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1 INTRODUCTION

Ruth Lake is a 48,000 acre-foot water storage reservoir formed by the impoundment of the Mad
River at the R.W. Matthew’s Dam, near river mile (RM) 80. The dam is owned and operated by
the Humboldt Bay Municipal Water District (HBMWD) for municipal and industrial uses as well
as hydro-electric power production (FERC Project No. 3450) in the Humboldt Bay and Eureka,
California area. Construction of Mathews Dam was completed in 1962, impounding the
approximately 77,000 acres upstream of Ruth Lake within Trinity County. Because of concerns
over two aquatic organisms, the quagga mussel (Dreissena bugensis) and the blue green algae
Microcystis aeruginosa (MSAE), Stillwater Sciences prepared a water quality monitoring plan to
assess potential occurrence of these two species in Ruth Lake (Stillwater Sciences 2008).
Winzler & Kelly field staff conducted water quality sampling in Ruth Lake during summer and
fall 2008 and winter 2009. Results of the water quality sampling are presented below, along with
data analysis and a threat assessment regarding colonization of quagga mussel and MSAE in Ruth
Lake.

1.1  Quagga Mussel Background

The quagga mussel, a close relative to the zebra mussel (D. polymorpha), is an exotic bivalve
found in many waters in the eastern United States, where it has caused considerable economic
and environmental damage. Unlike zebra mussels, which typically colonize hard surfaces, quagga
mussels can also live on sand and silt substrates and have the capacity to spread rapidly, causing
fouling of infrastructure such as pipes and pumps. Both species are efficient filter feeders and
have been shown to displace native species due to disruption of the aquatic food web. Quagga
mussels can be spread when boats are transferred from one body of water to another (California
Science Advisory Panel 2007). In early 2007, quagga mussels were detected for the first time in
Lake Mead within the Colorado River Basin, with follow-up surveys identifying low numbers of
quagga during August in Lake Dixon and San Vicente Reservoir in San Diego County (Coate
2008). In January 2008, the first confirmed colonization of zebra mussels in California occurred
at San Justo Reservoir in San Benito County (CDFG 2009).

Since recreational boating is common in Ruth Lake, HBMWD elected to study lake water quality
to gauge the potential for quagga mussel colonization. Establishment of quagga mussels has been
shown to be limited by water temperature, calcium levels, and pH (Whittier et al. 2008, Cohen
and Weinstein 1998 and 2001). Table 1 shows literature values for water quality parameters
thought to limit quagga mussel distribution. Variations in local conditions and differing
populations of quagga mussels may, of course, alter these risk factors.
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Table 1. Literature assessments of risk of quagga mussel colonization for various water quality

conditions.
Risk Level for Colonization by Quagga Mussels*
Parameter Reference
Low Moderate High
Mean . .
Cohen and Weinstein
— 0 _ [o]
Summer N/A 0-15°C 15-31°C 1098 and 2001
Temperature
Maximum <l0°C or 210 210 Cohen and Weinstein
Temperature >31°C 10-31°C 10-31°C 1998 and 2001
<7.3o0r 7.3-7.50r Cohen and Weinstein
pH >9.0 8.7-9.0 7587 | 1998 and 2001
Dissolved ; ;
Cohen and Weinstein
Oxygen <4 mg/L 4-8 mg/L >8 mg/L 1098 and 2001
(D.0))
<20 mg/L
(very low: 20-28 mg/L >28 mg/L Whittier et al. (2008)
Calcium <12 mg/L)
Cohen and Weinstein
<15 mg/L 15-25 mg/L >25 mg/L 1998 and 2001

!Available information for zebra mussel is presented in some cases where quagga mussel specificity is
unknown.

1.2  Blue Green Algae Background

Microcystis aeruginosa (MSAE) is a cyanobacteria that can produce the hepatoxin microcystin,
which has been shown to cause human health problems, including death from liver or respiratory
failure (Chorus and Bartram 1999, Chorus 2001). MSAE and has been found in high
concentrations in the nearby Klamath River Basin (Kann 2006). Since Ruth Lake is used both for
contact recreation and for municipal water supply, this study evaluated MSAE and microcystin
levels in the lake and assesses the potential threat to public health from the toxin. Direct
measurement of MSAE and microcystin levels will allow assessment of any potential health
risks; World Health Organization (WHO) guidelines for MSAE and microcystin levels are
presented in Table 2.

In general, algal growth is limited by light, nutrients and water temperature. Light levels and
water transparency can affect MSAE growth and toxin production (Jacoby et al. 2000) and
growth is enhanced by water column stability during summer stratification (Oberholster et al.
2004). Growth is limited at temperatures <15 °C, and optimal growth occurs at >25 °C (Robarts
and Zohary, 1987). However, microcystin production by MSAE has been found to occur at
temperatures lower than those for optimal growth (~20 °C) (Amé and Wunderlin 2005).

Cyanobacteria such as MSAE dominate most freshwater lakes with total nitrogen levels from
2.3-3.5 mg/L and total phosphorus levels from 0.2 to 0.8 mg/L (Schreurs 1992). MSAE does not
fix atmospheric nitrogen as does other blue green algae, and growth and toxin production can be
limited by either nitrogen or phosphorus levels (Jacoby et al. 2000, Vézie et. al. 2002). Evidence
exists that iron levels can affect both MSAE growth and toxin production rates, so iron
concentrations are also measured by this study. However, there is no consensus in the current
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literature regarding the magnitude of the effects of iron concentration or the concentrations at
which these effects may take place in situ (Amé and Wunderlin 2005, Amé et al. 2003, Lyck et al.
1996, Lutkilen and Gjglme 1995).

Table 2. WHO' guidelines for Microcystis aeruginosa (MSAE) and microcystin

Risk Level for Human Contact Recreation
Parameter
Low Moderate Severe
MSAE 20,000 100,000 10,000,000
(cells/mL) or visible scum
Microcystin
(ug/L) 4 20 200

1 Chorus I and Bartram 1999, Chorus 2001
2 STUDY DESIGN

In situ and analytical water quality data were collected in Ruth Lake during summer and fall 2008
and winter 2009 to provide information on thermal stratification in the lake, periods and locations
of limited air-water exchanges and zonation of water quality conditions affecting quagga mussel
and algal colonization. Differences in water quality parameters between sites were examined to
help determine the extent of palustrine, lacustrine, and riverine environments, as well as potential
differences in conditions suitable for quagga mussel and algal growth.

2.1 Monitoring Sites

Because Ruth Lake lies above a relatively narrow valley in the Mad River watershed, with a
maximum water surface elevation of 150 feet above the former river bed, a longitudinal sampling
design was employed with additional monitoring sites located along the shoreline and coves of
the lake. Three monitoring sites along the longitudinal center line of the reservoir (“centerline
sites”) and two sites in side arms or coves of Ruth Lake (“cove sites”) were identified (Table 3) to
characterize the potential longitudinal and areal variations in water quality conditions associated
with MSAE and quagga mussel colonization.

Table 3. Monitoring Sites

Site Longitude Latitude
(NADS83) (NADB83)
Centerline sites
RLCL1 40.36638275 N 123.4314187 W
RLCL2 40.33924681 N 123.4075147 W
RLCL3 40.31527605 N 123.3808317 W
Cove sites

RLCV1 40.35429722 N 123.4263889 W
RLCV2 40.31578889 N 123.3927472 W

Centerline sites RLCL1, RLCL2, and RLCL3, located along the longitudinal center line of the
lake, were intended to characterize conditions in deepest portion of the lake, and capture
longitudinal variation in water quality parameters as the conditions shift from riverine conditions
upstream to more lacustrine conditions downstream.
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Sites RLCV1 and RLCV2 were located in coves, intended to characterize conditions in a portion
of the lake not along the main axis where the water may have longer residence times and acquire
different water quality characteristics. Previous studies of MSAE and microcystin in the region
have found that levels of both the algae and the toxin can be several orders of magnitude higher in
coves and along downwind portions of the shoreline than in open water (Kann and Corum 2006
and Kann and Corum 2007). If concentrations of algae had been noted during routine visits to
Ruth Lake, algal samples would have been collected opportunistically at the accessible location
with the largest visible concentration of algae. As no such algal concentrations were noted during
the scheduled sampling events, only in situ profiles were collected at the cove sites.

2.2 Sampling Schedule

Water quality monitoring was conducted during three sampling events (August and October 2008
and February 2009). Table 4 shows the sampling schedule, sampling sites, and included activities
for each event.

Table 4. Sampling schedule

Site August October December April
2008 2008 2009 2009
RLCL1 IS, CO, AN', AL IS, AN*, AL IS, AN* 1S, AN*
RLCL2 IS, AN, AL IS, AN, AL IS, AN IS, AN
RLCL3 IS, AN, AL IS, AN, AL IS, AN IS, AN
RLCV1 1S, AL? IS, AL? IS, AL? IS, AL?
RLCV2 IS, AL? IS, AL? IS, AL? IS, AL?

1 With the exception of chl-a, analytical samples at RLCL1 were collected from the surface layer

(upper 10 m of water column), and 3 m above the reservoir bottom. Chl-a was collected as an

integrated vertical sample from the from the surface layer only.

Opportunistic samples were planned if high algal concentrations had been observed.

AL Algae samples for identification and enumeration.

AN Analytical samples included Ca, Mg, hardness, alkalinity, Fe, TKN, NH3, NO3+NO2, PO4, TP (all
grab samples), and chl-a (integrated vertical sample).

CO Continuous monitoring of in situ parameters (water temperature, dissolved oxygen, pH, turbidity)
using water quality sondes for 2 or more days.

IS In situ profile (water temperature, dissolved oxygen, pH, turbidity).

2

3 METHODS

3.1 Sampling Methods

Monitoring sites were located using handheld Global Positioning System (GPS) equipment for
each survey. All sampling was conducted from a boat.

3.1.1 In-situ Sampling Methods

In-situ water quality parameters (temperature, specific conductivity, pH, and dissolved oxygen)
were measured at centerline and cove sites by Winzler & Kelly field staff using portable YSI
multi-parameter water quality probes (Yellow Springs Instruments, Yellow Springs, OH) with a
200 ft cable and a YSI 650 multi-parameter display. A YSI 6920 was rented from EQUIPCO
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(Concord, California), who calibrated the unit according to manufacturer specifications. As a
quality control measure, dissolved oxygen calibration was checked in water aerated with an
aquarium pump at the beginning and end of each sampling effort.

Profile data was collected during each survey at approximately 1 m intervals from the surface to
10 m depth, and approximately 3 m intervals from 10 m depth to the reservoir bottom.
Continuous in situ data was collected during August 2008 at site RLCL1 using two YSI 6920
mulitiprobes deployed for 48 hours. One probe was deployed at a depth of 2 m, and one probe
was deployed at a depth of 20 m. The probes were programmed to collect in situ data
(temperature, specific conductivity, pH, and dissolved oxygen) every 15 minutes.

Table 5. In-situ water quality parameter methods and instrument accuracy levels.

Parameter Units Range. Resolution Accuracy

Temperature o )
6560 Sensor C 5to 50 0.01 +0.15

Dissolved Oxygen The greater of +0.2

6562 Rapid Pulse mg/L 0to 50 0.01 or 2% of reading
Sensor
Specific 0 .
Conductivity uS/cm | 0to 100,000 1 tjoel(e)gd(z:)ge +0.5% (iflreadlng
6560 Sensor p
pH pH
6561 Sensor units Oto 14 0.01 0.2

3.1.2 Analytical Sample Collection

Samples for nutrients and minerals were collected during August and October 2008 and February
2009 at centerline sites (RLCL1, RLCL2, RLCL3) and stored in ice coolers for shipment to the
laboratory. At site RLCL1, two samples were collected: a surface grab sample and a sample
collected 3 m above the bottom of the reservoir using a Van Dorn style sampler. At sites RLCL2
and RLCL3, only surface samples were collected. Each sampling effort, duplicate samples were
taken at one site and sent to the laboratory as a quality control measure. Equipment blank samples
from the Van Dorn and water column samplers were also taken in the field and then shipped
along with the rest of the samples to test for potential sample contamination during collection. All
nutrient and mineral samples were packaged with ice in coolers and shipped overnight to Basic
Laboratory (Redding, CA) for analysis using the methods shown in Table 6.
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Table 6. Analytical methods with reporting and detection limits

Parameter/Constituent | Method Units | mpL! | MRL?
Nutrients and Minerals (Basic Laboratory, Redding, CA)
Total Alkalinity SM 2320B mg/L as CaCO; 1.00 5.00
Calcium EPA 200.7 mg/L 0.200 1.00
Hardness SM 2340C mg/L as CaCOs; 2.00 5.00
Magnesium EPA 200.7 mg/L 0.200 1.00
Chlorophyll-a SM 10200H mg/L 0.0500 0.100
Iron EPA 200.8 ug/L 3 10
Total Kjeldahl Nitrogen as N EPA 351.3 mg/L 0.1 0.2
Total Ammoniaas N EPA 350.1 mg/L 0.0200 | 0.0500
Nitrate + Nitrite as N EPA 353.2 mg/L 0.0100 | 0.0500
Orthophosphate as P SM 4500P mg/L 0.0100 | 0.0500
Total Phosphorous SM 4500P mg/L 0.0200 | 0.0500
Phytoplankton (GreenWater Laboratories, Palatka, FL)
Phytoplankton analysis ‘ Algal ID ‘ Cells/mL ‘ N/A ‘ N/A

1 The MDL (Method Detection Limit) is defined as the concentration at which the laboratory can

report with 99 percent confidence that the analytical result is not actually zero.
The MRL (Method Reporting Limit) is defined by the laboratory for each method, and is an estimate
of the minimum concentration at which the laboratory is confident in reporting a numerical value.

3.1.3 Algal Sample Collection

In addition to chlorophyll-a collection (Section 3.1.2), enumeration and identification of MSAE
and other phytoplankton species were determined by microscopy using water samples collected
with a Van Dorn sampler at 5-10 ft depth at centerline sites (RLCL1, RLCL2, RLCL3).
Phytoplankton samples were collected during August and October 2008 (not February 2009). No
opportunistic surface samples of phytoplankton were collected as described in the study plan,
because algal accumulation was not observed along the downwind lakeshore during the study
period.

Algal samples were stored in ice coolers and preserved within 4 hrs of collection using one part
Lugol’s solution for each 100 parts of sample for sample preservation. Samples for microcystin
analysis were immediately placed in a cooler with ice and kept refrigerated until laboratory
analysis. Phytoplankton samples were packaged with ice in coolers and shipped by two-day mail,
for arrival within two weeks of the sampling date, to GreenWater Laboratories (Palatka, FL) for
analysis. Duplicate samples were taken at one site each sampling effort and sent to the laboratory
as a quality control measure. Equipment blank samples from the Van Dorn sampler were also
taken in the field and then shipped along with the rest of the samples.

3.2  Analysis Methods

Quality control review was performed on all data from collected samples, equipment blanks and
duplicates. The accuracy of the analytical methods was estimated using the results from duplicate
samples and data correction or exclusion was performed where necessary.
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Quagga mussel colonization potential in Ruth Lake was assessed by comparing collected in situ,
and analytical data to quagga mussel habitat requirements established in the literature (Table 1).
Nutrient levels and in situ parameters were compared to values in the literature associated with
MSAE growth and microcystin production to determine the potential for MSAE growth and toxin
production in the lake. In addition, spatial and temporal patterns in all data were analyzed to
assess the stratification pattern in the lake and any potential effects on quagga mussels or MSAE/
microcystin. Temporal and spatial patterns in MSAE/ microcystin or other phytoplankton were
also analyzed to assess whether MSAE blooms may be occurring at time scales smaller than those
measured, or in localized areas within the lake.

4 RESULTS

In situ and analytical water quality results are shown in Tables 7-11, with diel and laboratory data
reports included as Appendices A and B. Algal species identification is presented in Table 12 and
included as Appendix C.

4.1  Seasonal variations in water quality and lake structure

Total water column depth at the reservoir sampling sites varied significantly across seasons, as
reservoir water levels decreased from August to October, and increased in February following the
addition of winter precipitation. During the study period, the deep centerline site nearest the dam
face (Site RLCL1, ~20 m depth) exhibited lacustrine characteristics, stratifying during the
summer survey period and fully mixing during fall and winter survey periods (Table 7, Figures
2a, 3a, 4a). In August 2008, Site RLCL1 displayed a well-developed seasonal thermocline at
roughly 9-12 m, along with a small apparent daily thermocline from 0-1 m (Figure 2a).
Dissolved oxygen and pH remained constant in the epilimnion, while D.O. values slowly but
steadily decreased in the hypolimnion to a low of 6 mg/L. pH decreased with increasing depth in
the hypolimnion during the August survey. In October 2008 and February 2009, site RLCL1 was
well-mixed (Figures 3a, 4a) with only slight changes in water temperature (0.5-1°C), D.O. (0-1
mg/L), and pH (0-0.5 pH units) over the roughly 20 m depth.

The upstream centerline sites (RLCL2, RLCL3) were shallower, exhibiting transitional
characteristics between riverine and lacustrine throughout the study, with no clear seasonal
stratification during summer and fall (Table 7, Figures 2b,c and 3b,c). RLCL3 exhibited a
shallow daily thermocline in October, and a steadily declining 2 °C difference between surface
and bottom waters, but no true thermocline, in February 2009 (Figure 3b). pH varied with depth
during August 2008, increasing to pH 9 between 2.5 and 3.5 m depth at sites RLCL2 and
RLCL3. Although pH levels this high are suggestive of high photosynthetic activity, no D.O.
data is reported for the August 2008 sampling event at sites RLCL2 and RLCL3. Inspections of
water quality sondes indicate potential problems with water leakage at the sensor connection
following the first deep water deployment at Site RLCL1. For this reason, all D.O. data collected
other than the RLCL1 profile in August 2008 is not reported (Table 7, Table 8).

Of the two cove sites, RLCV1 most closely exhibited the characteristics of a lacustrine
environment with a small thermocline evident at 8-9 m depth in August 2008 (Figure 2d) and
well-mixed conditions during October and February (Figure 3d, 4d). In contrast, the shallower
cove site RLCV2 possessed seasonally consistent small water temperature differences (1-2 °C)
between surface and bottom waters, but did not clearly stratify during any of the sampling
seasons (Figure 2e, 3e, 4e). During fall and winter survey periods, both cove sites were well-
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mixed. RLCV2 was only approximately 1 m deep at the time of the October 2008 survey (Figure
3e). While D.O. data is displayed for Site RLCV2 in August 2008 (see Figure 2e; 11 mg/L at 0 m
to approximately 6 mg/L at the reservoir bottom [4.5 m]), we are not confident in the values due
to the instrument malfunction described above.

4.2  Diel water quality variations

To examine the potential for nutrient release at the sediment/water interface of Ruth Lake under
anoxic conditions, continuous (diel) monitoring of DO and other in situ water quality parameters
was conducted at two depths during August 2008 when reservoir stratification typically limits
air/water exchanges to the deeper hypolimnion. Although water leakage in the sonde deployed at
depth resulted in data loss, the remaining sonde exhibited high DO levels with minimal variations
between over the 48 hr monitoring period (Appendix A). Reservoir profiles at site RLCL1 during
this event also indicated DO above 6 mg/L at the reservoir bottom during daytime sampling. The
high DO conditions in the hypolimnion samples and low variability of the diel data collected in
the epilimnion suggest low algal productivity and that internal cycling of algal nutrients due to
reservoir anoxia was not occurring.
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Table 7. Ruth Lake in situ parameter data for 2008 and 2009 sampling events at centerline sites.

Sites: RLCL1 RLCL2 RLCL3
Depth | Temp SpC DO DO | pH | Depth | Temp SpC DO DO | pH | Depth | Temp SpC DO DO | pH
(m) (°C) | (uS/cm) | (mg/L) | (%) | (s.u.) ] (m) (°C) | (uS/cm) | (mg/L) | (%) | (s.u.) [ (m) (°C) | (uS/cm) | (mg/L) | (%) | (s.u.)
August 2008
Barometric Pressure: 691.1 mm H Barometric Pressure: 695.0 mm H Barometric Pressure: 695.0 mm H
0.2 23.3 NR 8.7 101 | 8.2 0.2 22.6 81 9.5 109 | 8.3 0.2 24.0 NR NR NR | 8.2
0.9 22.4 NR 8.7 100 | 8.2 0.9 22.7 81 9.4 110 | 8.3 0.6 22.8 NR NR NR | 87
1.8 22.4 NR 8.7 100 | 8.2 1.9 22.7 81 9.5 109 | 8.5 1.6 22.6 81 NR NR | 8.8
2.7 22.4 NR 8.7 101 | 8.2 2.6 22.7 81 9.4 110 | 8.7 2.5 225 81 NR NR | 9.0
3.6 22.4 NR 8.7 101 | 8.2 3.6 22.6 81 NR NR | 8.9 3.7 225 81 NR NR | 8.8
45 22.4 80 8.8 102 | 8.2 4.4 22.7 81 NR NR | 9.1 4.7 22.0 80 NR NR | 85
5.4 22.4 82 8.8 101 | 8.2 6.4 22.2 80 NR NR | 8.7
6.2 22.4 83 8.8 101 | 8.2
7.1 22.4 84 8.8 101 | 8.2
8.1 22.2 79 8.9 102 | 8.2
9.0 21.7 8 8.9 101] 81 . b Bottom at approximately 5.5 m®
11.8 18.3 70 8.1 86 7.8 Bottom at approximately 6.5 m '
14.7 15.9 66 7.4 75 7.6
17.4 14.9 65 7.1 70 7.7
20.0 14.5 67 6.1 60 7.6
Bottom at approximately 20.5 m*
October 2008
Barometric Pressure: 695.0 mm H Barometric Pressure: 696.0 mm H Barometric Pressure: 695.0 mm H
0.2 15.7 NR 8.8 94 7.8 0.2 15.8 72 9.1 92 8.0 0.2 15.1 71 9.3 92 8.1
0.9 15.7 71 8.8 89 7.5 0.9 15.7 71 9.2 93 7.9 0.9 14.7 72 9.4 93 8.0
1.8 15.6 71 8.8 89 7.8 1.8 15.7 71 9.2 92 7.9 1.8 14.4 72 9.5 93 8.0
2.7 15.6 71 8.9 89 7.8 2.7 15.6 71 9.1 92 7.8 2.7 14.4 72 9.5 93 7.9
3.7 15.6 71 8.8 89 7.7 3.7 15.6 71 9.1 91 7.9 Bottom at approximately 3 m?
4.6 15.6 71 8.8 88 7.7 4.6 15.6 71 9.0 90 7.9
5.5 15.6 71 8.8 89 7.7 5.5 15.6 71 9.0 90 7.9
6.4 15.6 71 8.8 89 7.7 6.4 15.6 71 9.0 90 7.9
7.3 15.6 71 8.8 89 7.7 7.3 15.6 71 9.0 90 7.9
8.2 15.6 71 8.8 89 7.7 8.2 15.6 71 9.0 90 7.9
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Sites: RLCL1 RLCL2 RLCL3

Depth | Temp SpC DO DO | pH | Depth | Temp SpC DO DO | pH | Depth | Temp SpC DO DO | pH
(m) (°C) | (uS/cm) | (mg/L) | (%) | (s.u.) (m) (°C) | (uS/lem) | (mg/L) | (%) | (s.u.) (m) (°C) | (uS/cm) | (mg/L) | (%) | (s.u.)
9.1 15.6 71 8.8 89 7.7 9.1 15.5 71 9.0 90 7.9
12.2 15.6 71 8.8 88 7.7 12.2 15.5 71 9.0 90 7.7
15.2 15.6 71 8.8 88 7.7
18.3 15.6 71 8.7 87 7.7 Bottom at approximately 12.5 m"

Bottom at approximately 18.5 m*
February 2009
Barometric Pressure: 694.0 mm H Barometric Pressure: 694.5 mm H Barometric Pressure: 695.0 mm H

0.2 5.9 90 125 |[100| 7.5 0.2 6.23 76 11.4 92 7.5 0.2 6.9 75 10.8 90 7.4
2.0 5.8 90 125 (100 7.4 1.4 5.82 76 11.3 90 7.4 2.1 6.6 75 11.0 89 7.3
2.9 5.7 90 126 (100 7.3 2.3 5.77 77 11.2 89 7.3 2.8 6.5 74 10.9 89 7.3
3.7 5.7 91 126 [ 101 | NR 4.0 5.62 82 11.2 89 7.3 3.7 6.4 74 10.9 89 7.2
4.9 5.6 90 125 (100 7.3 5.5 5.47 83 11.2 89 7.3 4.6 6.3 73 10.9 89 7.2
6.6 5.5 91 12.5 99 7.3 6.6 5.42 83 11.2 89 7.3 55 6.3 73 10.9 88 7.2
7.9 5.5 91 12.5 99 7.1 7.4 5.54 86 11.1 88 7.2 6.6 6.2 72 10.9 88 7.1
9.1 5.5 91 12.2 96 7.1 8.5 5.47 83 11.1 88 7.3 7.3 6.0 72 10.9 88 7.1
10.4 5.4 91 12.2 97 7.1 10.1 5.36 85 11.1 88 7.3 8.4 5.7 72 11.0 87 7.1
13.9 5.4 91 11.8 93 7.1 13.1 5.27 86 11.0 87 7.3 9.4 54 76 10.8 86 7.1
17.4 54 91 11.6 92 7.1 10.7 54 75 10.2 81 7.0
206 | 5.3 91 115 [ 91 ] 71 Bottom at approximately 13.5 m"

Bottom at approximately 21 m*

Bottom at approximately 11 m*

4 Reservoir bottom estimated at nearest 0.5 m using last depth reading present in the field notes.

P Reservoir bottom recorded in field notes.
NR data not reported due to QA exclusion.
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Humboldt Bay Municipal Water District
Ruth Lake Water Quality Assessment

Table 8. Ruth Lake in situ parameter data for 2008 and 2009 sampling events at cove sites.

Sites: RLCV1 RLCV2
Depth | Temp SpC DO DO | pH | Depth | Temp SpC DO DO | pH
(m) (°C) | (uS/cm) | (mg/L) | (%) | (s.u) | (m) (°C) | (uS/icm) | (mg/L) | (%) | (s.u.)
August 2008
Barometric Pressure: 695.0 mm H Barometric Pressure: 695.0 mm H
0.2 23.3 82 NR NR | 8.6 0.2 23.0 47 11.1 | 129 | 8.8
1.8 22.7 81 NR NR | 85 0.8 22.7 45 10.7 | 124 | 8.9
2.7 22.7 81 NR NR | 85 1.8 22.4 46 11.2 | 130 | 9.1
3.7 22.6 81 NR NR | 85 2.8 22.2 47 109 |125| 9.1
4.6 22.6 81 NR NR | 8.4 3.7 22.2 80 104 | 120 | 9.1
5.5 22.5 81 NR NR | 8.4 4.3 22.2 80 6.1 84 9.0
6.4 22.3 81 NR NR | 8.3
7.3 22.2 80 NR NR | 8.2
8.2 21.3 78 NR NR | 7.9
9.1 19.3 72 6.0 81 7.7 Bottom at approximately 4.9 m°®
10.0 18.6 72 3.4 36 7.4
11.1 18.6 72 3.3 36 7.3
Bottom at approximately 11.6 m®
October 2008
Barometric Pressure: 695.7 mm H Barometric Pressure: 694.8 mm H
0.2 15.9 71 9.1 93 7.8 0.2 15.3 71 9.2 91 8.0
0.9 15.8 72 8.9 90 7.8 0.9 14.2 72 11.0 | 108 | 8.3
1.8 15.8 72 8.9 90 7.8
2.7 15.8 72 9.0 90 7.8
3.7 15.7 71 8.8 89 7.8 . a
16 157 71 90 % 73 Bottom at approximately 1 m
4.9 15.7 71 9.0 91 7.8
Bottom at approximately 5 m®
February 2009
Barometric Pressure: 693.0 mm H Barometric Pressure: 695.1 mm H
0.2 6.0 89 11.7 94 7.6 0.2 6.6 73 11.2 92 7.5
0.9 5.9 85 11.3 91 7.5 1.1 6.1 71 11.4 92 7.4
2.1 5.9 89 11.3 90 7.5 2.0 6.0 72 11.3 91 7.4
3.0 5.8 90 11.3 90 7.5 2.2 5.9 71 11.3 90 7.3
45 5.8 90 11.3 90 7.5 3.2 5.9 71 11.2 90 7.3
5.3 5.8 90 11.2 90 7.5 4.0 5.7 71 11.3 90 7.2
6.7 5.8 89 11.2 89 7.5 4.9 5.6 72 11.3 90 7.2
7.7 5.8 90 11.2 89 7.5 5.9 5.4 75 11.3 90 7.2
9.1 5.8 90 11.2 89 7.5 6.9 5.4 76 11.3 89 7.1
10.5 5.7 90 11.1 89 7.5 7.9 5.4 80 11.1 88 7.0
13.4 5.7 90 10.9 87 7.5
16.5 5.7 90 10.8 86 7.5 Bottom at approximately 8 m®

Bottom at approximately 17m®

% Reservoir bottom estimated at nearest 0.5 m using last depth reading present in the field notes.

® Reservoir bottom recorded in field notes.
NR data not reported due to QA exclusion.
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Humboldt Bay Municijpal Water District
Ruth Lake Water Quality Assessment

Alkalinity, hardness and minerals (calcium and magnesium) did not vary spatially or seasonally
in Ruth Lake (Table 9). Hardness, calcium, and magnesium levels were generally low, consistent
with relatively high elevation natural waters of the northern California, southern Oregon regional
geology (Omernik and Powers 1983). Alkalinity was also consistently low (<35 mg/L as
CaCOgy) indicating a water column that is poorly buffered against changes in pH, including
those caused by photosynthesis and respiration (Stumm and Morgan, 1996). Calcium, hardness,
and alkalinity levels are discussed further in Section 4.4 in relation to water quality conditions
that are expected to affect quagga mussel colonization.

Nutrients did not exhibit a clear pattern with sampling location or season (Table 10, Table 11).
Phosphorus and nitrogen in Ruth Lake were generally low, equaling or slightly exceeding EPA
reference concentrations for the 25" percentile of the observed range of concentrations for lakes
and reservoirs in Aggregate Ecoregion Il, Western Forested Mountains and Level 111 Ecoregion,
Klamath Mountains (USEPA 2001). Total phosphorus in Ruth Lake during the study period
ranged 0.02-0.06 mg/L TP, and with the exception of February 2009, all measured ortho-
phosphorus levels were below the method detection limit (<0.05 mg/L PO,*). For the most part,
ammonia and organic nitrogen (as measured by TKN) were the dominant forms of nitrogen
measured in Ruth Lake during the study period. Nitrate+nitrite was consistently the lowest of
measured nitrogen species, ranging 0.02-0.08 mg/L, while ammonia and organic nitrogen (as
measured by TKN) were each roughly an order of magnitude greater (Table 10) throughout the
study period. The predominance of ammonia and organic nitrogen suggests that the primary
nitrogen source to the reservoir is algal derived. Overall though, calculated total nitrogen
(nitrate+nitrite + TKN) was relatively low and ranged from roughly 0.1 to 0.8 mg/L for the study
period, again within the range of observed values for Aggregate Ecoregion Il (0.01-4.4 mg/L TN)
and only slightly exceeding the 25" percentile reference concentration itself (0.18 mg/L TN)
(USEPA 2001).

Total iron concentrations were variable with location and season, ranging two orders of
magnitude over the study period (Table 11) and often exceeding the range of typical iron
concentrations measured in neutral or alkaline inland surface waters (50-200 ug/L [Wetzel
2001]). Total iron at Site RLCL1 was consistently greater 3 m from the bottom compared with
levels measured in the top 10 m of the water column. In medium to high-productivity lakes (i.e.,
mesotrophic to eutrophic) this pattern would likely reflect decreasing redox potential with depth
and indicate fluxes of soluble iron from bottom sediments during periods of low D.O. However,
at Site RLCL.1 the highest iron concentrations in reservoir bottom waters did not correspond to
low D.O. occurrences, even during August 2008 when the reservoir was stratified. During
October 2008, total iron in bottom waters at Site RLCL1 increased to 1,170 ug/L despite a well-
mixed water column and D.O. concentrations at >85% saturation (Table 7, Figure 3a). Although
high iron levels are often linked to low D.O. conditions at the sediment-water interface, the
elevated levels seen in Ruth Lake may be related to the absence of complexing agents. For
example, in ‘soft’ waters, such as those found in Ruth Lake, a lack of sufficient sulfate has been
linked to total iron accumulation in deep ponds (Wetzel 2001). In any case, the observed iron
levels in Ruth Lake suggest that algal growth is not limited by iron as a micronutrient. Further
investigation would be required to determine the relative role of iron, nitrogen, and phosphorus in
limiting algal productivity in Ruth Lake.
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Humboldt Bay Municijpal Water District
Ruth Lake Water Quality Assessment

4.3  Chlorophyll-a and blue green algae patterns

Chlorophyll-a levels were below the MDL at all centerline sites for the duration of the study
(Table 12). No MSAE was found during the August and October 2008 sampling events, although
other blue green algae were identified at relatively low numbers, including Anabaena spp.,
Aphanizomenon spp., and other blue green algal species (Table 12). As discussed in Section
3.1.3, sample collection for chlorophyll-a and blue-green algae enumeration was not conducted at
the cove sites because no surface blooms were observed.

The moderately low overall cell counts (<3,000 cells/mL, see Appendix C) as well as low counts
for blue-green algal species and non-detectable chlorophyll-a levels in the surface water samples
are surprising considering the availability of iron and the ability of blue-green algae to directly fix
atmospheric nitrogen sources. Because many blue green algae species can change position in the
water column (Horne and Goldman, 1994), it is possible that sampling was not conducted at the
appropriate depth to capture the highest algal density.
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Humboldt Bay Municipal Water District
Ruth Lake Water Quality Assessment

Table 9. Alkalinity, hardness and minerals by station and season in Ruth Lake during 2008 and 2009.

i . Hardness as CaCO3 ‘
Site Total Alkalinity (mg/L) Calcium (mg/L) (mg/L) Magnesium (mg/L)
Aug-08 | Oct-08 | Feb-09 | Aug-08 | Oct-08 | Feb-09 | Aug-08 | Oct-08 | Feb-09 | Aug-08 | Oct-08 | Feb-09
RLCL1 36 40 37 12 12 11 36 41 35 2 2 2
(upper 10m)
RLCL1
(3m above 37 39 37 11 12 11 49 37 36 2 3 2
bottom)
RLCL2 39 39 34 12 12 10 43 35 31 2 2 2
(upper 10m)
RLCL3 - 40 32 - 12 9 - 39 27 - 2 2
(upper 10m)
Notes:
No sample collected.
29 July 2009 Stillwater Sciences
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Humboldt Bay Municipal Water District
Ruth Lake Water Quality Assessment

Table 10. Nitrogen by station and season in Ruth Lake during 2008 and 2009.

. - Ammonia Nitrogen Total Kjeldahl Nitrogen
Site Nitrate + Nitrite (mg/L) (mg/L) (ma/L)
Aug-08 | Oct-08 | Feb-09 | Aug-08 | Oct-08 | Feb-09 | Aug-08 | Oct-08 | Feb-09
RLCL1 002" | 002" | 004’ | 011 | 010 | 007 | 02 02 | 02
(upper 10m)
Gm abFi)b(éLblottom) 002" | 002’ | 008 | 006 | 003 | 015 | 01’ | 02 | 07
RLCL2 002 | 002’ | 004’ | 01 | 003 | 005 | 03 | 01 | 02
(upper 10m)
RLCL3 : 0.02° | 0.04 : 0.08 | 0.06 : 02 | 02
(upper 10m)
Notes:
No sample collected.
X Result below laboratory method reporting limit (MRL), but above method detection limit (MDL) and

reported here as a J-flag.

Table 11. Phosphorus and iron by station and season in Ruth Lake during 2008 and 2009.

: Total Phosphorus (mg/L) | Orthophosphate (mg/L) Total Iron (ug/L)
Site
Aug-08 | Oct-08 | Feb-09 | Aug-08 | Oct-08 | Feb-09 | Aug-08 | Oct-08 | Feb-09
RLCLL ND ND 0.05 ND" ND" ND" 102 71 368
(upper 10m)
(3m abFZLV(éLblottom) 0.03° | 0.04° | 0.06 | 0.01"7 | ND" ND" 752 1170 | 492
RLCL2 0.02’ ND 0.05 ND" ND" ND" 137 27 949
(upper 10m)
" pf;%gm) i ND | 0.06 : NDY | 0.02%7 | - 301 | 227
Notes:
No sample collected.
ND Result below laboratory MDL.
NG Sample was received past the EPA recommended holding time and actual results may be higher than
reported due to bacterial uptake.
X Result below laboratory method reporting limit (MRL), but above method detection limit (MDL) and
indicates <1% probability that the reported result is not actually zero..
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Humboldt Bay Municipal Water District
Ruth Lake Water Quality Assessment

Table 12. Ruth Lake chlorophyll-a and blue-green algae (Cyanophyta) data for 2008 sampling
events.

Aug-08 | Oct-08 | Feb-09 Aug-08 | Oct-08 | Feb-09
Site Chlorophyll-a Elue-green elgee Species
(Cyanophyta)
(ug/L) (cells/mL)
Aphanizomenon spp. 9 4 -
Anabaena spp. 601 0 -
RLCL1 - ND ND" Microcystis aeruginosa 0 0 -
Misc. cyanophyte cells 72 1,636 -
Group Total 683 1,640 -
Aphanizomenon spp. 32 6 -
Anabaena spp. 69 15 -
RLCL2 - ND - Microcystis aeruginosa 0 0 -
Misc. cyanophyte cells 544 980 -
Group Total 644 1,001 -
Aphanizomenon spp. - 55 -
Anabaena spp. - 15 -
RLCL3 ND ND ND" Microcystis aeruginosa - 0 -
Misc. cyanophyte cells - 409 -
Group Total - 469 -
Notes:

No sample collected.
ND Result below laboratory MDL.

Sample was received past the EPA recommended holding time and actual results may be higher than
reported due to bacterial decomposition.
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Humboldt Bay Municijpal Water District

Ruth Lake Water Quality Assessment

4.4  Quagga mussel colonization potential

In situ parameters observed during the study period, including mean summer water temperature,
maximum annual water temperature, pH, and D.O., represent favorable conditions for
colonization of quagga mussel in Ruth Lake (Table 14). Despite this, calcium, a key limiting
factor for Dreissena colonization (Cohen and Weinstein 1998 and 2001, Whittier et al. 2008),
was measured across all three sampling seasons at levels below published thresholds required for
basic metabolic function and shell building (Table 13).

Table 13. Comparison of risk factors for quagga mussel colonization to Ruth Lake in situ and

calcium results during summer and fall 2008 and winter 2009.
Risk Level for Colonization by Ruth Lake during Summer, Fall 2008
Quagga Mussels® and Winter 2009

Parameter

Low Moderate High Samle Result?

size (n)
Mean Summer N/A 0-15°C | 15-31°C | 46 21.7°C
Temperature
Maximum <l0°Cor
Temperature >310C 10-31°C | 10-31°C 140 24.0°C
P 2375 or 63% pH 7.5-8.7
pH >'90 '8_7_‘9.0 7.5-8.7 139 32% pH 7.3-7.5 or 8.7-9.0
16% pH <7.3 or >9.0
1% D.O. <4mg/L
Dissolved Oxygen <4 mg/L 4-8 mg/L >8 mg/L 140 4% D.O. 4-8 mg/L
94% D.0O. >8 mg/L
<20 mg/L
zrgglzf >28 mg/L
Calcium <12 mg/L) 11 9-12 mg/L
<15 mg/L 1n51;/2L5 >25 mg/L

! References given in Table 1.
?Shading indicates literature-based risk level corresponding to observed conditions in Ruth Lake during the study period.

In an ecoregion based assessment of over 3,000 U.S. streams and river sites, Whittier et al. (2008)
suggest that the Ruth Lake watershed lies within a “highly variable’ risk class of Dreissena
species colonization, along with a large portion of the Klamath and Trinity mountain ranges in
northern California and southern Oregon, where invasion risk is dependent on watershed-specific
characteristics such as the presence of geological formations containing high calcium deposits.
Ruth Lake’s calcium levels (9-12 mg/L) fall within a low to very low risk class (Table 1) using
criteria presented by Whitter et al (2008) and Cohen and Weinstein (1998, 2001). The low
calcium levels consistently measured in Ruth Lake suggest that its local watershed does not
currently supply sufficient calcium to Ruth Lake to support quagga mussel colonization.
Although the majority of available data on calcium requirements for Dreissena species is based
on zebra (D. polymorpha) rather than quagga mussel investigations, Whittier et al (2008) suggest
that in quagga mussel requirements do not differ greatly from those of zebra mussels.
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In summary, despite supportive in situ water temperature, pH, and dissolved oxygen levels,
consistently low calcium levels measured during seasonal surveys in 2008 and 2009 indicate that
the threat of colonization by quagga mussel in Ruth Lake is currently low. As available data
indicate that quagga mussels spread more slowly than zebra mussels, but can eventually become
dominant (Stoeckmann 2003; Jones and Ricciardi 2005), periodic monitoring of calcium levels or
periodic quagga veliger monitoring should be considered to identify future shifts in water
chemistry that would be more supportive of quagga colonization. As a precautionary measure,
the District may consider development of a voluntary or mandatory inspection and wash down of
boats arriving from out of State or particular lakes (See California Natural Resources Agency,
2008). Failing these precautions, while it is possible that import of veligers or adults via
recreational boating in Ruth Lake may promote a founder population of quagga mussels, if
calcium levels remain consistently low any such population is not likely to be self-sustaining.

4.5  MSAE growth and microcystin production potential

While it is possible that sampling in the surface layer (upper 10 m) may have missed any MSAE
present, zero MSAE cells/mL were found in both summer and fall 2008 at centerline sites
suggesting that the algal community currently established in Ruth Lake does not include MSAE.
As cove sites were not sampled for algal composition or quantification, blooms may be occurring
in localized areas of Ruth Lake or at time scales smaller than those measured; additional data is
needed to confirm this conclusion. If MSAE is present in Ruth Lake, it currently does not appear
to be established at populations large enough to approach microcystin levels of concern and
therefore the potential for toxicity is low.
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FIELD SITES
©  RLCL: Center line sites
¢  RLCV: Cove sites (in situ only)

SITE COORDINATES
SITE LAT LON
RLCL1 40.36638275 -123.4314187
RLCV1 40.35429722 -123.4263889
RLCV2 40.31653150 -123.3913599
RLCL2 40.33924681 -123.4075147
RLCL3 40.31527605 -123.3808317
NADS3, Geographic, Decimal Degrees
1:24,000
1 inch equals 2,000 feet
0 1,250 2,500 5,000 Feet
Y A T I N TS (SO |

Figure 1. Ruth Lake Monitoring Sites
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Figure 2. In situ water quality profiles in Ruth Lake, August 2008.
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Figure 3. In situ water quality profiles in Ruth Lake, October 2008.
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APPENDIX A
In situ water quality at site RLCL1 near Mathews Dam
August 20-22, 2008
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APPENDIX B
Algal Species Identification
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aquatic analysis ... research ... consulting

Winzler and Kelly/HBMWD Data Report
Prepared: November 7, 2008
Prepared By: GreenWater Laboratories

Project #:0105508005

Samples: 4 (Collected on 8/20/08)
1. RLCL-1
2. RLCL-2
3. RLCL-2a
4. Equipment Blank

Sample 1: RLCL-1

Total cell numbers in the RLCL-1 sample collected on 8/20/08 were 1,139 cells/mL. Blue-green
algae (Cyanobacteria; 683 cells/mL) and green algae (Chlorophyta; 289 cells/mL) were the
dominant algae in the sample accounting for 60.0% and 25.4% of total cell numbers respectively.
Other algal groups in the sample were diatoms (Bacillariophyta; 121 cells/mL), golden-brown
algae (Chrysophyta; 18 cells/mL), cryptophytes (Cryptophyta; 0.2 cells/mL), unknown small
unicells (Miscellaneous; 18 cells/mL) and dinoflagellates (Pyrrophyta; 10 cells/mL)). The most
abundant alga in the sample was a species of the filamentous blue-green Anabaena (599
cells/mL). A total of 30 species were observed in the sample with green algae being the most
diverse group with 12 taxa present. Total numbers of potentially toxigenic cyanobacteria (PTOX
Cyano) were 610 cells/mL, accounting for 53.6% of total cell numbers. PTOX Cyano species in
the sample included Anabaena spp. and Aphanizomenon sp.

Sample 2: RLCL-2

Total cell count in the RLCL-2 sample collected on 8/20/08 was 1,007 cells/mL. Blue-green
algae (Cyanobacteria; 644 cells/mL) and green algae (Chlorophyta; 214 cells/mL) were the
dominant algae in the sample accounting for 64.0% and 21.3% of total cell numbers respectively.
Other algal groups in the sample included diatoms (Bacillariophyta; 140 cells/mL), golden-
brown algae (Chrysophyta; 9 cells/mL) and dinoflagellates (Pyrrophyta; 0.2 cells/mL). The most
abundant species in the sample was a species of the colonial blue-green alga Aphanothece (544
cells/ml). A total of 28 species were observed in the sample with green algae being the most
diverse algal group with 16 taxa present. Total numbers of potentially toxigenic cyanobacteria
(PTOX Cyano) were 101 cells/mL, accounting for 10.0% of total cell numbers. PTOX Cyano
species in the sample included Anabaena sp. and Aphanizomenon sp.

Sample 3: RLCL-2a

Total cell count in the RLCL-2a sample collected on 8/20/08 was 2,757 cells/mL. Blue-green
algae (Cyanobacteria; 2,167 cells/mL) were the dominant algae in the sample accounting for
78.6% of total cell numbers. Other algal groups in the sample included diatoms (Bacillariophyta;
373 cells/mL), green algae (Chlorophyta; 199 cells/mL), unknown small unicells (Miscellaneous;
18 cells/mL) and dinoflagellates (Pyrrophyta; 0.2 cells/mL). The most abundant species in the
sample was a species of the colonial blue-green alga Aphanothece (1,633 cells/ml). A total of 39
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species were observed in the sample with diatoms, green algae and blue-green algae being the
most diverse algal groups with 15, 11 and 11 taxa respectively. Total numbers of potentially
toxigenic cyanobacteria (PTOX Cyano) were 350 cells/mL, accounting for 12.7% of total cell
numbers. PTOX Cyano species in the sample included Anabaena spp., Oscillatoria cf. limosa,

Aphanizomenon sp. and Anabaena/Aphanizomenon sp.

Sample 4: Equipment Blank
Total cell numbers in the Equipment Blank sample collected on 8/20/08 were 6 cells/mL. Only
one colony of blue-green algae (Cyanobacteria) was observed.
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Sample Date Genus Species Algal No. Unit  Cells/ Magn. Field No. Settl. Dil. Species Species Group Group Sample  Sample

Group Counted Unit Area Fields Vol. Fact. Units/mL Cells/mL  Total Total Total Total
(units) (mmz) (mL) Units/mL Cells/mL  Units/mL Cells/mL
RLCL-1 8/20/2008 centric diatom sp. Bacillariophyta 2 cell 1 400 0.0625 50 5 1 36 36 88 121 544 1,139
RLCL-1 8/20/2008 Fragilaria crotonensis  Bacillariophyta 9 chain 14 100 283.53 1 5 1 2 25
RLCL-1 8/20/2008 Stephanodiscus sp. Bacillariophyta 1 cell 1 400 0.0625 50 5 1 18 18
RLCL-1 8/20/2008 Asterionella formosa Bacillariophyta 2 colony 2 200 0.25 50 5 1 9 18
RLCL-1 8/20/2008 Asterionella formosa Bacillariophyta 4 cell 1 200 0.25 50 5 1 18 18
RLCL-1 8/20/2008 Navicula sp. Bacillariophyta 1 cell 1 200 0.25 50 5 1 5 5
RLCL-1 8/20/2008 Navicula sp. Bacillariophyta 1 cell 1 100 283.53 1 5 1 0.2 0.2
RLCL-1 8/20/2008 chlorophyte unicell, oval 2.5-5um spp. Chlorophyta 5 cell 1 400 0.0625 50 5 1 91 91 246 289
RLCL-1 8/20/2008 Oocystis lacustris Chlorophyta 2 colony 2 400 0.0625 50 5 1 36 73
RLCL-1 8/20/2008 chlorophyte unicell, sphere 2.5-5um spp. Chlorophyta 3 cell 1 400 0.0625 50 5 1 54 54
RLCL-1 8/20/2008 Schroederia setigera Chlorophyta 2 cell 1 400 0.0625 50 5 1 36 36
RLCL-1 8/20/2008 chlorophyte unicell, sphere 5-7.5um spp. Chlorophyta 1 cell 1 400 0.0625 50 5 1 18 18
RLCL-1 8/20/2008 chlorophyte sp. Chlorophyta 1 colony 2 200 0.25 50 5 1 5 9
RLCL-1 8/20/2008 Cosmarium sp. Chlorophyta 1 cell 1 200 0.25 50 5 1 5 5
RLCL-1 8/20/2008 Willea sp. Chlorophyta 1 colony 10 100 283.53 1 5 1 0.2 2
RLCL-1 8/20/2008 Pediastrum tetras Chlorophyta 1 colony 4 100 283.53 1 5 1 0.2 1
RLCL-1 8/20/2008 Elakatothrix viridis Chlorophyta 1 colony 2 100 283.53 1 5 1 0.2 0.4
RLCL-1 8/20/2008 chlorophyte unicell sp. Chlorophyta 1 cell 1 100 283.53 1 5 1 0.2 0.2
RLCL-1 8/20/2008 Oocystis solitaria Chlorophyta 1 cell 1 100 283.53 1 5 1 0.2 0.2
RLCL-1 8/20/2008 Dinobryon bavaricum Chrysophyta 1 cell 1 400 0.0625 50 5 1 18 18 18 18
RLCL-1 8/20/2008 Cryptomonas sp. Cryptophyta 1 cell 1 100 283.53 1 5 1 0.2 0.2 0.2 0.2
RLCL-1 8/20/2008 Anabaena sp. Cyanobacteria 4 filament 8 400 0.0625 50 5 1 73 581 164 683
RLCL-1 8/20/2008 cyanophyte unicell, oval/rod 2.5-5um  spp. Cyanobacteria 2 cell 1 400 0.0625 50 5 1 36 36
RLCL-1 8/20/2008 cyanophyte unicell sp. Cyanobacteria 1 cell 1 400 0.0625 50 5 1 18 18
RLCL-1 8/20/2008 Anabaena sp. Cyanobacteria 1 cell 1 400 0.0625 50 5 1 18 18
RLCL-1 8/20/2008 cyanophyte unicell, sphere 2.5-5um spp. Cyanobacteria 1 cell 1 400 0.0625 50 5 1 18 18
RLCL-1 8/20/2008 Aphanizomenon sp. Cyanobacteria 1 filament 47 100 283.53 1 5 1 0.2 9
RLCL-1 8/20/2008 Anabaena sp. Cyanobacteria 1 filament 9 100 283.53 1 5 1 0.2 2
RLCL-1 8/20/2008 unicell, oval 5-7.5um spp. Miscellaneous 1 cell 1 400 0.0625 50 5 1 18 18 18 18
RLCL-1 8/20/2008 Peridinium umbonatum  Pyrrophyta 2 cell 1 200 0.25 50 5 1 9 9 10 10
RLCL-1 8/20/2008 Ceratium hirundinella Pyrrophyta 4 cell 1 100 283.53 1 5 1 1 1
RLCL-2 8/20/2008 Stephanodiscus sp. Bacillariophyta 4 cell 1 400 0.0625 50 5 1 73 73 102 140 344 1,007
RLCL-2 8/20/2008 Fragilaria crotonensis  Bacillariophyta 1 chain 9 200 0.25 50 5 1 5 41
RLCL-2 8/20/2008 centric diatom sp. Bacillariophyta 1 cell 1 400 0.0625 50 5 1 18 18
RLCL-2 8/20/2008 Navicula sp. Bacillariophyta 1 cell 1 200 0.25 50 5 1 5 5
RLCL-2 8/20/2008 Asterionella formosa Bacillariophyta 4 colony 3 100 283.53 1 5 1 1 2
RLCL-2 8/20/2008 Asterionella formosa Bacillariophyta 5 cell 1 100 283.53 1 5 1 1 1
RLCL-2 8/20/2008 Epithemia sp. Bacillariophyta 1 cell 1 100 283.53 1 5 1 0.2 0.2
RLCL-2 8/20/2008 chlorophyte unicell, oval 2.5-5um spp. Chlorophyta 4 cell 1 400 0.0625 50 5 1 73 73 179 214
RLCL-2 8/20/2008 chlorophyte unicell, sphere 2.5-5um spp. Chlorophyta 3 cell 1 400 0.0625 50 5 1 54 54
RLCL-2 8/20/2008 Oocystis lacustris Chlorophyta 1 colony 5 200 0.25 50 5 1 5 23
RLCL-2 8/20/2008 chlorophyte unicell sp. Chlorophyta 1 cell 1 400 0.0625 50 5 1 18 18
RLCL-2 8/20/2008 Oocystis pusilla Chlorophyta 1 colony 4 200 0.25 50 5 1 5 18
RLCL-2 8/20/2008 Schroederia setigera Chlorophyta 2 cell 1 200 0.25 50 5 1 9 9
RLCL-2 8/20/2008 Monoraphidium minutum Chlorophyta 1 cell 1 200 0.25 50 5 1 5 5
RLCL-2 8/20/2008 chlorophyte unicell sp. Chlorophyta 1 cell 1 200 0.25 50 5 1 5 5
RLCL-2 8/20/2008 chlorophyte unicell sp. Chlorophyta 1 cell 1 200 0.25 50 5 1 5 5
RLCL-2 8/20/2008 Willea sp. Chlorophyta 2 colony 6 100 283.53 1 5 1 0.4 2
RLCL-2 8/20/2008 Dictyosphaerium pulchellum Chlorophyta 1 colony 8 100 283.53 1 5 1 0.2 2
RLCL-2 8/20/2008 Planktosphaeria gelatinosa Chlorophyta 1 colony 4 100 283.53 1 5 1 0.2 1
RLCL-2 8/20/2008 Monoraphidium sp. Chlorophyta 1 cell 1 100 283.53 1 5 1 0.2 0.2
RLCL-2 8/20/2008 Monoraphidium tortile Chlorophyta 1 cell 1 100 283.53 1 5 1 0.2 0.2
RLCL-2 8/20/2008 Staurastrum sp. Chlorophyta 1 cell 1 100 283.53 1 5 1 0.2 0.2
RLCL-2 8/20/2008 Oocystis solitaria Chlorophyta 1 cell 1 100 283.53 1 5 1 0.2 0.2
RLCL-2 8/20/2008 Epipyxis sp. Chrysophyta 2 cell 1 200 0.25 50 5 1 9 9 9 9
RLCL-2 8/20/2008 Aphanothece sp. Cyanobacteria 2 colony 15 400 0.0625 50 5 1 36 544 54 644
RLCL-2 8/20/2008 Anabaena sp. Cyanobacteria 2 filament 7 200 0.25 50 5 1 9 64
RLCL-2 8/20/2008 Aphanizomenon sp. Cyanobacteria 1 filament 7 200 0.25 50 5 1 5 32
RLCL-2 8/20/2008 Anabaena sp. Cyanobacteria 1 cell 1 200 0.25 50 5 1 5 5



Sample Date Genus Species Algal No. Unit  Cells/ Magn. Field No. Settl. Dil. Species Species Group Group Sample  Sample

Group Counted Unit Area Fields Vol. Fact. Units/mL Cells/mL  Total Total Total Total
(units) (mmz) (mL) Units/mL Cells/mL  Units/mL Cells/mL
RLCL-2 8/20/2008 Ceratium hirundinella Pyrrophyta 1 cell 1 100 283.53 1 5 1 0.2 0.2 0.2 0.2
RLCL-2a 8/20/2008 Fragilaria crotonensis  Bacillariophyta 3 chain 14 200 0.25 50 5 1 14 191 191 373 634 2,757
RLCL-2a 8/20/2008 Nitzschia sp. Bacillariophyta 2 cell 1 400 0.0625 50 5 1 36 36
RLCL-2a 8/20/2008 Stephanodiscus sp. Bacillariophyta 2 cell 1 400 0.0625 50 5 1 36 36
RLCL-2a 8/20/2008 Epithemia sp. Bacillariophyta 7 cell 1 200 0.25 50 5 1 32 32
RLCL-2a 8/20/2008 centric diatom sp. Bacillariophyta 1 cell 1 400 0.0625 50 5 1 18 18
RLCL-2a 8/20/2008 Asterionella formosa Bacillariophyta 3 cell 1 200 0.25 50 5 1 14 14
RLCL-2a 8/20/2008 Nitzschia sp. Bacillariophyta 2 cell 1 200 0.25 50 5 1 9 9
RLCL-2a 8/20/2008 Asterionella formosa Bacillariophyta 1 colony 2 200 0.25 50 5 1 5 9
RLCL-2a 8/20/2008 Nitzschia sp. Bacillariophyta 2 cell 1 200 0.25 50 5 1 9 9
RLCL-2a 8/20/2008 pennate diatom sp. Bacillariophyta 2 cell 1 200 0.25 50 5 1 9 9
RLCL-2a 8/20/2008 Nitzschia acicularis Bacillariophyta 1 cell 1 200 0.25 50 5 1 5 5
RLCL-2a 8/20/2008 Rhopalodia gibba Bacillariophyta 12 cell 1 100 283.53 1 5 1 2 2
RLCL-2a 8/20/2008 Epithemia sp. Bacillariophyta 11 cell 1 100 283.53 1 5 1 2 2
RLCL-2a 8/20/2008 Navicula sp. Bacillariophyta 1 cell 1 100 283.53 1 5 1 0.2 0.2
RLCL-2a 8/20/2008 pennate diatom sp. Bacillariophyta 1 cell 1 100 283.53 1 5 1 0.2 0.2
RLCL-2a 8/20/2008 Navicula sp. Bacillariophyta 1 cell 1 100 283.53 1 5 1 0.2 0.2
RLCL-2a 8/20/2008 chlorophyte unicell, sphere 2.5-5um spp. Chlorophyta 4 cell 1 400 0.0625 50 5 1 73 73 192 199
RLCL-2a 8/20/2008 chlorophyte unicell, oval 2.5-5um spp. Chlorophyta 3 cell 1 400 0.0625 50 5 1 54 54
RLCL-2a 8/20/2008 chlorophyte unicell, oval 5-7.5um spp. Chlorophyta 2 cell 1 400 0.0625 50 5 1 36 36
RLCL-2a 8/20/2008 Schroederia setigera Chlorophyta 1 cell 1 400 0.0625 50 5 1 18 18
RLCL-2a 8/20/2008 chlorophyte unicell sp. Chlorophyta 2 cell 1 200 0.25 50 5 1 9 9
RLCL-2a 8/20/2008 Dictyosphaerium pulchellum Chlorophyta 1 colony 16 100 283.53 1 5 1 0.2 3
RLCL-2a 8/20/2008 Willea sp. Chlorophyta 1 colony 11 100 283.53 1 5 1 0.2 2
RLCL-2a 8/20/2008 Oedogonium sp. Chlorophyta 1 filament 6 100 283.53 1 5 1 0.2 1
RLCL-2a 8/20/2008 Pediastrum tetras Chlorophyta 1 colony 4 100 283.53 1 5 1 0.2 1
RLCL-2a 8/20/2008 Oocystis lacustris Chlorophyta 1 colony 4 100 283.53 1 5 1 0.2 1
RLCL-2a 8/20/2008 Mougeotia sp. Chlorophyta 1 filament 3 100 283.53 1 5 1 0.2 1
RLCL-2a 8/20/2008 Aphanothece sp. Cyanobacteria 6 colony 15 400 0.0625 50 5 1 109 1,633 233 2,167
RLCL-2a 8/20/2008 Anabaena sp. Cyanobacteria 4 filament 12 200 0.25 50 5 1 18 218
RLCL-2a 8/20/2008 Anabaena sp. Cyanobacteria 2 filament 8 200 0.25 50 5 1 9 73
RLCL-2a 8/20/2008 Calothrix sp. Cyanobacteria 4 filament 89 100 283.53 1 5 1 1 71
RLCL-2a 8/20/2008 cyanophyte unicell, oval/rod 2.5-5um  spp. Cyanobacteria 3 cell 1 400 0.0625 50 5 1 54 54
RLCL-2a 8/20/2008 Pseudanabaena sp. Cyanobacteria 1 filament 9 200 0.25 50 5 1 5 41
RLCL-2a 8/20/2008 Oscillatoria cf. limosa Cyanobacteria 1 filament 120 100 283.53 1 5 1 0.2 24
RLCL-2a 8/20/2008 cyanophyte unicell, sphere 2.5-5um spp. Cyanobacteria 1 cell 1 400 0.0625 50 5 1 18 18
RLCL-2a 8/20/2008 Aphanizomenon sp. Cyanobacteria 1 filament 4 200 0.25 50 5 1 5 18
RLCL-2a 8/20/2008 Anabaena sp. Cyanobacteria 3 cell 1 200 0.25 50 5 1 14 14
RLCL-2a 8/20/2008 Anabaena/Aphanizomenon sp. Cyanobacteria 1 filament 16 100 283.53 1 5 1 0.2 3
RLCL-2a 8/20/2008 unicell, sphere 5-7.5um spp. Miscellaneous 1 cell 1 400 0.0625 50 5 1 18 18 18 18
RLCL-2a 8/20/2008 Ceratium hirundinella Pyrrophyta 1 cell 1 100 283.53 1 5 1 0.2 0.2 0.2 0.2
Equip. Blank 8/20/2008 cyanophyte colony sp. Cyanobacteria 1 colony 30 100 283.53 1 5 1 0.2 6 0.2 6 0.2 6
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Winzler and Kelly/HBMWD Data Report
Prepared: November 29, 2008
Prepared By: GreenWater Laboratories

Project #:0105508005.11001
Project Name: Ruth Lake

Samples: 3 (Collected on 10/23/08)
1. RLCL-1
2. RLCL-2
3. RLCL-3

Sample 1: RLCL-1

Total cell numbers in the RLCL-1 sample collected on 10/23/08 were 4,010 cells/mL. Blue-
green algae (Cyanobacteria; 1,640 cells/mL) and green algae (Chlorophyta; 1,184 cells/mL) were
the dominant algae in the sample accounting for 40.9% and 29.5% of total cell numbers
respectively. Other algal groups in the sample were diatoms (Bacillariophyta; 611 cells/mL),
golden-brown algae (Chrysophyta; 99 cells/mL), cryptophytes (Cryptophyta; 349 cells/mL) and
unknown small flagellates and unicells (Miscellaneous; 127 cells/mL). The most abundant algae
in the sample were small (2.5-5um) oval/rod shaped cyanobacteria unicells (871 cells/mL) and a
small species of centric diatom (599 cells/mL). A total of 37 species were observed in the sample
with green algae being the most diverse group with 12 taxa present. Total numbers of potentially
toxigenic cyanobacteria (PTOX Cyano) were 4 cells/mL, accounting for 0.1% of total cell
numbers. PTOX Cyano species in the sample included Aphanizomenon cf. flos-aquae.

Sample 2: RLCL-2

Total cell count in the RLCL-2 sample collected on 10/23/08 was 1,926 cells/mL. Blue-green
algae (Cyanobacteria; 1,001 cells/mL) were the dominant algae in the sample accounting for
52.0% of total cell numbers. Other algal groups in the sample included diatoms (Bacillariophyta;
326 cells/mL), green algae (Chlorophyta; 326 cells/mL), golden-brown algae (Chrysophyta; 196
cells/mL), cryptophytes (Cryptophyta; 59 cells/mL) and microflagellates (Miscellaneous; 18
cells/mL). The most abundant algae in the sample were small (2.5-5um) oval/rod shaped
cyanobacteria unicells (454 cells/mL), a species of the colonial blue-green alga Aphanothece
(308 cells/ml) and a small species of centric diatom (290 cells/mL). A total of 31 species were
observed in the sample with diatoms, green algae and blue-green algae being the most diverse
algal groups with 8, 8 and 7 taxa present respectively. Total numbers of potentially toxigenic
cyanobacteria (PTOX Cyano) were 69 cells/mL, accounting for 3.6% of total cell numbers.
PTOX Cyano species in the sample included Anabaena sp. and Aphanizomenon cf. flos-aquae.

Sample 3: RLCL-3

Total cell count in the RLCL-3 sample collected on 10/23/08 was 1,544 cells/mL. Diatoms
(Bacillariophyta; 702 cells/mL) and blue-green algae (Cyanobacteria; 469 cells/mL) were the
dominant algae in the sample accounting for 45.5% and 30.4% of total cell numbers respectively.
Other algal groups in the sample included green algae (Chlorophyta; 55 cells/mL), golden-brown
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algae (Chrysophyta; 46 cells/mL), cryptophytes (Cryptophyta; 254 cells/mL) and unknown
unicells (Miscellaneous; 18 cells/mL). The most abundant species in the sample was a species of
small centric diatom (690 cells/ml). A total of 28 species were observed in the sample with
diatoms being the most diverse algal group with 11 taxa present. Total numbers of potentially
toxigenic cyanobacteria (PTOX Cyano) were 70 cells/mL, accounting for 4.5% of total cell
numbers. PTOX Cyano species in the sample included Aphanizomenon cf. flos-aquae and

Anabaena sp.
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