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1.0 INTRODUCTION

In 1985, representatives of MacMillan Bloedel Ltd. approached the Powell
River Salmon Society with an offer to provide initial funding if the Society
would undertake to culture rainbow trout (Salmo gairdneri) for stocking

Powell Lake. Accordingly, the Society approached the Lower Mainland
Fisheries Section for permission to proceed, and a pilot program of
broodstock capture and culture was approved for 1985,

At the same time, regional staff requested input from the Fisheries
Improvement Unit (FIU) towards more clearly identifying and quantifying
enhancement options and potential for rainbow trout in the Powell Lake
system, specifically in the Powell and Daniels rivers, major tributaries to
the lake. However, a subsequent review of existing data revealed that very
1ittle was known about the Powell Lake fishery or its associated biology. An
overview of the entire system was Jointly undertaken during summer and early
fall 1985 by the regional Fisheries Section! and FIUZ, with the assistance of
the Conservation Officer Service3 and the Powell River Salmon Society .

2,0 LAKE DESCRIPTION

Powell Lake is a fjord lake with its outlet located at Powell River,
B.C. {Fig. 1), In its morphometry and steep surrounding topography, the lake
is very similar to the many marine inlets along the B.C. Coast. It is
approximately 50 km 1in Tlength, 12,000 ha in area, and consists of six
interconnected basins (Matthews, 1962). The lake is separated from the
adjacent Strait of Georgia by a rocky sill 46 m above sea-level. An
impassable hydro-electric dam built at the outlet in 1911 raised the lake to
its present height of 56 m above sea-level {Williams, et al, 1961).

Maximum depth is near 360 m {(Mathews, 1962), and mean depth undoubtedly
approaches or exceeds 150 m. The lake is meromictic, 1in that an upper
freshwater layer approximately 100 m deep overlies stagnant "old sea water®
that was trapped in the lake some 10,000 years ago (Williams, et al, 1961},

1. Ross Neuman, Fisheries Biologist, B.C. Ministry of Environment, Surrey.
Rob Knight, Fisheries Technician, B.C. Ministry of Environment, Surrey.

2. Bob Griffith, Fisheries Biologist, Fisheries Branch, Yictoria.

3. Ralph Escott, District Conservation Officer, B.C. Ministry of Environment,
Powell River.

4., Phil Jantz, Manager, Powell River Salmon Society, Powell River.
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Figure 1. Powell Lake and Associated Drainage (scale 1:250,000)




Although there is some level of mixing at the halocline, Powell Lake may be
viewed as a deep, freshwater lake circulating freely above stagnant saline
waters trapped below (T. F. PedersenS, pers. comm.).

As a result of flooding associated with dam construction, Goat Lake is
now essentially part of Powell Lake, connected to it by a navigable channel
(Fig. 1}. Although considerably smaller (approx. 540 ha), it may nonetheless
be considered a "large lake" in itself, and is similar to Powell in its
fjord-1ike characteristics. Unfortunately, no morphometric or scientific
data are available for Goat Lake. Consequently, it is unknown how deep the
lake is, or if it contains a bottom layer of salt water.

3.0 TRIBUTARY STREAMS AND ACCESSIBILITY/SUITABILITY TO TROUT

There are a great number of major and minor streams tributary to Powell
and Goat lakes (Fig. 1), Many (including all major ones) were investigated
by boat and, where possible, by road in 1985, Due to the mountainous
surroundings (Figs. 2 and 3), the majority of streams that enter the Takes
are short and extremely steep (see Appendix I for photographic
documentation). Although short, lowermost portions and/or alluvial fans of
some may be recruitment and rearing areas for trout, the greatest portion of
their streamlengths can be ruled out from a trout production point of view.
The same applies to most of the smaller streams tributary to larger ones.

It is acknowledged that with the large number of streams involved, some
may have been overlooked during the 1985 overview. However, the most
significant streams were investigated, and those with greatest potential for
trout production (based on gradient and availability of habitat) are as
follows:

1. the Powell River

2. the Daniels River (tributary to Powell River)
3. Jim Brown Creek

4, the Eidred River, and

5. Olsen Creek (Fig. 4)

It should be noted that the first three are inaccessible to lake fish
due to major fish barriers at the outlet of the Powell River and
approximately 100 m above the outlet of Jim Brown Creek (Fig. 4; Appendix I).

5. Department of Oceanography, University of British Columbia, Yancouver.




&

th

z

ing nor

Powell Lake: south basin, look

gure 2.

i

F

near centre, Jooking northeast.

=
2

Goat Lake

Figure 3.



c
“®
&
Q?
"
ok

>
a

M~

o
(
THEODOSIA R, % c
' >
g,
)
THEODOSIA
INLEY
GOAT LAKE
W 2% N+ GIAVANNO LAKE
3 CONFEDERATION LAKE
INLAND LAKE —. known barriers to
LOST LAKE upstream fish passage
POWELL
RIVER
E,
%
>
Op
Ce,
O
chq

Figure 4. Streams with gradient and habitat suitable to trout production,
based on 1985 overview (scale 1:250,000).




-6 -

Similarly, a chute on the Eldred River may also restrict lake fish to the
lowermost 8 km under most (if not all) flow conditions. In addition,
barriers also exist on a number of other smaller but potentially productive
streams (Fig. 4; Appendix 1).

No barriers were encountered in the lowermost 1 km (approx.) of Olsen
Creek, which was 1investigated in 19856, However, due to a diversion
structure, additional discharge from the upper Theodosia River is diverted
down Olsen Creek, particularly during high flows. This has resulted in
massive erosion and streambed instability {(Appendix 1), greatly Tlimiting
trout spawning and rearing potential.

Lastly, a number of other streams, though accessible, appear to have
water shortage problems, as observed in 1985, These include the outlet of
Lost Lake and two tributaries entering the head of Chippewa Bay (extreme
north end of the south basin); the former had a flow of less than 0.01 m3/s
(0.35 c¢fs) in July 1985, and the latter contained some isolated pools, but
had no active flow in September.

4.0 FISH POPULATIONS IN ACCESSIBLE STREAM LENGTH

Following standard procedures (DeLeeuw, 1981), electrofishing was
conducted in stream areas accessible to lake fish (i.e., downstream from
barriers, or in streams without known barriers) on July 11-12, 1985
(Appendix II). Cutthroat trout (S. clarki clarki) fry and yearlings were the
only salmonids caught at sites in lowermost portions of outlet streams from
Lost and Inland lakes {sites 1 and 2, respectively; Fig. 5). Densities of
these fish were very low in both cases (Table 1), Both sites were dominated
by sculpins (Cottus asper) which were present at considerable densities
(5-10 g/m2, Table 1), These were the only two sites where water conductivity
was sufficient to allow electrofisher operation. A third site was attempted
in the Eldred River near site 4, in Figure 5, but was aborted due to
extremely low conductivity. The electrofisher registered no output, and fish
were observed darting about, unaffected. Similar results (or lack of them)
were obtained from another trial in one of the small lake-headed tributaries
to the Eldred River.

During further electrofishing conducted September 16-19, 1985, however,
sampling was effectively achieved at site 4 in the Eldred River, by means of
table salt additions to increase conductivity. Following installation of
downstream and upstream stopnets, the salt was added gradually (sprinkled),
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Table 1: Summary of biomass densities (g/m?) for all fish species captured at
1985 electrofishing sites in Powell Lake tributaries.
Date of Rainbow|Cutthroat| Dolly |Sculpins| Total [Total
Site/Stream Sample Trout Trout Varden Salmonid
1. Lost Lake July 11/85 - 0.81 - 5.13 0.81 5.94
outlet
2. Washout Creek | July 11/85 - 0.70 - 10.06 0.70 |10.76
{Inland Lake
outlet)
3. Olsen Creek Sept. 18/85] 0.06 0.16 - 2.60 0.22 2.82
3b. 0lsen Creek Sept. 18/85( 0.35 { - - - - 0.35 0.35
4, Eldred River Sept. 19/85] 0.04 1.06 - 0.64 1.10 1.74
5. Powell River Sept. 17/85f 1.27 - 0.86 - 2.13 2.13
6. Powell River Sept. 16/85} 0.11 - 0.82 - 0.93 0.93
7. Daniels River | Sept. 17/85| 0.22 - 0.05 - 0.27 0.27
8. Daniels River | Sept. 17/85] 1.45 - 0.41 - 1.86 1.86
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as required, to maintain optimum equipment output and capture efficiency.
Cutthroat trout fry and yearlings dominated the capture at this site
(Table 1), Sculpins were again present, but at low densities. Two fry were
identified as rainbow trout. In terms of total salmonid biomass, the results
at the Eldred River site were slightly higher than those in the lake outlet
streams sampled in July (sites 1 and 2), but not significantly so. On the
other hand, total biomass, including sculpins, was considerably lower at the
Eldred site (Table 1),

September sampling also included Olsen Creek (site 3; Fig. 5). Again,
salt additions were required. The total salmonid capture consisted of one
cutthroat fry and one rainbow fry (Appendix II), resulting in the Jowest
salmonid density found anywhere in the drainage (Table 1). These Tow
captures at site 3 prompted additional sampling at a debris site immediately
downstream (site 3b). The results were slightly better than at site 3, but
not significantly so. It is interesting to note, however, that all fish
captured at the site were identified as rainbow fry (Table 1; Appendix II).

5.0 FISH POPULATIONS IN THE POWELL AND DANIELS RIVERS

Following the particular interest of regional staff 1in the
Powell-Daniels system, more intensive sampling was conducted in these
streams, all of it during September 16-18, 1985. Four electrofishing sites
to sample juvenile populations (sites 5-8; Fig. 5) and two swim surveys
(wetsuit, mask, and snorkel) to enumerate larger ({adult) Ffish were
completed.

Electrofishing in both rivers again required salt additions. Rainbow
trout and Dolly Varden char (Salvelinus malma) were the only species
captured, except for several lamprey larvae (Lampetra richardsoni?) captured
at site 5 in the Powell River. Total biomass density ranged from 0.27 to
2.13 g/m? at the four sites (Table 1), with siightly higher densities in the
Powell River (ave. 1.53 g/m2) compared to the Daniels (ave. 1.07 g/m?).
Sites 5 (Powell) and 8 (Daniels) contained the highest salmonid densities
sampled 1in the drainage in 1985, and the overall mean of 1.30 g/m? for
sites 5-8 is higher than the results in any of the accessible stream
Tocations sampled (Table 1). However, compared to salmonid densities in the
order of 5 g/m2, which are often found in coastal streams, these results are
very poor. Consistent with this, swim surveys indicated less than 5 adult
rainbow (>20 cm) per kilometer below the Powell-Daniels confluence, and only
15-20 per kilometer in the Powell mainstem just above site 5 (Fig 5;
Appendix 1II).
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6.0 WATER QUALITY AND PRODUCTION POTENTIAL IN THE POWELL LAKE DRAINAGE

Low conductivity and fish densities encountered 1in Powell Lake
tributaries reflect an extremely low abundance of nutrients. Water samples
coliected from the Powell, Daniels, and Eldred rivers in September 1985 all
contained filterable residue {= total dissolved solids, or TDS) and total
phosphorus levels of only 4 mg/% and 0.005 mg/&, respectively {Appendix IV).

File data for Powell Lake (Water Quality Unit, B.C. Ministry of
Environment) indicate similarly low TDS and phosphorous levels in the upper
100 m of the water column; i.e., 10-14 mg/ % TDS, and 0.003-0,004 mg/% total
phosphorous (Appendix V}. Powell Lake not only receives low nutrient input
from tributary streams, but also has a ‘"nutrient sink" caused by the
stagnant, saline depths of the lake. Nutrients released through the
decomposition of dead plant and animal matter that falls to the lake bottom
are essentially trapped within the lower saline layer. This appears to be
particularly true of phosphorus, and it is undoubtedly this nutrient that
most 1imits biological production (to Tow levels).

7.0 FISH POPULATIONS IN POWELL AND GOAT LAKES
7.1 Abundance and Size

On July 7, 1985, 100 m experimental gillnets were installed in
Powell Lake: (i) at the outlet of Olsen Creek and (ii) from a headland
in the east basin and in Goat Lake near the outlet of the Eldred River
(Fig 5). Each was removed approximately 24 hours later. Five species
and a total of 164 fish were captured {Table 2}.

Tables 2 to 5 and Figure 6 clearly indicate the dominance of

cutthroat in the total catch, in terms of both numbers and size. This
species represented 64% of the numbers and 73% of the biomass of the
total catch from Powell Lake. Cutthroat were far more numerous and
considerably larger than any other species in Powell Lake (Table 2). It
is noteworthy that the larger size and numerical dominance of cutthroat
(vs. rainbow) in the catch (4.5:1) is consistent with local reports of
sport catch composition (est. 5:1 cutthroat to rainbow; P. Jantz,
pers. Comm. ).

The catch results were similar in both Powell and Goat lakes except

for the presence of many small Dolly Varden char and sculpins in the
capture at the latter site. It is interesting to note that although
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Table 2: Catch Composition (numbers of fish) in July 1985 gillnetting fin
Powell and Goat lakes.
Net No Location Species Number [ Size Range {mm)
1. Powell Lake cutthroat trout 22 136 - 466
(east basin) rainbow trout 5 190 - 349
kokanee salmon 4 111 - 216
sculpins 1 145
2. Powell Lake cutthroat trout 17 124 - 427
{nr. 0lsen rainbow trout 4 278 - 339
Creek) kokanee salmon 3 179 - 200
sculpins 5 120 - 150
3. Goat Lake cutthroat trout 20 174 - 539
{nr. Eldred R.}| rainbow trout 4 254 - 355
kokanee salmon 12 183 - 220
Dolly Varden char 39 113 - 253
sculpins 28 120 - 150
Table 3: Catch Composition (percentages) in July 1985 gillnetting in
Powell and Goat lakes.
Cutthroat | Rainbow | Kokanee Dolly
Net No. Location Trout Trout Salmon VYarden | Sculpins
1. Powell Lake 69 16 13 - 3
(east basin)
2. Powell Lake 59 14 10 - 17
(nr. Olsen Cr.)
Powell Lake
Total 64 15 11 - 10
3. Goat Lake 19 4 12 38 27
{nr. Eldred R.)
Overall Total 36 8 12 24 20
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Table 4: Biomass Composition* (kg) in July 1985 gillnetting in
Powell and Goat lakes.,
Cutthroat| Rainbow { Kokanee | Dolly
Net No.| Location Trout Trout Salmon Varden |Sculpins; Total
1. Powell Lake 5.0 1.2 0.2 - 0.0(3)] 6.4
(east basin)
2, Powell Lake 3.0 1.2 0.2 - 0.1 4,5
(nr. Olsen Cr.,)}
3. Goat Lake 8.1 0.9 0.9 2.8 0.7 13.4
(nr. Eldred R.)
Totals 16.1 3.3 1.3 2.8 0.8 24.3

* Based on an estimated condition factor of approx. 1 x 10-° for all species, as
obtained for trout. T

Table 5: Biomass Composition (percentages) in July 1985 gillnetting in
Powell and Goat lakes.
Cutthroat | Rainbow | Kokanee Dolly
Net No. Location Trout Trout Salmon Varden | Sculpins

1. Powell Lake 78 19 3 - 0(.5)
{east basin)

2. Powell Lake 67 27 4 - 2
(nr. Olsen Cr.)
Powell Lake 73 23 4 - 1

Total

3. Goat Lake 60 7 7 21 5
(nr. Eldred R.)
Overall Total 66 14 5 12 3
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Dolly Varden were captured in stream sampling of the Powell-Daniels
rivers, but not the Eldred (Section 4.0), this species was caught only
in the Goat Lake net set (Table 2). Furthermore, all were small, the
largest being 253 mm in length. Because of this, although cutthroat
were outnumbered (Table 2), they nonetheless dominated the biomass (60%)
at this site, similar to those in Powell Lake {Tables 4 and 5).

7.2 Age Composition

Scale samples were read from 47 fish (32 cutthroat, 9 rainbow,
6 kokanee) from the Powell Lake captures, and another 31 fish (17
cutthroat, 4 rainbow, 10 kokanee) from those in Goat Lake (Appendix 1V).

Age composition for cutthroat is provided in Table 6. The high
proportion of older fish in the sample (i.e., 25% age 5 or older)
suggests that the population may be lightly exploited by angling. The
fact that the total biomass of older age groups represents a high
percentage of the total sample weight also supports this speculation
(Ricker, 1975). The same pattern pertains to the rainbow trout in the
sample (Table 7), and is even more skewed towards a predominance of
older, larger fish. If either trout species is in decline, it does not
seem 1ikely that this 1is 1largely attributable to current angling
effort.

7.3 Food/Predation

Although gut analyses were not conducted on al} gillnet specimens
(due to severe time constraints associated with the distances to be
travelled), remains of small fish (species unknown) were found in the
stomach contents of large cutthroat. It seems safe to assume that
Powell Lake cutthroat predate significantly upon other fish species,
including small rainbow trout and kokanee (Scott and Crossman, 1975).
Since the productive capacity of the system is low, judging by nutrient
levels, cutthroat possibly 1limit the survival/production of other
species, as evidenced by the numerical and size dominance obtained from
gilinet sampling (and as reported for the sport catch).

In this regard, it is interesting to speculate about the numerous
small Dolly Varden captured near the Eldred River in Goat Lake.
Although this species is often a significant predator of other fish
(Scott and Crossman, 1975), it appears to be subdominant to cutthroat,
shifting to bottom-feeding in the presence of the latter species in some
B.C. coastal lakes (Andrusak and Northcote, 1970). In a lake where most
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Table 6: Age composition from Powell-Goat lakes cutthroat trout scale samples,
and associated biomass estimates,

AGE
2+ 3+ 4+ 5} 6+ 7+ 8+
Number of fish 7 24 6 3 4 4 1
% of total 14 49 12 6 - 8 8 2
Mean length (mm) 208 242 285 335 389 403 539
Total! biomass (kg) 0.6 3.5 1.5 1,1 2.5 2.7 1.6
(%) 4 26 11 8 19 20 12

Table 7: Age composition from Powell-Goat lakes rainbow trout
scale samples, and associated biomass estimates.

AGE
3+ 4+ 5+ 6+ 7+
Number of fish 2 1 4 5 1
% of total 15 8 31 39 8
Mean length (mm) 202 254 290 324 355
Total biomass (kg) 0.2 0.2 1.0 | 1.7 0.4
(%) 6 6 29 49 11
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of the bottom is saline and anoxic and where much of the basin is
undoubtedly rocky, suitable areas for bottom feeding are undoubtedly
limited. Based on 1985 field observations and aerial photography, the
portion of Goat Lake near the mouth of the Eldred River is one of very
few muddy shallow areas 1in the Powell-Goat lakes system where
significant benthic production and feeding might be expected. It is
conjecture, but on the basis of {i) concentration of Dolly Varden in
this area, (11) their small size, and (iii) the absence of any larger
Dolly Varden in net captures, all seem to indicate heavy pressure from
the cutthroat population.

Certainly, the low numbers of kokanee in the catch (Tables 2 and 3)
suggest a high rate of predation by cutthroat. It is cautioned,
however, that the different characteristics in the Goat Lake catch may
simply reflect chance and/or other factors.

7.4 Spawning/Rearing of Juvenile Fish

Circuli counts and anterior scale radii (ASR) measurements were
conducted on the 49 cutthroat and 13 rainbow trout scale samples from
the July 1985 gillnet captures. In addition, similar measurements were
taken from 11 juvenile cutthroat and 9 juvenile rainbow captured during
July and September electrofishing (Appendix VIII).

The primary objective was to identify time of lake entry (fish age)
for lake-caught fish, and any similarities (or differences) in scale
patterns between lake-caught and stream-caught specimens. Anterior
Scale Radius measurements were highly variable, both between and within
age groups, and no distinct patterns were discernible. Cumulative
circuli counts to successive annuli also displayed considerable
variability, but there was sufficient consistency to Tump them into

three basic patterns for lake-caught trout, both cutthroat and rainbow.

Results are summarized in Tables 8 and 9 for cutthroat and rainbow,

respectively. The reader is cautioned that these results are presented
as trends only and have not been confirmed statistically (due to
insufficient sample size). Furthermore, in general, there was not the
distinct difference between stream growth and lake growth that is often
seen on fish scales from productive lakes. This hampers interpretation,
and again attests to low productivity throughout the system, However,
for both cutthroat and rainbow, some degree of lake entry as
underyearlings does seem indicated by pattern 3 (higher circuli numbers
to first annulus, accentuated in later years; Tables 8 and 9). These
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Table 8: Circuli counts for scale samples from cutthroat trout captured in
July 1985 gillnetting of Powell-Goat lakes.
Cumulative Circuli Counts to Successive Annuli
Pattern| Sample
No. Size | Ann 1 Ann 2 Ann 3 Ann 4 Ann 5 Ann 6 Ann 7
{no. of
fish)
1. 26 7.5 17.3 29.4 42.1* 52.2 63,0 77
2. 4 7.8 19.5 37.0 54,0% 76 88
3. 19 9.2 25.7 39.3 56 .0% 67.4 80.6 92.0

* first evidence of spawning in sample.

Table 9: Circuli counts for scale samples from rainbow trout captured in July
1985 gillnetting of Powell-Goat lakes.
Cumutative Circuli Counts to Successive Annuli
Pattern{ Sample
No. Size | Ann 1 Ann 2 Ann 3 Ann 4 Ann 5 Ann 6 Ann 7
(no. of
fish)
1. 2 8.5 17.5 32.0 44 ,0* 54,5
2. 7 8.4 21.9 34.0 54.0% 67.2 79.6 84
3. 4 9.8 27.5 44,0 63.5% 80.0 90

* first evidence of spawning in sample.




- 18 -

fish represent 39% and 31% of the total cutthroat and rainbow samples,
respectively. Both trout species also indicate an intermediate pattern
(pattern 2; entry at age 1+?), and one strongly suggesting at least two
years of stream residence (perhaps up to 3 years in some cases) before
lake entry (pattern 1). While the latter represented only 15% of the
total rainbow sample, it dominated (53%) that of cutthroat. This is
consistent with the predominance (though low numbers) of overyearling
cutthroat in sampling of accessible stream areas.

Juvenile scale samples were too few and limited to conclude very
much (Appendix VIII). However, age 1+ stream-caught cutthroat (n = 5)
all evidenced 7 or 8 circuli to the first annulus, supporting the
speculation that patterns 1 and 2 for lake-caught fish reflect at least
one year's stream residence prior to lake entry. No age 1+ or older
rainbow were caught in accessible streams. With one exception, those
sampled in the Powell-Daniels system (again, 5 in all) indicated 5 or 6
circuli to the first annulus (Appendix VIII). No rainbow from the
lake-caught sample had less than 7 circuli to the first annulus
{Appendix VII). Although the number of samples is small, and it may be
possible that some Powell-Daniels rainbow tay down 7 or more circuli to
the first annulus, there 1is no indication that these streams are
important rainbow recruitment sites (through displacement) for Powell
Lake,

7.5 Past Stocking of Powell Lake

Fish Culture Section (B.C. Fisheries Branch) records show that a
total of 520,000 rainbow trout eggs were used to stock Powell Lake from
1926 to 1937. Then, in 1950, 10,000 rainbow fry were released to the
Powell River. Unfortunately, no other details regarding these stocking
attempts (or reasons for their discontinuation) are on record. However,
Mr. William Todd®, who fished Powell Lake in the early 1930's, reports
that rainbow in the 0.5 kg-0.7 kg range predominated in the catch at
that time. There has been no further (official}? stocking of the
system, with any species, since the 1950 release to the Powell River.

6. Retired, Sidney, B.C.
7. Rumour has it that unofficial local attempts at rainbow culture may
have been made, and may still be occurring.
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8.0 DISCUSSION

8.1 Current Production and Dynamics of
Fish Populations in the Powell Lake System

At the outset, it must be fully recognized that most of the data
presented refer to what 1is essentially a single point in time
{July/September 1985). Consequently, a great deal of speculation is
used in trying to establish what the population dynamics might be for
the system. On the other hand, all biological data at any point in time
are a reflection of the prevailing physical and chemical constraints on
productivity plus such factors as exploitation rates (e.g., sportfishing
harvest). The objectives of this discussion are to: (i) determine what
is most indicated, (ii) what the implications are in terms of fisheries
management, and (iii) what enhancement opportunities exist, if any.

Clearly, on the basis of the water quality data, Powell Lake and
its attendant drainage have a very limited productive capability. 1In
view of this, the reported sport catch of approximately one cutthroat
per angler day {(P. Jantz, pers. comm.) is surprisingly high, as it
exceeds the average catch per unit effort (0.87 fish/angler day) for the
Lower Mainland. Furthermore, the 1large catch in the July 1985
gilinetting (164 fish total) was exceptionally high for a large
oligotrophic coastal lake (J. Balkwill®, pers. comm.), and suggests the
existence of a relatively large population of fish for a system of this
type. In view of this, and the relatively high numbers and biomass of
older fish (age 5+ and older) in both the cutthroat and rainbow
populations, it can only be concluded that existing fishing pressure is
1ight, that the production/abundance of fish primarily reflects natural
controls, and that the system may be operating at, or near, natural
capacity at present.

The bjological data seem to indicate a rather delicate natural
balance in the system's fish populations. Cutthroat are strongly
dominant both in terms of numbers and size, and likely control the other
fish populations {including rainbow trout), largely by predation. The
Tow numbers of kokanee and rainbow suggest that predation by cutthroat
is intensive. The apparently limited distribution and stunted size of
Dolly Varden also seems to reflect a high level of competition for
limited resources.

8. i/c Inventory Operations, B.C. Fisheries Branch, Victoria.
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Sampling of tributary streams accessible to lake fish revealed
relatively Tow numbers of juveniles. It would appear that rates of
natural recruitment are low, even from accessible streams with suitable
habitat. Furthermore, small recruits (of all species) entering the lake
are undoubtedly a food source for predaceous cutthroat, and, likely,
cannibalism serves to some extent 1in controlling the size of the
cutthroat population itseif.

Given the system's very limited productive capability as a result
of low nutrient supply (particularly phosphorus), all of the above do
indicate that a critical balance does exist, and is likely close to
natural capacity.

8.2 Enhancement Capability

Under the right circumstances and using the appropriate techniques,
enhancement may be used to increase fish production over existing levels
in lakes and streams. For instance, where spawning habitat is limited,
stocking and/or spawning habitat improvement (to improve natural
recruitment) may result in increased production. However, the provision
of more young fish {recruits} to a system will result in improved catch,
only if the system has the surplus food resources to support them. In
the case of the Powell Lake system, the reverse appears indicated.
There seem to be large numbers of fish competing heavily for available
food resources, ultimately being dominated by predaceous cutthroat,
Under such circumstances, the provision of more recruits to the lake (by
stocking or habitat improvement) could simply result in wasted funds,
time, and effort (additional fish lost to predation or natural mortality
due to lack of food resources); or, worse, could disrupt the current
balance by increasing intraspecific and/or interspecific competition.

In some systems with limited nutrient availability, fertilization
may be used to artificially increase natural production capabilities.
However, from both a logistical and financial viewpoint, it would be
impractical to consider fertilization of Powell Lake. Besides the
lake's sheer enormity, the ongoing loss of nutrients to the stagnant,
saline depths would necessitate that fertilization be regular and
ongoing (perhaps indefinitely). The cost would likely be hundreds of
thousands of dollars a year. Consequently, any consideration of
enhancement strategies for the Powell Lake system must be based on
natural levels of productivity and, consistent with concerns expressed
above, must include extreme caution. Relative to its productive
capability, Powell Lake is already providing a good fishery for Powell
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River anglers, and this must not be jeopardized by upsetting natural
balances (e.g., increased effort and catch).

A final consideration is the desirability of enhancing the Powell
Lake fishery, should this prove possible. Due to the lake's size and
frequently "“choppy" conditions, it may only be fishable by those with
substantial power boats. This, no doubt, is a factor in the obvious
lack of angling pressure at present. Consequently, fisheries
enhancement of Powell Lake (if biologically feasible) may not be of
benefit to the general public.

8.3 Species-Specific Enhancibility

The original proposal of MacMillan-Bloedel Ltd. and the Powell
River Salmon Society was to stock the system with rainbow trout.
Previous stocking with this species, and at least one report of a
predominant rainbow fishery in the 1930's (section 7.5), would seem to
support this proposal. However, there is no indication of what the
species complex was prior to stocking, what the final outcome of the
stocking program was (general improvement or deterioration of the
fishery?), or why stocking was terminated (lack of return?, decreasing
fish size?).

On the basis of current information, rainbow would not seem the
best candidate for enhancement. Even if some capacity for fisheries
enhancement does exist, a proportion of any juvenile rainbow released in
the Take will be lost to cutthroat predation. If food resources are
limited {as suspected)} undoubtedly a large proportion would become food
for cutthroat; and due to increased competition, surviving rainbow would
1ikely experience increased natural mortality rates. At the same time,
the additional pressure on wild rainbow recruits could have the net
effect of reducing overall growth and/or survival of rainbow trout (a
sub-dominant stock) in the lake.

Assuming that some level of cannibalism does occur with Powell Lake
cutthroat, enhancement attempts with this species could also be
ineffective due to predation. Furthermore, there is the same risk as
that suggested for rainbow, that surviving recruits could increase
intraspecific competition to the overall detriment of the stock. Given
the interspecific dominance of cutthroat in the system, it seems most
1ikely that the ultimate outcome could be a general decline in fish size
(reduced growth rates due to increased competition for limited food
resources), as opposed to numbers.
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Since Dolly Varden is another species that typically predates upon
small fish, any enhancement of this species could increase competition
with cutthroat, possibly to the detriment of the latter. Furthermore,
the data suggest that Dolly Varden are not successful in Powell Lake,
and consequently the species is not a good candidate for enhancement, in
any event.

The remaining species for consideration is kokanee. Several
management strategies proposed by the Large Lake Management Committee
{Anon., 1986) recommend kokanee enhancement to increase production of
predaceous trout in certain types of large lakes. However, with its low
nutrient avajlability and what appear to be relatively unexploited
(Yightly fished) fish populations, these management strategies do not
apply to Powell Lake (E. Parkinson?®, pers. comm.). Kokanee production
in the lake is likely limited not only by cutthroat predation but also
by low production of mid-water zooplankton, and there is probably little
point in attempting to increase numbers of this species.

Of all the species, cutthroat would be the best with which to
conduct trial releases to determine if any potential for enhancement
does exist in the system. However, because of the risk that excessive
releases of this species could have a net detrimental effect on the wild
stock {general reduction in fish size), the size of any trial releases
must be conservative. A rate of 1 or 2 recruits per hectare (12,000 to
24,000 total) should be adequate for detection in the fishery
(E. Parkinson, pers. comm.). Al1 fish released must be marked (fin
and/or maxillary clips) to enable positive identification in the catch.

8.4 Future Enhancement Potential

There may be some potential to increase trout production in the
Eldred River and/or Powell-Daniels system. However, to do so would be
premature at this point. Firstly, it is unknown if any additional
recruitment from these streams would be beneficial to the lake
populations ({(and fishery). Secondly, due to lack of public access,
attempts at developing stream-resident populations would be
inappropriate. Low stream productive capacity for resident trout would
also negate this option.

9. Lake Fisheries Scientist, Fisheries Research and Development, B.C.
Fisheries Branch, Vancouver.
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However, if it can be shown (through trial releases) that Powell
Lake 1s capable of supporting increased trout recruitment, then further
consideration could be given to enhancement of migratory trout {(lake
recruit) production in these streams (spawning and early rearing). This
might include barrier removal or fishway construction, if
cost-effective.

By the same token, provision of fish access above barriers 1in
several smalier streams (e.g., Jim Brown, Washout and Giovanno creeks)
might also be a future consideration. It must be emphasized again,
however, that such undertakings could only be considered after it has
been determined that Powell Lake is capable of supporting higher trout
recruitment levels,

CONCLUSTONS AND RECOMMENDATIONS

1. A1l evidence indicates that existing fish populations in Powell Lake
are large relative to the lake's low productive potential.

2. The high numbers and biomass of older fish in the trout populations
indicate that fishing pressure is 1light, and that current production
Tevels are primarily controlled by natural phenomena.

3. If the principal natural control is a lack of accessible spawning
and/or rearing habitat in streams, resulting in inadequate
recruitment to the lake, then enhancement of lake populations might
be achieved by stocking and/or provision of fish passage to
presently inaccessible habitat.

4. On the other hand, if the principal control is the lake's low

productive potential (limited nutrient and food availability), no
significant level of enhancement would be achievable.

5. Again, all evidence seems to suggest the latter. It would appear
that large predaceous cutthroat in Powell Lake are exerting severe
pressures on the other species present, controlling their population
size in a limited environment.

6. Stocking trials might be conducted to prove or disprove this
hypothesis, but no habitat enhancement (i.e., fish passage
improvements) should be considered at present. Such undertakings
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might be recommended if trial stocking indicates the lake has a
capacity to support increased recruitment.

The dominant species, cutthroat trout, should be used for any
stocking trials at this time.

Due to the real possibility that such releases might result in
over-recruitment of the lake (and detrimental impacts on wild fish),
the size of the releases should be conservative. A rate of 1 or 2
fish per hectare, or 12,000 to 24,000 fish in total, should not be
exceeded pending an initial evaluation (e.g., creel census plus
netting program).

A1l hatchery fish should be marked to enable positive identification
in the fishery.

Since it is speculated that a delicate balance may currently exist
in the 1lake's biology, even small trial releases must not be
conducted in the absence of a firm commitment to adequately monitor
the results through the sport catch. This should not be limited to
enumerating returns of tagged fish, but should also include careful
screening to detect any shifts in catch trends {species, size,
numbers, age, etc.} of other species.

Gillnetting should be conducted to augment catch data and to most
clearly evaluate the effect of the trial releases and monitor any
changes in wild fish stocks.

If the return of stocked fish is low, and/or if any negative trends

appear (e.g., reduced growth rates), stocking trials should be
discontinued.

Furthermore, if in the course of monitoring the catch it is detected
that numbers of older/larger trout are rapidly declining, more
conservative catch regulations should be implemented.
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Appendix I. Photo documentation of high gradient and
fish barriers in Powell Lake tributary
streams.
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Appendix II. Habitat and fish capture results at 1985

electrofishing sites in the Powell Lake
drainage.
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Appendix II1. Results of swim surveys in the Powell River,
September, 1985,
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Appendix IV, Analytical results for water samples taken from
the Powell, Daniels, and Eldred rivers, Sept. 1985,
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From :85/709/47: 0000 To :85/70%9/17: 0000

lepth Range 0.0 0.0 Tide

jample State Fresh Water Sample 85012448
Parameter Description Analytical Technigue Result Units
residue Filterable = TDS Gravimetric 105C 7 mg /L
4 mg/L. Sample was received frozen.

ditrogen NO3+NDZ Dis Froz. Aut. Cadmium Red’n < 0.02 mg /L
ditrogen NO3 Diss (N} Calculated Result < 0.02 mg/L
Nitrogen NO2 Diss{N) Froz. Auto. Diazetiz’n < 0.005 mg /L
*hosphorus Total Froz. Dig. Aut. Ascorbic Ac 0. 005 mg/L
Conductance Specific Bpecial Analysis

3 uS/em

jample received frozen.
The cost of this special analysis was % 8. 40
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jample Btate Fresh Water Bample 835012446
Parameter Description Analytical Technique Result Units
Residue Filterable = TDS Gravimetric 105C ? mg/L
4 mg/L. GBample was received frazen.

ditrogen NO3+NDO2 Dis Froz. Aut. Cadmium Red‘n 0. 05 g /L
Hitrogen NO3 Diss{N) Calculated Result 0, 05 mg/L
Nitrogen ND2 Diss (N} Froz., Aute.PDiazotiz‘n < O, 005 mg /L
*hosphorus Total Froz.Dig. Aut. Ascorbic Ac G. 005 mg /L
Conductance Specific Gpecial Analysis

7 u8/cm

jample received frozen.
The cost of this special analysis was % B. 40




27~Nov-85 MINISTRY OF ENVIRONMENT Page- 2
ENVIRONMENTAL LABORATORY
Report for form 00011547

Fish & Wildlife Br.- Fish Program ATTN: GRIFFITH R P

—— — - — it e e S o S - — iy i b S Sy B VPR Sl e S S — (i Son S e e S —

From :85/09/19: 1300 Ta :85/709/19: 1300

Tepth Range 0.0 0.0 Tide

Sample Btate Fresh Water Sample 85012458
Parameter Description Analytical Technique Result Units

R s e S v T e o Mt o WS S -  Frue — el ke ekl Sy g S Vg GO S T SR S R B g S S S St Bl VAR Sl vk ek Rl e el e e s e ek e Y e o S S T———

4 mg/L. Sample was received frozen.

Nitragen ND3+ND2 Dis Froz. Aut, Cadmium Red'n C.C5 | mg/L
Mitrogen ND3 Diss (N} Calculated Result 0. 05 mg/L
Nitrogen NOZ2 Diss(N) Frez. Auto. Diazotiz'n | < 0.005 mg/L
“hosphorus Total Froz.Dig. Aut, Ascorbic Ac 0. 005 mg/L
Conductance Specific Special Analysis

7 uS/cm

Jample received frozen.
The cost of this special analysis was % 8. 40




Appendix V. MWater quality data on file for Powell Lake.
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APRIL 9, 1980 ENVIRDNMENTAL LABOKATORY PAGE )
MINISTRY OF THE ENVIRONMENT
wATER GUALITY REPURT FOR SAMPLE DUL2492-
o TOS WATER INVESTIGATIONS BR .
1106 COOK B7,
VICTORIA,B,C, VBV 319
ATTERTION OFt € MOKEAN
| FOk SITED 1130046 POMELL LAKE
b e e . -
SevpPLIng DATE(SYt MAR 4780 1200 HRS ;
| SAMPLE TYPEt FRESH kATER :
X SAMFLING DEPTH? 0 I
! SavPLE: RYt “,1,B, = ENVIRDN, STUDIES
F DaATE RECFIVED BY LABORATORY: MAR D8O .
| océosoi PR i 6,5 0050101 RESIDUESTL i05C iz, |
: REL UNIT ME/L |
: : i
. p0b0IDt  RESIFIX,550C 4, OoBNIDY RES! N=FILT,I0S 1e |
- MG /L MG/L
! i
COYTThE  ReSiex NFIL 85 UL, C1{f10y TSFECIFIC CORNGLC 7 §¢, -
: MG /L UMKO/CH
| 0150401 TURBIDITY 0,0 0241701 COLOUK:TAC 6o |
, J.T.UNIT T.A.C. ]
102010y ALKALTSYIViTOT T 4,3 TUTO%Ai0] T CARBONIORGANIC I
MG/ ¥ /L
1041702 CHLDRIAE 318801 2,5 1081703 NITRDGN A MONT S n,oL7
: HG/L M["/L
i 1091705 NITROG3~L2 ND3 0,1} 1120003 NITKOGNTORGANTT 0,07
; ‘ MG /L MG /L
1130304 r ITROGVERJELDER .08 1140001 NITROGESITOTAL 0,18
i MG /L MG /L
1181703 PHUSPRGRUSIORT L 0,003 1191703 PROSPHERUS 3T0T — [ 0,003
l ¥G/L DISSOLYED ME/L
i
. 1190103  PAGSPRORUS pT0T 0,00% 1201702 SILICARKEACTIVE 2.4
| MG/L : MG/L
1211707 SULPRATEIDISSOL L 5,0 1230101 TANNTRELIBNIN 0,3
FG/L MG/L
1240101 CARBO.1INGRG, L 1, 2530210 CADMIUv L D,0005 -
MG /L TOTAL MG/L |
Lr—‘ ehayble CaLClu- 1.C 254730% CALCILS 1.1
DISSOLVE! “G/L TOTAL MG /L I
!
“ - ,___S‘“E,LE N, C-D?a??_iy_‘_ CONYILUE™ DR KEXT PA_G_@, -




! REMARKS:

o CAPRIL 9, 1880  ENVIRDNVENTAL LABDRATORY —  FAGE 5 )
) l MINISTRY OF THE ENVIRONMENT !
4 - :
o : WATER QUALITY RLPORY Fpk SamplE D0P492w
gmégboal__gﬁpfﬁiﬁ 0,004 570214  IRON L qul,'
TOTAL MG /L TOTAL MG/L
2560210 LEAD L 0,003 P59180) MAGNESIUN 0,3
TOTaL MG/L DISSOLYED MG /L
| 2590303 MAGRESIUN 0,3 2600214 MANGANESE L 0,01 °
i TOTAL MG/L TOTAL MG/L
2620204 WMQLYBDENUM L 0,0008 2630210 NICKEL L 0,01 !
TOTAL MBE/L TOTAL MG/L
|
2641703 PRTASSIUM 0,? 2651703 SoDIuwv 1,9
i DISSOLVED MG/L DISSOLVED MG/L
! !
ebbp210  ZINC L 0,008 ZeTN2IG  ALUMINUNM C,03 |
TOTAL MG/L TOTAL VoL |
THE APPROXIMATE COST OF THE ABOVE TESTS 1S § 141,50 #
v !
¢ 1 YMEKE IS ND ChARGE FOR THE FOLLOWING TESTS I
: ;
0300301 COMP,DIL,COND, N |
( - UrHO/CH |
!
i
|
|

) |

LAY RN




L

- APHIL 9, 1960  ENVIKONMENTAL LABORATORY PAGE 1 Y
MINISTRY DF THE ENVIRDNMENT
WATER GUALITY REPUPT Fok SAMPLE QL2493
\ . TO3 WATER INVESTIGATIONS BR ,
f 1306 COOK ST, <
VICTORIA,B,C, V8V 319
ATTENTION OF: © MCKE AN
! FOR SITE! $130046 DO®ELL LAKE

SA¥PLING DATE(S)t MAR 4780 1200 KRS :
SAMPLE TYPE: FRESH WATER ?
SAMPLING DEPTHI SO !
SAMPLED BY$ “,).B, = ENVIRON, STUDIES '
DATE RECEIVED BY LABORATORY: MAR Da/80 '
0040401  PH 6,8 ONSC10s  RESIDUEETL 105C 12+ |
REL UNIT ME/L
potpipt RESSFIX,550C 4, POBNIDY  RESE N=FILT,IDS Te |
MG/L MG/L |

| 0090102 RESTFX NFIL S50 [ 1, O5iCi01 SFECTFTC CONDUL 18,
Nis/L UMHO/LH
0150101 TURBILITY 0,4 - 0241703 COLOURITAC he |
J.TIUNIT ’ T.AQCC i
|
L_1920101 ALKALINITYITOT 4,3 10303101 LCARBONTURGANTC 1, !
MG /L MG/L

1043702 CHLORIDESDISSUL 2,8 {0817D3 MNITROGNSAMMONIS L 0,005

MG/L MG/L
1091703  NITRGGNENDS ND3 0,1 1120003 NITROGNIORGANIC 0,07 .
MG /L MG/L
1130101 NITROGNIKJELDAK 0,07 1145001 NITRDGENITOTAL 0.17
MG /L MG/L |
i
1384703 PHOSPHORUSIORTY L 0,003 1191703 FPrHOSPFHORUS 3707 L 0,003 .
FG/L D1SSOLVED MGAL

1190103 PROSPRORUS $T0T | 0,003 1251702 SILICASREACTIVE 2,

MG/L MG/L
1211703 SULPRATES[ISSOL L 5,00 1240101 CARBONTINORG, [ P
MG /L MB/L
2530210 CaADMIuw L 0,0008 RS564§802 CaLCIUM SN
TOTAL MG /L DISSOLVED MG/l

~ES4p303 CALCIUY 151 £567F10 CGPPER 0, 0¢

YOTAL FG/L TOTAL ME/L

SAMPLE KO,

0oP&93K

COMTINUED ON NEXT

PAGE,

y




( APKIL 9, 3980 = ENVIROAMENTAL LABDRATORY TTPAGE 2 0
i MINISTRY DF THE ENVIKDNMENT ,
h }
- YATER GUALITY REPORT FPR SAMPLE 0UR2493w i
[ 2570214 JROs - L 0,01 2580210 LEAD L 0,008
T0TAL MG /L TOTAL MG/L |

2591801 MAGRESIUM 0,3 2590303 MAGNESIUN n,3

; PD1SSOLVED FG /L TOTAL NG/L
2600218 MANGANESE L 0,01 2620204 MOLYBDENUM 60,0005 °
T0TAL M/l TOTAL ME/L |
I
2630210 NICKEL { 0,01 2641703 POTASSIUM 0e2 |
TOTAL MG /L DISSOLVED MG/L |
2653703 S0D1UM 1,8 2660210  ZIMC L 0,005 ?
P DISSOLVED MG /L TOTAL Me/L
i
267D214  ALUNINLY L C,ben |
TOTAL ME/L i
THE APPROXIMATE COST pF THE ABOVE TESTS IS 8§ 134,60 ?
| 5
THERE 15 ND CHARGE FOR THE FOLLOWING TESTS j
i
030030y COMF,DIL,COND, N ;
! UMHD /LM '
1 '
REMARKS? §
|
(_/ @, Mg ;
..tllotoo--c-olloc-.touontu' }
K 'ENVIRCNMENTAL LABORATORY |
i
|
|
5




MRS
Ly

SEMPLE NO,

D0249Ly

CONMTINUED O NEXT PAGE,

CAPRIL 9, 1980  ENVIKDNMENTAL LABDRATORY PAGE § N
MINISTRY OF THE ENVIRDNMENY f
WATER GUALITY REPOKT FDR SAMPLE CO2494v
\ TC: PATER INVESTIGATIONS BR ,
1106 COOK ST, N
VICTORIA,B,C, VBV 329 ’
ATTERTION OF8 € MCKEAR
FOk SITESD 113004k DOVELL L&KE
SAvPLING DATE(S)t MAK  4/8D 120C HRS ,
SAMPLE TYPE; FRESH WAVER :
SAMPLING DEPTH1 :
SAMPLED BYt v,1,B, = ENVIRDN, STUDIES '
UATE RECEIVED BY LAEOKATDRYS MAR D6/80 i
0040101 FA 6,6 0050101 RESIDUESTL TOSC 183, |
REL UNIT MG/L i
006010 RESIFIX,55pC Su,  C071703 RESSFILT,10SC 120,
MG /L PG/L
i
COEDI0YL  RESY NeFILT, 105 1, 0GIuIn2  RESIFX,NFIL 55D bty
MB/L ¥G/L ,
0110301 SPECIFIC cONDUC 221, 0150103 TURBRIDITY 0,5
UrKO/CH J.T.UNITi
02431707 COLGURITAL 3, 0300101 COMF,0IL,CDKRD, 235, |
TohoCo UMHO/CY |
1
1020401 ALKALINITYSTOT 13,3 1030403 CARBONSORBANIC  SPO
FG/L MG/L
- 104370 CHLGRIBESDISSOL 57,1 1061703 NITKOGATAMMONTA 0,034
MG/L KE/L
1091705 NITROGNING® NO3 U, 11 1100003 NITROGENIND3 Co1ini
FGe/L FMG/L
1111703 NITROGENEADD L 0,005« 1120003 NITROGNIORGANIE 0,06 ,
MG/t FE/L
1130101 ANITROGRIKJELDA~ 0,11 1140001 NITKOGEXITOTAL Q.8
MG/L ¥G/L
1181703 PHOSPRORUSTORT [ 0,003 §191703  FHUSPRORUS $TOT 6,003
MG/L CISSOLVED MG/L
t
11901063 PHQSPRORUS tTOY ¢, noa 12117031 SULPHATE:DISSOL L 5.0
FE/L ¥E/L
1240501 CARBUNTINDRG, 5, 2530250 CADNIUF L 0,005
Mo/t TGYAL MG /L

A

UL FUL R LY Y




"~ APRIL 9, 31980  ENVIRONMENTAL LABOKAYORY  PAGE 2 ™
MINISTRY OF THE ENVIRONMENTY .
i WATER GUALITY REPDRTY FOR SaFpLE DD24SuA
|
2581602 CALCIur 2,8 2540303  CALCIUY 2e9
DISSOLVED MG/L TOTAL MG/L
i eS%6p210c CopPEK 0,002 2570214 IRON L 0,01
! TOTAL KG/L TOTAL MG /L
|
i e56p210  LEAD L G,0D1 2591801 MAGHESIUN 3,9
‘ YOTAL KG/L DISSOLVED MG /L
2590303 MAGNESIUM 3,9 2600218 MANGANESE 0,643 !
TOTAL ¥G/L TOTAL MG/L
2620204 MOy YBDENUM L 06,0005 2630230 NICKEL L 0,01
TOTAL MG /L TUTAL MG/L
i
2641703 POTASSTIUN 1,1 2651703  SODIuN 32,7
DISSOLVED FG/L DISSOLVED FG/L
2660210  ZINC L 0,005 2670214  ALUNINU® L 0,024’
: TOTAL MG /L TGYAL MG/L
| THE APPROXINMATE COST OF THE ALOVE TESTS 15 8 136,60 |
i
¥ ;
{ THERE 15 NDO CHLRGE FOR THE FOLLOWING TESTS |
| !
' 1250803 SULPHIDESTOTAL E ;
MGE/L ’
REMARKS ! :
?
t
§
]
2 , |
.(.,(‘ll\lillt.l'Dl.l...l.'..ll'
FOk EWVIRONMENTAL LABORATCRY

- -




UNE 25, 1982 " ENVIRONMENTAL LABORATORY TTUPAGE T Y A
MINISYRY OF THE ENVIRONMENY
WATER QUALITY REPORT FOR SAMPLE 204462W
Y01 AQUATIC BTUDIES BRANCH N
Y6% BROUGHYON 8%,
_ VICTORIA,B,C, VBY IXS
v ATTENTION OF¢ I BOYD
_ FOR SITES 1130046 PEWELL: LAKE
‘) ) SAMPLING DATE(SY® MAY S/82 0000 WRS T
: SAMPLE TYPE® FRESH WATER
. SAMPLING DEPTHI O
SAMPLED BY? AGUATIC STUDIES BR,, MOE
CHARGE Y0} AQUATIC SYUDIES
DATE RECEIVED BY _ABORATORY) MAY 87/,8¢ ) 3
) 0022001 COLOURITRUE B 1A 0040103 PH 6,6
REL' UNIZ REL UNIY
0050401 RESIDUEITL 310SC 14, 0060104 REStFIX,SSOC 3,
MG/L MG/L
' | 0080101 RES} NeFILT,105 L1 0090102 REBIFX,NFIL 550 L 1h
2 MG /L MG /L
01101014 SPECIFIC CONDUC 16,  D13010% TYURBIDITY , B,an
i UMHD/CM B NoTolUs
| 1000003 BPECIAL ANALYS, N 1000001 SPECIAL ANALYS, K
) MG /L MG /L
| 1044702 CHLORIDEIDISSOL 2,4 1081704 NITROGNIAMMDNIA 0,007
by ME/L __MB/L
o $091703 NITROGNINO2 NO3 0,09 1420003 NITROGNIORGANIE 0,07
;5 O MG/L MG /L
ﬂ 1130101 NITROGNIKJELDAM 0,08 1140001 NITROGENITOTAL 0,47
: o MG/L MG/L
| 1181703 PHOSPHORUSIORY L 0,003  §191703 PHDSPHORUS §TOT 0,004
o MB/L DISSOLVED MG /L
1190103 PHOSPHORUS $707 0,080 1204708 SILICAIREACTIVE 2,8
{. MG/L MG/L
v | 2530210 CADMIUM L 0,0008 2860218 COPPER L 0,001
" TOTAL: MB/L TOTAL MB/L
] 2580210 LEAD 0,007 2630218 NICKEL L 0,01
( TOTAL MG/t TOTAL MB/L |
) 2681703 POTASSIUM 0,2  @651708 BSODIUM 1,5
{: DISSOLYED MG/L DISSOLVED MB/L.
SAMPLE NO, 204462 CONTINUED ON NEXT PAGE,

)3
D

»n
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)

.
tE 27

G
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o
ENVIRONMENTAL LARORATORY
MINISTRY OF THE ENVIRONMENT
METAL SCAN FOR SAMFLE 204462V
W,
AKSENIC L 0.2 2660214 ZINC L 0,01 )
TOTAL MG /L TOTAL MG /L
LEAD L 0,10 2530214 CADMIUM L 0,01
TOTAL MG/L TOTAL MG /L
NICKEL L 0.05 2600214 MANGANESE L 0,01
TOTAL MG/L TOTAL MG/L
2570214 IRDN 0,02 2590214 MABNESIUM 0,23
TOTAL MG /L TOTAL MG/L
2620214 MOLYRDENUH L 0,01 2550214 CHROMIUM L 0.01
TOTAL MG/L TOTAL MG/L
2720214  VANARIUM L 0.01 2540214 COFPFER L 0,01
TOTAL MG/L TOTAL MG/L
2480214 COEALT L 0.10 2670214 ALUMINUM 0.04
TOTAL MG/L TOTAL MG/L
9540214 CALCIUM 1,00
TOTAL MG/L
1070003 HARDNESS 3.42
MG/L
‘THE €OST OF THE &EOVE TESTS IS $20.00
REMARKS?
s Ly
Q:  ETE 4 B L] 6‘./0(0:€.7" QC’.; /-4‘ C_Oi:‘_:———_
FOR ENVIRONMENTAL LAEORATORY
\_ S

hatod




(" BEPYEMBER 8, 1980  ENVIRONMENTAL LABORAYORY  PAGE 1
MINISTRY OF YHE ENVIRONMENTY
WATER QUALIYY REPDRY FOR S8AMPLE D3368b6w
\ TO! AGUATIC STUDIES H,0, . y
( 1106 COOK BYREETY )
YICTORIA BC vav 329
ATYENTION OF: € MCKEAN
FOR SITE: 1130046 POWELL LAKE
SAMPLING DATE(S)1 AUG §3/80 0ODU MRs N
SAMPLE YYPE: FRESH MWATER
SAMPLING DEPTHI (100
EAMPLED BYSt AGUAYIC STUDIES BR,, MOE
DATE RECEIVED BY LABORATORY: AUG 1S/80
coe2001 CTOLBURTTRUE (- 0040161 PH 6,5
REL UNIY REL UNIY
0050401 RESIDUESTL §0SC 34, 0060404 RESSFIX,S50C 24,
MG/L MG/L
"DOBDID1 TREST N=FILT, {05 Z,% 0050102 RESIFX,NFIL S50 L 1
MG/L MG/L
0110104 SPECIFIC CONDUL 53, 0150104 TURBIDIVY 0,9
UMHO/CM JeTLUNIT
T D2ALY0L CDLOURTYAC g, §01040y “ALRKALINITYTPRNL L D,57
Teh.L, MG/L
$1020403 ALKALINITYITOY $,9%  {D30104 CARBONIORGANIC 1o
MG/L MG /L
$U41{702 CHLORIDE:DYSSOL  11,Y  1061Y0T FLUORIDEVDISSOL L 0,1
MG/L MG /L
1070002 HARDNES, T3CACO3 5,97 $08170% NITROGNIAMMONIA 0,009
MG/L MG/t
T109{T03 NITRUGNINOZ W03 0,13 11000061 NITROGENINOZ —— 0,13
MG/L MG /L
1111701 NITROGENINODZ L 0,005 1120003 NITROGNIORGANIC 0,03
MG /L MG /L
[ TI3DI0T  NITROGNTRJELDAK 0,08 11400071 NITROGENITOTAL 0,17
MG/L MG/4
1150101 OXYGENIBIOCHEM L 40, 1460504 OXYGENICHEM,DNMN L 10,
MG /L MG/L
| T181703 PHOUSPRORUSIORT ~—— [ 0,003 IT19170% FHOSPHORUS ITOY [ 0,003
MG/L DISSOLVED MG /L
§ SAMPLE NO, Oi3686w CONTINUED ON NEXT PAGE,

J




——

(" "BEPTEMBER ~ 8, 1980  ENVIRDNMENTAL LABORAYORY 7~ PAGE 2~ )

MINISTRY OF THE ENVIRONMENT
WATER GUALITY REPORY FOR SAMPLE D13686N

&71190103 PHDSPHORUS $TOY 0,004  y201702 SILICASREACTIVE = 2,5
MG /L MG /L
1231701 SULPHATEIDISSOL L S, 1230101 TANNINBLIGNIN 0,
MG /L MG/L
1240103 CARBONBINORSG, 2, 2543802 CALCIUM 1,4
: MG/L DISSOLVED MG/L
2540303 CaALCIUM 1,6 2594801 MAGNESIUM 0,6
TOTAL MG/L DISSOLVED MG/L
2590303 MAGNESTIUM 0,7 2641703 POTASSIUM 0,3
YOTAL HG/L DISSOLVED HG/L
2651703 8pDIUM 6,8
DISSDLVED MG/L

THE APPROXIMATE COSY OF THE ABOVE TESYS IS § 1

25,60

030040}

THERE IS NO CHARGE FOR THE FOLLOWING TESTS

COMP,DIL,LOND, N
UMNO/CM

REMARKS$




[ sepvemBer 32, 1980

CONTINUED ON NEXT PAGE,

ENVIRONMENTAL LABORAYORY PAGE |
MINISTRY OF THE ENVIRONMENY
WATER QUALITY REPDRT FDR SAMPLE D136B4w
SO, 111 AQUAYTIC_BYUDIES H,0, - J
1106 COOK SYREEY
VICTORIA BC V8V 1379
ATTENTION OF$ C MCKEAN
FOR SITED 1130046  POWELL LAKE
SAMPLING DATE(5): AUG 13/8D 0000 MRS
SAMPLE TYPE: FRESH WATER
SAMPLING DEPTHS 1§
SAMPLED BY! AGUATIC STUDIES BR,, MOE
OATE RECEIVED BY LABORATORY: AUG 15,80
0022001 COLOURITRUE S, 004030y PH 6,7 |
REL UNIT REL UNIT
0050101 RESIDUEETL $05C 12, 006010y RESIFIX,550C 8,
MG/L MG/L
0080101 RESE N=FILT,105 2, 00S01ne RESIFX,NFIL 550 L 1, |
MG/L - MG/L
0110103 SPECIFIC CONDUC 12, 015040y TURBIDITY 0,6
UMKRO/CM JoToUNIT
| 0241701 COLOURITAC 2, 1010101 ALKALINITYIPHNL L 0,5
T.A.C, MG/L
1020101  ALKALINITY3TOT S,3 §030104 CAREONIORGANIC 1o
. MG /L MG /L
1041702 CHLORIDESDISSOL 0,8  {06170§ FLUORIDESDISSOL L 0,10
MG /4 MG/L
1070002 HARDNES,T$CACO3 2.91 1081703 NITRGGNEAMMONTA 0,022
MG /L K6/L
1094703 NITROGNINGZ NO3 0,05 1120003 NITRCGNSORGANIC 0,29
MG /L MG /L
1130101 NITROGNIKJELDAH 0,31 1140001 NITROGENITOTAL 0,36
MG /L MG /L
| 13150101 OXYGEN:BIOCHEM L 1D, 1160507 OXYGENICREM,DNMN L 10,
MG /L MG /L
1184703 PHDSPHORUSIQRT t 0,003 1194703 PHOSPHDRUS :TOT | 0,003
MG /L DISSOLVED MG /L
1190103 PHOSPHORUS 3707 0,008 1201702 SILICASREACTIVE 2,2
MG /L MG/L

1HARN

LA A




[ SEPTEMBER 12, 1980  ENVIRONMENTAL LABORATOKY
MINISTRY OF THE ENVIRONMENT

C PasE 2 )
WATER QUALITY REPORT Fok SAMPLE 0136B4w
> 3214703 SULPHATEIDISSOL L 5,0 1230403  TANNINALIGNIN

0,2/

MG/L MG/L
1240101 CARBONSINDRG, L4, 2541802 CALCIUM i1ec
MG/L DISSOLVED MG/L
2540303 __CALCIUM _ 1,0 . 2591801  MAGKESIUNM _D,1¢]
TOTAL MG/L DISSOLVED MG /L
2590303 MAGNESIUM 0,1% 26438703 POTASSIUM 0,2
TOYAL FG/L DISSOLVED MG/L
2654703 SODIUM 1,0
DISSOLVED MB/L

THE APPROXIMATE COST OF THE ABOVE TESTS IS § 423,10

JYHERE Y8 ND CHARGE FOR THE FOLLOWING TESYS

0300101 COMP,DIL,COND, N
UMHO/CHM

REMARKS!




Appendix VI. Results of scale analyses for cutthroat trout samples from Powell
and Goat lakes, July 1985,

CUMULATIVE CIRCULUS COUNTS TO ANNULI
PATTERN AGE SAMPLE LENGTH NET

NO. (mm} NO. 1 2 3 4 5 6 7 8 +

1. 2+ 46 192 2 9 21 26
(27)* 190 3 8 16 24

3+ 4 268 1 6 17 30 41
6 236 1 8 17 29 40

7 235 1 8 18 28 ' 34

8 274 1 8 19 33 41

9 234 1 8 17 30 36

10 246 1 7 16 31 38

13 220 1 10 21 31 36

14 216 1 8 19 29 35

24 243 1 7 16 29 : 39

31 193 2 6 16 28 34

(13} 249 3 7 18 32 39
(18) 222 3 7 17 35 39
(24) 214 3 7 15 29 35
(25) 203 3 6 14 25 30

44+ 23 314 1 9 18 29 4i(s) 46
39 237 2 7 15 24 40(s) 43

(7 256 3 9 20 30 45(s) 48
(17) 238 3 7 16 27 45 51

5+ 36 302 2 8 18 29 42  54(s) 58
{ 5) 368 3 9 20 29 37 48(s) 52
(31) 335 3 7 16 31 42(s) 51 59

6+ (1) 411 3 7 18 27 39(s) 50(s) 61 65
7+ (4) 417 3 6 18 30 47(s) 55 62(s) 74

(34) 433 3 6 15 30 43(s) 55 66(s) 77(s) -

*brackets indicate that fish was caught in Goat Lake net.




Appendix VI.

PATTERN AGE SAMPLE LENGTH NET

Continued

CUMULATIYE CIRCULUS COUNTS TO ANNULI

NO. (mm) NO. 1 2 3 4 5 6 7 8 +

2. 3+ 1 285 1 8 21 40 50
38 260 2 8 19 36 43

4 29 337 1 7 21 39 53 62
6+ (33) 310 3 8 17 33 55{(s) 76(s) 88 91
3. 2+ 15 215 1 10 26 32
16 214 1 11 27 32

47 195 2 8 2 32

50 210 2 10 28 34

{ 8) 241 3 8 27 34

3+ 5 254 1 7 23 41 47
21 290 1 10 28 44 49

27 246 1 7 24 37 43

42 224 2 8 24 38 43

43 258 2 9 28 39 42

44 242 2 9 25 39 44

45 239 2 8 23 38 43

(19) 245 3 11 27 37 40

A+ 26 327 1 10 30 44 62 70
6+ 25 466 1 8 23 38 58 70(s) 83 82
30 364 1 12 29 43 60(s) 73 82(s) 86

8+ (30) 539 3 9 26 37 52(s) 63(s) 76(s) 92 100(s) 103
7+ 34 427 2 9 22 38 52(s) 65 80(s) 90(s) 93
( 3) 336 3 10 22 37 52 66(s) 82 94(s) 99




Appendix YII. Results of scale analyses for rainbow trout samples from Powel}
and Goat lakes, July 1985,

PATTERN AGE SAMPLE LENGTH NET

CUMULATIVE CIRCULUS COUNTS TO ANNULI

NO. (mm)  NO. 1 2 3 4 5 6 7 8 +

1. 5+ 40 278 2 9 17 3 47(s) 59 71
5+ ( 2)* 291 3 8 18 29 41(s0 50(s) 51

2. 6+ 2 314 1 8 18 32 63 74(s) 86(s) 97
6+ 3 326 1 8 20 31 6l(s) 70(s) 84(s) 90

6+ 35 294 10 23 39 54(s) 68 84(s) 87

4 (9) 254 3 8 26 38 58 66

B+ 32 334 2 10 22 33 49 67(s) 70

6+ 22 349 1 7 24 33 48 59(s) 69 80

7+ ( 6) 355 3 8 20 32 55(s) 65 75 84(s) 86

3. I+ 11 190 1 10 28 40 47
3+ 12 214 1 10 34 49 58

5+ (15) 255 3 10 28 45 67(s) 80(s) 84

6+ 33 339 2 9 20 42 60 80(s) 90(s) 91

* Brackets indicate that fish was caught in Goat Lake net.




Appendix VIII. Results of scale analyses for stream-caught trout juveniles in

Powell Lake drainage, 1985

Cut
STREAM DATE SAMPLE  SIZE  AGE CUMULATIYE CIRCULIS
NO. ANNULUS 1 ANNULUS 2 +
Olsen Cr.  Sept/85 6 68 0+ 9
Eldred R.  Sept/85 8 68 0+ 7
g 114 1+ 7 15
10 125 1+ 7 16
11 62 0+ 6
12 125 1+ 8 17
Washout Cr. July/85 i 51 0+ 5
{Inland Lake 2 94 1+ 8 15
Outlet) 3 67 0+ 6
4 60 0+ 5
Lost Lake July/85 5 91 1+ 8 14
Outlet
Results of scale analyses for stream-caught rainbow trout juveniles, 1985
STREAM DATE SAMPLE  SIZE AGE CUMULATIVE CIRCULIS
NO. ANNULUS 1 ANNULUS 2 +
Powell R.  Sept/85 13 87 1+ 6 12
14 163 2+ 6 19 24
15 71 0+ 9
16 58 0+ 8
17 90 1+ 5 13
18 66 0+ 7
Daniels R. Sept/85 19 131 1+ 8 18
20 87 1+ 6 14
21 57 0+ 4
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