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ABSTRACT

MacLellan, S.G., and J.M.B. Hume. 2002. Results of juvenile sockeye (Oncorhynchus
nerka) trawl surveys in Stuart, Trembleur, and Takla lakes from 1996 to 1998.
Can. Data Rep. Fish. Aquat. Sci. 1096: iii + 41p.

Juvenile sockeye (Oncorhynchus nerka) and other pelagic fish samples were
collected by mid-water trawl during summer and fall from 1996 to 1998 in Stuart,
Trembleur and Takla lakes. Most samples were preserved in formalin, but fish collected
for electrophoretic analysis were frozen, while others were preserved in alcohol for
strontium analysis of otoliths. A total of 9,273 O. nerka (9,064 age-0, 60 age-1, 149
age-2+) were captured from the study lakes over the three years. We also captured 18
sculpin (Cottus asper), 21 whitefish (Coregonus clupeaformis), 1 redside shiner
(Richardsonius balteatus), 4 lake trout (Salvelinus namaycush), and 2 burbot (Lota lota).

Mean length and weight of age-0 O. nerka collected in the fall and preserved in formalin
was 69 mm and 3.73 g in Stuart Lake, 78 mm and 5.74 g in Trembleur Lake and 64 mm
and 3.02 g in Takla Lake. Strontium/calcium ratios in the core of the otolith were used to
indicate the maternal origin of O. nerka sampled in the summer of 1997. There was a
clear separation between anadromous sockeye (>0.7) and non-anadromous kokanee
(<0.7). Electrophoretic analysis provided estimates of sockeye and kokanee proportions
for the O. nerka populations in the study lakes.

RESUME

MacLellan, S.G., and J.M.B. Hume. 2002. Results of juvenile sockeye (Oncorhynchus
nerka) trawl surveys in Stuart, Trembleur, and Takla lakes from 1996 to 1998.
Can. Data Rep. Fish. Aquat. Sci. 1096: iii + 41p.

De 1996 a 1998, a I'été et a 'automne, des saumons rouges juvéniles et d’autres
poissons pélagiques ont été échantillonnés au chalut pélagique dans les lacs Stuart,
Trembleur et Takla. La plupart des échantillons ont été conservés dans du
formaldéhyde, mais les poissons destinés a I'analyse électrophorétique ont été
congelés, et d'autres ont été conservés dans I'alcool pour I'analyse du strontium présent
dans leurs otolithes. Au total, sur les trois ans d’échantillonnage, nous avons capturé
9 273 O. nerka, soit 9 064 poissons d’'age 0, 60 d’age 1 et 149 d’age 2+, dans les lacs a
I'étude. Nous avons aussi capturé 18 chabots (Cottus asper), 21 grands corégones
(Coregonus clupeaformis), 1 méné rose (Richardsonius balteatus), 4 touladis
(Salvelinus namaycush) et 2 lottes (Lota lota). La longueur et le poids moyens des
individus d’'O. nerka d’age 0 capturés a I'automne et conservés dans du formaldéhyde
étaient de 69 mm et de 3,73 g dans le lac Stuart, de 78 mm et de 5,74 g dans le
lac Trembleur et de 64 mm et de 3,02 g dans le lac Takla. Le rapport strontium/calcium
au centre de I'otolithe a servi a indiquer I'origine maternelle des individus d'O. nerka
echantillonnés a I'été 1997 : les rapports ont permis de distinguer clairement entre le
saumon rouge anadrome (>0.7) et le kokani non anadrome (<0.7). Grace a I'analyse
électrophorétique, nous avons estimé les proportions de saumons rouges et de kokanis
dans les populations d’O. nerka habitant les lacs a I'étude.



INTRODUCTION

The Stuart system is the northern most migration destination for sockeye
(Oncorhynchus nerka) in the Fraser River watershed. The system consists of Stuart,
Trembleur, and Takla lakes connected by Tachie and Middle Rivers (Fig. 1). Over 40
tributaries to these water bodies provide sockeye spawning habitat. The entire system
lies within the sub-boreal spruce biogeoclimatic zone and receives mean annual
precipitation of 40 to 75 cm with a frost-free period of 60 to 100 days per year (Farley
1979).

Stuart Lake is a large multibasin lake at the southern end of the system and
receives its major inflow from the Tachie River (Fig. 2). Total surface area is 359 km?
with an average depth of 20.2 m. The broad southern basin, which is known for its
potentially rough water during storms, is characterised by a relatively flat bottom of 30 to
40 m depths gradually shallowing to the outlet and sides of the lake. The central portion
of the lake is relatively shallow, often less than 20 m deep, and has many islands and
shoals. The northern basin is more fjord-like, with deeper water (70 to100 m) and steep
sided shorelines.

Trembleur Lake lies between Stuart and Takla lakes. Its major tributaries are
Middle River, flowing into the lake's western basin, and Fleming Creek at the east end of
the lake. Trembleur empties via the Tachie River at the west end of the lake (Fig. 3).
This western basin, which lies between Middle and Tachie Rivers, is relatively shallow
with an undulating bottom at depths normally in the 20 to 50 m range. The remainder of
the lake consists of a large basin which gradually drops to a depth of over 100 m and is
characterised by a rough rocky shoreline. Total surface area is 116 km? with a mean
depth of 40 m.

Takla Lake is a long fjord-like lake at the northern end of the Stuart system and
consists of three basins or arms (Fig. 1 and 4). The southern most arm, running from
the junction area to the outlet (Middle River) has relatively shallow waters (mostly < 60m)
with shallow and gradually sloped shorelines and several sand bars and fluvial outwash
fans extending well out into the lake. The west and north arms are steep sided and
deep, with maximum depths of 177 m and 287 m respectively. Overall surface area for
Takla Lake is 246 km? with an average depth of 106 m. Major tributaries are the
Driftwood River at the north end of the lake and Dust Creek at the end of the west arm.

There are two temporally and spatially distinct sockeye populations which migrate
to and spawn in the Stuart system, the early and late Stuart runs. The early Stuart run
enters the Fraser River in early summer and arrives on the spawning grounds in late July
to mid August. They spawn in the Driftwood River and tributary streams to Middle River,
Takla Lake, and Trembleur Lake (Schubert and Fanos 1997). The late Stuart run enters
the Fraser River in mid summer, arriving on the spawning grounds in September. These
fish spawn mainly in Tachie River, Middle River and tributaries to Trembleur and Stuart
Lakes (Macdonald et al. 2000, Schubert and Fanos 1997). Both runs are cyclic, with one
year of relatively high abundance (the dominant year), followed by three years of much
lower abundance. The early Stuart dominant (1993, 1997...) cycle has averaged
310,000 spawners between 1970 and 1996 reaching a high of 688,000 spawners in
1993. The nondominant cycles typically produce less than 100,000 spawners
(N. Schubert, Fisheries and Oceans Canada, personal communication). From the 1950’s
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to the 1990’s, the dominant cycle of the late Stuart run (1993, 1997...) averaged 319,000.
The following subdominant years averaged 33,000 sockeye while the other years
averaged less than 10,000 (Schubert and Fanos 1997). Total escapement affecting the
three years of this study, 1996 to 1998 (1995 to1997 brood years) are as follows
(NUSEDS V1.0, at http://sci.info.pac.dfo.ca/sein_prod/Default.htm):

Brood Year
Lake Run Timing 1995 1996 1997
Takla early 36,530 33,929 180,554
Trembleur early 86,337 76,586 85,149
late 7,566 9,712 281,472
total 93,903 86,298 366,621
Stuart late 26,796 56,186 511,267
Total Escapement 157,229 176,413 1,058,442

Kokanee, the non-anadromous form of O. nerka, also exists in all three lakes,
and may compete with sockeye for both rearing and spawning habitat. Juvenile
kokanee and sockeye in Takla Lake were found to be freely intermixed, with similar
behaviour and diet (Wood et al.1999). No estimates of kokanee spawner abundance
have been made.

Trawl samples collected over this three-year study will contribute toward
determining the abundance and distribution of juvenile sockeye, and the carrying
capacities for Stuart, Takla, and Trembleur Lakes. Trawl data along with hydroacoustic
data will be used to estimate juvenile sockeye numbers as described in Nunnallee
(1973) and in Burczynski and Johnson (1986). Along with other data, these results will
also be used to examine in-lake factors (e.g. food supply), which may be affected by the
large population cycles, and to evaluate the effectiveness of possible sockeye
enhancement activities such as spawning channels, lake fertilization and fishery
management for increased escapement. Specific objectives were to determine species
composition of the limnetic fish (catch data), age (O. nerka only) and size composition of
the limnetic fish (length and weight data), and parental origin (anadromous or not) of the
age-0 O. nerka (genotype analysis and strontium (Sr)/calcium (Ca) ratios in the otolith
primordia).

METHODS

Summer surveys (early August) were conducted each year (1996 to 1998) in
each of the three Stuart system lakes. Fall surveys were conducted on Stuart Lake in
mid-October,1996 and late September in 1997 and 1998; on Takla Lake in late
September from 1996 to 1998; and on Trembleur Lake in mid-October, 1996 and late
September, 1997. Low water in Middle River, prevented boat access to Trembleur Lake
in the fall of 1998.
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The Stuart system lakes were divided into trawl sample sections, which
contained from two to seven established hydroacoustic transects perpendicular to shore
(Fig. 2-4). These sections and transects remained the same throughout the study
period. Fish were captured using a midwater closing trawl with a mouth opening 3 m
wide by 7 m deep, capable of fishing to 64 m (depth to middle of the mouth opening).
The trawl net is described in Enzenhofer and Hume (1989). Depth and duration of each
trawl were determined by visually estimating fish density and depth from the acoustic
echogram. Normally one tow was done in each sample section, but more were done if
fish were stratified in two or more layers. When the hydroacoustics indicated very few
fish, tows were not generally carried out.

In 1997, four trawls were completed on two deep, slow moving sections of Middle
River to determine if O. nerka were utilising these areas as rearing habitat. Section 1
was approximately 4 km downstream from Takla Lake centred at 125° 26.823’ W, 55°
01.936’ N, with a maximum observed depth of approximately 26 m and was
approximately 0.9 km long. Section 2 was approximately 7 km downstream, centred at
125° 25.481" W, 55° 00.950" N with a maximum observed depth of approximately 21 m
and was approximately 0.6 km long.

To prevent fish from regurgitating their stomach contents, fish captured in 1996
were first anaesthetised with a lethal dose of 2-phenoxyethanol solution and, in 1997
and 1998, with an ethanol/clove oil solution (Anderson et al.1997). They were then
either preserved in 10% formalin for regular size/weight measurements, 85% ethanol for
otolith strontium analysis, or frozen for electrophoretic analysis. Each trawl catch was
labelled and a trawl log kept; recording survey, tow, section, date, time, duration of trawl,
depth, and weather. Usually the total catch from each trawl was preserved, however, on
rare occasions when catch was excessively large, only a portion of the catch was
preserved and the remainder released. Larger fish (approximately >150 mm), including
large kokanee, trout and burbot were usually measured for fork length and released, with
the exception of kokanee captured on Stuart and Trembleur Lakes which were retained
to provide genetic baseline data for electrophoretic analysis.

Preserved samples were left for at least one month to stabilise fish size before
measuring (Rogers 1964). We removed excess moisture from fish with paper towelling
in the manner described as heavy blotting by Parker (1963). Fish were identified to
species, measured to the nearest 1.0 mm, and weighed to the nearest 0.01 g using an
electronic balance. All O. nerka were initially assigned to preliminary age classes based
on groupings determined from a simple length frequency analysis. In most cases, it was
apparent from the observed size distribution that most fish were young of the year
(age-0) and up to 20 scales were randomly taken from this group to confirm this age
classification. Scales were also taken from up to 30 of the larger O. nerka to determine
their age. Ages from scales were then used to confirm ages from the length frequency
analysis. If any discrepancies were found (very rarely) the scale ageing was used. All
scale ageing was done by modifications of the methods described in Clutter and
Whitesel (1956), (Shayne MacLellan, DFO, Nanaimo, Pers. Comm.) When the tow was
done within 4 hours of dusk and in an area where zooplankton populations had been
monitored, the cardiac portion of stomachs from 20 fish were removed for stomach
content analysis.

Data storage, processing, and statistical analysis were done with SAS System

software (SAS Institute 1988a, b). Juvenile O. nerka were divided into age-0, age-1 and
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age-2+. These categories were determined from the scale ageing analysis, length
frequency distributions, and by date of capture relative to fry emergence. Age-0 are fry
from the current year's emergence and have not been in the lake over the winter. Age-1
are from the previous year's emergence and have been in the lake over one winter.
Age-2+ are determined to have been in the lake for 2 or more winters. Age-0 includes
both sockeye and kokanee. Scale analysis of returning sockeye adults to the Stuart
River system show that virtually all sockeye (99.8%) smolt after one year and have left
the lake by the end of spring following one year lake residency (Pacific Salmon
Commission, Vancouver, data on file). Therefore age-1 and age-2+ O. nerka can be for
the most part, considered kokanee.

Juvenile sockeye and juvenile kokanee occupy the same lake habitat and freely
mix with each other during the first year of their life history (Wood et al.1999). Other
than a slight difference in size, these two life cycle forms of O. nerka are virtually
indistinguishable from one another at this stage in life. Juvenile kokanee can be slightly
smaller than sockeye, however there are many factors potentially affecting this
difference in size, including genetics, lake productivity, and emergence timing. The end
result is that size distribution between the two often involves a great deal of overlap,
making size unreliable for distinguishing between the two morphs in most cases. Where
possible, we froze a subsample of our trawl catch for electrophoretic analysis to estimate
the sockeye proportion of the O. nerka catch. The procedure used starch gel
electrophoresis methods to reveal genotypes at alanine aminotransferase (ALAT*) and
phosphoglucomutase-2 (PGM-2*) as described by Wood et al. (1999) and Wood and
Foote (1996). Baseline genetic data was developed from tissue samples collected from
adult sockeye and kokanee collected from the three study lakes over the study period or
from profiles on file from earlier studies by Wood et al. (1999) and Wood and Foote
(1996). The electrophoretic results were analysed using SPAM95, a statistics program
for analysing mixtures (Alaska Department of Fish and Game 1997).

During 1998, the final year of the study, we preserved a few O. nerka from
selected trawl samples in 85% ethanol for otolith microchemistry analysis. The progeny
of anadromous sockeye have been found to have significantly higher Sr/Ca ratios in the
otolith primordia than do the progeny of fresh water reared kokanee, providing the lake
environment does not have an unusually high level of strontium present and yolk
deposition is largely completed before anadromous sockeye enter the freshwater
environment (Rieman et al. 1994, Volk et al. 2000). Sr and Ca were measured in the
otolith origin and on the ototlith rim using a four-spectrometer JEOL model 733-electron
microprobe as described by Volk et al. (2000).

RESULTS AND DISCUSSION

Over the three years of the study, 30 tows were completed on Stuart Lake, 37
tows on Takla Lake, 18 on Trembleur Lake and 5 tows on some deep, slow moving
sections of Middle River (Table 1). Trawling depths ranged from 9 to 32 m but most
trawls (67%) were between 11 and 18 m. There was no visible moon for most trawls,
but eight trawls were affected by some moonlight. About half of the trawls were
conducted with less than 10% cloud cover and with a light breeze or less (<6 knots). A
few trawls (13%) were conducted under more adverse conditions of continuous rain
and/or moderate breezes (11 to 16 knots) while two trawls were conducted with winds
>17 knots.



During the three-year study period, we caught 4,246 O. nerka from Stuart Lake
including 4,158 age-0, 4 age-1, and 84 age-2+. Age-0 O. nerka captured in the fall (fall
fry) and preserved in formalin, averaged 69 mm and 3.73 g. Other species captured in
Stuart Lake were; 12 whitefish (Coregonus clupeaformis), 15 sculpin (Cottus asper), 1
redside shiner (Richardsonius balteatus), 1 lake trout (Salvelinus namaycush), and 2
burbot (Lota lota).

Trawling in Trembleur Lake captured 2,438 age-0, 2 age-1 and 24 age-2+ for a
total of 2,464 O. nerka over the three years. Mean length and weight of fall fry
preserved in formalin was 78 mm and 5.74 g. Other species included 5 whitefish, 2
sculpin, and 1 lake trout.

The 2,563 O. nerka caught in Takla Lake included 2,468 age-0, 54 age-1, and 41
age-2+. Formalin preserved fall fry averaged 64 mm in length and 3.02 g in weight. In
addition to O. nerka, 4 whitefish, 1 sculpin, and 2 lake trout were caught.

Our 1997 trawls in Middle River captured 46 O. nerka (44 age-0, 1 age-1) from
the deep basins in the upper stretches of the river. This indicates that some O. nerka
utilize these areas as rearing habitat, at least through the summer and fall seasons.
Average formalin preserved fall fry weighed 5.69 g and were 78 mm in length. Other
species caught were 8 whitefish, 9 sculpin, and 1 redside shiner.

The summary length and weight statistics presented here (by survey in Table 2
and by trawl in Table 3) are based on measurements of frozen (thawed for
measurement), alcohol, or formalin preserved fish. Although preservation method does
have an effect on measured length and weight, no conversion to live size or between
preservation methods has been made. Formalin preservation causes a consistent
shrinkage in length enabling a simple conversion back to live length, although, various
relationships have been established with somewhat different results. Rogers (1964)
estimated a factor of +4% for sockeye up to 70 mm and +5% for sockeye smolts 70
to 120 mm. Shields and Carlson (1996) established a formalin length to live length
conversion equation (L=0.744+0.998(FL)).

Effects on weight are more complex and are dependent on fish size, original
state, and the ionic concentration of the formalin when fish were preserved (Parker
1963). Changes in weight from live to preserved fish ranged from -11% to +6%
according to Rogers (1964) and from +5% to +12% as reported by Parker (1963).
Shields and Carlson (1996) produced the conversion equation W=0.939(FW)-0.048.

Conversion factors for fish preserved with alcohol or freezing have been

-researched by Shields and Carlson (1996), DiStefano et al. (1994), and Macdonald et al.

(1997). These studies have shown that appropriate conversion factors not only vary
between species, but between watersheds and between years within species. Unless
researchers are willing to develop and update conversion factors on a study and site
specific basis, conversion factors should be used only to roughly estimate live
measurements (Shields and Carlson 1996).

Because of the effect preservation has on fish length and weight, tables
presented in this report identify the method used to preserve the sample. When portions

of a catch were preserved differently, statistics where calculated separately for each
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portion. Changes in length due to preservation method are relatively minor, especially
when considering the small size of age-0 O. nerka and the 3-mm size bins we used in
determining length frequencies. Therefore, length frequency graphs presented here
include O. nerka from all preservation methods (Fig. 7-10).

We analysed 98 fish from our 1998 summer surveys for otolith core
strontium/calcium ratios to determine the proportion of O. nerka populations having
anadromous (sockeye) and non-anadromous parentage (kokanee) for each of the study
lakes. The results showed clear separation of the Sr/Ca ratios in the otolith primordia,
the higher ratios (>0.7) indicating anadromous maternity (Volk 2000 et al.; Fig. 5,

Table 4). The test was controlled by sampling the otolith margin. The margin consists of
material that would be laid down during lake rearing and therefore should be identical in
both kokanee and sockeye (Volk et al. 2000). All Sr/Ca ratios from the margin, with one
exception, were <0.7, thereby validating the methodology.

In general, kokanee identified in these summer analyses were smaller than
sockeye (Table 5). There was, however, considerable overlap in size between the two
morphs making size alone an unreliable criterion for distinguishing between the two.
Thus, we did not attempt to separate the other O. nerka reported in the other tables.

We attempted genotype analysis using starch gel electrophoresis methods,
similar to those used by Wood et al. (1999) and Wood and Foote (1996), to determine
the proportions of kokanee and sockeye in the three lakes. Over the course of the three
years, estimates of sockeye ranged from 30% to 81% of the total O. nerka population in
Stuart Lake, 6% to 98% of the total O. nerka population in Trembleur Lake and 33% to
78% in Takla Lake (Table 6). The range in the 90% confidence interval (Cl) on these
estimates was very large, exceeding 75% of the estimate in many cases.

We compared the determination of sockeye proportions using the results from
the two methods, electrophoretic genotyping and determination of the Sr/Ca ratio in the
otolith core (Fig. 6). While the relationship is significant (R? = 0.73, P<0.05), the sample
size is small and there is little range in the estimates produced by the eight samples
available for the analysis. Note that the same fish were not analysed by both methods,
rather, samples for each method were collected from the same population. Also, due to
the high cost of the Sr/Ca ratio analysis, sample size from individual lake sections
tended to be quite small, ranging from 7 to 20 fish.
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Table 1. Summary of tows completed on the Stuart system from 1996 to 1998.

Water body Survey Tow Sect Time Date  Depth (m) Conditions
#) #) (#) (PST) Start End Sky Light Wind Catch

Stuart 1996 1996 ’ Intermittent . .

Pk 02 0002 4 00:35 96/08/08 18 18 Rain Dark Light Air Age 0 201
Age 1 2
Age 2+ 4
Whitefish

Stuart 1996 1996 . <10% Gentle

Lake 02 0003 1 20 Soae i 9 Overcast Dsac Breeze Age0 418
Age 1 2
Age 2+
Whitefish 1

Stuart 1996 1996 : <10% Gentle

Lake 02 0004 1 9090 Seledd 11 1 Overcast Rtk Breeze Age0 502
Age 2+ 2

Stuart 1996 1996 . 10-50% Moderate

Lake 02 0005 2 EIES BRMeAY 18 18 Overcast Dark Breeze Age 0 75
Age 2+ 1
Lake Trout 1

Stuart 1996 1996 ’ <10% Moderate

Lake 02 0006 S PieR Seneny 18 W Overcast WAk Breeze Age0 27
Age 2+ 2
Whitefish 1
Sculpin 1

Stuart 1996 1996 . >50% Light

Lake g7 ocpso | 1925 SOADAG 18 B Guipae  DAK poee Agsd 346
Age 2+ 6

Stuart 1996 1996 ’ >50% Light

Lake 07 0031 ¥ 20 Sphdiy B &2 Overcast e Breeze Age0 40
Age 2+ 14

Stuart 1996 1996 . 10-50% Light

Lake 07 0032 2 <=0l Jengis 15 9 Overcast sk Breeze AgeO 33
Age 2+ 2

Stuart 1996 1996 - >50% Fresh

Lake 07 0033 @ WK SR 18 e Overcast BEK Breeze Age0 70

Stuart 1997 1997 ; <10% Moderate

Lake 04 ogog 4 2240 9WOBOT 22 22 gupeas DK TRee Ageo 245

Stuart 1997 1997 . <10%

Lake 04 0009 1 23:10 97/08/08 11 11 Chvareist Dark Calm Age 0 398

Stuart 1997 1997 ’ <10%

Lake 04 0010 1 23:40 97/08/08 11 11 Crvarsat Dark Calm 0

Stuart 1997 1997 ; <10% Light

Lake 04 oOpfq 2 UES T0B09 18 18 G PEK peme Aged 106
Sculpin 1

St 1997 1997 5 4345 70809 18 18 1% qyilight _Light

Breeze 0

Lake 04 0012 Overcast
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Table 1. Summary of tows completed on the Stuart system from 1996 to 1998

(continued).
Water body Survey Tow Sect Time Date  Depth (m) Conditions
#) #) #) (PST) Start End Sky Light Wind Catch

Stuart 1997 1997 | <10%

sk 04 0013 3 00:50 97/08/10 18 18 Ovireast Dark Calm Age 0 11

Stuart 1997 1997 ] 10-50% Light

Lake 09 0027 A 2035 DiARES B 2 Overcast EEig Breeze Age0 8

Stuart 1997 1997 . 10-50% Light

Lake 09 0028 ¥ 20U pHOMES BY =N Overcast e Breeze Age0 1

Stuart 1997 1997 . <10% Moderate  Light

Lake 09 0029 3 0414 970024 25 25 Overcast Moon Breeze 0

Stuart 1997 1997 : <10% : .

Lake 09 0030 1 20:25 97/09/24 18 18 Ousicash Dark L|ghtA|rAgeo 258

Stuart 1997 1997 2 23:50 97/09/24 23 23 <10% Dark Light Air

Lake 09 0031 Overcast Age 0 66
Whitefish 2

Stuart 1997 1997 3 02:35 97/09/25 23 23 <10% Moderate Light Air

Lake 09 0032 Overcast Moon Age 0 18
Whitefish 3
Burbot 1

Stuart 1997 1997 4 04:07 97/09/25 11 11 <10% Moderate Light Air

Lake 09 0033 Overcast Moon Age 0 92
Redside Shiner 1
Burbot 1

Stuart 1998 1998 4  22:24 98/08/11 17 17 >50% Dark Gentle

Lake 03 0002 Overcast Breeze Age0 233
Age 2+ 12

Stuart 1998 1998 1 22:35 98/08/12 11 11 <10% Dark Light

Lake 03 0003 Overcast Breeze Age0 396
Age 2+ 5
Sculpin 1

Stuart 1998 1998 2 02:30 98/08/13 18 18 <10% Dark Light

Lake 03 0004 Overcast Breeze Age0 290
Age 2+ 16

Stuart 1998 1998 3 22:29 98/08/13 18 18 <10% Dark Gentle

Lake 03 0005 Overcast Breeze Age0 20
Age 2+ 8
Whitefish
Sculpin 8

Stuart 1998 1998 3 02:04 98/08/14 20 20 <10% Dark Gentle

Lake 03 0006 Overcast Breeze Age0 115

Whitefish 1
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Table 1. Summary of tows completed on the Stuart system from 1996 to 1998
(continued).

Water body Survey Tow Sect Time Date  Depth (m) Conditions
(#) # @& (PST) Start End Sky Light Wind Catch

Stuart 1998 1998 4  21:55 98/09/22 21 21 <10% Dark Calm

Lake 08 0016 Overcast Age 0 66
Age 2+ 4
Sculpin 2

Stuart 1998 1998 1 20:20 98/09/23 18 18 10-50% Dark Light

Lake 08 0017 Overcast Breeze Age0 85
Age 2+ 6

Stuart 1998 1998 2 00:02 98/09/24 18 18 <10% Dark Light Air

Lake 08 0018 Overcast Age 0 38
Age 2+ 1
Whitefish 2
Sculpin 2

Takla 1996 1996 1 00:35 96/08/12 11 11 Continuous  Dark Gentle

Lake 03 0007 Rain Breeze Age0 10
Age 2+ 1
Lake Trout 1

Takla 1996 1996 6 23:15 96/08/12 11 11 <10% Dark Light

Lake 03 0008 Overcast Breeze Age0 51
Age 1 3

Takla 1996 1996 5 21:45 96/08/13 11 11 <10% Dark Light Air

Lake 03 0009 Overcast Age 0 33
Age 2+ 2

Takla 1996 1996 4 01:05 96/08/14 11 11 <10% Dark Light Air

Lake 03 0010 Overcast Age 0 23
Age 1 4
Age 2+ 4

Takla 1996 1996 3 22:15 96/08/14 11 11 >50% Dark Light Air

Lake 03 0011 Overcast Age 0 29
Age 1 1
Age 2+ 1

Takla 1996 1996 2 00:17 96/08/14 11 11 >50% Dark Light Air

Lake 03 0012 Overcast Age 0 25

Takla 1996 1996 2 22:00 96/09/24 25 25 >50% Moderate ~ Calm

Lake 05 0018 Overcast Moon Age 0 4
Age 1 3
Age 2+ 3

Takla 1996 1996 3 01:27 96/09/25 25 25 >50% Moderate ~ Calm

Lake 05 0019 Overcast Moon Age 0 3
Age 2+ 11
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Table 1. Summary of tows completed on the Stuart system from 1996 to 1998
(continued).

Water body Survey Tow Sect Time  Date Depth (m) Conditions
(#) #) @#) (PST) Start End Sky Light Wind Catch

Takla 1996 1996 1 21:15 96/09/25 18 18 >50% Moderate ~ Calm

Lake 05 0020 Overcast Moon Age 0 20
Age 2+ 1
Whitefish 1

Takla 1996 1996 4 01:20 96/09/26 18 18 >50% Moderate  Light

Lake 05 0021 Overcast Moon Breeze Age0 9

Takla 1996 1996 6 20:10 96/09/26 18 18 Continuous  Dark Light Air

Lake 05 0022 Rain Age 0 106

Takla 1996 1996 6 21:06 96/09/26 32 32 Continuous  Dark Light Air

Lake 05 0023 Rain Age 0 70
Age 2+ 1

Takla 1996 1996 5 02:00 96/09/27 25 25 Continuous Dark Light Air

Lake 05 0024 Rain Age 0
Age 1 4
Age 2+ 1

Takla 1996 1996 2 21:10 96/09/27 20 20 >50% Dark  Moderate

Lake 05 0025 Overcast Breeze Age0 75
Age 1 3

Takla 1996 1996 2 22:10 96/09/27 32 32 >50% Dark Moderate

Lake 05 0026 Overcast Breeze Age 1 6
Age 2+ 2

Takla 1997 1997 1 23:10 97/08/10 15 15 <10% Dark Calm

Lake 05 0014 Overcast Age 0 35
Age 1 1
Age 2+ 3
Lake Trout 1

Takla 1997 1997 2 01:55 97/08/11 11 11 <10% Dark Calm

Lake 05 0015 Overcast Age 0 132
Age 2+ 1

Takla 1997 1997 3 22:20 97/08/11 11 11 <10% Dark Calm

Lake 05 0016 Overcast Age 0 35
Age 1 1

Takla 1997 1997 4 01:05 97/08/12 11 11 <10% Dark Light Air

Lake 05 0017 Overcast Age 0 62
Age 1 1
Age 2+ 1

Takla 1997 1997 6 23:10 97/08/12 15 15 <10% Dark Light Air

Lake 05 0018 Overcast Age 0 92
Age 1 1

Takla 1997 1997 5 02:04 97/08/13 11 11 <10% Dark Light Air

Lake 05 0019 Overcast Age 0 62

Age 2+ q
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Table 1. Summary of tows completed on the Stuart system from 1996 to 1998
(continued).

Water body Survey Tow Sect Time Date  Depth (m) Conditions
(#) # @#) (PST) Start End Sky Light Wind Catch

Takla 1997 1997 1 22:25 97/09/25 18 18 >50% Dark Calm

Lake 10 0034 Overcast Age 0 6
Age 1 5

Takla 1997 1997 6 19:50 97/09/26 25 25 >50% Dark Light

Lake 10 0035 Overcast Breeze Age0 38
Age 1 4

Takla 1997 1997 5 02:35 97/09/27 20 20 >50% Dark Light Air

Lake 10 0036 Overcast Age 0 104
Age 1 5

Takla 1997 1997 2 20:58 97/09/27 20 20 >50% Dark Calm

Lake 10 0037 Overcast Age 0 9
Age 1 5
Age 2+ 2

Takla 1997 1997 3 23:57 97/09/27 11 11 >50% Dark Gentle

Lake 10 0038 Overcast Breeze Age0 64
Age 1 2

Takla 1997 1997 4 04:40 97/09/28 23 23 >50% Dark Gentle

Lake 10 0039 Overcast Breeze Age0 9

Takla 1998 1998 3 22:33 98/08/14 10 10 Fog/Haze Dark Gentle

Lake 04 0007 Breeze Age0 222

Takla 1998 1998 2 00:43 98/08/15 11 11 >50% Dark Light

Lake 04 0008 Overcast Breeze Age0 289
Age 2+ 3

Takla 1998 1998 6 22:55 98/08/15 11 11 <10% Dark Gentle

Lake 04 0009 Overcast Breeze Age0 119
Age 2+ 2

Takla 1998 1998 5 02:55 98/08/16 11 11 <10% Dark Gentle

Lake 04 0010 Overcast Breeze Age0 60

Takla 1998 1998 4 00:44 98/08/17 20 20 <10% Dark Gentle

Lake 04 0011 Overcast Breeze AgeO 10

Takla 1998 1998 1 21:34 99/09/24 18 18 >50% Dark Light Air

Lake 09 0019 Overcast Age 0 137
Whitefish 1
Sculpin 1

‘Takla 1998 1998 2 01:38 98/09/25 15 15 >50% Dark Light Air

Lake 09 0020 Overcast Age 0 179
Whitefish 2

Takla 1998 1998 6 21:16 98/09/25 17 17 <10% Dark Light Air

Lake 09 0021 Overcast Age 0 150
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Table 1. Summary of tows completed on the Stuart system from 1996 to 1998
(continued).

Water body Survey Tow Sect Time  Date Depth (m) Conditions
#) #) @#) (PST) Start End Sky Light Wind Catch

Takla 1998 1998 5 01:00 98/09/26 18 18 <10% Dark Light

Lake 09 0022 Overcast Breeze Age0 77
Age 1 5
Age 2+

Takla 1998 1998 4 03:45 98/09/26 18 18 <10% Dark Light Air

Lake 09 0023 Overcast Age 0 114

Trembleur 1996 1996 1  22:35 96/08/15 11 11 10-50% Dark Light

Lake 04 0013 Overcast Breeze Age0 162

Trembleur 1996 1996 1 23:15 96/08/15 18 18 10-50% Dark Light

Lake 04 0014 Overcast Breeze Age0 56
Age 2+ 10

Trembleur 1996 1996 2 01:25 96/08/16 11 11 >50% Dark Light

Lake 04 0015 Overcast Breeze Age0 132
Age 2+ 2

Trembleur 1996 1996 3 00:55 96/08/17 18 18 Continuous Dark  Moderate

Lake 04 0016 Rain Breeze Age0 34
Age 1 2

Trembleur 1996 1996 1 21:10 96/08/17 18 18 10-50% Twilight  Gentle

Lake 04 0017 Overcast Breeze Age0 77
Age 2+ 10
Lake Trout 1

Trembleur 1996 1996 1 20:02 96/10/13 25 25 >50% Dark Gentle

Lake 06 0027 Overcast Breeze Age0 135
Age 2+ 2

Trembleur 1996 1996 2 22:55 96/10/13 25 25 10-50% Dark Gentle

Lake 06 0028 Overcast Breeze Age0 39

Trembleur 1996 1996 3 02:00 96/10/14 18 18 <10% Dark Gentle

Lake 06 0029 Overcast Breeze Age0 52
Whitefish 1
Sculpin 1

Trembleur 1997 1997 3 22:50 97/08/14 18 18 >50% Dark Fresh

Lake 07 0022 Overcast Breeze Age0 25

Trembleur 1997 1997 3 23:25 97/08/14 22 22 >50% Dark Light

Lake 07 0023 Overcast Breeze Age0 10

Trembleur 1997 1997 2 02:11 97/08/15 18 18 >50% Dark Light

Lake 07 0024 Overcast Breeze Age0 320

Trembleur 1997 1997 1  22:45 97/08/15 22 22 <10% Bright  Light Air

Lake 07 0025 Overcast Moon Age 0 297
Whitefish 3

Trembleur 1997 1997 3 20:55 97/09/29 16 16 >50% Dark  Moderate 40

Lake 12 0042 Overcast Breeze Age0
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Table 1. Summary of tows completed on the Stuart system from 1996 to 1998

(continued).
Water body Survey Tow Sect Time Date  Depth (m) Conditions
#) #) @#) (PST) Start End Sky Light Wind Catch
Trembleur 1997 1997 2 23:52 97/09/29 25 25 >50% Dark Moderate 77
Lake 12 0043 Overcast Breeze Age0
Sculpin 1
Trembleur 1997 1997 1 03:11 97/09/30 32 32 Continuous Dark Moderate 121
Lake 12 0044 Rain Breeze Age0
Whitefish 1
Trembleur 1998 1998 1  22:45 98/08/18 18 15 <10% Dark Moderate
Lake 05 0012 Overcast Breeze Age0 397
Trembleur 1998 1998 2 01:45 98/08/19 18 18 <10% Dark  Moderate
Lake 05 0013 Overcast Breeze Age0 83
Trembleur 1998 1998 3 22:35 98/08/19 18 18 <10% Dark Light Air
Lake 05 0014 Overcast Age 0 381
Middle 1997 1997 2 21:55 97/08/13 11 15 >50% Day Light Light Air
River 06 0020 Overcast Age 0 19
Age 1 2
Middle 1997 1997 1 22:25 97/08/13 11 15 >50% Day Light Light Air
River 06 0021 Overcast Age 0 9
Whitefish 2
Middle 1997 1997 2 20:30 97/09/28 10 15 <10% Dark Light
River 11 0040 Overcast Breeze Age0 9
Whitefish 3
Sculpin y
Middle 1997 1997 ’ <10% Light
River 11 0041 T ey Suiies 40 14 Overcast Dark Breeze Age0 7
Whitefish 3
Sculpin 2
Redside Shiner 1




- 16 -

€L € S9 /L' 996 /S 95'¢ 290 890 8L0 89} /S LS 0 9by |oueyy
0 0 Ly +¢ 9by uszol
89 6¢ 8§ L0 L'vyS 992 20y G690 690 800 L' 992 LE 0 @by uszol4
00 00C 0002 | 0 b Ysiauym AT
le € L2 |2 0 6 €e0 €L'0 200 S00 220 6 6 uidinog uljewuod
9¢ o€ 09e | SS'0 S50 G50 I b ysusiiym ullew.o
v. L& 99 G0 €9G 989 ¥2'S €6'0 80 900 8l'c 989 989 0 9by ullewiod 866L/¥L-LL BNy €£08661 8)eT yenis
89 ¥9 L2 29 €99 ¢ cLe 00t 6E€0 960 ye € g YsieHuM uszou4
8 05 TL V'L .89 2L 0ov'8 ov'L ov'k 120 60t <CLl ZLi 0 9by uszou4
0L /9 LT 6L 89 ¢ R4 €LC 0 89¢€ 20e ¢ 4 joqing ulleuwo
444 0zy | 180 180 180 | L J8ulys epispay uljewlo
9, S. L0 Vv9 §6L ¢ V'Y €e'y  L00 ¥9°0 8E'vy ¢ (4 YsUsiym uljeulo
€6 8y 08 0} 8'0L L2 9€'0L 8L'L 9¥’L L0 6Ly Ll2 142 0 eby ujewsod /664/52-€¢ oS 6066+ o)eT Henjs
G, L& 0/ 80 L'ES  1EE L6V S0 690 800 19 1ge (345 0 9By uszoiy
67 6V o6y | 62’1 62l 6c’t | b uidinog ullewio
[ ve S§9 90 0G5 62 12994 Ly'0 040 Z00 €6'L  62¥ 62Y 0 @by ulewsod /661/0L-L0 BNy 02661 axe penig
68l 8¥l S8 8¢ 929l ¢ 6€°0L 2€.LE SO0L CLE Yr'es 2C 44 +g 9by uszol4
06 e €Vl ve €e9 2vl 9%'9 9€'0 2et 220 e gyl 445 0 aby uszoid
¥6 Ly €6 0} G'89 LvE ¥v'6 9l'L €9t L0 19t LvE LYE 0 aby ullewso4 9661/L1-91 190 L0966} a)eq Henig
80¢ LEl Gl L6} L8691 0} 5901 892 6962 vZ'iC €L'e9 0l ol +g 9by uszol4
9¢L e€¢b L2 L6k gvel ¢ 1922 L¥'¥Z 22T G6'6 Y09 ¢ 4 | 9By uszoiH
LL e L6 0} 067 86€ 414 G600 ZZ0 800 ¥Z'L  86€ 86¢€ 0 9by uszol4
8¢ 8¢ oge | 040 040 020 | } noiL exeT uljlewuo
6V 6V o6y | 1240 124 24" } uidnog uljewio
Z8 L€ ¥'9Z 999 €09 € 29'S 0€'0 /92 €99 80t € € ysusium uljeuuod
6Vl vl LS 808 oSyl ¢ ye'eY 09.€ 90V Lv'9E LyOy ¢ 4 | 8By ulleusio
§9 /2 08 G0 06y G2Z8 8z'c ¢c0 /90 S00 Zl’L 428 14} 0 9by ullewsod 96614/04-80 By Z09661 8)eT Henjs
XeN UIN  dS 10%S6-/+ UBSW N XeW U dS 10%S6-/+ UBSN N poyiow (#)
(ww) yibuaT (6) 3yBrap N exe| uonealasald a)eq Aeming  Apoquelepy |

‘wieysAs Len)g oy Joj AoAIns pue axe| Aq sonsnels Mel] ‘Z 9|qel



-17 -

g8 0y T 2¢C 8'¥9 00l 6v'L ¢L0 G8'L LEO Ll 00} 00l 0 8by uszolH
0ZL 09L V'L 6§'€9 069l ¢ 09'6G 06'LS 29T L§'ee GL'ES T 4 +Z aby uljewuod
0ZL L€V ¥CL LS L'vplL 12 ov'es 60SZ LL'6 SL'¥ 00°6e 12 ¥4 | aby ujjewod
¢6 v 8Ll 0¢C 6'¥9 0€l 188 €90 €8’ ¢e0 Zl'e  0ogl ocl 0 9by ullewlod /661/82-G2 S 012661 o)eT el
89 G2 96 ¥l 605 G61 9e'e ¥L'0 920 LL°O ¥S'L G61 S61L 0 8by uszo.4
0€S 0€S 0°0€S 0 l noiL exeT a7
89l 0SIL 8L 1’8 265l 9 09'vS /L8'lv 82'S VS'S €08y 9 9 +g aby uljewlod
vcl 2L 0S 62 8'8LL ¥ €0'¢C 90°LL 6LC 6VE S6'6L ¥ 14 | by ujjeuod
0L ¢ oL £ €05 €z¢¢ S6°€ 0L'0 80 LI'O ¥8'L  €2C €ee 0 8by ulewsod /661/€L-0L BNy 50661 e epeL
8€l 8l osel | SVl S¥'/l2 Sv'ic L b + 9by uszoi4
28 v€ 66 81 1’86 €LL 0’9 $S'0 Sv'L 120 9’z €Ll el 0 eby uazol4
00€ 00€ 000e I 0 2 ysusiym 8AI
991 991 00 00 099l v 0 ¥ +g 9By AT
¢lL 28k L'9 §'€ L'291 vl 0L'6S 0OF'8E €£9 G9E ga'sy vl 14} +Z 8by ullewuod
Syl ¥2l 89 '€ 8'vel 91 8.'le ¢CL'0C 28t v0¢C ce’le 9l 9l | aby uljewod
98 6 CHL L) 029 6.1 ¥6'9 $9°0 €9'F ¥20 98'c 6. 611 0 9by ulewlod 9661/.2-¥2 d9S G09661 aeT epel
291 evlk L9 04 g6vl 9 cLYy  LE2E EEVY  ¥S'YV (A A1) 9 +g 8by uazol4
0Ccl S6 L6 68 €60l L 8¥'8lL 8¥6 9€€ LI'E Syl L L | by uszol4
9 g 06 LI €Cy SiL Lz’e 600 650 LLO ¥L'0 Gl GLL 0 8by uszol4
00S 00§ 0008 | 0 L noiL exeTq 9
09 8SL VI LTI 065t ¢ 296y 08'Ly €S5S 896V LSy € 4 +g 9by uljewlod
60L 60} 060} | 09'vlk 097l 09tk L 3 | 8By uljeuuod
€9 62 €0l 8¢ vy 99 98°C 92’0 €80 220 PL'L 99 99 0 9by ullewlod 966L/vL-2l BNy €09661 o)eT epeL
8, 79 G¥ C¢ §'89 0} 8C'y SL'L 690 6%0 €8'Cc 0l (0] 0 8By |oueyi3
0 0 Ll +g aby uazoli4
98 14 e L2 1’69 Ly 62’8 o¥'L 6SL  9¥0 1 ZVA 4 29 0 @by uszol4
9¢ e 92 TV EEE ¥ S0 0€0 L0 L0 680 ¥ 4 uidinog uljewsod
08 6L L0 V9 §6L ¢ €6'S 26y L0 2Zv9 eV's ¢ 4 Usysjiym ujjewsod
8 IS 6272 VI 969 Ll 86'9 2e’l 0¥’k 920 €0y LI LLL 0 8By ullewliod 8661/¥2-22 49S 808661 a)e Hemg
XeN UIN  dS 10%S6-/+ uesN N Xey U dS 10%S6-/+ Uesw N poyew (#)
(ww) ywbuan (6) 3ubrapn N BeXe] uojjeAIasald ajeq Aaning  Apoq Jeiepn |

‘(panupuoo) wajsAs penis ay} oy AeAins pue axe| Ag soljsiie)s |mel] “zZ 9|qel




-18 -

S8 65 99 VI €y, 88 688 18¢C LVl LEO 08'S 88 88 0 by uszol4
8¢ 8¢ 08z | 920 920 920 L b udinog ullewlod
142 44 ovy L 6.0 6.0 640 | 4 ysusuym uljewo
66 29 0L V' c'08 0Sk ¥0'0L €22 ¥S'L S20 ¥8'G  0Sl 0SL 0 8by ulewdod /661/0€-6Z deS Z1.L66) 8xeTInajquial]
29 29 029 | 66°L 66'I 66'L | b ysuelym uszol4
9. € 99 80 269 G€C LTS 9.0 980 L0 8c'c GeeC gee 0 9by uszol4
19 09 L0 V9 §09 ¢ 20¢C €6'L 900 /S0 86k ¢ Z ysuayuym uljewuod
08 6¢€ 8L L0 €09 Ly 609 290 660 00 VANANNAN 4 Ly 0 9by ulewsod /661/GL-vL Bny 20661 @3eTInajquialL
191 291 Gt 8lE Syl ¢ 0 Z +g 9by uszol4
06 8 <26 0¢ 8V, 8 0 ¥8 0 by uszol4
8¢ 8¢ 0ogc | [4A)} [4A0)} [AA V" 3 uidinog uljeulod
28 2§ 0cs |} 0s’L 0s't oS’ L L ysusuym uljewuod
6 W 99 'L 06L cvl 0’8 89'0 6L 020 09'S ¢yl fA 4" 0 @by ullewod 9661L/7L-€1 100 90966} S3ETN8|qUalL
€0C ¥9I L8 6¢ 0cel 2 Zl'eolk L9'lg 8L'G 62¢C 1896 ¢2¢ 44 +Z 9By uszo.4
€L I8 L9 (O} L'6G  G61 ye'e Ge'0 290 ZL00 cc’t  G6l S6l 0 9by uszol4
0 0 L noiL exen AN
0 0 oL 0 @by aAI
€9l 191 ¥ L2L 029l ¢ 0967 00%y 96'€ 8S'GE 08'9% ¢ 4 | 9By uljeuuod
v, 0¢ G.L 60 G'6G 962 S/'v 620 180 00 ol'e 9se 962 0 8By ulewlod 9661/L1-GL BNy $09661 OxeTIns|quiall
¥8 Sy 96 L€ 889 8¢ 66'G .60 92} 6v0 9zt 8¢ 8¢ 0 9by |oueyi3
€6 9¢ L'LL T} 719 GlE 80°0L 290 €L} 610 ¥€'€  GlE Sve 0 8By uszol4
6 62 06c |} S0 G20 TAV A uidinog uljeuuod
€S €y 8¢ €Vl L6y € ¥S'L ¥L0 ¥¥0 60} gZ'L ¢ € Usysiiym ujlewuoy
08l 08} o008t | 09'0L 09°0Z 090 L +g oby ullew.od
6vL 0¥l L€ 9V [AC]4 ] 99cy LL'lE 68’} GETC ooy S g | @by uijew.od
L6 8¢ 90l ¢} 289 8¢ 68’8 ¥5'0 9L 120 L6'E ¥8C 8¢ 0 8by ulewlod 8661/92-¥Z doS 60866} 94eT ENEL
89 6 G.L 8¢ ¥vS  0€ ¥8'¢C 0¥'0 650 220 ¢l 0 0g 0 8by joueyg
.9 g 08 Tl g8y 9L Y0V 8€'0 €80 <¢I0 €9l 9/} 902 0 8By uszo.4
08l OVl 902 ¥'GC 085l § 0 S +g by A1
Zcl e €6 60 ¥¥S vy 9¥'0¢ €€0 <¢cet ¢L0 SO 4°)4 9y 0 @by ulewliod 8661/LL-vL BNy $08661 o)eT epeL
XeN UIN dS 10%S6-/+ UESN N Xep UN  dS 10%S6-/+ UESN N poyjew #)
(ww) Wybua (B) uBrapn N exe| uofeAlasald aleq Aenng  Apoq Jaiep

‘(panupuoo) wajsAs penis ay} 4oy ASAINS pue aye| Aq soisiie)s |mel] g o|qel




-19 -

0oe 08F ¥29 LGSt 00€C € 0 € ysysiym 8AIN
¢L L 0ecL |} 9.’ 9.'¢ 9L¢e | L I8ulys spispay uljewlod
88 ¢2¢ 602 09} 9LS 6 GG’ 20 2SC V6L 9L'c 6 6 uidinog ullewio
¥6 9. V0L 862 088 € 026 88y G¥'C 809 0L'L € € ysusiym uljewlo
88 /9 99 G¢ ¥8L 9l €92 82t w¥'L LLO 69'G 9l 9l 0 8By uljewuod /661/8Z2 doS |1.661 JBAI BIPPIN
00€ 00¢g 0'00g | 0 L ysyapym aA
89 89 089 | ov'e orv'e ove | 3 ysusiym uljewio
Gel el 8¢ ¥'SC 0eeElL ¢ GL'0e 9662 €L'0 121 90'0€ ¢ 4 | aby uljewo
v, € 0L LT 9.5 8¢ LE'S G6'0 0} 6€0 9€'Cc 8¢ 8¢ 0 8By uljewsod 1661/€L BNy 902661 J3AlY 8IPPIN
v, 8y T9 €2 9'L9 0¢ $S'€ €8'0 G90 20 ok'z o0¢ o€ 0 8By |ouely
69 6 69 01 6'vS 10C 0y 26’0 8.0 LIO Sl'e 10 L€C 0 8By uszol4
6, 6¢ 99 S0 ¢85 009 18'S 0€'0 180 900 8¢'c 009 009 0 9by ullewlo4 8661/61-8L BNy G08661 83T nsjquall
XeW UIN  dS |10%G6-/+ UuesN N Xen UW dsS 10%6G6-/+ UesN N pouiew (#)
(ww) yybus (6) yBrap N exe] uojeAlasald aleq Aening  Apogielep |

‘(penunuo9) wesAs pen)s ayj Joy AoAins pue aye| Aq sonshiels |Mel] ‘g 9|qel




-20-

69 0y 09 80 yes €le 9g’e €90 650 800 €9’} €l €le 08By  uwjewsod 80/80/L66} |  YOL66L 600066 o)

L 2Z¥ 8§ T} 085 06 19t v20 290 €10 ¥0'Cc 06 06 0 by uszol4
¢, Sv €S 80 98¢ GSL  ¥EVY 0L ¥90 OO [Row AR 1] A e} } 0eBy  ujewsod 20/80/.66} ¥ ¥0.L66L 8000.66} aeT Henis
06 /L9 86 2¢ 0’18 0¢ 9¥'9  L0C 160 P¥EO 98't  0€ 0¢ 0 9By uszoi4
26 /9 96 81 78 0¥ Zr'g 8¢t 9L LEO g8’  OF 0)4 08By  ujewiod /1/0L/966L € 09661 ££00966) ayeT Henis
9L 09F L0 P9 G009k ¢ Py'LG G088y Ov'Ce vSle Gl6F ¢ Z +g by uszol4
06 99 L9 2¢C L'8L €€ vP'8  ¥Z€ 92t S¥0 99'G €€ £e 0By  ulewsod 9L/0L/966L C  L0966L ZE00966) 8)eT Henig
68l LSl 96 G'G 9'€9l vI 6€0L L2y 02L 9L’y 09%S Vi 14" +Z 8by uszol4
¥6 6v 00l C¢€ 8'0L OF 1445 L€'l 86 €90 aL'y  OF oy 0By  ulewiod 9L/0L/966L L 09661 LEO09EEH aye Henig
691 8¥L LL I8 ¢l9l 9 LW'LS 2ELE 6LL LL'8 L6°'lS 9 9 +g 9by uszol4y
/8 L 6Ll 2¢ G8s <ZLL €59 9€0 L60 8L0 ¥9°L Ll 2L 0 @by uszol4
S8 v ¥9 80 S¥9 € 189 9L'L 60 <2I0 ¥6'c  veEZ  ¥EC 0By  unewlod 9L/0L/966L L  L0966L 0E009661 aye Hens
80C 2vl L9¥ €6ly 0GLL C 5901 G/2¢ 8L'CS 08'89F G969 ¢ A +g 9by uszoiH
6y 6V o6y 1 L vPL 24" b b uidinog  uljewod
89 89 089 L A SR A Zee I } Usyeym  uijeuliod
65 6¢ 09 ¢v¢ 08y LZ A4 ¥9'0 $5'0 <220 LE°} L2 px4 0 eby ulleulod 0L/80/966L € 20966} 90009661 9)eT Henis
G6L G6L 0's6L |} GE'E6 GE'E6 GEE6 L 2 +g 9by uazol4
9 v ¥S 8L 0¥S LE 88k GE0 2¢€0 IO 160 L€ L€ 0 8by uszoi4
8¢ 8¢ 08 | L0 L0 0.0 b 3 noJl exenq  uljlewlod
9 8¢ €9 1¢C L'l 8¢ 2o'e  $.0 €90 120 89’k 8¢ 8¢ 08By  uwlewiod 60/80/966L ¢ 20966} S000966L ayeT Henig
88l /LEL L9 0'¥2E G'29l ¢ 89'G. 89/C V6'EE S6'¥0E 89S ¢ b4 +Z 8by uszoi4
L 12 66 L} L8y 8EL ¥8'€E 600 920 €L0 82’k  B8EL  BEl 0 eby uszol4
€9 0€ 6'S 90 8Ly ¥9€ 2LC €0 W0 00 ¥8°0  ¥9€  ¥9¢€ 08By  ulewsod 60/80/966L | 20966} 000966 ayeT Henig
00Z 00¢ 000C |} 086 1086 086 |} b +g 9by uszoi4
ock €2k Lz LVeL  SvelL ¢ 19’22 Ly'vZ 22¢C 6G66F +v09Z T Z | aby uszoli4
€9 ¢d¢ SL €1l 9¢cyr 8l Lee G0°0 L¥'0 800 920 8El 8El 0 8by uszou4
L€ L€ oLe 1 €0 €0 0€e0 3 l ysysiym uljewlod
29 L2 VL 80 yey 082 96¢C¢ 220 SS0 900 86'0 082 082 0oby  uewsod 80/80/966L | 20966} €000966L ae7 Heng
I8l 6€L 8'/LL €82 889Gl Vv L6'LL LO'SE L¥'9L 0292 O0E6Y Vv 14 +g 9by uszol4
VL Sy LS L 6'25 S8 20y 980 S50 ¢CL0 oLz S8 S8 0 8By uszol4
28 8 0eZ8 | 29's 29§ 29'S 3 £ ysysiym - uljewlod
6¥L vl LS 808§ 0'svlL ¢ veeEy 9. 90V L¥OE L¥Oy T Z | 8By uljewlo
G9 g 2§ 0O} 865 9Lk 82¢ 290 990 O0L0 ZLlz  9kL 9Ll 09by  ulewsod 80/80/966L ¥ 20966} Z0O009E6) a)eT Jenig
xew un as O% veay N xew  uw as O%H weay N pouew W W ®

(ww) yibuaq (6) 3yBrapn N Bexe| uoneAlasald ajeq 1098 Aeaing MO Apoq Jejep

"WS)SAS 1en)S ay) 10} MO} pue aye| Aq solsliels |mel| ‘g a|qel




-21 -

L9 ¥§ Gv ¢ 009 Ol 8¢ eVl ¥'0  LEO soc 0l (0] 0 @by |oueyig

0 0 Z +z 9by uazol4
99 6 26 0} L'vS 20k 26€ G90 6S90 €40 6L'c 20k CLi 0 9by uszol4
0L ¢v GS§ 0} ¥'85 LLL 20V 160 890 €10 Mg LLE o LLL 0By  ulewlod |}/g0/866} v  €0866)} 2000866 a¥eT Henig
/8 29 vS L} 0eL O ¥8°'L ¥5C 660 <2E€0 €9y 0O oy 0 8By uszoif
0L 04 00L LE'E Le'e Le'e b b joging  uljeulod
A4 4 ocy 180 /80 180 L L Jsulyg epispay  Uuljewllod
68 65 29 L'} L9L ¢S ¥8°L  L0C 2T ¥EO oL's 2§ s 08By  ulewlod Gz/60/.66F Y 60.66L ££00.66} a%eT Hemig
89 v¥9 8¢ ¥SZ 099 ¢ cLe § G0 LSF 9g€ ¢ 4 ysieym uszol4
6, €9 GG 9V £0.L 8 ye'L €LE e¥L 8L) LY 8 8 0 9by uszol4
L9 /9 049 1 €L2C €l¢ €L'C } b joging  ujjewioy
S. G/ 06.L |} 15050 JNN ot o 4 {5194 2 } ysysiym - uljewsod
€6 0L €. 26 06.L 0} 9¢e0}l L'yt 68} &€l g8's 0l ot 08By  ulewiod Gz/60/.66L € 60,66l ZE€00.L66) 8)eT Hemg
9 /9 049 1 9t 9'€ 09°¢ } L Usysiym uszol4
¥8 25 GL 2¢ 8CL V2 '8 ¥6'L 28  ¥90 9€'Ss  ¥C 144 0 aby uszol4
9, 9. 09, 1 1934 ZRN O 4 4 er'y 3 3 Ysysiym  uljewod
.8 8y 8. Ve L'eL 2Ty vl 8L'L VEL 2P0 8LYy ¥ 44 08By ulewlod ¥Z/60/.66L < 60,661 LE00LE6I o)eT Henig
68 05 99 ¢} 669 00 82L VI 6L v20 Zgs'e  00L 00} 0 @by uszol4
G8 0S5 0Z L} L9 8L 2eL  9EL €21 610 ¥9t  8GL  8SI 0eby  ulewlod ¥z/60/.66+ | 60,661 0£00.66} axe uenig
0 ¥2/60/.661 € 60,661 6200.66} a)eT Heng
LS LS 045 |} S’z Sike SL'C L L 09by  ulewliod €z/60/.66L v 60,66} 820066} o)yeT Henig
68 09 ¢8 69 glL 8 ¥6'9 €T LSt 9T} L'y 8 8 0eby  ulewiod €2/60/.66L ¥ 60,661 L200.66) a)eT yenig
S9 9% LS 8¢ 995 LI L0€  20°L €90 2¥Oo eLe Ll bl 08By  ujewlod 04/80/.66L € 0,66l €L00.661 a)eT uenig
0 60/80/.66L ¢ ¥0.66} 100,66} e uenis
SL W ¥. 0C L'¥S 99 L6  $¥9°0 980 €20 69°L 99 9g 0 8By uszol4
6V 6% o6y | 62’k 62} 62l b b udinog  uljewod
0L v TL LT L'¥S 0§ ¢8°t  Lv0 920 220 €6'l 0S 0S 08By  ulewlod 60/80/.66L 2 ¥0.66L LL00LE6I a)e uenmg
0 80/80/.661 L  ¥0.661 0100661 8)eq uenis
89 LE 09 60 ¥0S G8L LLE 160 S50 800 8g’lL g8l  §8lL 0 8by uazol4
xew uw as %% veaw N ovew  uw  as P%% ueaw N pouew W @ W
(ww) pbua (6) 3yBrap N exe| uoienIasald ajeq 1088 Aamng MO Apoq Ja1eM

‘(penuiuog) WojsAs Yenyg ey} 10} MO} pue axe| Aq sonsiiels |Mel] ‘€ 8|qel




=3

8. 29 L9 9% 8.9 § 8y GLL S60 8L 0Lec S S 0 @by |oueyi3
0 0 L +g aby uazol4
9¢ g gt 8lE g'ee ¢ $S°0 GE0 ELO0 LT} Sv'0 Z r4 uidinog  ujjewlo4
08 6L L0 V9 S§6L ¢ €6'S 26V LLO0 Z¥9 EV'S 4 ¢ ysysiym  uljewlod
€8 99 L9 VT G'¢L €€ 86'9 10¢ 821 S¥0 €Sy €€ € oeby ujewiod $2/60/866} ¢ 80866l B8L00866L aeT uenig
0 0 9 +7 aby uszol4
¢8 9% 96 0OV 8.9 &2 60°2 ¥l ¥S'L $9°0 9y G2 o1 0 8by uszoi4
8 LG 68 6¢ 629 0§ 989 el LS'L  €vo Go'E 0S 0S 08By ujewsiod g£z/60/866L | 808661 LL00866L a)eT Henig
€. 99 9T ?2¢ 269 G et 6v'Z €€0 Lv0 96'C S S 0 8by |oueyig
0 0 v +g 9by uazol4
98 6v¥ L6 0OV G0L 2¢ 62’8 vLL 99 L0 99y 44 Le 0 8by uszol4
G€ & 8¢ VvSZ 0¢€e ¢ 9€'0 €0 ¥0'0 8€0 €e0 ¢ 2 uidinog  uljewlog
28 LS 99 €7 769 V€ 189 98’k 22t ¢gvo 60y V€ 4% 08By ujewlod zz/60/866+ ¥ 808661 9100866} o)eT Henis
L 8y L 6%F 9.6 LI 9G°€ €6'0 ¥8'0 LSO (YA b b 0 8by |joueyi3
9 2v €9 61 295 v L0y 660 GL0 €20 €€C ¥ ¥S 0 9by uszol4
9 9¢ 09%e 1 Gs'0 SS'0 GG'0 b } YSusiumM uljewlod
lL 8¢ 69 0°¢ €.5 08 (4 99'0 180 €20 LEC 0S 0S 0eby  ujewiod ¢1/80/866L € €0866) 90008661 |)eT uenis
0 0 8 +g 9by uazol4
00C 00¢ 000 | 0 l ysusjiym AT
e €2 67 ¥ve L'.Z2 8 £€°0 €L'0 800 900 220 8 8 uidindg  uljewlod
€. 6V 09 8¢ 6'85 0¢C Sl'y Le'L 260 €v0 19C 0C 0C 0e8by ujewsod €1/80/866L € €0866/ S000866L o)e Henig
€L ¥S 19 L'V 8'l9 LI Z2s'e  8L'L 2L0 6¥0 Lee bl L 0 8by joueyig
0 0 9l +g 9by uazol4
99 0¥ ¢¥9 91 1’66 09 L€ 18°0 120 810 8L¢c 09 S 0 eby uszol4
¥, Oy ¢¥9 60 L'86 tv0Z +¥2G GL0 640 LLO 6EC ¥0Z  ¥0C 0eby ulewlod €1/80/866L 2 €08661 ¥000866L 9ye Jenis
29 & eTev LI ¥25 SC 8L'c 290 9¢€0 GL0 8¢’} °14 °14 0 @by |oueyi3
0 0 S +g aby uazoi4
89 2Zv LS Gl 625 09 20y 260 190 LLO €0C 09 0L 0 8by uszoid
9¢ 9¢ 09z | 20 20 020 L L uidinog  uljewo4
0L L& €9 L0 0'¥S LOE L6E €60 040 800 16°L L0E  LOE 08By  ulewiod Z}/80/866L |  €0866) €£000866} e Henig
Xey UW as _o..v\wmm uesw N XeW UW QS _o‘oﬁmm uesy N pousew @ @ #)
(ww) yibua (6) ubiap N exe] uoneAlasald a)eq '108g Aaming MO Apoq Jayep

"(penunuo2) WalsAs 1en)S sy} Joj MO} pue axe| Ag soisiiels IMel] ‘¢ 9|qe




-9% .

¥SL  ¥SL ovsk | 6'8€  6'8C 06'8e | L +g9by  ulewlod

€el 82l vZ 8¢ gect tv 9’9 v9'Lle 0€C G9€ vr'ee v ¥ | 8By  ujewlod

98 65 6%l 98l v'.9 S 289 9L 2¥e Loe 99'c S S 0eby  ulewiod /Z/60/966L G  G0966) 2009661 9)eT EpEeL
¥9L  $¥91 0volL 1L A A A1 4 crey L } +g 9By  ulewlog

¢8 v vOL G2 €09 0. v.'G ¥9'0 0¥l €€0 .62 0L 0L 08By  ulewlod 9z/60/966} 9 SG0966) £200966L e epeL
9. V¥¢ 6L 2¢C L'yS €9 Y09 ¥S°0 60°F 0€0 [4VK4 €9 €9 0 8by uszou4

98 €¥ v¥O0lL 67¢ 8’19 €§ L9 8'0 LGl E¥O0 08¢ o] €S 08by  ujewlod 9z/60/966L 9 S0966L 2200966} e epeL
18 6 VYL LLL 265 6 9'9 ¢L0 S0C LS'L €LC 6 6 08By  unewsod 9z/60/966L v  G0966L 1200966 ayeTq epeL
g€l Bl osel | Sv'lZ G¥'lZ Sv'ie L L +Z 8by uszol4

28 Ly LOL LY L'l9  0Z ¢c9  €0'b 09t sl0 b2 0c 0C 0 8by uszoi4

00€ 00€ o'o0oe |} 0 L ysyejym 9AIT G2/60/966L L S09661 02009661 e EpEL
991 991 00 00 099l v 0 14 +g 8by AN

¢l ¥SL 96 'S 9'e9l L L'6G 290y 08'S 9E'S cels L L +g by  ujewloy

S9 08 /L8 Gl 0698 ¢ € 9L'L 00b 0S¢ a8l g 153 08By  ujewlod Gz/60/966) € S0966} 6L009661 o)eT epeL
29l 6SL G'L 8¢ €09 € 9€'GS vEVy 886G L9VL 998y € € +Z8by  ujewsog

8€L 8EL 00 00 0'8El € 8L 280 ¥S0 el 9l'le € € | 8By ujew.sod

18 0S5 8Vl G'¢C 06S Vv 2g9 'L GE€C VL€ 08¢ 14 14 08By  ulewsod $g/60/966L ¢  S0966) 81009661 e eeL
9 0€ 66 LY 8'vy GC 96°L 60'0 €S0 220 €90 14 14 0 8by uszol4 ¢1/80/966 ¢ €0966} ZL00966} e epeL
09L 091 o009tk I 29’6y <296V 296y L I +z9by  ujewlod

60L 601 0'60L I 9yl 9yl 09yl ) l | 8By  ujewsod

€9 62 vOL OV €9y 62 28'C 920 €80 ¢2€0 LE'L 62 6¢ 08By  uewlod ¢1/80/966L € £0966} LLO0966 ayeT epeL
2oL Sy 9L L2l 8'0SL ¥ ¢Lvy LEC¢ 9G5S G8'8 L99¢ ¢ 14 +g aby uszoi4

6Lk 90L ¥S 978 8%¢CLL v GG'LL €6CL 8¥L 9EC 696Gl + ¥ | 8by uszou4

L9 L2 Gl 09 gly €¢ lge 8L'0 ¥80 9€0 A" 4 €e 0 8by uszoi4 ¥1/80/966L ¥ €09661 0100966} e epeL
LSL €L LG 8085 0Lyl ¢ LL'9E  vL'GE 920 GEC €6'GE ¢ % +g 8by uszou4

19 62 06 8%V ey 9l 852 220 690 6S€0 640 9l 9l 0 8by uszou4

09 ¢t 06 9V ooy LI 982 820 LL0 O0vO0 280 Ll Ll 0 by uilewlo4 ¢1/80/966L S  €£09661 6000966} e EpEL
0Cl S6 ¥El vEe L'v0L € 8v'8l 8¥6 06y LLZL 98¢l € € | 8by uazol4

66 2 ¥S Gl 06 LS 6L°L 920 €g0 600 6G°0 1S LS 0 8by uszoi4 Z1L/80/966L 9 €09661 8000966} aeT epeL
00S 00S 0'00S | 0 A jnol] exeq AN

86l 891 0'8st | 8Ly 8'Ly 08ty |} I +g 9by uljeuwo4

€9 ¥ 0L 62 0sy 0} ik o 80 090 6L°L ol (0] 0eby  uewiod Z1/80/966L |  £0966} L0O00966L o)eT epeL
XeW UW as _o.,wmm uesy N XeWw UW  ds _o.o»fmm uesw N poyjew @ @ #)

(ww) ybuaT (B) ubrapn N exe| uoeAlasald aleq 1098 Asaing MO Apoq Jayep

‘(panupuod) waisAs Henig ayj 1o} MO} pue axe| Aq soishels Mel] ‘g ojqe




%24 5

8, Sv ¥6 ¥V 06S 0¢ S¥9 92t SSL 2L0 L6 0C 0C 0 aby uszoi4
891 L€V VLI Ll 02yl ¢ P'€S  92°9¢ 19CL 9002 ¥9YVE ¥ 14 | 8By  uljewloy
€8 Ly 68 TV ¥'.S 8l 6¥'9 ¥9'0 <221 190 s0c 8l 8l 0eby  ujewso4 9z/60/.66L 9 012661 SE€00.66) e epeL
0L vvL V'L 8€L 8'0SL G 1'gs L2 €18 O0L'0L 806E § S | 8By  ulewlol
08 8¢ <2Vl 6Vl L'19 9 99’6 €2l 86'}L 80¢ 0oLe 9 9 08By  ujewlod Gz/60/.66L L 0LLB6L YEOOLEEL aeT epel
89 /Z 10O} 6¢ g6y 8¢ 9€'e 20 080 LEO 18} 8¢ 8¢ 0 8By uszol4
2sL  2St 0esk 1 (474 44 oLvy 1 b +z8by  ujewsod
29 62 16 T¢ 9ty € ¢s'¢ 820 L90 €20 660 € ve 0eby  ujewlod €1/80/.66} G G066l 6L00.66) ayeT epel
6S G2 L8 LT L2y v L9C vL'0 890 120 Ll (54 (84 0 8by uszoiH
ZhL 2k 0CLL L 90°LL 90°LL 90 Lk L l | 8By  uljewio4
0L 2 Tl L'E 0sy 1S S6'E L0 880 G20 L) 1S LS 08By  ulewlod Z}/80/.66L 9 G0.L66L 80066 axeT epel
89 9¢ L. 672 Zvs  0¢ Z¢e  8¥0 190 G20 €L} 0€ 0e 0 8by uszol4
0Sl 0Sh 00Sk I 18y L8l 18l L L +Z 98By  ujewlod
veL  v2l ovelL L €0'¢¢ €0'¢eC g0ce | b | 86y  uieuuod
9 9¢ 69 G¢ ¥'es  2¢ 2t 6¥'0 ¥90 €20 8L’} A ce 08By  ulewiod Z1/80/.66) ¥ G0L66L LL00L66) aeT epel
29 62 €6 97 96y 8l €LC €20 SL0 LEO Sv'L 8l 8l 0 8by uazol4
0zk 02k 00zL L Al YA Al ' ociec 1 l | 8By  ulewuod
69 G€ 20l €6 605 Ll yi'e L0 680 9¥0 191 Ll Ll 0eby  ujewsod |1/80/.66} € S0.66) 9L00.66L 9)ET epeL
99 0€ 8L 0¢ 06s 19 96'c 620 2.0 6L0 8Ll 19 19 0 9By uszol4
GGl SS) 0'GsL L A2 44 orvy L 2 +goby  ulewiod
.9 0€ I8 6L €YS 1L 9Z’¢ 820 G0 8L0 1871 bL b 0oby  ulewiod |1/80/.66} ¢ G0.66) S100.66) e epel
89 8¢ 672 0¥ 0es Ll Ge'e €F0 640 L¥O L9} Ll Ll 0 8by uszouH
0€S O0€S 0°0es | 0 L noJl exeT 3AIT
89l V9L 0¢C 0§ 099l € 9vSs 205 €ZC €SS 0928 ¢ 3 +goby  uewiod
6LL 6LL 0'6LL 1 g6l g6l 0s6L L L | 8By  ulewio4
S9 8¢ L. 6'¢ 9GS 8l le'€ ¥9°0 920 8€0 c0c 8l 8l 0eby  ujewsod 01/80/.66L | S0.66} ¥L00.66) e epeL
891 ¢GL €L 9'10L 009l ¢ 8.8y VvB8E V€L GBG9 69EF ¢ Z +z by  ulewiod
ShlL v2L 8L 28 8'9¢l 9 cLLe 2Zhoge ey vy 18722 9 9 | 8by ullewlod4 /g/60/966L ¢  S09661 92009661 S4ET EPEL
08 ¢r +tvol €¢ 919 0¥ ¥'9 ¢L0 G9'L €S0 16C¢  0OF oy 0 @by uszo.4
€L 2EL ST €9 L'YEL € 296 LGZ 96} 887" 88’2 € € | 8By  ulewlod
S8 8¢y 9L 0¥ 899 G ¥6'9 T} €L'l 090 yS'e G °1) 08By  unewlod /z/60/966} ¢ S0966} SZ00966 e epeL
xew uw as %% weoy N xew  un as O%%0 ueaw pousw @ @ (#)

(ww) ybuaq (6) ybrap N exe| uoneAalasald a)eq 1098 Aeaing MO Apogq Jejem

"(panuiuoo) walsAs UenS ay) J0j MO} pue axe| Aq solsiels |Mel] ‘¢ djqel




-25.-

18 S¥  2vlL 9L 789 g S /60 ¥9'L $0°C PSSt G S 0 8by jouey3
28 9¢ VML L2 609 69 gL 290 ¥LV Tvo 0e'e 69 |22 0 86y uszol4
6 6¢ 06e I G20 &20 A} l b uidinog  uljewod
ey eF oey 1 v.0 v.'0 v.°0 L L ysyspym uljewlo4
/8 S¥ S0l 8¢ .69 89 G688 v0'L 6Lt L¥O 0y 8§ 89 08By  ulewlod ¥z/60/666L | 60866L 6100866} e epeL
€L 2¢ VEl ¥'6 L1'es 0L WLy ee0 evL 20} 90 0} ol 0eby ulewlod /}/80/866L v  ¥0866) LL00866L ayeT epeL
€9 G¢ v8 G¢ €8y 6¢ 62€’€ ¥6¥'0 ¥8'0 SEO 69’1 °14 14 0 8by uszol4
22l e 6'GL §'S ¥l GE 9’0 GE€0 ¢2€¢€ VL) 60C GE Ge 08By  ulewiod 91/80/866L G 08661 0L00866 ayeT epel
.9 0y €8 6§ 8'6S 0l vy8¢C ¥¥0 €20 2S0 8g’1L ol ol 0 eby joueyg
.9 €€ 98 6§7¢ ¥oy 9y ¥S6'€ 2.v'0 $8'0 G20 124" 9 95 0 8by uszouf
ovk O¥L 00 00 oovk ¢ 0 4 +g 8by AN
0l 2¢ 97¢ S'¢ P'vys €9 G&'ZL 80 €81 090 0cec €S8 €S 08By  ulewiod GL/80/866} 9  $0866} 6000866} e epfeL
89 ¥ GL VS S'ySs 01 4 ¥.'0 6¥0 GE0 ov'L 0l ol 0 8By |oueyg
9 & 9L G} ¢6y SO0L L0y 80 180 9L0 clL'L S0l Ski 0 8By uszoi4
08k 0SL €2/} 0ty 00LL € 0 € +¢g 9by 8AIT
0L 9€ 18 ¢ L'eES  $91 8¢ 6¥'0 6.0 ¢CL'0 8L'L Y91 ¥91 0eby ulewsod GL/80/866L Z 0866l 80008661 e epeL
19 6¢€ 2L TS 6'¢S 0} vi'e v0 G50 6£0 8zl ol ol 0 8by |joueylg
0 0 ol 0 aby uszol
ZL. W VL 0L 098 ¢20C ‘¥v 420 820 IO €l'e 20C 2ocC 08By  ulewiod ¥1/80/866L € 0866l L000866} aye epel
68 6V L'SL 9L 069 6 €8L 20}V ¥SC 96°IL €0y 6 6 08By  ulewliod 8z/60/.66L ¥ 0LLB6L 6E00.L66 e epeL
¥8 25 GL 6T §'0L 62 ¥L 99'L OV} €S0 09y 62 6¢ 0 @by uszol
S9L 6¥L €LL 910L 0'4SE ¢ oRact 26'SE 8S'LL 90'V0L LL'vy € 4 | 8by uljewlod
¥8 6V 60l L€ 89 G L9 6L 991 LG0 ge'c  oe Ge 08By  ulewiod /2/60/L66L € 0LL66L BE00LE6I e epelL
€8 6¥ ¥0L 08 L'GL 6 6v'L. v¥L L8l 6EL G696 6 6 0 8by uazouH
0L 094 V'L GS€9 099l ¢ 96 6'lS Z9¢C LgeC GLeSs ¢ 4 +z9by  ulewiod
vPL 2L 28 ¥'9 8'lel § Gl'9E /L08C 8EE 0TV 9e'le G S } 8By  ulewuod /z/60/.66L 2 0LL66L LE00LE6L ayeq epeL
68 0Oy <C'LL S¢ P9 2y eb’'. 2.0 181 990 1 4 4 44 0 8By uszol4
29l ceL €72k €6k Z2ovk S 8.y G0GZ 8€6 PILL 02LE § S | 8By  ujew.od
6 v 9Ll 6C €v9 29 188 €90 €81t 9¥0 L0'e 29 29 08By  ujewiod /z/60/L66L G 0466l 9E00L66) a)eT epeL
xew un as %% ueaw N vew  uw  as OFF ueaw N poLew R C I )
(ww) ybua (B) wybrapn N exe| uonealssald ajeq 1088 Aaaing MO Apoq Ja1ep

‘(penunuoo) welsAs Len)s ey} Joy MO} pue aye| Aq SOISHE]S |MeI] °E 9|qe]




D8

L9 294 Gt 8LE  SV9L T 0 4 +g 9by uszol4
88 82 €6 V¢ 06,. 09 0 09 0 8By uszoi4
26 65 29 VI L8L S. z'8 26’k vL'L 920 9¢'s G/ G. 0eby  ujewiod €L/0L/966L L 909661 LZ00966} 94ETIns|quiall
02 98L 9F¥ €€ L'g6L 0L ¥.'L0L GEC6 C2EE BET $9'96 0} ol +g 9By uszol4
0 0 L noi| exen 8AIN
0 0 ol 0 9by aAIN
69 8¢ V2 L'} €65 /9 9t ¢L0 G20 8t0 s0c 19 19 0By  ujewsod /1/80/966L L ¥0966) LL0O0966) ©XETJINSjqUIBIL
€9k 9L ¥'L L2 029l ¢ 9'6¥ 144 96'¢ 8S9'GE 089Fy ¢ 4 | 8by uljew.o4
lL G 88 L€ 9vS € 62 €50 980 O0€0 €0C € 123 0eby  ulewsod /1/80/966L € ¥0966L 9L00966} oeTInajquiall
€0C¢ 86l Gt€ 8ILE §00C ¢ Z¢L'ezoL LLok S0 €49  6SL0L € 4 +g 9By uszolH
L. L 0L S} 6'vS 28 Zge  GE0 €90 <o A R 4 Z8 0 8by uszoi4
gL, 0E T8 E£T 1’96 0§ 2Ly 620 €60 920 gz  0S 0§ 08By  ulewliod 91/80/966L ¢ ¥09661 SL00966} &eTInajquiall
€02 v9L 9Ll €8 206l 0} LL'20L L9'k8 629 €8V €096 Ol oL +g 9by uszol4
GG GS 06s 1 cLL Ll L' ¢ b 0 8By uszol4
69 g €9 [/} G'6S GS €0y €S0 690 610 G’z §S 6§ 08By  ulewlod GL/80/966F L $0966) ¥L00966L ©NETINS|qWalL
€. 8¢ 99 Tl 2GS ZLL vE'E  9€0 LSS0 O0l0 8g'L A A Y 0 8By uazol4
¥, 0¢€ '8 €2 G635 0§ Gy 2¢€0 880 G20 90z 0§ 0S 08By  ulewiod G1/80/966L L ¥0966) €L00966L @ETINS|qUIAIL
€. €9 8¢ G¢ L'69 L 89t 96} 850 %S0 GL'e L L 0 9By loueyi
€8 95 G9 0T YL Ly €5, 9L’ €21 6£0 LLY 54 9y 0 9by uszo.4
88 €5 €. 6} 9tL 19 81’8 99'L 8¢l GEO 454 19 19 0By  ulewiod 9z/60/866) ¥ 60866} £200866L aYeT epel
¥8 L9 V¥.L T6 ZvL S 66'S  ¥8C ¥E'L 99 60y G g 0 9By |joueyg
€6 €y O0€lL 67 969 0¢ 80'0L 80'L v¥Z 160 9y 0€ 1 0 8By uszol4
08F 08} 008k 90, 90L 090L L b +z 9By ulewuod
6Vl 0¥l L€ 9V ZovL § 99'¢y LLLE 68} GEC (01530} Ael S | 86y  ueuuod
98 6¥V T L€ 6'89 /L€ €5°L €1 96’k S90 vy  LE L€ 08By ulewiod 9z/60/866L G 60866} 2200866} e epeL
99 €5 ¥S§ L9 AAS I 80€ 2Z€L 90 €80 e S S 0 9bv |joueyy
6, LE 88 61 1’66 68 86'S  G90 8LIL SZO vz 68 6 0 8By uszol4
16 8¢ 9LL €¢ §'€9 1S 298 190 98'L 250 9g’e 1S LS 08By  ulewlod Gz/60/866L 9 608661 1200866 aeT epel
18 1§  GEL LYl 889 9 Ly 80L 99V ¥l Li'e 9 9 0 @by |oueyiq
28 8¢ 66 LT 1’29 98 G669 290 €91 €E€0 lE'E 98 96 0 9by uszol4
€§ €5 00 00 0€s ¢ ¥S'L 9’k 900 IS0 0S'b 4 (/ ysysiym  ulewo
/8 62 96 <C¢ Y69 1L G9°L $50 28L ¥EO ore L. 2L p0eby ulewlod Gz/60/866L ¢ 60866} 0200866} e epeL
xew uw as %% weaw N oxen  un  as 0% ueaw poLew W W@
(wuw) yybusn (6) 3uBrap N exe| uojealasald ajeq 1098 Aeaing MO Apoq Jajep

"(penunuoo) Wa)sAs Hen)S ay) J0j MO} pue axe| Ag sonsiels |mel] "¢ a|gel




w97 =

GEL LEL 8¢ V¥GZ 0¢eEl ¢ GL'0e 9662 €L'0 LC'} 900 ¢ [4 L 8By  ulewsod

v, € 69 €€ 865 6L LS G660 960 9v0 9L'c 6l 6l 08By  ulewsod ¢€1/80/.66L ¢ 90,66} 0200.66L  JOAY BIPPIN
89 8y 89 8V 985 0} €5°C €80 LSO I¥O 69'} ol (o] 0 eby |oueyy3
9 8¢ 29 T 8'vS L0l  6Z¢€ .90 0.0 VL0 [4%4 oL LLL 0 96y uszol4
€L 0y 99 80 995 092 6St¥ €0 L0 600 LL'e 092 092 08By  uwjewsod 61/80/866L € S0866L ¥L00866L e Indjquiall
99 G 9¢ G¢ 809 0} 98'c GS'L 0v0 620 02 0l ol 0 8by |oueyiq

0 0 oL 0 by uazoi4
1L 68 €9 91 0.6 €9 L6'€ G50 890 IO vz €9 €9 p0eby ulewsod 61/80/866L < G0866L €L00866L ©3eT.najquial)
v, 95 L9 ¥V $'59 0l vS'eE €1 L0 1SS0 [AAI]" (o] 0 8by joueyy
69 G 9L G} 06s 00k 2V ¢S50 G680 LIO 6L’ 00k O}L 0 9By uszol4
6, ¥ €9 L0 665 L/Z /86 €60 ¢80 00 e Ll LLZ 08By  ulewlod 81/80/866L L  G0866L ZL00866L ©%ETIN8|quall
g8 19 8¢ L'} 06L 6t g8 L0E  VEL  8E0D 86'S 6V 6% 0 8by uszol4
14N 4 vy L 6.0 6.0 620 b b ysysiym - uljewso
6 99 99 9L 8'08 2L cL8 € eVl $EO 68'G T cL 08By  ujewsod 0€/60/.66L | CLL66L YY00.66L ©METINS|qUBI]
S8 19 2L ¢ A 7 74 688 96C SS9t 990 AL T 4 124 0 9by uszol4
8¢ 8¢ 08z |} 920 920 92'0 b b uidinog  uijewlod
€6 89 L9 ¢8I 1’08 €§ ¥00L ¥€'€ 89t ¥¥0 68'G €S €9 08By  ulewlod 62/60/.66L ¢ ZLL66L E€¥00.66L ©4ETIne|qusll
G8 69 8L €V 2ecL Sl 6'L /82 SV 160 LS Gl Gl 0 8By uszoi4
66 29 98 G€E g'8L G2 296 €2 08} v.0 196 G2 14 08By  ulewlod 62/60/.66L € 2LL66L Z¥00.66L ©4eTnsjquall
29 29 029 1 66°}L 66'l 66'L L L ysyayym uszou4
9. e VL €} €85 v2b L2 9.0 €60 90 oee ¥eb el 0 eby uszol4
19 09 L0 V9 S09 ¢ ¢0'c €6 900 LSO 86'IL 4 4 ysyejiym  uljewlo
L 68 9L VI 685 €L 8LG 990 ¥60 V¥IO 6€C €LL €l 0By  ulewiod GL/80/.66} |  L0/66L GZ0.66L ®4E7.nadjquial)
. 9 99 'L 209 0L 8SY 8.0 8.0 GLO 16¢ L0k LOL 0 8By uszoig
08 6¢ 9L O} 9'l9 6L 609 290 660 €ELO vL'¢ 6l 6lC 0By  ulewiod GL/80/L66L ¢ L0L66L 200,66l E7.najquai]
g9 0§ 29 vy 898 0!I 4 > 9Z2’'L €90 S¥O0 00c o] 0l 0 eby uszol4 ¥1/80/L661 €  LOL66L £200.66L ©Xe7nsjquiall
¥, v 88 9¢ L85 G2 L9V L0 LLVL o 9Y0 ve  S¢ °14 08By  uwjewsod ¢1/80/66L € L0.66) 22Z00.B6L ©3e7nsjquall
06 €5 L6 6¢ ¥vL v 0 124 0 8By uszol4
8¢ 8¢ 082 | 2c0 220 220 L l uidinog  uljewlod
28 2§ [O)rA° I Sl o A 0s'L 4 l Ysuysjym uljewlod
06 99 86 2¢C L8 82 86'L 90t Gl G¥O (AN T4 8¢ 08By  uewlod ¢L/0L/966L € 90966} 6200966} ©3e7 Insjqual]
8 W 9L G§T 9'LL 6E 9L’. 890 12t 620 0e's 6 6€ 08By  ujewiod €L/0L/966L ¢ 90966} 82009661 ®4ETIns|quiai]
xew uw as %% ueaw N xew  uw  as 0758 ueow N poyjow @ ® #)

(ww) ywbua (B) yybrapn N exe]| uoleAlasald ajeq 1098 AeAing MoJ Apoq Jaiep

‘(penunuoo) WaeisAs Uen}S ayj Joj Mo} pue aye| Aq Soishels [Mel] ‘g 8|qel




-28-

00€ 00€ 0'0oe |} 0 3 Usiajium OAIT

¢. Tl 0eL ) 9L'E 9.'¢ 9.'¢ 3 l JBaulys spispay uljewsod

G, 09 90l €696 6.9 ¢ (344 ¢¢’e GS'L IeElL  cee c (4 uidinog uljewlod

6 ¥6 00 00 ov6 ¢ ¢6 €06 <¢L'0 80t ZL'6 ¢ 4 YSuySHUM uljlewlo

88 ¢/ 1's L'y L08 L 9'L 9y 80°L 00} 609 L Z 0 8by ullewlod 8¢/60/.661 L LLZ661 L¥00.661 J3AI SIPPIN
0l 08}k <2'l¢ 906 0G6L C 0 4 Ysusiym AN

88 ¢C€ gie L6l 0Ly L SG'L ce0 vLZ €8¢ 8L b 2 uidinog uljewso4

9. 9. 09L 1 88'Y 88’y 88’y l l ysusiym uljewod

18 L9 vL LS 99, 6 €9°L 8Z't 99V L2} 8€'G 6 6 0 8by ulleuwlod 8¢/60/.661 ¢  L1.661 0¥00.661 18AIY 8IPPIN
00€ 00¢€ 000 |} 0 I UsusHuM AT

89 89 089 |} v'e 'e or'e 2 l Usisiym ujjewo4

v, ¥S 09 9V 2l9 6 GgZ's 89t ¥0°'L 080 8.¢C 6 6 0 8by ujewliod €1/80/.66} L 90466} 1200.66} 18A1Y 3IPPIN
XeN UW as _o.ﬁmm uesy N XeWw UW  as _o.ﬁ.\\wmm uesy N poyew @ @ (#)

(wuw) ywbua (B) ybBrap N exe] uoneAlasald ajeq 1088 Aaaing MO Apoq 1818 M

‘(penunuod) welsAs 1enS 8yl o) MO} pue aye| Aq soiisliels IMed] ‘g 8|gel




-29-

Table 4. O. nerka from which Sr/Ca ratios were derived and resulting identification to

sockeye or kokanee.

Lake Survey Section Tow Date Scale Length Weight Scale Sr Sr/Ca ratio
# # # # (mm) (9) age ID Core  Margin
Stuart 199803 ] 19980003 1998/08/12 25 43 0.62 0 KOK 0.3 0.2
15 48 0.92 0 KOK 0.1 0.3

3 50 1.1 0 KOK 0.2 0.3

21 50 12 0 KOK 0.2 0.3

23 50 1.24 SOC 1.5 0.3

9 51 1.01 0 KOK 0.2 0.2

19 51 1.27 0 KOK 0.3 0.7

6 52 1.15 0 KOK 0 04

10 52 1.27 0 KOK 0.2 0.2

2 53 14 0 KOK 0.3 0.3

14 53 0.98 0 SOC 1.8 0.2

5 54 1.36 0 KOK 0.1 0.1

11 54 14 0 KOK 0.1 0.3

8 55 1.04 0 KOK 0.1 0.3

24 55 1.39 0 KOK 0.2 0.3

1 56 1.64 0 KOK 0.1 0.2

12 56 1.67 0 KOK 0.2 0.3

18 56 1.62 0 KOK 0 0.3

16 61 2.18 0 SOC 1 0.3

17 62 2.08 0 KOK 0.3 0.2

2 19980004 1998/08/13 11 54 1.18 0 SOC 1.5 0.2
9 56 1.5 0 SOC 1.2 0.1

8 57 17 0 SOC 13 0.2

1 60 2.22 0 SOC 14 0.2

7 61 2.14 0 SOC 1.6 0.2

5 63 2.4 0 SOC 1.3 0.2

6 63 2.23 0 SOC 1.3 0.2

2 68 2.75 0 SOC 1.1 0.1

3 69 315 0 SOC 15 0.1

4 73 3.52 0 SOC 1.6 0.2

3 19980006 1998/08/14 6 48 0.95 0 SOC 1.5 0.1
5 52 0.93 0 SOC 14 0.1

4 53 1.14 0 SOC 1.3 0.2

8 54 1.28 0 KOK 0.2 0.1

9 54 1.43 0 SOC 1.5 0.1

2 57 1.4 0 SOC 1.1 0

3 60 A7 0 SOC 1.4 0.2

1 70 3.03 0 SOC 1:7 0.2

7 71 3.56 0 SOC 1.2 0.2
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Table. 4. O. nerka from which Sr/Ca ratios were derived and resulting identification to
sockeye or kokanee (continued).

Lake Survey Section Tow Date Scale Length Weight Scale Sr Sr/Ca ratio
# # # # (mm) (9) age ID Core  Margin

Stuart 199803 4 19980002 1998/08/11 7 54 1.56 0 SOC 1.6 0.3
9 56 1.66 0 SOC 1.7 0.4
10 56 1.43 0 SOC 1.2 0.5
5 58 1.92 0 SOC 15 0.2
3 59 2.04 0 SOC 1.5 0.2
4 60 1.99 0 SOC 1.6 0.4
6 60 2.2 0 SOC 1.3 0.4
8 63 2.33 0 SOC 1.1 0.4
4 67 2.8 0 SOC 1.3 0.4
2 67 2.56 0 SOC 1.5 0.3
Takla 199804 2 19980008 1998/08/15 8 47 0.89 SOC 1.2 0.3
9 51 1.15 0 SOC 1.6 0.3
6 55 1.44 0 SOC 1.4 0.3
2 57 1.54 0 SOC 1 0.2
5 57 1.66 0 SOC 1.5 0.1
7 59 1.86 0 SOC 1.5 0.2
3 61 1.85 0 SOC 1.2 0.3
1 68 21 0 SOC 1 0.3
3 19980007 1998/08/14 7 48 0.86 0 SOC 14
3 50 0.89 0 SOC 1.3
10 53 1.37 0 SOC 1.4
2 58 1.49 0 SOC 1.1
8 59 1.87 0 KOK 0.5
1 61 147 0 SOC 0.9
6 61 214 0 SOC 1.3
6 19980009 1998/08/15 5 40 0.44 KOK 0.1 0.3
9 51 1:17 0 SOC 1.2 0.3
3 57 1.45 0 SOC 13 0.2
4 61 1.94 0 SOC 1 0.3
1 62 2.22 0 SOC 11 0.3
2 63 2.24 0 SOC 1.3 0.2
6 67 2.84 0 SOC 1.2 0.2
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Table. 4. O. nerka from which Sr/Ca ratios were derived and resulting identification to
sockeye or kokanee (continued).

Lake Survey Section Tow Date Scale Length Weight Scale Sr Sr/Ca ratio
# # # # (mm) (9) age ID Core  Margin

Trembleur 199805 1 19980012 1998/08/18 5 56 1.3 0 SOC 14 0.3
9 57 1.62 0 SOC 1.2 0.4

10 61 2.13 0 SOoC 1.3 0.2

T 63 2.22 0 SOC 15 0.3

2 66 2.59 0 SOC 15 0.3

4 66 2.81 0 SOoC 1.5 0.3

6 68 2.83 0 SOC 2.1 0.4

8 71 3.31 0 SOC 1.6 0.3

i 72 2.88 0 SOC 14 0.3

3 74 3.54 0 SoC 1.5 0.2

2 19980013 1998/08/19 10 55 1.55 0 SOC 1.6 0.2

5 57 1.74 0 SOC 1.6 0.4

2 61 1.96 0 SOC 1.3 0.4

3 61 2.06 0 SOoC 1.4 0.3

9 61 2.05 0 SOC 1.5 0.3

4 62 2.14 0 SOC 1.8 0.4

6 63 24 0 SOC 1.5 0.4

q 65 2.38 0 sSoC 1.5 0.4

7 66 2.86 0 SOoC 1.4 0.3

3 19980014 1998/08/19 10 48 1.03 0 SOC 1 0.2

5 49 0.83 0 SOC 0.9 0.1

4 58 1.53 0 SOoC 1.4 0.2

8 59 1.66 0 SOC 1.1 0.2

6 61 2.03 0 SOoC 1.2 0.2

9 63 1.88 0 soC 1.3 0.2

2 67 2:53 0 SOC 1.2 0.1

1 68 2.35 0 KOK 0.2 0.2
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Table 5. Sockeye and kokanee/O. nerka ratio estimates derived from Sr/Ca ratios in the
otolith core of fish collected in the summer of 1998.

Lake  Survey Section Tow Date Sr Fish Length (mm) % of O. nerka
# # # ID N Mean Max Min Catch
Stuart 199803 1 19980003 1998/08/12 SOC 3 547 61 50 15%
KOK 17 528 62 43 85%
2 19980004 1998/08/13 SOC 10 624 73 54 100%
3 19980006 1998/08/14 SOC 8 581 71 48 89%
KOK 1 540 54 54 11%
4 19980002 1998/08/11 SOC 10 60.0 67 54 100%
Lake Total SOC 31 58.8 73 48 63%
KOK 18 534 62 43 37%
Takla 199804 2 19980008 1998/08/15 SOC 8 569 68 47 100%
3 19980007 1998/08/14 SOC 6 552 61 48 86%
KOK 1 59.0 59 59 14%
6 19980009 1998/08/15 SOC 6 60.2 67 51 86%
KOK 1 40.0 40 40 14%
Lake Total SOC 20 574 68 47 91%
KOK 2 495 59 40 9%
1 Trembleur 199805 1 19980012 1998/08/18 SOC 10 654 74 56 100%
1 2 19980013 1998/08/19 SOC 9 61.2 66 55 100%
3 19980014 1998/08/19 SOC 7 579 67 48 88%
KOK 1 680 68 68 12%
Lake Total SOC 26 615 74 48 96%

KOK 1 68 68 68 4%
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Fig.1. Map showing location and configuration of the Stuart system.
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Fig. 2. Map of Stuart Lake showing transect locations, transect boundaries and section

boundaries.
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Fig. 3. Map of Trembleur Lake showing transect locations, transect boundaries and
section boundaries.
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Fig. 4. Map of Takla Lake showing transect locations, transect boundaries and section

boundaries.
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Fig. 6. Proportion of sockeye in the O. nerka catch from the summer surveys of the
three study lakes in 1998, as derived from electrophoresis and otolith core Sr/Ca
ratios.
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. 9. O. nerka length frequencies for Trembleur Lake for each survey. The data
presented includes all preservation methods and age classes.
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Fig. 10. O. nerka length frequencies for Middle River for each survey. The data
presented includes all preservation methods and age classes.





