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Prosperity Project: Fish Lake Rainbow Trout Mark-Recapture Study

EXECUTIVE SUMMARY

The objective of the mark-recapture study was to provide a reliable estimate of the
number of rainbow trout { Oncorhynchus mykiss) in Fish Lake in the summer of 1997,
That information was a key component of compensation planning for the Prosperity Mine
project.

A simple Peterson-type mark-recapture method was used. A known number of wrout were
captured, marked by clipping the tip of the right maxiilary bone, and released back inw
Fish Lake, Then, the population was resampled and the number of recaptured marked
fish were counted. The ratio of the number of marked to recaptured ish, muliiplied by
the number of examined fish in the recapture phase, gave an estirnate of population
number with 95% confidence limits.

A total of 8,208 trout were captured between July 15 and September 30, 1997, Over 97%
were captured with traps nets; the rest were taken with beach seines. During the marking
phase (July 15 1o 21), 2,059 trout were marked, During the {irst recapture phase (July 22
to August 3), 5,056 trout were examined for marks and 63 were found to be recaptured
marked fish. During the second recapture phase (September 22 to 30), 951 wout were
examined and 15 marked fish were recaptured.

The mark-recapture method could only be used to estimate the number of subadules (2-3
years old, 140-229 mm long) and adults (4-6 vears old, 230-330 mm long) hecause the |
year-ofd trout that entered the lake in spring and carly summer of 1997, and small 2 vear-
olds that entered in 1996, were too small to be retained by trap nets in Julv and Aupust,
Accordingly, numbers of [ and 2 year-old juveniles (70-139 mm long) were estimated by
combining estimates of subadult and adult numbers from the mark-recapture study with
counts of in-migrating | year-olds at the inlet and outlets of the lake from an independent
fish fence study.

The ratio of marked to unmarked trout for the subadult and adult classes was signilicantly
higher in September than in late July and August because marked trout temporarily
reduced their level of activity immediately after marking and so were not caught by trap
nets in July in proportion to their true abundance in the lake, Accordingly. population
estimates were based only on data collected during the second recapture phase. That
avoided biasing the population estimate, but at the cost of increasing the 93%% confidence
limnits.

Six livebox survival tests were conducted to estimate the 24-hour survival of marked and
examined trout. Survival ranged from 86 to 96% with a mean of 92%. Average survival
of marked trout was not significantly different from average survival of examined wout.
A sccond set of liveboX tests in September confirmed that there was no variation in
survival with size of Osh. Therefore, the pool of marked fish was assumed (o have been
reduced by 8% mortality to 1,894,

Triton Environmental Consultanty Lid 2732.02/rep0230. doc/IVPD230)
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The pool of marked fish was also assumed to have been reduced by a sport fishery on
Fish Lake. However, creel survey data indicated that the fishing mortality rate was low
enough, between 2.5 and 4.0%/vear, that removal of marked fish by anglers was of
negligible consequence to the population estimate.

The total number of rainbow trout in Fish Lake at the end of September 1997 was
estimated to be 85,178, of which 36,121 were juveniles, 22 318 were subadults and
26,739 were adults. The approximate 93% confidence limits of the combined number of
subadults and adults (49,057) were -35% and +67% or 32,097 and 82,014, That estimate
was the seasonal maximum because it was calcuiated after the end of the juvenile in-
migration period. The relatively high conlidence limits of the estimate were due to
basing the estimate on the relatively low sample sizes of the second recapture phase in
September,

The ¢stimate was three times greater than the estimate of 28,128 (93% confidence limils
of 16,060 to 40,196) provided by a hydreacoustic survey of Iish Lake conducted on
August 1, 1995, A review of the assumptions of the mark-recapture method showed no
obvious methodological problems that could be responsibie for the large difference 1n
estimates, A review of the hydroacoustic survey identified several aspeets of its
methodology that may have led to an underestimate of trout number in 1993, The main
problem was that the hydroacoustic survey could not dircetly survey shallow areas (<13 m
deep) with dense growth of aquatic vegetation—areas of prime trout habitat.

Triton Environmental Consultarts Lid 2752.02/repl230, doc/WP0230)
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1.0 INTRODUCTION
1.1 Background

The copper-gold ore body of the proposed Prosperity Mine fics beneath the northern part
of the Fish Lake-Fish Creek system. Development of the Prosperity Mine by Taseko
Mines Limited witl inevitably excavate part of the system, thereby reducing the amount
ol rainbow trout (Oncorinvachus mykisy) habitat, New fish habitat may have © be built 1o
engure that “no net loss™ of fish habitat productive capacity is achieved,

The [rst step towards designing compensation habitat was to estimate the number of
rainbow trout living in the Fish Lake-Fish Creek system. That task had two parts:
estimate the number of 0 1o 1 year-old juveniles that live in Figh Creek; and estimate the
numnber of 1 to 6 year-olds that live in Fish Lake,

To estimate the number of stream-~dwelling juveniles, Triton Environmental Consultants
Ltd. (Triton) ran two sampling projects over the years 1996 to 1997 inlet and outlet fish
fences on Fish Lake from April to August (Triton Environmental Consultants Lid, 1997,
1997h); and electroshocking surveys of juvenile trout density in Fish Creck during low-
flow conditions in Auoust and Seprember (Triton Environmental Consultants Lid. 1999),
To estimate the number of lake-dwelling juveniles and adults, a hvdroacoustic survey of
Fish Lake was conducted on August 1, 1993 (BioSonics Inc. 1995). Fifteen transects of
the lake were run during day and night with both down- and side-looking sonar,
Individual fish traces were counted on paper echograms and converted to fish densities-
at-depth. Densities were expanded by lake volume-at-depth to obtain numbers of trout.
Total number of trout in Fish Lake was estimated to have been 28,128 with 93%
confidence lmits of £43% (16,060 to 40,196 figh).

The hydroacoustic study was controversial. The investigators stated that (BioSonics Ine,
1995: p, 5):

“The high abundance of aquatic plants and the tendency of the fish to be near the
water surface made sampling unusually difficult and affected the precision and
accuracy of the survey.”

A review of the hyvdroacoustic study by Dale Sebastian of the BC Ministry of
Environment, Lands and Parks (MELP) was more critical (Sebastian 1996: p, 1)

“when all of the uncertainties in the results are considered, it must be concluded
that the acoustic population estimate for rainbow trout in Fish Lake is not reliable.
Since the investigators were very conservative in all phases, I believe that the total
estimate represents only a [raction of the actual trout population i this lake.”

Triton Environmental Consultants Lid 2752.02/0230rep, doc/WP0230)
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Sebastian (1996) did not suggest the degree to which the hydroacoustic study
underestimated the number of trout in Fish Lake. FHowever, if his criticisms are correct,
then the degree of underestimation may have been large.

In response to those criticisms of the hydroacoustic study, Triton conducted a review ol

alternate methods for estimating the number of trout 1 Fish Lake. Two were identified:

w asvathesis of Fish Lake trout poprlation dvaamics based on biological data collected
by the tish fence project and the electroshocking surveys, combined with information
from creel surveys of the sport fishery on Fish Lake and assumptions about natural
mortality rates and the proportion of adults that spawn cach year; and

o g single-census or Petersen-type mark-recapture study. A known number of fish is
captured, marked using a method that does not impair their subsequent survival, and
refeased back into the lake to mix with the unmarked population, Then, the lake is re-
sampled to estimate the ratio of marked to unmarked fish in the population. That
ratio allows estimation of total fish number with statistical conlidence limits.

The mark-recapture study was chosen for two reasons:

» its estimate of total population number was more accurate and reliable than that
provided by a synthetic population model becanse it is based on fewer assumptions
and because the statistical underpinnings of the mark-recapture method. including 1ts
sample size requirements and its potential sources of error, are well-known: and

v it provided statistical confidence limits for a population estimate, unlike a synthetic
population model.

1.2 Objectives

The objective of the mark-recapture study was to provide a reliable estimate of the total
number of rammbow trout in Fish Lake in late summer 1997,

1.3 Study Site

Fish Lake is located 246 km north of Vancouver and 127 km southwest of Williams Lake
(Figure 1). 1t is situated at an elevation of 1,457 m in the Fraser Plateaw phvsiographic
region 10 km north of the boundary of the Fraser Plateau with the Chilcotin Runges, The
BC Ministry of Forcsts assigns the Fish Lake area to the very dry, cold variant of the
Sub-Boreal Pine-Spruce Biogeoclimatic Zone.

Fish Lake drains an area of about 56 km® (Hallam Knight Pig¢sold Ltd. 19932} (Figure 2).
Three tributaries enter the lake on its eastern and southern shores, as well as seven
ephemeral streams that are water-filled only during spring freshet (not shown on Figure
23, Upper IMish Creck is the major source of inflows; its upstream terminus is Little Fish
Lake. Lower Fish Creek is the only outlet of Fish Lake. It flows northwest out of Fish
Lake and over a 10 m high waterfall before emptying into the Taseko River,

Triton Environmental Consultants Ltd 2732.02/0230r¢p. doc/WPO230
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Fish Lake has a surface area of 111 ha. a shoreline perimeter of 7.8 km. and a volume of
3,945,400 m’. Ttis a shallow lake with an average depth of 3.7 m and & maximum depth
of 15.0 m (Figure 33, The extensive shatlows in the southern half ol the lake support high
densities of aquatic plants during swmmer. The lake has one big island and four small
islands, A public campsite, the Fish Lake Forest Recreation Site, 1% located on the
northern shore of the lake. A small dock at the campsite provides mooring for boats and
float planes.

Fish fence traps were maintained on the inlet and outlet of Fish Lake during the mark-
recapture study (Figure 4). Profiles of dissolved oxygen (D0O) and lemperature (T) were
taken every 3 to 4 days at a deep station called “DO-T" between the Cl and C3 trap
stations,

1.4 Study Population

The Fish Creek-Fish Lake system supports a population of rainbow trout {Oncorhynchis
mykiss), but no other species of fish. The population is isolated from other trout
populations in the Taseko River valley v a [0-m high waterfall on Lower Fish Creck.

it is not known why only one species of fish resides in Fish Lake, There are 29 species of
fish in the waters of the Cariboo-Chilcotin region and as many as 11 species co-existina
single take (friton Environmental Consultants Lid. 1997¢). However, despite that
diversity, rainbow trout monoculture lakes such as Fish Lake are common in the Cariboo-
Chilcotin region. As of 1993, 131 of the 539 lakes (24.3%) in the region that had been
surveyed by the Fisheries Branch of the Ministry of Environment, Lands and Parks
(MELP) were classified as rainbow trout monocultures, Of those iakes. 63 were recorded
as having been stocked by MELP with hatchery-reared trout over the 1946 to 1996
period. Trout in the remaining 66 lakes (12% of all lakes in the region), including Figh
Fake, are assumed to be wild in origin.

The 1996 fish fence counts showed that pre-spawning trout migrated our of Fish Lake and
into Figh Creek between May 9 and August 9. with most leaving before the end of June
(Triton Environmental Consultants Ld. 1997a), The 1997 fish fence counts showed
similar timing; the firgt pre-spawners were counted on May 1 and the Jast swere counted in
mid-June with 90% of the total counted by June 6 (Triton Environmental Consuitants
Ltd. 1997b). In both 1996 and 1997, the majority of spawners entered Lower Figh Cregk.
That tributary contains most of the spawning and rearing habitat in the Fish Lake-Fish
Creek system. Stream surveys conducted in 1996 suggested that some spawners may
also have entered one of the other two wibutaries of the lake, although ne accurate counts
Were muagce,

In 1996, spawned-out adults returned to Fish Lake through the fences between May 11
and July 18, with the majority returning before the end of June. A similar iming was
observed in 1997,

Triton Environmental Consultants Lid, 2732.02/0230rep. doc/WP0230
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Rainbow trout eggs and alevins incubate in stream gravel for 4 to 8 weeks, depending on
temperature {Scott and Crossman 1973), and then emerge as fry into the stream. Most ftv
spend between 6 and 18 months in Fish Creck before they migrate into Fish Lake,
atthough a small percentage (<10%) appear to remain in Fish Creek for up to 36 months
(Triton Environmental Consultants Ltd. 1999). The 1996 and 1997 fish fenee projects
showed that the majority of juveniles enter Fish Lake as 1 year-olds, having spent one
summer, one wirter, and one spring in the creek. In 1996, juventles entered Fish Lake
between May 12 and July 28 with the majority entering between mid-June and mid-Juiyv.
In 1997, most juveniles entered the lake between June 5 and July 31,

Rainbow trout usually begin to mature sexually by ape 3 (Scott and Crossman 1973). In
Fish Lake, the majority of spawners counted at the fence traps were berween # and 3
years old with only a few 6 year olds. Mature rainbow trout can spawn repeatedly over
several years, but survival is often low and the number of repeat spawners, as indicatee
by the presence of spawning checks on scales or otoliths, can be less than 10% (Scott and
Crossman 1973). The frequency of repeat spawners in the Fish Lake population is not
known.

The length-age relationship of Fish Lake trout was well described by the conventional
von Bertalanfty growth model (Figure 6). The model was fit to data using weighted
nonlinear regression (SPSS Inc. 1994). The model is shown in this report because it was
used to calculate the age (1, years) of fish captured in the mark-recapture study from their
fork length (L, mm), i.c.

(H L= 1y« (1/K)log,(1 - L/L,)

The values of the parameters t,, K and L., and their standard errors (SE) are shown in
Figure 6.

Fish Lake trout have an unusually low physical condition, as indexed by their relative
welght or W, . W, is the percent of “standard weight” or W,. W, is defined as the average
weight for a given length that is equal to the 75th percentile of weights measured for that
length for that species. Simpkins and Hubert (1996) recently proposed a W, equation for
lake-resident populations of rainbow trout based on 50 North American populations.
Based on that equation, the average W, of Fish Lake trout with lengths greater than 120
mm is 66.5 (8D = 9.3, n =1,217). A comparison of this average W, for Fish Lake trout
with W, for other lake-resident rainbow trout populations in BC (Triton, unpublished
data), Washington State (Liss et al. 1995) and California (Zardus ¢t al. 1977). showed that
the Fish Lake population fell within the lowest 20% of all populations.

Low physical condition is most likely the result of Food limitation due to high population
density. Thus, the relative wetght data suggests that the Fish Lake wout population has
high numerical densities (number/hectare ol lake surface area) relative to other rainbow
trout populations.

Triton Environmental Consultants Lidd 2732.02/0230rep. doc/ WPO230
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Fish Lake trout are also heavily parasitized (Rick Palmer, Triton. personal
communication), Quantitative stadies on parasite burden are in preparation.

A sport fishery is conducted on Fish Lake from May to October. Relativelv few
sportfishers make use of the campsite because of the remote location of I'ish Lake,
difficult road access, and small size and low quality of trout, The Province has set a cateh
lmit of 8 trout/day/person for Fish Lake. All other lakes in the Cariboo-Chilcotin repion
have a catch limit of 5 trout/day/person.

Flallam Knight Piésold Ltd. (1995b) reported that in 1995 anglers caught 1,615 trout of
which 400 were kept and 1,215 were released live. Hallam Knight Pidsold Lid, (1997a)
reported that in 1996 anglers caught 2,137 wrout of which 631 were kept and 1.486 were
released, Those numbers are underestimates of the total cateh because Hallam Knight
Piésold Ltd. excluded all records of fishers that they were not able w interview because
fishers were on the take at the time the creel surveyors visited the campsite. Also, they
did not audit their creel surveyors to determing what propertion of the total number of
visitors were actually interviewed.

Those numbers were recalculated to account for non-interviewed and missed anglers,
using data collected in 1997 (Triton Environmental Consultants Lid, 1998). In 993,
anglers caught a corrected total of 4,150 trout of which 1,009 were kept and 3141 were
released. In 1996, anglers caught a corrected total of 4,900 trout of which 1.602 were
kept and 3,287 were released.

The numbers of trout kept by sport fishers are equivalent to a fishing mortality rate of
between 2.5 and 4.0%/year, winch is a very low exploitation rate. That range of rates was
based on the assumptions that:

« only trout longer than 200 mm were kept by anglers instead of being returned live to
the lake (Triton Environmental Consultants Ltd, 1998). That lower limit of trowt size
is supported by information from other angler fisheries on lake-resident salmonids.
For example, Rieman and Maiolie (1995) reported that 200 mm was the lower limit of
kokanee (Oncorhynchus nerka) lengths taken by anglers in seven lakes of Idaho and
Oregon. Korman et al. (1994) used that lower limit in their simulation model of
rainbow trout poputation dynamics in small British Columnbia lakes:

» there were 37,898 of those subadult and adult trout in Fish Lake (see Table 7; the sum
of adults and half the number of subadults calculated in 1997); and

« mortality of trout caught and then released is, on average, 5% or less. That
assumption allows capture mortality to be ignored for all practical purpeses, Korman
et al, (1994) assumed an average loss of 3% of released rainbow roult in their
simulation model.

Since only 2.5 to 4.0% exploitation occurs each year, natural mortality is more importans
than fishing mortality in controlling the number of trout in Fish Lake.

Triton Lnvironmental Consultants Lid, 273202023 0rep doc/WPO230)
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1.3 Study Plan

Timing of the mark-recapture study was based on the requirements of the method. One
of the key assumptions of a Petersen mark-recapture study is that the population under
study has zero immigration and emigration during the recapture phase of the study. In
1996, the annual migration of juvenile trout into IMish Lake from Fish Creek ended by
July 10 and the return of spawners to the lake ended by July 18 (Triton Environmental
Consultants Ltd, 1997a). Therefore, the mark-recapture study was planned to begin in the
second half of July 1997,

The duration of the study was hased on three considerations: sampile stze, lopistics and
the need to detect possible differences in vulnerability to capture between marked and
unmarked trout. Robson and Regier (1964) calculated the combination of marked and
sampled fish that are necessary to provide estimates of population number with error no
greater than 50%, 25% or 10% of the trae value 19 times out of 20, The first crror fevel
is appropnate for preliminary population surveys, the second for population management,
and the third for scientific research. Following Ricker's (1973) recommendation, the
error level appropriate for population management was adopted. A 23% error level and
an assumed trout population of 30,000 (based on the BioSonics Inc, (1993) study)
requires a mintmurn sample size of 1,000 marked fish and 2,000 examined fish. Those
numbers had to be increased to account for a population that may have been much greater
than 30,000, In the absence of any reliable estimate of the upper bound of the true
population. the sample size requirements were doubled to 2,000 marked fish and 4,000
examined fish.

Ta capture and process 6,000 fish within a study period of a few weeks required
processing several hundred fish each day. Net traps are the only fishing gear that atlow
capture of such large numbers of trout 1n a non-destructive manner (Hubert 1996; Triton
Environmental Consultants Lid, 1992, 1994). All other methods are cither too slow
(angling) or too lethal (gill nets) or do not sample a wide range of sizes (beach seines). A
1 day test of a net trap in Fish Lake in October 1996 showed that it could capture 150 fish
in a 24-hour period. Therefore, the study plan was based on the simultancous use of two
net traps installed at opposite ends of Fish Lake. If catches in July 1997 were similar to
those in October 1996, then approxtmately 300 fish could be captured and processed aach
day. At that rate, 2.000 trout could be marked in 7 davs, and 4,000 tish could be
examined for marks in the following 14 days for a total of 21 days. Thus, the first
(marking) phase of the ficld program was planned to begin in mid-July, and the second
(recapture) phase was planned to begin one week later and end after the [rst week in
August.

A third phase of the field program was included in the study plan to test for possibic
differences in vulnerability to capture between marked and unmarked trout in Fish Lake.
Ratios of marked to unmarked [ish measured immediately after the marking phase may
have underestimated true marked-unmarked ratios because marked fish may have
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temporarily recduced their activity level and so may not have been caught by passive gear
in proportion to their true abundance. To detect this phenomenon, it it existed, we
planned to wait at least 1 month after the end of the first recapture phase, and then returmn
to Fish Lake, re-install one trap net, and measure marked-unmarked ratios for an
additional | week. That was long enough to capture and examine approximately 1,000
trout. That number was large enough to provide reliable estimates of marked-unmarked
ratios,

‘Thus, the third and last phase of the ficld program was planned to begin after the first
week of September and end by mid-September. Logistic requirements delayved this finad
field phase until the period of September 22 to 30.

A varicty of marks and taps were available (Guy et al. 1996). A mark was chosen rather
than a tag because the additional information that could be provided by tags was judged
to be not worth the additional problems involved in applying tags. Individually-
numbered tags are commonly used in fisheries research where the objective s o delineate
a migration route, identify discrete breeding populations, and estimate population size
and exploitation rate. Tlowever, they are unnecessary for studies such as this one that
scek only to estimate population size, Tags would require more effort and time o apply
than a mark. They would cause greater mortality than a mark because attaching a tay
mvolves puncturing a fish’s skin, with the attendant dangers of blood loss and nfection.
whereas marking involves clipping external structures such as fins or bones that are Jess
vascularized than internal musculature. Unlike marks, a proportion ol the tags would
inevitably be shed and lost, and there was the possibility of entanglement of the tgs in
the mesh walls of the net traps (Ricker 1975; Guy et al. 1996),

The first choice of an external mark was to remove the adipose fin because its removal is
permancnt in salmonids and it has little effect on subsequent survival. However, adipose
fin elips had previously been used as part of the 1996 fish fence program, and preliminary
results of the 1997 fish fence program showed that at least one adipose-clipped fish had
survived to be counted again at the fences. Partial clips of the caundal fin also had to be
rejected because previous sampling of Fish Lake trout for genetic purposes had involved
clipping the caudal fin of over 100 tish. There was also a danger that partial ¢lips ol any
fin could be confused with natural fin injuries. Many Fish Lake trout bave damaged fins.
To avoid this problem, a partial clip of the maxillary bone on the surface ol the upper
right jaw of a trout was chosen. Rainbow trout have long maxillary bones (Scott and
Crossman 1973), thereby providing enough material for an obvious ¢lip. 1t would be
difficult to confusc a clip of a maxiilary bone with natural jaw injuries. Although the
maxillary regenerates after clipping (Wydoski and Emery 1984}, the study duration was
short enough that the mark would remain visible throughout the two recapture phases,
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2.0 METHODS
2.1 Water Temperature

At least once each day during the marking phase and the first recapture phase, surface
water temperature was measured with a hand-held thermometer at cach of the campsite
(C1)yand island (11) working sites and at each of the inlet and outlet fish fences, During
the second recapture phase, surface water temperature was measured several times daily
at C1 and 12, but no temperatures were taken at the fences because they were not
operating at that time due to a lack of lows. Every 3 to 4 days during all three phases,
temperature profiles from the surface to the bottom of the lake at b-m intervals were made
at the DO-T station (depth = 12 m) with a Y51 Modet 5B dissolved oxygen-temperature
meter.

2.2 Inlet and Qutlet Fish Fences

The 1ce covering Fish Lake did not completely break up until early May 1997, Fences
could not be installed in the inlet and outlet streams while ice was on the lake. To count
the number of trout that were migrating into and out of the lake under the ice, underwater
video cameras were installed in both the inlet and outlet streams from April 20 to May 14
(Proulx et al. 1997). The cameras covered the entire stream width, operated 24 hours a
day and took one picture every 0.2 seconds. The number of fish that passed by each
camera wag counted by viewing the film. The length of each fish was estimated from
landmarks of known size placed in the camera field.

On May 12 fish fences were installed in both the inlet and outlet of Fish Lake. The
fences were monitored twice daily until August 17 when flows in both Upper and Lower
I'ish Creek were so low that no movement of fish was possible. Flows remained fow
during the rest of August and September. Fences were finally removed from the streams
on September 29.

Each fence was a “W' design, incorporating an upstream and a downstream live box
{Conlin and Tutty 1979). Triton Environmental Consultants Lid. (1997a. 1997h) includes
a detailed description of the construction and operation of the fences during 1996 and
1997, Each fenee was visited at feast once each day during the period of monitoring, At
cach visit, surface water temperature was measured. Then, the number of fish in the
upstream and downstream boxes were counted, their fork lenpths were measured in 50
mm intervals (i.e. 30 to 100 mm, 101 to 150 mm. cte.) and they were released to continue
their migration.

Lengths, weights and scale samples (for aging purposes) of a randomly-chosen subsample
of fish were individually measured at each daily visit to each fence. Those measurements
ceased after June 29 because sample sizes for length-weight and length-age analyses had
been satisfied.
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2.3 Creel Survey

A survey of the number of visitors to the campsite at Fish Lake and of their fish catch
began in May 1997 and continued throughout the mark-recapture study period. Each dav
at 1100 and 1800 h, an environmental monitor visited the campsite and recorded the
number of parties, the number of individuals in each party, the amount of time they spent
fishing, the number of fish captured, released and kept by cach party, and other
information. To ensure that sportfishers reported any marked fish that were killed and
removed [rom the lake, a one-page leaflet with a figure ol a trout showing a clipped
maxillary was distributed to all visitors to the campsite during the marking phase and the
lirst recapture phase.

LfTort and cateh statistics of the 1997 creel survey were corrected for two sources of
error; anglers seen on the lake but not interviewed, and anglers missed by environmental
momitors because the twice-daily schedule of visits did not match the timing of angler
arrivals and departures. The first type of error was corrected by multiplying the number
ol'anglers seen on the lake on a daily basis by the average effort/day and the average
number of fish killed/day, both averages being caleulated over the entire year, The
sceond tvpe of error wag corrected using the results of an audit program. For cach of 9
days scattered over the fishing season in 1997 the number of visitors at the campsite were
monitored on a hadf-hour basis. The ratio of the average daily number of visitors counted
by auditors to the average daily number counted by environmental monitors for those 9
days was usced to expand effort and catch statistics. Thus, the total corrected number of
trout kilted over one week was the sum of the number recorded from interviews plus the
number calewlated from anglers seen but not interviewed (= number of anglers seen x
mean number of trout killed/angler/day) plus the number missed by monitors (=
estimated number of anglers not seen x mean number of trout killed/angler/day).

2.4 Capture Technigues

All marked trout and the great majority of trout examined during the two recapture phases
of this study were captured with two fish traps. Each trap consisted of three componenrs:
a2 40 m long and 3 m deep guide or “leader” net, a square mesh box with a surface area of
4m’anda depth of 3 m, and two mesh wings attached to the sides of the box that were
each 8 m long and 3 m deep. The knotless mesh was dark green in color with a 3/4 inch
stretched mesh size, Flubert (1996) and Triton Environmental Consultants Lid, (1992,
1994) describe trap nets that are similar in design to those used in the mark-recapture
study.

The leader net was set perpendicular to shore with the ends of the cork and lead lines
securely tied to a tree. The cork and Jead lines of the other end of the leader net were tied
to the cork and lead lines of the trap box. The box was anchored in place by cinder block
weights attached by ropes to the two outer corners of the box, The top of the box was
kept from collapsing on itsclf by tying four 2 m long picces of wood called “spreaders™ to
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the Four commers of the box’s cork line. The wings attached to the sides of the box were
anchored in place by cinder block weights attached by ropes to the ends of the cork Jine
from each wing. The wings were angled in towards the leader net so that the trap
appeared from the surface as a glant arrowhead pointing offshore.

hrs

During the frst phase of the study, traps were installed for periods of 2 to 9 days at four

stations in the northern half of the lake (Figure 4). They were fabeled C1 o C4 because

the first wap to be installed (C1) was set next to the campsite dock, (The campsite dock

was also one of two fish processing areas for the mark-recapture study.) Traps were also
mstalled for periods of 2 1o 13 days at three stations alony the shores of the big isiand in

the southern half of the lake. They were labeted 11 to I5. (I wasg the second processing
area of the study.)

During the third phase in September. a trap was installed at C1 for 5 davs and then moved
to I1 for another 2 days.

Onee a trap had been closed by tying off the mouth in the top of the box and tying the
spreaders to the top of the box, it was left to soak overnight. During that time. fish that
encountered the leader net while swimming in an alongshore direction were forced to
move along the leader net up to the box. The oblique slant of the wings forced fish to
enter 2 small space between the leader net and the box. In the center of that space was 2
metal-framed mouth about 0.3 m deep and 0,15 m wide. Fish that entered the box
through that mouth tended to stay inside the box, either because they could not find the
mouth again or because they did not recognize the mouth as an exit.

Each trap was moved several times during the study to ensure that location was not
biasing catch rate or the size distribution of fish. Locations werg chosen so that the trap
box reached {rom the lake surface to the lake bottom.,

The other type of gear used to colleet fish was 4 45 m long beach seine with a stretched
mesh size of 1/4 inch in the bunt and 1/2 inch in the wings, This net was set at several
locations around the lake during the first recapture phase, Mowever, 1t wag not widely
used because 1t collected mainly juvenile trout—those that tended to congregate in
shallow inshore areas where beach seines are useable—and because it tended to hang up
on the woody debris that litters the shores and hottom of I'ish Lake.

2.5 Marking and Examining

This section provides a detailed description of how trout were handled during capture,
marking and examination. This detail was necessary 1o show the type and level of injury
that trout sustained during the study, and thus the effect of handling {ish on their survival
and population estimation.

Fach morning the box of a trap was opened by untying the mesh opening in the top and

untying the spreaders. Then fish were brailed with a long-poled dipnet cut of the box into
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20 1, buckets full of [resh lake water. The buckets were guickly driven by boat to a work
site at either the campsite doek (C1) or at the big island (11), depending on which work
sitc was closest to a trap. At a work site, fish were released into a wooden, fiberglass-
lined holding tank with dimensions 0f 0.9 x 0.9 x 1.2 m. A bilge pump powered by a car
battery directed a continuous stream of clean lake water through a plastic hose into the
tank, thereby allowing the live fish to be held sately for several hours at relatively low
waler temperatures until they could be processed.

In two cases. a trap collected so many fish that it had to be temporarily ¢losed after
brailing out several hundred lish. After processing the first batch ol fish, the trap was re-
opened later that day andl the remaining fish were processed.

During the marking phase of the study, all fish collected by the traps that appeared
healthy and in good condition were marked. Fish that were dead or injured were not
marked. The first step in the process was to brail about 10 to 30 fish with a dipnet out of
the holding tank into a 20 L bucket. Any fish that were dead or that showed signg of
injury such as large surface lesions caused by an avian predator or a broken jaw caused
by previous capture and release by a sportfisher were removed from the bucket and their
fork length (the distance from the tip of the snout to the fork in the tail) wag measured to
the nearest millimeter with a measuring board and recorded. Dead fish were buried on
land, live fish were released back into the lake.

All of the healthy, intact fish remaining n the bucket were marked. A biologist grasped a
fish with two hands and placed it on a measuring board where fork length was read out
loud, This length was recorded by a second biologist who atso assigned the measurement
a unique identification number. Without releasing the fish, it was lifted off the board and
presented head-first and right-side up to a third biologist who quickly snipped several
miilimeters off the tip of the fish’s right maxillary bone with sharp scissors, The success
or failure of a clip was recorded by the second biologist. The fish was then released into
a 20 L bucket of clean water. Measurement and marking of a fish usually took 3 seconds
or less. Any fish that required more that 5 seconds 1o progess was temporarily returned to
the bucket so that it would not asphyxiate.

After processing, the bateh of trout were examined to determine if they had sultered
handling or marking injuries. Any fish that could not swim in an upright position or that
showed any bleeding was killed to prevent it from being released into the population.
However, few fish showed such injuries. Fish were then releascd live into the lake. To
ensure mixing of marked fish with the rest of the population, batches of marked fish were
released at sites throughout the lake (Figure 3).

Processing was similar during the two recapture phases with the exception thit the fish's
right maxillary was not clipped but was instead examined for the presence or absence of a
mark. All fish were examinecd for a mark regardless of their physical condition.
Examined fish were released into the center of the lake mid-way between the campsite
dock and the big island.
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2.6 Survival Tests

Two sets of tests were made to assess the effect of capture in 2 trap, handling, and
marking on survival of trout. The first set were made during July and August, and the
second set were made during late September.

(1 the first set, six batches of wout were not released directly into Fish Lake. but were
instead placed into a livebox for 24 hours. The plywood box was I m deep. 1.2 m long
and 0,65 m wide with four mesh windows and a hinged lid, The box was placed in
shallow water about 0,95 m deep, and was weighted with three cinder blocks to prevent it
from being overturned or swept along the shore by wind or waves, Alter overnight
soaking, the box was opened and the survivors were counted and released into the lake,
Those fish that had died or were obviously in poor condition because they could not
maintain an upright position were measured for fork length and then buried on land, The
survival tests were not run longer than 24 hours because mortality related to handling and
marking usually occurs soon after processing (Guy et al, 1996). We were also concerned
that imprisonment in the box and lack of food for periods greater than 24 houry would
cause mortality that was not related to handling or marking.

In the second set of tests, another six batches of trowt that had been examined for marks
were held in liveboxes for 24 hours before being returned to Fish Lake. However, cach
batch was split into three length groups corresponding to juventles (70 to 139 mm),

separate livebox. This study design allowed survival to be explicitly compared between
length groups.

2.7 Population Estimute

The total number of rainbow trout in Fish Lake was the sum of the numbers of 1-2 year-
old juveniles, 2-3 year-old subadults, and 4-6 year-old adults, Mark-recapture techniques
could only be applied to estimating numbers of subadults and adults because trap nets
sampled subadults and adults in proportion to their abundance in the lzke population, but
underestimated the relative abundance of juveniles. The youngest and smallest juveniles
were able to escape through the mesh walls of the traps. Number of juvenile trout was
estimated using a combination of data from this study and the 1997 fish fence study.

Numbers of subadult and adult were estimated with Chapman’s version of Petersen’s
method (Ricker 1975):

(2)  Ne=[(M+1)C+ DR +1)
where N = number of fish in a population class at the end of the marking period, M =

number of marked fish in that clags at the end of the marking period that survived
handling and marking, C = number of fish in that class examined for marks during the
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recapture phases, and R = number of recaptured marked fish in that class counted during
the recapture phases.

Capture, handling and marking are stressful to fish and can be expected to cause some
mortalities, Thus, a conservative estimate of N must be based on the assumption that
some portion of the total number of marked fish did not survive to be recaptured. In this
study, M was assumed to be a fraction of the total number of marked (ish released back
o Fish Lake (M) or

3y M=sM
where § = handling/marking survival,

Following Ricker’s (1973) recommendation, 23% confidence limits of N were caleulated
by assuming that recaptures follow a Poisson distribution. Lower and upper 93%
confidence limits of the number of recaptures were taken from Ricker’s (1975 Appendix
) table of confidence limits for a Poisson distribution and substituted into equation (2) to
obtain 95% confidence limits of N, The true confidence limits of W are greater than those
estimated by Ricker's (1973) table because not all marked fish are assumed to have
survived, Fowever, the difference is negligible because average survival was assurmed to
be high, i.e, 92%, based on 24-hour survival studies.

3.0  RESULTS
3.1 Water Temperature

Average surface water temperature during the first phase of field work increased from
14.3°C on July 14 to a peak of 19.4°C on July 20, and then fell to 14.6°C by July 23
(Figure 7 and Appendix A). From July 26 to August 3, average surface temperature
varied within a narrow range of 15.9 to 17.8°C. This daily variation in mean surface
temperature is assumed to have been driven by daily variation in environmental variables
such as air temperature, solar radiation, precipitation, and water flow into and out of the
take.

Surface temperatures at most dates were lowest at the inlet, intermediate at the island site
and the campsite, and highest at the outlet, indicating heating of surface water as it passed
through the lake.

Average surface water temperature during the second phase of field work decreased
continuously from a peak of 14.4°C in the afternoon of September 22 to 9.5°C in the
moming of September 29 (Figure 8). There was a clear daily temperature cycle at station
C1 with low temperatures in the morning, higher temperatures in the afterncon, and lower
temperatures again in the evening. A similar daily cyele is presumed to have occurred at
station T1 and at all other places in the lake.
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The seven vertical temperature profiles taken between July 14 and August 3 at the DO-T
station showed roughly similar shapes: constant temperature in the upper mixed laver, a
stronyg thermocline between 6 and 8 m depth, and constant temperature below the
thermoctine (Figure 9). If one defines the thermocline of a profile as the depth at which
the temperature change is greatest, then the mean thermoeline was at 7.3 m with a
standard deviation (SD) of 0.6 and & sample size (n) of 7.

The two temperature profiles taken during the second recapture phase in September
showed that the lake was in the process of overtumning at that time. The thermocline was
at 9.3 m on Sepltember 24 and then it dropped a turther | m w 4 days later, There was
little change in temperature with depth in the upper mixed layver above the thermocline.

In summary, surface temperatures of Fish Lake increased in o south-north axis from the
inlet to the outlet, and there was a daily cyvele at each station with the highest
temperatures in late morning and early afternoon, The depth ol the thermocline was
constant at 7.5 m during the second hall’ of July, but it sank o 10.5 m by late September
as the lake cooled. This spatial and temporal variation in temperature of the upper mixed
layer may have influenced the temporal anc spatial distribution ol trout in Fish Lake anc
thus the Jocation and magnitude of rainbow trout catches and sizes. This issue was
examined in section 3.4,

3.2 Inlet and OQutlet Fish Fence Counts

One of the key assumptions of the mark-recapture study was zero immigration and
emigration from the study population during the study period. In this section, the fence
count data was examined to test that assumption.

From the beginning of the marking phase on July 13 to the end of the daily monitoring of
the fish fences on August 22, 1997, a total of 3,275 rainbow trout were counted leaving
upper and lower Fish Creek and entering Fish Lake (Figure 10, Table 1 and Appendix ),
Over 97% were juveniles, defined for the purposes of this study as those fish with fork
lengths less than or equal 1o 140 mm. Over the same time period, onlty 63 trout left Fish
Lake and entered Fish Creck., Over 71% were juveniles and the remaining 29% were
sub-adults and adults (151 to 330 mm).

Flows remained at zero levels during the remainder of August and September and the
fences were not monitored. Thus, there was no recorded immigration or emigration of
fish into Fish Lake during the second recapture phase in laie September,

The length frequency distribution of trout subsampled for size at the infet and outlet traps
in May showed three modes: a small one at 93 mm, a larger one at 133 mm, and a major
mode at 275 mm (Figure 11). The June distribution showed threc similar modes, but
there was a clear change in the average size of the smallest trout that cntered the lakeo
those that entered in June were much smaller than those that entered in May,
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According to the length-age relationship developed from the 1996 and 1997 fish fence
studies (Figure 6), the three modes of Figure 11 correspond to | year-old juveniles, 2
vear-old subadults and 4 to 6 year-old adults. When lengths were converted to ages with
equation (1) and grouped into age classes 0.5 10 1.4, 1.5 to 2.4, cte., the age frequency
distributions were found to be dominated by 2 and 4 year-olds in May and | and 4 year-
olds in June (Figure 12).

In summary, all immigration ceased 1 month belore the start of the second recaprure
phase. If immigration occurs between the marking and recapture phases of a Petersen
mark-recapture study but little or no emigration, as was the case for the Fish Loke-Fish
Creek system in 1997, then the population estimate is unbiased and refers to the
population number at the end of the recapture phasces. The population estimate derived in
this study was based, in part, on the second recapture phase (see section 3.11). Therefore,
that estimate was not biased by immigration or emigration,

3.3 Creel Survey

Another key assumption ol the mark-recapture study was that fishing did not remove a
significant number of marked fish from the study population. This section tested that
assumption using creel data,

A total of 4,869 rainbow trout were captured by anglers from Fish Lake {rom May 30 to
September 27, 1997, of which 3,680 were released and 1,189 were killed and kept (Friton
Environmental Consultants Ltd., 1998), Most kept trout were between 200 and 300 mm
long. Those fish were caught by a total of 1,275 angler-hours and 388 angler-days (where
an angler-day was an average of 3.3 angler-hours/day). The average number of fish
caught/angler-day was 12.7 and the average number of fish kept/angler-day was 3.2, If
an angler-day is standardized to the 4-hour day used by MELP, then those statistics rise
to 15,7 and 4,0 trout/standard angler-day. Angler success, regardiess of how il is
caleulated, was considerably less than the maximum creel limit of 8 fish keptangler-day
that has been set for Fish Lake by provincial fishing regulations.

The distribution of catch was bimodal with one mode in early July and a second mode in
late August (Figure 13),

A total of 864 trout were estimated to have been caught and removed from Fish Lake
during the mark-recapture study: 60 during the marking phase (Tuly 13-21), 76 during the
first recapture phase (July 22 to August 3), 656 between August 4 and September 21, and
72 during the second recapture phase (September 22-30). None of the fish killed between
July 15 and August 3 were reported as marked, but one party reported the capture of a
marked trout that was returned live to the lake.

The most important issue for purposes of population estimation was that 76% of all fish
kitled during the mark-recapture study period were taken between the first and second
recapture phases. It is reasonable to assume that some marked trout were removed from
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the pool of marked fish by angling during that period. Unfortunately, there is no simple
way of correcting for the loss in the absence of any independent information on the
number of marked tish in the creel.

The simplest method of estimating the possible bias introduced by those catches 1s to

assume that:

o ali killed trout were 200 mm long or greater; and

» the probability of a marked trout being removed by anglers was the ratio of the
number killed to the estimated number of fish vulngrable to capture or 0,023 (=
876/37,898). The vulnerable population was agsumed Lo be all aduits plus half the
number of subadults {(see Table 7)., Thus, a total of 26 marked trout {= 0.023 « 1,140}
may have been removed by anglers, of which most would have disappeared from the
pool of marked trout between the first and second recapture periods, That number is
small in relation to the 99 trout of that vulnerable population that were assumed to
have died from an 8% handling and marking mortality. We conclude that the sport
fishery on Fish Lake resulted in an upward bias on the estimate of adult trout number,
but the bias was negligible compared to other sources of error.

3.4 Trap Net Catches

From July 15 to September 30, a total of 7,920 trout were captured in 406 trap netl sets
(Table 2). The number of fish caught in a trap ranged from 7 to 439, und soak time
ranged from 9.3 to 42.6 hours. Catch-per-unit-effort or CPUE, delined ag the number of
fish caught for each hour of soak time, ranged from 0.3 to 23.9 fish/hour with an average
of 7.9 fistvhour (S = 4.7, n = 40).

CPUE for the marking phase and first recapture phase decreased with time afier
instaltation of a trap at 2 of the 7 sites (C1 and C3), but not at the other 3 sites (Figure
i4). The correlation coctficient () between all estimates of CPUE and the number of
days after installation of a trap was not significant (v = 0.30, P = 0.064).

CPUE was also not significantly correlated with distance from the inlet fence trap to a
trap site (r=0.03, P = 0.752) or with the average surface water temperature of the lake on
the day that a trap was closed (r=10.24, P = 0.139) or on the day that a trap was opened

However, the three greatest measurements of CPUE, those for €1 on July 15 and for C3
on July 23 and 24, were all obtained on dates when the mean lake-wide surface water
temperature was less than 16°C. This observation suggested that CPUL varied inversely
with averape temperature of the upper mixed layer ol the lake during July or with another
environmental variable that was linked to sudden changes in temperature of the upper
mixed layer,
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Comparison of September CPUE and average temperatures did not support the inverse-
temperature hypothesis——all CPUE fell within the range of 3.5 1o 7.0 fish/hour and none
approached the high levels measured m July (Ficure 13),

We concluded that CPUE was not varying directly with temperature, but was following
another environmental variable that was associated with sudden decreases in temperature
of the upper mixed layer during mid-summer. That unknown variable attracted trout to
the surface of the lake resulting in unusuaily hign surface aggregations of trout and
unusually high CPUE for brief periods of trmne.

3.5 Beach Seine Catches

A total of 5 beach seine sets were made during the recapture phase: two on the afternoon
of July 25 and three in the early moming of July 27 (Tabie 2), The first set was made on
the grave] beach near the campsite dock, but only 3 trout were captured. The second set
was made later that day just south of the C2 trap net site, A total of 245 trout were
captured of which 90% were juveniles less than 140 mm long, Of those 2448 fish, 2 were
recaptures.

Two days later the third set was made at dawn at the 13 site on the big istand. The scine
hung up on woody debris that covers most of the shorclength of the lake and lfewer than
30 fish were caught, Two more sets were then made off the campsite dock. However, a
total of only 34 fish were collected that day for < hours of difficult tabor. OFf those 34
fish, 1 was a recapture,

In summary, seines were not effective for catching large numbers of trout in Fish Lake,
and were not used after July 27.

3.6 Marking Phase

A total of 2,196 trout were captured by trap nets during the 7 day marking phase, of
which 2,059 were marked, 89 were not marked because they were dead or moribund at
time of marking, 28 were not marked because the maxillary was missing due to a jaw
injury or because the maxillary had grown inte the mouth instead of along the outside of
the upper jaw, 5 escaped the net traps or the holding tanks before they could be measured
or marked, and 15 had been marked gartier in the marking phase (Table 3 and Appendix
Q).

The marked fish ranged in length from 74 to 313 mm with an average length of 202 mm
(SD =63, n=2,059) (Figure 16). The length frequency distribution of the marked fish
showed three modes at 100, 170 and 260 mm.

There were relatively few marked fish less than 90 mm long, That was due to escape of
small trout through the meshes of the trap walls, rather than to avoidance of traps,
because beach seine catches showed that juvenile trout are common in the inshore areas
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where trap nets were installed. Several juveniles less than 100 mm [ong were usually
found gilled in the box walls in cach trap opemng, indicating that juveniles attempted to
move through the mesh walls of the trap (see section 3.7),

n contrast, the rapid decrease in the number of fish longer than 270 mm was not o gear-
related phenomenon, but reflects the relative abundance of those fish in the population.
Few trout longer than 315 mm have ever been captured in Fish Lake despite several vears
of sampling with a variety of gear types (Hallam Knight Pi¢sold Ltd, 1995q; Triton
Environmental Consultants Ltd, 19974, 1997b, 1998, 1999},

The three modal lengths correspond to age classes | to 2, 2 to 3, and 4 to 6 years,
according to the length-age curve developed from the 1996 and 1997 fish fence studies
{Figure 6). In this report, those length classes are called juveniles (70-139 mm),
subadults (140-229 mm) and adults (230-330 mm).

It is important to recognize that those names are used for convenience only and are not
bazed on detailed knowledge of relationship between size and sexual maturation in the
Fish Lake population. For example, although the adult size class is the Targest of the
three size classes, and most spawners are certainly contained within that elass, not ali fish
in the adult size class will necessarily spawn cach year—some may have too low a
physical condition to allow sexual maturation. Also, some precocious males may engage
in spawning activity even though they are small enough to fall within the subadult or
Juvenile size classes.

The age frequency distribution of marked trout shows that trout aged | 1o 2 yeurs old
were not sampled by trap nets in proportion to their true abundance in the population
(Figure 17A). In any stable self-reproducing population ol fish, the youngest fish arc
most abundant and the oldest are least abundant. Flowever, the most abundant age classes
of marked fish were the 3 and 4 year-olds, indicating that the abundance of | and 2 year-
old juveniles was underestimated.

We concluded that only the subadults and adults were marked in proportion to their true
abundance in the population.

3.7  Recapture Phases

A total of 6,012 fish were captured during the two recaplure phases: 5,039 during the first
recapture phase and 953 during the second recapture phase (Table 3 and Appendix D).
Of those, 6,007 were examined for marks and 3 escaped belore they could be examined,
A total o 78 of the examined fish were found to be marked with a elip on the right
maxillary.

The examined fish ranged in length from 74 to 323 mm with an average length of 182
mm (8D = 63, n = 6,007) (Figure 16). The length frequency distribution of examined
trout showed approximately the same three modes as were observed in the length
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frequency distribution of marked fish. The age frequency distribution of examined fish
showed that 2 year-olds were the most abundant age class (Figure 17B).

In contrast to traps, seines showed selection for juvenile trout, for example over 90% of
all seine-caught fish were less than 130 mm long and 94% were 1 or 2 year-olds (Figure
16). Seine-caught trout ranged in length from 74 to 290 mm, with an average length of
[13 mm (8D = 30, n = 282). That average length was highly significantly lower than the
average length of trap-caught marked and examined [ish (s = 18.798, P=0.001).

A Kolmogorov-Smirnov two-sample test showed that the length frequency distributions
of marked and recaptured trout were highly significantly different from each other
(Kolmogorov-8mirnov Z statistic = 5.8049, P<0.001) (Figure 19 and 21). There was a
lower proportion of adult fish, and a greater proportion of juvenile fish, in the two
recapture phases than in the marking phase. The proportions of juveniles in the trap
catches also increased between the two recapture phases (Figure 18). That patlern was
also shown in the age frequency distributions—the most common age of examined fish
was 2 years old instead of 3 to 4 years old for marked fish (Figure 17B).

Those differences in size and age between marking and recapture phases have the
potential to substantially affect population estimates. There were four possible
explanations:

Size and age distributions of the Fish Lake population changed berween the marking aned
recapture phases because of immigration of juveniles into the lake. The patterns shown
in Figures 16 to 18 may have been the result of continuous immigration of juveniles into
the lake throughout the study period combined with no change in the number of subadults
and adults, That explanation required a source for juvenile inunigrants, Only 1,039
juveniles were counted into Fish Lake from Fish Creek from July 22 to August 22, and
none were counted into the lake from Fish Creek after August 22 (sce section 3.2).
Therefore, for that possibility to be correct, large numbers of undocumented juveniles
would have had to enter Fish Lake from tributarics other than Fish Creek, and they would
have had to continue moving into the lake after flows in Fish Creek were too low to allow
fish movement, Immigration of undocumented juveniles was unlikely for two reasons:
small tributaries have much less spawning and juvenile rearing habitat than either upper
or lower Fish Creek, and all tributaries of the Fish Creek watershed share the same
precipitation regime and so would be expected 10 run dry at roughly the same time gach
summet,

In summary, the change in size and age of Fish Lake trout between the marking and
recapture phases was not due to immgration of juveniies during the study period.

Size distribution of the Fish Lake population changed between the marking and recapture
phases because of growth recruitment of lake-resident juveniles into ner traps. 11 there
was little or no additional immigration of juveniles from non-monitored tributaries, then
juveniles must have recruited from a population that was already resident in the lake by
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late July, but they had to grow to a minirnum length before they could be retained by
traps and be counted and measured. As juveniles grew in length over July to September,
an ever larger proportion of the juveniles in the lake became vulnerable to capture in net
traps. That phenomenon 1s called growth recruitment.

If growth recruitment occurred, then mean length and age of juveniles caught in the traps
should have been significantly greater than mean length and age of juveniles counted
through the fences, Comparison of length frequency distributions (Figures 11 and 16)
and age [requency distributions (Figures 12 and 17) confirmed that prediction, Average
length ol juveniles in the traps was greater than 100 mm, whereas average length of
juveniles passing through the fences in June, the month of peak juvemle immigration,
was at least 30 mm shorter. The dominant age of juveniles in the traps was 2 years, but it
was 1 year old in juveniles measurcd at the fences in June, Clearly, net traps did not
sample the entire juvenile size range, but instead retained only the largest juveniles in the
lake.

In summary. the available data on fish sizes supports the scenario of growth recruitment
as o couse of changes in size and age between marking and recapture phases.

Size distribution of the sampled population changed between marking and recapture
phases because of a difference in the spatial coverage of sampling berween phases. This
was possible because marking was donc only at 3 of the 7 sites (C1, C2 and I}, and all of
those sites are classified as eastern sites, whereas fish examined for marks were caught at
all 7 sites covering both eastern and western sides of Fish Lake. Average size of trout in
Fish Lake varied along east-west and north-south gradients with the largest trout in the
southeastern quadrant and the smallest trout in the northwestern quadrant (Figure 22; sce
section 3.8). Thus, the fish examined during the recapture phases would have tended to
include a greater proportion of juveniles than would marked fish.

However, it was unlikely that differences in spatial coverage in sampling could have been
solely responsibie for the steady increase with time in the percent of the catch made up of
juvenites, It was more likely to have been a contributing factor rather than o primary
factor.

The schedule of mortality with body size was different for marked fish than for wumarked
Jish as a result of the marking process. This was possible only if one assumed that adult
marked fish had a greater mortality rate than adult non-marked fish or of juvenile and
subadult marked fish. However, the 24-hour survival tests showed that there was no
significant difference in survival between marked and unmarked fish, and no evidence to
support a change in survival with fish size (sce section 3.10),

In summary, the differences in length frequency distribution between recaptured and
marked trout were due primarily to growth recruitment of juveniles during the study
period and, secondarily, to differences in the spatial coverage ol sampling between
marking and recapture phases. The first factor is more important than the second factor.
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The conclusion that growth recruitment occeurred meant that the number of juveniles
could not be reliably estimated using the same mark-recapture techniques that were
applied to subadults and adults. This subject is examined in detail in sections 3.9 and
311,

3.8  Spatial Variation of Trout Size

Rainbow trout of different sizes often reside in different habitats. If there are large
differences in trout size distribution among areas in Fish Lake, then it may affect
interpretation of mark-recapture ratios and estimation of population number. In this
section of the report, spatial variation in trout size was examined to determine its possible
effects on the results of the mark-recapture study.

Trends in trap net CPUE with time suggested a possible separation of trout into cast- and
west sub-groups (see section 3.4). To test this hypothesis, the seven stations were divided
into an east group (stations Cl, C2, 11 and [2) and a west group (stations €3, C4, [3) and
their length frequency distributions were compared, Both distributions showed the same
three modes described in Sections 3.6 and 3.7, but the western distribution was
dominated by juveniles while the eastern distribution was dominated by adults (Figure
22A).

The distribution of sampling stations naturally lends itself to separating length data into
north (stations C1, C2, C3 and C4) and south (stations I1, 12 and {3) groups. Length
frequency distributions of the two groups also showed the three modes observed
previously, but the northern group was dominated by juveniles while the southern group
was dominated by adults (Figure 221).

In summary, there were cast-west and north-south gradients of trout length with the
largest fish in the southeastern quarter of the lake and the smallest fish in the
northwestern quarter. Those findings support anecdotal obscrvations reported by
sportfishers, and by Triton employees who used angling to capture trout for biological
samples (T. Davies, personal communication), that the largest trout are usually caught
south and east of the big island.

The most likely explanation for the observed distribution of trout was a combination of
the location of origin of most juveniles and of competition for habitat. The greatest
concentration of juveniles was in the northwestern quarter of the lake in part because the
majority of juvenile recruits migrate into the lake from Lower Fish Creek. Trout also
compete among cach other for desirable habitat-—a competition that adults would be
expected to win because of their greater size. During July and August in Fish Lake there
were north-to-south gradients of decreasing surface water temperature and average depth
and increasing shoal arca and aguatic plant cover, Thus, during surnmer acdults tend to
occupy the best available trout habitat (shoal area, cool, abundant cover) in the
southeastern quarter of the lake whereas juventiles tend to occupy less destrable habitat
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(less shoal arca, warmer, lacking in cover} in the northwestern quarter of the lake. That
pattern holds only for the July to September period—it can be expected to change
seasonally in response to scasonal changes in water temperature and in the arca covered
by aquatic plants.

We conclude that there was spatial variation in trout density and mean size, but that it did
not affect the results of the mark-recapture study because the lake traps were moved
around Fish Lake during both the marking phase and the two recapture phases,

3.9 Ratios of Recaptured to Sampled Trout

A twotat of 78 marked trout were recaptured: 63 in the first recapture phase and 13 in the
sccond recapture phase (Table 3). The corresponding ratios of numbu recaptured (R) to
number examined for marks (C) were 0.013, 0,012 and 0.016. The differences between
these ratios were small, but their consequences for population estimation were large,
Therefore, it was important to establish whether R/C ratios varied significantly between
the two recapture phases and, if so, why they varied.

There were also substanzial differences in R/C ratio among the three length classes for
both recapture phases (Table 4 and Figure 23). For example, there were no recaptures of
juveniles in the second recapture phase, and R/C ratios for subadults and adults werg both
greater in the second recapture phase than in the first recapture phase. Therefore, it was
important to establish whether R/C ratios varied significantly among the three length
classes for cach of the two recapture phases.

A )(,2 test for equality of proportions showed that there was no sigaificant difference
amc'mg R/C ratios for the three length classes for the first recapture phase (ys" = 3.785, P

= (0.151). However, there was a significant dl[[uunm among R/C ratios for the three
length classes for the second recapture period (,(2 = 10,984, P = 0.004) due to the
absenee of any juvenile recaptures.

‘There was o significant difference between R/C ratios of the first and second recapture
phascs (x3 =(),685, P = 0.408). That result was misleading because there are obvious
large differences in R/C ratios for adults and subadults between the two recapture phases,
The finding of non-significance is due to an absence of juvenile recaptures in the sccond
recapture phase, When a juvenile September R/C ratio of zero was combined with
relatively high subadult and adult September R/C ratios, then the pooted R/C ratio for
September was lowered to the point that it was not significantly different from the pooled
R/C ratio for July and August,

To confirm those results, R/C ratios were analyzed on an individual cateh basis, A total
of 48 separate catches were available to caleulate R/C ratios: 46 trap catches and 2 beach
seine catches (Tables 2 and 3 and Appendix D). Eleven of those 48 catehes were taken
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during the marking phase, leaving 37 catches from which true R/C ratios could be
calculated. Bach catch was divided into three length classes, producing 111 R/C ratios.

An analysis of covariance of those 111 ratios in which C was the covariate showed that R
did not vary significantly between the two recapture phases (Fy o4 = 0.38. P = 0.538).
However, R varied significantly with length class (Fy ;o4 = 6.28, P = (.003) and with the
interaction of recapture phase and length class (F, (g, = 3.51, P =0.033). That finding
supported the results of the x,?' lests,

In summary, two independent methods supported the conclusion that there wag
significant heterogeneity in the R/C ratios among length classes and between recapture
phases. There were two reasons for that heterogeneity.

Marked fish were less vulnerable to capture than unmarked fish during the first recaprure
period due to temporary reductions in activity caused by the trauma of capture and
marking. The R/C ratio of subadults in the second recapture phase was 63% greater than
their R/C ratio in the first recapture phase, and the R/C ratio of adults in the second
recapture phase was 160% greater than their R/C ratio in the first recapture phase. The
most likely reason for those differences was that marked trout reduced thew activity
immediately after marking and so were less vulnerable than unmarked trout to capture in
passive gear such as net traps. The result was an underestumation of the subadult and
adult R/C ratios in July and August. By September, marked subadults and adults had
recovered their normal activity level and were caught in proportion to their true
abundancy in the lake.

Similar findings have been reported by other researchers enumerating trout populations in
British Columbia. For example, Sean Cox (Fisheries Center, University of British
Columbia, personal communication) reported preliminary resulls of a mark-recapture
study of rainbow trout numbers in hatchery-supplemented lakes in the Cariboo region.
R/C ratios were very low immediately after marking, but began to inerease within one
week of marking and eventually stabilized one month after marking.

Similar findings have also been reported for other species of fish in marine as well as
freshwater systems, For example, Ricker (1975) reported a mark-recapture study of
chum salmon (Oncorhynchus keta) in Johnstone Strait, BC, in which tagging delayed
migration timing of chum by several days.

Ricker (1975) commented (p. 87):
“A more insidious source of error is a tendency for marked or tagged ish Lo be

cither more, or less, vulnerable 1o fishing ... Effects of these sorts wil} generally be
hard to detect, and hard to distinguish from actual mortality due to tagging.”
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Thete are no studies in the scientific literature than offer guidelines for predicting the
churation of the refractory period between marking and recapture phases for rainbow trout
or for any other species of fish. Some researchers have avoided the problem by using a
different type of gear for recapturing than for marking, but that was not possible in this
case because lake traps were the onlv method that could collect large numbers of trout in
Fish Lake with minimal injury.

Assuming that a refractory period existed, then only the September R/C ratios for
subadults and adults can be used for population estimation, and not the pooled R/C ratios
shown in Table 3. Correcting the R/C ratios of subadults and adults observed in July and
August by using the R/C ratios measured in September does not provide any more
information than iz provided by using the September R/C ratios alone.

Vulnerability of juveniles to capture in the net traps changed over the study period as
they grew into the size range that was catchable by traps. The length and age frequency
analyses of section 3.7 showed that only the subaduit and adult size classes were
completely vulnerable to capture in net traps throughout the study period. Most of the |
vear-olds that immigrated to Fish Lake in the spring and summer of 1997 and some of the
small 2 year-olds that immigrated in 1996 were too small to be retained in the traps.
Therefore, the R/C ratios of juveniles were too unreliable to be used.

Unlike subadults and adults, it was not possible to compare R/C ratios for juveniles
between the two recapture phases because no Juveniles were recaptured in September.
Growth recruitment between July-August and September had diluted the number of
marked juveniles that were vulnerable to recapture in net traps to such a degree that not a
single juvenile recapture was found in the 951 fish that were examined. That means that
mark-recapture techniques alone cannot be used to calculate rehable estimates of the
number of juveniles. We must turn to the fence project to help us caleulate estimates of
juvenile number. (See section 3.11.2.)

310 Survival Tests

A total of six live box tests were conducted in July and August, 1997, to estimate the 24-
hour survival of trout processed during this study. Survival ranged from 86 to 96% with
an average of 92% (Table 5). The average survival of marked trout was 93% (8D = 4, n
= 3), which was not significantly difterent (ty = 0.812, 0.50-2P=0.40) from an average
survival of 90% (SD = 5, n = 3) for examined trout.

Mean length of survivors was 208 mm (SD = 61, n= 173) and mean length of mortalities
was 182 mm (8D = 50, n = 16). There was no significant difference in mean fork length
between fish that survived the tests and those that died during the tests (t g, = 1.633,
0.05<P<0.10). However, a Kolmogorov-Smirnov two-sample test showed that the two
length distributions were significantly different (K-S Z. = [.450, P = 0.028). The
difference was due to a greater proportion of sub-adults in the dead class than in the live
class (Figure 24), This was assumed to be due to random influcnces operating on small
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sample sizes because the alternative was to assume that survival was high for juveniles
and adutts but tow for sub-aduits, a conclusion that had no other evidentiary support.

To confirm that there was no change in survival with size of fish, a second set of livebox
tests was conducted during the second recapture phase in September. The design of the
tests was altered to reflect new objectives. Instead of placing all fish into a single livebox
after measurement and examination. fish were instead sorted into three size classes
corresponding to juvenile, sub-adult and adult. and then each class was placed into its
own separate livebox, After overnight soaking, the three liveboxes were opened, the live
trout were released into Fish Lake and the dead trout were counted and their Jengths were
measured,

A total of 613 trout were placed in liveboxes and 602 survived overnight soaking for an
average survival of 0,98 (Table 6). Survival on an individual livebox basis ranged from
(.94 to 1.00 with an average of 0.98 (SD = 0.02, n = 18). Survival of juveniles was lower
than survival of sub-aduits or adults, mainly because juveniles tended to be gilled more
often in the net traps than sub-adults or adults. However, the difference in survival
between length classes was less than 2%, which was ol negligible importance for ali
practical purposes.

The 6% difference in average survival between the two scts of livebox experiments wasg
most likely due to the 5°C difference in average water temperature between the two time
periods: 16.6°C (8D = 1.8, n = 88) for July-August compared to 11.6°C (SD = 1.5, n=
21} for September (Appendix A). Temperatures greater than 13°C are known (o stress
salmonids (Brett 1995),

In summary, an average survival of 92% was used to correct the total number of marked
trout to the actual number of marked trout in Fish Lake.

3.11 Population Cstimate

3.110.1 Subadults and Adults

Section 3.9 showed that mark-recapture techniques can only be reliably used to estimate
numbers of subadult and adults. Juveniles were not sufficiently vulnerable to capture in
trap ncts during the study for their R/C ratios to be used in population estimation.
Instead, we must use juvenile fence counts to estimate juvenile abundance (see section
3.01.2),

Section 3.9 also showed that only the data from the second recapture phase can be used

for Petersen estimates of subadult and adult numbers because the B/C ratios of the first
recapture phase were underestimates of the true R/C ratios,
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If & marking survival of 92% was assumed, and if the observed numbers of recaptured
and examined subadult and adult trout for the second recapture phase were used, then
equations (2) and (3) give a total population of subadults and adults of 49,058 with 95%
confidence limits of -35% and +67% (Table 7). Summing separate population estimates
for subadults and adults gives 49,0537, which was exactly one fish less than the estimate
based on pooling the two size classes.

3.2 Juveniles

Traps were not effective in capturing juveniles. Therefore, several estimates of the
number of juveniles in the lake at the end of the second recapture phase were obtained by
combining information from the mark-recapture study and the 1997 fish fence project,
and by making a series of assumptions about the proportion of the juveniles that were
avatlable to be marked,

The first estimate was obtained by assuming that juveniles caught in net traps were a
mixture of 2 year-olds and large 1 year-olds. We further assumed that those juveniles
were caught at the same rate as subadults and adults. That was a reasonable assumption
because we were dealing with those juveniles that were large enough to be trapped, not
the total number of juveniles in the lake. Then, the number of those large juveniles was
equal to the number caught during the marking phase expanded by the R/C ratio of
subadults and adults estimated from the second recapture phase. A total of 441 juveniles
between the lengths of 70 and 139 mm were marked during the marking phase. of which
406 were expected to survive marking (Table 7). Expanding that number by an R/C ratio
of 0.027 gave 406/0.027 or 15,037, Thus, the total number of juvenites in the lake was
the number of 1 year-olds counted through the fences plus the number of 2 year-olds and
large 1 year-olds caught in net traps. The 1997 fence project found that 20,110 juveniles
between the lengths of 50 and 150 mm entered in the spring and summer (Triton
Environmental Consultants Ltd. 1997b). Therefore, the total number of juveniles was the
sum of 20,110 and 15,037 giving 335,147,

Those caleulations can be verified by a second method. At the end of the second
recapture phase, the ratio of juveniles examined to total fish examined was 397/951 or
0.417. Thus, the ratio of the numiber of juveniles (N)) to thc, total population number at
the end of the second recapture phase was:

NN+ 49,058) = 0,417

which can be solved to give an estimate of Nj of 35,090, That was only 57 [isl or 0.2%
lower than the first estimate of juvenile number.

A similar caleulation can be made for the end of the marking phase, i.e. the ratio of
marked juveniles to total marked trout was 44 1/2,059 or 0.214. Thus, the ratio of N to
the total population number at the end of the marking phase was
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NN+ 49.058) = 0.214
which can be solved to give an estimate of Ny of 13,357,

The difference between these two estimates of Ny was 21,733, That was the number of
juveniles that grew Jarge enough to become catchable in trap nets between the end of the
marking phase on July 22 and the end of the second recapture phase on September 30,
1997, It was only 1.623 fish more (or 8% more) than the total number of | year-old
juveniles that were counted into Fish Lake in the spring and summer of 1997, That
suggested that most 1 year-olds had grown large enough to be valnerable o trap nets by
the end ol the study in late September.

A third method of estimating the total number of juveniles was to, first, reconstruct
number-at-age of the population using the number of | vear-olds counted through the
fences and the numbers of subadults and adults that are 3 to 6 years old. Then,
extrapolate the number-at-age between ages 1, 3 and 4, thereby obtaining an estimate of
the number of 2 year-olds. Total juvenile number was the sum of the known number of |
year-olds and the estimated number of 2 vear-olds,

Numbers of 2 and 3 year-olds were calculated by multiplying the mark-recapture estimate
of the number of subadults by the fractions of the total number of subadults that were in
cach 10 mm length interval over the length range of 140 to 229 mm. The number of 2
year-olds caleulated by this method was an underestimate of the total number of 2 year-
olds because 1t did not include those small 2 year-olds that were clagsified as juveniles on
the bagis of their length. In contrast, the number of 3 year-olds was reasonably accurate
hecause 3 year-olds were completely valnerable to capture in net traps. Numbers of 4, 3
and 6 year-olds were caleulated by multiplying the mark-recapture estimate of the
number of subadults by the fractions of the total number of adults that were in cach 10
mm length intervat over the length range of 230 to 330 mm,

A plot of the logtransformed numbers on age showed that numbers decreased slowly
between ages | and 4 (Figure 25). (The numbers of 2 year-olds were ignored in that
comparison because it was an underestimate of the true number of 2 year-olds.) The plot
also showed that there was a rapid decrease in numbers of 4, 5 and 6 year olds with age,
undoubtedly reflecting the influence of spawning-related mortality on those age classes.
Therefore, two separate three-point regressions were calculated: one for immature age
classes and a second for sexually mature age classes.

The regression of log,(number) on age for ages 1, 3 and 4 was not statistically significant
(r" = 0.08, P = 0.430), mainly because of its low sample size. The slope of the regression.
which is equivalent to total instantaneous mortality rate, was 7%/year, Such a low
mortality rate was expected for those age classes because there are few natural predators
of trout in Fish Luake other than birds such as eagles and ospreys, and because trout of
those ages do not experience spawning-induced stress and injury.
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The regression of log (number) on age for ages 4, 5 and 6 was also not statistically
significant because of low sample size (£ = 0.80, P = 0.220). Total instantancous
mortality rate was 164%/year, which was more than 20 times greater than the mortality
rate of age classes 1 to 4. Such a high mortality rate explaing why there are only three
spawning age classes in the population—extrapolating the regression to age 7 predicts
only 172 7 year-olds in the population or 0.4% of the total number of subaduits and
adults,

The regression of log, (humber) on age for 1 to 4 year-olds predicted that there were
18,016 2 year-olds in the population. Thus, the total number of trout in the juvenile
length class was the sum of the | year-olds counted at the fence plus the number of 2
year-olds predicted by the regression or 20,110 4+ 18,016 = 33,120,

[n summary, three separate methods show that juvenile number ranged from 35.909 1o
38,126, Inthe absence of any other criteria to assess those estimates, the arithmetic

average of 36,121 was taken as the best estimale of juvenile number.

3.11.3 Total Number

The total population of rainbow trout in Fish Lake at the end of September 1997 was
estimated to be 85,178, of which 36,121 were juveniles, 22,318 were subadults, and
26,739 were adults. 93% confidence limits of the total population number cannot be
accurately estimated because the number of juveniles was not estimated using equation

(2).

‘The number of rainbow trout in Fish Lake changes seasonally in response 1o immigration
of juveniles and natural mortality of juveniles, subadults and adults. Total number is
expected to be greatest in early August after the peak of the juvenile in-migration, and
lowest in late May prior to the period of juvenile tn-migration. Therefore, this study
provides an estimate of the maximum number of trout in Fish Lake in 1997,

4.0  DISCUSSION

The results of this mark-recapture study supported Sebastian’s (1996) contention that the
true number of trout in Fish Lake was underestimated by the 1993 hydroacoustic survey.
The mark-recapture estimate was three times greater than the hydroacoustic estimate,
That difference was highly statistically significant, as can be seen by comparing the 93%
confidence limits ol the two estimates—both estimates exclude the other.

To assess the validity of the mark-recapture estimate, this scction of the report first
reviewed the underlying assumptions of the mark-recapture method as they apply to Fish
Lake. Then, the hydroacoustic survey was reviewed in light of Sebastian™s (1996) review
of BioSonics Inc. (1995) and of the findings of this study.
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4.1 Assumptions of Mark-Recapture Methodology

4.1.1  Sratistical Bias

Equation (2) provided a biased estimate of population number, but the bias was negligible
if the number of recaptures was 4 or greater {Ricker 1975). The aumber of recaptures in
the second recapture phase was |5, When divided into subadult and adult size classes.
thev ranged from 6 to 9. Thus, statistical bias was negligible for this study.

4.1.2  Sample Size and Sampling Error

The study plan aimed for 2,000 marked trout and 4,000 examined trout. Those numerical
targets were exceeded during the marking phase and the first recapture phase.
Unfortunately, the unexpected temporary reduction in vulnerability of marked trout to
capture during the first recapture phase meant that we were {orced to use only the
statistics of the second recapture phase: 951 fish examined and 15 reeaptured. As a
result, the approximate 95% confidence limits of -33% and +67% were greater than the
planned £23% error level.

4.1.3  Mortality Rate of Marked and Unmarked Trout

The Petersen method assumed that marked fish suffered the same natural mortality as
unmarked fsh. It was not possible to strictly verify this assumption because there was no
method of collecting fish for survival experiments that did not involve handling them.
Thus, the 24-hour survival experiments were only capable of comparing the acute
mortality caused by handhing with the acute mortality caused by handling plus marking,

The first set of survival experiments showed that survival was not significantly different
among marked and examined figh, which indicated that marking did not contribute
additional mortality to that generated by capture in a trap and by handling, The second
set of survival experiments confirmed that mortality did not significantly vary with trout
size. We concluded that acute mortality rates were the same for both marked and
unmarked trout of all sizes.

Chronic effects of marking on survival were impossible to detect. The length frequency
distributions of marked and examined trout were significantly different from cach other,
but that was due to growth recruttrnent rather than to ditferential mortality rates (see
section 3.7).

4.1.4  Vulnerability to Capture of Marked and Unmarked Trout

The Petersen method assumed that marked and unmarked fish had equal vulnerability to
capture. That iy, the process of capture, marking and handling did not make the marked
trout more or fess inclined to move about than unmarked fish, thereby alfecting their
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probability of encountering a trap and being captured. or more or less “trap-shy” than
unmarked trout.

The first effect was tested by companng the R/C ratios between the first and second
recapture phases. The analyses described in section 3.9 showed that there were
significant differences in R/C ratios of subaduits and aduits between the two time periods.
Accordingly, the population estimate was based on the assumption that marked and
unmarked trout did not have equal probabilities of capture during the first recapture
phase, but that they did so during the second recapture phase,

It was not possible to test for trap-shyness because 171t existed it would affect both
marked and unmarked fish alike. A different study design incorporating multiple marks,
multiple recapture times, or radiotagging would have been necessary to test for that
effect, However, there was no reason to expect that trap-shyness existed during this
study, That is, there was no indication from CPUE or mean length or any other
measurable variable that trap-shyness operated.

[n summary, bias due to temporary decreases in rap vulnerabitity of marked wout wag
avoided by basing the analysis only on the results of the second recapture phase, The
incidence of trap-shyness could not be investigated. but was assumed to be of negligible
importance.

4.1.5  Loss of Marks and Recoonition of Marks

The Petersen method assumed that all marks were retained throughout the study, that
there was no loss of marks due to regeneration of clipped tissue, that there were no other
natural processes that would create new marks or remove old marks, and that all marks
were recognized.

Some marked fish were undoubtedly lost from the pool of marked fish due to fishing
mortality, particularly between the tirst and second recaprure phases. That resulted in an
upward bias to the number of adults. It was not possible to estimate the exact amount of
biag, but it was expected to be low relative to other sources of error because fishing
mortality rate on Fish Lake trout was low compared to natural mortality rate and because
the duration of the study period was short——oniy 3 months,

Maxillary bones regenerate (Wydoski and Emery 1983). However, it is unlikely that Fish
Lake trout could have regencrated several millimeters of maxillary length and re-grown
the rounded outer edge of the maxillary over a period of only 2.5 months. Al of the
workers in this study reported that the clipped right maxillary was clearly visible in all
recaptured fish as a shortened bone with a sharp, straight outer edge. The clips were as
visible on September 28 as they were on July 13, Moreover, all of the examinations were
conducted by the same workers who had clipped the fish.

[n summary, bias due to loss of marks was assumed to be of negligible importance.
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4.1.6 Random Mixing of Marked and Unmarked Trout

All single~census mark-recapture methods assume that the marked and unmarked trout
are randomly mixed together during the recapture phase. In this study, the marked fish
were evenly distributed over the lake during each day of the marking phase because the
duration of the first recapture phase was too short to guarantee that the tish would have
time to randomize their own distribution within the lake by natural movements.

4.1.7  Immigration and Emirration

If immigration occurs between the marking and recapture phases of o Petersen mark-
recapture study, but no emigration, then the poputation estimate 1s unbiased and refers to
the population number at the end of the recapture phases. If emigration occurs between
the marking and recapture phases, but no immigration, then the population estimate is
also unbiased but it refers to the population number at the end of the marking phase. If
both emigration and immigration occur simultaneousty, then the population estimate 1$ a
weighted average of the population number before emigration occurred and after
immigeation occurred.

Fortunately for this study, immigration was so much greater than emigration that we can
assume that immigration operated alone. However, because we were forced to use only
the statistics of the second recapture phase, the population estimate refers to the
population at the end of the second recapture phase.

d.1.8  Summary of Assumptions

A review of the seven critical assumptions of the Petersen mark-recapture method
showed that all but rwo were satisfied by the Fish Lake study. The single most important
assumption that was not satisfied was equal vulnerability of marked and unmarked trout
during the first recapture phase. However, that assumption was eventually satisfied by
using only the data of the second recapture phase.

The next most important unsatisfied assumption was no loss of marks due (o anglers. No
corrections were possible for that factor, but its upward bias on adult number was very
low compared to other sources of bias because of the very low exploitation rate on the
Fish Lake population.

4.2 Why was the Mark-Recapture Estimate Greater than the Hydroacoustic
Estimate?

There are three possible reasons why the number of trout estimated by the mark-recapture
study is three times greater than the number estimated by the hydroacoustic survey:
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the hydroacoustic survey missed a large portion of the trout population because it was
not able to cover the shallow, weedy areas where the majority of trout resided:
hydroacoustic methods were biased towards the detection of relatively large rout.
and underestimated the true number of smaller trout. Immature trout make up a large
portion of total trout numbers in any self~reproducing trout population; and

the number of trout in the Take in August 1995 may have been lower than the number
in the lake in July- 1997 due to annual variation in the number ol 1 vear-old juveniles
that recruit to the lake population gach summer.

Sebastian (1996) identified [our reasons why the hydroacoustic survey may have
underestimated population number in Fish Lake:

the hydroacoustic survey was not able to reliably survey areas of the lake that were
less than 3 m deep because of dense growth of aquatic vegetation at those denths.
Trout prefer such habitat over open water because it provides cover from predators. [t
is possible that the 27% of the surface area of the lake that the BioSonics team could
not survey contained the majority of the trowt population in the lake;

the down-looking sonar underestimated fish density because the beam was too narrow
to reliably illuminate every fish below it. At a depth of 2 m. with the reported beam
angle, ping rate and boat speed, each ping covered an arca with a diameter of only
220 mm. Any fish that was not divectly in the center of that iilluminated area would
not produce an interpretable trace on an echogram. Small trout with lengths of 50 to
100 mm would be less likely to produce a trace than larger trout because effective
beam angle decreases with decreasing fish length;

the investigators underestimated fish density because they were conservative in their
identification of echogram traces and may have classified a substantial number of fish
traces as non-fish traces; and

there arc unexplained anomalies in the results of the side-looking sonar survev. More
fish counts were made in the 8.3 to 18.5 m range than in the 18.5 o 28.5 m range.
even though the sampled volume in the latter range is twice as great as in the former
range.

A plot of the take volume-below-depth on depth shows that 167.73x 10" m’ f the Lotal
lake volume of 394.54x10* m” is below 3 m depth (Figure 26). In other words. 57.3% of
the total volume of the lake is contained within the 0 to 3 m depth stratum, and 42.5% of
the volume is contained within the 3 to 12 m depth stratum. Thus, over half of the
volume of the Iake is contained within the areas that the hydroacoustic wwam could not
survey. Considered from this viewpoint, it does not seem unreasonable to propose that
the hydroacoustic survey may have missed a large part of the trout population,

Triton Environmental Consultants Lid. 2732.02/0230rep.doc/WPO230
April 14, 1999 Page 32


CrystalBalint
Text Box


Prosperity Project: Fish Lake Rainbow Trout Mark-Recapture Study

50 SUMMARY

The mark-recapture study provided an estimate of rainbow trout number in Fish Lake of
85,178 as of the end of September 1997, That was three times greater than the estimate
of 28,128 (95% confidence limits: 106,060 to 40,196 fish) provided by a hvdroacoustic
survey conducted on August 1, 1995, A review of the assumptions of the mark-recapture
method showed that methodological problems were not responsible for the large
difference in numbers, A review of the hydroacoustic survey identified several aspeets of
sonar methodology that may have led to an underestimate of wout number in 1993,
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Table 1. Total numbers of rainbow trout moving into and out of Fish Lale
during the mark-recapture study: July 15 to August 22, 1997,

L.ength  Into Fish Lake: Into Fish Creck:
classes  Inlet trap/  Qutlet trap/ Percent  Inlet trap/  Qutlet trap/ Percent
(mm) downstream upstream  Total of total upstream  dowunstream Fotal of total

0-50 i 2 13 0.4 9 0 9 14.3
51-100 253 2781 034 927 13 16 20 460
101-150 11 159 (70 5.2 4 3 7 tLg
151-200 5 22 7 0.8 0 1 ; 1.6
201-250 2 9 i 0.3 1 G 7 11.1
231-300 5 1 16 0.3 0 10 10 159
301-350 2 0 2 0.1 0 0 0 0.0

Total 289 5084 3275 100.0 37 36 63 1000

Note: Flows in both upper and lower Fish Creeks fell to zero by late August
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recopiure 2 1 2%Hep B0 Zd-Sep 09150 4200 6l .1 166 60 240 133 74 050 2610 b3 2 5 0,000 0,040 0037 02
recapture 2 01 Md-Sep 09300 25-5ep 0900 21,8 103 4.3 16X 6l on A A0 20 9w [{ R 0.000 .067 0050 0030
recapture 2 C1 o 25-Bep 0U30 ZauBep ORI 227 152 s LG a5 151 63 47 4R 182 0 1 12 Q.00 0021 Dok 0013
recaptore 2 C1 0 26-sgp 0950 27-Hep DEM 227 1N 440 BH2 O 64 3000 3% 33 26 100 ¢ 1 2 3 Q000 0029 0.077 0.030
reeaptiss 3 001 FaBep 0840 28-Hep O%15 0 326 {58 7400 19s a1 13 3R G5 55 A% 0 o1 0.000 0031 D.oho 0,013

reaapture 2 11 28.Sep 0945 29Hep OR3D 222 T 3.4 168 55 7R R J S N O R 4 unon oo 0 0L000 3,000 0000 6.000
JJeoture 2 11 2By DKM 30-Bep 0830 ran 13 4.3 187 10 103 42 37 24100 Lihon Al 0040 0,000 00080 a.nnn
4 = jtrvenile (70-139 mm), 53 submlult (140:728 mm), @+ adult {230-330 mm)
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Table 3, Summary of marked, examined and recaptured fish, Fish Lalke
Rainbow Trout Mark-Recapture Study, 1997,

Number in study phase:

First Second
Marking  recapture  recapture Total
Marked (M) 2059 0 0 2059
Pead or Moribund® 89 0 0 89
No Right Maxillary™ 28 0 0 28
FEscaped” 5 3 2 10
Recaptured in marking phase 5 0 0 15
Lxamined (C) 0 5056 9351 6007
Total 2196 5039 933 8208
Recapiured in recapture phases (R) . 03 13 78
R/C ratio - 0.012 0.016 0.013

“fish were not marked if they were dead, moribund or had no right maxillary to clip
b e . . . . . .
“fish that jumped out of net traps or holding tanks before being measured, marked or examined

Triton Environmental Consultants Lid,
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Table 4. Ratios of recaptured (R)Y 1o examined {C) rainbow trout for three length classes and two recapture

phases,
Juvenile (70-139 mm):  Subadult (140-229 mm):  Adult (230-330 mm): Total:

Phase R C R/C R C R/C R C R/C R C R/C
11 19 1732 0.011 20 1752 007 15 1572 0,010 63 080 0.012
2nel (} 307 0 Q.000 8 31 £.02% 0 235 1.026 15 UAT O 0016
total 1 219 0,008 a8 2071 D018 21 1ROT 0013 s o007 Uagla

Triton Environmicntal Consultanis Lid,
April 14, 1909
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Table 5. Survival of rainbow trout in 2 fivebox, Fish Lake, July-August, 1997,

In-box: Qut-hox: Numbe Hours Percent
Site date  hour uamber date  hour umber clead in-box survival
Marking
1 [R-Jut 0945 33 FO-Jul 0843 31 2 23.0 0
2 19-Jul 0950 34 20-Jul OR15 33 ] 238 a7
1 20-Jul 1100 35 21-Jul 1030 3l i 23.5 50
Recapture
Il 25-Jul 1120 358 26-Jul 1600 30 3 295 86
I 26.Jul 1730 26 27-Jul 1030 23 3 17.0 88
H 27.Jul 1030 20 28-Jul 1100 25 1 23.:’1 mmmmm DG
sum 189 173 15)
mean 32 29 234 0
5D S i a0 5
1 6 G ) £

Teiten Environmental Consultants Lid
April 14, 1099 25550 Mivebaxvuwro ] vis
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Table 6. Survival of rainbow trout int liveboxes, September 1997,

Trout
length  Date: Hour: IHours Number:
(mm)  closed opened closed opened  soaked in-box dead survived  Survival

70-139  24-5ep 25-Sep f000 0845 228 03 ! -4 093
140-229  24-5ep 25-Sep 1000 0850 228 40 0 40 .00
230-330 24-Sep 25-Sep (D00 0835 229 23 0 23 F.00
70139 25-8¢p 26-Sep 1030 07355 b4 49 2 47 .96
140.229 25-Sep 26-5Sep 1030 0800 21.5 29 ] 23 0,07
230330 25-Scp 26-Sep 1630 GBOS 16 20 0 20 1 00
70-139  206-8Sep 27-Sep 0005 0810 231 43 2 240 .95
[40-229 26-Sep 27-Sep 0905 0815 23.4 3% ! 57 0.97
230-330 26-5¢p 27-Sep 0905 O%18 233 30 0 30 1.00
70-139 27-5ep 28-8ep 0215 0800 228 34 2 37 (1,95
140-229  27-5¢p 28-Sep 09F5 0303 228 35 { 35 1.00
230-330  27-Sep 28-Sep 09ts 0810 22.9 206 0 20 1,00
70-139  28-Sep 29-Sep &30 0816 238 22 0 oz [.00
140-229 28-Sep 29-Sep 0830 0R14 23.8 42 0 42 .00
230-330 28-8ep 29-Scp 0830 0812 3.8 33 0 35 1.00
70-139  29-Sep 30-Sep 0o28 Q%02 22.5 33 2 31 0.94
140-229  29-S¢p 30-Sep 0928 0805 22.5 31 ) 31 1,00
230-330 29-Sep 30-Sep 0928 0807 22,5 14 0 ] 4 1.00
sum 613 11 602
mean 0.98
5D 0.02
n [ 8

Triton nviranmental Consultants Lid,
Aprit 14, 1999 2AFE A 2 ivebox Zovly
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Table 7. Petersen estimates of the number of subadult and adult rainbow trout in Fish Lake, 1997,

Sub-population Juveniles subadults adidis combined
(Length range, mm) (70-139) (140-229) (230-330) (140-330)
Initial number marked (M") 44| 737 861 1618
Marked after 24 hours (MY® 406 696 792 489
Total number examined in 2nd recapture phase (C) 3497 A9 233 334
Recaptured in 2nd recapture phase (R) 0 0 6 13
R/C ratio - (L0228 0.024 0.027
Population (N) - 22318 26739 49058
tower 95% confidence imits - 12318 13270 32093
upper 95% confidence Hmits - 39004 30123 82014

“survival was assumed o be 92%. Losses due to angling were assumed to he negligible,

Triton Environmerntal Consultants Lid.
April 14, 1999 A5 Ypopfand-popl fxls
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Figure 1. Location of Fish Lake in Southwestern British Columbia
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Figure 3. Bathymetric Map of Fish Lake
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Figure 6. Mean (&1 SD) length-at-age of Fish Lake rainbow trout hased on
scale samples taken at inlet and outlet fences in 1996 and 1997, fit with a von
Bertalanffy growth model

390 T von Bertalanfly model: L = Loo(1 - exp(-K{1 - 19)))
ne= 310, 0" = 0,843
liop = 434 mm (S8E = 42)
300+ K= 0.225 yr (SE = 0.041)
tp=0.19 yr (SE = 0.1 1) I
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Figure 7. Surface water temperature of I'ish Lake, July-August 1997,
measurced a2t five stations, The solid line is the daily mean of all stations and
the broken lines are the 95% confidence limits of the daily mean
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Figare 8. Surface water temperature of Fish Lale, September 23 to 30, 1997,
The solid line is the daily mean of all stations and times of day
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Figurce 9. Temperature profiles, Fish Lake, 1997
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Figure 10, Numbers of rainbow trout entering and leaving Fish Lake, July-
September, 1997
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Figure 11, Length frequency distribution of rainbow trout migrating inte
Fish Lake from Fish Creck, 1997
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Figure 12A. Age frequency distribution of rainbow trout migrating into Fish
Lake from Fish Creek, May 1997
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Figure 12B. Age frequency distribution of rainbow trout migrating into I'ish
Lake from Fish Creek, June¢ 1997
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Figure 13, Number of rainbow trout caught and killed in Fish Lake, 1997,
by week, All numbers corrected for non-interviewed ind missed anglers
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IFigure 14, Plot of trap net CPUT of seven sites and mean surface
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Figure 15, Plot of trap net CPUE of two sites and mean surface temperature
(T) on the date of trap opening, Fish Lake, September 1997
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Figure 16, Length frequency distribution of marked rainbow trout and of
trout examined for marks during the two recapture phases, collected in 10
mm length intervals, Fish Lake, July-September 1997
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Figure 17A. Age [requency distribution of marked rainbow trout, Fish
Lake, 1997
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Kigare 17B. Age frequency distribution of examined rainbow trout, Fish
Lake, 1997
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Figure 18, Percent of rainbow trout examined in each study phase that
belonged to three length classes, Fish Lake, 1997
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figure 19, Length frequency distributions of marked and recaptured
rainbow trout, collected in 20 mm fength intervals, Fish Like, July-
September 1997
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Figure 20A. Age frequency distribution of recaptured rainbow trout, Fish
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Figure 208, Age frequency distribution of recaprured rainbow trout, Fish
Lake, September 1997
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Figaure 20C. Agre frequency distribution of all recaptured rainbow trout, Fish
50 o Like, July to September 1997
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Figure 21. Length frequency distributions of rainbow trouf recaptured with
trap nets during the first and second recapture phases, collected in 20 mm
length intervals, Fish Lake, July-September 1997
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Figure 22A. Length frequency distributions of trap-caught rainhow
trout from the eastern and western sides of Fish Lake, July to
September 1997
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Figure 22B. Length frequency distributions of trap-caught rainbow
trout from the northern and southern parts of Fish Lake, Fuly to
September, 1997
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Figure 23. Ratios of recaptured (R) to examined (C) rainbow trout for three
length classes and two recapture phases, Fish Lake, 1997
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Figure 24. Length frequency distributions of trout held in a livebox for 24
hours, collected in 20 mm intervals, Fish Lake, July-Aungust 1997
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Figure 25. Numbers-at-age of rainbow trouwt in Fish Lale, 1997
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Figure 26, Volume-below-depth of Fish Lake
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