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Photo 1. East facing view of Buffalo Lake located 9 miles northeast of Coulee Dam on the Colville Confederated Tribes Reservation, WA.

Introduction

Buffalo Lake is located approximately 9 miles northeast of Coulee Dam in Okanogan County on the Colville Confederated Tribes Reservation in north central Washington State.  From June 2 to June 4, 2003 the lake was sampled to determine habitat, fish population parameters and wild/hatchery fish interactions. This sample was performed in compliance with the Independent Scientific Review Panel mandate to monitor and evaluate the Colville Tribal Fish Hatchery production and release of resident salmonids into reservation waters.  Dan Fairbank directed the procedure, while David Christensen, Larry Boyd and Marvin Bob carried out the fieldwork.

	Table 1. Physical Data of Buffalo Lake

	Elevation
	2,402 ft

	Surface Area
	539 ac

	Volume
	33,700 ac-ft

	Maximum Depth
	121 ft

	Mean Depth
	70 ft

	Trophic State
	Mesotrophic


Buffalo Lake is a 539 acre body of water and is fed by 1 unnamed tributary that enters on the southeast end. The lake contains no actual outlet and is greatly subject to climate and water conditions. The lake is surrounded by high rolling hills covered in grasses, sagebrush and scattered Ponderosa pine. The southeast end is dominated by P. pine. The open hills are used for cattle grazing while logging has occurred on the forested slopes. Nutrification of the lake has led to extensive weed bed development on the southeastern end. Crawfish are extremely abundant in the lake along all shorelines.

Access to the lake is good from the northwest end by paved road and the entire southern shoreline is accessible by a maintained single-track dirt road. Reynolds Resort is located in the furthest northwest cove and offers camping, boating, fishing and swimming. Development of a few small cabins and summer homes has occurred along the southern shoreline but is not extensive. 
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The lake contains an illegally introduced population of largemouth bass Micropterus salmoides and pumkinseed Lepomis gibbosus. Both species are extensive in the lake. However, pumkinseed are limited to the southeast shoreline where weed growth is most extensive but also exist sporadically in other shallow coves along the north shore. Largemouth bass were located in any area in the lake where cover was present (i.e. logs, beaver lodges, weed beds, rocks). Three black crappie Pomoxis nigromaculatus were sampled near the tributary inlet. During the 3 night 
Figure 1. Bathymetric map of Buffalo Lake that illustrates depth in feet and
sampling period in 
unnamed tributary. Map extracted from (www.wsu.edu/cctfish/buffalo.html).

6/03, 101 bass and 331 pumkinseed were sampled. All pumkinseeds were smaller than 149mm minus 1 fish that was 170mm. Sixty-one percent of the bass sampled were greater than 300mm.

Rainbow trout Oncorhynchus mykiss and kokanee Oncorhynchus nerka also exist in the lake and appeared in our samples. During the 6/03 sampling period 211 rainbow trout and 18 kokanee were captured. Rainbow trout ranged from 140mm to 469mm in size and kokanee were 220mm to 409mm in size. For the last four years 20,000 – 65,000 rainbow trout have been planted in the lake each year. Kokanee are a self-sustaining population that originated from a 1958 stocking conducted by the Washington Department of Fish and Wildlife (Halfmoon, 1978).  Brook trout Salvelinus fontinalis have appeared in past samples, creel surveys, and have been planted historically but did not appear in our samples. Bridgelip suckers Catostomus columbianus were also present and comprised 12% of the total sample. 

Methods


Buffalo Lake was sampled for three nights using two 250 ft. by 6 ft. sinking experimental monofilament gill nets.  The nets were set at 8:30 pm and pulled the next day at 7:30 am for an approximate set of 11 hours.  One net was set along the northeastern shore while the second was set along the southwestern shoreline.  

Two trap nets with two leading ends were used for one night. One was placed in the cove by Reynolds Resort. The other was placed near the tributary inlet on the southeastern end of the lake. Both were placed in approximately 4 feet of water for one night. The net was set at 9 pm and pulled the next day at 6 am for an approximate set of 9 hours. Refer to Figure 1.

The entire shoreline of Buffalo Lake was sampled using a Smith-Root GPP 5.0 electrofishing boat with umbrella shaped anodes and hanging cable cathodes. The boat was fixed with a 5000-watt generator. Range and duty cycle were adjusted when appropriate to solicit fish taxis (response to electrical current).  Sampling the entire shoreline took approximately 3 nights. 

All rainbow trout, kokanee and bridgelip suckers were sampled for length and weight. Rainbows were sampled for elastomer tag identification. Largemouth bass and pumkinseed were sampled for length and weight measurements. Community composition, relative abundance, length class frequencies and relative weights (Wr) were determined for rainbow trout, kokanee and largemouth bass. Preferred stock densities (PSD) were determined for largemouth bass. Only fish over 150mm were considered in the samples due to collection bias associated with smaller fish.  

Relative weights (Wr) were determined by two formulas:

1. Power Function  Ws = a*(L^b)

Estimated values of (a) and (b) come from the regression line graphed from the log length (x-axis) against the log weight (y-axis) of the species. The slope is represented by (a) while the y-intercept is represented by (b). These values can be obtained for the species on page 462, Table 15.1 of Fisheries Techniques, second edition produced by the American Fisheries Society, 1996. 

2. Relative Weight  Wr = 100*(W/Ws)

Preferred stock density (PSD) was calculated by the equation:

PSD = (# of fish >or= minimum quality length / # of fish >or= stock length) * 100

Minimum quality and stock lengths for various species is contained on page 464, Table 15.2 of Fisheries Techniques, second edition produced by the American Fisheries Society, 1996.

Habitat data was collected from Buffalo Lake on 6/09/03.  Information collected were secchi disc depth, conductivity, percent littoral macrophyte community, three macroinvertebrate samples from random locations using D-nets, three zooplankton samples taken from each third of the length of the lake with a standard hoop trawl. Macroinvertebrate and zooplankton samples will not be processed until winter and will not be discussed in this report. Oxygen and temperature profiles were taken from the deepest location in the lake with an Oxy-guard meter.
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Results

The 6/03 sampling procedures yielded 211 rainbow trout, 16 kokanee, 101 largemouth bass, 331 pumkinseed, 3 black crappie and 90 bridgelip suckers. Rainbow trout comprised 28%, kokanee 2%, largemouth bass 13%, pumkinseed 44% and bridgelip suckers 12% of the sampled population. Refer to Figure 2 for species composition histogram.



Figure 2. Species composition histogram of fish sampled from Buffalo    

Lake 6/03. Rainbow trout RBT, largemouth bass LMB, pumkinseed PKS, kokanee KOK and bridgelip sucker BLS.

Figure 3 and 4 are histograms representing length class distribution for largemouth bass and pumkinseed sampled from Buffalo Lake during the 6/02/03 sampling period. Sixty-one percent of the largemouth bass were over 300mm. Thirty-two percent of the bass were under 179mm. Seven percent of the bass were between 180mm-300mm. Bass PSD was 90. Three hundred and thirty of 331 pumkinseed were under 149mm. Pumkinseed PSD was 0.
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Figure 3 and 4. Length class distribution of largemouth bass and pumkinseed sampled from Buffalo Lake 6/03.

Figure 5 and 6 are histograms representing sampled populations of rainbow trout and kokanee. Eighty- eight percent of the 211 rainbow trout sampled were smaller than 289mm. The remaining 12% ranged in size from 310mm-469mm. Kokanee ranged in size from 220mm-409mm. Fifteeen of the 16 sampled fish were between 280mm-409mm and exhibited an even distribution.


[image: image3.wmf]Length class distribution of rainbow trout 

sampled from Buffalo Lake 6/03

0

5

10

15

20

25

30

35

40

Length classes (mm)

 
[image: image4.wmf]Length class distribution of kokanee sampled 

from Buffalo Lake 6/03

0

1

2

3

Length classes (mm)


Figure 5 and 6. Length class distribution of rainbow trout and kokanee sampled from Buffalo Lake 6/03.

Figure 7 is a histogram for bridgelip sucker length class distribution. Bridgelip suckers ranged in size from 90mm-439mm. Of the 90 fish sampled 53% were between 360-439mm. Twenty-one percent were between 90mm-119mm and 25% between 150mm-199mm.
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Relative weights (Wr) for largemouth bass are expressed in Figure 8. All Wr values are between 61 and 138. Pumkinseed Wr values were not determined due to inaccuracy in weight measurements. Figure 9 contains Wr values for rainbow trout. Relative weights for rainbows were all between 76 and 145. Fish between 140mm-280mm had an average Wr of 86 while fish from 310mm-460mm had an average Wr of 109.  Kokanee Wr values range from 79 to 128. In general, Wr values decrease as the length of the kokanee increases. See Figure 10. Rainbow trout and largemouth bass 

Figure 7.Length class distribution of bridgelip sucker

Wr values increase with an increase 

sampled from Buffalo Lake 6/03.
in fish length. 
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Figure 8. Relative weight (Wr) distribution for largemouth bass sampled from Buffalo Lake 6/03.
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Figure 9 and 10. Relative weights (Wr) distribution for rainbow trout and kokanee sampled from Buffalo Lake 6/03.

Conductivity for Buffalo Lake was 128 microseimens. Approximately 10% of the littoral zone contained dense aquatic macrophytes. All macrophyte growth was on the southeast end where the inlet enters the lake. Figure 11 and 12 are oxygen-temperature graphs for Buffalo Lake on 6/09/03 and 2/13/03. The 6/09/03 graph shows a temperature of 22 C at the surface decreasing to 19.2 C at 5m. Dissolved oxygen levels increased from 9.8mg/l at the surface to 14.6mg/l  at 11m. Then dissolved oxygen levels decreased to 5.5mg/l at 37m and 4.2mg/l at 38m. On 2/13/03 dissolved oxygen was 13.2mg/l at the surface and increased to 14.3mg/l at 8m. From a depth of 8m the dissolved oxygen content decreased until reaching a maximum low of 11.5mg/l at 36m.
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Figure 11 and 12. Oxygen-temperature graphs for Buffalo Lake representing sampling periods 6/09/03 and 2/13/03.

Discussion

Figure 3 shows that sixty-one percent of the 101 largemouth bass sampled are over 300mm. The largemouth bass PSD of 90 also is an expression of high numbers of large fish >300mm in comparison to few smaller but reproductively capable fish >200mm.  In general, bass populations such as these tend to have good recruitment but poor survival of juvenile fish to larger sizes. This poor growth and survival of largemouth bass may be due to competition with an overpopulation of stunted pumkinseed in Buffalo Lake. See Figure 4 for pumkinseed length class histogram.

Pumkinseed have a PSD of 0 indicating an overpopulated and stunted population. The length class histogram in Figure 4 supports this claim by expressing 99.6% of the population is under 140mm. Small pumkinseed compete for the same food resources that juvenile bass consume such as zooplankton and macroinvertebrates. Juvenile bass growth and survival then decrease. Once the few juvenile bass that manage to survive become large enough to predate on the pumkinseed, growth and survival increase leading to a population of large bass. High relative weights (Wr) for largemouth bass >150mm suggest the fish are growing well and have a surplus of food in the lake. See Figure 8 for largemouth bass relative weights. However, the number of large bass is not great enough to crop the pumkinseed population in Buffalo Lake.

Largemouth bass in Buffalo Lake may also be predating heavily on the abundant crawfish that exist along the shorelines. During the night electrofishing sampling routine many large bass were sampled in open sandy areas that supported large crawfish populations. Because crawfish are so abundant and easier to catch than pumkinseeds, largemouth bass may have developed a preference for them. This could decrease predation on pumkinseeds even further leading to overpopulation and stunting.

The absence of many mid-sized bass in the sample could also be due to human harvest. See Figure 3. The harvest limit is 25 fish of any size. If mid-sized bass (200mm-350mm) are kept the most the result could be a population dominated by large bass and reduced predation on pumkinseed. Mid-sized bass generally make up the majority of a predating population. Harvest records would need to be summarized and analyzed to determine if harvest or environmental factors are affecting the bass.

Of 211 rainbow trout sampled, eighty-eight percent were smaller than 289mm. See Figure 5. This smaller size group had an average relative weight (Wr) of 86 while fish greater than 300mm had an average Wr of 109. Of the 185 fish in the smaller size range 130 had adipose fin clips and 25 had orange elastomer tags. The orange tag indicates the fish were part of the 6/03 plant. Most likely all of the fish in this size grouping were part of the 6/03 plant. The lower relative weights (Wr) of these fish are typical of recently stocked fish trying to adapt to a new environment. See Figure 9.

Only three of the 26 rainbow trout that were greater than 300mm had adipose fin clips. All three of these fish contained white elastomer tags which indicates they were planted in the spring of 2002. All the other fish are assumed to be wild or individuals that never received marks while at the tribal hatchery.

Only 18 kokanee were sampled during the 6/03 sampling period. This restricts what the length class histogram in Figure 6 can reveal about the population. Figure 6 shows that the fish are equally distributed across lengths from 280mm to 409mm. In general, relative weights (Wr) for kokanee are good with the trend line being near 100 for all lengths as illustrated in Figure 10. Overall, Wr decreases slightly with an increase in fish length. 

The lack of kokanee and length class diversity in rainbow trout may be due to sampling techniques that were used. More kokanee and rainbow trout may have appeared in the sample if vertical gill nets were used pelagically in the water column in conjucture with the horizontal gill nets. Rainbow trout size diversity may have been greater if more nets were used in the sample as well. Only two nets were used per night for the 3 nights on the lake, which is 539 acres in size. This leaves a huge portion of the lake unsampled. 

However, the possibility exists that the kokanee and rainbow trout populations are limited environmentally or anthropogenically to a smaller population size leading to low gill net samples. Excessive harvest for both species and/or poor recruitment for kokanee and low stocking rates for rainbows could have an effect on the salmonid populations in Buffalo Lake.

Figure 11 and 12 depict oxygen-temperature profiles taken on 6/9/03 and 2/13/03. Adequate dissolved oxygen levels for salmonids (>5mg/l) exist to a depth of 37m during the winter and summer sampling procedures. This represents good available habitat for salmonid growth and survival. Nutrification appears to be occurring on the southeast end of the lake where the tributary enters the lake. This is evident by extensive aquatic macrophyte growth wich may be encouraging pumkinseed population development.

Management Recommendations

The Colville Tribe policy is to remove illegally introduced non-native fishes from reservation waters.  Considerations should be made for largemouth and pumkinseed removal. High relative weights (Wr) for adult rainbow trout and kokanee indicate that there is no negative competition occurring in the lake between salmonids and centrarchids. However, newly recruited kokanee and rainbow trout may be subject to predation from bass and competition with pumkinseed in the littoral community near the tributary inlet.

Fish removal from Buffalo Lake can be done in two ways: mechanically and chemically. Mechanical removal with an electrofishing boat, nets and increased angler harvest would reduce the population but not eradicate it. This method would need to be continual and could be time and cost inefficient. Chemical removal would kill the target species as well as desirable species such as wild kokanee. Chemical removal would have the greatest impact on the undesirable fish but is not a guarantee of permanent removal. It is common for a body of water to become invested again within a few years. 

Adult kokanee and rainbow trout appear to be in good condition as indicated by relative weight (Wr) values expressed in Figure 9 and 10. However, small sample sizes do not give an accurate picture of what is really happening in the population. To understand the kokanee population better, vertical and horizontal gill nets could be used. These net sets could be done in cooler months (March-May) to minimize fish mortality. Creel data should be collected and analyzed with a focus on kokanee and rainbow trout. Comparisons should be made with past creel surveys to determine harvest trends and possible regulation changes (i.e. reduced limit on kokanee which is currently 15 fish/day).

Sampling for rainbow trout with the electrofishing boat and gill nets could be conducted earlier in the year (March-May) to get better results due to cooler temperatures near the shoreline. Temperatures during our sampling procedure in 6/03 reached 19C during the night and 22C during the day. Sampling before the first hatchery plant could also help reduce sampling bias and give a better representation of the established rainbow trout population. 

Currently, removal of largemouth bass and pumkinseed from Buffalo Lake has occurred on an experimental basis for two consecutive weeks in 6/03. Approximately 101 largemouth bass, 100-150 pumkinseed and 3 black crappie were removed from the lake and placed in Big Goose Lake, which is managed as a warm water fishery.
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