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The Lower Flathead System Fisheries Study assessed the effects of Kerr 
Dam operation on the fisheries of the lower Flathead ecosystem. South Ray, 
the southern nxxt lobe of Flathead Lake, is the nust extensive area of - 
shallow water, and therefore, rrpst effected by changes in lake levels. This 
study began in January of 1984 and was completed in early 1987. 

Vegetative and structural cover are relatively limited in South Say, a 
condition which could contribute to lower recruitment for scnne fish species. 
0x- data show that the study area contained 0.04% structural and 5.4% 
vegetative cover in June at full pool. 
minimmpl. 

Both figures are less than 1.0% at 
Structural complexity mediates the ecolcgical interxtions 

between littoral zone fish and their prey, and can affect local productivity 
and qrowth in fish. Structural complexity may also be inportant to 
overwinter survival of young parch in Flathead Lake. Winter conditions, 
including ice cover and fall drawdown, seasonally eliminate the vegetative 
portion of most rooted macrophytes in South Say. This results in 
substantial loss of what little structural cover exists, depriving the perch 
population of habitat which has been occupied all summer. The loss of cover 
from draw-down concentrates and probably exposes perch to greater predation, 
including cannibalism, than would cxxur if structural complexity were 
greater. 

Gross trends in water quality data collected in South Say during the 
study indicate relative spatial and temporal homogeneity for all parameters 
with the exception of water temperature. Water temperature was sufficiently 
variable by month and evaluation area to be a potentially important factor 
influencing fish distribution in South Ray. Seasonal trends in species 
composition generally followed annual temperature cycles (i.e. cold water 
species abundance increasing in fall) and supports this hypothesis. 

The timinq of yellow perch spawning in Flathead Lake corresponds with 
maxirum draw-down under present hydroelectric operations. Refill provides 
increased habitat for the population to expand into just as fry are hatched. 
Winter draw-down exposes yellow perch of all ages to greater predation due 
to a lack of cover, particularly young-of-the-year perch which are heavily 
cannibalized. This pattern may actually be of benefit to the perch 
population as a whole by reducing recruitment, providing a ready forage base 
in winter when aquatic insects nay not be readily available, and preventing 
stunting, a common problem in perch populations. 

The growing importance of the yellow perch fishery is easily 
illustrated throuqh creel survey comparisons. In 1966, it was reported that 
the yellow perch harvest comprised 17% of the total lake-wide catch. By 
1982, the percentage of perch in angler's creels increased to 33%. Today 
anglers harvest between 30,000 and 40,000 perch annually from South Say. 
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Study results lead to the following conclusions: 

1. yellow perch support an important and growing fishery in South Bay of 
Flathead Lake. 

2. The existing pattern of lake drawdown and fill for hydroelectric 
purposes coincidentally corresponds to the biological requirenents of 
yellow perch for spawning and increased habitat upon hatching. 

3. Fall drawdown exposes young-of-theyear fish to predation and possibly 
prevents stunting of the perch population. 

4. Recruitment in the existing largemouth bass population of South Bay is 
probably controlled by an overwhelming yellow perch population which 
may directly prey upon young bass and/or compete with then for a 
limited focd supply. 

5. The presence of northern pike in South Pay could not be documented. 
6.. Structural complexity in South Bay is extremely limited at all times of 

the year. However, this physical deficiency can be enhanced through 
the use of artificial reefs. 
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INl%DVX!ION 

With the concurrence of the Bonneville Power Ackninistration, the 
Lower Flathead System Fisheries Study was expanded in 1984 to include 
the South Bay of Flathead Lake. South Bay, the southern roost lobe of 
Flathead Lake, represents approximately eleven percent of the total lake 
surface area. South Bay is also the most extensive area of shallow 
water in Flathead lake, and therefore, most effected by changes in lake 
levels. 

The Confederated Salish and Kootenai Tribes has long recognized 
a significant data gap of how lake level fluctuations affect fish 
species resident to South Bay, notably yellow perch (m flavescens), 
lake whitefish (Coresonus cluoeaformis), largemouth bass (Microoterus 
salmoides) and northern pike (E&ox lucius). 

The objectives of the study ware: 

I. Assess existing aquatic habitat in the South Day of 
Flathead Lake and its relationship to the present size, 
distribution, and maintenance of yellow perch, largemouth bass, 
northern pike, rrountain whitefish (Prosooium williamsoni.) and 
lake whitefish populations in the bay. 

II. Assess how and to what extent hydroelectric operation 
affects the quality and quantity of aquatic habitat in South Bay 
and different life stages of existing target fish populations. 

III. Develop an array of fisheries management options to 
mitigate any possible negative impacts of present hydroelectric 
operations. 

The Tribes in cooperation with the Montana Deparbnent of Fish, 
Wildlife and Parks will be developing an interagency fisheries 
mitigation protection plan (IMP), which will be presented to the 
Northwest Power Planning Council in October of 1989. This plan will 
incorporate the findings and recommendations from all the Flathead Basin 
fisheries studies, producing a comprehensive, basin wide, managesrant and 
mitigation plan. 
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DtlSCRIPRONOFSlSlDYABEA 

South Bay ofFlath& Lake 

Montana's Flathead River-Lake ecosystem, with tributaries 
originating in Canada, Glacier National Park, and the Bob Marshal 
Wilderness iS nationally known for its clean, clear waters and near 
pristine conditions and constitutes the northeastern most drainage of 
the Columbia River. The lower Flathead system, as defined for this 
study, included the south half of Flathead Lake, the lower Flathead 
River, and its major tributaries. 

Flathead Lake divides the Flathead River into upper and lower 
reaches and covers 50,992 ha (U.S. E.P.A. 1983). The lake study area 
(Figure 1) is the southern most lobe of Flathead Lake, called South Bay. 
'The study area is separated from the main lake by an island-dotted 
channel, the Narrows, and is bounded on the south by Polson Bridge which 
spans the outlet of the lake. South Bay, the nest extensive shallow 
area in Flathead Lake (Moore et al. 19821, has a maxirann depth of 10.6 
m, an avesage depth of 4.6 m, and a surface area of 5,448 ha. The 
18,379 km drainage area of Flathead Lake (U.S. E.P.A. 1983) enccanpasses 
the upper Flathead River, the Swan, Stillwater, and Whitefish Rivers. 

Hydroelectric power generation within the Flathead River 
drainage plays a major role in the hydrologic profile of FL&head Lake. 
The operation of Kerr Dam results in a maxinum annual fluctuation of 
lake surface elevations between 878.7 m and 881.8 m above sea level. 
Minimum lake elevations are usually reached in March, followed by a 
rapid fill period which ensures elevations of 880.9 m by May 30 and 
the maxinmm of 881.8 m by June 15. The maxisum is maintained through 
Labor Day, at which time the extended drawdown period is initiated and 
continues until minimum elevations are again reached in March. The May 
30, June 15, and Labor Day dates are the result of a Memorandum of 
Understanding between the Montana Power Company, the U.S. Army Corps of 
Engineers, and Flathead Lake Cwners Association (Montana Power Company 
1976). Changing lake levels have a disproportionate influence on South 
Bay because it is relatively shallow and has more gently sloping bottom 
contours compared to mOSt other parts of the lake. The annual 
dewatering and reflooding of this extensive littoral area and its 
associated vegetation may adversely impact resident fish populations 
known to utilize such habitat. Shoreline vegetation is dominated by 
emergent-, Carex, and Scirous while principal aquatic genera 
include Chara Mvrioohhvllum, and Potamcqeton. -I 

The weather of the Flathead basin, moderated by Flathead Lake, 
is warmer than nearby Rocky Mountain areas (8.S. E.P.A. 1983). At 
Polson, the mean JTuary temperature is -3.8 C, pd mean July 
temperature is 19.6 C with an annual mean of 7.5 C. Precipitation 
averages 38.1 cm per year, half of which typically falls during May .?nd 
June. Total snow cover seldom exceeds 0.3 m. Surface ice generally 
forms over the entire lake once in ten years. Shallow bays usually 
freeze annually and prevailing winds are from the south and north, 
paralleling the major valley axis. 
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Figure 1. Location and inprtant features of South Bay, Flathead 
Lake, Montana. 



Moore et al. (1982) provided a detailed account of the sediment 
geochemistry of Flathead Lake. Due to the shallow nature of South Bay, 
its sediments are unique among those of Flathead Lake in several 
respects. Algal prcductivity can be twice as high in shallow bays as in 
open water areas (U.S. E.P.A. 1983) and has resulted in thicker organic 
layers in areas such as South Bay than in the main lake. In addition, 
wave processes unique to shallower areas have redistributed an 
accumulation of coarse sand to the northern part of South Bay (Lorang 
1984), an area which apparently receives little sediment frcm the annual 
lake plume. South Pay also has higher amounts of non-transported silt 
in surface sediments than the main lake, likewise a result of the 
reworking of shoreline sediments by wave action (Moore et al. 1982). 

Flathead take is oligc-mesotrophic in terms of algal 
productivity, water clarity, dominant phytoplankton species, and total 
dissolved solids. Eutrophication of Flathead Lake has been accelerated 
in recent years, primarily due to effluent from increased cultural 
development (Stanford et al. 1983). 
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Habitat Evaluation 

During 1984, a pilot study of South Ray established criteria for 
dominant habitat type mapping, and physical habitat evaluation methods 
were developed fOK use during the rest of the study. A variety of 
survey techniques (Johnson and Nielsen 1983, Terrell et al. 1982, 
Johnson and Stein 1979) were reviewed and select methods tested to 
assess their relative efficiency for completion of this study. 

Preliminary habitat types were delineated using overlays of 
mapped Sediment distribution and depth as reported in Lorang (1984). 
These parameters were selected as a basis for habitat types because of 
their shared importance in determining habitat suitability for species 
such as yellow perch and largemouth bass (Stuber et al. 1982) known to 
inhabit the study area. 
following techniques. 

Resultant maps were groundproofed using the 

1) twenty nine SCDEW and snorkel surveys were completed both 
within and across mapped habitat types to confirm relative substrate 
homogeneity and approximate boundaries. Groundproofing surveys, 100 m 
long, WeKe conducted in permanently inundated areas from March to June 
before maxisum lake levels were KSSChed. A stratified sampling approach 
(Johnson and Nielsen 1983) was used to subsample all major habitat 
types: additional surveys were used to groundproof similar, 
noncontiguous areas. Aerial and shoreline photos were taken in 
conjunction with substrate samples in groundproofing surveys of all 
seasonally inundated areas. 

2) substrate samples were visually classified by dczninant 
particle size and compared with mapped types. In addition to substrate 
evaluations, hydroacoustic surveys were conducted to verify the depth 
classification of mapped habitat types (i.e. shallow, mid-depth, OK 

deep) . Sonar surveys were completed along each transect and were 
initiated and terminated as close to the highwater mark as possible. 
Corrections were made for the shallower, unsurveyed portions of each 
tKXGX2Ct. Depthfinder adjustments and boat speed were held constant 
throughout individual runs to minimize confounding in the interpretation 
of recorded depth data. All sonar tapes were subsequently analyzed for 
mean and maximnn depths (relative to 881.8 m elevation), linear distance 
within the dratiown zone, and general agreement with existing depth 
contour maps. 

3) independent KwOKdS of lake elevation and weather, provided 
by Montana Power Company, were reviewed and used to further characterize 
the environmental constraints imposed on South Bay. Mean, mininum, and 
maximum nxxthly lake elevations were sunmarizd for the period 1977 to 
1983. 

4) planimetric methods were used with revised maps from LoKang 
(1984) to determine more accurately the relative extent of seasonally 
inundated areas. The study area was divided into two major subareas, 
Polson Ray and Fast Ray, based on observed differences in sediment 
distribution, water quality data, and currents as indicated in LANDSAT 
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photographs. A Lasico rolling disk planimeter was then used to 
determine surface area of South Bay, both subareas, and the maximum 
drawdoWI zone within each. These measurements were compared with 
similar estimates derived from the transect surveys. All depths and 
computed areas were adjusted to the rraximum lake elevation of of 
881.8 m. 

Evaluation Areas 

Lake habitat types reported in Darling et al. (1984) were 
reclassified using the substrate size , classes and nanenclature of 
Stuber et al. (1982). These revisions were designed to make future 
sampling and analyses more ecologically based rather than retain the 
OrigiIdt geologic classifications of Lorang (1984). 

The depth intervals for habitat types established in 1984 were 
also revised. Both substrate and water quality data indicated relative 
homogeneity between mid-depth (3-6 m) and deep (6-10 m) hater habitats 
of South Bay and thus, these two intervals were cc&ined into a single 
"permanently inundated" zone. The shallow (< 3 m) depth interval was 
renamed the "seasonally inundated" zone for purposes of this study. 
Evaluation areas for sampling purposes were then redefined. The 
fourteen areas include all unique combinations of substrate type and 
depth zone (Figure 2). 

Water Quality 

Beginning in April 1984, measuranents of temperature, dissolved 
~~~~Gep~, and conductivity were taken at ten permanent sites every 

. Eleven inshore stations were added to the sampling schedule 
in June when rising water levels had reflooded seasonally exposed areas. 
All water quality measurgnents were taken at 0.5 m depth intervals. 
Secchi visibility, air temperature, wind and water conditions were also 
recorded at each station. Beginning on September 14, 1984 water quality 
measurements were taken at 1.0 m increments at twenty-six permanent 
sites located within each of the fourteen evaluation areas (Figure 2). 
During January and FebKUaKy of 1986 measurements were taken only from 
Polson Bridge due to winter ice conditions. Beginning in May1986 
measurements were taken at surface, mid-depth, and bottom stations at 
the twenty-six sites (mid-depth taken only at depths greater than 1 m. 

FOUK Ryan model-J thermographs (go-day) were also utilized to 
obtain a continuous record of water temperatures. The thermcgraqhs were 
placed in each of the two major subareas within South Bay (Figure 3). 
These instruments were anchored on the bottan in at least 1 m of water 
in an attempt to minimize temperature variability, and to better reflect 
actual temperatures within the occupied habitat of target fish species. 

VegetativeCover 

In 1985 hydroacoustic surveys were conducted in early June, and 
again in October, to estimate minimum and maxim percentages of 
vegetation respectively. Vegetation was defined as any submerged 
rracrophyte at least 30 cm in height. This minimum height was chosen as 
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Figure 2. equation a~~eas based on depth and substrate characteristics 
(See legend) in South Bay kYiifie3 from Lorang 1984). 
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Figure 3. Locations for continuous recording themqraphs (Xl and 
permanent habitat evaluation transects established in South Bay. 
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the direct result of observed utilization patterns by yellow perch, the 
dtinant target species in South Pay. These latter observations were 
restricted to the ice-free months and were made by SCUBA divers at both 
minimum and maximum lake elevations. A Lowrance model X-15 depth finder 
was used to conduct the vegetation surveys along each of the fifteen 
permanent transects established in 1984 (Figure 3). Initially, divers 
were towed behind the sonar boat using a dive sled, recording 
observations as to the presence of aquatic vegetation and fish (Darling 
et al. 1984). These observations were conducted in conjunction with 
sonar tapes, thereby checking the accuracy of the sonar runs. 

Percent vegetation was computed from the proportion of each 
sonar transect which intersected vegetation 30 cm or greater in height. 
To do this, dividers were set to the equivalent of 30 cm (on sonar 
tapes) and drawn along the "lake bottan" of each tape to mark all 
vegetation which exceeded this minimum height. The portions of each 
transect which intersected vegetation, as defined, were then summed by 
evaluation area. This number was then divided by the total of sample 
transects in the same area to obtain percent vegetation. This procedure 
was repeated for all fifteen surveys and tabulated by evaluation area. 

Fish Sapling 

Larval Fish 

As a result of preliminary sampling conducted through the spring 
and Sumner of 1984 (Darling et al. 1984), 32 locations ware selected as 
permanent sampling stations for 1985 and 1986 (Figure 4). Both 
seasonally and permanently inundated area as well as the various 
substrate types found in South Pay are represented by these sampling 
locations. 

Poor weather dictated an intermittent sampling schedule fran late 
March through May 1985 and 1986, but as conditions improved,.an 
essentially bi-weekly schedule became practical. 

In 1985 and 1986 two nets were suspended from opposite sides of the 
bow on the sampling boat to collect simultaneous sample replicates. At 
each station, nets were pushed for ten minutes at a tachaneter reading 
of 1600 rpn. The half-meter nets used for larval sampling were 
constructed of 900 micron Nitex mesh and equipped with a General 
Cceanics flowmeter, 13.5 kg lead weight, and plankton cup. During 
standard sampling the net was suspended from a 2 m PVC outrigger mounted 
near the bow of the boat. This gear was pushed close to the shoreline 
in inshore areas and between predetermined compass points in offshore 
areas. Flowmeter readings were taken before and after each tm. 

The volume of water filtered by the half-meter net during each 
to.+ was calculated from the difference in flow meter readings nmltiplied 
by a calibration factor. The calibration factor was derived from a 
series of tows over a known distance at a given speed using the fornmla: 
C = (A*L)/D, where C is the salibration factor (m per revolution of the 
flowmeter), A is the area (m ) of the net opening, L is the length (m) 
of the tow, and D is the mean difference in revolutions between 
beginning and ending flow meter readings. A factor of 0.005383 m3 per 
flowmeter revolution resulted from the average of five calibration tms 
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Figure 4. Larval fish, beach seine and fyke net trap locations used 
for fish sampling throughout South Bay. 

10 



with the half-meter net. A 15 minute tow filtered approximately 180 m3 
of water, and the distance traveled in this time at idle speed was 
ccmpleted within given habitat types on all transects. Total catches of 
larval fish were paired with associated wafer volumes. Catch-per-unit- 
effort (CPUE) was calculated as fish per m of water filtered. 

Specimens from each tow were washed from the plankton cup into a 
collection jar and preserved in 5% formalin stained with Pose Pengal. 
In the laboratory, larval fish were separated frcan vegetation and debris 
and stored in vials containing a mixture of 74% distilled water, 15% 
methyl alcohol, 10% formalin, and 1% acetic acid. All specimens were 
measured and identified to the lawest taxbnomic unit possible using 
characteristics given by Auer (1982), Snyder (1981), and Mansuetti 
(1964). 
as 

Following the criteria of Snyder (1976), fish were designated 
larvae if the adult fin complement was not fully developed or if 

median finfolds were visible. 

BeachSeining 

Exploratory beach seining in 1984 (Darling et al. 1984) provided 
the basis for selecting the 24 permanent seining stations sampled in 
1985 and 1986 (Figure 4). Major substrate types present in South Say 
were sampled in both seasonally and permanently inundated shorelines 
during three distinct sampling periods. Sampling was conducted witha 
106.68 m by 2.44 m beach seine constructed of 6.25 nun square mesh, 
knotless, nylon netting. 

In 1985 and 1986 samples were collected fran 16 locations during 
evaluation period I and 24 locations in periods II and III. Depending 
on the size and composition of individual catches, several procedures 
were used to obtain size class distribution data. when seine catches 
were small, the total length ('IL) of all fish was measured to the 
nearest millimeter. If catches were larger (i.e. N > 50) and appeared 
horrcgencus with respect to size class distribution, a subsample was 
measured (N = 25-351, and the remainder of the catch simply counted. 
For very large catches (i.e. N > 1000) of homogencus size class 
distribution, a subsqle of fish was measured ('IL), and a numeric 
estimate of remaining fish was obtained by calculating the average 
nunber of fish/small dipnet multiplied by the total nun&r of small 
dipnets of fish. For very large catches (i.e. N > 1000) with several 
size classes, fish which appeared larger or smaller than the majority of 
fish in the net, or species represented by few individuals were removed 
and measured (TLJ. An abundance estimate of fish remaining after size 
class subsampling was obtained by calculating the average number of fish 
contained in a small dipnet and multiplying this value by the total 
nurrber of dipnets of fish in the seine. In the latter two cases, the 
nunber of fish subsampled for length distribution data was added to the 
abundance estimates, and size class data from the subsaqle was applied 
to the abundance estimates on a proportional basis. Usually 15-20 
fish from each seining location were placed on ice and returned to the 
laboratory for weighing (0.1 g). 
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Fyke Net Trapping 

The primary purpose of fyke netting was to tag fish in order to 
examine fish movements within South Bay. All fish captured ware weighed 
(g), measured (TL) and sexed when possible. Fish were tagged (floy or 
fingerling), scales taken and released. Sampling for adult fish was 
conducted at five sites (Figure 4) from March through June 1984 using 
three fyke traps. Only three of five sites were sampled at any one 
time. Fyke traps were fished at five shoreline locations from 3 April 
through 18 June 1985. Pyke traps were 1.8 m in diameter and constructed 
of #15, 25.4 nrn tarred nylon mesh. A maximum of 122 m of 25.4 nun mesh 
lead material in 30.5 m lengths, 3 m deep, was used on inshore and 
offshore sides of each trap. Inshore leads extended to the shoreline. 
Traps and leads were anchored with fence posts in soft bottan areas and 
cement block clusters in rocky bottom areas. The traps ware checked two 
to seven times per week and moved as necessary when water levels 
fluctuated. All traps were removed by the end of June. 

Gill Netting 

Sxperimental gill nets with mesh sizes ranging from 1.9 to 5.1 
cm were used to determine the relative distribution of adult target 
species in South Say in 1985 and 1986. Sampling was conducted during 
each of the three elevation periods and included both spatial and 
temporal components. Supplemental samples were taken in vegetation to 
examine specifically the utilization of this dainant cover component. 

In an effort to minimize sampling variability, five nets were 
fished simultaneously, placed perpendicular to prevailing bottom 
contours, and were fished for approximately equal duration. All data 
were converted to catch-per-unit-effort (CPUS = fish/hr) for analysis. 

All fish of the target species were measured (TL), weighed (g), 
and tagged. Scale samples were taken and sex determined, when possible, 
prior to releasing fish. Recaptured tagged fish were remeasurti and the 
location recorded. The original methods and locations of captures ware 
determined from previous data records. Floy tags were used on fish 150 
run TL and larger, while fish less than 150 nrn TL were marked with 
fingerling tags. 

Sampling for this study component was conducted within each of 
the fourteen evaluation areas during the three lake elevation periods 
(Figure 5). Five gill net sets were completed within each evaluation 
area. Nets were set after sunset and allowed to fish for approximately 
one hour. 

A 24 hour period was sampled to determine the die1 habitat 
utilization patterns of target fish species. CXle evaluation area was 
selected in each of the Polson (I) and East Pay (II) subareas for this 
purpose. Gill net stations 3c and 5c (Figure 5) were sampled at 4 hr 
intervals beginning at 0800. Fishing effort was approxinmtely 1 hr for 
all sets and catches were recorded as described previously. 

Six paired gill nets sets were completed in Fast Pay to 
determine if utilization by target fish species was significantly higher 
in vegetated versus non-vegetated areas. Although several evaluation 
areas were sampled, individual paired samples were taken within the same 
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Figure 5. Gill net smple locations (0) within the 14 different 
evaluation areas of South Bay, 1984-1986. 
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evaluation area. All sets were made in August when aquatic vegetation 
was near its maximum annual density. 

Upon inspection, the CPUE gill net data from 1985 and 1986 did 
not meet necessary assumptions of homogeneity of variance and normality 
to allow parametric statistics to be performed. Attempted 
transformations of the data still did not allow the assumptions to be 
met satisfactorily, and nonparametric alternatives were used. 

Kruskal-Wallis Cm-Way ANOVA were used to compare catch between 
evaluation areas for the full year and within each period for 1985 and 
1986. Comparisons between periods were performed using the Mann-Whitney 
U two-sample test. All tests were performed on four variables: numbers 
of yellow perch, yellow perch CPUS, ntiers of salmonids and their CPUE. 

Uydroacoustic recordings, to detect the presence or absence of 
vegetation, were also made during the more extensive night sampling of 
all evaluation areas. These records will be used to assess further the 
use of vegetation by target fish species in other habitat types and 
seasons. 

Data from recaptured fish were analyzed to determine if seasonal 
patterns of movement for fish species could be established. 

Age Class Structure 

Fish captured by beach seining, fyke net trapping, and the 1985 
ice fishery creel survey provided scales used for age class analysis. 
Scales were taken from between the dorsal fin insertion (first dorsal 
fin for Percids) and the lateral line. Scale samples collected for the 
ice fishery were subsampled by 10 mm size classes. If there were more 
than 25 representatives of a given size class, 25% of the scale samples 
were selected at random frcnn the group. Acetate impressions were made 
from scales following methods reported by Darling et al. (1984). 
Distances from the fccus to the outer edge of each annulus, and to the 
scale margin were measured on the anterio-dorsal axis at 48x for yellow 
perch. Following the recommendation of Sagenal and Tesch (1978) a 
"birthday" was assigned to fish. A birthday of May 1 was assigned to 
yellow perch based on the apparent peak of spawning activity in South 
Bay as reported in Darling et al. (1984). 

Data were entered into a personal computer using dDASE III 
software. Sununary statistics (mean, sum, standard deviation, standard, 
mininum,maxinum,range , sample size) were calculated using either d!3ASE 
III or SPSS PC programs. To be conservative and because the assumptions 
for parametric statistices could not be fully met, nonparametric 
statistics were used for tests comparing the difference between 
independent variables. Mann-Whitney U tests were employed for paired- 
tests, while Kruskal-Wallis Cne-Way ANOVA tests were used when an 
independent numeric variable had more than two values. These 
statistical procedures were used for all different sets and tests run 
only where appropriate. 
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Creel Survey 

A creel survey, patterned after discussions of survey 
methodologies by Neuhold and Lu (1957), was conducted on the East Hay 
ice fishery from 12 January through 31 March 1985. Total angler 
estimates were derived daily fram five instantaneous angler counts made 
from shoreline vantage points (Figure 6). The times of daily 
instantaneous angler counts varied over the survey period as daylight 
hours increased. 

Completed trip interviews were conducted at departure points 
(Figure 6) to obtain catch and creel data, and information about fishing 
time, catch composition, and catch size distribution. 

Services 
Information from the 1985 survey was analyzed through Computing 
of Montana State University using a program developed by the 

Montana Department of Fish, Wildlife, and Parks (Rcbert McFarland, 
MDFWP, Helena, Montana). 

zko additional creel surveys were conducted on East day. The 
first covered the winter ice fishery from 21 December 1985 through 16 
March 1986. The second creel survey, which began on 13 April 1986 and 
ended on 2 May 1986, was directed at a boat fishery that targets 
concentrations of spawning yellow perch in Fast Hay. 

Although methodologies of the latter two surveys ware generally 
patterned after discussions by Neuhold and Lu (1957) and Malvestuto et 
al. (1978), specific details of the two survey procedures were sanewhat 
different from each other and the 1985 survey. 

For the 1985-1986 ice fishery survey, total angler estimtes 
were derived daily from five instantaneous angler counts made fran 
shoreline vantage points, as with the 1985 winter creel survey (Figure 
6) . However, the times of daily instantaneous angler counts, for the 
1985-1986 survey remained constant and were obtained at 1030, 1200, 
1330, 1500, and 1630. 

Completed trip angler interviews were conducted at access points 
(Figure 6) to obtain catch and creel data, and information abut fishing 
time, catch composition, and catch size distribution. 

Results frxan the 1984-1985 ice fishery creel survey (Pajak et 
al. 1986) revealed a low creel rate for yellow perch relative to the 
catch rate. It was apparent that this difference resulted from many 
small, inmature fish being caught relative to each individual fish 
creeled. To determine the size distribution of yellow perch caught but 
not creeled, fish which had been discarded on the ice by anglers were 
measured on three dates. Samples were collected on 29 and 30 December 
1985, and again on 16 January 1986. It was ass& that yellow perch 
found on the ice were representative of non-creeled fish and that 
changes in total length caused by freezing and dessication were 
negligible. 

A stratified two-stage sapling schedule was developed for the 
creel survey of the spring yellow perch fishery. Within each two week 
time period, four weekdays and two weekend days were randomly selected 
for survey activities. Five instantaneous boat and angler counts were 
made every two hours during the day with the time of the initial count 
chosen randomly from 0700, 0800, 0900, 1000, or 1100 hours. Boat and 
angler counts were obtained from vantage points (Figure 6) using 
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Figure 6. Angler access points (a) and locations for instantaneous 
angler counts Cc) for the winter and spring perch fishery surveys on 
East Bay, Flathead Lake, Wntana. Fishing pressure occurred almst 
exclusively in the area East of the dashed line. Access points north 
or west of the dashed line were used during the spring fishery. 
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binoculars or a spotting scope. Most harvest information was obtained 
from ccnnpleted trip interviews conducted at boat access points (Figure 
6), but several incomplete trip interviews were also obtained. 

For the 1986 surveys catch and effort statistics used to derive 
total harvest estimates for the ice fishery were developed with SPSS/PC+ 
software (SPSS Inc. 1984). The mean fish per angler per hour (C) was 
calculated by dividing the mean fish per party by mean party size (P) 
divided by mean hours fished. [(H), C = C 
total hours in the fishery 

P/H]. 
( 

Effort is equal to the 

Harvest is therefore determin 
by mean angler counts (A). 

angler per hour, c$ = Ex. 
by multiplying Effort by mean fish per 
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Eabitat Evaluation 

Review of LANDSAT photographs, sediment distribution data, and 
bay morphometry suggested two physically distinct subareas within South 
Say (Figure 7). This major stratification of the study area was adopted 
for the purposes of data sununary and analysis and is further supported 
by the unique presence of persistent aquatic vegetation in the East Pay 
subarea only. 

Planimetric analysis of the total study area indicated that 
approximately 18.1%, or 986 ha, is within the maximum drawdown zone 
(Figure 7). Of this area regulated by hydroelectric operations, 71.0% 
is located in East Ray (II). This subarea comprises only 30.4% of the 
total study area which in turn represents 10.7% of the total lake 
surface. 

SCUEA, shoreline, and aerial surveys generally confirmed mapped 
boundaries and habitat type homogeneity based on the data of Lorang 
(1984), but several inconsistencies were observed. Seasonally inundated 
portions of Polson Pay (I), typed as sand (SS2) and ruddy ooze (SW), 
contained extensive areas of cobble and gravel respectively. Large 
deposits of cobble and boulder were also observed in habitat types in 
both Polson and Fast Pays mapped as sandy mud (MSM) or muddy ooze (W). 
A third and recurring inconsistency was the lack of observable 
boundaries between finer substrates , particularly the sand, sandy mid, 
and ruddy ooze types. However, these smaller substrate types were not 
easily distinguishd by evaluators. 

The depth component of each habitat type was groundproofed using 
sonar surveys. A total of 53,280 m of transect were sounded (Table 1). 
Eased on transect data, mean and maxinnnn depths for subarea I were 5.19 
m and 10.63 m, respectively. Comparable figures for subarea II were 
3.48 m and 6.02 m, respectively. A gradual increase in depth was 
observed towards the central axis of each subarea and toward their 
respective northern boundaries as well. The mean depth for all 
transects combined was 4.62 m, and the maximum 10.63 m, the same as that 
reported for subarea I. Average transect length was 3,552 m. 

Seasonally inundated areas, or those less than 3 m deep at 
maxirum lake levels, comprised an average of 10.4% of each transect 
(Table 1). This proportion is substantially less than the 18.1% 
determined using planimetric method and the data of Iorq (1984). 
Further comparisons of depth data from this study with that of Lorang 
(1984) were not possible because lake elevation reference measures were 
not reported in the latter study. Bathymetric maps prepared by the 
MDEWP incorporate much of the Lorang (1984) data for South Bay and thus 
could not be used for independent comparison either. However, gross 
trends in bottcxn contour data are similar in this and the studies cited. 

Lake elevation data for the past seven years (1977- 1983), 
recorded in Polson by the Montana Power Company, are sunmkrrized in 
Figure 8. These years were chosen for evaluation because they represent 
a discrete period of dam operation according to a state researcher (J. 
Decker-Hess, MDFWP, pers. comm.). Themean and range ofronthly 
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Table 1. Mean and maximum transect depths and transect proportions 
within seasonally inundated areas of South Say, Flathead hake. 

Total Mean Maximum Seasonal inundated 
Transect No. Length L-d Depth(m) Depth(m) Length(m) % 

1 2820 4.16 4.96 229 8.1 
5.64 222 5.7 2 

3 
4 

3920 
4140 
3930 
3860 
4530 
4210 
525 

4.67 
4.90 
5.26 
5.71 
5.62 
5.86 

5.64 
6.45 
6.45 
6.58 
6.40 
3.02 

257 6.2 
250 6.4 

1:: ;:3' 
<25* <0.5* 
413 78.7 

61 1.6 
87 37.8 
45 16.1 

6” 
7 
8a** 

b 
9a** 

b 

1: 
11 
12 
13 
14 
15 

3905 
230 
280 

2660 
2070 
3960 
3680 
2970 
2810 
2780 

5.75 
4.68 
3.95 
3.21 
3.16 
2.42 

6.68 
4.17 
6.00 
6.97 

10.63 
6.02 
5.48 
4.67 
4.26 
3.58 

61 2.3 
71 

103 26" 
446 12.1 
696 23.4 
709 25.2 

1722 61.9 

Total 53,280 5550 - 
Mean 3,552 4.62 5.75 370 10.4 

* Assumed to be zero for summary statistics. 
**Subunits combined and weighted by transect before computing summary 

statistics. 

elevations are plotted for those years evaluated. Maximum summer lake 
levels (881.8m) were reached in July and observed as late as September. 
The minimum elevation (878.7 m) was reached roost often in March and 
occurred on a less regular basis than the recreationally mandated 
maxinlum. This minimum was observed in March in four out of seven years 
examined (1977-83), twice in February (1979, 1980), twice in April 
(1977, 1980), and all three of these months in 1980. In contrast to the 
relative stability of minirmm and maxinarn elevations, rmch greater 
fluctuations in mean nrx-khly elevations were observed during the 
drawdown September- March) and fill (March-July) periods, particularly 
the latter. The greatest range (2.35 m) in mean monthly elevation was 
observed in May, a month of rapid filling. 
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Vegetative Cover 

Results from hydroacoustic surveys in June indicate that vegetation 
(> 30 cm) ccinprises approximately 5.4%, or 270 ha, of the entire South 
Bay study area at maximum lake surface elevations. Most of this taller 
Ve@dtiOn iS Potamooeton or Mvrioohvllum and occurs primarily in silt 
substrates of East Bay. Although Chara is more common, it rarely 
exceeds 30 cm in height and has been observed to have lower utilization 
rates by adult yellow perch. Percent vegetation in the East Say and 
Polson Bay subareas in June was 17.6 and 0.1 respectively. When total 
surface area at maxim lake elevations is considered, less than one 
percent (0.1) of South Say supports vegetation greater than 30 cm in 
height. This vegetation is restricted to a single, permanent inundated 
evaluation area (5) in East Say (Table 2). (Note: Vegetation still only 
comprises 0.7 percent by area of South Say at minimum elevations). 

Table 2. Percent vegetation by evaluation area and rmnth in South Say 
of Flathead Lake, 1985. 

Evaluation Area % Vegetation 
% of 

Number Study Area June Cctcber 

1" 2.0 0 0 
2 12.0 0 0 
3 50.4 0 <l.O 
4 1.8 0 24.4 

17.8 3.7 16.9 
<l.O 0 0 
3.2 23.9 16.8 

8 6.6 59.4 34.9 
9 <l.O 0 0 

10 a.0 0 
11 <l.O 0 
12 1.4 0 0 
13 3.4 1.2 0 
14 <l.oa 0 0 

+ transect intersected subareas 14A, 14B, or 14C. 
=areas 1 through 5 are permanently inundated. 
areas 6 through 14 are seasonally inundated. 

Water Quality Water Quality 

Water quality parameters; water temperature, pH, dissolved oxygen, Water quality parameters; water temperature, pH, dissolved oxygen, 
and conductivity were collected at 32 locations within South Bay from 16 and conductivity were collected at 32 locations within South Bay from 16 
April 1984 to $0 September 1986. April 1984 to $0 September 1986. Monthly means for South Say ranged Monthly means for South Say ranged 
from 0 to 22.6 C for water temperature, 6.54 to 8.59 for pH, 163.71 to from 0 to 22.6 C for water temperature, 6.54 to 8.59 for pH, 163.71 to 
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192.13 u&'cm for conductivity, and dissolved oxygen 8.30 q/l to 12.73 
q/l (Appendix A). No water quality parameters exceeded tolerance 
limits of yellow perch and it is believed that water temperature 
affected fish distribution within South Say to any observable degree. 
Water temperatures were consistent between years with surface water 
freezing during winter months , usually beginning in November, then 
warming to its seasonal high sometime in July. 

Fish Sampling 

Larval Fish 

Whitefish were the first fish to appear in ichthyoplankton samples. 
Primarily due to the abundance of lake whitefish in Flathead Lake 
relative to mountain whitefish these larvae were assumed to be lake 
whitefish. The lack of dichotomous keys tie positive identification 
uncertain. 

Whitefish larvae normally appeared in samples in late March with 
abundance peaking in April and May. By mid-June larval whitefish were 
no longer captured by our sampling method. Nearly twice as rany 
whitefish larvae were captured in 1985 (466) than in 1986 (263). 

Yellow perch larvae appeared in ichthyoplankton samples in early May 
in 1985 and 1986. Peak numbers were observed in late May and early 
June. In 1985, 7,469 yellow perch larvae were captured and 2,109 in 
1986. The mean number of whitefish and yellow perch larvae per 
evaluation area for 1985 was 6.71 and 43.02, respectively, and 3.77 and 
13.68, respectively, in 1986. The differences between years for yellow 
perch were significant (P< -001). 

Beach Seining 

A total of 143,765 yellow perch were captured by beach seining 
during the three evaluation periods in 1985. Most (85.6%) of the catch 
occurred in evaluation period III with lesser percentages captured in 
period I (8.4%) and II (6.0%). Average yellow perch catch per seine 
haul (N) for all samples taken in evaluation periods I, II, and III was 
673 (N = 18), 358 (N = 24), and 5,127 (N = 24), respectively. 

Large numbers of perch (>l,OOO) were collected from 2 to 10 
locations during each of the evaluation periods in 1985 (Appendix B). 
The two stations yielding large nu&ers in May (period I) were located 
on opposite sides of South Bay. In July (period II) large catches were 
made in the northeast and northern areas of the Pay, while in Sept&r 
(period 111) they were collected from the eastern shore, the 
northwestern shore, and the western shore. Generally the percentage of 
perch captured during the three evaluation periods over any substrate 
type was not proportional to the percentage of stations containing each 
substrate type (Table 3). 

In 1986 a total of 71,221 yellow perch were seined. Period I had the 
greatest percentage of perch, 56,085 or 78.7% (Appendix B). Periods II 
and III, represented 9.7 and 11.6%, respectively, of the total 1986 
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Table 3. Total yellcw perch catch by substrate type and evaluation 
period. Samples were collected frcm South Bay by beach seine in 1985 
and 1986. 

ONPERICKI 

I II III 

Total Total Total 
Year Perch Substrate Perch Substrate Perch Substrate 

1985 11,045 Silt 1,020 Silt 69,841 Silt 
285 Sand 2,579 Sand 23,947 Sand 

189 Gravel 210 Gravel 
876 Ccbble 4,809 Ccbble 29,054 Cobble 

1986 37,273 Silt 1,847 Silt 2,418 Silt 
1,936 Sand 2,664 Sand 3,816 Sand 

1,256 Gravel 1,838 Gravel 
16,876 Cobble 1,136 Ccbble 161 Ccbble 

catch. The average yellow perch catch per seine haul by period was 
3,505 (N = 16) period I, 288 (N = 24) period II, and 343 (N = 24) period 
III. 

While yellow perch numbers were greater in East Bay evaluation sites 
than in Polson Say for 1985 and 1986, neither were significantly 
different (~>.05). No significant difference in the distribution of 
yellow perch based upon habitat type was identified. 

Fyke Net Trappins 

The location at the Narrows yeilded the lowest catches among the 
five fyke trap locations in 1984 (Appendix C). The area was difficult 
to sample effectively with the fyke traps due to limited shallow water 
and proximity to steep drop-offs. Because of this, the site was 
abandoned in 1985. 

Trapping at all other locations was more effective and was conducted 
for varying time periods (Appendix C). In general, more fish were 
captured when additional lengths of offshore lead material were added. 
The offshore lead length ranged from 100 to 300 m for all trap 
locations. 

The dominant target fish captured at all trap locations in 1984 and 
1985 was yellow perch. Lake whitefish and bull trout were caught 
intermittently at the Bird Point and Finley Point locations. No 
northern pike or largemouth bass were captured with the fyke traps, 
(Appendix C). 

Yellow parch catch frequencies at all trap locationsexhibited peaks 
between 15 and 21 April and between 21 and 24 May 1984 (Figure 9). In 
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1985 a peak was noted between 15 April and 23 May. During the time 
period between and including these peaks, 84.8% of the yellow perch 
captured to be at or approaching in spawning condition. Sixty percent 
were female and 40% were male. Sizes ranged from 100 to 313 r0m TL. 

Comparing the yellow perch fyke net catch data between years 
indicates differences in numbers of perch and the CPDS. The arean n&r 
of yellow perch caught in 1984 was 20.80 and 44.98 in 1985. The mean 
CPDE of yellow perch (YICPDS) was significantly larger (P < .002) in 
1985 (10.94) than in 1984 (6.42), but the mean total lenath of vellow 
perch from fyke nets was &nif&antly longer in 1984 (259.0 &TL) than 
in 1985 (213.1 nun TL) . 

GillNetting 

Experimental gill net sampling conducted in South Say frm 1984 
through 1986, produced a total of 5,328 fish (Table 4). Yellow perch, 
northern squawfish (B oresonensis) and peamouth chub 
(Mvlccheilus caurinus) were the predominate fish species captured each 
year. All renaining species captured (mountain whitefish, bull, 
cutthroat and rainbow trout, largescale and longnose sucker, redside 
shiner, pun#inseed and kokanee salnon) comprised less than 2% of the 
total catch in any one year. 

Table 4. Total numbers of fish captured and the percent conposition of 
each species using experimental gill nets in South Say, Flathead Lake, 
1984-1986. 

Yellow perch 
Northern squawfish 
Peamouth chub 
Lake whitefish 

Total hours fished 

1984 j.$g 1986 
889 (99) 1,183 (40) 583 (31) 

720 (28) 782 (42) 
386 (15) 333 (18) 
154 ( 6) 42 ( 2) 

58 357 191 

In 1984, gill net sampling for elevation period I was, conducted 
during the day while that for periods II and III was ccanpleted at night. 
When individual species and evaluation period are considerd, yellow 
perch appear to dominate the catch in period I with an absolute and 
relative increase in CPDE for all other species in periods II and III 
(Appendix D). 

Yellow perch CPIJE in 1985 was highest in the pernkanently inundatd 
evaluation areas (5, 6) located in East Bay. The relatively high CPDS 
for yellow perch in this area was due primarily to large catches during 
the first evaluation period (i.e. April) at stations d and e (Figure 5). 

Northern squawfish, the second most abundant species in 1985, were 
captured at the highest rates (CPDS) in seasonally inundated areas (1, 
11, 12, 13) of Polson Pay. Similarly, CPDE was highest for peamouth 
chub in seasonally inundated areas (10, 11, 12) along the southern 
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shores of Polson Bay. Lake whitefish catch rates were highest in a 
sandy area (9) in Past Ray and along rocky shores (1, 14) in the 
vicinity of Kings Point and the Narrows. 

The same trend through evaluation periods for number of perch versus 
all other species as reported for 1985 was observed in 1986. Perch made 
up 78% (341) of the total gill net catch in period I, only 13% (115) in 
period II, and 23% (127) in period III (Table 4). The two highest 
catches of yellow perch (32, 219) were in evaluation area 5 in Fast Say 
on 14 April in period I. The number of yellow perch captured decreased 
from period I to period II throughout South Bay while the ntier of all 
other fish increased. The number of fish other than yellow perch caught 
in period I was 99, in period II, 743, a substantial increase. The 
nuder of perch increased from period II to III while the number of 
other fish captured decreased. For the three periods combined the mean 
catch per net and mean catch per evaluation area of yellow perch was 
3.55 and 17.67, respectively (Appendix D). 

Gill net samples in the presence of vegetation or absence of 
vegetation was conducted in 1985 and 1986. During the two years, a 
total of 330 yellow perch, 4 whitefish, 27 northern squawfish, and 6 
large scale sucker were caught in gill net. Mann-Whitney U two-sample 
tests were performed on each year separately. The numbers of yellow 
perch and their CPUF. was not significantly different in 1985 but was (P 
< .Ol) in 1986. In 1986 yellow perch numbers were greater in the 
presence of vegetation than in the absence of vegetation. 

Tagged Fish 

Throughout the project adult and juvenile fish were tagged after 
capture. A total of 8,888 yellow perch were tagged with a return rate, 
as of 30 April 1987, of 6.9% (541); 44 bull trout were tagged with a 
29.5% return rate. There were 372 lake whitefish and 55 mountain 
whitefish tagged with only 1 return of each species. 

A total of 541 tagged yellow perch were recaptured, 93.1 % of these 
were originally captured in fyke nets, 4.5 % in gill nets, and the 
remaining 2.4 %, in beach seines. East Bay areas were the origin of 74.2 
% of the yellow perch originally captured and tagged. Recaptures were 
also most coamon in East Ray (68.6%). Fyke nets were the source for 
54.4% of the first recapture followed closely by fisherman (42.3%). 
Together they accounted for 96.7% of all yellow perch recaptured. Only 
36 yellow perch were recaptured a second time, most of those by fyke 
nets (28). Of the 44 tagged bull trout, all 13 returned were captured 
by fisherman: twelve from the upper Flathead River. 

Time from inital capture to recapture varied from 1 to 1,095 days 
for yellow perch. Forty-three percent were recaptured in the first 30 
days and the majority of these in fyke nets. Plots of movement of fish 
recaptured revealed no distinct seasonal pattern. Some yellow perch 
were recaptured one or two years later in the same general location of 
their original capture, while others had moved across the Bay a distance 
of 8 km in less than a month. The majority of recaptures came from the 
same general location as their original capture. 
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Study creel surveys were conducted during the winter ice fishing 
season in both 1985 and 1986. In 1986, the spring boat fishery was also 
surveyed. 

The total numbers of yellow perch caught and creeled during the 1985 
ice fishery were 47,382 and 17, 319, respectively, yielding a creel rate 
of 36.6%. HcxYever, in 1985 anglers were not surveyed during 
approximately the first two weeks of the ice fishery. During that time, 
anecdotal information suggests that catch rates and angler pressure were 
higher than later in the season. Therefore, the total harvest estimate 
of 17,319 fish for 1985 is conservative. A sirrple expansion, assuming 
angler effort and creel rate values during these two weeks to be equal 
to those for the remainder of the survey period, results in a total 1985 
harvest estimate for the ice fishery of 20,388 fish. 

During the 1986 ice fishery 80,173 perch were caught and 32,465 
creeled, yielding a creel rate of 40.5%. The higher estimates for the 
1986 fishery were attributed to increased efforts from more anglers. 

The spring boat fishery, which occurs primarily in April for grcups 
of spawning perch, was monitored in East Ray during 1986. This survey 
was stratified into two categories, weekdays and weekends. The mean 
creeled fish/angler/hour was higher for the weekends (4.4) than for the 
weekdays (3.4). Total pressure was also higher for the weekends (980) 
than for the weekdays (495) due to the greater mean angler count for the 
weekends (14.0) versus the weekdays (3.3). The harvest estimate for the 
weekend category (4,351) was more than twice that of the weekdays 
(1,678) giving a total spring yellow perch harvest estimate of 6,029 
fish. Adding this total to the winter fishery, brings the 1986 survey 
period yellow perch harvest to 38,494 fish. However, this represents 
only those fish harvested from East Bay. An additional 2,000 to 5,000 
fish are estimated to be harvested annually outside of East Ray, 
bringing the total harvest to yellow perch in Flatheid Lake to 
approxinmtely 41,500 fish in 1986. 

Responses to inquiries regarding angler residence are compiled in 
Table 5 for the 1985-1986 ice fishery creel survey. The "Other" 

Table 5. Origin of anglers interviewed during the 1985-1986 East Pay 
ice fishery creel survey. 

Angler 
Residence 
Kalispell 
Polson 
Missoula 
Ronan 
Fast Shore 
Bigfork 
Pablo 
St. Ignatius 
Other 

Rumber from 
Lccalitv 

108 
107 

69 

i 
5 
4 
1 

61 
372 

Percent of 
Total 
29.0 
28.8 
18.5 
2.4 
2.2 
1.3 
1.1 
0.3 

16 4 
loo.0 
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category includes a variety of Montana localities not otherwise listed, 
as well as out-of-state locations. The majority (83.6%) of the anglers 
participating in the ice fishery resided within 96 km of East Say, 
approximately 35% resided within the boundaries of the Flathead Indian 
Reservation. Of the 371 anglers who responded to the question of Tribal 
member-ship, less than 1.0% claimed Tribal affiliation. 

Of 1,430 yellow perch, subsampled from angler creels in 1985, 80% 
were between 175 and 275 ran TL, with a mean of 227 mm TD. The average 
size of perch returned during the 1986 ice fishery was 155.7 mm TL, or 
about 70 nun smaller than fish that were creeled (Figure 10). The 
average size of yellow perch creeled in the 1985 and 1986 East Say ice 
fishery (228 run) was slightly larger than the average for yellow perch 
creeled lakewide (210 run) during 1962 and 1963 (Rchbins and Worlund 
19661, and may reflect angler selectivity or better perch habitat 
offered in East Bay. 

The 1985 and 1986 ice fishery harvest estimates are twice and three 
times, respectively, the harvest estimated by Graham and Fredenberg 
(1983). They reported a yellow perch harvest from the 1982 ice fishery 
(South, Skidoo, and Somers Bays) that was 99% of the total catch, and a 
creel rate of 1.2 fish/angler hr. 
1986 data. 

This contrasts sharply with 1985 and 
Ice fishery harvest estimates were approximately 37% and 43% 

of the total catch in 1985 and 1986, respectively, and creel rates were 
3.2/hr in 1985 and and 3.9/hr in 1986. Differences between survey 
results may stem from differences in methodologies and monitoring 
effort, increased fishing pressure and a possible change in the large 
perch population to a structure heavily skewed toward smaller fish. 

The yellow perch harvest fram Flathead Lake is second only to 
kokanee salmon. However, because of the recent decline of kokanee 
within the Flathead system, yellow perch may indeed beccme the nest 
creeled fish species taken from Flathead Lake. 
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Figure 10. Creeled yellow perch length distributions from the 1985 and 
1986 ice fisheries on East Bay, Flathead Lake, P4mtana. 
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Vegetative and structural cover are relatively limited in South Hay, 
a condition which could contribute to lower recruitment for scane fish 
species. Cur data show that the study area contained 0.04% structural 
and 5.4% vegetative cover in June at full pool. Both figures are less 
than 1.0% at minimum pool. Structural complexity mediates the 
ecological interactions between littoral zone fish and their prey, and 
can affect local productivity and growth in fish (Crowder and Cooper 
1979, Prince and Maughan 1979, Wege and Anderson 1979). Structural 
complexity is thought to alter the outcome of predator-prey interactions 
(Glass 1971, Smith 1972, Murdoch and &ten 1975), and predation is 
suggested as an important factor in mediating the effects of competition 
among prey (Hall et al. 1970, Neil1 1975). !l'hese factors may explain 
the observed failure of largemouth bass to successfully survive to 
recruitment in any great numbers. Abundant yellow perch in South Hay 
may prey upon larval bass to the point of suppressing the bass 
population, or outccaqete young bass for zooplankton. Most likely, all 
the above contribute synergistically to early life mortality among 
Flathead Lake bass. 

Structural complexity may also be important to overwinter survival 
of young perch in Flathead Lake. Winter conditions, including ice cover 
and fall drawdown, seasonally eliminate the vegetative portion of most 
rooted macrophytes in South Hay. This results in substantial loss of 
what little structural cover exists, depriving the perch population of 
habitat which has been occupied all summer. Ware (1973) identified prey 
exposure as a major component of the total risk prey incur. The loss of 
cover from draw-down concentrates and probably exposes perch to greater 
predation, including cannibalism, than would occur if structural 
complexity were greater. 

Gross trends in water quality data collected in South Hay during the 
study indicate relative spatial and temporal homogeneity for all 
parameters with the exception of water temperature. Observed ranges for 
dissolved oxygen, pH and conductivity ware similar in 1984, 1985 and 
1986, and probably do not play a decisive role in habitat utilization 
patterns for target fish species. Although predawn levels of dissolved 
oxygen were measured below 5 mg/l in some inshore areas of East Hay 
(February 1985), these readings were anomalous and could be avoided by 
resident fish populations in those areas. 

In contrast, water temperature was sufficiently variable by month 
and evaluation area to be a potentially important factor influencing 
fish distribution in South Hay. Seasonal trends in species composition 
generally followed annual tePnperature cycles (i.e. cold water species 
abundance increasing in fall) and supports this hypothesis. 

TF ratures within South Hay in May were observed to drop as much as 
5 C in five minutes near the narrgws , a reflection of upwelling at that 
site, and may vary as much as 4.5 C between evaluation areas in June and 
Noverrber. Yellow perch and rainbow trout have both been reported to 
prefer temperatures within 1.4'C of an acclimation temperature (15°C: 
(Cherry et al. 1977) and would likely respond to the thermal gradients 
observed in South Hay. 
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The timing of yellow perch spawning in Flathead Lake corresponds 
with maximum draw-down under present hydroelectric operations. Refill 
provides increased habitat for the population to expand into just as fry 
are hatched. As a result yellow perch do not experience the early life 
history losses observed in Flathead Lake kokanee under the same 
operational pattern (Beattie and Clancey 1987). Winter draw-down 
exposes yellow perch of all ages to greater predation due to a lack of 
cover, particularly young-of-the-year perch which are heavily 
cannibalized. This pattern may actually be of benefit to the perch 
population as a whole by reducing recruitment, providing a ready forage 
base in winter when aquatic insects may not be readily available, and 
preventing stunting, a ccermn problem in perch populations. 

The growing importance of the yellow perch fishery is illustrated by 
comparison of past creel surveys and those conducted during this study. 
R&bins and Worlund (1966) reported harvest rates for Flathead Lake 
fisheries and estimated that yellow perch harvest was second only to 
kokanee salron, c-rising 17% of all fish harvested lake-wide between 
May 1962 and April 1963. In an 1982 lake wide census (Graham and 
Fredenberg 19831, a harvest coqosition of 6% yellow perch was reported. 
When only shore and ice anglers were considered in the latter survey, 
the percentage of yellow perch increased to 33%. Today anglers harvest 
between 30,000 and 40,000 parch annually just fran South Bay. 

Study results lead to the following conclusions: 

1. 

2. 

3. 

4. 

5. 

6. 

Yellow perch support an important and growing fishery in South 
Ray of Flathead Lake. 
The existing pattern of lake drawdown and fill for hydroelectric 
purposes coincidentally corresponds to the biological 
reguirenents of yellow perch for spawning and increased habitat 
upon hatching. 
Falldrawdown exposes young-of-theyear fishtopredationand 
probably prevents stunting of the perch population. 
Recruitment in the existing largemcuth bass population of South 
Ray is probably controlled by an overwhelming yellow perch 
population which may directly prey upon young bass and/or 
cconpete with them for a limited food supply. 
The presence of northern pike in South Bay could not be 
documwted. 
Structural cc+nplexity in South Bay is extremely limited at all 
times of the year. However, this physical deficiency can be 
enhanced through the use of artificial reefs. 
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APPENDIXB 

sLNMK?f OF BEACH SEINING CATCHES 
oxLEaEDFI(cMsouTHBAY 

OF FIA'IIEVD LAKE, 19851986 



SEINE DATALIST CODES 
MR 1985 AND 1986 

STATION LKATION: 

1 = hots = 
2 = lzdzrl= 
3 = slpt = 
4=sl&$g= 
5 = suke = 
6 = lx@= 
,=&= 
8 = ebph = 
.9 = wisp = 

10 = ston = 
11 = fnpt = 
12 = farn = 
13 = Me = 
14 = bulw = 
15 = lapb = 
16 = cash = 
17 = king = 
18 = sqry = 
19 = grin = 
20 = jpne = 
21 = jpsw = 
22 = jpim = 
23 = wshn = 
24 = wshs = 

sPEC1F.s: 

Boettcher Park South 
Boettcher Park North 
Slack Point 
sucker Bay west 
Sucker Bay East 
Bird Point Fast 
south East Bay 
East Bay Photo Station 
Willow Spit 
Stoners 
Finley Point State Park 
Fa.?XlUn 
Bull ISland East 
Bull ISland West 
Lansing Point Bay 
causeway Bay 
Kings mint 
Stone Quarry Bay 
Grinde 
Johnson Point Northeast 
Johnson Point Southeast 
Johnson Point Bay North 
West Shore North 
West Shore South 

WINDvElK!IT-i: WAVF. HEIGFJ?: 

YP = yellow perch 0 = nodata 0 = no data 
LWF = lake whitefish 1 = calm 1 = calm 
MWF = muntainwhitefish 2 = 0- Smph 2 = 0 - 12" 
Dv = bulltrout 3= 5 -1Omph 3 = 12-24" 
RCT= rainlmw/mtthroat 4 = 10 -15mph 4 = > 24" 
LxB= laqmouthbass 5 = 15 -2Oqh 5 = no ice 

6 = >2Omph 

WC+lF = Water temperature, 0 = nodata. 

ATETP = Airtanperature, 0 = nodata. 

DEP = Maxinarmmtm depth 

TDE = Startofsample 

DIR = Wind direction 

SKY = % clouds, 0 IMY indicate no data. 
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APPENDIXC 

SUkW+FCOFmNETTRApPING 
COLLEmDFmSmBAY 

OF FTXTHEX LAKE, 1984-1985 



FYKBNEX DATALISTCODES 
FOR 1984 AND 1985 

SPECIES: 

YP = yellow perch 
LWF = lake whitefish 
.MWF = muntain whitefish 
W = bull trout 
RBCT = rainbw trout 

3 = no wind 
2 = l- 5qh 
3 = 6 -1Omph 
4 = lm-15mph 
5 = 16-2Omph 
6 = >20ph 

wAvF,HmxHT: 

1 = calm 
2 = 0 - 12" 
3 = 12 - 24" 
4 = > 24" 
5 = ice 

WFEXF = Water twature, 0 indicates no data. 

YP through KOK refers to all fish caught in the trap for each spa&es. 
This includes previously tagg& fish and unmasured fish. 

YPNFX = Perch caught in the tran leads. This number is not included 
in m. 

RECAP = The rxmkr of pzrch which wre previously tagged. !&is 
number is included in Yp. 

D?AYS = The mm&r of days since the trap mslastchecked. 

AREA = The surface area (square feet) of leads attached to the trap. 
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APPENDIXD 

SJMMARY OF GILLNJZT CKEHES 
KLLECIEDFEOMSO3THEAY 

OF ETLATEX LUE, 1985-1986 



GILL i'E!l! DATALIST CODES 
FOR 1985 - 1956 

SPECIES: 

YP = yellow perch 
LW = lake whitefish 
MWF = mnmtain whitefish 
W = bull trout 
m = ratiw/cutthroat 
NSQ = northemsquawfish 
PMC = peamuthchub 
INS = longnose sucker 
LSS = largescale sucker 

l= nowind 
2 = 0- 5inph 
3 = 5 -1Oinph 
4 = lo-15mph 
5 = > 15mph 

mm HEIGHT: 

1 = calm 
2 = 0 - 12" 
3 = 12 - 24" 
4 = > 24" 

CLOUD COVER: 

1 = 0% 
2 = 25% 
3 = 50% 
4 = 75% 
5 = 100% 

STATICS = (See Figure 5). 

SWlWJP = Surfacemterterqerature 

MINLEPEI= Minimumdepthsanpled 

SEMI1 = Secchi disc depth 

Dl 
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72 iW2W85 2892.96 20X 2155 58 
73 w/25/85 2832.96 2105 2205 5c 
74 W/25/85 2832.46 2120 2224 SD 
75 ilv/txJ5 2832.96 2135 2238 5E 
76 07/02/85 m2.86 221x1 2306 6R 
77 07/02/85 2892.86 220: 2329 68 
7B 07lil2iYS 2892.86 2211 2246 bL; 

79 07/02/85 2832.86 2349 2452 bD 
Yil 07/02/85 2892.86 2352 2420 bE 
El ~~b/XI/tX 2842.92 2200 ?SO 70 
0: 06ma5 2032.92 2215 ~315 76 
63 06/30/85 2832.92 2327 2427 7c 
84 06/30/85 289?.92 2338 2438 70 
@5 Ob/30/85 ib92.92 2349 2449 7E 
UE 10/;10/85 21W.55 1915 2025 7R 
87 IOl2OlY5 2892.55 1m 2040 78 

52 
BY lO/aJ/P5 2832.55 1945 2046 7c 
63 10~20/85 2892.55 2000 2100 70 
,311 M/20/85 283%.55 2015 2115 7E 
31 07/01/85 2b32. a7 2500 23W YR 
32 07mtas m2.87 2224 2324 Es 
33 07/01/8j 2032.87 2357 2457 BC 
94 07/Ol/b5 2032.87 24MJ 2500 80 
35 (17101185 2672.87 2415 2515 6E 
36 IOiiW35 2812.17 1850 1959 an 
97 1!v25/85 2892.17 IV!15 201: P’R 
$3 10/21/85 2R92.17 1920 2032 bC 
95 lo/t%65 2892.17 1935 2046 6D 

loo lo/29105 2032.17 1950 2058 8E 
lim 06/17/65 2832.43 2200 2400 VR 
102 06/17/85 X02.43 2210 2438 98 
103 i16/17/65 2892.43 219 2512 vc 
!!I4 06/17/05 m2.43 2229 2540 VD 
105 iib/17/85 2832.43 223fl 2618 5E 
Ii16 03/2il/E5 2N2.98 2055 2157 9A 
If:17 i13/2O/bS 2832. 98 2110 2217 YE 

13.0 a 
13.0 SE 
13.0 SE 
13.0 SE 
26.0 SW 
2b.0 SW 
26.0 SW 

26.0 SW 
2b.0 SH 
25.0 NW 
25.0 hw 
25.0 Nu 
25.0 NM 
25.0 NW 
9.0 0 
9.0 iJ 
9.il a 
9.0 0 
9.0 0 

18.0 s 
lb.0 s 
la.0 5 
18.0 5 
lb.0 S 
2.0 E 
2.0 E 
1.0 E 
1.0 s 
1.0 s 

17.0 N 
17.0 N 
17.0 N 
17.0 N 
17.0 N 
14.0 s 
14.0 s 

1 1 1 13.5 5.5 5.5 0 0 DO 0 a 2 0 1 l.L’8 5 3 
2 2 I 13.5 5.5 5.5 2 2 0 0 0 0 3 0 0 1.00 5 3 
2 2 I 13.5 4.9 4.9 3 0 0 a 0 3 2 0 0 1.07 5 3 
2 2 I 13.5 4.9 k-5 2 10006100 1. 0: 5 3 
2 3 3 22.0 I.8 3.0 9 0 0 0 0 4 0 0 0 I.10 6 2 
2 3 3 22.0 1.8 3.0 6 0 0 0 0 6 1 3 0 1.40 6 2 
2 3 3 22.0 1.a 2.4 5 0 0 0 0 4 I 0 0 0.5Y 6 2 

2 3 3 22.0 I.0 3.0 2 0 0 0 0 5 2 0 2 1.E 6 2 
2 3 3 22.0 I.8 2.7 0 0 0 0 0 6 4 0 0 0.47 6 2 
22 I 21.0 I.6 1.Y 500003141 l.iW 7 c 
2 2 I 21.0 I.6 1.8 0 0 0 0 0 I 0 I 1 I. Oil 7 
2 2 I 21.0 l.B I.8 I 0 0 0 0 2 I 0 I I.Oir 7 2 
2 2 1 21.0 1.8 2.4 I 0 0 0 0 0 0 0 0 l.OiJ 7 2 
2 2 I 21.0 1.8 2.1 I 0 0 0 0 0 iI 0 0 I,00 7 2 
I I 5 9.0 lob 2.1 1 2 0 a a 1 0 0 0 1.17 7 3 
I 1 5 3.0 1.n 2.1 0000020001.17 7 3 
I 1 5 9.0 I.6 i.a 0 0 0 0 0 0 0 0 0 1.05 7 3 
II 5 9.0 1.8 2.4 0 0 0 0 0 0 0 0 I 1.00 7 3 
II 5 9.0 I.8 2.1 0 2 0 0 0 0 0 D 0 I.00 7 3 
12 2 21.0 1.8 3.0 0 0 0 0 0 1 0 3 0 LOO 8 2 
I 2 2 21.0 2.1 2.4 6 0 il a 0 0 1 0 I l.I:tl 8 2 

I2 2 21.0 2.7 3.0 24~00001002::::~ 0 a 0 0 0 I iJ 0 0 0 I 2 2 21.0 2.4 * . E 2 2 
1 2 2 21.0 I.8 1.8 3 0 0 0 0 0 0 0 1 1.00 a 2 
2 2 2 a.0 1.a 2.1 0 2 0 0 0 0 ci 0 ii I.15 8 j 
2 2 2 6.0 2.7 2.7 0 I 0 1 I 0 a 0 0 1.17 a 3 
2 2 2 8.0 3.2 3.2 1 1 0 0 0 0 0 0 0 1.20 B 3 
2 2 2 8.0 2.1 2.1 2 I 0 0 iI 0 0 0 0 1.;: 6 3 
2 2 2 Y.0 2.4 2.4 2 I 0 0 0 0 0 0 0 1.13 8 3 
2 3 I 15.0 1.e 0.0 0 4 0 0 0 6 2 0 0 2.00 9 2 
2 3 1 15.0 >.a 0.0 3 5 0 0 0 7 3 0 0 2.47 9 2 

2 3 I 15.0 1-B 0.0120006.31I2.66 9 2 
2 3 I 15.0 l.E 0.0 2 7 0 0 I 15 IO 0 I 3,la 7 2 
2 3 1 15.0 LB 0.0 0 1 0 I I 10 10 2 0 3.67 9 2 
2 2 5 13.0 1.a 0.0 0 4 0 0 0 0 I 0 1 1.03 9 3 
2 2 5 13.0 I.8 0.0 I 3 0 0 0 0 0 0 0 1.12 9 3 



IU
 

N
 

cu 
- 

- 
- 

- 
--N

~--~~~~~~N
~N

~---C
-----~~~~ 

N
n,.-u---------- 

N
N

~~N
N

~.~N
N

N
-----~N

N
N

N
N

-N
 

N
~~O

O
~m

ulm
”7tn*C

C
 

~W
W

333~~~“P
”P

~=S
S

~~~~~~~~~~~~~~~~~~~ 
gg‘?igg~ 

-, 
ni 

02 d 
r-i r-i 

ri 
n’ 

ri 
ni 

4 
ri 

4 
~4 n’ 

7-f 4 
r-i 

4 
t-j 

0.i oi 
ni 

ni 
,j 

& 
0; 

oj 
L< 0; 

ni 
ni 

m
m

m
~m

m
m

nvlrr,m
cnm

m
m

m
~rm

~m
m

m
~m

m
m

m
m

m
m

 
m

m
m

m
~~m

~~m
g~9~9m

~m
m

~~~~~~~~~~~~~~~~~ 
IL” L-2 IU

 .v 
i., 

IU
 ia. IU

 c-2 02 ..” 
<Y . ..J <u 1.u 02 LU

 02 I,” 
..A

 LU
 rll 

<u I.2 l.., <Y w
 

cu N
 

C
” <m

 cv I_ 
C

L, ,u 
IU

 
“3 In 

L-l Y
.1 b7 In 

Lii U
T Y, Y, “7 

“7 
In 

“_I yi 
“7 ,,-J Y, Y? v-> “, 

“9 
Lo c 

“, 
u, 

m
 

m
 

10 m
 

U
T “7 u? “7 L-l “7 

m
m

m
u~~m

m
m

m
~m

m
~~m

m
m

~m
~~~~~~~~~~~~~~~~ 

S
~um

m
~m

~non~,~m
~rnrn~~,~~-.,~~~~~~~~~~~~~~~~~~ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
..x 

N
 

0, 
.u 

N
 

ill 
04 

~g”~“z2zrrn~z”” 
Iu 

z 
;z 

2 
G

 
$2 :;z z 

z 
p; 

z 
i; 

%
 

“4 
;3; p; 

z3 z 
s 

- 
- 

- 
‘-J 

,,,*c: 
__-_-_-_-_-_____-________I__________ 

D
5 



~*m
cnrncnouooo 

oc~oou*Q
oooo 

g 
rf 

; 
0; 

-: 
-: 

4 
r.i 

; 
; 

ci 
-.-....---- 

gs~LG
;g~~~zg 

-- 
^- 

g 
s 

2 
‘g 

$7 
3 

c.> 
a 

W
Y 57, 

c. 
“T 

_ 
r., 

_ 
:&! 

y 
;; 

; 
0 

Ic: 
z 

N
 

O
M

 n, 
L’, 

“J 
N

 
‘7, 

I’, 
N

 
,u 

N
 

sFi;“!2!$g$2,%
 

XI= 
$~~#“T.~~d~g 

t-.m
om

~~m
m

m
m

m
 

C
trer-rm

m
m

m
m

 
& 

ni 
6 

ei 
.i 

02 
,-j 

,4 
,oj 

d 
aj 

$EE~ZZ~O
D

~E 
cu 

N
 

‘C
L N

 
w

 
<” 

<Y 
I> 

I-., 
cm

, I:*, 
~t&Jg~gg~.ggg 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

i%
Z~~7~2!~Z8Z~ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
E”““““xgggg 

O
lnua-m

m
O

dN
m

* 
~.err~rru,m

U
m

~~ 
-_A- 

_-----_ 
- 

D
6 



s 
-’ 

- 
- 

- 
- 

&V IV su 1u N
 

m
 

0 
II 

m
 

r-3 - 
- 

- 
- 

- 
I>> N

 
.‘I 

?.I S
W

 m
 

(1 
r.7 r-7 I_ 

- 
- 

- 
- 

z x g 
-.--..-..-...-...I-44--_ 

- 
‘U

 N
 

.-.A
 .‘A LU

 iu 
IU

 IU
 .%

.I w 
N

 
IU

 N
 

IU
 N

 
11 m

l r.7 0 

C
**~3**.o*~3O

*r..u 
g 

* 
0 

0 
* 

0.3 
0 

a 
.o 

I? 
IU

 9-l s 
2 

s 
s 

s 
8 

s 
sgs;~“ga~g.$gscJ~ 

u-------------__;_;j~~~~~~~,~~~~~~~~ 
:: g 

.o 0 
3 

N
 

- 
,o 

‘12 
m

 
- 

0 
r.7 N

 
0 

0 
0 

0 
0 

o-oc.-.*o*******~3* 
2 m

*****o*****oo*-******************* 
5 y 

.o .3 
0 

“7 W
I Y

-2 
Y 

~~~~~~-o~~-***o*~r~-oo**-~~o*** 

5” 
-*~*~~~~.~~~Q

~~~**o~*~~~~“~~~~*,~~.~~~*~~ 
--t.T... 

~*******o*o*oo*** 
-***o******o****** 

cc 
> 

0 
0 

0 
0 

0 
.o 

,o 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

.a 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 ~-*o**3*******o******************** 
r 

.y**** 
-**O

****Y**N
e.l-* 

-*~**********N
N

 
A 
~**.3*-***3--*O

4--*** 
--r-l***----*~-*o 

~~*~~*~~~~~~~*******o*****~~*********** 
y**** 

.z 
La w

 
u 

.A 
“j 

d 
s 

d 
; 

d 
d 

d 
6 

ci 
d 

6 
.u 

0; 
.i 

d 
d 

d 
j 

.j 
j 

d 
d 

d 
d 

2 
-al--- 

~~~~~*~‘~~~~~*********~*************** 
nc~,*“,~~~~~,.~ddjd~~;=~~:~~~~~~ 
!i! 

ddcZ-S
G

iS
 

-- 
eq-4 

z ~~~~.~y*~oy***o****o~a**************~ 
~~~~~~~~~*jdjjj;;;;~~~~~~~~~~~~~~~~~~ 
.?a 

- 
- 

.U
 Lu 

~~~~~~N
~~,~--~,~~O

~~Q
Q

C
~~~.,~~,~~-~---~~~~~ 

3 d ~O
”~~,,~N

N
N

.~Y
N

N
Q

~O
~--~--~~~--~~~~~~~..~~ 

%
 

d~A
~;~;~d~~“~W

sss%
s”““~~~~~~~-----~~~~,~ 

vlLnlnlrl~,~~O
.a~“~N

N
..4 

2 
ir; ti 

ui 
ti 

ri 
oi 

4 
L< oj 

4 
& 

.i 
,oj nj 

0; 
G

 
2 

rd .i 
.,i 

,>j 
c.j 

,T,- 
. 

~m
~~~m

~~~~~~~m
m

~~m
m

m
~~~~~~~~~~~~~~~~~~i~ 

=m
~~*~~~m

m
m

~~m
~,,,m

~~~~~~~~~~~~~~~~ 
cc 

.u 
,:u 

N
 

N
 

C
" 

vi 
LoA .?, 

N
 

C
" 

LU
 

<..I cu 
.u 

<u 
m

 
cu 

.', 
,'U

 
e-1 

m
 

,'Y 
LU

 
.w

 
02 

N
 

<u 
IU

 
cu 

02 
N

 
lY 

LU
 

~~~~W
.~~~~~~~~~~~W

.~~~,~~~~.~~~~~~~~~~ 
m

~nm
m

m
m

~m
~~cnm

m
~m

aJ.~~~~~m
~~m

~*m
inuJLn~nLum

~ 
..-..........,.,.,. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. . 

w
 

2 
"1 

2 
If: 

If 
"< 

:>y 
L-4 :;< 

;z 
s 

z 
‘2 

In2 
LU

 
- 

- 
- 

= 
- 

- 
- 

- 
- 

- 
Lo 

I,? 
U

T 
m

 
q 

- 
4 

- 
- 

r 
_ 

_ 
_ 

_ 
_ 

_ 
_ 

_ 
_ 

_ 
_ 

,3 
0 

0 
,c 

0 
.i 

c. 
r-3 

19 
r-3 

<1 
n 

IU
 

l'li 
/IA 

I.2 
I.U

 
I., 

,r.d PJ 
IY 

=**--*-----m
~~~~s~a~~~~~~~~~~~.~~~~~ 

=4~~KSR
~E~a,"~~~~,,,,*~~-~~~~~~:~*.~ 

.d.i 
- 

.Y 
0 

.r 
-~~---_--~ 

cu 
IT, 

r" 
IU

 
LU

 
I" 

<u 
<u 

.C
Y SC

., In 
11 

(1 
m

 
r-7 

* 
- 

,11 r-, 
* 

“7 
.o 

c 
.n 

m
 

.= 
- 

<u 
‘2 

I.7 
- 

“? 
.n 

r. 
- 

2 
:z 

,; 
:‘: 

z 
z 

c 
+$ 

,G
 

‘a 
m

 
‘S 

- 
--e----4- 

n, 
,AJ 

/1 
,I 

z4 
7, 

,T 



~qqqq*q*~O
**O

**O
VI****O

O
*O

**oooooo***o 
m

 
0 

0 
3 

0 
6 

.a 
0 

d 
6 

d 
.G

 
; 

.i 
4 

i 
i 

>i 
i 

“i 
.i 

d 
A 

.i 
d 

d 
d 

6 
j 

A 
d 

ri 
A 

m
i 

d 
; 

-- 
--...-- 

**y*****o****oo**o****************** 
4 

5 
z 

2 
5 

g 
d 

d 
6 

d 
6 

d 
; 

6 
6 

& 
.s 

d 
d 

s 
d 

d 
- 

d 
i 

s 
.s 

.G
 

d 
d 

ui 
2 

g 
g 

2 
,g 

de- 
N

N
N

N
N

.U
X;N

IU
N

 

N
 

tw
 

IU
 

w
 

IU
 

01 
---.--m

m
c)- 

-N
N

~~~N
~N

~“N
~~N

N
N

N
~~~N

~ 

(Y 
N

 
N

 
111 N

 
<u 

k-u .u 
- 

N
 

..A 
01 

IU
 

N
 

- 
-~N

~~N
~N

~~N
N

N
N

N
N

~N
N

~N
 

N
N

-U
U

N
N

O
JIU

N
- 

N
N

N
~N

--~N
Q

”~N
N

N
N

N
.~N

,~,~~~,~,~~~ 

~9~55~3~Z~~E~B~E~a~a~~~~~~~,~~~~~~~~~ 
ui 

,nj 
ni 

m
j 

N
’ 

nj 
.7j 

~oj 
nw

 
,< 

,aj 
ti 

“3 
“5 

U
; 

A 
4 

,& 
0. 

. 
. 

’ 
. 

. 
’ 

. 
. 

. 
. 

’ 
. 

’ 
. 

m
m

m
~m

m
m

~~m
~~~~~m

p~~~~~~~~~~~~~~~~~~~~~~~~ 
rn~~~~~rn~rn~,,,,,,,,,S~~~~~~~~~~~~~~~~ 
N

 
cu 

I’, 
.U

 
LU

 
O

A 
N

 
IU

 
m

 
Ill 

.u 
Ial 

‘u 
iu 

IX 
N

 
N

 
N

 
N

 
LU

 
N

 
.u 

<Y 
%

U
 m

l 
N

 
“1 

<u 
N

 
<u 

1u 
<u 

ru 
<u 

<>A N
 

.o”7L.n~.aua~L7.B.a~“I 
rn~~~rnrn~rn~rnrn,~~3~PSS~~~~~~~~~~~~~.~~~~~ 

m
alm

asn.n-m
m

m
m

m
 

>>~;>....“........,....... 
. 

. 
. 

. 
. 

. 
. 

. 
. 

.-.,ooo.,~~~~~=~~~-~~~~~~~--~~~~~~~-~~===O
~= 

~~\\~~~.~~.~“~~.~ 
,C

 
-4 

02 
IU

 
ru 

ill 
w

 
.U

 
IU

 
w

 
“i 

01 
4 

4 
- 

. 
- 

IT 
-.................~=== 

0 
,o 

.3 
._ 

0 
.a 

.o 
c”~C

”hrnsm
rnrn~r~~~c~hr~~~~~~~~~~~~~~~~ 

‘*****o*o*******o*o**~~~~~~=~~~~~ 
“-J~“~m

*-N
”7~u7.n~m

bO
 

,~““nn-c*r~~~l-~“,~~~~~~~~~~~~~~~~~~~~ 

U
-J .c 

r- 
.n 

m
 

.o 

D
8 



~~~“~~~~~~~~~~~*~~qq~sY
900Q

O
U

O
U

0000”0 
~*oo*‘n~n~~ooooo-- 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
N

N
N

N
.~3~39L”~B

R
R

~3232~ 

N
N

~N
N

N
N

N
N

N
-----N

N
N

~N
-----~~~~~-----~ 

NcuNN-NNNNN-----NNN~ 
-.NN.-uNNNcuNNNNNNN~cu 

-- 
N-N**NNru-----NN~m

 
-*****NNwwN*****N 



99.?990999939999”09900000uooouooouoco 
m

m
m

m
w

unj 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
----N

N
~“O

R
BBBR

C
O

Q
”“R

~~~~oo~ 
AZdds’ddjd 
N

 
cu 

N
 

N
 

LU
 

0, 
R

1 

N
N

N
N

~N
N

N
N

N
,~N

~N
N

N
N

N
N

~~~~~~~~~~~~~~~~~~ 



0000009500300~00009000 
u’ 

6 
j 

& 
& 

6 
j 

j 
,j 

& 
j 

6 
6 

& 
4 

6 
6 

6 
< 

- 
- 

I” 
< 

6 
d 

\u 
<.A 

-e...- 

N
 

IU
 

-7 
r” 

I-2 
0, 

IU
 

N
 

iu 
- 

- 
^-~~Tu‘.J~uN

-N
O

- 

ru 
IU

 
m

 
.u 

I.4 
N

 
IU

 
ru 

- 
iu 

I 
- 

- 
IU

 
N

 
O

J 
.U

 
- 

- 
- 

0 
- 

N
-~C

~4~~-----9----~~-00 


