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Project Overview

The following document is our draft final report for work completed during the 22 month
Agreement No. 01-175-160-0 Revised; Lake Tahoe Water Quality Investigations by the U.C.
Davis-Tahoe Research Group (TRG).

The purpose of this coniract was to provide the TRG with supplemental operating funds to
continue their limnological/water quality studies of Lake Tahoe. Emphasis was placed on
monitoring related to atmospheric deposition of nutrients, phytoplankion enumeration and
identification, algal growth bioassays and periphyton biomass sampling.

The focus of this $150,000 per year effort was primarily to ensure the continued collection of
key water quality related data; this was primarily a data collection project. For the topics of algal
growth bioassays and phytoplankton enumeration and identification we provide a compiehensive
summary of the collected data, referring to the historic data base when appropriate. For
periphyton, we provide a more extensive evaluation as specified in the scope of work. The work
on atmospheric deposition of nutrients was intended as a data collection exercise — no attempt
was made in this report to summarize all the data.

These data, and the rich historical Tahoe data base as collected over the years by the TRG and
other groups is currently being used to support the Tahoe TMDL.. Atmospheric deposition data
is being analyzed for the Lake Tahoe Atmospheric Deposition Project (California Air Resources
Control Board); algal bioassay and phytoplankton enumeration data is being used in the Lake
Clarity Model (UCD), and the periphyton results are currently part of the Adaptive Management
Framework discussions. In addition to the direct use of this data in these environmental research
and planning efforts, it is also used to support scientific journal publications as needed. While
the scope of work called for analysis of zooplankton in addition to phytoplankton, cur effort was
placed on phytoplankton in order to provide data for the Lake Clarity Model. Samples for
zooplankton were collecied in the field, preserved, and archived for future analysis when
necessary. The number of phytoplankton samples analyzed exceeded the combined requirement
for phytoplankton and zooplankton.

The format of this report is arranged by work task. The Appendix includes each of the detailed
Quarterly Progress Reports.

Task % Completion
1 — Project Management 100
2 — Quality Assurance 100
3 - Algal Growth Bicassays 100
4 —Plankton Analysis 100
5 - Atmospheric Deposition of Nutrients 100
6 - Periphyton 100
7 - Reporting 100




Task 1. Project Management and Administration

Project management included, sampling coordination, sampling design, discussions with staff,
assist in data evaluation, interfacing with agency staff, and incorporation of data into other Tahoe
Basin research/monitoring projects (e.g. Clarity Model, TMDL Research Program, etc.). In
addition to this overall project coordination, each of the tasks required specific management.

Task 2. Project Quality Assurance

Standardized QA/QC practices for each component, as specified in the TRG QA/QC Manual
were followed (M. Janik, E. Byron, D, Hunter and J. Reuter. 1990. Lake Tahoe Interagency
Monitoring Program: Quality Assurance Manual, 2nd Edition. Division of Environmental
Studies, Univ. California, Davis. 75 p.). Appendix A contains the periphyton QAPP that was
developed for this coniract.



Task 3 — Algal Growth Bioassays

Introduction

Bioassays of Lake Tahoe water have linked nutrient additions to stimulated algal growth. Many
factors contribute to nutrient loading at Lake Tahoe, e.g. land disturbance, urbanization, increase
in impervious surfaces, erosion, atmospheric deposition, fertilizer application, groundwater, loss
of natural' filters such as wetlands and riparian corridors, etc. Current results from the optical
portion of the Lake Tahoe Clarity Model suggest that between 1999-2003, approximately 20-
30% of the measured Secchi depth could bee explained by algal particles. Therefore it is
important to control the growth these phytoplankton algae where possible by reducing nitrogen
and phosphorus loading.

The response of Lake Tahoe water to nitrogen and phosphorus enrichment has been tested using
algal bioassays since the 1960s. Goldman et al. (1993) presented a 25-year record of bioassays
conducted at Lake Tahoe showing that a decadal scale transition from N and P co-limitation to
primarily P limitation occurred around 1980. In this study, the authors examined the long-term
set of 110 bioassays (1967-1992) that tested response to either N or P additions alone, for the
presence of trends on the decadal scale. In earlier tests (1967-1981), stimulation of growth was
observed in about 45% of the N bioassays and also in about 25% of the P bioassays. In later
tests (1982-1992), P stimulation was observed more frequently (nearly 90% of the P bioassays),
while N stimulation was rare {occurring in 7% of the N bioassays).

Algal bicassays are experiments in which small amounts of nutrients or other chemicals are
added to algae under controlled conditions, with the change in growth directly measured. The
bioassays most commonly done at Tahoe since the 1960s have been (3-7) day in duration and
utilize the natural phytoplankton community. These assemblages, obtained directly from the
lake, are used since they are adapted to the nutrient supply conditions in the lake and include the
naturally diverse composition of algal species (which may also have differing nutritional needs).
Enrichment bicassays provide an indication of nutrient limitation. A nutrient is said to be
"limiting" when it is in shortest supply relative to phytoplankton needs and therefore its
abundance controls the growth of the organism. In extrapolation of the bioassay results o the
lake as a whole consideration must be given to the fact that these small-scale bioassays eliminate
many important nuirient fluxes and alter the physical, chemical and biological environment.
However, since (1) the euphotic zone of Lake Tahoe is not significantly influenced by nutrient
processing in the bottom sediments, (2) the residence time for nutrients can be on the order of
decades, and (3) top-down or biclogical processes do not appear to regulate algal biomass, the
results of these bioassays are considered to be highly relevant.

The long record of bioassays for Lake Tahoe, using a consistent method, has proved extremely
useful for evaluating long-term changes. When combined with lake chemistry data, and
information on atmospheric and watershed nutrient loading ratios, these simple enrichment
bioassays have provided valuable complementary evidence on the temporal dynamics of nufrient
limitation in the lake.



Monitoring Objectives

The objective of the funding for this task was to continue the performance of the algal bicassays
in a manner consistent with the historical approach. While it is our intent to do a 10-year update
of the Goldman et al. 1993 analysis of the entire data sef, that is not the purpose here. That, more
complete analysis will include all data since 1967,

Methodology Overview

In a typical bioassay, lake water is collected from the upper photic zone (0-20 m water was used
for these bioassays), pre-filtered through 80 um mesh netting to remove the larger zooplankton
and returned to the lab. The water is distributed among experimental flasks to which small
amounts of N (20 pg N/L) or P (10 pg P/L) or the combination of both are added. One set of
flasks is left as a "control" and all treatments are triplicated. The flasks are then placed in a
laboratory incubator under fluorescent lighting at ambient lake temperature and day length, and
growth response of phytoplankton is measured over a period ranging from 3-7 days. Relative
growth was assessed by measuring changes in algal biomass (i.e. fluorescence or chlorophyll a).
Treatments are "stimulatory” if the mean growth response exceeds the control at the p=0.05 level
of significance.

Summary of Results

The details and statistical evaluation of each of the individual bioassay are presented in Table 3.
In this summary we evaluate 16 separate bioassay experiments — six were conducted in 2002
(February, April, June, August, October and December, nine were conducted in 2003 (January,
February, April, May, June, July, August, October and December) and one was conducted in
2004 (January). At about 6-8 per year, this rate is much higher than used in the 1993 evaluation
(see Table 1).

Treatments during the 2002-early 2004 study included a control, N20 (same as N with a 20 yg/l.
final concentration), P2, P10, N20P2, and N20P10. This amounted to a total of 96 treatments
(including controls) for the 16 individual bivassay experiments,

While we are extremely hesitant (o compare the short 2002-03, 2-year data set with the much
longer 1982-1992, 11-year data set, the cursory comparison suggests that while the number of
instances of N (alone)-only stimulation stilf remains low, the refative number of dates when P
(alone)-stimulation may have dropped off (Table 2). We need to put this into context with the
1993-2001 data sct, but the instances of single nutrient biostimulation could be less than in
previous years. This observation is tempered by the fact that in all (100%])of the bioassay
experiments a combination of N+P was stimulatory reinforcing the fact that Lake Tahoe
phytoplankton is still nutrient deficient and that controls are important.



Table 1—Summary of long-term change in nutrient limitation in Lake Tahoe to a phosphorus
stimulated system (from Goldman et al. 1993) and the current 2002-early 2004 data. Values in
parentheses indicate percent of bioassays for period that were stimulatory. We refer to this as the
2002-03 since only January of 2004 was run at the time this report was written. Note that data
for the entire 35-year period of record (including 1993-2001) will be published separately. It
was not part of this coniract.

Not Stimulatory Stimulatory Total
NQ; bicassays
1967-81 16 12 (43%) 28
1982-92 29 2 (6%) 3t
2002-03 12 37 (19%) 16
PO bivassays
1967-81 14 5{26%) 19
1982-92 4 28 (87%) 32
2002-03 8 8 (50%) 16

® A fourth sample (12/3/03 bioassay) barely showed N-stimulation (107% of control) and was exciuded. Due
to the small difference from control and uncertainty about whether to include an anomalously high P replicate in
the statistics, we chose not to include this marginal value here.

P limitation was more prevalent during the winter during this period of study (with the exception
of 12/3/03). The winter period in the lake is characterized by an absence of strong thermal
stratification and active mixing upward of deeper lake water. During the summer period of
2002, N and P appeared to be co-limiting, while during summer of 2003, N alone was limiting
with the combination of N-+-P causing even greater growth. In previous summer bicassays, co-
limitation or P limitation has been observed. Summer nutrient responses may be more dynamic
than winter (when P Hmitation appears to be prevalent) and are likely related to particular
conditions associated with each summer’s thermal stratification in the lake., The intended
updated analysis of all long-tesm bioassay data will be useful to further determine patterns of
nutrient limitation as related to physical, biological and chemical conditions in the Jake.



Table 2 - Summary of N and P bicassay treatment responses as % of control done in (a) 2002,
(b) 2003, and (c) 2004. Treatment responses statistically significantly different from the control
at the p<.05 level are indicated with borders and shading.

(a) 2002 Bioassays

207102 4/1/02 6/12/02 8/30/02 10/28/02 12/30/02
Control | 100 100 100 100 100 100
N20 104 97 101 101 93 101
P2 154 - . 108 - 1167
Pi0 133 157 I 104 100 113 i 110
N20P2 |1 139 - - %-157 IR B B LR
N20P10 | 138 178 . 1800 - 23] 238 116
(b) 2003 Bioassays

1/30/03 2/26/03 4/8/03 5/21/03 6/16/03 70/03 ] 829/03 | 1020/03 | 12/3/03
Conuol | 100 100 100 100 100 100 100 100 100
N20 10} 98 102 138 116 141 129 101 107
P2 112 129 168 - | 101 99 100 100 100 98
PLO 114 134 181 98 104 106 105 106 104
N20P2  F 141 136 178 . J[253 7 248 1221 0 196 187 o 4
N20P1O | 159 147 190 =} -264 207 - oW 317t 1280 334 142

{c) 2004 Bioassays

1/5/04
Control 100
N20 100
P2 133
P10 135
N20P2 132
N20PI10 || 134

Table 3 - Presentation of details of resulis from individual algal growth bioassay experiments.

Results of bioassay using 2,5,8,11,14,17,20m lake water collected 6/12/02.

Treatment Day 6 Mean Std. n | Day 6 Mean Statistically

Fluorescence | Dev Fluorescence as | Signif. (p=<.05)
% of Control Response ="

Control 12.9 0.5 S

N(20) 13.0 0.3 3 10] )

P(10) 13.4 0.2 3 104

NEOP(10} 23.2 1.3 3 180 *

Fe(5)Citrate 12.4 0.7 3 197




Results of bioassay using 2,5,8,11,14,17,20m lake water collected 8/30/02.

Treatment Day 6 Mean Std. n | Day 6 Mean Statistically

Fluorescence | Dev. Fluorescence as | Signif. (p<.05)
% of Control Response ="*"

Control 10.0 0.1 3

N(20) 10.1 1.0 3 4101

P(2) 10.8 1.0 3 1108

P(10) 10.0 0.4 3 1100

Fe(5)Citrate 7.7 0.5 3 177 *

N2OYP(2) 15.7 1.3 3 1157 *

N(20)P(10) 23.1 1.0 3 231 *

NQEOYP(10)Fe(5)Cit. | 38.0 2.9 3 1380 *

Results of bioassay using 2,5,8,11,14,17,20m lake water collected 10/28/02.

Treatment Day 6 Mean Std. n | Day 6 Mean Statistically

Fluorescence | Dev. Fluorescence as | Signif. (p<.05)
% of Control Response =*“*”

Control 8.8 0.4 3

N(20) 8.2 0.7 3 193

P(10) 9.9 0.9 3 | 113 *

Fe(5)Citrate 8.3 0.3 3 1%

NQ20O)P(2) 13.3 0.1 3 1151 *

NQOP(10) 20.9 0.4 3 238 *

Results of bicassay using 2,5,8,11,14,17,20m lake water collected 12/30/02,

Treatment Day 6 Mean Std. n | Day 6 Mean Statistically
Fluorescence | Dev. Fluorescence as | Signif, (p=.05)
% of Control Response =%
Conirol 0,270 0.003 3
N(20) 0.274 0.002 301101
P(2) 0.312 0.011 3 1116 *
P(10) 0.298 0.007 3 110 *
N2OP2) 0,319 0.008 3 118 *
N{EZOP(10) (0.312 0.007 3 1116 *




Results of bicassay using 2,5,8,11,14,17,20m lake water collected 1/30/03.

Treatment Day 6 Mean | Std. n | Day 6 Mean Statistically
Fluorescence | Dev. Fluorescence as | Signif. (p<.05)
% of Control Response =“*"
Control 0.456 0.024 3
N(20) 0.461 0.008 3 | 101
P(2) 0.512 0.011 3 112 *
P(10) 0.521 0.014 3 (114 *
N2O)P(2) 0.642 0.011 3 | 141 *
N{20)P(10) 0.726 0.011 3 1159 *
Results of bioassay using 2,5,8,11,14,17,20m lake water collected 2/26/03.
Treatment Day 6 Mean | Std. n | Day 6 Mean Statisticaily
Fluorescence | Dev. Fluorescence as | Signif. (p<.05)
% of Control Response =*"
Control 0.387 0.010 3
N(20) 0.378 0.003 3 |98
P(2) 0.498 0.010 3 1129 *
P(10) 0.519 0.024 3 134 *
NE2OYP(2) 0.528 0.014 3 136 *
NR2OP(10) 0.569 0.014 3 | 147 #
Results of bioassay using 2,5,8,11,14,17.20m lake water collected 4/8/03.
Treatment Day 6 Mean Std. n | Day 6 Mean Statistically
Fluorescence | Dev. Fluorescence as | Signif. (p<.05)
% of Control Response =“*"
Control 0.329 0.007 3
N(20) 0.335 0.006 3 1102
P(2) 0.552 0.020 3 (168 *
P(10) 0.595 0.023 3 1181 i
N20)P(2) 0.584 0.013 3 1178 *
NQROYP(10) 0.624 0.032 3 1190 *




Results of bicassay using 2,5,8,11,14,17,20m lake water collected 5/21/03.

Treatment Day 6 Mean | Std. n | Day 6 Mean Statistically

Fluorescence | Dev., Fluorescence as | Signif. (p=<.05)
% of Control Response =**"

Control 0.414 0.007 3

N(20) 0.571 0.011 3 138 *

P(2) 0.417 0.015 3 101

P(10) 0.408 0.032 3 198

N2O)P(2) 1.049 0.070 3 1253 *

N20)P(10) 1.095 0.064 2 | 264 *

Note, the N{20)P(10) treatment had one replicate which was unusually high on the final day, i.e. fluorescence values
for this treatment were 1.14, 1.05, and 1.52. The high value of 1.52 was not used in the ANOVA or mean. If this

value is included in the ANOVA, the N(20) response (138%) then is not be statistically different from the control.

Results of bicassay using 2,5,8,11,14,17,20m lake water coliected 6/16/03.

Treatment Day 6 Mean | Std. n | Day 6 Mean Statistically
Fluorescence | Dev. Fluorescence as | Signifl. (p=<.05)
% of Control Response =“*
Control 0.343 0.021 3
N(20) 0.397 0.017 3 116
P(2) 0.34] 0.018 3 199
P(10) 0.358 0.014 3 104
N(20)P(2) 0.851 0.041 3 1248 *
N2OP(10) 1.018 0.062 3 1297 #
Results of bioassay using 2,5,8,11,14,17,20m lake water collected 7/10/03.
Treatment Day 6 Mean Std. n | Day 6 Mean Statistically
Fluorescence | Dev. Fluorescence as | Signif. (p<.05)
% of Control Response =**7
Control 0.235 0.015 3
N(20) 0.331 0.013 3 141 *
P(2) 0.235 0.011 3 100
P(10) 0.249 0.007 3 106
NEOP(2) 0.519 0.023 300|221 *
INE20)P(10) 0.747 0.047 3 317 *




Results of bioassay using 2,5,8,11,14,17,20m lake water collected 8/29/03.

Treatment Day 6 Mean | Std. n | Day 6 Mean Statistically

Fluorescence | Dev. Fluorescence as | Signif. (p=<.05)
% of Control Response =“*"

Control 0.317 0.026 3

N(20) 0.408 0.002 3 1129 *

P(2) 0.317 0.016 3 1100

P(10) 0.334 0.016 3 1105

NCEOHPQ2) 0.621 0.012 3 196 *

NEKOHP(10) 0.886 0.009 2 280 *

Results of bioassay using 2,5,8,11,14,17,20m lake water collected 10/20/03.

Treatment Day 6 Mean Std. n | Day 6 Mean Statistically

Fluorescence | Dev. Fluorescence as | Signif. (p=<.05)
% of Control Responge =“*"

Control 0.216 0.022 3

N(20} 0.218 0.007 3 101

P(2) 0.217 0.017 3 100

P(10) 0.228 0.012 3 1106

NQ20O)P(2) 0.404 0.010 3 | 187 *

N2OYP(10) 0.721 0.039 3 1334 *

Results of bioassay using 2,5,8,11,14,17,20m lake water collected 12/3/03.

Treatment Day 6 Mean std. n | Day 6 Mean Statistically
Fluorescence | Dev. Fluorescence as | Signif. (p=.05)
% of Control Response =*”
Control 0382 0.015 3
N(20) 0,408 0.018 31107 * >seenote
P2 0.376 0.003 3 ;98
P(10) 0.396 0.006 3 | 104
N(20)P(2) 0.474 0.010 301124 *
NEROP(10) 0.543 0.006 2 142 *

Note- An anomalous high value for P10 treatment was excluded in the statistical analysis (ANOVA) fo determine
statistica) difference from the control in the above. If the anomalous high value (0.508) for the P10 treatment is
included the ANOVA, the P10 fluorescence mean then becomes 0.433, Std. Dev. 0.065 and % of Control 113%.
Only the N20P2 and N20P10 treatment responses are significantly different from the contrel if the anomalous value
is included in the ANOVA,



Results of bioassay using 2,5,8,11,14,17,20m lake water collected 1/5/04.

Treatment Day 6 Mean Std. n | Day 6 Mean Statistically

Fluorescence | Dev. Fluorescence as | Signif. (p<.05)
% of Control Response =“*"

Control 0.398 0.004 3

N(20) 0.399 0.013 3 1100

P(2) 0.528 0.012 3 {133 *

P(10) 0.536 0.022 3 135 *

NE2OP(2) 0.524 0.007 30132 *

N(20)P(10) 0.535 0.010 3 | 134 *




Task 4 - Phytoplankton Community Analysis

Phytoplankton hold a key position in lake biology. As primary producers they are the first step
in a tiered food web. For oligotrophic Lake Tahoe, the relatively sparse phytoplankton
abundance has a large impact on the success of higher trophic levels. Algal health, distribution,
and abundance are indicators of changes throughout the system, both physical and biological.
This report summarizes the performance of the phytoplankton communities for two years, 2002-
2003.

Methods

Phytoplankton samples were collected from the [ndex station once every ten days for two years.
On each sampling date two composite samples were collected. The first was called the Secchi
composite which was comprised of water from the Secchi depth to the surface, usually depths
shaliower than 20M. The second composite was the euphotic zone composite which included
water from depths 105M to the surface. Once a month six additional samples were collected
from the discrete depths of 5, 20, 40, 60, 75, 90M. All water was preserved with an 1odine
preservative. Samples were counted within 2 months of sampling.

The samples were counted using the inverted-microscope method (Utermahl method) which was
introduced in the early 1930’s. Sedimentation towers were combined with plate chambers.
Generally 100 ml of sample water was poured into the sedimentation tower and the
phytoplankton was alfowed to settle for 7 days. The sedimentation tower was then slid off of the
counting chamber. The chamber was covered with a glass cover plate. The chambers were
counted on a Wild M40 phase contrast compound microscope.

The microscope stage stops were set at 1 cm. Generally the entire Iem?2 of area was viewed with
low magnification (150X). The largest and most rare cells were counted. Higher magnification
(600X) was used to view chamber transeets (strips). Particles <lum could be viewed, however,
only identifiable cells 4um or larger were counted. Living cells were counted and identified to
the most specific level of taxonomy that was possible. Counts were recorded onto paper, along
with drawings, measurements and photographs. The information was later entered into a SQL,
database management program.

Year 2002 (see Figure 1)

The vear began with a relatively high phytoplankton biovolume. Both diatoms and cryptophytes
shared dominance equally in a well-mixed euphotic zone. The spring diatom peak cccwrred in
February and was less distinct than in previous years. The pennate diatom Synedra radians and
the centric diatom Cyclotella ocellata shared dominance. The diatoms were found at all depths
in the euphotic zone. The ensuing diatom crash (late April) was also less dramatic than in
previous years While the diatom populations decreased, their collective biovolume never fell
below 20 pg/l.. With possibly an infusion of nutrients, it is easy to see that diatom populations
recovered rapidly from this low. By carly May the diatom biovolume rivaled numbers seen
during the earlier diatom peak. However, the diatom community had fransitioned with
Asterionella formosa and Stephanodiscus alpina sharing dominance at all the euphotic depths.



This second diatom peak was different because of a shared dominance with cryptophytes and
chrysophytes. Numerically, the chrysophytes were the most abundant.

The combined biovolume of all phytoplankton in early June (116 ug/L) was the 2002 biovolume
peak.

The lake started to thermally stratify in May. The phytoplankton communities divided into
niches where the conditions best favored their continued growth. The deep chlorophyll
maximum began to form in early May and was stable by June. Most of the phytoplankton
biomass was located in deeper water. The same communities that formed the May peak in the
surface waters could now be found in waters 60M and below (Cryptophytes, Asterionella
Jormosa, Stephanodiscus alpina and Synedra radians). The upper waters (<20M) were
populated with Chrysophytes and the small centric diatom Cyclotella glomerata. As the summer
progressed, Cyclotella glomerata attained remarkably high abundance.

The overall phytoplankton biovolume for the summer was unusually strong and consistent. It
was not until mid-August that populations began to diminish. Diatoms were dominant
throughout the summer and early fall but other phytoplankton groups contributed significantly to
the biovolume fotal.

One additional observation that might have had some impact on the visibility in surface waters
was the presence of identifiable algal detritus. The chrysophyte, Dinobryon bavaricum, was
found living throughout the water column in high numbers in May and June. The cell itseif is a
flagellate housed inside a siliceous structure called a lorica. The overall contribution of
Dinobryon sp. to the biovolume in May and June was slight since the flagellates were so small.
However, 11 should be noted that the lorica structures remained i the water column for most of
the summer, These structures were not counted because the cells were not “alive”.
Nevertheless, the loricas were numerous and distinctive particulates in the samples.

The autumn phytoplankton community was transitional. The physical processes of thermocline
breakdown and mixing controlled assemblage changes. The October samples reflect a stratified
water column. As in the summer, the biovolume was less in the surface waters and greater in the
deep chlorophyll maximum. Evidence of mixing in the surface waters could be seen in carly
November, The mixing continued and by December the assemblage composition and species
richness were identical throughout the euphotic zone.
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The total phytoplankton biovolume began to decline in September and that trend continued
through October and November, with the lowest biovolume of the year in early December. The
phytoplankion communities appeared to be in poor health, dying. The community composition
did not change. The physical conditions of the water were not advantageous to new growth and
no one algal species was dominant. In December, the phytoplankton assemblage took a more
defined direction and Cryptomonads were clearly dominant,

The species richness (number of species identified) remained high even though the biovolume
decreased. One exception was the euphotic composite (0-105M), sampled on December 30,
2002, which had a total of only 13 identified species {annual low). However, the Secchi
composite (0 ~ 20M) sampled on that same day, by contrast, had 36 species (annual high).

A notable observation was that samples had an unusually high amount of detrital particulates,
both large and small. Empty diatom frustules and Dinobryon sp. loricas littered the counting
chambers.

Year 2003 (see Figure 2)

The phytoplankton community from December — February was in a winter-time mode typified
by low biovolume and high diversity, Turbulent waters and higher nutrient availability were
favorable to many phytoplankton but the low light conditions limited growth. The
phytoplankton biovolume remained low until the middle of February 2003. Gradually
phytoplankton communities started to grow with diatoms and small flagellated chrysophytes
leading the way.

Most planktonic growth and biovolume was found in the surface waters (<20M) for December
and January. Beginning in February, the phytoplankton biovolume seemed to be higher in the
deep water but it was not a strong trend. The water column was nearly isothermal so seasonal
storms could have easily disrupted any trend in distribution.

The phytoplankton community was quite interesting during the winter months. While the overall
biovolume was low and somewhat insignificant when compared to other times of the annual
cycle, it was the equality of shared dominance that was remarkable. Cryptomoenads
(Rhodomonas lacustris ) and heavier planktonie diatoms were found in the surface waters where
growth conditions were favorable. Typically this is the only time of year that these
phytoplankion types are found in shallow waters. In January and February, the diatoms
Cyclotella ocellata and Achnanthes microcephala were growing in abundance. Also, small
flagellates (chrysophytes) grew to rather high numbers, Most of the communities were healthy
and viable. The samples had detrital particulates but were generally clearer than at other times of
the year.

As seen in 2002, the diatom peaks were bimodal. The first peak, seen in late February, was only
33 pg/lL diatom biovelume. The dominant diatom was the centric Cyclotella ocellata.
Thereafter, the diatom abundance and biovolume decreased until a second peak in early May.
The second peak was more substantial, with diatom biovolume reaching 46 pg/l. (53% of the
total community). Both Cyelotella ocellaia and Cyclotella stelligera were dominant during this
peak period. Indeed, the spring phytoplankton assemblage was marked by its unusual shared



dominance between algal groups. Chrysophytes, in particular, were abundant (~20% of total
sample biovolume). The annual biovolume peak was seen in early May with 90ug/l.. The
phytoplankton biovolume was evenly distributed throughout the euphotic depths. The species
richness remained consistent, with an average of 29 species per sample.

Stratified waters were well established by June. Waters shallower than 20M had lower algal
biovolume and species richness. The chlorophyll maximum was located at 40-60M in the early
summet.

The summer phytoplankton community was marked by lower than usual biovolume (73 pg/L,
June to 35ug/lL August). Similar to previous summer assemblages, the diatoms accounted for
greater than 50% of the community, in terms of biovolume and abundance. Secondary
dominance was shared between Cryptophytes (small flagellates) and Chlorophytes (greens).

The summer diatoms were dominated by two species of Cyclotella. Cyclotella stelligera and
Cyclotella glomerata had the abilily to survive in warm, light saturated, nutrient-deficient surface
water conditions. They were the dominant species in the upper 20m throughout the summer. In
July one pennate, Achnanthes microcephala, became numerically important at the mid-range
depths. The highest abundance and biovolume of algae was at 60M. Once again, Cyclotella
ocellata was the biovolume dominant. By August the diatom biovolume had decreased. The
highest abundance was at 75M and the highest diatom biovolume was at 90M. These numbers
reflected a community that was sinking out of the euphotic zone. The average species richness
during the summer months was 31 species per sample.

In the autumn of 2003 total phytoplankton biovolume was fairly constant (40 pg/L). This was
similar to biovolume totals seen in 2002, Biovolume began to drop off significantly by early
November (21 pg/L). The phytoplankton community was not dominated by any one group of
phytoplankton. Similar to the autumn of 2002, the biovolume was fow, with high diversity. The
species richness was 41 species per sample in tate September.

The phytoplankton vertical distribution in September looked identical (o the distribution from
summer, Cyclotella sp. continued their dominance in the surface waters. In early October there
was evidence of mixing in the surface with the decrease in Cyclofellu sp. and the appearance of
Rhodomonas lacustris, a species that resides in the deep chlorophyll maximum during the
summer. Cyelofella sp. continued as the diatom dominant throughout the autumn,

The November and December samples had a higher than normal detritus content. The particles
were definitely organic but the source could not be identified. Most of the particles were in the
Secchi region but could be found throughout the upper 100M.,

The quantity of particles was alarming, affecting the volume of phytoplankton sample that was
settled.

Summary

The phytoplankton average biovolume for 2002 (64 pg/l) was the highest value since 1995. The
phytoplankton average biovolume for 2003 was less (46 pg/L), more like the years just prior to
2002.



The phytoplankton communities were quite variable from one year to the next. These two years
(2002 & 2003) were good examples. There was a loose pattern of phytoplankton progression
throughout the year. However, it seemed to be driven mostly by seasonal climate changes and
physical/chemical characteristics of the water column. Every spring there was a diatom bloom.
However, the timing of the bloom, the magnitude, and most importantly, the diatom species that
dominated, was not predictable.

The bimodal diatom peaks seen in both 2002 and 2003 were atypical to the annual patterns seen
in previous years. Usually there is only one diatom peak in the spring. At that time, diatoms
comprise over 60% of the total phytoplankton assemblage in March and April. However, in both
2002 and 2003 the first diatom bloom was seen early, in February, followed by low diatom
biovolume in March and April. The second peak was seen in May extending into July. The
diatoms, while dominant, were not the only algal groups contributing to these second biovolume
peaks, The diatoms accounted for only 50% of the total phytoplankton assemblage.

Diatoms were the dominant algae in Lake Tahoe but their relative importance, as measured by
their standing stock, was diminishing. In 2002 the phytoplankton dominance was shared
between three groups: diatoms, cryptomonads, and chrysophytes. In 2003, once again, the
diatoms shared dominance. The chrysophytes, however, did not perform as well as previous
years. Instead, the chlorophytes, for the first time, were relatively competitive in terms of
biovolume and abundance.

The species richness (# species/sample) was used as a qualitative index of diversity. Over the
past decade in Lake Tahoe this index number has gradually increased. In 2002 there was an
average of 29 species per sample and in 2003 there was an average of 32 species per sample.
The increased diversity could be a function of niche diversification.

The high species richness seen in 2003 was a direct result of the strong performance 1n green
algae (chlorophytes). As a group, the greens had their best performance of any year. The green
algae ranged from 15-23% of the total biovolume. Compare this to 2002, where the greens
ranged from 4-15%. Changes in this group of phytoplankton may have the strongest long-term
implications for the trophic level of Lake Tahoe. In most instances, green algae are considered
indicators which reflect increased eutrophication.

Phytoplankton are important in many ways to the current research. Phytoplankton, being
particulates, affect water clarity. Phytoplankton, as plants, reflect the system’s productivity.
Phytoplankton, viewed only from the context of community complexity, are indicators of trophic
changes in Lake Tahoe.



Task 5. Atmospheric Deposition of Nitrogen and Phosphorus

Summary

The historical TRG data shows that atmospheric deposition of nitrogen, and to a lesser extent
phosphorus is an important source of nutrients to the lake. The TRG has estimated that
atmospheric deposition contributes about 234 metric tons of nitrogen and 12.4 metric tons of
total phosphorus to the lake per year. This amounts to about 56% of the total nitrogen input and
27% of the total phosphorus input info the lake during a year. Increased deposition of nitrogen
from anthropogenic sources was concluded by the TRG to be the cause of a fundamental shift in
nutrient limitation in Lake Tahoe from N and P co-limitation to primarily P limitation.
Monitoring of atmospheric deposition is crucial to understanding it’s role in degradation of the
lake and for use in watershed management.

The TRG has maintained an atmospheric deposition monitoring program with sites both in the
watershed and on the lake surface for an extended period. Two stations have been monitored in
Ward Valley, one at about 2200 m in the North Bowl of Ward has been in operation since the
carly 1970°s, and the other station near the mouth of Ward Creek has been in operation since the
early 1980°s. Other stations have also been monitored by the TRG around the lake including
stations in the watershed at: South Shore (Meyers or Bijou), the east shore (Glenbrook), the north
shore (Incline Village or Tahoe Visia). A monitoring program to determine atmospheric
deposition directly to the lake was begun in the 1980°s and has continued through to the present.
Atmospheric deposition collectors have been placed out on lake buoys with a primary
monitoring station established at mid-lake. Additional atmospheric monitoring stations have
been placed on the lake at various locations through time. Information collected from all these
stations has proved valuable in assessing the importance of atmospheric loading of nutrients to
the lake. It has also provided a historical record of precipitation amounts and water quality in the
Ward Valley watershed. This data may be may also be valuable for providing information on
past and current trends in atmospheric deposition.

The funding provided for Task 5 monitoring was to allow for atmospheric monitoring at 3
primary stations: the Upper Ward Valley station, the lower Ward Lake Level station, and the
Mid-lake station. Thirly samples per year were to be collected at each site for this two-year
study. Due to the importance of atmospheric deposition data collected from the lake surface we
also monitored deposition at two additional sites between the mid-fake station and the west and
northwest shores. The total number of samples actually collected in Task 5 (3006) greatly
exceeded the 180 proposed in the original plan. The high number was partly a result of
monitoring these additional sites, but also a result of both Wet and Dry deposition being
monitored at the Ward Lake Level station, as well as both Snow Tube and Dry-Bulk deposition
being monifored at the Mid-lake station. Due to concurrent studies also being done on
atmospheric sources of nutrients by the California Air Resources Board (CARB) we felt it
particularly important to provide as much available information on deposition as possible during
this period. The original Task 5 plan also called for analysis of ammonium (NH4-N), nitrate
(NO3-N), soluble reactive phosphorus (SRP), total Kjeldahl nitrogen (TKN), and totai
phosphorus (TP). In addition we also analyzed all samples for total dissoived phosphorus (D)
and pH was analyzed in wet precipitation and lake buoy Dry-bulk samples.



Stations and Methods

Upper Ward Valley Bench Station

This station is located in the north bowl of Ward Valley at 2200m elevation. It consists of a
NovaLynx electrically-heated 8 inch tipping bucket rain/snow gage (TBG) located on a tower
approximately 5 meters above an open meadow. The TBG top lies at the center of an alter-type
wind screen. A datalogger connected to the TBG is used to record each 0.01 inch of
precipitation. The TBG was modified so that precipitation could also be caught for measurement.
This station also has a Snow Tube (ST) affixed to one pole of the tower. The Snow Tube
consists of an approximately 4 1/2 foot length of 8 inch diameter PVC pipe, with a 8 inch
diameter cap, and clean plastic liner bag is inserted to allow collection of precipitation. The ST
orifice is at the same height as the TBG, but lies outside the alter-type wind screen.

Samples were usually collected from this station on an event-basis (i.e. after each storm).
However some samples collected, caught multiple events or consisted of dry deposition samples
into a dry Snow Tube after one or more weeks. Precipitation caught in the ST was usually used
for analysis. Occasionally water caught by the TBG was analyzed if the ST sample was not
available or was compromised.

Lower Ward Valley Lake Level Station

This station is located slightly south of the Ward Creeck mouth on an estate, approximately 75-
100 m back from the lake edge. It consists of a Noval.ynx electrically-heated 8 inch diameter
tipping bucket gage (TBG) located approximately 8 feet above the ground on a tower. The TBG
was modified so that precipitation could also be caught for measurement. A datalogger
connected to the TBG records each 0.01 inch of precipitation. This station also has an Aerochem
Metrics model 301 wet/dry deposition sampler. This sampler contains two deposition collection
buckets and moveable lid, which automatically covers one, or the other buckets depending on
whether precipitation is detected by a sensor. A 3 % gallon standard HDPE plastic bucket is
used in the Wet-side of the sampler. This “Wet bucket” is covered by the lid during dry periods
and exposed when wet precipitation is detected during a storm event. The Dry-side contains a
modified HDPE bucket with reduced side-wall height, filled with 4 liters of deionized water,
(and contains a heater in winter), This “Dry-bucket” is exposed during dry periods and covered
by the lid when precipitation is detected. Wet samples are collected from this station also on an
event basis, or as wet buckets fill with snow. Dry samples are collected about every 7-10 days
and are usually coordinated with lake buoy Dry-Bulk sample collection.

Mid-lake Buoy Station

This station is located in the northern middle portion of the lake. The station was located on a
large anchored PVC spar buoy in earlier studies. During the current study the station was
located first on a large plastic raft (TR-2) (coordinates 39 09.290 N and120° 00,020 W) and later
on a large buoy (TB-1) slightly further north (coordinates 39° 09.180 N and 120° 00.020 W)).
The collector consists of a HDPE plastic bucket similar to the Aerochem Metrics modified dry
collector. It is filled with 4 liters of deionized water when placed out. However, the bucket also
contains plastic baffles to dampen splash from the bucket. Unlike the Dry bucket, this collector



collects both wet and dry deposition and therefore is called a Dry-Bulk collector. The station
also contains a Snow Tube for collection of wet precipitation and a small basic rain gage for
verification of precipitation amounts. Sample collection from this station is done as much as
possible on a regular basis (7-10 days if possible), however, lake conditions and weather govern
frequency to a large extent. The raft/buoy also has a variety of scientific instrumentation for
NASA’s studies on the lake in addition to the atmospheric deposition collectors.

Intermediate (TR-3) Station

This station {coordinates 39° 08.283 N and 120° 04.833W) was located southwest of the mid-
lake station, between the Mid-lake buoy and the lower Ward Valley station. This station similar
to the Mid-lake station had been supported on a large spar buoy in past studies (previously called
the Intermediate Buoy), but was located on a large plastic raft (TR-3) in the current study. The
station contained a Dry-Bulk sampler similar to that used on the Mid-lake station. Samples were
collected on the same frequency as the Mid-lake samples. During the study the location of this
raft was shifted further south by NASA /TRG to site TB-3. Sampling at this site was
discontinued and shifted to a buoy further north (TB-4).

Northwest Lake (TB-4) Station

Station TB-4 (coordinates 39° 09.300 N and 120° 04.330 W) was located between the mid-lake
(T1-1) station and Tahoe City. This was desirable since it provided a second collection site to
compare with Mid-lake data. Also, since the California Air Resources Board (CARB)
maintained an air monitoring station at the TRG lab near Tahoe City, information from this site
between mid-lake and Tahoe City was hoped to provide additional useful information. The
station contained a Dry-Bulk sampler similar to that used on the Mid-lake station. Samples were
collected on the same frequency as the Mid-lake samples. The station was supporied on a large
buoy (TB-4). The buoy has a variety of scientific instrumentation for NASA’s studies on the
lake in addition to the atmospheric deposition collectors. (Note for more detailed methods at the
different stations see the TRG’s Standard Operating Procedures for precipitation monitoring).

The data from this monitoring provides important information on nuirient leading from
atmospheric deposition in the watershed and onto the lake surface. This data also provides
information on precipitation water quality in the basin and amounts. We soon hope to complete
a thorough analysis of this data together with the historical TRG atmospheric deposition data as
part of LTIMP related work. The following provides a brief overview of the data collected
during the current study period and results.

Tables 1-6 present a summary of samples collected and analyses completed for the atmospheric
deposition task, from 5/1/02 through 2/10/04. A total of 306 precipitation samples were
collected: 56 Snow Tube or Tipping Bucket Gage Bulk samples were collected from the Upper
Ward Valley Bench station; 126 samples were collected from the Ward Lake Level Station (56
Wet + 70 Dry deposition samples); 78 samples were collected from the Mid-lake station (27



Snow Tube -+ 51 Dry-Bulk samples); 12 Dry-Bulk samples from station TR3; and 34 Dry-Bulk
samples were collected from the Northwest Buoy (TB-4).
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The data show a range of amounts and concentrations for Wet and Wet/Bulk precipitation at the
three stations at which wet precipitation was collected (Upper Ward, Lower Ward, and Mid-lake.
(Note only the lower Ward site collects strictly Wet

precipitation separate from Dry. The other two sites collect precipitation predominantly in Snow
Tubes, which also can collect some Dry deposition and are considered Wet/Bulk samples. Table
7 presents a very basic summary of sample means and medians for all wet or wet/bulk
precipitation samples and includes amount, pH and N and P concentrations. Note, Mid-lake data
from sites TR-2, TB-1 was considered together.

Three general observations may be made based on this data. First, the mean and median amount
of precipitation associated with each sample collected decreases progressively from the Upper
Ward station, to the Lower Ward to Mid-lake. This is a reflection of the trend that greater
amounts of precipitation occur at the Upper Ward station and amounts decline as one moves
down slope and to the east in Ward Valley. Very little precipitation occurs at the middle of the
lake. To the extent that samples represent individual events, the precipitation amounts associated
with samples reflect this general trend in precipitation. Second, mean and median pH (pH = 4.67
and 4.77 respectively) in the Mid-lake samples is typically much lower than in Upper Ward (pH
= 5,03 and 5.09 respectively) or Lower Ward (pH = 5.12 and 5.10 respectively) precipitation.
Third, the mean and median concentrations of NO3-N or NH4-N are typically much higher in the
precipitation at mid-lake than at the two sites in Ward. This is significant because although only
small amounts of precipitation occur here, the increased concentrations of NO3-N and NH4-N in
precipitation can mean wet precipitation in addition to dry deposition can be a significant source
of N loading. P is only slightly more concentrated in mid-lake precipitation when compared to
Ward Valley precipitation. Therefore, P in wet precipitation may not be as significant a source
of loading when the overall amount of precipitation is considered. The relative loading of N and
P at the various sites is discussed later in the summary.



Table 7. Mean and median values for amount, pH, N and P concentration for individual samples
of (Wet or Wet/Bulk) precipitation collected during the study period (May 2002- Feb. 2004).
Note - “amount” was the amount of precipitation represented by individual samples. Since there
are some gaps in the data record, these data are presented to show general trends at stations, but
should not be used to calculate final loads.

Amount pH NO3-N NH4-N TKN SRP np Y
Sample Means {in} (ug/h) ug/l (wey (g ey (upl)
Upper Ward ST or TBG (Wet/Buik} 2.08 5.03 234 198 730 15 35 26
Lower Ward {Wet) 1.G4 512 142 103 228 7 8 22
Mid-Lake ST (Wet/Buik) 022 4.67 969 541 705 20 39 54
Sample Medians
Upper Ward ST or TBG (Wet/Buli) 1.26 509 84 82 181 2 7 T
Lower Ward (Wet) 0.63 510 55 39 120 2 4 6
Mid-Lake ST (Wet/Buik) 0.15 477 655 432 663 6 19 20
Sample Number (i)
Upper Ward 8T or TBG (Wet/Bulk) 52 37 50 49 25 48 43 37
Lower Ward (Wet) 62 1 52 53 33 48 45 44

Mid-Lake ST (Wet/Butk) 22 5 13 13 5 13 12 7



A primary objective of this monitoring was to estimate loads associated with atmospheric
deposition both in the watershed and on the lake. The data in Tables 1-6 were first looked at to
determine general trends for N and P loading in Dry or Dry-Bulk samples. The N or P load
(gram/ hectare) in each sample was divided by the number of days the sample collector sat out to
calculate a daily loading rate for each sample. The means and medians of these sample values
were then calculated. Table 8 presents the mean and median loading rates for Dry or Dry-Bulk
deposition collected during the study period.

Table 8. Preliminary estimates of daily loading rates for Dry or Dry-Bulk deposition at the
monitoring stations during the study period (May 2002- Feb. 2004). The load for each individual
sample was divided by the number of days the sample collector sat out to calculate the daily
loading rate for each sample. The means and medians for all individual sample values for a site
were then calculated.

NO3 NH4 TKN SRP DP P
g/ha/day gl/ha/day g/ha/day glhalday gl/ha/day gtha/day
Sample Means
Lower Ward (Dry) 102 9% 074 [\ 12601208 022 2o 049,577 122 W.\9
" TR-3 (Dry-Bulk) 381 2.91 3.8 0.07 0.09 0.38 i i %
TB-4 (Dry-Bulk) 4 74 367306 795557 006 . 012 +17T 047 , A
Mid-Lake (Dry-Bulk) 424 30! 343 2.2 749 £.%\ 007 .\ 015 .22 0.43 ‘ . b ‘;\,"
Sample Medians ;
Lower Ward (Dry) 0.82 .G 0.62 ! 7.14 % 0.11:15% 0.29 \\ 0.66 \% ¢
TR-3 (Dry-Bulk) 3.04 272 4.01 0.07 0.09 0.31
TB-4 (Dry-Bulk) 32 2.M% 226 733 Vi, 004 0.1 1 0.22
Mid-Lake (Dry-Bulk) 322 91 2.4 492 .25 005 , 0.14 ¥ 028 29 o+
Sample Number (n)
Lower Ward (Dry) 66 1 65 54 67 62 il 63 -
TR-3 (Dry-Bulk) 12 12 1 12 12 12
TB-4 (Dry-Bulk) 33 33 21 28 ¢ 32 l 29 G
Mid-Lake (Dry-Bulk) 50 (5 50 (2 40 ¢ 51 ¢, 46 L. 48 (=5

Three general observations were made based on this data. First, these data show that loading
rates based on means or medians of individual sample values are generally similar for the three
lake stations monitored. This was a valuable finding since it suggests deposition occurring at
Mid-lake is also similarly occurring further to the west over the lake. In other words generally
similar Dry-Bulk deposition occurs over a region in the Northwest middle portion of the lake.
Second, mean and median loading rates for NO3-N and NH4-N in Dry deposition along the west
shore at the Lower Ward site are considerably less than for the lake Dry-Bulk samples. Again,
the Lower Ward Dry samples do not include wet deposition as the lake Dry-Bulk samples do.
The total load in Wet + Dry samples at the Lower Ward is compared against loads later in the
summary. Third, the mean and median loading rate for P (SRP, DP, TP) is higher in the Dry



samples from the lower Ward site compared with other sites. This site is forested in the
immediate vicinity of the station and is also close to Highway 89. The contribution of
particulates from the surrounding forest and resugpension of sand and soil particles by traffic
along the nearby highway are potential sources of elevated P at this site.

One of the most important outcomes of this and previous monitoring has been to provide data
from which annual loading estimates of N and P at the various sites may be obtained. This data
collection period (May 2002 to February 2004) encompassed one complete water ycar (Water
Year 2003) and parts of Water Vears 2002 and 2004. This data will be assimilated into the long-
term data set to aliow comparisons of loading at various stations from Water Year to Water Year.
In this summary, we analyzed the data available for Water Year 2003 to estimate loading rates
(g/ha/day) at the various stations.

Table 9 presents preliminary estimates of Water Year 2003 loading rates for N and P as well as
Water Year total precipitation for the stations monitored in this study. Note, the loading raies
from TR-3 and TB-4 were combined to obtain the Water Vear value for deposition over the lake
west of the Mid-lake station.

Table 9. Preliminary estimates of Water Year 2003 loading rates (grams/ hectare/ day) of N and
P at stations monitored. For dry loading rate, total grams/hectare for samples were divided by
the total number of sampling days encompassed by sample collection periods during the Water
Year. To determine a daily loading rate for Wet or Wet/Bulk precipitation samples, the annual
total load for a nutrient was first extrapolated by dividing the load total for samples anatyzed
(some samples did not have data for all analyses) by the proportion of total precipitation
analyzed (amount of precipitation anaiyzed for a nutrient/ total annual precipitation). This
number was divided by 305 days to give the estimate of daily loading rate.

Precip. NO3-N NIi4-N TEN SRP ny i
Water Year 2003 Loading in gthald gliafd pha/d  phald alhald gllald
Upper Ward 37 or TRG {Wet/Bulk) 68.49 1.87 3.057 1047 (.15 (.24 0.32
Lower Ward {Wet) 40.92 1.67 1.3} 4.11 0.09 0,13 0.24
fower Ward (Dry) 1.04 0.75 13.05 023 0.55 1.26
Lower Ward (WettDry} 2.1 2.06 i7.16 .32 0.68 1.5
TR-3/TR-4 {Dry-Bulk} 3.89 3.42 7.67 0.05 0.09 (.33
Mid-lake (Dry-Bulk) 6.9+ 3.98 3.27 8.02 0.06 012 0.27
7.9%%

# _ Individual values for Upper W ard loads 4/23/03: [NH4 (133.77 g/ha) and TKN (72.84 g/ha)] are wnder review
and were not included in this estimate. 1¥ included the Upper Ward NH4-N toading vate would increase to 3.43
g/ha/d and TKN would increase to 10.62 g/ha/d.

% _ Estimated from snow tube amounts and simple rain gage on buoy.



Several observations can be made from this data. First, the trend of decreasing precipitation
amounts moving the Upper Ward to the Mid-lake station is readily apparent. Based on data
partially from Snow Tubes and partially from a simple rain gage at Mid-lake, the data show that
Mid-lake received only a very small amount of precipitation during WY 2003 (an estimated 6.9 -
7.9 inches), which was about a tenth of the amount of precipitation that occurred at the Upper
Ward site. Second, interestingly, the loading rate for N (NO3-N, NH4-N and TKN) was fairly
similar for wet/bulk deposition at the Upper Ward station and dry-bulk deposition at the lake
buoy monitoring sites including Mid-lake. Although the Upper Ward site receives tremendous
amounts of precipitation the NO3-N and NH4-N loading at Mid-lake and Upper Ward is nearly
similar . The Snow Tubes may not be as effective in collection of dry deposition compared to
the Dry-Bulk samplers, which may account for some of the similarity in overall loading.
However, the very high concentrations of N in precipitation at the lake deposition sites
monitored and possibly higher dry deposition rates could also account for this, Third, the total
(Wet + Dry) loading rates for NO3-N and NH4-N for the Lower Ward station were less than for
the Upper Ward and lake stations. Fourth, the loading rate for TKN is highest at Ward Lake
Level (mostly in the dry deposition fraction), while less occurs at the Upper Ward site but nearly
as much occurs at Mid-lake. The P loading rates are also highest at the Ward Lake Level site
(again predominantly in Dry deposition), next highest at the Upper Ward site. The lowest
amounts of P loading were found in lake deposition samples. The lower Ward site appears to
receive more loading of TKN and P than the other sites. This site is more heavily forested in the
immediate vicinity of the station than is the Upper Ward site, this may play a role in increased
deposition of particulate N and P. This site is also close to Highway 89, and contribution of
suspended particulates (sand and soil) from the highway may be important at this site. This site
receives less precipitation than upper Ward, which may also play a role in less, wet depositional
loading. Fifth, the data also indicate that N and P loading rates at the western take stations (TR-
3, TB-4) are generally similar to the Mid-lake station. Again, this was a valuable finding since it
suggests deposition occurring at Mid-lake is also similarty occurring further west over a region
ofthe lake.



Task 6 — Periphyton
INTRODUCTION

Among the first visible evidence of the eutrophication of Lake Tahoe was the increased amount
of attached algae, or periphyton growth, along the shoreline in the 1960s. Goldman (1967b)
indicated that when he first began studying the lake in 1958, the rocks along shore showed oaly
slight growth of attached algae. However, in the spring of 1967, significant periphyton was
found in the shallows and on boat hulls, and waves piled up mats of the detached material along
the shore. Increased growth of periphyton was apparent to a largely shore-bound populace
providing visual evidence that changes were occurring. This increase in periphyton growth
coincided with the period of rapid growth and development within the basin during the 1960s
and could be attributed to an increased nutrient loading from the surrounding watershed via
stream and ground waters (Goldman 1974, 1981; Loeb and Goldman 1979). Widespread
periphyton growth in the near-shore during the spring remains a characteristic of the shoreline
today. Many studies have been done that have looked at the biology and distribution of
periphyton in Lake Tahoe (Goldman and de Amezaga 1975; Loeb 1980; Loeb and Reuter 1981;
Goldman et al. 1982; Reuter 1983; Reuter et al. 1983; Loeb and Reuter 1984; Loeb and Palmer
1985; Loeb 1986; Loeb et al. 1986; Aloi 1986; Reuter et al. 1986a, b; Aloi et al. 1988).

Periphyton grows in the littoral (shore) zone of Lake Tahoe, which may be divided into the
culittoral zone and the sublittoral zone, each with distinct periphyton communities. The eulittoral
sone is the shallow area between the low and high lake level (0 to 2 m) and is significantly
affected by wave activity. This zone represents only a very small percentage (<1 percent) of the
total littoral area. Substrata within this region desiccate as the lake level declines, and periphyton
must recolonize this area when lake level rises. The sublittoral zone extends from the bottom of
the culittoral to the maximum depth of photoautotrophic growth. The sublittoral zone remains
constantly submerged and represents the largest littoral benthic region of Lake Tahoe.

The eulittoral zone community typically is made up of filamentous green algae and filamentous
diatom species. On rock surfaces just beneath the air-water interface (i.e., the uppermost region
of the eulittoral), a green filamentous alga, Ulothrix zonata is often found, Extending from just
below this growth to a depth of approximately 2 m, a brownish or whitish growth of algae covers
the bottom of the eulittoral zone. This growth is strongly dominated by one species, the stalked
diatom, Gomphoneis herculeana. In fact, the growth of this species is so great at times that it
resembles a thick shag carpet on the bottom. Synedra ulne and various other diatoms are found
growing in association with Gomphoneis. Cyanophycean (blue-green) algac are generally absent
from the eulittoral zone.

The attached algae present in the eulittoral zone display significant growth allowing for rapid
colonization. These algae are able to take advantage of localized soluble nutrients, and can
establish a thick coverage over the substrate with a matter of months. Similarly, as nutrient



concentrations diminish and shallow, nearshore water temperatures warm with the onset of
summer, this community rapidly dies back. The algae can slough from the substrate and wash
onshore, creating an unsightly mess with a rather foul odor, in those areas where biomass is high.
The eulittoral zone periphyton plays an important roll in the aesthetic, beneficial use of the
shorezone.

OBJECTIVES

The overall objective of the periphyton monitoring conducted from March of 2000 through
November of 2003 was 1o reinstate this program for the purpose of evaluating nearshore water
quality. Specifically we focused on the following tasks:

1. Reinstate the regular monitoring of seasonal and annual periphyton biomass
accumulation using methods and analyses that are consistent with historical measures,

2. Determine the spatial distribution of periphyton biomass around the Lake Tahoe
shoreline,

3. Summarize the relevant historical periphyton data within the context of the current
monitoring program using the most appropriate biomass indicators,

4. Fvaluate the change in periphyton biomass indicators by comparing 1982-1985 growth
patterms with those of the present study, 2000-2003, ‘

5. Provide preliminary guidance on the potential for establishing numeric water quality
standards for littoral zone periphyton growth in Lake Tahoe.

Between 1985 and 2000 periphyton sampling was extremely limited by funding. This represents
a significant data gap. The 1982-85 period represents a time where both State of California
funding and funding from the National Science Foundation for basic research was dedicated to
this project. Research has not been funded since that time. Consequently, our understanding of
this algal community, since 19835, has been enhanced only by a ‘bare-bones’ monitoring
program.

HistToRry oF PERIPHYTON MONITORING: 1982-1985

During 1982 to 1985 intensive studies were done by the TRG, which locked at the seasonal and
spatial distribution of epilithic periphyton (algae attached to rock surfaces) production in Lake
Tahoe and possible factors affecting growth patterns. The primary objectives of this monitoring
were to:

1) Document the annual patterns of periphyton production in the littoral zone of Lake
Tahoe,



2) Document the spatial distribution patterns of periphyton production and determine if any
persistent trends were discernable.

3) Examine the annual rates of sublitioral periphyton primary productivity at Rubicon Pt,,
California.

4) Collect physical and water quality data associated with the periphyton monitoring to see
which factors, if any, might be linked with observed growth patterns.

To determine the annual and spatial distribution patterns of epilithic periphyton production,
periphyton biomass was monitored at a total of nine sites around the lake. There were five
primary sampling sites, with multiple depths monitored using triplicate samples: Rubicon Pt.
(0.5, 2, 8, 16m), Pineland (0.5, 2, 8m), Deadman Pt. (0.5, 2, 8m), Incline West (0.5m), Incline
Condo (0.5m). Biomass was sampled on nearly a monthly schedule between February and
October 1982-84 and January to April 1985. Four additional “synoptic” sites were monitored
(less frequently during the 1982 growth period and regularly during 1983-85) in order to better
characterize spatial and seasonal trends. These additional sites included: Sugar Pine Pt., Dollar
Pt., Sand Pt. and Zephyr Pt. (all at 0.5m). Three measures of periphyton biomass were collected:
chlorophyll a, particulate carbon and particulate nitrogen.

While biomass provided an estimate of the amount of standing crop of periphyton on rock
surfaces, the primary productivity of the periphyton was also measured at one site to provide an
estimate of the rate of growth (rate of production of new biomass) of the periphyton. Periphyton
primary productivity was measured on nearly a monthly basis between February and October
1982-84 and twice during 1985 at Rubicon Pt., at depths of 2, 8, and 16m.

Physical and water quality data were also collected to analyze for possible associations with
periphyton growth patterns. Physical measurements taken included: water temperature at each
site and depth; light availability (solar radiation) at a single shoreline site near Ward Cr.; and
Secchi depth measurements at Rubicon Pt. Samples of water were collected at each location and
on each sampling date. Water chemistry analyses included nitrate nitrogen (NO3-N), total
phosphorus (TP), and biologically available iron (BAFe). Soluble reactive phosphorus (SRP)
and ammonium nitrogen were also cotlected in 1983-84

Two additional studies were done to better understand factors contributing to differential growth
of the periphyton. One study evaluated the methodology of using artificial substrata (glass
slides) to track periphyton colonization rates at many sites around the lake. The other study
investigated rates and quality of ground water seepage entering the littoral zone its and potential
impact on periphyton growth.



MAJOR FINDINGS OF 1982-85 STUDIES

Seasonal Patierns of Periphyton Growth

The periphyton in the eulittoral zone (0.5m) was more seasonally dynamic than that of the
sublittoral community, Typically, growth of the eulittoral periphyton began to increase in the
late winter, reached maximum growth in the spring, then decreased in the summer. In some
years, the eulittoral periphyton showed a secondary increase in growth during the fall. The range
between minimum and maximum annual growth was typically greater for the eulittoral than for
the sublittoral community. Following peak growth, the algae may slough off the rocks, with
growth remaining low throughout the fall and early winter. Aloi et al. (1988) found that at
eulittoral sites with high accumulation of biomass (Pineland and Rubicon Pt.), sloughing of the
entire algal mat occurred after the spring maximum. At sites with lesser accumulations of
biomass (e.g. Deadman Pt. and Sand Pt.), the decrease in algal biomass was a slower process and
appeared to be due to a combination of gradual attrition of periphyton biomass, combined with
minimal re-growth.

The sublittoral periphyton community generally had less dynamic seasonal biomass fluctuations
than the eulittoral community (Loeb et al., 1986). In contrast to the periphyton of the eulittoral
zone, this community persists on the rock surfaces remaining viable throughout the year (Reuter
et al., 1986a). The seasonal variations of the sublittoral community were generally less
predictable than for the eulittoral community (Loeb and Palmer, 1985). It was difficult to
distinguish a consistent pattern of seasonal biomass for this community from 1982-85 for the
three sublittoral sites monitored (Pineland, Deadman Pt., Rubicon Pt.).

Spatial Variation in Fulittoral Periphyvton Biomass

Significant spatial variation in eulittoral chlorophyll a biomass was observed during 1982-1985.
Periphyton biomass at Deadman Pt., Sand Pt. and Incline West sites remained consistently low
during the study period. While biomass at Pineland, Incline Condo, Rubicon Pt. Dollar Pt. and
Sugar Pine Point showed one or more “spikes™ in the amount of annual growih and moderate to
high maximum levels. Zephyr Pt. also showed some annual fluctuation, but the annual
maximum was low to moderately high.

One of the more important findings of these studies was to demonstrate an association between
development and disturbance in the watershed with increased periphyton growth near shore.
Loeb (1986) compared eulittoral chiorophylf a biomass data for four stations. Two stations
(Pineland and Incline Condo) were adjacent to developed areas, and two stations (Incline West
and Deadman Pt.) were adjacent to undeveloped areas. Greater amounts of periphyton were
found at the developed stations than at the two undeveloped stations. The ratios among the
maximum amount of biomass at each location (Deadman Point: Incline West: Incline Condo:
Pineland) during each of the three years studied showed a persistent spatial relationship: 1982
(1:3:8:8), 1983 (1:1:6:10), and 1984 (1:2:4:13). Available light energy and water temperature



did not vary significantly enough to explain the spatial differences in periphyton biomass among
sites, especially between Incline Condo and Incline West, which were only 200 meters apart.

The most likely cause for the differences among stations was nutrient availability. The Incline
Condo station, which had higher periphyton biomass, was adjacent to a condominium
development, which Loeb estimated used about 0.13 to 0.16 metric tons (MT) of nitrogen and
0.10 10 0.13 MT of phosphorus in fertilizer per year on a lawn upslope of the station. The Incline
West site, which had less biomass, is only 200 meters away, adjacent to an undeveloped area.
The Pineland site, which had higher biomass, is adjacent to the developed area of Pineland, in
the Ward Creek watershed on the west shore. Deadman Point is adjacent to an undisturbed area
on the east shore, with the nearest development one kilometer away.

While there was strong evidence of an association between increased periphyton biomass and
development or disturbance in the adjacent areas of the watershed, some variations from the
pattern did occur. For instance, Rubicon Pt. which is far from significant land-based disturbance,
had consistently high biomass was measured at this station from 1983-85 (Aloi et al.,, 1988).
Aloi et al. hypothesize that upwelling of nutrient-rich profundal waters occur here, stimulating
algal growth, High chlorophyll a biomass of periphyton also was measured near Sugar Pine
Point, a relatively undeveloped area.

Factors Affecting Growth of Periphyton

The increased growth of eulittoral algae in the spring was thought to be largely the result of
increased availability of nutrients (Loeb and Reuter, 1984). Both nitrogen and phosphorus inputs
1o the littoral zone may be increased during the spring. The snowmelt generally occurs from
April to June, when much of the annual tributary loading of nutrients occurs. In addition to
nutrient inputs from streams, ground water inputs with associated nutrients are thought to be at a
maximum during this time (Loeb and Goldman, 1979). Lake mixing also contributes nutrients in
late winter, which could affect the growth of periphyton in the spring. A bicassay done using
eulittoral periphyton showed that additions of nitrogen significantly stimulated the growth rate of
periphyton and that additions of nitrogen plus phosphorus together stimulated growth even more.
Reuter et al. (1986b) provided evidence that the eulittoral periphyton, while not having a high
physiological affinity for nitrogen, were able to effectively uiilize nutrients because breaking
waves in the shallow environment enhanced the rate of nutrient diffusion into the cells.

Other physical factors may also impact the growth of periphyton. The period of maximum
periphyton growth in the eulittoral zone in the spring coincides with increasing flux of solar
radiation and increasing temperature. These factors have more of a general lake-wide 1mpact,
rather than a significant local impact on periphyton growth in any one region.

The 1982-85 studies also indicated that increased nutrient availability was likely a cause of the
spatial variations in biomass observed during the study. Water temperature differences among
sites were not significant enough to contribute to observed biomass differences. Similarly,



differences in light input could not explain biomass differences at sites with similar exposure, for
instance Incline West and Incline Condo, which are adjacent to each other, However, increased
nuirient availability associated with fertilizer use upslope of the Incline Condo site was thought
to be the cause of increased periphyton growth there, Periphyton, being at the boundary between
lake and sediments in the near shore zone, may be exposed to elevated nutrient concentrations
associated with surface and groundwater as it enters the lake. Preliminary work on groundwater
seepage rates and water quality did indicate that groundwater seepage could be important relative
to periphyton growth.

CURRENT PERIPHYTON MONITORING PROGRAM: 2000 — 2003

The current funding provided by the California State Water Resources Control Board (SWRCB)
through the Lahontan Regional Water Quality Control Board (Lahontan) has allowed us to re-
institute the very basic collection and analysis of attached algae in the shore zone of Lake Tahoe.
Sampling during the current period has included collection of periphyton from the same nine
lake locations that were assessed two decades earlier, with the addition of a fenth site off Tahoe
City. Since nutrient availability appears to play a significant role in the amount of periphyton
growth, periphyton biomass can serve as a biological indicator of both nutrient inputs and long
term environmental change. The comparison of current sampling results to those measured
previously, may provide a useful means of assessing near shore perturbations in lake health.

While the comparisons of multi-year data sets can indicate change in ecological communities,
environmental assessment is characteristically difficult over short time spans (even years), due to
high, natural variability in environmental conditions. This is certainly true within the Lake Tahoe
basin where cyclical patterns of drought and heavy precipitation can cause dramatic changes.
This has been evidenced in the long-term clarity measurements which demonstrate considerable
interannua) variability, and which are largely driven by precipitation and depth of mixing (Jassby
et al. 2003). While the difference in periphyton growth between locations during a single year
appears to be most linked to localized conditions of nutrient loading, changes at a given site over
time {e.g. 1982-85 versus 2000-03) are also highly influenced by meteorology and runoff. As
discussed below, a significant number of years of data are required to separate the influences of'a
Jong-term trend versus changes resulting from wet versus dry years. Only seven years of
complete annual data do not allow for this distinction to be made.

METHODRS

Sampling Location

Lake Tahoe’s 116 km shoreline is characterized by extensive areas of steep gradient boulder
separating regions of shallow gradient cobble and sand. Generally, steeply sloped land, upslope
of steep shoreline areas, are less developed and often contained within state park or national
forest service boundaries. The land above more gently sloping shorelines tends to support urban



centers, a proliferation of roadways, and commercial land use. Neighborhoods surrounding the
urban centers often spread to the edge of undeveloped forest lands, creating zones of moderate
development. In order to adequately represent the range in shorezone conditions, ten periphyton
sampling locations were established around the lake, located on the north, east, and west shores.
The south shore consists primarily of sandy substrate and was not included in epilithic substrate
monitoring. Four of the sites are considered to represent a low level of shorezone development,
while moderately and highly developed areas are represented by three sampling locations each
(Table 1).

Table 1
SITE NAME LOCATION LEVEL OF DEVELOPMENT
Rubicon N38 59.52; W120 05.60 Low
Sugar Pine Point N39 02.88; W120 06.62 Low
Pinetand N39 08.14; W120 09.10 High
Tahoe City N3910.24; W120 08.42 High
Dollar Point N39 11.15;, W120 05.52 Moderate
Zephyr Point N39 00.10; W119 57.66 Moderate
Deadman Point N39 06.38; W11957.68 Low
Sand Point N39 10.59; W119 5570 Low
Incline Condominiums N39 14.90;, W119 59.63 High
Incline West N39 14.83; W119 59,75 Moderate

For the purposes of this study, a low level of shorezone development was characterized by
naturally vegetated landscape, minimal roadways, and no urban structures in the immediate
backshore. Moderately developed sites had homes and the necessary supporting infrastructure
upslope of the sampling location, while highly impacted sites were immediately lakeward of
Jarge landscape manipulations and closely associated with urban centers.

Within each of these development categories, specific sampling locations were selected. With the
exception of an additional site at Tahoe City, the other locations were the same as those used in
the 1982-85 studies. Global Positioning System (GPS) and photographic data allowed for repeat
sampling in the same location, minimizing variation over time. Whenever possible, the sloping
face of large lake substrate (boulder) was selected for the collection of periphyton samples. The
large substrate was less susceptible to movement by wave action, and the sloping face limited the
accumulation of siit and sand, allowing for permanent, clean sampling lecations throughout the
study period. Non-natural fixtures (bulkheads and pier piles) were avoided since metal and
chemical contamination (iron and creosote) may enhance or impede periphyton growth.

Sampling Design

The periphyton sampling schedule was designed to take into account the seasonal growth pattern
of the attached algae. Periphyton usually begins to accumulate on the nearshore substrate in
January, with peak growth occurring between March and June (Loeb ef al. 1986). Algal biomass



decreases during the summer, usually reaching an annual minimum in October. For this reason,
sampling for attached algae was concentrated between February and July with monthly
monitoring. An additional two to three samples were collected during the remainder of the year
to document the annual baseline biomass at each of the sites, While this sampling schedule was
adequate to document annual maximum and minimum biomass values, it was not robust enough
to describe the duration of these two growth periods.

Sample Collection Methods

During each sampling event, multiple samples were collected from each location to account for
within site variation in standing crop biomass. Duplicate samples were collected during periods
of lower growth with triplicate samples being collected when overall biomass was near the peak.
The number of samples collected from each site on any given sampling event was left to the
discretion of the experienced field personnel.

To ensure accuracy within and between sites, periphyton from equivalent areas (5.3 em?) of
substrate, at a depth of 0.5 meters was collected, using the double syringe periphyton sampler
described by Leob and Reuter (1984). Samples were sealed under water to prevent loss of
material and stored in a cooler on the boat until processing. This sampling methodology was
identical throughout the entire period of record (1982-85 and 2000-03). In addition to algal
collections, measurements of percent algal cover, algae height, and descriptions of general
species composition were noted in 2000-03. Photographs of the sampling location were taken
‘both underwater and from above to document the visual character of the site, specific to
measured biomass levels.

Laboratory Methods

This project’s Quality Assurance Project Plan (QAPP) is located at the end of this report.

Periphyton samples were returned to the lab in 2-syringe samplers for processing. Water
containing periphyton was removed from the sampler and centrifuged to concentrate the
periphyton. The concentrated periphyton was transferred to weighing paper and a “wet weight”
determined. Subsamples of this periphyton were transferred to a pre-tared piece of filter paper
and weighed, then frozen for later chlorophyll a analysis; the remaining sample was transferred
{0 a precombusted, pre-tared aluminum tin and the weight recorded. This sample was analyzed
for dry weight and Ash Free Dry Weight or Loss on Ignition. Below, details are provided for
methodologies used to measure periphyton biomass.



Chlorophyll a

Samples for periphyton chlorophyll a biomass determinations were stored in the dark and frozen
prior to analysis. The analysis for chlorophyll a involved boiling the periphyton sample in 8-10
m! of 100% methanol for 2-3 minutes while grinding the sample with a glass rod. Samples were
then centrifuged to clear particulate material from the chlorophyll solution. The solution was
then either decanted and diluted or decanted directly into a 4 cm cuvette and the absorbance read
spectrophotometrically (Shimadzu UV160U spectrophotometer) at 666 and 653 nm against a
100% methanol blank. Non-chlorophyll turbidity was determined at 750 nm. The equation of
Iwamura et al. (1970) was used to calculate the amount of chlorophyll a in each sample.

This boiling methanol method for chlorophyll a determination has been checked against the cold
90% acetone extraction procedure that uses the trichromatic equations of Strickland and Parsons
(1968). No significant differences were found in the chlorophyll a results for epilithic
periphyton samples from Lake Tahoe using these two methods.

*Note — A correction was applied to the historical 1983-85 chlorophyl! a data to allow direct comparison
with 2000-2003 data. During 1983-85 a Beckman DBG dual beam spectrophotometer was used which
had a shifted wavelength scale. In order to make correct absorbance readings, this shift had to be taken
into account in measurements. This shift was incompletely applied in the 1983-83 measurements
however (i.e. to record absorbances at 666 and 653 nm as required in the lwamura et al (1970) equation,
absorbances at 663 and 650 nm were to be measured nsing the above spectrophotometer, instead
absorbances were measured at 663 and 653 nm). In 1990, a large set of periphyton samples was analyzed
for chiorophyll a using the same spectrophotometer used in 1983-85 with absorbances measured at
wavelengths of 720, 663, 653, 650 nm. Chlorophyil a was then calculated using both the correctly shifted
663, 650 nm absorbance readings as welil as the 663 and 653 nm used in the 1983-85 data. A nearly
perfect linear relationship was found between the chlorophyl! a caleulated using 663, 650 nm (correct)
versus chlorophyll a calculated using 663, 653. The correct chliorophyll value “Y™ (663,650) was related

0.9995562). To correct the 1983-85 periphyton chlorophylt a data, chlorophyll a values were multiplied
by 1.081225.

Loss On Ignition

Wet samples for Loss On Ignition (LO1) were dried overnight at a temperature of 1 05° ¢,
allowed fo cool in a desiccator, and then weighed fo give a dry weight. The samples were then
combusted at a temperature of 500" C for one hour. The loss in weight at this high temperature
is assumed to be due primarily to combustion of organic material present in the sample. LOI was

calculated as:

LOI (g/m?) = (TWW/SWW) * (SDW105 ~ SCW500) / 0.00053



[“TWW is Total Wet Weight of periphyton collected; “SWW™ is LLOI subsample wet weight;
“SD105™ is weight of subsample after drying overnight at 105% C; “SCW500” is weight of
subsgmple after combusting at 500° C for 1 hour; all weights in grams; 0.00053 is area sampled
inm7]

Ash Free Dry Weight

Wet samples for Ash Free Dry Weight (AFDW) were dried overnight at a temperature of 60° C,
allowed to cool in a desiccator, and then weighed to give a dry weight. The samples were then
combusted at a temperature of 500° C for one hour. The loss in weight at this high temperature
is assumed to be due primarily to combustion of organic material present in the sample. AFDW
was calculated as:

AFDW (g/m?) = (TWW/SWW) * (SDW60 - SCW500) / 0.00053

[“TWW is Total Wet Weight of periphyton collected; “SWW?” is AFDW subsample wet weight;
“SD60” is weight of subsample after drying overnight at 60° C; “SCW500” is weight of
subsgmple after combusting at 500° C for 1 hour; all weights in grams; 0.00053 is area sampled
inm’]

*Note -~ AFDW was measured in carlier studies in the 1980’s. It uses a more gentle drying procedure at
60° C to reach dry weight, and is typically used for biological samples. LOI uses a higher temperature to
drive off water associated with sediments, and is often used to estimate sediment organic content. The
LOI method was used in later studies since one site (Tahoe City) contained periphyton typically mixed
with a large amount of sand or silt. Periphyton at other sites also occasionally had high sand or silt
content. During the current study we did some cross-comparisons that measured AFDW and 1.OI
sequentially on the same sample. Usually only very slight differences in estimates of organic content
were found using the two methods (see Appendix), when large differences were ebserved the sample
typically had much sand or silt, and AFDW gave a higher estimate of organic confent. A regression
analysis confirmed the close correlation in the two measures of periphyton biomass (R* = 0.9926).

Selection of Biomass Indicators

Several measures of algal biomass have been used to assess the standing crop in current and past
studies. These include Ash Free Dry Weight (AFDW), Loss On Ignition (LOI}, and chlorophyll
a. AFDW and LOI methods are relatively similar (see description above), A comparison of these
two measures of biomass (AFDW vs, LOD) indicated that there was little difference in results
(12,2:0.9926). AFDW is typically used for biological samples, and employs drying at a lower
temperature than LOI As described above, LOT was selected to help in analysis of sampies with
high sediment content. Both methods provide estimates of the amount of tofal organic material,
which may include live and dead periphyton biomass and detritus.



Chlorophyll a concentration, expressed as milligrams of ¢hlorophyll a per square meter is a
frequently used method for measuring algal biomass, and was deemed the most appropriate
measure for the current data set (1982-85 and 2000-03). This determination was based on several
factors. Chlorophyll a is a direct component of the algal material at each site. This eliminates any
complications associated with geomorphic material (sand and silt) or other biological material
(zoobenthic grazers) altering the biomass measure. Additionally, chlorophyll a has been the most
consistent measure of algal biomass in the scientific literature and in the historic periphyton data
collected at Lake Tahoe. For these reasons chlorophyll a concentration was used to evaluate the
standing crop biomass at each of the sampling sites during the current study and for comparison
to the historic biomass measurements.

Several indicators were developed {0 evaluate annual changes in chlorophyll a biomass within
the current study and in comparison o the 1982-85 data set. Afler careful consideration, we
selected (1) annual maximum concentration, (2) annual average concentration, and (3} the annual
baseline concentration. Each year was defined as October 1 through September 30, coinciding
with the periphyton growing season and the hydrologic “water year”. Each of these periphyton
indicators gives a slightly different view of the annual biomass at cach site. However, we have
selected them because each is representative of a different aspect of seasonal growth.

Annual maximum chlorophyll a concentration represents the highest single biomass value
recorded at a specific site for the given year. Because this is an actual measured value from field
collections it serves as a snapshot of how strong periphyton biomass was during the peak of the
growing season. The value also serves as a means of comparing current peak algal accumulations
{o those measured during the 1980s. However, because this is a single measured point for each
year, it does not indicate the duration of the growing season or how long a site may have been at
its peak biomass,

The annual average chiorophyll a concentration is an indication ol how much algae was present
at a given site throughout the year, and is not intended to be a simple snap shot. The value was
calculated by integrating the area under the annual growth curves {(October 1™ - September 30™),
(Figures 1a-11). The benefif to this measure is that it is a time-weighted average rather than an
average of the individual biomass values sampled during the year. This provides an indication as
to the duration a specific site may have had elevated biomass levels. The drawback to this
indicator is that it is an average for the entire year, which is based on connecting individual data
points by a straight line, and the accuracy of the measure increases with the number of annual
sampling points.

The annual baseline chlorophyll concentration was obtained from the annual growth curves. The
lowest values for each of the four-year periods (1982-1985 and 2000-2003) were interpolated
from the graphs. These values provide an indication of biomass during the lowest times of the
year at each site. The annual baseline concentrations can be compared between sites to assess



where chronic nutrient additions to the nearshore may be problematic. The values can also serve
as a measure of how background algal biomass may have changed.

When considering annual measures of biomass accumulation, it was necessary to eliminate some
data from the calculations. During 1985, monitoring only persisted through mid-April, and did
not fully capture the period of peak biomass accumulation. Maximum chlorophyll a values at
Rubicon Point, Sugar Pine Point, and Pincland were well above normal for any of the other years
monitored during the 1980s or 2000s. While these maximum values are important in the context
of overall periphyton biomass potential, they have been withheld from calculations of annual
average biomass and average peak biomass. This decision was made because the sampling year
was incomplete; however, it is important to note that even 20 years ago, very high periphyton
biomass accumulations were measured.

RESULTS AND DISCUSSION

Presentation of 1982-1985 and 2000-2003 Database

See Appendices A and B

Seasonal and Interannual Distribution of Periphyton Biomass

Generally, all the sampling sites displayed a seasonal growth pattern with the lowest biomass
being associated with the late summer or fall months (August - October). Chlorophyll
concentrations began to rise around the first of the year, with peak concentrations occurring
during the spring (April — June), (Figures la-s). The Tahoe City site, which was only sampled

during 2000-2003, (Figure 1s) displayed a slightly different pattern. While the annual maximum ™~

occurred in the spring, coinciding with the other sites, the annual minimum occurred in June or
July and biomass accumulation rapidly rebounding before the end of the-summer. This
divergence from the other sites suggests that a nutrient source may be available in the nearshore

beginning in mid-summer.

The sampling locations representing areas of low human development (Rubicon Point, Sugar
pine Point, Deadman Point, and Sand Point) showed relatively little biomass accumulation
during the year. Rubicon Point during the early1980s ranged from a baseline biomass of 10
rng/1112 up to a maximum of about 60 mg/m2 (Figure 1a). This was similar for the current
sampling period where biomass ranged between the baseline of 12 mg/m2 to near 50 mg/m?
(Figure 1b). Thronghout both sampling periods, periphyton biomass returned to a similar
baseline concentration during each annual cycle.
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Figure 1c: Measured biomass as chlorophyll a at Sugarpine Point 1982 -1985.
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Figure le: Measured biomass as chlorophyll a at Pineland 1982 -1985.
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Figure 1g: Measured biomass as chlorophyll a at Dollar Point 1982 - 1985.
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Figure 1i: Measured biomass as chlorophyll a at Incline West 1982 - 1985.
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Figure 1j: Measured biomass as chlorophyll a at Incline West 2000 - 2003.
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Figure 1k: Measured biomass as chlorophyll a at Incline Condo 1982 - 1985,
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Figure 11: Measured biomass as chlorophyll a at Incline Condo 2000 - 2003.
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Figure 1m: Measured biomass as chlorophyll a at Sand Point 1982 - 1985.



SAND PT CHLOROPHYLL a 2000-2003

£00&/1/01

- €00
- C00Z/ LY
N

- €00/ L

200Z/LCL

T

c00e/L

2002y

- CO0Z/L/L

000¢/HOL

00027172

T

000Z/ LY

W 100Z/ 1101
LOCZ/ L
100¢ LY
100

T

000 L

160

H
L, 66617101
m = 28 & °

-—

zywbw) e 1TAHdOYOTHO

MONTH / YEAR

Figure 1n: Measured biomass as chlorophyll a at Sand Point 2000 - 2003.
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Figure 1o: Measured biomass as chlorophyll a at Deadman Point 1982 - 1985.
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Figure 1p: Measured biomass as chlorophyll a at Deadman Point 2000 - 2003.
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Figure 1q: Measured biomass as chlorophyll a at Zephyr Point 1982 - 1985.



ZEPHYR PT CHLOROPHYLL a 2000-2003

-4

150

i

T i

w oQ 0 o n

™ o M~ el [at}
i

-~

Ty uwBu} e TTAHJOHOTHD

£00Z/H0L

£00es L

£00d/ Ly

£00Z/L/1

Z00e/ L0t

20027112

200e! LY

<00g/ L

100¢r1101

L0027/ L2

LOOe/ LY

LCOZrL L

0ooe/ Lot

00CZH/L

QCOZ/ e

cooel L/t

666L/L/101L

MONTH/ YEAR

Figure 1r: Measured biomass as chlorophyll a at Zephyr Point 2000 - 2003.
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At Sugar Pine Point during the early!980s, algal biomass dlsplayed the normal seasonal growth
pattern reaching maxmaum values between 60 and 80 mg/m? during the spring and returning to
baseline (10 mg/m?) by the end of the summer (Figure 1¢). This pattern changed durlng the 2000
to 2003 monitoring. Algal biomass reached a hlgh during the fall of 2000 (52.73 mg/m*) and
then remained near baseline conditions (8 mg/m”) throughout the remainder of the study (Figure
1d). At this location the baseline conditions declined between the historic sampling to the

present.

A shift in the baseline biomass condition was noted at Deadman Point and Sand Point as well.
While annual peak biomass conditions at both sites remained below 40 mg/m? through all the
years monitored, there was a more persistent coverage of periphyton after 2000 (Figure 1m-p).
This resulted in an increase in the baseline concentratlon of chlorophyll at both sites. Values at
Deadman Point nearly tnpied from 6 mg/m” to 15 mg/m while those at Sand Point more than
doubled, going from 5 mg/m in the 1980s to 12 mg/m during the present study. The
consistently low annual maximum algal growth, coupled with an upward shift in the baseline
concentration, suggest nutrient levels may have remained low at these sites over the past two
decades, with the available nutrients persisting later into the summer.

Another possible cause of increased baseline concentrations of chlorophyll a relates to lake
surface elevations. We hope to further evaluate the role that lake level fluctuations have with

respect to periphyton biomass in future analyses of the data.

Three periphyton monitoring locations were selected that represented moderate levels of human
development. One of these sites was on the west shore (Dollar Point), one on the east shore
(Zephyr Point), and one on the north shore (Incline West). The Dollar Point site reflected the
elevated level of backshore development with higher periphyton biomass, while the Zephyr Point
and Incline West sites behaved similarly to sites with a low level of development, Even though
periphyton is a good indicator of available nutrients in the shorezone of the lake, there appears to
be different impacts from areas that have approximately the same level of development.
However, it should be recognized that the general level of development (low - high) was a
subjective measure and did not account for specific measures of land coverage nor did it reflect

actual nutrient loading.

Dollar Point maximum algal biomass values exceeded 60 mg/m for all years sampled with the
exception of 2000 and 2001. A peak value of over 110 mg/m* was recorded during February,
2002 (Figure 1h). These chlorophyl] concentrations are much higher than those recorded at
Incline Wbs’z and Zephyr Point over the same period, where annual peak biomass did not exceed
40 me/m* (Figures 13- and g-r respectively). Baseline biomass displayed ihe same discrepancy
between sites with the average annual m}mmum at Dollar Point (20 mg/m?) being neasly twice

that of the other two locations (8-13 mg/m?).



The monitoring sites associated with a high level of shoreline development (urban centers or
developed arcas with potentially high nutrient inputs) were Pineland, Tahoe City, and Incline
Condo. These sites displayed much higher annual maximum chlorophyll concentrations than any
of the other monitoring locations, with peak values often in excess of 120 meg/m* (Figures le-f,
1t, and 1k-1). The exception to this was the Incline Condo site between 2000 and 2003. Annual
peak chlorophyll concentrations reflected the nearby Incline West site with peak values '
remaining below 30 mg/m* (Figure 11). The reason for this localized change in periphyton
biomass is unclear since we are not able to resolve differences between meteorological
perturbations and possible improvements in environmental practices within the shorezone

development.

Spatial Distribution

The data presented above characterizes periphyton biomass at the monitoring sites as it changed
between each individual sampling date. Table 2 condenses the data for each year into an average
annual maximum concentrations, average annual concentrations, and average baseline
concentrations for the historical and present time periods. These values have been graphically
represented in Figures 2-4.

Table 2. Summary values for periphyton biomass indicators. SE denotes standard error.

Annual Maximum Average Annual Baseline
Biomass Indicator Concentration SE Concentration SE Concentration
Location/Date
Rubicon Peint
1982 28.72 NA 6.5
1983 59,52 3.29 30.42
1984 42.43 7.14 16,59
1985 216.28 41.3
Avg for Pericd 43.56 8.91 17.84 6.93 10
2000 23.58 3.02 13.77
2001 24.55 1.7 14.75
2002 32.19 6.51 17.42
2003 49,15 6.6 24.28
Avg for Pericd 32.37 592 17.56 2.37 12



Annual Maximum Average Annual Baseline
Biomass Indicator Concentration SE Concentration SE Concentration

l.ocation/Date

Sugar Pine Point

1982 23.09 2.5 13.81
1983 64.71 10.7 28.18
1984 87.43 9.67 34.64
1985 13G.14 26.58
Avg for Period 58.41 18.84 25.54 6.16 10
2000 52.73 11.25 28.02
2001 17.87 4,82 15.57
2002 5.98 1.07 3.76
2003 14.43 7.86 6,71
Avg for Period 22.75 16.30 13.52 5.45 8
Pineland
1982 38.52 4,98 17.69
1983 147.44 15.06 50.39
1984 133.62 12.36 42.37
1685 185.52 59.32
Avg for Period 106.53 34.24 36.82 9.84 20
2000 78.37 16.34 19.16
2001 51.5 23.88 24
2002 123.76 23.58 51.55
2003 132.63 41.77 57.73
Avg for Period 96.57 19.15 38.11 9.68 20
Fahoe City
1982 ND ND
1983 ND ND
1984 ND ND
1985 ND ND
Avg for Period ND ND ND
2000 99.88 14,26 45,26
2001 103.21 20.27 45.01
2002 148.56 531 81.14
2003 254.68 95.88 85.71

Avg for Period 151.58 36.11 64.28 11.09 30



Annual Maximum Average Annuat Baseline

Biomass Indicator Concentration SE Concentration SE Concentration
Location/Date
Dollar Point
1982 65,15 4.64 27.91
1983 65.09 6.83 32.08
1984 78,72 5.27 37.43
1985 56.62 17.21
Avg for Period 69.65 4.53 32.47 2.76 20
2000 31.33 5.74 17.89
2001 49,76 1.11 33.6
2002 118.66 14.02 56.51
2003 75.36 6.66 38.9
Avg for Period 68.78 18.92 36.73 7.96 20
Incline West
1982 13.31 0.57 5.04
1983 20.4 2.4 10.05
1984 22.87 1.57 13.91
1985 20.24 3.54
Avg for Period 18.86 2.87 9.67 2.57 8
2000 14.59 1.83 8.54
2001 20.49 0.19 11.24
2002 19.57 2.31 15,28
2003 36.98 1.85 22.33
Avg for Period 22.91 4,87 14.35 3.00 11
Incline Condo
1982 38.5 2.3 19.32
1983 G8.93 9.84 41,08
1984 35,12 2.34 19.02
1985 43.77 6.87
Avg for Period 57.52 20.73 26.47 7.30 12
2000 23.97 4.02 12.17
2001 17.14 (.48 10.17
2002 17 5.53 13,1
2003 28.94 241 17.94

Avg for Period 21.76 2.89 13.35 1.65 12



Annual Maximum Average Annual Baseline
Biomass Indicator Concentration SE Concentration SE Concentration

Location/Date

Sand Point
1982 0 0
1983 12.81 0.93 5.92
1984 21.28 7.22 9.03
1985 28,13 0.19
Avg for Period 21.07 6.19 4.98 2.65 5
2000 12.07 0.97 7.33
2001 18,72 2.34 13.07
2002 16.99 1.29 12.82
2003 26.3 0.41 16.44
Avg for Period 18.52 2.95 12,42 1.89 12
Deadman Point
1982 4.6 1.12
1983 15.39 7.05 6.7%
1984 10.03 1.5 6.16
1985 12.42 1.35
Avg for Period 10.01 3.11 4.66 1.78 6
2000 28.21 1.55 17.22
2001 33.069 7.03 18.27
2002 35.8 6.18 20.48
2003 27.37 6.04 19.05
Avg for Period 31.12 2.01 18.76 0.69 15
Zephyr Point
1682 26,18 1.97 6.22
1983 38.23 4,37 15.31
1984 25.44 2 15.48
1985 32.24 1.83
Avg for Period 29.95 4,15 12.34 3.06 12
2000 20.95 1.35 15.83
2001 13.4 2.09 9,66
2002 25.63 5.13 16.7
2003 25.57 1.28 16.81
Avg for Period 21.39 2.88 14,75 1.71 13

The average annual maximum biomass is clearly higher at locations representing areas of high
development (Pineland and Tahoe City), (Figure 2). Dollar Point also displayed an elevated
average maximum biomass, indicating the peak growth at this site was high throughout the
1980s and the present study. In contrast to this, the average maximun biomass was consistently
low at Incline West, Sand Point, Deadman Point, and Zephyr Point, not exceeding 40 mg/m”,



While comparing the average peak biomass over each of the four year study periods, at each site,
adds insight into the worst case conditions, the values do not include a time-related component as

discussed above.
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The average annual biomass provides additional information in that it measures the average
biomass present throughout the year. Figure 3 shows that the average annual biomass follows a
similar trend as the average annual maximum. This implies that all sites have a similar duration
to the growing season. If the sites with very high average maximum biomass concentrations
reached their annual maximum biomass over a very short period of time (weeks) and
immediately returned to a baseline condition, the average annual concentrations would be greatly

reduced.

The annual baseline biomass is an indicator of mean low growth at each of the sites (Figure 4).
Again a similar trend is observed. The sites exhibiting the highest average maximum and
elevated average annual biomass concentrations, also display elevated baseline biomass
conditions. This indicates that some nutrient source is available to these periphyton communities
throughout the year that is not available to the other lakeshore locations.

Our biomass indicators are specific to individual monitoring locations and do not provide
information about algal growth i the surrounding area, i.e. that area in between the fixed
monitoring locations. If lakeshore eutrophication were to increase, it is expected that periphyton
might respond with increased biomass in areas currently displaying low levels of growth. With
the exception of the ten current monitoring sites, we do not have historical information on the
more fine-scale spatial extent of periphyton growth, Consequently, it is not possible to directly
address the question whether the range of periphyton growth has expanded over time. In 2003,

we conducted preliminary monitoring to begin to determine the feasibility of conducting a

whole-lake periphyton biomass analysis. Again, the goal of this specific monitoring was to gain
background data to facilitate an informed discussion.

A synoptic survey was designed to coincide with peak biomass conditions in each area of the
lake, resulting in multiple sampling events between 19 March and 10 June, 2003. A total of 39
sites were surveyed in addition to the ten routine monitoring locations (Table 3). Of the 49 total
survey points, 18 were sampled for chiorophyll. There was & high degree of variation in biomass
around the take with values ranging from 7.8 mg,/m2 at Logan Shoals to 2547 mgjm2 at Tahoe
City. This variation suggests that there is great potential for increases in maximum periphyton
biomass around the lake in the future, if nutrient loading were to continue. Since synoptic
surveys were not conducted during the historic period, there is no means to compare spatial
changes over time, If synoptic surveys are used in the future to evaluate changes in the spatial
distribution of periphyton biomass, it is important to consider the number of samples necessary
to characterize the seventy-two miles of Tahoe shoreline.



Table 3. Synoptic sampling locations for periphyton biomass

DESIGNATION NAME LLOCATION Chia (mglmz)
WEST SHORE MARCH 2003
A Cascade Creek N38 57.130; W120 04.615
B S. of Eagle Point N38 57.607: W120 04.660 _ 26.31
C £.Bay/Rubicon N38 58.821; W120 05.606
D Gold Coast N39 00.789; W120 06.796 »-
E S. Meeks Point N30 01.980; W120 06.882 43.15
F N. Meeks Bay N30 02.475; W120 07.194 .
G Tahoma N39 04.199; W120 07.771
H S, Fleur Du Lac N30 05.957: W120 09.774 .. 81.44
| Blackwaod Creek N39O 06.411; W120 09.424
J Ward Creek N39 07.719; W120 09.304 .
K N. Sunnyside N39 08.385; W120 09.135
L Tavern Point N39 08.806; W120 08.628. 85.12
M TCPUD Boat Ramp N30 10.819: W120 07.177 334
N S. Dollar Point N39 11.016; W120 05.888.
G S. Doilar Creek N39 11.794; W120 05699
P Cedar Flat N39 12.567; W120 05.285. 27.93
Q Garwoods N39 13.486. W120 04.974
R Flick Point N30 13.650; W120 04.155 7.99
S Stag Avenue N39 14.212; W120 03.710__,
T Agatam Boat Launch N30 14.250; W120.8350 20.84
O
EAST SHORE MAY 2003
E1 South side of Elk Point N38 58.965: W119 57.399 23.77
E2 North Side of Elk Point N38 59.284; W119 57.341
E3 South Side of Zephyr Point  N38 50.056; W119 57.566
E4 North Zephyr Cove N39 00.920; W119 57.193
E5 Logan Shoals N30 01.525; W119 56.997 7.8
EB Cave Rock Ramp N39 02.696; W119 56,935
E7 South Glenbrook Bay N39 04.866:W119 56.955 14,02
ES South Deadman Point N30 05.998; W119 57.087
ES Skunk Harbor N3G 07.856; W119 56.597
E10 Chimney Beach N3G 09.044; W118 56.008 13.88
E11 Observation Point N39 42.580; W119 55.861 8.84
NORTH SHORE MAY 2003
E12 Hidden Beach N30 13.263; W119 55.832
E43 Burnt Cedar Beach N35 14.680; W119 58.132 10.37
E14 Stillwater Cove N39 13.789; W120 00.020
E15 North Statetine Point N39 13.237; W120 00.193 17.59
E16 Brockway Springs N39 13.580; W120 00.829
£17 Kings Beach Ramp Area N3G 14.009; W120 01.401 26,47

SOUTH SHORE MAY 2003
St Tahoe Keys Entrance N38 56.398; W120 00.390 24.95
g2 Kiva Point N38 56.555; W120 03.203 3117



Trends

By viewing biomass indicators over a larger {ime scale (twenty years), trend comparisons ¢an
begin to be made between the historic and present data. An evaluation of the average peak
biomass at a given lake location during the 1980s could be compared to the worst case measured
at that location in the early 2000s. This might indicate how shorezone eutrophication has
degraded or improved over time. Similarly the average annual concentration of chlorophyll could
be used to compare site-specific changes in the annual aesthetic quality of the shorezone. Shifts
in the annual baseline biomass might be used as an indicator of how chronic periphyton growth
nhas changed during the past two decades, providing additional insight 1nto shorezone
cutrophication during non-peak growing seasons.

However, the use of this data as a measul® of absolute change in periphyton biomass over the
past twenty years must be done with caution. The frequency of sampling directly affects the
average annual calculations and four-ycar time spans are relatively short and, runoff to the lake
was not equal during the periods 1982-85 and 2000-03. In fact, taking the Ward Creek total
annual discharge (October 1-September 31) for each year, the mean flow for 1982-85 (400 x10°
liters) was approximately 130% above or 2.3 times the 2000-03 flow (172 % 10° liters). If
discharge with its associated nuirient load is an important regulator of periphyton growth,
changes between 1982-85 and 7000-03 could be due to differences in runoff and not indicative
of a significant ¢rend in periphyton growth. Presently there is insufficient information on the
factors controlling periphyton in Lake Tahoe 10 allow us to apply 2 numeric factor 10 account for
the impact of flow/mutrient load on this algal community.

For many years the Tahoe Research Group has worked to separate out the individual impacts of a
fong-term trend from interannual variability with regard O evaluating 1969-2003 annual Secchi
depth data. Numerous gcientific papers have been dedicated to this issue, summarizing a
significant body of knowledge gained through focused research. Given that (1) we only have
seven years of data on periphyton biomass over a 23 years period (not every year as with Secchi
depth) (2) the number of sampling dates in any given year for periphyton has never been more
than one-third 1o one-half the pumber for gecchi depth, and (3) the Secchi depth measurements
ave taken on a large scale that integrate lake processes, where periphyton is highly subject to
local hydrotogy and nuirient loads, (4) and that we know that 2000-03 was very dry in
compatison to 19872-85, any direct COMpParison of these two periods for the purpose of trend
identification can not be justified. If periphylon is to be used to assess long-term trends in water
quality an expanded design is required.

Despite our inability at this ime {o statistically analyze this data with respect 10 teraporal trends,
some general observations may be meaningful for fFuture discussions:

1) Annual baseline chlorophyll a (which should not be influenced by wet versus dry years {0 the
degree that annual maximum of annual cumulative biomass would be) suggests that while values



at Deadman Pt. and Sand Pt. on the undeveloped east shore, increased, all other locations

appeared unchanged.

2) The relative relationships between the sampling locations
the 20-year period. Locations that were low in 1982-85 were
with elevated chlorophyll a in 1982-85 also showed elevated

3) If (and we present this with extreme caution) periphyton g

appeared generally consistent over
generally low in 2000-03 and sites
chlorophyll in 2000-03.

rowth is related directly to flow and

nutrient load, it may be noteworthy that many of the sites in 2000-03 were comparable to 1982-
35 Based on this reasoning, one could hypothesize that locations such as Pineland and Dollar
Point will have much higher periphyton during subsequent years when flow is comparable to
1982-85. Only additional monitoring will help to evaluate this. As noted previously, both
monitoring and research are need for us to more fully understand the details of periphyton

growth in Lake Tahoe.

Water Quality Standards for Periphyton

Factors to Consider

The accumulation of attached algae on rocks, piers, boats and other hard bottom substrates is
arguably the most obvious indicator of Lake Tahoe’s declining water quality for the largely
shore-bound population. Thick, carpet-like, expanses of periphyton biomass carpets the
shoreline in places, creating a sharp contrast to the blue hue of the open waters. Beaches can be
fouled when this material dies and breaks free, and slippage by humans walking on the

rocks/cement areas also poses a safety concerm.

The current Lahontan RWQCB water quality standard (WQS) for periphyton in Lake Tahoe, as
stated on page 3-9 of the Water Quality Control Plan | Biological {ndicators], states, “for Lake

Tahoe, algal productivity and the biomass of phytoplankton,

zooplankton, and periphyton shall

not be increased beyond the Jevels recorded in 1967-71, based on statistical compatison of

seasonal and annual means.” We believe that it would be be

nefieial to re-consider this definition

since periphyton biomass during the period 1967-71 was measured by allowing biomass (0 grOw
on artificial subsirates that do not mimic actual ambient conditions. Work by the TRG in the
early 1980s clearly demonstrated this limitation, which is why we chose 0 sample the natural
rock substrates. Currently, the TRPA has no environmental threshold/indictor for periphyton.
The anticipated reduction of nutrients that will come about as a result of the Lake Tahoe TMDL
and FIP should reduce the growth of this algae. As with other key indicators of water quality,

we need realistic targets in order to measure success.

Recommendations for and final adoption of a numeric WQS

by States or Tribes, under thé

Federal Clean Water Act, requires a number of steps and is part of both a scientific and required
administrative process, Our goal in this section of the report is pot 10 make a final
recommendation to the Lahontan RWQCB as to the most appropriate numeric WQS for



periphyton growth. Rather, we wish to inifiate a discussion focusing on some of the more
important scientific aspects of this topic that need to be considered. Should Lahontan choose to
pursue the adoption of revised numeric WQS for periphyton further, we strongly suggest this be
done under a separate scope of work.

Water quality standards can be developed by many means. For example, (1) numeric value(s)
can be based on replicating conditions some time in the past when water quality was in a
desirable condition (e.g. Lake Tahoe transparency [Secchi depth]), (2) there may be a scientific
literature which suggests that exceedence of a certain value would be harmful to aquatic biota
(e.g. toxics or dissolved oxygen), (3) values can be determined by examination of current
reference conditions (i.e. what are the numeric values in those portions of the water body not
affected by pollutants), (4) values can be based on the desire not to exceed a given value over a
certain percent of time (e.g. values can not exceed the 90" percentile of the existing data base),
(5) models can also be used to guide selection of values, and (6) in the case of aesthetic
beneficial uses, the selection of values can be based on the public/agency perception of
acceptable conditions. At this time there is no evidence to suggest that periphyton growth is
having a significant impact on lake biota. Consequently, a numeric WQS for periphyton at Lake
Tahoe would most likely be based on aesthetic concerns and/or the desire 10 replicate previous

conditions.

Numeric WQS exist in many forms — the most common are adoption of a single value
concentration for a selected parameter can not exceed a stated value and the annual average (or
some other indicator of average condition) can not exceed a stated value. Often, both are
adopted. In the case of open-water clarity at Lake Tahoe, this is fairly straight forward; an
average annual value, measured at the long-term monitoring site is evaluated. For attached algae

there are many factors to consider.

As discussed above, the accumulation/ growth of periphyton biomass occurs on a number of
spatial and time scales. First, biomass can be evaluated as the amount/concentration of material
within a prescribed area (i.e. how much is present on a square meier of substrate — the ability of a
bottom surface to support biomass). Second, an indication of worsening conditions could be that
biomass is found during seasons when it historically did not oceur. Third, growth can increase
based on the spatial extent of its distribution, i.e. if growth was historically observed in a 100 m”
area but now it extends into a 300 m? area or beyond, this denotes an increase, even though the
amount in an given square meter may not of changed. The data collected to date primarily focus
on the first scenario, i.e. the absolute amount of growth on a given arca of substrate, We also
have some data on the second scale, temporal extent of growth. The spatial growth of periphyton
on a lake-wide has been confined to the 10 sites sampled. As presented above, during 2003 we
conducted a true synoptic survey. However, any revision of the WQS can not be based on this
limited data set; an expanded monitoring program is required and recommended.



Approaches

Based on the available data, we suggest that future discussions regarding a revised WQS for
periphyton (if desired) need to consider at least the following categories:

Literature definitions for nuisance levels of attached algae,
Single annual maximum chlorophyll a concentration that can not be exceeded,
Average annual chlorophyll @ concentration that can not be exceeded,
Annual baseline concentration that can not be exceeded (note: mote data is needed to
define the length of time the baseline concentration should be achieved),

. Statistical value based on the distribution of data and how often it exceeds a certain value
under reference and all conditions, and

+ Level of acceptable growth based on public perception.

-

Again, it is important to note that we are not making a recommendation for final specific
numeric values at this time. All values referred to below require additional discussion.

Application to Lake Tahoe

o Literature Definitions — The most widely cited reference for defining nuisance levels of
attached algae are those of Gene Welch, Richard Horner and associates at the University of
Washington (Horner et al. 1983; Welch et al. 1988). Using chlorophyll @ as an measure of
biomass there authors suggested values of 150 mg m™ for a maximum value and 100 mg m™ for
a mean value. This was developed primarily for stream periphyton and to our knowledge
comparable values have not been published for lake periphyton. Based on the Lake Tahoe,
culittoral (splash zone) community, both these values would be exceedingly high and not very
appropriate (refer to data presented above). Evenat its highest (Tahoe City), average annual
chlorophyll « did not exceed 70 mg m? despite the fact that this was an unacceptable condition.

The reason for this lack of consistency lies in the fact that the Tahoe community is dominated by
the stalked diatom Gomphoneis herculeana. Since most of its biomass is in the form or its non-
chlorophyllous, carbonaceous stalk, its mass fo chlorophyll vatio is very high, i.e. nuisance
biomass conditions oceur long before the literature chlorophyll thresholds are met.
Consequently, values specific to Lake Tahoe are required and literature values are not

recommended.

o Annual Maximum, Average Annual and Baseline Chlorophyll a Concentration — Figures 2-4
show that there are a number of sampling locations that can serve as reference conditions. These
are located in non-urbanized areas and typicaily have lower biomass. Examples inciude, Incline
West, Sand Point, Deadman Point, Zephyr Point and to a less extent Rubicon Point. If we were
use to annual maximum bionass as a water quality standard and base our selection on desire to
achieve reference station levels around the lake, a value of not to exceed 25-30 mg chi a/m’



would be a good starting point for discussion. Similarly, a corresponding value can be derived
for average annual chlorophyll a. For baseline concentration, a vatue of 10 mg chl a/m* would
be a reasonable initial value for consideration. In this discussion, the reference conditions
demonstrate that low levels of periphyton are achievable in Lake Tahoe and the management
goal would be to reduce nutrient loads 10 sufficient levels to reach these levels. Clearly, there
will be locations around the lake that may not be able to achieve these lower values because of
stream flow or other un-controllable sources of nutrients. Taking this approach, the merit of
exceptions would need to be considered.

« Statistically Based Values - In their desire to establish national water quality standards for
nutrients, the US EPA made an initial suggestion that numeric values could perhaps be expressed
as the 75" percentile of values from reference waterbodies and/or the 25" percentile from all
waterbodies in a given area (Nutrient Criteria Development Workshop, March 14-15, 2002, San

Diego, CA).

Based on the data summary in Table 4 and using these criteria, a value of 9 mg/m2 represents the
25M percentile for all data. This value is lower than the annual maximum since it accounts for all
data and is not overly influenced by single high values. Itis important to keep in mind that these
US EPA criteria are very much under debate and they may not be suitable for Lake Tahoe
periphyton. The goal here was t0 present an alternative process. 1f, for example, we define the
25™ percentile for the developed sites of Pineland, Tahoe City and Dollar Point, the value is 15~
20 mg/mz. The 75™ percentile for the remaining eight sites is 20-25 mg/mz. Again, these values
are presented for discussion only, but as can se¢ seen, a number of approaches yield similar

values.



Table 4. Values represent periphyton biomass (mg chl a/m’) corresponding 0 the stated
percentile. Based on the cumulative distribution of each data point over the entire 1982-85,
2000-2004 period of record. For example, at Rubicon Point, 10% of the samples had a biomass
vatue of less than or equal to 4 mg chl a/m?, 50% of the samples had a chl a concentration <15

mg/mz, etc.

10% 25% 50% 75% 90%
rRubicon Pt. 4 7 15 23 38
sugar Pine Pt. 1 5 14 35 61
pineland 3 10 22 49 93
Tahoe City (2{)00-03) 12 25 47 104 137
Dollar Pt. 9 15 28 50 71
Incline West 2 8 11 17 20
Incline Condo 6 9 15 22 34
Sand Pt. 0 6 il 15 19
Deadman Pt. 0 5 10 16 25
Zephyr Pt 6 11 16 23 28
Total Combined 3 9 15 26 50

« Public Perception— Yet another approach for developing 2 water quality standard for
periphyton based on aesthetic perception would be to survey the public on what levels they find
andesirable. 1T combined with quantitative sampling, a water quality standard could be
developed. This could be done by showing photographs of shoreline conditions (periphyton
growth), from different 1ocations, over the course of a seasoth. We took some initial steps
towards this goal, but quickly realized it was ouiside our scope of work and that it would require

a much more significant effort.

Use of Models and Suggestions for Further Research and Monitoring
Modeling periphyton growth around Lake Tahoe in response 1o putrient nputs will require a
significant amount of new research. We simply do not have the understanding at this time to
even attempt such a task. AS noted above, research on periphyton and the factors controlling its
- growth in Lake Tahoe only got underway during the period 1979-1984, with no new rescarch
funded since. While thete arc a fow generic models for algal growth in gircams, a similat model
in lakes is lacking. As with many other process, the oligotrophic nature of Lake Tahoe aimost
requires that & customized model be developed.



Depending on the emphasis that the Basin agencies wish to place on periphyton in the future, we
strongly recommend that the 1,ake Tahoe Science Advisory Group establish a subcomimittee 10
investigate this further and develop a science plan for the research and monitoring steps that
would be required to construct & periphyton model.
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3. Distribution List

Dr. John Reuter, Brant Allen, Scott Hackley, Patty Bucknell (of UC Davis-Tahoe Research
Group), Bruce Warden (of Lahontan Regional Water Quality Control Board) will receive Copies
of this Quality Assurance (QA) plan, and any approved revisions of this plan. Once approved,
this plan will be available to any interested party by requesting a copy from Dr. John Reuter (se¢

address on title page).

4, Project Organization

» Project Management (Dr. John Reuter) - Provides scientific guidance and general oversight to
the project team at Tahoe. Assures all tasks are addressed effectively.

» Together with Brant Allen and Scott Hackley prepares the results of work completed for each
task in Annual and Final Reports.

» Quarterly, Annual and Final Report Preparation (Reuter, Allen, Hackley) - prepares the results
of work done for each task in Quartetly, Annual and Final Reports

« Field Studies Coordination (Brant Allen, Scott Hackley) - Responsible for coordinating field
work to assure all tasks are carried out.

« Field Data Collection (Allen, Hackley) - Responsible for periphyton sample collection during
regular monitoring and synoptics. Also documenting growth through site photographs and
recording field observations in notes.

« Laboratory Analyses (Hackley, Allen) - Responsible for processing of periphyton samples in
the lab, includes: initial sample processing and weighing, analyses for dry weight and ash free
dry weight, chlorophyll a analyses. :

» Historical Data Compilation (Reuter, Allen, Hackley) - Compile a database which presents
relevant data from historical periphyton studies done by the Tahoe Research Group.

« Data Management (Allen, Hackley) - Prepare and update frequently a database which contains
data collected from field and lab studies.

» Archiving of Data (Arneson) - Archives data collected into TRG data files.

. Literature Review (Reuter, Allen, Hackley) - Compile literature relevant to all tasks.

s Quality Assurance Management (Patty Rucknell) - Over sees quality assurance program for
laboratory analyses.

. Principle Data Users (John Reuter, U.C. Davis Tahoe Research Group; Bruce Warden,
LRWQCB) ‘

« Primary Decision Makers and Implementers (LRWQCB)

5. Proeblem Deﬁnition/ﬁackgmund

Thick growths of attached algae now coat {he shoreline rocks of Lake Tahoe in the spring. This
growth is a major impediment toward achieving an aesthetic beneficial use for the largely shore-
pound populace. While the TRG database on this growth was quite extensive in the 1980's, only
intermittent sampling has been done since. Given that these algac serve as biological indicators
of (a) nutrient inputs and (b) long-term environmental changes, the absence of this data from the



monitoring program has been significant. There 15 2 distinct need not only t0 provide ongoing
monitoring of growth, but also 10 thoroughty analyz¢ information {hat has beent gathered 10 date.
Quch analysis would provide information O (O {rends in biomass gver fime, (2) gpatial changes
in biomass, and (3) srends in the timing of biomass accumulation. Wwith information available
from studies of nutrient SOUTee inputs being concomitanﬂy conducted as part of {he Lake Tahoe
TMDL'Research Program €-8- 1 1 TIMP streat Joading; (2) stor® water 10ading and
monitoring; (3) regional groundwater loading estimates, it may pe possible 10 identify the most
likely nutrient SOUrces which fuel periphyton growth. Of potential interest 10 regulatory agencies
and the public is whether remedial actions might he taken 10 help reduce periphyton growth., if
(an) appropriate qumeric target(s) for this attached algae can be established, areas exceeding this
target around the 1ake could then be ;dentified. Currently there are no pumeric water quality
standards for attached algal growth. Based upont the likely ot rient sources fueling periphyton
growth in such areas, recommendations for remedial action in areas exceeding target levels,
could focus OB gpecific source reduction. This work 18 & companion to studies being conducted
on nearshore turbidity by Ken Taylor (ORID) ander contract <o the Lahontan RWQCB.
Combined, itis intended that these projects will form the basis for reassessing existing water
quality standards as they apply 10 the nearshore sone of Lake Tahoe.

Note: for the purpose of this work the terms penphyton and attached algae are used

synonymously and defined as the predominantly algal commumty that grows attached 10 rock
surfaces. This natural community also includes bacteria, and ofher organisms that inhabit this
area [‘oenthie invertebrates are very occasional and do not signiﬁcantly contribute to biomass)-

Since the Lake Tahoe periphyton ~ommunity that is being gampled 10 this study (0.5 m) has an

represents only growth Juring that year. Consequenﬂy, samples aleo inchude non-iving
periphyton (detritus), but again, only ‘new’ material,

6. Project! Task Description and Gehedule

DAt

(Soheduled Start 5/ 102/ Finish 2/1/04)
gamples of periphylon will be collected at the following shoreling locations sround the 1ake ata

minimum of eight tImes per year: Pineland (Sunnyside), Qugar Pine Pt., Rubicon Pt., Zephyt Pt
Deadman Pt Gand Harbor, ncline Village Stateline Pt (north), Tahoe City and Dollar P Six
of the saplings will be done hetween January and August, when periphyton growth in the
culittoral Zone (O—O.Sm) (s the greatests {he Temaining {wo samplings will be done between
September and December Previous studies have ghown that ihe eulittoral ZORC serves as the best
indicator of site to site differences in the levels of growth (Loeb and Reuter, 1984). 2-5yrnge
samplers described by Loeb (1981) will be used 10 cemove and collect periphyton from & Known
surface arca of rock at 0.51m pelow the water surface. Roulders OF large TOCkS selected for
sampling will be generaﬂy representative of the level of growth at the 0.5m depth (note that
samples arc collected only from naturally oceurring rock surfaces and not otber substratd guch as
boat piers, boat bulls break water structures, cement wall/boat Tamps etc.)- Usually slightly

Task 0.1. Sampie Collection.



sloping surfaces are sampled, however vertical surfaces may be sampled when horizontal
surfaces have accumulated sand, or there are not sufficient horizontal surfaces available. This
monitoring will update information on current levels of periphyton growth around the lake

Task 6.2. Laboratory Analysis

(Scheduled Start 5/1/02/ Finish 2/ 1/04)

Periphyton will be returned to the lab in 2-syringe samplers, then processed. Water and
periphyton are removed from the sampler, centrifuged to concentrate the periphyton, then the
concentrated periphyton transferred to weighing paper and a wet weight determined.

Subsamples of this periphyton are then transferred to a pre-tared piece of filter paper and
weighed, then frozen for later chlorophyll a analysis; the remaining sample is transferred to a
precombusted, pre-tared aluminum tin and the weight recorded. This sample is analyzed for dry
weight and Ash Free Dry Weight or Loss on Ignition. Processing methods and analytical
methods are described in Loeb and Reuter (1984). These laboratory analyses provide periphyton

biomass data.

Task 6.3. Statistical Review of All Relevant Historic Periphyton Data

(Scheduled Start 5/1/02/ Finish 2/ 1/04)

A database of all relevant historic periphyton data and current data will be created. This data
will be statistically analyzed (summary statistics and statistical analyses to discern trends) to
determine: (1) trends in biomass over time, (2) spatial changes in biomass and (3) trends in the

timing of biomass accurnulation.

Task 6.4. Synoptic Surveys

(Scheduled Spring 2003 and Date for Second Synoptic to be Determined)

Conduct synoptic surveys of periphyton growth around the lakeshore to obtain a more complete
assessment of spatial variation in periphyton growth. These will be done once per year during
the period of biomass accumulation and maximum biomass standing crop (typically associated
with spring snowmelt). Since the period of maximum growth may vary depending on region, we
will attempt to do "regional” synoptic sampling around areas showing peak growth. For instance
i the west shore were found to be peaking in mid-March but the north and east shores have yet
to peak, we would do a synoptic focusing on intensive monitoring on the west shore in March.
Then other "regional” synoptics focusing on cast or north shore would be done later depending
on observed peak levels of growth. The purpose of these synoptics is to get a better
understanding of the distribution of periphyton growth on a finer scale than we have had in the
past or as part of the current 10 station sampling design (i.¢. determination of the levels of
growth between our standard monitoring sites).

During each regional synoptic, samples from the routine monitoring sites in the region will be
collected for biomass, the sites will also be assigned an overall level of growth score ranging
from 1-5 (where 1 is least amount of growth, 5 highest growth) based on visual observation.
These scores are subjective and provide an aesthetic gauge of levels of growth. Both field



personnel have done extensive periphyton monitoring (since the 1980's) and thus have a good
understanding of the general range of growth that is found in the lake. Visual observations will
be made both above water (characterizing tevel of algae growth visible from above the water)
and below water (at 0.5m depth). Photographs will also be taken both above and below water for

documentation.

We will then make above and below the water visual observations only of the levels of growth at
stations between sites. We will Jocate in the area between each 2 adjacent routine sites one 0
several more sampling points that are taken at approximately equal intervals between sites. GPS
locations of additional sites will be recorded, above and below water numeric sCOres assigned,

and pictures taken. In addition, we will sample biomass at least one of the additional sites.

Products from this synoptic sampling will be: (1) maps of visual scoring of levels of growth
between sites during peak growth periods (an aesthetic gauge of tevels of growth); (2) maps of
actual biomass levels at the routine monitoring stations along with 10 additional sites (provides
physical measurements that have historically been done; which will be compared with visual
scores); (3) photos above and below water at each site (provides documentation and may later be
used to provide examples of periphyton levels to go along with each visual score - these might be
useful for future studies characterizing the 1evel of periphyton growth visuatly around the lake).

Task 6.5. Determination of Numetic Targets for Algal Growth

(Scheduled Start 6/1/02/ Finish 2/ 1/04)

Based on current and historic data for periphyton in Lake Tahoe, Jetermine appropriate pumeric
target(s) for this attached algae which, if achieved, will protect the designated beneficial uses of
the lake. Avenues (o be explored In determining these numeric targets ‘nclude, but are not
limited to: (1) reconstruction of periphyton levels during period 1967-1971; (2) analysis of
biomass levels in undisturbed regions of the lake; (3) literature review for quantitative'deﬁniﬁon
of nuisance condition. The data base containing historic and current biomass yalues should be
quite useful in determining jevels of growth which might be considered low or Very high. Data
from the synoptics should be useful in determining whether numeric target values might be
applied to the lake as a whole, OF whether such target values might require adjustment in certain
regions based on high natural availability or input of nutrients.

argets

Task 6.6. Identify Re ions Which Exceed Numeric b
(Scheduled Start 6/1/02/ Tinish 2/1/04)

Based on the resulis obtained above, identify those regions of the lakeshore which currently
exceed the recommended aumeric target for heneficial use.




Tagk 6.7, Discuss Primary SOUrces Which Fuel Periphyton Growth

(Scheduled Start 6/1/02/ Finish 2/ 1/04)

Combine the results of surveys from Tasks 6.1-6.4 above, with results of nutrient sources studies
being concomitantly conducted by the LRWQCB to discuss the most likely sources of nutrients
which fuel periphyton growth. Timing and magnitude of nutrient load will be considered. The
following sources should be available for this analysis: (1) LTIMP stream Joading data; (2) storm
water loading and modeling, and (3) regional groundwater loading estimates.

In addition, discussion of influence of upwelling and circulation patierns may be possible based
on LTIMP lake nuirient data and based also o1t input from Geoff Schladow and Simon Hook
who are looking at physical processes in the lake such as mixing and circulation patterns.

Task 0.8. Recommendations for Remedial Actions t© Reduce Periphyton Growth

(Scheduled Start 6/1/02/ Finish 2/ 1/04)

Based on the results from Task 6.7 above, provide recommendations for possible remedial
actions to reduce the level of periphyton growth in regions :dentified to exceed the recommended

numetic target (Task 6.5).

Task 6.9, Potential Use of a Model 1o Relate Periphyton Growth to Nutrient Loading

(Scheduled Start 6/1/02/ Finish 2/ 1/04) .

Conduct a literature review to determine applicability of existing models which would allow
quantitatively linking nutrient loading and or concentration 10 Lake Tahoe periphyton growth.
This review will include a list of parameters/data which must be available for use in the model.
1€ no current model is acceptable, the contractor will provide suggestions for construction of such

a tool.

7, Quality Objectives and Criteria for Measurement Data

7.1 Type of Data Needed to Support the Project - :

The following data arc needed to meet project goals: periphyton biomass data as: chiorophyll a,
dry weight and Ash Free Dry Weight or Loss on Ignition. During synoptics yisual scores of the
relative level of periphyton growth will be needed.

7.2 Intended Use of Data -

The biomass data will be used o provide information on current and historical levels of
periphyton growth. It will be used to discern temporal and spatial patterns in biomass. Based on
current and historical values it will be used in establishing periphyton “arget Jevels” of growth
which, if achieved, will protect the designated peneficial uses of the lake. It may be used to test
suitability of certain models linking periphyton growth with nutrient input O availability. The

visual score data will be used to provide an aesthetic gauge of levels of growth around the lake
during peak growth periods.



7.3 Conditions Under Which Data Should Be Collected -

Personnel sampling periphyton in the field should be trained in proper use of the 2-syringe
samplers and skilled at taking samples with good replication (i.e. minimal 10ss of sample or
pulling of extraneous (aterial into the sampler). Sampling should be done 0B natural rock
substrata at 0.5m which have levels of growth, generally representative of growth at the sampling
Jocation. 1f possible a single boulder may be used repeatedly for measurements. gince the lake
surface elevation typically fluctuates up oF down and previous sampling marks remain visible for
long periods. Samples should be taken o1 previously unsampled portions of the rock. If rocks
have large accumulations of sand, samples should be collected from yertical portions of rocks or
boulder where accumulated sand is less. Samples should be collected undet relatively calm
conditions to be able to accurately locate the 0.5m depth and facilitate accurate collection of
samples. Visual scores for the relative level of periphyton growth should be made under
relatively calm conditions 10 promote yiewing of periphyton from above the water surface.

7 4 Acceptable Limits on Decision Errors -

Thete can be quite significant variability seasonally and year to year in the biomass parameters.
There also can bé significant yariation within a site, and on 2 single rock. A challenge In
gampling is 10 select sampling locations which are representative of the overall growth.
Tolerable limits on precision therefore must reflect significant patural variability n samples.
Analysis of recent data for chlorophyll a, dry weight, Loss On Ignition (LOIL) was done with the
intent to compare coefficient of variances for these analyses at different percentiles. The 90"
percentile coefficient of variation (CV) values for these analyses appears to be a good
demarcation point for triplicates 10 identify samples which may need censoring. The initial oo™
pereen‘tﬂe CV expressed as o4, for triplicate samples are as follows: chlorophyll & (50%); dry
weight (50%); LO1 (60%); AFDW (to be determined). When the CV is greater than the values
above, data will be considered for possible outliers. Field and lab notes for the samples will also
be analyzed 10 €€ if there 18 supportive information 10 justify censoring individual data points.
For duplicate samples W€ determine relative percent difference (RPD) values for the various
analyses, for recent samples. Note that the yariation betweeh gamples does not reflect the
researchers ability to obtain ‘replicate * samples, 1.¢- :t s not an indicator of sampling error.
Rather the distzibution of periphyton biomass in sty is somewhat heterogeneous. Biomass
differences reflect this natural variability. AS discussed below, when the researcher determines 4

higher degree of heterogeneity (based on experience and best professional judgment) triplicate
samples arc taken.

As indicated above the yarjatlon seasonally in various parameters can be quite large. Tor
instance chiorophyll & varied by a factot of 6 fold 1n 2007 at the pineland site from a low of
18.94 mg/m[2 in July to 123.76 mg/m'z in Aprit. Of particular interest 10 decision makers arc
representaﬁve values indicating acceptable Jevels of growth and anacceptable (very high) levels
of growth. Given the magnitude of variation sech during a year at 2 site, and variability in
subsampling, at the present time, we consider a reasonable tolerable limit on decision exrors 1o be

in the range of +{-33 %.



8. Special Training Requirementleertiﬁcations

SCUBA may be occasionally needed 1o collect periphyton samples that are deepet than 0.5 m
(for instance when studying the amount of growth along a transect extending into deeper water).
Brant Allen is currently certified for research diving with UC Davis, Certification #0923, issued

1985.

A university certification ‘1 boat handling is likely to be required in 2003. Documentation of the

completion of a U.S. Coast Guard training course will most likely suffice.

9. Documentation and Records

All field measurements and observations will be recorded at the time of completion using a
standard field form and/or field notebook. Chlorophyll a and biomass data will be entered on
standard periphyton laboratory data sheets. All data will be entered into a database developed

specifically for the periphyton progrant.

10. Experimental Design

In order to moniter growth of periphyton, natural periphyton growing on rocky substrate
(epilithic periphyton) is monitored. Ten sampling stations have been selected which provide
continuity with historical periphyton monitoring sites. Periphyton biomass data is available for
nine of the sites back in the 1980's, the Tahoe City site was added in year 2000 to provide
monitoring off this urbanized area. The sites are widely dispersed to provide samples from many
broad regional areas of the lake (along the cast, west and north shores). The southern-most shore
is mostly sand with sparse rocky substrate in the shallow areas and therefore epilithic periphyton

has not been monitored long-term

Replicate (duplicate of triplicate samptes) of epilithic periphyton are sampled from 0.5m depth
using a 2-syringe sampling device. The periphyton collected is then analyzed in the fab for
Chlorophyll a, Dry Weight, and Ash F'ree Dry Weight as ‘ndicators of biomass. These
measurenients are critical for the study.

During the regional synoptic sampling, the relative level of periphyton growth based on visual
observation above and below water will be assigned a subjective score from 1 (lowest)-5
(highest). Although this is 2 subjective measurement it begins 1o address the subjective side of
ihe aesthetic beneficial uses impacted by periphyton in the shorezone. These SCOTES provide an
aesthetic gauge of levels of growth. Roth field personnel have done extensive periphyton
monitoring (since the 1980's) and thus have a good understanding of and familiarity with the
general range of growth that is found in the lake. The scores will be compared with actual



physical biomass measurements at 10-20 sites. We will also document jevels of growth above
and below water photographically.

11. Scheduled Project Activities

Qix sampling rounds of ten sites will be done betweenl January and August, and two sampling
ounds will be done during September 10 December. The synoptic sampling will be done during

the period of peak periphyton growth in the spring.
12. Sampling Method Requirements

Details of sampling methods used may be found in Loeb and Reuter (1984). Briefly, two-
syringe samplers described by Loeb (1981) will be used to remove and collect periphyton from a
known surface arcad of rock at 0.5m below the water surface. The syringe containing the brush is
affixed over a portion of rock containing periphyton and the brush turned several times to
remove periphyton from the rock surface. Loosened periphyton in the brushing syringe 18 then
collected by withdrawing the plunger of the second attached syringe. The brush end of the
sampler is then corked, the sampler brought to the surface and placed into an ice chest and
returned to the 1ab for processing the same day.

Epilithic periphyton typically shows quite a bit of natural variation in distribution and amount of
growth over rock surfaces. Therefore boulders of rocks selected for sampling should be
generally representative of the level of growth at ihe 0.5m depth. Areas sampled on the rock also
should also be visually determined to be representative of growth at the 0.5m depth on the rock.
Usually stightly sloping surfaces arc sampled, howevel vertical surfaces may be sampled when
horizontal surfaces have accumulated sand, or there is not sufficient horizontal surface arca
available, Once analyzed, gample values may e censored (see Section 7.4 above) and/or if there
is information in the field ot lab notes 10 suggest a particular sample appears anomalous ot may
have been compromised (i.e. sampler leaked or spilled, etc.). Otherwise, vaiues from a particular
site and date will be averaged o obtain a mean value.

13. Sample Handling and Custody Requirements

Samples arc collected in numbered two-syringe samplers. The sampler numbers and
corresponding samples are recorded on the field data sheets OF in the field notebook. Brant Allen
and Scott Hackley perform the field sampling and are custodians of periphyton samples in the
Geld and the lab. They also perform the lab processing and analysis of periphyton samples.
Samples are initially split into subsamples for chlorophyll a and dry weight. The subsamples for
chlorophyll & are stored frozen 1n & freezer at the TRG in aluminuim tins (labeled with site,
replicate number and sampling date) until analysis. The subsamples for dry weight aie placed 10
a drying oven in labeled tins the same day of collection.



14. Analytical Methods/ Requirements

Methods for processing of periphyton samples are given in Loeb and Reuter, (1984). Briefly, the
samplers containing periphyton arc returned to the lab where the sample is centrifuged to
concentrate the periphyton + solids and water is decanted. The periphyton sample is then
iransferred to weighing paper, dried to damp consistency, weighed, and subsampled (weighing
each) rapidly for chlorophyll a, Loss on Ignition (LOY) or Ash Free Dry Weight (AFDW).

Chlorophyll a is analyzed using a hot methanol extraction. Samples (which are stored frozen
until analyzed) are mixed and ground with a glass rod in boiling methanol (under a fume hood)
for about 3 minutes. The solution is allowed to cool then is centrifuged to remove turbidity.
Absorbances of the supernatant are then measured using a spectrophotomer at 750, 666 and 653
am. The chlorophyll a content is determined using the equation of Twamura et al. (1970) (with
additional factors to account for sybsampling and units):

Chlorophyll a (mg/m?) = (17.12* ABS 666 - 4.68* ABS 653) * (Volume Methanol (ml) * Total
‘Sample Wet Weight (8))/(4 (cm)* Chlorophyll a subsample wet weight (g)*5.3%10"* (m*))/1000

Loss on Ignition (LOT) is determined by placing a sub-sample in a tared, precombusted
aluminum tin at 105 °C overnight, determining a 105C Dry Weight, then combusting the dried
material at 500 °C for 1 hr, and determining the weight of the remaining material. The weight
loss of material after 500 °C combustion from the 105 °C Dry Weight, then corrected for
subsample amount, and sampling area is representative of volatile organic matter and reported in

g/m™ LOI (APHA, 1971).

Ash Free Dry Weight (AFDW) is determined by placing a sub-sample in a tared, precombusted
aluminum tin at 60 °C overnight, determining a 60C Dry Weight, then combusting the dried
material at 500 °C for 1 hr, and determining the weight of the remaining material. The weight
loss of material after 500 °C combustion from the 60 °C Dry Weight, (corrected for subsample
amount, and sampling area) is representative of volatile organic matter and reported in g/m’

IAFDW.

Both LOI and AFDW have been used to estimate volatile organic matter of periphyton in Tahoe
studies over several years. AFDW is more typically used for biomass estimation in periphyton
studies. The initial drying at 60 °C is less extreme than at 105 °C. LOI is typically used for
analysis of volatile organic matter in sediments. At several Tahoe sites we have often
encountered significant silt and sand in the periphyton samples. Such samples will often give
different "Dry Weights” depending upon whether dried at 60 °C or 105 °C, due to water
associated with the sediments which does not evaporate at 60 oC but is driven off at 105 °C. A
comparison of the AFDW and LOI methods typically showed that the AFDW value was often
slightly higher for sandy or silty samples than the LOI value, presumably due primarily to water
associated with sediments which is counted as part of the volatile material (although it is also
possible there is some volatile organic material that is driven off at 105 °C with the L.OI method,



a greater proportion of the weight loss in the AFDW method with silty sediments is likely due to
water associated with sediments). Comparisons of both methods have shown dry weights and
AFDW and LOI values to be nearly similar for samples which are primarily periphyton with
little or no sediment.

The primary waste product of concern in the analyses above is waste methanol generated by the
chlorophyll a method. This waste methanol is disposed of by the U.C. Davis Dept. of
Environmental Health and Safety.

15. Quality Control Requirements

The periphyton monitoring 18 designed 1o reflect the amount of attached algal growth present in
gpecific lake {ocations. There is no standard growth pattern that the collected samples can be
compared to. Therefore it is assumed that the collected biomass is representative of the area in
which it was collected. Assurances that collected samples are representative yely on replicate
samples and the expertise of the sampling personnel o place sampling tubes OVer section of the
substrate that reflect the area’s growth pattern. During periods of high standing crop biomass,
when within site variability can be high, researchers may collect triplicate samples. The
additional sample increases the statistical power of the analysis and can account for the presence
of higher variability. Collection of the triplicate sample is left up 10 the discretion of the

researchers.

Laboratory quality control will be administered by the overall laboratory quality control person
(currently Patty Bucknell).

16. Instrument/Equipment Calibration, Inspection and Maintenance Requirements

The quality control procedure for the measurement of periphyton biomass is regular calibration
of the analytical balance. Service is pre‘formed on a bi-annual basis (or as needed) fo ensure the
proper precision and accuracy of the balance.

Measurements of chlorophyll a are conducted using a Shimadzu UV 160U Spectrophotometer,
Performance of the Spcctrophotometer and analyses arc checked through the ongoing UCD-TRG
Quality Assurance Program.

gpecifically designed 2-syringe sampling devices (Loeb 1981) are yepaired as needed to ensure
proper function.

17, Data Acquisition Requirements

Historical periphyton data collected by the Taboe Research Group will be used 1o determine
changes in ambient periphyton growth. Some of this data has gone through peer review and 18
contained in published papers. Other data remains unpublished but was collected using the same

methods, often by the same researchers as the peer reviewed material.



Lake surface elevation data may be used during the study. Data collected by the u.s. Geological
Qurvey will be gathered from a web based data information system and from archived files.

18. Data Management

Field and laboratory data is written On preformatted data sheets and in field notebooks at the time
of sample collection and analysis. These data arc stored at the TRG laboratory in Tahoe City.
Data 18 transferred into electronic format (Excel spreadsheet, and Word documents) and backed
up on disk at the TRG and in Davis. A review of data entry for accuracy and completeness is
conducted priot 10 release in quarterly reports.

19. Assessment and Oversight

Overall project assessment takes place, at minimum, on & quarterly basis through the process of
data analysis and reporting. Monthly meetings between project rescarchers discuss pexiphyion
growth patterns and whether rmonitoring 18 sufficiently Jescribing field observations. AnY
proposed changes to the monitoring schedule or sampling protocols arc written and discussed

with the project supervisor (Reuter).
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Appendix A. Summary of 1982-1985 periphyton mean chiorophyll a (mg/ml), standard
error (S.E.) and sample sizé (n) data.

Mean Chla S.E.
Station Date Depth (m) (mg{m? (mg/m? n
Deadman Pt 2/2/1982 0.5 BLD NA NA
Peadman Pt 0/28/1982 0.5 BLD NA NA
Deadman Pt. 42171982 (134] BLD NA NA
Deadman P 5/17/1982 0.5 3.04 NA 1
Deadman Pt. 6/26/1982 0.5 4,60 NA 1
Deadman Pt 7i30/1982 6.5 BLD NA NA
Deadman Pt. 8/30/1982 05 BLD NA NA
Deadman P, 10/3/1982 0.5 BLD NA NA
Deadman Pt. 11/3/1982 05 BLD NA NA
[Deadman Pt. 3/4/1983 0.5 171 3.60 3
Deadman Pt 5/10/1983 0.5 7.09 0.58 3
Deadman Pt. 62711983 05 5.75 0.61 3
Deadman It 7/12/1983 0.5 15.39 7.05 3
Deadman Pt 8[7.3;’1983 0.5 5.34 0.24 3
Deadman Pt. 9141983 05 5,10 0.64 3
Deadman 't 10/13/1983 0.5 612 0.59 3
Dreadman Pt 1,’23;’1984 0.5 10.03 1.50 3
Deadman Pt. 2/13[1984 0.5 8,01 081 3
Deadman I't. 21'26/1984 0.5 1.31 NA 1
Deadman Pt 3/20/1984 0.5 5,87 0.25 3
Deadman F't. 4/3/1984 05 NA NA NA
Deadman Pt 4]’14,"1984 0.5 1.52 0.10 2
Deadman Pt. 5/1/1984 0.5 392 0.46 2
Deadman Pt 5/16,’1984 0.5 529 0.13 2
Deadman Pt. 5/28/1984 0.5 6.15 0.81 2
Deadman Pt 6/15/1984 05 3.86 .78 2
Deadman Pt 7j3/1984 0.5 4,90 0.64 3
Deadman Pt. 7;’28,!‘1984 0.5 NA NA NA
Deadman Pt 81261984 0.5 6.09 0.48 2
Deadman Pt 10/6/1984 0.5 9,96 1.87 3
Deadiman Pt. 11/7/1984 0.5 507 .44 3
Deadman P 1/2/1985 05 8.84 2.54 3
Deadman Pt 2/18,’1985 0.5 8.54 1.59 3
Deadman Pt. 3/17/1985 0.5 12,42 1.35 3
Deadman Pt. 4/20/1985 0.5 10.38 1.36 3
Dollar Pt. 2/25{1982 0.5 1161 0.51 3
Dollar Pt. 4;'28/1982 05 65.15 4.64 3
Dotllar Pt. 6/2/1982 05 21.32 1.25 3
i Dollar P 10/3/1982 0.5 BLD NA NA
Doliar Pt. 3/4/1983 0.5 47.0% 259 3
. : Dollar PL. S,’15;’1983 0.5 65.09 6,53
b Dolla: Pt 6/27/1983 0.5 38.36 4,01
Dollar 't 7/1241983 0.5 NA NA NA
Eae Dollar Pt. 3/23/1983 0.5 16.09 6.27 3
Dollar Pt. 9/14/1983 05 12.59 6.66 3
Dollar Pt. 10/13/1983 0.5 14.73 2.50 3
Dotllar Pt. 1/23/1984 0.5 36.07 8.01 3



Appendix A. Summary of 1982-1985 periphyton mean chlorophyll a (mg/mz), standard
error (S.E.) and sample size (n) data.

Mean Chl a S.E.

Station Date Depth (m} (mg/m? (mg/m? n
Dollar Pt. 2/13/1984 0.5 21.74 3.58 3
Doliar PPt 2/26/1984 0.5 77.83 12.02 3
Dollar Pt. 3/20/1984 (13] 59.73 10.94 3
Dollar Pt. 4/3/1984 0.5 52.30 7.76 3
Dollar Pt. 4/14/1984 0.5 78.72 5.27 3
Diotlar Pt 5/1/1984 05 66.66 3.64 3
Dollar It 5/16/1984 0.5 73.92 937 3
Doilar Pt 5{28/1984 0.5 41.6% 1.69 3
Dollar Pt. 6/15/1984 0.5 15.74 3.33 2
Dollar Pt. 7/3/1984 0.5 12.61 1.72 3
Dollar Pt. 7/26/1984 0.5 22.20 3.76 3
Dollar Pt. 8/26/1984 0.5 47.48 522 3
Dollar Pt. 10/6/1984 0.5 2407 5.03 3
Dollar Pt. 11/7/1984 0.5 56.62 17.21 2
Dollar Pt. 1/2/1985 0.5 12.92 4.09 3
Dollar Pt 2{18/1985 05 26.30 1.94 3
Dellar Pt. 3/17/1985 0.5 39.74 14.20 2
Dollar PL. 4/20/1985 0.5 40.92 5.67 3
Incline Condo. 2/2/1982 0.5 16.31 3.17 3
Incline Conde. 2/28/1982 0.5 33,16 2.93 3
Incline Condo, 4{21/1982 0.5 38.50 2.70 3
Incline Condo, 5/17/1982 0.5 24,85 5.40 3
Incline Condo. 6/26{1982 0.5 14.20 1.31 3
Incline Condo, 7{30/1982 05 4,98 1.42 3
Incline Condo, 8/29/1982 0.5 5.18 NA 1
Incline Condo. 10/3/1982 0.5 BLD NA NA
Incline Condo. 11/3/1982 a5 491 NA 1
Incline Condo. 3/4/1983 0.5 98.93 9.84 3
incline Condo. 5/10/1983 c.5 57.65 16.24 3
Incline Condo. 6/27/1983 0.5 33.93 3.08 3
Incline Condo. 7/12/1983 0.5 13.89 2.80 3
Inciine Condo. a/23/1983 0.5 922 1.83 3
Incline Condo, 9/14/1983 0.5 611 MNA 1
Incline Condo. 10/13/1983 0.5 21.07 5.06 3
Incline Condo. 1/23/1984 0.5 13.10 2.05 3
incline Condo. 2/13/1984 05 22.31 2.61 3
Incline Condo. 2/26/1984 0.5 19.12 217 3
Incline Condo. 3/20/1984 0.5 3512 2.34 3
incline Condo. 47371984 0.5 34,23 2.02 3
Inciine Condo. 4/14/1984 0.5 18.07 3.36 3
: Incline Condo. 5/1/1984 0.5 26,19 2,32 3
Incline Condo. 5/16/1984 6.5 23,71 1.68 3
. Incline Condo. 5/28/1984 0.5 13,31 NA 1
- incline Condo. 6/15/1984 05 15.31 2.98 3
{ Incline Condo. 71311984 0.5 5,73 0.41 3
) Incline Condo. 7/28/1984 0.5 10.37 1.11 3

Incline Condo. 8/26/1984 0.5 14.25 2.29 3



Appendix A. Summary of 1982-1985 periphyton mean chlorophyll a (mg/mz), standard
error (S.E.) and sample size (n) data.

Mean Chi a S.E.
Station Date Depth (m) {mg/m? (mg/o? n
Incline Conde. 10/6/1984 0.5 43,77 6.87 3
Incline Condo. 11/7/1984 0.5 28.94 2.34 3
Incline Condo. 1/2/1985 0.5 19.97 0.64 3
Incline Conde. 2/18/1985 0.5 21.67 2,10 3
Incline Condo. 3/17/1985 05 23.87 2.69 3
incline Condo. 4/20/1985 0.5 33.34 927 2
Incline West 2/2{1982 0.5 2.15 0.36 3
Incline West 2/28/1982 0.5 3.06 0.76 3
Incline West 4/4/1982 0.5 446 0.25 3
Incline West 5/17/1982 05 10.42 2.32 3
Inciine West 6/26/1982 035 1331 0.57 3
Incline West 7/30/1982 0.5 BLD NA NA
Incline West 8/29/1982 0.5 BLD NA NA
Incline West 10/3/1982 0.5 BLD NA NA
Incline West 11/3/1982 0.5 BLD NA NA
Incline West 3/4/1983 05 20.40 2.40 3
Inciine West 5/10/1983 05 15.45 4.20
Incline West 6/27/1983 0.5 571 0.67
Incline West 7/12/1983 0.5 NA NA NA
Incline West 8/23/1983 0.5 3.82 0.08 3
Incline West 9/14/1983 05 NA NA NA
Incline West 10/13/1983 05 NA NA NA
Incline West 1/23/1984 0.5 17.51 2.09 3
Incline West 2/13/1984 0.5 8.26 1.81 3
Incline West 2/26/1984 0.5 9.05 048 3
incline West 3/20/1984 05 10.78 1.51 3
Incline West 4/3/1984 0.5 7.97 1.05 3
Incline West 4/14/1984 0.5 1651 1.11 3
incline West 5/1/1984 05 16.56 3.36 3
Incline West 5/16/1984 05 22.87 1.57 2
Incline West 5/28/1984 0.5 20,40 6.62 3
incline Wesl 615/1984 0.5 8.14 1.18 3
Inciine West 7/3/1984 0.5 5.45 1.32 3
Incline West 7281984 0.5 6.97 0.62 3
incline West 8/26/1984 0.5 9,82 .13 3
Incline West 10/6/1984 0.5 11.02 115 3
Incline West 11/7/1984 0.5 718 0.82 3
Incline West 1/2/1985 0.5 8.96 2.26 2
Incline West 2/18/1985 0.5 12,39 017 3
Incline West 3/17/1985 0.5 20.24 3.54 3
incline West 4/20/1985 05 11,17 1.70 3
Pineland 2/2/1982 0.5 7.54 5.14 3
Pinetand 2/28/1982 0.5 23.90 3.24 3
(I Pineland 4/21/1982 4.5 23,70 232 3
Py Pineland 5/24/1982 05 38.52 4.98 3
Pineland 6/26/1982 0.5 24.67 5.35 3
FPineland 7/30/1982 0.5 4.50 0.01 3



Appendix A. Qummary of 1982-1985 periphyton mean chlorophyll a (mg/mz), standard
error (S.B.) and sample size (n) data.

Mean Chl a S.E.

Siation Date Depth (M) (mg/m? img{mz) n
Pineland §/30/1982 0.5 BLD NA NA
Pineland 10/3/1982 0.5 BLD NA NA
Pineland 11/3/1982 0.5 18.10 NA 1
Pineland 2/11/1983 0.5 69.10 6.60 3
Pineland 3/4/1983 0.5 147 .44 15.06 3
Pineland 5/15/1983 0.5 8352 39.37 3
Pineland 6/25/1983 05 16.93 3.38 3
Pineland 7/16/1983 0.5 8.65 1.39 3
Pineland 8/18/1983 0.5 NA NA NA
Pineland 9/15/1983 0.5 6.24 0.85 3
Pineland 10/13;’1983 05 549 1.18 3
Pineland 1/23/1984 - 0.5 82.19 14.16

Pineland 2/13/1984 05 NA NA NA
Fineland 2/26/1984 0.5 73.56 683 3
Pineland 4/3/1984 0.5 79.28 1.22 2
Pineland 4/14/1984 05 133.62 12.36 3
Pineland 5/1/1984 0.5 50,58 NA 1
Pineland 5/16/1984 0.5 13.89 1.09 3
Pineland 5/26/1984 0.5 21.30 2.37 3
Pineland 6/15/1984 0.5 18.23 222 3
Pineland 7/3/1984 05 19.91 5.62 3
Pineland 7/28/1984 0.5 13.60 0.15 3
Pineland 8/26/1984 0.5 19.45 3.9% 3
Pineland 10/6/1984 0.5 4.50 0.74 2
Pineland 11/7/1984 0.5 41.18 3.64 2
Pineland 1/2/1985 0.5 32.58 7.51 3
Pineland 2/18/1985 0.5 50.36 15.96 3
Pineland 3/17/1985 05 153.20 35.01 2
Pineland 4/20/1985 0.5 185.92 59.32 3
Rubicon Pt 2/1/1982 0.5 BLD NA NA
Rubicon P't. 3/4/1982 0.5 BLI> NA NA
Rubicon PL 4/18/1982 6.5 28.72 NA 1
Rubicon Pt 5/18/1982 0.5 5.39 0.83 3
Rubicon Pt /241982 0.5 516 1.29 3
Rubicon Ft. 7/28/1982 0.5 0.93 0.93 3
Rubicon Pt. 8/31/1982 0.5 3,14 0.69 3
Rubicon Pt 10/1/1982 G5 BLD NA NA
Rubicon Pt. 11/12/1982 0.5 BLD NA NA
Rubicon Pt. 3/6/1983 0.5 59,16 23.87 3
Rubicon Pt 5/3/1983 05 34.60 474 3
Rubicon P 6/27/1983 0.5 59.52 3.29 3
Rubicon PL. 7/18/1983 0.5 3743 9.48 4
Rubicon PL. §/24/1983 0.5 NA NA NA
Rubicon Pt. 91711983 0.5 597 283 3
Rubicon Pi. 10/8/1983 0.5 5.97 0.83 3
Rubicon Pt. 1/23/1984 0.5 15.07 2.50 4
Rusbicon Pt. 2/13/1984 0.5 19.74 2.64 3



Appendix A. Summary of 1982-1985 periphyton mean chlorophyll a (mg/mz), standard
error (S.E.) and sample size (n) data.

Mean Chl a S.E.

Station Date Depth (my {mg/m? (mg/m? n
Rubicon Pt 2/26/1984 0.5 19.32 2.05 4
Rubicon Pt. 4/3/1984 0.5 19.87 395 4
Rubicon Pt. 4/14/1984 0.5 39.59 10.30 3
Rubicon Pt. 5/1/1984 0.5 15.00 321 4
Rubicon Pt. 5/16/1984 0.5 19.96 0.64 3
Rubicon Pt 5/28/1984 0.5 21.05 2.69 4
Rubicon Pt. 6/15/1984 0.5 36,29 9.66 3
Rubicon PL. 7/3/1984 0.5 4243 7.14 4
Rubicon Pt. 7/28/1984 0.5 6.22 1.27 4
Rubicon Pt. 8/26/1984 0.5 5.99 0.85 4
Rubicon Pt. 10/6/1984 0.5 7.49 1.50 2
Rubicon Ft. 11/7/1984 0.5 18.37 5.35 3
Rubicon ['t. 2/18/1985 0.5 23.69 1.23 3
Rubicon Pt 3/17/1985 0.5 48.17 11.84 4
Rubicon Pt. 4/20/1985 0.5 216.28 41.30 4
Sand Pt 2/25/1982 0.5 BLD NA NA
Sand Pt. 4/28/1982 05 BLD NA NA
Sand Pt. 6/2/1982 0.5 BLD NA NA
Sand Pt. 10/3/1982 0.5 BLD NA NA
Sand Pt. 3/4/1983 0.5 8.07 2.96 3
Sand Pt. 5/10/1983 0.5 9.58 2.15 3
Sand Pt 6/27/1983 0.5 7.80 1.15 3
Gand It 7/12/1983 0.5 1.23 023 3
Sand Pt. 8/23/1983 0.5 3.59 0.25 3
Sand Pt 9/14/1983 0.5 12.81 0.93 3
Sand P1. 10/13/1983 0.5 7.63 0.37 3
Sand Pt. 1/23/1984 0.5 5.96 1.39 3
Sand Pi. 2/13/1984 0.5 21.28 7.22 3
Sand Pt 2/26/1984 0.5 13.90 1.82 3
Sand Pt 3/20/1984 05 13.34 2.5% 3
Sand PL. 4/3/1984 0.5 BLD NA NA
Sand Pt 4/14/1984 0.5 4,68 0.99 3
Sand Pt 5/1/1984 0.5 5.64 0.58 3
Sand Pt. 5/16/1984 0.5 5.96 NA 1
Sand Pt 5/28/1984 05 511 .30 3
Sand Pt 5/15/1984 0.5 11.76 1.49 3
Sand Pt. 71371984 0.5 583 0.70 3
Sand Pt 7/28/1984 4.5 4.37 NA 1
Sand Pt 8/26/1984 05 14.25 2.62 3
Sand Pt 10/6/1984 G5 18.92 2.48 3
Sand Pt 11/7/1984 0.5 20.13 0.19 3
Sand PL. 1/2/1985 0.5 13.93 1.07 3
Sand Pt. 2/18/1985 0.5 21.46 1.37 3

i Gand Pt 3/17/1985 0.5 20.56 2.61 3

' Sand Pt. 4201985 0.5 12.19 026 3
Sugar Pine Pt. 2251982 0.5 3.36 6.95 3
Sugar Pine Pt. 4/28/1982 0.5 23.09 250 3



Appendix A. Summary of 1982-1985 periphyton mean chiorophyll a (mg/mz), standard
error (S.E.)yand sample size (n) data.

Mean Chia S.E
Station Date Depth (m (mg/m¥ (mg/m? n
Sugar Pine Pt. 6/2/1982 0.5 1.66 0.38 3
Sugar Pine Pt. 10/2/1982 0.5 BLD NA NA
Sugar Pine Pt. 2/11/1983 0.5 19.46 2.83 3
Sugar Pine Pt. 5/15/1983 0.5 55.79 21,15 3
Sugar Pine Pt. 6/25/1983 0.5 52.12 414 3
Sugar Pine Pt. 771671983 0.5 64.71 10.70 3
Suga: Pine P't. 8/25/1983 0.5 20.59 1.94 3
Sugar Pine PL. 9/15/1983 0.5 5.02 .48 3
Sugar Pine Pt. 10/13/1983 0.5 24.55 3.40 3
Sugar Pine Pt 1/23/1984 0.5 28.91 427 3
Sugar Pine Pt. 2/13/1984 0.5 36.91 6.39 2
Sugas Pine Pt. 2/26/1984 0.5 45.56 8.02 3
Sugar Pine Pt. 4[3/1984 0.5 57.90 13.36 3
Sugar Pine Pt. 4/14/1984 0.5 87.43 9.67 3
Sugar Fine It 5/1/1984 0.5 70.11 7.76 3
Sugar Pine Pt. 5/16/1984 0.5 61.48 2.85 3
Sugar Pine Pt. 5/28/1984 05 55.66 7.31 3
Sugar Pine Pt. 6/15/1984 0.5 33.03 13.25 2
Sugar Pine Pt. 7i3/1984 0.5 24.46 6.34 3
Sugar Pine Pt. 7/28/1984 05 968 444 2
Sugar Pine Pt 8/26{1984 05 £8.33 (.78 3
Sugar Pine Pt. 10/6/1984 0.5 34.35 8.55 3
Sugar Pine Pt. 11/7/1984 0.5 34,58 8.42 3
Sugar Pine Pt. 1/2/1985 0.5 34.53 2.55 3
Sugar Pine Pt. 2/18/1985 0.5 130.14 26.58 3
Sugar Pine Pt 5/17/1985 0.5 90.47 19.96 3
Sugar Pine Pt. 4/20/1983 0.5 98.15 16.27 3
Zephyr Pt 2/25/1982 0.5 2.09 0.35 3
Zephyr Pt. 4/28/1982 0.5 26.18 1.97 3
Zephyr Pt. 6/2/1982 0.5 3.17 047 3
Zephyr P'L. 10/2/1982 0.5 BLD NA NA
Zephyr Pt. 241111983 0.5 11.85 1.08 3
Zephyr Pt 5/15/1983 0.5 38,23 4.37 3
Zephyr *t. 61251983 0.5 2445 6.20 3
Zephyr PL 74161983 0.5 13.23 2.25 3
Zephyr Pt 8/25/1983 0.5 4.89 2.13 3
Zephyr Pt 9/5/1983 .5 13.23 1.38 3
Zephyr Pt. 10/13/1983 0.5 7.31 0.71 3
Zephyr Pt. 1/23/1984 05 16.77 3.10 2
Zephyr Pt 2{13/1984 0.5 21.39 1.46 3
Zephyr PL 2/26/1984 0.5 17.26 3.50 3
Zephyr Py 4/3/1984 0.5 19,78 0.21 3
Zephyr L. 41471984 0.5 19,62 2,13 2
Zephyr Pt 57171984 0.5 21.51 4,05 3
Zephyr Pt. 5{16/1984 0.5 24,90 2.64 3
Zephyr Pt. 5/28/1984 0.5 22.11 3,81 3
Zephyr Pt. 6/15/1984 0.5 25.44 200 3



Appendix A, Summary of 1982-1985 periphyton mean chlorophyll a (mg/mz), standard
error (S.E.) and sample size (n) data.

Mean Chl a S.E.
Station Date Depth (m) (mg/m? {mg/m? n
Zephyr Pt. 7/3/1984 0.5 11.20 1.38 3
Zephyr Pt. 7/28/1984 0.5 5.83 0.44 3
ZephyrPt. 8/26/1984 0.5 11.36 1.25 2
Zephyr Pt. 10/6/1984 03 20.65 374 3
Zephyt Pt. 11/7/1984 05 17.03 2.83 3
Zephy: Tt. 1/2/1985 0.5 3224 1.83 3
Zephyr Pt. 2/18/1985 05 27.66 2.28 3
Zephyr Pt. 3/17/1985 05 26.58 2.48 3
Zephyr PL. 4/20/1985 0.5 18.10 2.63 2

*Note — A correction was applied to the historical 1983-85 chlorophyll a data to allow
direct comparison with 2000-2003 data. To correct the 1983-85 periphyton chlorophyll a
data, all 1983-1985 chlorophyll a values were multiplied by 1.081225 (see main report

for further explanation).
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