July 2009 i December 2009 angler creel surveys by Valley Fish and
Game Club volunteers, contractors and Ministry staff (Source: Michalski, 2014, in prep.).

If new regulations were implemented to improve the fishery and conserve fish stocks, which regulation
would be acceptable to you? (N=121)

Size Limits Reduce Number of  Season/Area Catch & Happy with Current No

(n=40) Fish Killed (n=16) Closure (n=3) Release Regulations Answer
(n=22) (n=22) (n=21)

33.1 13.2 25 15.7 18.2 17.4

Maximum Catch and Effort at Current Regulations

Dataf rom the VI LQ suggests the high |l evel of angler
approached the maximum angler effort and catch at Cowichan Lake (Figure 12). In addition,

even at decreased levels of angler effort and catch in 2011, optimum sustainable angler effort

and catch was exceeded as it had been every other year of the VILQ. When catch and harvest

approaches the maximum or crosses the equilibrium line, angler catch rates decline and angler

effort decreases as anglers leave the fishery. At Cowichan Lake, anglers have left the fishery

and in 2006 and 2011, angler effort was the lowest in the 25 year history of the VILQ.

30,000
25,000 - ‘\
Equilibrium Line
20,000 -
< 1992 '\
§ . Maximum Angler Effort and
= 15,000 - 2011 Catch at Current Regulations
2 *
10,000
Optimum Sustainable
Angler Effort and Catch
5,000
R*=0.8136
0 T T T T T 1
0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000

Angler Effort (angler days)

FIGURE 12. Angler effort (angler days) vs. total catch and maximum angler effort and catch at the current
regulations, and maximum sustainable angler effort and catch at Cowichan Lake 1986 1 2011 (Source: Aitzhanova,
et al. 2003; Andrews, 2007; Silvestri, 2013 in prep.).

Fisheries Objectives and Management Strategies

Some anglers are catching larger cutthroat than in the past and derby anglers have good catch
rates, however, we are concerned that high angler effort and catch in the past may have
impacted fishing opportunities for the general population at Cowichan Lake. According to the
VILQ, even at the optimum angler effort and catch, angler success is ~1 fish/day which is below
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the regional target of 1.6 fish/day. This is a concern considering the angler success in the
general fishery according to angler creel surveys is actually closer to ~0.3 fish/day. In addition,
almost 40% of anglers surveyed said angling at Cowichan Lake is poor. This is a problem given
the importance of this lake to the regional fishery.

In addition to concerns regarding angler success, we are troubled that high numbers of
immature cutthroat are being harvested at Cowichan Lake. The results of the angler creel
surveys conducted as part of the joint Ministry/VF&GC study suggest that ~45% of cutthroat
harvested are <330 mm (Figure 6). Given cutthroat trout in Vancouver Island large lakes mature
at ~320 mm, almost half the cutthroat trout harvested at Cowichan Lake are immature.

Gillnetting results suggest that rainbow trout are not a dominant part of the Cowichan Lake

system and anglers do not have high encounter rates with this species. According to the results

of our snorkel surveys it appears that rainbow may be in the Cowichan River and not available

to the angler during the summer months when most of the general (non-derby) fishery occurs.

We d o nhave any information on the life histories of rainbow trout in the Cowichan system and

this is a gap which should be addressed to better understand the Cowichan Lake fishery. In
addition, wedve suggested | ook.iraigbow tnoutdaduringthe hods t o
summer including the possibility of introducing sterile fish into a lake embayment.

1. According to the VILQ angler success is ~1 fish/day and although this is below our
regional objective for angler success, angler effort and catch is currently at the optimum
levels for this lake. We recommend considering additional conservation regulations
such as reducing the catch quota to 1 fish/day, or introducing catch-and-release if angler
success drops by 10% in the next VILQ survey.

2. Implement a minimum size limit of 300 mm to protect immature cutthroat and allow them
to spawn once before recruiting to the fishery.

3. Monitor cutthroat stock status by repeating spawner assessments every 3 years (see
Lough, 2012a for details). This frequency will provide data for every generation and can
be compared over time. Spawner numbers should be compared to catch data from
angler creel surveys, also completed every three years, or angler catch data from the
VILQ.

4. Repeat gillnet assessments every 3 years to compare changes in stock status
parameters.

5. Fecundity is a critical data gap and studies to determine cutthroat fecundity should be
included in the next gillnet assessment of Cowichan Lake.

6. Monitor derby fisheries using instant angler counts, angler creel surveys and data
collection at derby weigh-ins especially during peak cutthroat spawning periods in April
and May.

7. Conduct genetic analysis of lake and river rainbow trout to determine the life-history type
of Cowichan rainbow trout; design a stock monitoring program for rainbow trout stocks
contributing to the fishery in Cowichan Lake.

8. Investigate ways to improve angling opportunities for shore anglers including releasing
sterile rainbow trout into an embayment such as at the Gordon Bay Provincial Park
campsite.

9. A more detailed bathymetric map of Cowichan Lake would allow for a more complete
delineation of shoal habitat which is critical for spawning kokanee salmon and rearing
cutthroat trout.

10. We support the recommendations by Johner and Sebastian (2011) who suggested
implementing successive years of kokanee assessments to reflect the natural
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fluctuations in fish abundance between cohorts, size-at-age, growth rates and species

composition.

11. Partner with DFO and review management objectives for stocking coho in Cowichan
Lake tributaries. Conduct carrying capacity studies at major cutthroat trout spawning
tributaries to determine if coho stocking is appropriate and, if so, to what level.
Determine the extent of coho salvage being conducted in the watershed and review the
need for, and implications of this practice.

12. Review and prioritize existing recommendations for habitat enhancement projects (e.g.
Michalski and Jancowski, 2006; Griffith, 1989) and implement projects with the
assistance of the VF&GC and local stewardship groups where possible.

13. Implement public and angler awareness programs on topics such as the ecology of
Cowichan Lake fish species, and Cowichan Lake fishing regulations.

Operational Management Plan for Cowichan Lake

We 6 v e

p r thesopenatioaall management plan for Cowichan Lake in Table 23. A more

detailed plan will be provided in the Cowichan Lake fish and fisheries assessment report being
compiled by the Fish and Wildlife Branch. This plan will be available from the Fish and Wildlife
Branch at the MFLNRO office in Nanaimo in late 2014.

TABLE 23. Operational management plan for Cowichan Lake.

Activity Objective Tentative

Schedule

Fish Stock Assessment Conduct gillnetting assessment and compare stock status 2014 and
and catch data to previous assessments. every 3 years

Conduct snorkel surveys at index reaches and compare to 2015 and

Fisheries Monitoring

Habitat Enhancement

VILQ

previous counts and angler catch data.

Conduct electrofishing survey to determine numbers of
juvenile trout in tributaries and compare to theoretical
production model; conduct shoal assessment if possible to
confirm age of cutthroat juvenile recruitment to Cowichan
Lake.

Conduct genetic analysis to determine life history type of
Cowichan rainbow trout.

Conduct angler counts and angler creel surveys; conduct
angler preference survey during angler interviews. Monitor
angler success rate to ensure fisheries management
objectives are being met; monitor catch and fish length and
weight at derby weigh-ins

Conduct habitat assessment to document rearing habitat
available in the Cowichan Lake watershed (see Michalski and
Jancowski (2006) and Griffith (1989) for priorities.

Conduct Level 2 WRP Assessment and develop restoration
prescriptions for high priority streams. Suggest also
evaluating if LWD placement on lake shore is a possibility to
increase habitat for rearing juvenile cutthroat trout.
Evaluate changes in fisheries statistics every three years

every 3 years
2015

2015+
2014 and

every 2-3
years

2015

2015 and
every 3 years
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Chapter 6. Elsie Lake

Lake Elsie

Planning Unit West Coast
Watershed Stamp/Somass
Surface Area (ha) 1,107 (at full storage)
Mean Depth (m) 7.8

Key Tributaries
Freshwater Fish Species
Limits to Production
Regional Priority*:
Angling Statistics 2011
Angling Effort
Total Catch
Angler Success
Current Harvest Rate
Optimum Sustainable Effort
Optimum Sustainable Catch
Angler Success at Optimum
Stock Status

Data Gaps

Management Objectives
Operational Plan Priorities

Potential Partners

Ash and Upper Ash Rivers, Ramsay Creek
Cutthroat and Rainbow Trout, Dolly Varden

Water Withdrawal, Logging
11

738 angler days
2,450 fish

3.3 fish/angler day
21%

3,000 angler days
5,800

1.9 fish/angler day

Rainbow trout are the primary species in the lake, with some

cutthroat and Dolly Varden. Current information suggests the

stocks are stable and can sustain more angler effort while

maintaining current catch rates.

Snorkel surveys, stream assessments, creel and angler

preference surveys

Wild stock conservation of cutthroat and rainbow trout.
Develop protective regulations based on gillnet assessments
carried out every three years starting in 2011. Develop

regulations aimed at improving angler success and size of fish

caught by anglers and increasing spawning escapements.

BC Hydro, BC Parks, Port Alberni Fish and Game Association,

Ark Resort, First Nations; Nuu-chah-nulth Tribal Council, Pt.

Alberni, Mowachaht

* see Appendix 5 for information on how we prioritized Vancouver Island large lakes.
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1.0 Overview of the Elsie Lake Watershed

General Information

Elsie Lake is located ~40 km northwest of Port Alberni and lies in steep, mountainous terrain
within the Coastal Western Hemlock zone in the West Coast PU (Figure 1) (Lewis and
Ganshorn, 2005). The mean depth of Elsie Lake is 8 m, the maximum depth is 30 m, pH is 6.9
and dissolved oxygen is 8 mg/l (Table 1) (Perrin and Harris, 2006; FLNRO files, Nanaimo). The
lake is oligotrophic and has a high water transparency with secchi depth readings of 9 m (Table
1) (Perrin and Harris, 2006).

S

; *_-l_— Ramsay,Creek: i

7

\x
g

Kilometers

FIGURE 1. Map of Elsie Lake and tributaries; a bathymetric profile of this lake is provided in Appendix 13. (Source:
iMap BC).

TABLE 1. Location, size, depth and water quality parameters at Elsie Lake (Source: FLNRO files, Nanaimo, FISS).

Planning Waterbody Surface Perimeter Max. Mean pH TDS Secchi  Survey

Unit Identifier Area (ha) (km) Depth  Depth (ppm) Depth  Year(s)*
(m  (m) (m)

West 00133ALBN 672 & 28.3 20.7 7.8 6.9 32 9.0 1969, 1980

Coast **1,107

*Survey years include only those years reported in the Fish Information Summary System (FISS) when the lake was
assessed for physical characteristics and chemical parameters.
**surface area increases to 1,107ha at full storage (Hirst, 1991a).
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Elsie Lake was originally a relatively shallow lake (BC Hydro, 2002). In 1957, BC Hydro
constructed a 30 m high, 189 m long earthen-filled dam which increased the water surface
elevation from 312.5 m to 330.7 m, and surface area from 672 ha to 1,106 ha at full pool
elevation (Perrin and Harris, 2006; Hirst, 1991a). The Elsie Lake reservoir is now ~7 km long
and 1 km wide, floods ~400 ha of land, stores up to 84 million m? of water, and has a normal
drawdown of ~15 m (BC Hydro, 2002). The catchment area is 218 km? and the mean annual
rate of inflow is 21 m*/s. Average annual flow of 10.7 m*s is diverted year-round through a 7.8
km long tunnel and steel penstock to a powerhouse on Great Central Lake located south of the
Elsie Lake reservoir (Perrin and Harris, 2006).

Tributaries

A total of 23 tributaries flow into Elsie Lake but of these, only the upper Ash River, Ramsay and
Katlum Creeks, and Creek 2 have significant year-round flow (Burt and Robert, 2003) (Table 2).
The Ash River, which is the natural outflow to Elsie Lake, flows south into the Stamp and
Somass Rivers, and eventually into the Alberni Inlet. A minimum flow of 3.5 m®/s is released
through a hollow cone valve to support fish habitat in the Ash River. The Ash River, Ramsay
and Katlum Creeks and Creek 2 support resident fish while summer steelhead are known to
access the Upper Ash River and possibly Ramsay Creek (Lewis and Ganshorn, 2005). The
remaining 19 creeks in the watershed are small and often ephemeral (Burt and Robert, 2003).

TABLE 2. Names and summary information for major tributaries to Elsie Lake (Source: Burt and Robert, 2003; BC
Hydro, 2002).

Tributary Summary Information

Ash The Ash watershed has two sub-basins. The upper sub-basin is dominated by mountains up to

River 2000 m high which form the boundary between the Ash, Campbell and Comox watersheds;
from these mountain sources, the Ash River flows into Oshinow Lake. Below Oshinow Lake, the
Ash drops 80 m in 13 km to Elsie Lake.

Upper Burt and Robert (2003) surveyed the lower 2.4 km of the Upper Ash River encompassing two

Ash reaches. The following stream summaries are taken directly from their report: The lowermost

River reach (Reach 1) is 1.3km long with a channel flowing through a steep walled canyon. Stream
substrates are coarse and dominated by boulders, cobbles, and bedrock. The average field
gradient was 1.6% but there are numerous bedrock cascades much steeper than this. In the
lower portion of this reach there are a number of deep canyon runs and pools and adult trout
(207 30 cm in length) were observed holding and feeding from within these habitats. In Reach
2 the valley walls open up, stream gradient diminishes (average 0.4%), and the channel
becomes wider and more meandering comprised mainly of riffle/glide sequences. Substrate
materials in this reach were found to be dominated by cobbles and gravels, and there are
excellent spawning habitats toward the upper extent of our survey. A significant feature of the
Upper Ash River is a 3.6 m rock falls located in Reach 1, 35 m above the mouth. This falls was
felt to be a barrier to adfluvial trout during spawning migrations, however, larger trout may be
able to ascend the falls in late summer when flows in the Upper Ash are substantially reduced
(in July trout were observed attempting to jump the first step in the falls, although none were
successful). This falls likely prevents Elsie Lake trout from accessing the abundance of high
quality spawning habitat located in Reach 2 of the Upper Ash River.

Ramsay Habitat surveys covered 2.8 km of stream (the first two reaches above the mouth). Within the

Creek first reach (0.9 km) the river is confined within steep valley walls with a channel characterised by
step cascades (mean gradient 3.5%). Substrates tend to be coarse (mainly boulders and
cobbles, with spawning gravels restricted to a few isolated pockets along the stream margin.
The reach offers excellent rearing habitat for trout parr (age 1+ and older). No complete fish
passage barriers were found in this reach, however, a 1.1 m falls 120 m above the mouth and
the numerous cascades may make ascent difficult. Observation of one adult trout in spawning
colour half way up the reach attests that passage is possible for at least some fish. In Reach 2
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Tributary Summary Information

the valley walls open up, the channel widens, and the gradient diminishes to an average of
0.4%. Dominant substrates include cobbles, gravels, and fines. Spawning gravels were initially
in pockets but became virtually unlimited beginning at 2.1 km from the mouth. Fresh redds were
found in some of the pocket gravel locations and became more plentiful at the 2.1 km point.

Katlum In the reach above Elsie Lake (Reach 1), Katlum Creek tends to have a relatively straight

Creek channel with the sections entrenched between bedrock walls or within a stable gully. The
average channel width 9.7 m and the field gradient from field survey was 2%. A large log jam
157 m above the mouth has created an impassable barrier (a 3 m fall onto a bedrock shelf). The
arrangement of the log jam has allowed some spawning gravels to accumulate below the log
jam. A few small pockets of gravel were also found in pool tailouts between the log jam and
stream mouth. The occurrence of redds and eggs found in these pockets suggested that every
available spawning space had been utilized in spring 2002.

Creek 2  The habitat survey on Creek 2 encompassed the first 1.1km of stream above the mouth. The
channel in this reach has an average width of about 15m and is confined within stable banks.
Longitudinally, this reach has a step-cascade profile with an average gradient of about 5%.
Substrates are dominated by cobbles and boulders with the exception of several sections where
the stream flows over bedrock shelves. Upstream migration of adfluvial fish is possible for the
first 813 m at which point a 5 m rock falls blocks further ascent. Spawning habitat is very limited
below this barrier and occurs only in isolated pockets, primarily within the first 140 m above the
mouth. Although not extensive, one of the key spawning areas for this creek is on the fan at the
creek mouth (~30 m below the logging road bridge crossing). This area is inundated at full pool
and thus its availability for spawning is dependent on reservoir level.

Creek Creek 10 is substantially smaller others described here but appears to have sufficient flow to

10 permit adults to ascend for at least part of its length. The survey extended upstream for 275 m,
at which point a complete barrier was encountered (2 m vertical rock falls). However, at the
survey flow (10 L/s) adult trout may only be able to ascend to a cascade at 129 m (11% gradient
on the cascade). This stream runs across the forest floor with little vertical erosion (down-
cutting) but with some lateral erosion of banks. The average gradient within the survey reach
was 8% and the average channel width about 4 m. Spawning gravels occur in pockets with the
best gravel in the 30 m section between Elsie Lake and the logging road.

Species Composition

Anadromous fish were historically absent from Elsie Lake because of a major falls located in the
25 km between the dam and the Stamp River (BC Hydro, 2002). Griffith (1993) surveyed these
falls and provides a complete discussion related to fish access. Lanternman Falls, which is
located 5.5 km above the Stamp confluence, was also assessed as a barrier under post-project
flow to all migrating adults except summer steelhead (Horncastle, 1978). Some coho salmon
may also ascend these falls in some flow conditions BC Hydro (2002).

According to Beamish and Northcote (1989), rainbow and cutthroat were present in Elsie Lake
prior to its impoundment in 1959. Burns (1969) notes that gillnet samples from 1962 and 1969
consisted of rainbow, cutthroat, and hybrids of these species.

Dolly Varden were gillnetted in Dickson Lake many years ago (Anonymous, 1953; Carmichael
and Philip, 1978) but were not captured in tributaries or lakes electrofished by Griffith in 1992
(BC Hydro, 2002). It is possible that this species is present only in isolated headwater lakes
(BC Hydro, 2002).

Sculpins, stickleback and pumpkinseed have been sampled in Elsie Lake (BC Hydro, 2002) and

there have also been incidental reports of kokanee (Triton, 1995; BC Hydro, 2002; Perrin and
Harris, 2006). Pacific lamprey were present in Elsie Lake at the time of dam construction
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(Beamish and Northcote, 1989). Electrofishing assessments conducted in 1986 and 1987 in
lake inlets did not find this anadromous species, however, and it was concluded they failed to
establish a landlocked freshwater population following dam construction (Beamish and
Northcote, 1989).

Burns (1969) notes that he found hatchery steelhead in a gillnet sample collected in 1969.
Surplus juvenile steelhead from the Robertson Creek hatchery were also released into Elsie
Lake in nine separate years from 1982 to 1997 as part of a colonization program implemented
by the province (Burt and Robert, 2003). Annual numbers of fish released ranged from 39,000
to 215,000 (Triton, 1995).

The only resident fish species present in tributaries to 0 are rainbow and cutthroat trout, and
possibly some hybrids of the two species (Lewis and Ganshorn, 2005). Detailed discussions on
the results of tributary sampling can be found in Burt and Robert (2003), and Lewis and
Ganshorn (2005).

Summary of Work and Reports

Elsie Lake was surveyed by Provincial Fisheries staff in 1969 and 1980 (FISS) and has been
assessed extensively for the FWCP by the Hupacasath First Nation and a number of other
agencies and consultants. Fish assessments include work by Harding and Offin (1969),
Horncastle (1978), Beamish and Northcote (1989), Burt and Robert (2003), The Ash River WUP
Consultative Committee (2003), Burt and Lewis (2004), Perrin and Harris (2006), Robert and
Lewis (2006), Lewis and Ganshorn (2005) and Lewis et al (2006). Some of these studies have
included habitat inventories and fish presence surveys of various reaches of the Ash River,
watershed snorkel surveys of the upper Ash River from Oshinaw to Elsie Lakes, bathymetric
surveys and limnological and fish population sampling. In 2005, Perrin and Harris conducted an
assessment of the trophic state of Elsie Lake to determine if the lake was a candidate for
nutrient addition as a measure to restore fish populations.

2.0 Limits to Fish Production
Water Withdrawal

The Elsie Lake reservoir is relatively stable from April through June (Perrin and Harris, 2006)
and is typically drawn down beginning in July. Elsie Lake has a relatively large active storage
volume (over 80% of total volume) which is fully utilized for power generation (Hirst, 1991a). BC
Hydro stores water in the reservoir for power generation during the drier summer and fall
months and when the reservoir level drops below an elevation of 317.91 m, power generation
ceases to conserve water for future fish flow releases (Lewis and Ganshorn, 2005).

Thereisa 11 2 week shutdown during August for annual maintenance (Burt and Robert, 2003)
and the reservoir is normally fully drawn-down by September each year with drawdown ranging
from 6 m i 14 m below full pool level. Elsie Lake refills from October through November and
usually does so rapidly, often within a month following the onset of heavy winter rainfall (Hirst,
1991a).

Following the completion of Elsie Dam, 401 ha of land were flooded resulting in the loss of 5 km

of mainstem habitat in the Ash River upstream of Elsie Lake, or 30 ha of channel habitat and 30
ha of riparian habitat (BC Hydro, 2002). Other tributaries to Elsie Lake were also flooded
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resulting in the loss of 5 km of tributary habitat including 14 ha of riparian habitat (BC Hydro,
2002). The flooding of Elsie Lake also resulted in the loss of 72 ha of wetland habitat.

For resident trout populations the 15 m draw-down regime at Elsie Lake probably offsets any
net habitat gain that was created by the increased volume from impoundment. Moreover, if
kokanee are, or were present in Elsie Lake, their spawning habitat will likely have been
impacted by the large draw-down and rapid refilling of the lake.

Ash River flows are diverted year-round into Great Central Lake except during annual
maintenance in August and these flows augment the live storage of Great Central Lake and the
discharge of the Stamp River. Hirst (1991a) notes that this diversion has reduced flows to the
downstream Ash River, increased flow into Great Central Lake, and affected wetted channel
area, seasonal temperatures and productivity in these areas.

Logging

Other impacts on fish in the Ash River watershed are principally the historic and current effects
of logging. Much of the timber above Elsie Lake has been harvested and according to BC
Hydro (2002), much of the timber between Elsie and Dickson lakes has been harvested since
1972.

Stream and Lake Habitat

There is no stream habitat for trout spawning within the drawdown zone when the reservoir is at
full pool (Ash River Water Use Plan Consultative Committee, 2003). Lewis and Ganshorn
(2005) note that if fish were to spawn in the drawdown zone at lower reservoir levels, the eggs
would be inundated if the reservoir level increased to full pool.

A study by Triton (1995) concluded that trout spawning habitat is in short supply in the lower
100 m - 200 m of Elsie Lake reservoir tributaries and this may limit recruitment to Elsie Lake.
This study also found that five of 20 tributaries to Elsie Lake were not accessible to fish, six had
no flow but the remaining streams had flow, appeared to be accessible, and had suitable
substrate for resident trout spawning.

Lewis (2001) also conducted a study on Elsie Lake tributary habitat within the drawdown zone
and found the highest quality and quantity of spawning habitat in the lowermost sections of the
drawdown zone. He also quantified rearing habitat in the tributaries and determined that as the
elevation of the reservoir increases, rearing habitat within the drawdown zone decreases.
According to Burt and Robert (2003) the key limiting factors in the Elsie Lake watershed are:

1. A shortage of accessible spawning gravel which is a direct result of Elsie Lake
reservoir inundating >90% of spawning gravels historically available to adfluvial fish.
This may limit the recruitment of juvenile trout to Elsie Lake.

2. Limited amounts of stream habitat available for juvenile rearing depending on the level
of spring runoff (i.e. greater runoff allows greater access to small tributaries). The

i mplication of this is that much oftoeach year
migrate to the lake shortly after emergence due to competition for food and spacial
resources.

3. The quality of littoral nursery habitats which is crucial to juvenile survival and
subsequent adult recruitment. The annual drawdown has, for the most part, prevented
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aguatic plants from colonizing littoral habitats and there is lack of emergent and
submergent aquatic plants and riparian vegetation suggesting a shortage of cover and
food supply for juvenile nursery habitats.

Barriers to Migration

A number of studies (Lewis and Ganshorn, 2005; Crippen Wright Engineering Ltd., 1956;
Anonymous, 1959; Photographic Survey Corporation Ltd., 1956; and Anderson et al., 1959) do
not give any indication of a barrier at the outlet of Elsie Lake prior to impoundment. Two
surveys of the Ash River done in 1953 and 1954 identify Dickson Falls located in the Ash River
10 km above the confluence and 15 km downstream of Elsie Lake as the upstream migration
limit of all salmonids (Anonymous, 1953; Anonymous, 1954; in Griffith, 1993). Selective blasting
by the Fish and Wildlife Branch in 1975-76 allowed summer steelhead above Dickson Falls to
the base of the Elsie Lake dam.

Fish Stocking

There has been a good deal of fish enhancement done in the Ash River watershed, with much
focus on summer steelhead and coho stocking from Robertson Creek (Lewis and Ganshorn,
2005). Numbers ranging from 1,633 - 215,000 of summer steelhead (fry, parr, juveniles, smolts,
and adults) were also stocked in the Elsie Lake reservoir on several occasions between 1982
and 1997. No assessment of the stocking was ever carried out.

Rainbow trout have comprised increasingly larger proportions of the samples since 1968, and in

1994 and 2002 this species accounted for >90% of the samples. We attribute this to the

stocking of surplus steelhead into Elsie Lake by MOEi n t he | ate 19806s into t
This practice has now been discontinued. The Agencies continue to discuss the potential

impacts of releasing hatchery coho fry above Dickson Falls on steelhead, resident trout and

char stocks.

Nutrients

Perrin and Harris (2006) conducted a detailed assessment of the trophic state of Elsie Lake and
note that Elsie Lake reservoir is an ultra-oligotrophic, fast flushing system which may limit
pelagic community development. These investigators found that concentrations of all forms of
nitrogen and phosphorus were low, particularly in the spring and summer when biological
demand for nutrients is high. Standing crop and fish production models showed the reservoir
likely supports rates of fish production that are among the lowest of coastal ultra-oligotrophic
lakes (Perrin and Harris, 2006).

The lack of planktivorous fish populations highlighted by Perrin and Harris (2006) may explain
why mean sizes of cutthroat trout, which normally prey on planktivors including kokanee, are not
large in size in Elsie Lake (mean size ~256 mm 1 290 mm; Table 5). With little competition by
species including kokanee, it may also explain the expansion and now dominance of rainbow
trout in this large lake.

While Perrin and Harris (2006) state that although productivity in Elsie Lake reservoir is limited

by the availability of nutrients, data gaps remain to determine the potential response by fish to
nutrient addition. These researchers suggest that although an increase in biological production
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through the pelagic food web to zooplankton is a likely outcome of nutrient addition, an increase
in benthic production is also likely to occur from the same treatment.

3.0 Angling Statistics
Angler Effort

Anger effort has averaged ~1,300 angler days/year since 1986, however, there has been a
downward trend in angler effort over most of the VILQ survey period (Figure 2). In 1989, angler
effort reached 2,500 angler days dropping to <900 angler days in 1992 then rising in 2002 to
~1,200 angler days. Angler effort dropped again in 2006 and 2011 to ~700 angler days which is
the lowest level recorded at this lake.
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FIGURE 2. Angler effort (angler days) by year compared to average angler effort and trend in angler effort from
1986-2011 at Elsie Lake 1986 i 2011 (Source: Aitzhanova, et al. 2003; Andrews, 2007; Silvestri, 2013 in prep.).

Catch

On average, ~3,000 fish have been caught every year in Elsie Lake since 1986 and like angler
effort, there has been a downward trend in catch over the 25 year survey period (Figure 3).
There is considerable variability in the catch data from Elsie Lake, however. For example, from
~2,900 fish caught in 1986, total catch reached its highest level of ~5,000 fish in 1989. By 1992,
the following survey year, catch declined to ~1,500 fish but in 2002 it rose to ~3,500 fish. In
2006, catch was ~1,300 fish and in 2011 catch was ~2,500 fish.
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FIGURE 3. Total catch by year compared to average catch from 1986 - 2011 and trend in total catch at Elsie Lake
1986 i 2011 (Source: Aitzhanova, et al. 2003; Andrews, 2007; Silvestri, 2013 in prep.).

Webdbve shown t he br effishdaaghtin 2006 and 20&léniTabke 3. Cutthroat
comprised between 36% and 41% of the catch while rainbow comprised between ~57% and
64% of the angler catch. In 2011, anglers caught Dolly Varden for the first time and this species
comprised <2% of the total catch that year.

TABLE 3. Catch of rainbow and cutthroat trout at Elise Lake 2006 and 2011 (Source: Andrews, 2007; Silvestri 2013
in prep.).

Species 2006 2011

Catch % of Total Catch % of Total
Cutthroat 466 36.0 1,002 40.9
Rainbow 830 64.0 1,406 57.4
Dolly Varden 0 0.0 42 1.7
Total 1,296 2,450

Angler Success

Angler success at Elsie Lake has averaged ~2.4 fish/day which is well-above the regional
success objective of 1.6 fish/angler day. There also been an increasing trend in angler success
over the survey period (Figure 4). Angler success ranged from ~2.4 fish/day in 1986, to 1.4
fish/day in 1992. The decrease in angler effort observed in 2002 was accompanied by an
increase in angler success to almost 2.6 fish/day. Angler success declined to 1.8 fish/day in
2006, but rose to ~3 fish/day in 2011.
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FIGURE 4. Angler success (total catch/total angler effort in angler days) compared to average angler success and
the objective for angler success (1.6 fish/angler day) and trend in angler success at Elsie Lake 1986 i 2011 (Source:
Aitzhanova, et al. 2003; Andrews, 2007; Silvestri, 2013 in prep.).

Angler Creel Surveys

A 1986 Vancouver Island angler creel census estimated a total of 2,795 fish caught annually in
Elsie Lake with 1,500 (52%) kept by 420 anglers (Hirst, 1991a). Hirst (1991a) calculated the
mean time expended per angler at Elsie Lake at 3.1 days/year, and estimated a success rate of
2.1 fish/day. Not e Ha)estinmaiios waé dodedtd the ~2.3 fish/day estimated by the
VILQ that same year (Figure 4).

Harvest
Overall, harvest rates were ~50% in 2006 at Elsie Lake (Table 4). Anglers harvested ~51% of
their cutthroat and 48% of their rainbow trout catches. In 2011, harvest rates fell to 21% with

anglers harvesting only ~20% of their cutthroat catch and 23% of their rainbow catch.

TABLE 4. Catch, harvest and percent harvest of rainbow and cutthroat trout and Dolly Varden at Elsie Lake 2006
and 2011 (Source: Andrews, 2007; Silvestri 2013 in prep.).

Species 2006 2011

Catch Harvest Percent Catch Harvest Percent
Cutthroat 466 239 51.3 1,002 195 194
Rainbow 830 398 48.0 1,406 320 22.8
Dolly Varden 0 0 0.0 42 0 0.0
Total 1,296 637 49.2 2,450 515 21.0
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4.0 Stock Status Indicators
Relative Abundance

We 6 v e shk @latime abundance of fish sampled in Elsie Lake between the 1953 and 2002

in Figure 5. Elsie Lake was sampled by gillnet in 1962 (N=108) and 1963 (N=18) and in both
years the catch consisted of mostly cutthroat trout.

Despite the fact there is no information on the location, time and type of nets that have been set
at Elsie Lake, i tctear there is an increasing proportion of rainbow trout and decreasing
proportion of cutthroat trout in the samples (Lewis and Ganshorn, 2005) (Appendix 13). In
1969, samples consisted of 85% rainbow trout (including hatchery steelhead) and 15% cutthroat
trout (Burns, 1969, Harding and Offin, 1969, Hirst, 1991b). The most recent survey in 2002
found >93% rainbow trout and rainbow/cutthroat hybrids (Burt and Robert, 2003; Perrin and
Harris, 2006). A similar trend of increasingly large samples of trout is found in electrofishing
data from tributaries to Elsie Lake (Appendix 13).
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m 1953 Summer - Unknown Method (N=7) (Source: Beamish & Northcote, 1989)
m 1957 September - Unknown Method (N=66) (Source: Beamish & Northcote, 1989)
m 1962 Gillnet (N=108)(Source: Triton, 1985)

1963 April - Gillnet (N=18) (Source: Triton, 1995)

1968 June - Gillnet (N=116 )(Source: Triton, 1995)
m 1969 August - Gillnet (N=124) (Source: Triton, 1995)
m 1969 November - Gillnet (N=28) (Source: Triton, 1995)
m 1981 Marc/July Gillnet (N=135) (Source: Bemish & Northcote, 1989)

1987 July - Gillnet (N=32) (Source: Beamish & Northcote, 1989)

1994 May - Gillnet (N=70) (Source: Triton 1995)

1996 October - Gillnet (N=14) (Source: Klohn Crippen, 1999)

2002 August - Gillnet (N=173) (Source: Burt & Robert, 2003)

FIGURE 5. Percent cutthroat trout, rainbow trout and unidentified trout captured in Elsie Lake by gillnet and unknown
sample method in 1953, 1957, 1959, 1960, 1962, 1963, 1968, 1969, 1981, 1987, 1994, 1996 and 2002 (Source:

FLNRO files, Nanaimo; Pelcher, 1963; Beamish and Northcote 1989; Triton, 1995; Klohn- Crippen, 1999; Burt and
Robert, 2003).
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Snorkel Surveys
Ministry staff conducted snorkel surveys of the Ash River from 19951 2000 to enumerate

steel head. Wedve pr mokel sheway cosinisrafralhadult sk obsefvedsn
Elsie Lake tributaries by Robert and Lewis (2006) in Appendix 13.

Length and Weight

Webve provided a detailed a summary of |l ength and
19600s, cngdadfrdmrl®@anm - 392 mm and averaged 256.1 m. The average weight of
the species that decade was 227.9 g . I n the 19906s, cnm-40Bmm,at r ange

averaged 285.8 mm and had a mean weight of 240.8 g. Cutthroat trout in Elsie Lake currently
range from 232 mm -400 mm and average 296.4 mm. The mean weight of this species in 2000
was 197.4 g.

TABLE 5. Minimum, maximum, mean and modal length and mean weight for cutthroat and rainbow trout captured
by gillnets in Elsie Lake by decade 1960 i 2000 (Source: FISS; FLNRO files, Nanaimo).

Species Decade N Length (mm) Weight
Mean ()
Minimum Maximum Mean Mode Mean
Cutthroat 1960 7 190.0 392.0 256.1  --—--- 227.9
1990 11 215.0 402.0 285.8 - 240.8
2000 7 232.0 400.0 296.4 - 197.4
Rainbow 1960 21 130.0 255.0 197.9 205 106.0
1990 37 119.0 310.0 204.6 184 87.3
2000 159 107.0 318.4 189.6 142 89.7
Rainbow trout sampled by gillnets imm-R%snme Lake i
and averaged ~198 mm. The modal length of this species was 205 mm and the mean weight
was 106 g . I n trhirfbowlrégh@ed fdoom 119 mm -310 mm and averaged 204.6 mm.

The modal length for rainbow was 184 mm and the mean weight was 87.3g. This decade,
rainbow trout range from 107 mm to 318.4 g and averaged 189.6g. The modal length of
rainbow is now 142 mm and the mean weight is ~90g.

In addition to reviewing the trends in species composition, Lewis and Ganshorn (2005)
examined the size of rainbow and cutthroat caught at Elsie Lake (Appendix 13). These
investigators found that in 2002, the rainbow trout population consisted of a higher percentage
of smaller individuals (<180 mm) than in 1994, and that the cutthroat population is composed of
larger individuals than the rainbow trout population.

Age and Growth

Twenty-one cutthroat trout were sampled and aged over
a length-at-age analysis in Figure 6A. One aged 1+ cutthroat was sampled and it was 215 mm,

one age 2+ cutthroat was 257 mm, five aged 3+ cutthroat ranging from 225 mm i 323 mm and

averaging ~272 mm, 11 aged 4+ cutthroat ranging from 232 mm i 349 mm also averaging ~272

mm, two aged 5+ cutthroat averaging 327 mm and one age 4+ cutthroat 400 mm have been

sampled.
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FIGURE 6. Length-at-age of (A) cutthroat trout (N=21) and (B) rainbow trout (N=174) sampled by gillnet in the

19906s and

1995).

an gl i Hsg Laken(Saurhee Bui2 an@ Robest, 2008; Klohn-Crippen, 1999 and Triton,
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Investigators have also sampled and aged 174 rainbow trout over the past 20 years (Figure 6B).
One age 0+ rainbow was sampled and it was 66 mm while 13 age 1+ rainbow ranging from 95
mm 7 181 mm and averaging 119 mm, 51 age 2+ rainbow ranging from 118 mm i 232 mm and
averaging 140 mm, 59 age 3+ rainbow ranging from 171 mm 1 78 mm and averaging 203 mm,
45 age 4+ rainbow ranging from 217 mm i 275 mm and averaging ~242 mm and five age 5+
rainbow ranging from 243 mm i 329 mm and averaging 238 mm have been sampled.

Mean Age

Lewis and Ganshorn (2005) examined the difference in age composition between rainbow and
cutthroat trout and found that in 2002, Elsie Lake was dominated by age 4+ cutthroat trout (67%
of the population), and the rainbow trout population was comprised of ages 2+ (28%) to 4+
(32%) fish (Appendix 13). The mean length of cutthroat trout sampled by angling and in gilinets
is ~280 mm and the mean age is 3+ while the mean length of rainbow is ~190 mm and the
mean age is 2+ (Table 6).

TABLE 6. Mean age of cutthroat and rainbow trout captured in Elsie Lake (Source: Burt and Robert, 2003; Klohn-
Crippen, 1999 and Triton, 1995).

Species N Mean Length (mm) Mean Age
Cutthroat 21 279.9 3+
Rainbow 174 189.9 2+

Catch Indicators
Total Catch

The number of cutthroat trout has been small relative to the number of rainbow trout captured in
gill nets since 7)1t Thenuhberlrdnbowrduahbve mcreased in the samples
especially in 2000. No information on the number of gilinets, number of net sets, set locations
or soak times has been provided so we cannot make catch/effort comparisons.

Table 7. Total catch of cutthroat and rainbow trout captured in gillnets Elsie Lake by decade 1960 - 2000 (Source:
FISS; FLNRO files, Nanaimo; Burt, 2002).

Species 1960 1980 1990 2000
Cutthroat 11 29 11 7
Rainbow 43 46 73 161
Total 54 75 84 168
Data Gaps

Despite the large body of work on Elsie Lake, there is no habitat inventory data available for the
Ash River or any of its main tributaries (Table 8). There has been relatively little work on fish
distribution in Elsie Lake tributaries (i.e. Upper Ash) and there is no information on fish

abundance in Elsie Lake to compare estimates of standing stocks in the tributary streams. | t 6 s
also unknown whether spawning populations observed in 2005 snorkels counts reflect the

capacity of Elsie Lake to produce adult fish.
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TABLE 8. Summary of data gaps for Elsie Lake that are required for wild stock conservation, fishery evaluation and
stock monitoring and potential restoration and enhancement.

Factor < 10 years >10 years No data
Gillnetting X
Angler Creel Survey X

VI Lakes Questionnaire
Snorkel Surveys
Electrofishing (streams)
Juvenile age, weight, density
Lake/Limnology*

Stream Habitat Inventory X

Ash River & tributaries X
Angler Preferences X
Water Quality/Lake Productivity X

Lake Fertilization* X

X X X X X

*pbaseline assessment-see recommendations by Perrin and Harris (2006).
5.0 Fisheries Objectives and Management Strategies for Elsie Lake

Existing Regulations

Elsie Lake is covered by the general regional regulations of four trout but not more than 1>
50cm (two hatchery steelhead >50cm allowed). Anglers must release all Dolly Varden.

In Dickson Lake, there are no trout >50cm allowed; and there is a bait ban and single barbless
hook regulation. There is no fishing from Dickson Lake to signs 200 m below Lanternman Falls,
December 17 April 30 in the Ash River and the Ash is closed all year from Dickson Falls
downstream 30 m and all year from Elsie Lake to Dickson Lake.

Maximum Catch and Effort at Current Regulations

The maximum angler effort at the current regulations is ~5,000 angler days and the maximum

catch is ~6,900 fish (Figure 7). The optimum sustainable angler effort is 3,000 angler days and

the optimum catch is ~5,800 fish. At the optimum, angler success would be ~1.9 fish/day. The

current angler effort and total catch is well below the optimum sustainable angler effort, the yield

is below that predicted by MEARppendixB) dgatedr 6 s si mpl i
fish/day, the current success rate is well above our regional target of 1.6 fish/day.
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FIGURE 7. Angler effort (angler days) vs. total catch, maximum angler effort and catch and optimum sustainable
angler effort and catch at the current regulations at Elsie Lake 1986 i 2011 (Source: Aitzhanova, et al. 2003;
Andrews, 2007; Silvestri, 2013 in prep.).

Fisheries Objectives and Management Strategies

Angler effort at Elsie Lake is decreasing but angler success is increasing which suggests the
fishery is healthy. This is supported by the work of Robert and Lewis (2006) who found that the
streams currently accessible to Elsie Lake populations are at their theoretical capacity for
juvenile production, meaning that escapement of adult fish from Elsie Lake is not limiting
productive capacity. At ~20%, angler harvest is also not a concern at this lake.

While angler success is not a concern at present, the proportion of catch of each species should
be monitored given the increasing abundance of rainbow trout in this lake. The lack of
planktivorous fish in Elsie Lake, and the fact that cutthroat in this lake do not achieve a large
size suggest the Elsie Lake stock may not be piscivorous. As such, there may be limited
resources in the lake and the increase in rainbow trout may impact numbers of cutthroat.

Vancouver Island large lake cutthroat grow much larger than rainbow trout. However, in the
case of Elsie Lake it appears that rainbow (stocked steelhead) have had a negative impact on
the numbers of cutthroat. Steelhead have been stocked in numbers far above the carrying
capacity of the lake and because of sheer numbers may have displaced cutthroat. It also
appears Dolly Varden may only reside in tributaries in this watershed. The impacts to these
stocks if coho were planted in tributaries would likely be dramatic and irreversible. We strongly
discourage any stocking in the Elsie Lake watershed.

1. Current angler statistics suggest Elsie Lake can sustain more angler effort while
maintaining catch rates. It is important to implement a gillnetting program to collect
stock status data, particularly age data for cutthroat.

2. Given the absence of young cutthroat in the last gillnet sample, and the fact that
cutthroat are getting older and larger, it& possible recruitment of young fish has
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declined. We recommend tributary sampling to assess the juvenile component of the
stock.

3. Rainbow trout stocks appear stable, and gillnetting data will provide catch indicator data
to compare to past gillnet surveys. Future gillnetting surveys should also pay specific
attention to catch indicators and mean size of rainbow trout in the event that numbers of
this species continue to increase.

4. We do not recommend any regulations changes until the stock status for cutthroat can
be determined.

5. We recommend monitoring angler catch using the VILQ to determine proportion of each
species caught over time.

6. Schedule gillnetting every three years if regulations change.

7. Explore potential snorkel survey monitoring of the Upper Stamp River above Elsie Lake
in 2015 to evaluate rainbow and/or cutthroat spawning.

8. Finally, we suggest that a number of fish assessments are necessary and w e 6 dewiled
these in the Operational Management Plan (Table 9).

Operational Management Plan

Webve summari zed the operational ma.neg e me n't
recommend additional studies as outlined in Perrin and Harris (2006) given the increase in
rainbow trout numbers and the fact that both rainbow and cutthroat may be relying on the same
prey resources. In addition, a 2002 study by the Hupacasath First Nations suggested the two
most crucial habitats impacted by Elsie Lake reservoir are lack of spawning habitat, and the
poor quality of littoral nursery habitats. We recommend additional studies follow-up on this
work.

TABLE 9. Operational Management Plan for Elsie Lake.

Activity Objective Tentative
Schedule
Stock Assessment Conduct gillnetting assessment to gather stock status data 2018

for cutthroat and rainbow trout. Repeat net locations and
timing of past surveys and repeat or set standard times and
location of gillnets for future surveys.

Conduct tributary electrofishing to assess juvenile

component of stocks. 2018
Implement additional studies recommended by Perrin and 2019+
Harris (2006) and Robert and Lewis (2006).
Habitat Assessment and  Review and implement prescriptions provided in 2002 2020
Restoration Hupacasath First Nations report regarding addition of

spawning gravels; review and implement prescriptions by
Burt and Robert (2003) to provide additional spawning
habitat for all creeks combined excluding Ramsay Creek.
VILQ Evaluate changes in fisheries statistics every three years. Ongoing
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Chapter 7. Great Central Lake

Lake Great Central
Planning Unit West Coast
Watershed Stamp/ Somass
Surface Area (ha) 5,085

Mean Depth (m) 124

Key Tributaries
Freshwater Fish Species
Limits to Production
Regional Priority*:
Angling Statistics 2011
Angling Effort
Total Catch
Angler Success
Current Harvest Rate
Optimum Sustainable Effort
Optimum Sustainable Catch
Angler Success at Optimum
Stock Status
Data Gaps

Management Objectives

Operational Plan Priorities
Potential Partners

Stamp River, McBride and Drinkwater Creek
Cutthroat and Rainbow Trout, Dolly Varden, Steelhead
Water Withdrawal, Nutrients

5

3,411 angler days

5,597 fish

1.6 fish/angler day

14%

4,100 angler days

6,100

1.5 fish/angler day

Unknown; stock status data must be updated

Gillnettingdat a i s >3 decades ol d an
physical and biological factors are required to determine netting
times and locations.

Gillnet to establish stock status and monitor the fishery using the
VILQ and the Ark derby. Also consider installing an angler creel
survey box at the Ark Resort to monitor angler catch all year
stock assessment.

Cascade Forest Products, BC Hydro, Ark Resort, Port Alberni
Fish and Game Association

* see Appendix 5 for information on how we prioritized Vancouver Island large lakes.
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1.0 Overview of the Great Central Lake Watershed

General Information

Great Central Lake is located ~15 km west of Port Alberni in the West Coast (WC) PU (Table 1).
This large lake is ~45 km long, is situated 85 m above sea level, and discharges into the upper
end of Alberni Inlet via the Stamp and Somass Rivers (Figure 1). Great Central Lake is the 2™
deepest lake on Vancouver Island with a maximum depth of 294 m and an average depth of
212 m (Shortreed et al, 2001). The lake has a surface area of 5,085 ha, a perimeter length of
82.3 km, a TDS of 20 ppm and a pH of 7.0.

TABLE 1. Location, size, depth and water quality parameters at Great Central Lake (Source: FLNRO files, Nanaimo,
FISS).

Planning Waterbody Surface Perimeter Max. Mean pH TDS Secchi  Survey

Unit Identifier Area (km) Depth  Depth (ppm) Depth  Year(s)*
(ha) (m) (m) (m)

West 00587ALBN 5,085 82.3 250 124 7.1 20 155 1969, 1975,

Coast 1978, 1986

*Survey years include only those years reported in the Fish Information Summary System (FISS) when the lake was
assessed for physical characteristics and chemical parameters.

FIGURE 1. Map of Great Central Lake and tributaries; a bathymetric profile of this lake is provided in Appendix 14
(Source: iMap BC).
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