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A. Summary

Scout Lake is a small lake located in the Mt. Jefferson Wilderness in the Willamette National Forest.  The lake was sampled in July, 2001 to gather information to assist the Forest Service staff in assessing its suitability as a long-term monitoring site for air quality purposes.   The lake was sampled for major ions, nutrients, phytoplankton, zooplankton, and in situ properties.  The results indicate that the lake is virtually devoid of acid neutralizing capacity (ANC) and has extremely low concentrations of all major ions and nutrients.  The chemistry of the lake differs little from distilled water.  The phytoplankton and zooplankton community compositions are very simple and indicative of an undisturbed alpine/subalpine system in the Cascades.  The transparency is high and light transmission provides ample light extending to the bottom of the lake.  From a chemical and biological perspective, it has a number of features that make it a highly desirable site for long-term monitoring, particularly with respect to air quality concerns.

B. Introduction

Air quality concerns remain a major issue throughout portions of the United States (Driscoll et al. 2001).  One of the factors that has hampered assessment of impacts of atmospheric deposition to sensitive receptors in the United States has been the paucity of long term monitoring sites by which to directly measure changes in response variables.  In the absence of direct measurements, investigators have had to rely on indirect measures of response to atmospheric deposition, which carry greater uncertainty.  When selecting environmental receptors for air quality degradation, one of the most frequently used receptors are small lakes.  When carefully chosen, they have the advantage of being highly sensitive (especially when they have low acid neutralizing capacity [ANC]), integrate sufficiently long deposition periods (thus requiring only periodic measurements), require relatively little infrastructure, and the response can be quantitatively linked to changes in deposition chemistry.  

Because of these attributes, the Air Quality Program of Region 6 contracted with JC Headwaters, Inc. to conduct a reconnaissance of Scout Lake as a possible long term monitoring site.  Scout Lake was previously sampled in 1999 as part of an effort to gather background information on potential sensitive receptors in the region (Eilers 2000).  The results of that sampling identified lakes in the Columbia Wilderness that may have received elevated inputs of atmospheric fluoride from industrial emissions in the Columbia Gorge.  That effort not only reinforced the potential value of lakes in the Cascades as monitoring receptors for atmospheric contaminants, but it also identified Scout Lake as having remarkably dilute waters that would make it a very sensitive receptor to deposition inputs.  The objective of this study was to provide the Forest Service with additional information to judge the suitability of using Scout Lake as a long term monitoring site for the air quality program.  

C.  Methods

We reached Scout Lake via the Whitewater Trail, which connected with the Sentinel Trail.  The hike from trailhead to the lake was about 2 ½ hours.  Upon arrival, the instruments were calibrated for use and the new Nalgene® bottles were filled with lake water and allowed to soak.  The lake was sampled near the center using a fly-fishing tube for floatation.  A light intensity profile was collected using an Onset light intensity meter (HOBO Light Intensity Logger) enclosed in a clear plexiglass case oriented vertically in the water column.  Measurements were made at 15-second intervals for 2 minutes at each meter of depth; the median value at each depth was recorded in the field sheets (Table 1).  Transparency was also measured with a standard Secchi disk.

A zooplankton sample was collected by combining the contents of two vertical 8-m long tows using a Seattle net with a 10 cm opening, a modified Wisconsin bucket, and an 80µ mesh size.  The sample was preserved in denatured ethanol.  The zooplankton sample was identified by ZP’s Taxonomic Services.  Two phytoplankton samples were collected at a depth of 1m using a Van Dorn sampler.  One subsample was preserved in Lugol’s solution for analysis of phytoplankton community composition by Aquatic Analysts and another aliquot was preserved with bicarbonate for chlorophyll a analysis.  Water samples were collected at specified depths for analysis of major ions by the Forest and Range Experiment Station in Ft. Collins and for analysis of nutrients by the Forest Sciences Laboratory in Corvallis.  Analytical methods and quality assurance protocols of the laboratory in  Ft. Collins are available at the website (www.fs.fed.us/rm/waterlab).  All water samples were placed in new Nalgene® containers pre-soaked in lake water prior to use and then rinsed three times in lake water.  A temperature/conductivity profile was recorded with a YSI Model 30 SCT meter.  All samples were placed on ice in the field and transported to the trailhead for temporary storage in coolers prior to shipment on the following day.  

D. Site Description

Scout Lake is a small (~ 3 ha), shallow (~9 m) lake at the northwest base of Mt. Jefferson.  The lake appears to have been formed as a glacial depression lake following retreat of the glaciers on Mt. Jefferson.  The lake is located immediately west of the Pacific Crest Trail adjacent to Bays and Rock Lakes.  The lake elevation is about (1830 m) and is in a heavy-use area of Jefferson Park (Figure 1).  Digital images of the site are provided on CD.   Access to the lake is complete with a trail that extends around the lake perimeter.  There are no permanent streams flowing into or out of the lake, although a small seep enters the lake on the north side.  The lake is among the easier wilderness sites to access, which presents advantages in terms of logistics, but may pose some potential problems with respect to possible vandalism of instruments installed on-site.  The lake is situated with a relatively unobstructed exposure to the west with the exception of a small butte that extends about 80 m above the lake about 1 km to the west.  However, the Sentinel Hills may serve to focus aerosols and precipitation towards the lake.

E. Results

1. In Situ Measurements

The conditions during and preceding the sampling were cool, consequently the thermocline had not developed (Figure 2).  The lake may stratify during August, although the high transparency may provide enough thermal input to the bottom of the lake to allow for adequate warming throughout the water column. Specific conductance was virtually unchanged throughout the lake indicating a chemically well-mixed system at the time of sampling (Figure 2).  The Secchi disk transparency exceeded the depth of the lake (9m) and the measurements of light transmission showed that ample light was present throughout the water column to support phytoplankton and benthic algae (Figure 3). 

2. Lake Biota

The phytoplankton and zooplankton populations in Scout Lake were notable because of their lack of diversity.  Only six taxa were identified in the phytoplankton sample, most of which was Chromulina, a small Chrysophyta  (Table 2).  The second most abundant alga, based on biovolume, was Glenodinium, a large Pyrrhophyta.  Both of these taxa are common in Cascade lakes.  The trophic state index calculated by Aquatic Analysts for this sample is 11.7, which would classify the lake as an ultra-oligotrophic system.

The zooplankton were comprised largely of one group of organisms, diaptomid copepods (Table 3).  Chydorus sphaericus (Cladocera) and Keratella taurocephala (Rotifer) were also present in small numbers, although the mesh size of the zooplankton net (80 µ) may not have been small enough to sufficiently characterize the smaller taxa. The dominance of the larger diaptomid copepods is typical of a nutrient-poor subalpine lake in Oregon that has not experienced heavy predation from trout.

3. Lake Chemistry

Water samples were collected from two depths (1m and 7m) for major ions and nutrients.  The results for the major ion samples are virtually identical for the three samples (a duplicate was collected for the 1m sample) as shown in Table 4.  The average of the three samples is used as a basis for discussion.  The fourth sample shown is for a blank sample using NERL deionized water.  The results indicate that Scout Lake has a specific conductance slightly greater than distilled water (2.4 vs. 1.4 µS/cm) and has no measurable acid neutralizing capacity (ANC or alkalinity).  The dominant measured acid anion is chloride (5.3 µeq/L), with sulfate one-half of chloride at 2.5 µeq/L.  The difference between calculated ANC (12 µeq/L) and measured ANC (-0.2 µeq/L) indicates the presence of unmeasured anions.  These most likely include organic acids that were not measured.  The high clarity of the lake water suggests that organic acid concentrations are very low, but in a lake this dilute they may still constitute a reasonable proportion of the total anions.  The lake pH is 5.9, very near to the expected pH for a system with extremely low ionic strength and no ANC.  

Concentrations of nutrients (nitrogen, phosphorus, and silica) are all low (Table 5).  Only organic nitrogen and silica were measurable and those concentrations were very low.  Phosphorus and inorganic nitrogen (nitrate and ammonia) were not detectable, despite the use of sensitive analytical procedures.  Although it is difficult to determine based on a single observation, the data suggest that both nitrogen and phosphorus limit primary production in the lake. 

F. Discussion

The results of the lake chemistry and biota indicate that Scout Lake would be an ideal receptor to monitor effects of atmospheric deposition on aquatic ecosystems in the western Cascades.  The major ion chemistry shows that the lake is extraordinarily dilute, has no ANC, and would therefore be expected to exhibit a response should there be a long-term change in atmospheric deposition of acid anions.  In addition, the low nutrient status of the lake also makes it particularly vulnerable to inputs of nitrogen that would act to either acidify it or increase its productivity.  The pH of the lake is at a value that makes it relatively unstable in that a small amount of acid will cause the pH to drop significantly.  Conversely, an increase in lake productivity will cause the pH to rise.  The low diversity of phytoplankton and zooplankton will make it possible to quickly observe changes in the biological response of the system.  

The exposure of the lake appears to be well situated with respect to the western air masses.  Access to the lake is relatively good for a subalpine system in a Class I area, although as noted above, this can create some difficulty in deploying instrumentation in a high-traffic area.  One thought might be to limit access to the lake.  This has already been done to a limited degree on the eastern shore of the lake where portions of the shoreline have been restricted because of damage to the vegetation.

Elements of a long-term monitoring program to consider for Scout Lake (or any other lake selected for monitoring) include collection of bathymetric data (allowing calculation of area, depth, volume), installation of temperature recording devices (such as Onset Tidbits), collection and analysis of sediment data (SAR, C, N, P, diatoms, chrysophytes), and weather and deposition chemistry collection devices.
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Figure 2.  Temperature and Conductivity Profiles

                  in Scout Lake, July 20, 2001
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Figure 3.  Percent Light Transmission in Scout Lake, 

                July 20, 2001








PAGE  
11

