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ABSTRACT
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Little is known about the role of microbial biofilms in nutrient cycling and ecosystem
processes within desert springs. Furthermore, the difference between nutrient limitation of
biofilms in desert springs and other ecosystems is unknown. Biofilms produce micro-scale
physicochemical variation important to ecosystem function. We measured the variation in micro-
scale physicochemical heterogeneity in biofilms of Devils Hole, Nevada. Microelectrodes were
used to measure micro-scale chemical gradients of temperature, pH, O,, and H,S in addition to
water column and pore water nutrient measurements in Spirogyra, cyanobacteria, and Beggiatoa
biofilms over one year. Biofilm physicochemical gradients were used to calculate diffusion and
metabolic rates. The rate of O, and H,S diffusion ranged over two orders of magnitude. Biofilm
production and respiration were influenced by biofilm type, light exposure, and sample month.
Maximum O, production occurred in spring and summer during direct light exposure. Oxygen
production and consumption varied with light exposure and season. The H,S production and
consumption varied with biofilm type. Higher concentrations of SO, in Beggiatoa suggested that
H,S production in Beggiatoa was quickly oxidized in the ecosystem. Spirogyra and
cyanobacteria followed similar physicochemical trends; however, Spirogyra had more
pronounced diurnal and seasonal variation. The differences between cyanobacteria and

Spirogyra have implications on the ecosystem function of Devils Hole as well as other

1



ecosystems with diverse biofilm communities. The heterogeneous physicochemistry of microbial
biofilms and the differences in biofilm nutrient limitation suggests that a change in microbial
biofilms or nutrient concentrations could alter ecosystem biogeochemical dynamics.
Additionally, we assessed the nutrient limitation of two desert springs in comparison with a
temperate stream. A nutrient diffusing substrata experiment was used to measure chlorophyll a,
respiration, and biomass with phosphorus, nitrogen, and sulfide treatments. Autotrophic and
heterotrophic biofilms responded differently to treatments and the temperate stream had higher

chlorophyll a biofilm accrual but lower respiration relative to the desert springs.
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CHAPTER 1: Spatial and temporal variation of microbial biofilm biogeochemistry in a desert
spring, Devils Hole, Nevada

Abstract

Little is known about the role of microbial biofilms in nutrient cycling and ecosystem processes
within desert springs. However, biofilms produce micro-scale physicochemical variation
important to ecosystem function. We measured the variation in micro-scale physicochemical
heterogeneity in biofilms of Devils Hole, Nevada. Microelectrodes were used to measure micro-
scale chemical gradients of temperature, pH, O, and H,S in addition to measurement of water
column and pore water nutrient concentrations in Spirogyra, cyanobacteria, and Beggiatoa
biofilms. Biofilm physicochemical gradients were used to calculate diffusion and metabolic
rates. The rate of O, and H,S diffusion ranged over two orders of magnitude. Biofilm production
and respiration were influenced by biofilm type, light exposure, and sample month. Across all
samples, biofilm O, production ranged from below detection in Beggiatoa to 44.9 mg L™ mm™in
Spirogyra. Maximum O, production occurred in spring and summer during direct light exposure.
Oxygen production and consumption varied with light exposure and season. The H,S production
and consumption varied with biofilm type. Biofilm H,S production ranged from below detection
t0 0.001 mg L™ mm™in Spirogyra. The consumption of H,S ranged from 4 mg L™ mm™ in
Spirogyra to 2650 mg L mm™ in Beggiatoa. Furthermore, higher concentrations of SO, in
Beggiatoa suggested that H,S production in Beggiatoa was quickly oxidized in the ecosystem.
Spirogyra and cyanobacteria followed similar physicochemical trends; however, Spirogyra had
more pronounced diurnal and seasonal variation. The differences between cyanobacteria and
Spirogyra have implications on the ecosystem function of Devils Hole as well as other

ecosystems with diverse biofilm communities. The heterogeneous physicochemistry of microbial



biofilms suggest that a change in microbial biofilms could alter ecosystem biogeochemical

dynamics.



Introduction

Microbial biofilms are important heterogeneous communities of algae, bacteria, and
invertebrates living on substrates in aquatic ecosystems. Biofilms can serve as the energy base
for ecosystem food webs (Shepard et al. 2000) as well as provide habitat and facilitate nutrient
dynamics (Murdock and Wetzel 2009). Multiple species are distributed throughout
heterogeneous biofilms, and influence the ecosystem physicochemical characteristics. Species
distribution and abundance are dictated primarily by light (Barranguet et al. 2005) and nutrient
availability (Fairchild et al. 1985; Biggs and Lowe 1994). Because of differences in process rates
among species, unique chemical gradients can develop within biofilms. Additionally, organisms
that live in or feed on the biofilms may be dependent on specific physicochemical gradients
present. Changes in the distribution or seasonal abundance of biofilm species can alter the
physicochemical characteristics, which in turn alter ecosystem process rates.

Biofilm production and respiration rates provide information on critical ecosystem
functions. Together, production and respiration rates dictate gross biofilm production which can
suggest if the ecosystem is heterotrophic or autotrophic. However, 60 - 70 % of the dissolved
oxygen produced within biofilms is consumed before diffusing into the bulk water and are not
represented in net biofilm production measurements (Kuenen et al. 1986). As a result, bulk water
measurements may underestimate biofilm production rates (Bernot and Wilson 2012).
Measurements of gross ecosystem production are frequently estimated via bulk water
measurements with low spatial resolution that may not capture biofilm production (Fisher et al.
1981; Addicott et al. 1987; Bernot et al. 2010) or the individual contribution of different biofilm

species on net biofilm production. Precise measurement of the micro-scale variation in biofilm



production and respiration rates may allow for a more comprehensive understanding of biofilm
processes.

Microelectrodes (with sub-mm resolution) provide a tool for understanding how vertical
gradients of temperature, pH, dissolved oxygen (O,) and sulfide (H,S) concentrations may
influence ecosystem process rates. For example, microelectrodes can precisely measure spatial
and temporal O, variation in biofilms (Bernot and Wilson 2012), gas diffusion between biofilms
and pore water (Revsbech et al. 1998), and transport rates of chemicals influencing microbial
activity (de Beer et al. 2006). Further, biofilm production and respiration can be derived by
calculating diffusion rates of O, and H,S concentrations from chemical gradients measured with
microelectrodes. Thus, microelectrodes have been used to study biofilm process rates such as
oxygen metabolism, sulfide oxidation, and sulfide reduction (Kihl and Jgrgensen 1992; de Beer
et al. 2006).

Little is known about micro-scale biofilm heterogeneity, nutrient cycling, and metabolism
in desert springs; however, the biodiversity found in these ecosystems is endangered by
groundwater exploitation and anthropogenic activities (Sada and Vinyard 2002). Desert springs
in the southwestern US provide critical habitat for dozens of endemic flora and fauna as well as
threatened or endangered species (Shepard et al. 2000). Because of the vital role basal resources
(algae and sediment microbes) play in maintaining a suitable environment for surrounding
organisms, a more comprehensive understanding of how biofilm dynamics influence ecosystem
processes in southwestern desert springs is needed.

Understanding current desert freshwater ecosystems in the American Southwest is
especially important because of the projected regional climate change (Seager et al. 2007).

Specifically, increased aridity and fewer but more intense precipitation events may have



important implications to aquatic desert ecosystems as solar radiation to aquatic ecosystems will
increase with fewer precipitation events and decreased cloud cover. Our limited understanding of
desert freshwater biofilm function limits our ability to successfully predict response to
anthropogenic induced environmental change.

The objectives of our study were to quantify the spatial and temporal variability of
microbial biofilm physicochemical characteristics in Devils Hole, Nevada. Additionally, micro-
scale measurements of dissolved oxygen and sulfide were used to calculate biofilm primary
production and respiration as well as biofilm sulfide production and consumption rates. We
hypothesized that bulk and pore water nutrient concentrations would be highest during low
production periods due to lower biofilm assimilation rates. Additionally, we hypothesized that
temperature, pH, O, concentration, and biofilm production would be highest in
photosynthesizing biofilms during direct light conditions in summer with an inverse relationship

between dissolved oxygen and sulfide production.

Methods

Study Site — Devils Hole is a detached component of Death Valley National Park located
in Ash Meadows National Wildlife Refuge, Nye County, Nevada, USA (36°26’N, 116°17°W).
The Devils Hole spring is located ~15 m below the surrounding ground level (elevation 833 m)
and measures 22 m long by 3.5 m wide. The southeast end of Devils Hole is characterized by a
pool extending to an unknown depth (> 150 m) in the local aquifer where the spring water
originates. The northwest end of Devils Hole is characterized by a “shallow shelf” 6.1 m long,
2.6 m wide, and 0 - 1 m deep. The shallow shelf receives 4 - 5 h direct light in the summer and

no direct light from December to January whereas the pool receives ~ 5 h direct light in the



summer and no direct light December to January. Bulk water temperature in Devils Hole
consistently averages 33.5 £ 0.01°C with ~1°C summer fluctuation associated with diel variation
in light (Gustafson and Deacon 1998; Wilson and Blinn 2007). Bulk water O; is low, averaging
3.6 + 0.2 mg L™ (Gustafson and Deacon 1998; Wilson and Blinn 2007). Microbial biofilms are
the dominant source of carbon to the ecosystem, particularly in the summer; however, additional
allochthonous carbon input from terrestrial plants, insects, and mammal feces contribute to the
ecosystem (Wilson and Blinn 2007). Algal biomass peaks between July and August; while, in
February, autotrophic biomass is minimal (James 1969).

Sampling was conducted in Devils Hole over one year with six sampling events (August,
October, and December 2011, March, April, and July 2012). Bulk water and pore water
physicochemical parameters were measured at each sampling event. During sampling events
where the shallow shelf received direct light (August, October, March, April, and July),
measurements were conducted during both indirect light (8:00 — 13:00) and direct light (13:00-
15:00) periods.

Biofilm Identification — Three primary biofilm types were identified in Devils Hole
(defined as dominant group): Spirogyra, filamentous cyanobacteria (Oscillatoria and Plectonema
referred to hereafter as cyanobacteria), and Beggiatoa. The biofilms overlay hard substrate and
some nonorganic sediment. At each sampling event (N = 6), a representative sample of each
biofilm type was collected by cutting off ~1 cm® biofilm for preservation in 1% Lugol’s iodine
solution. Samples were transported to Ball State University and identified with an EVOS digital
inverted microscope (AMG, EVOSTl 4302). Samples collected in October deteriorated in quality

before identification and are not included in analyses. Three replicates of each sample were



placed on a slide and 20 quadrats were selected using a random number generator and measured

for calculation of percent biofilm type as:

. e # of quadrants with biofilm
Biofilm (%) = 100 x
0 ( ) 00 # of quadrants of all biofilm types

Biofilm Biomass — Biofilm biomass measurements were collected every two months
from Oct 1999 to Aug 2001 and again from Jun 2008 to Dec 2012 to measure ash-free dry mass
(g AFDM m®) of Spirogyra and cyanobacteria. Benthic biomass measurements were collected
within three weeks of nutrient sampling and microelectrode measurement from Aug 2011 to Jul
2012. Sixteen samples were collected systematically from the shallow shelf. A 10 cm diameter
cylindrical stove pipe, with a foam strip on the bottom to create a seal with the substrate, was
placed over each collection point. A stiff-bristled brush was used to disturb and clean substrate
within the stove pipe. All suspended materials within the stove pipe, including suspended
sediments, were collected with a turkey baster and placed into a container. Samples were stored
on ice in the dark and transported for sorting within 72 h of collection. Each sample was sorted
under a dissecting microscope (10X) into the categories cyanobacteria (Oscillatoria,
Plectonema) and Spirogyra. Material from each category was placed in a pre-weighed crucible
and oven dried to constant weight (60°C). Dried samples were combusted at 500°C for 1 hin a
muffle furnace (Eaton et al. 2005). The different in pre and post burned mass was recorded as
carbon biomass content of the sample.

Nutrient Concentrations — Bulk water and pore water samples were collected to measure
nutrient concentrations at each sampling event. Four replicate bulk water samples were collected
from the vertical center of the water column at four points along a transect across the shallow
shelf. Three pore water samples were collected from one cm below the biofilm surface in each

biofilm type present. Specifically, a 5 mL modified syringe was placed into the biofilm and
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water extracted. All water samples were immediately filtered through a 25 mm Whatman® glass
microfibre filter (nominal pore size 0.7 um), stored in an acid-washed Nalgene bottle on ice, and
frozen within 6 h for subsequent nutrient analyses. Ammonium (NH,), sulfate (SO4), phosphate
(PO,), and nitrate (NO3) concentrations were measured on a Dionex ion chromatograph using
standard methods (DIONEX ICS-3000; Eaton et al. 2005). lon concentrations below detection
were designated as zero in calculations (13% of pore water samples and 4% of bulk water
samples below detection). Detection limits were 0.005 mg L™ NH,4, 0.03 mg L™ SO4, 0.01 mg L™
POy, and 0.01 mg L™ NOs,

Microelectrode Measurements — Measurements of in situ biofilm temperature, pH,
dissolved oxygen, and sulfide dynamics were conducted using Clark-type microelectrodes (OX-
N, H2S-N, pH - N, and temp - N, Unisense, Aarhus N, Denmark; (Revsbech and Jgrgensen
1986; Jeroschewski et al. 1996; Bernot and Wilson 2012). During the six sampling events in
Devils Hole, 97 temperature, 101 pH, 111 O,, and 99 H,S microelectrode biofilm profiles were
measured. Microelectrodes were calibrated within 3 d prior to and following each sampling
event. Temperature microelectrodes were calibrated with an eight-point calibration curve
developed with microelectrode response (mV) and measurements from a hand-held temperature
meter (YSI, DO200). Three buffer solutions (4.01, 7.00, and 10.02) were used to calibrate the pH
microelectrodes comparing mV response to a handheld pH meter measurement (Extech, pH200).
Oxygen microelectrodes were calibrated using a 3-point calibration curve derived from
microelectrode response (mV) and oxygen concentrations (mg O, L™) measured using Winkler
titrations (Winkler 1888; Bryan et al. 1976). Sulfide microelectrodes were calibrated by
generating a five-point calibration curve using nominal sulfide concentrations generated with

concentrated sulfide (0 — 10 mg L™ NaS * 9 H,0) dissolved in pH 2.00 buffer saturated with N,
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gas and microelectrode response (mV). Sulfide concentrations were verified via
spectrophotometric measurement of calibration solutions (Cline 1969). The spectrophotometric
verified calibration was applied to all sampling events while the calculated sulfide concentration
calibrations performed before and after each sampling event confirmed consistent sulfide
calibration. Calibration curves created by linear regression described the relationship between
microelectrode response and concentration with an r? of 0.9 or above.

Temperature ('C), pH, dissolved oxygen (O,), and sulfide (H.S) depth profiles were
collected simultaneously using a custom four-way microelectrode clamp on an extender rod
attached to a Unisense micromanipulator. For each profile, a bulk water reading was recorded
initially with probes submerged in bulk water > 10 cm above the biofilm. Corresponding bulk
water readings from hand-held temperature, pH, and O, meters were collected to monitor for
microelectrode drift and assess potential matrix effects. Throughout the study period, drift
correction was needed only once for October pH measurements. This correction was applied by
using both calibration and bulk water data. The r? value was above 0.9 for the corrected
calibration. No other microelectrodes displayed drift or matrix effects and thus no corrections
were applied to other calibration curves. Following bulk water measurements, each
microelectrode was positioned ~ 5 mm above the biofilm. Descending measurements were
collected every mm until the microelectrode reached bedrock or the maximum 38 mm depth.
Microelectrode data collected in mV were converted to mg L™ using the calibration data from
both pre- and post- sampling calibration curves for temperature, pH, and O, microelectrodes and
calibration data from the spectrophotometric sulfide calibration curve.

Calculations and Statistics — Biofilm production of oxygen (O,) was calculated using

diffusive flux of O, coupled with temperature gradients (sensu Beer et al. 2006; Bernot et al.
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2010). Biofilm production of H,S was calculated similarly, however, no temperature adjustment
was applied because it would have minimal effect on the H,S measurement compared to O,. One
representative profile was selected from each light type (indirect, direct), biofilm type
(Spirogyra, cyanobacteria, and Beggiatoa), and sample month (August, October, December,
March, April, and July) for a total of 28 O, profiles and 22 H,S profiles used to calculate biofilm
production. Porosity was assumed to be constant with increased depth in the production
calculations. Additionally, there was minimal water velocity that would yield mixing in the
microbial biofilm pores (Riggs and Deacon 2002) and fluid convection can be identified by
identifying nonlinear temperature profiles (de Beer et al. 2006). Biofilm productivity (BP) was
calculated as:

o 2(40)

dtotal

Where C is the solute concentration measured in mg O,L"*mm~? or mg H,S L"*mm~1 and this
deviation from saturation was corrected for reaeration, temperature, and pressure for O,
production and corrected for reaeration in H,S production (sensu Bernot et al. 2010). Production
was calculated from the instantaneous deviation from saturation and the instantaneous diffusion
flux as:
AmgCLtmm™ = (C4_; —C4) — (K% D)

where C is the change in O, or H,S concentration (mg L™) at depth d and depth d-1 (Ad, mm)
and D is the C saturation deficit calculated from O, saturation or H,S saturation (Duan et al.
2007):

D =100 % saturation — actual saturation

and K is the instantaneous diffusion coefficient:
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_ average ABS(slope (mgCL™))

dtotal

Slope (mg C L™) was calculated as the average absolute value of the slope of each depth
measurement, excluding the first and last measurements, divided by the total depth (diotar). The
slope at each depth was calculated as the change in concentration over 3 mm depth from 3
adjacent depths: the preceding, current, and succeeding depth concentrations.

Biofilm production (BP) of O, and H,S was calculated as the sum of the positive values

of the reaeration corrected deviation from saturation:

__ YAmgCL 'mm™1if<o

BP

dtotal

Biofilm consumption (BC) of O, and H,S was calculated as the sum of the negative

values of the reaeration corrected deviation from saturation:

BC = YAmgCL 'mm™1if>0

dtotal

The independent variables of interest were light type, biofilm type, and time or sample
month. Dependent variables of interest were biofilm abundance, biofilm biomass, nutrient
concentration, production, and consumption. Whether biofilm biomass depended on time was
determined using linear regression. Differences in biomass, bulk and pore water nutrient
concentration, maximum O, maximum H,S, biofilm production, and biofilm consumption due
to light type, biofilm type, and sample month were assessed with analysis of variance.
Differences between phototrophic biofilms and Beggiatoa were determined using t-test. All
statistics were performed to identify relationships and interactions between the independent
variables with alpha = 0.05. If there were non-significant interactions in two and three way
ANOVAs, the ANOVA was rerun with only significant interactions. All statistical analyses were

performed using the R 2.14.1 statistical package (R Development Core Team 2011).
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Results

Biofilm Identification — Biofilm samples were identified in the field based on
appearance and verified in the laboratory by microscopic identification of percent biofilm type
composition (Fig. 1). Spirogyra biofilm samples indicated biofilms categorized as Spirogyra
were composed of > 60% Spirogyra cells. Other constituents of Spirogyra mats across all
sampling events include an average of 24% cyanobacteria, < 1% Beggiatoa, and 8% other, which
included diatoms, nonfilamentous cyanobacteria, detritus, and invertebrates. Biofilms
categorized as cyanobacteria ranged from 21 - 90% cyanobacteria cells with other constituents
across all sampling events including an average of 12% Spirogyra, < 1% Beggiatoa, and 21%
other. Beggiatoa biofilm types ranged from 30 - 54 % Beggiatoa cells with other constituents
across all sampling events including an average of 9% Spirogyra, 14% cyanobacteria, and 45%
other.

Biofilm Biomass —Overall, Spirogyra biomass in Devils Hole did not change from 1999
to 2012 (Fig. 2); however, the Spirogyra biomass varied among different months where it was
abundant in June and absent in December and February (Fs 34 = 8.294, p < 0.001). In contrast,
cyanobacteria biomass significantly decreased over time from 1999 to 2012 (r* = 0.173, Fy 35 =
7.952, p = 0.008), but did not vary among months.

Nutrient Concentrations — Pore water and bulk water SO4 concentrations varied by one
order of magnitude while PO, concentration varied by three orders of magnitude and NO3
concentration varied by less than one order of magnitude. Bulk water SO, ranged from 18.8 to
92.4 mg L™ In pore water, SO, concentration ranged from 11.6 to 93.0 mg L™ in Spirogyra

(mean =52.4 mg L™), 14.1 to 89.4 mg L™ in cyanobacteria (mean = 47.9 mg L ™), and 19.6 to
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87.7 mg L™ in Beggiatoa (mean = 60.8 mg L™). Bulk water PO, ranged from below detection to
7.7 mg L™, In pore water, PO, concentration ranged from below detection to 6.0 mg L™ in
Spirogyra (mean = 0.8 mg L™), below detection to 4.5 mg L™ in cyanobacteria (mean = 1.0 mg
L™, and below detection to 4.3 mg L™ in Beggiatoa (mean = 0.3 mg L™). Bulk water NOs
ranged from 0.1 to 0.6 mg L™. In pore water, NO3 concentration ranged from below detection to
0.4 mg L™ in Spirogyra (mean = 0.1 mg L™), below detection to 1.0 mg L™ in cyanobacteria
(mean = 0.2 mg L™), and below detection to 0.4 mg L™ in Beggiatoa (mean = 0.1 mg L™). Bulk
water NH4 was below detection in all samples. In pore water, NH4 concentration ranged from
below detection to 0.27 mg L™ in Spirogyra (mean = 0.05 mg L™), from below detection to 2.09
mg L™ in cyanobacteria (mean = 0.15 mg L™), and from below detection to 1.25 mg L™ in
Beggiatoa (mean = 0.21 mg L™). There were no significant differences in NH4 concentration
between bulk and pore water samples.

Differences in SO, concentration were found with light type, biofilm type, and sample
month. Bulk water SO, concentration had an interaction between light and sample month (F4, 33 =
3.4, p =0.042). Specifically, the effect of light was reduced in the fall and winter, consistent with
reduced light exposure. Pore water SO, concentration also varied by light type and sample
month. In the pore water, there was an interaction between light and biofilm type (F2 41 = 3.4, p
= 0.042) where SO, concentrations were 20% lower in direct light (mean = 46.8 mg L™) than
indirect light (mean = 56.9 mg L™). Differences in SO4 concentration by biofilm type indicated
Beggiatoa (mean = 60.4 mg L™) SO, concentrations were 22.6% higher than in cyanobacteria
and 19.5% higher than in Spirogyra (mean = 49.7 mg L™). Furthermore, there was an interaction

between light type and sample month where Spirogyra varied most in response to light type and
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sample month (F4 41 = 5.9, p = 0.001) with differences in light type yielding the largest
difference in SO4 concentration during summer.

Bulk water PO, concentrations had an interaction between light and sample month (F4, 33
=5.4, p =0.002) where direct light during spring had higher PO, concentrations than during
indirect light. PO, pore water concentration did not differ among biofilm types or light type;
however, it was influenced by sample month. Pore water PO, concentration varied by sample
month with the highest concentrations measured in April (mean = 2.8 mg L™) which were 200%
higher than in August (mean < 0.1 mg L™; Fs 3, = 8.5, p < 0.001).

NOj3 concentrations did not differ between direct and indirect light exposure. Differences
in NO3 concentrations were identified with sample month in bulk water. April had the highest
NOs concentration (mean = 0.5 mg L™) which was 152% higher than NO3 concentrations in
August (mean = 0.1 mg L™; Fs, 3 =502, p < 0.001). Additionally, pore water NO; concentrations
varied by sample month with NO3 concentration highest in March (mean = 0.4 mg L™) which
was 177% higher than in July (mean < 0.1 mg L™; Fs 41 = 8.3, p = 0.001). Pore water NO3 also
varied with biofilm type where concentrations in Cyanobacteria (mean = 0.2 mg L™) were 67.7%
higher than in Spirogyra (mean = 0.1 mg L™; F3 41 = 4.0, p = 0.006), but there were no
interactions.

Microelectrode Measurements — Across biofilm types, O, concentrations were typically
higher during direct light relative to indirect light periods (Fig. 3). Oxygen concentrations
increased from 0 mm (mean = 3.72 mg O/L) to 10 mm (mean = 13.75 mg O,/L) depths into the
biofilm during direct light (Fig. 4). Photoautotrophic biofilms (Spirogyra, cyanobacteria) had
lower mean H,S concentrations relative to Beggiatoa biofilms (t = 5.76, p < 0.001). In Beggiatoa

biofilms, there was in inverse relationship between O, and H,S concentrations where O,
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concentration declined with depth into the biofilm and H,S concentration increased. Increases in
Beggiatoa H,S concentration occurred at greater than 10 mm depths.

Water temperatures were 3.9% greater in direct light (mean = 33.0°C) compared to
indirect light (mean = 31.7°C) (F1 ¢5 = 13.5, p <0.001) (Table 3). There was not a significant
difference in mean biofilm temperature among biofilm types. The pH was 4.7% greater in water
receiving direct light (mean pH = 7.73) compared to water receiving indirect light (mean = 7.37)
(F1,102=7.91, p = 0.006). Mean biofilm pH was not significantly different among biofilm types.

Maximum biofilm O, concentration was influenced by light, biofilm type, and sample
month (Fig. 4). Specifically, maximum O, concentrations in direct light (mean = 23.3 mg O, L™)
were 127.5% greater than during indirect light (mean = 5.1 mg O, L™) across all biofilms (Fy, os -
131.8, p < 0.001). Cyanobacteria maximum O, (mean = 13.9 mg O, L) was 5.7% higher than
Spirogyra (mean = 13.2 mg O, L) and 87.0% higher than Beggiatoa (mean = 5.5 mg O, L™)
across all light conditions and sample months (F;, 9s = 9.0, p < 0.001). Maximum O,
concentrations in sample months differed across light and biofilm types (Fs 95 = 11.3, p < 0.001).
Specifically, March (mean = 20.0 mg O, L) was characterized by the largest difference in O,
concentrations between direct and indirect light exposure measurements (Fa, 95 = 3.4, p = 0.011).
Maximum O, concentration during direct light peaked in March while maximum O,
concentration during indirect light was highest in July.

Maximum biofilm H,S concentration was influenced by biofilm type and sample month
(Fig. 4). Specifically, Beggiatoa maximum H.S (mean = 11.4 mg H,S L™) was 167.2% higher
than Spirogyra (mean = 1.2 mg H»S L™) and 167.4% higher than cyanobacteria (mean = 1.0 mg
H.S L™) across all light types and sample months (Fz, g4 = 82.6, p < 0.001). Across light and

biofilm types, sample months differed in biofilm H,S concentrations (F4, s4 = 4.0, p = 0.005).
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October (mean = 6.1 mg H,S L™) had the highest biofilm H,S concentrations which were 80.5%
higher than July (mean = 2.6 mg H.S L), the month with the lowest biofilm H,S concentrations.
Biofilm H,S concentrations were influenced by an interaction between biofilm type and sample
month (Fs 84 = 7.4, p < 0.001) where concentrations peaked in Beggiatoa during summer,
cyanobacteria H,S concentrations peaked in March and April, and Spirogyra H,S concentrations
were highest in July and October.

Diffusion — The O, diffusion coefficient (K) values ranged over three orders of
magnitude across all sampling events. Comparing direct (mean = 1.55 mm™) and indirect light
(mean = 0.18 mm™), average K values differed by 159.5% (t = 4.21, p = 0.001) where diffusion
was greater during direct light exposure (Table 4). The H,S K ranged over two orders of
magnitude across all sampling events. The H,S K significantly differed with biofilm type (Fz2, 19 =
71.9, p < 0.001) but not by light or sample month. Specifically, H,S diffusion in Beggiatoa
(mean = 0.74 mm™) was 188.9% higher than cyanobacteria (mean = 0.019 mm™) and 193.0%
higher than Spirogyra (mean = 0.007 mm™).

Production — Biofilm production (BP) of O, ranged from below detection during
indirect light in all biofilms to 44.93 mg L™ mm™ in Spirogyra during direct light in October
(Fig. 5). Biofilm production of O, in cyanobacteria was intermediate to Spirogyra and Beggiatoa
and tended to have lower variation than Spirogyra. The BP of O, differed by light type (t = 3.82,
p = 0.003) by approximately two orders of magnitude with production 195.8% higher in direct
light (mean = 15.89 mg L™ mm™) compared to indirect light (mean = 0.17 mg L™ mm™). Biofilm

production of O, did not differ between biofilm types (F,, 25 = 0.7, p > 0.05)

Biofilm production of H,S ranged from below detection in all Beggiatoa samples and

winter cyanobacteria samples to a maximum of 0.0013 mg L™ mm™ H,S produced in Spirogyra

19



(Fig. 6). Sulfide BP varied by biofilm type where production was 200% higher in Spirogyra and
cyanobacteria than in Beggiatoa (F», 19 = 6.38, p = 0.008). Biofilm production of H,S in
Spirogyra was more variable than in cyanobacteria, but on average Spirogyra BP of H,S was two
orders of magnitude higher than in cyanobacteria.

Consumption —Biofilm consumption (BC) of O, ranged from below detection during
direct light in cyanobacteria in March to 3.93 mg L™ mm™ in Beggiatoa during direct light in
July (Fig. 5). Biofilm O, consumption did not differ between light type (t = 0.769, p > 0.05) or
among biofilm types (F, 25 = 1.2, p > 0.05) although Beggiatoa tended to have the highest rate of
consumption while Spirogyra tended to have the lowest consumption rate.

Biofilm consumption of HS ranged from 4.0 mg L™ mm™ in Spirogyra during indirect
light to 2600 mg L™ mm™ in Beggiatoa during direct light (Fig. 6). The H,S BC varied by
biofilm type where consumption in Beggiatoa was 193% higher than in Spirogyra and 189%
higher than in cyanobacteria (F2, 19 = 72.3, p < 0.001). There was no difference in H,S BC by

light type (t =0.775, p > 0.05).

Discussion

We found that biofilm pore water had higher NH4 and PO, concentrations than the bulk
water suggesting biofilm release of nutrients. Also, the bulk water SO, concentration, and the
pore water NH4, SO4, PO4, and NO3 concentrations were highest during indirect light as
hypothesized likely due to decreased assimilation. Additionally, we found that the biofilm
temperature, pH, O, concentration, and BP of O, were highest during direct light, consistent with
higher photosynthesis as predicted. The O, and H,S concentration, production, and consumption

also tended to have an inverse relationship as hypothesized.
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Temporal variability of biofilm characteristics — Light exposure, biofilm type, and season
influence microbial biofilm nutrient concentrations and process rates. Diurnal O, concentration
patterns were consistent with patterns found in temperate freshwater streams (Mulholland et al.
2005) and patterns of temporal H,S variation were consistent with measurements in saline desert
lakes (Jargensen et al. 1979; Revsbech et al. 1983). Further, the ranges of diurnal O, variation
measured in this study were comparable to previous Devils Hole water column O, measurements
(Bernot and Wilson 2012 ). However, maximum O, concentrations during direct light were up to
twice as high as previous Devils Hole measurements which did not take into account seasonal
variation in biofilm O, concentrations.

Temporal variation in physicochemical properties and nutrient concentrations, especially
0,, can create periods of stress on organisms in the environment if the conditions are
inhospitable (Gustafson and Deacon 1998; Shepard et al. 2000). In the Devils Hole ecosystem,
temperature and pH vary less than one order of magnitude spatially and temporally (Gustafson
and Deacon 1998); however, bulk water O, ranges from 2.4 - 4.1 mg L™ and in the biofilm O,
ranges from 0 — 62.1 mg L ™. The high concentrations of O, produced in the biofilm and diffused
into the bulk water increase the ecosystem O, concentration of the naturally low O, spring water.
Thus, O, concentration varies widely in the ecosystem, and the addition of O, from biofilm
production is likely critical to ecosystem structure and function. When exposed to stressful
conditions such as low O, and high temperatures, fish behavior may change. For instance,
rainbow trout (Oncorhynchus mykiss) can choose habitat locations based on trade-offs between
temperature stress and dissolved oxygen stress (Matthews and Berg 1997). Further, when
stressed by high temperatures and low O, emerald shiner ( Notropis atherinoides) spawning may

be inhibited (Matthews and Maness 1979). In Devils Hole where temperatures average 33.5 =
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0.01°C year round, O, concentrations below 2.0 mg L™ can cause decreased larval success
(Deacon et al. 1995). An Arizona relative of the Devils Hole endemic Devils Hole pupfish
(Cyprinodon diabolis), the desert pupfish (Cyprinodon macularius), have an LDso %
survivorship at 0.25 mg O, L™ in experimental closed-air systems (Lowe et al. 1967).
Additionally, low O, and high temperatures can cause stress to invertebrates within the system
which can alter community structure and organismal abundance (Davis 1975; Justus et al. 2012).
Dissolved oxygen dynamics need to be understood to predict ecosystem and organismal response
to changing environmental conditions.

Spatial variability of microbial biofilms — The SO, O, and H,S concentrations in the
microbial biofilms differed by biofilm type. Difference in biofilm types were characterized by
increased O in photoautotrophic biofilms and increased SO, and H,S in sulfur-oxidizing
lithotrophic biofilms. The inverse relationship between O, and H,S was consistent with other
studies in marine biofilm mats and experimental hypersaline ponds characterized by the presence
of sulfur-oxidizing bacteria (Friind and Cohen 1992; de Beer et al. 2006). These variations yield
distinct differences in the nutrient concentrations and process rates within different biofilm types.
The autotrophic biofilms cyanobacteria and Spirogyra were characterized by high dissolved
oxygen concentrations and low sulfide concentrations. In contrast, the heterotrophic biofilm
Beggiatoa was characterized by low dissolved oxygen concentrations and high sulfide
concentrations. These results are consistent with our hypothesis that there would be an inverse
relationship between the dissolved oxygen and sulfide concentrations in Devils Hole biofilms.

Hydrogen sulfide can be toxic to larvae and adult organisms in aquatic ecosystems (Erbe
et al. 2011; Wang et al. 2011). For instance, Drotar et al. (1987) demonstrated that the LCs of

H,S was 1.03 mg L™ for the marine ciliate Tetrahymena themophila. However the LCs
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experiment was conducted at pH 9 while Devils Hole has a pH near 7. The maximum
concentration of H,S measured in Devils Hole was 27.7 mg L™ at > 2 cm depth into the biofilm
which is more than an order of magnitude higher than the LCsq measured by Drotar et al. (1987).
The toxicity of H,S makes preventing elevated H,S concentrations from developing in Devils
Hole and other aquatic ecosystems important for the livelihood of endemic organisms.
Additionally, because H,S is present in conjunction with Beggiatoa, an increase in Beggiatoa
abundance could suggest increased H,S concentrations within the ecosystem potentially yielding
harmful effects on the organisms feeding on and living in the microbial biofilms.

Despite high concentrations of H,S measured in Beggiatoa, H,S production was below
detection in Beggiatoa (Fig. 4 and 6). Due to the rapid oxidation of H,S at the boundary between
oxidizing and reducing zones in the biofilm, the biofilm H,S production was likely masked by
Beggiatoa quickly oxidizing available H,S (Kihl and Jergensen 1992). The increased SO4
concentrations in Beggiatoa pore water, compared to bulk water and other biofilm types,
provides additional evidence that H,S oxidation was occurring within Beggiatoa. Furthermore,
the increased pore water SO, was present during direct light when photosynthetic biofilms
increase the oxidation rate of H,S (Hansen et al. 1978). Sulfide consumption rates also support
the spatial difference observed in H,S concentrations because H,S consumption rates were
significantly higher in Beggiatoa than in photosynthesizing biofilms. The H,S concentration in
Spirogyra and cyanobacteria was lower than in Beggiatoa and likely due to upward diffusion
from underlying sediment or decomposing biofilm (Zinder et al. 1977). There was not a
difference in H,S consumption rate in Spirogyra and cyanobacteria. The sulfide consumption
occurring in Spirogyra and cyanobacteria was likely due to the influence of sulfide diffusion

from the underlying sediments (Hansen et al. 1978). Complex relationships between biofilm type
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and H,S dynamics exist within Devils Hole biofilms demonstrating the importance of
understanding micro-scale physicochemical differences in biofilm types.

The variation in physicochemical properties of the two autotrophic microbial biofilms
(cyanobacteria and Spirogyra) has implications on the ecosystem function of Devils Hole as well
as other ecosystems with a heterogeneous microbial biofilm community. The physicochemical
properties of the microbial biofilm and ecosystem may change if there is a shift in the abundance
of different microbial biofilms. For instance, an algal bloom of Spirogyra in Devils Hole is
attributed to the low larval population of Devils Hole pupfish in May 1997 which caused greater
midday biofilm temperatures and sections of the biofilm to float to the surface where the upper
layer floating above the water surface desiccated (Gustafson and Deacon 1998). From 1999 —
2012, time explained 17% of the variation in decreased cyanobacteria abundance (Fig. 2). The
dissolved O, production of cyanobacteria was higher than Spirogyra (Fig. 4), so a decrease in
cyanobacteria abundance could also decrease the amount of dissolved O, available in the
ecosystem. Because this is inherently a low O, habitat, decreased O, concentration may
negatively impact aquatic species dependent on the O, produced by the microbial biofilms. Thus,
decreased O, concentration may cause decreased endemic aquatic organism population
survivorship, juvenile recruitment, and metabolism which may decrease biodiversity or
ecosystem stability (Deacon et al. 1995).

Ecosystem Processes — Calculation of the O, and H,S diffusion coefficients is critical for
modeling process rates. Here, biofilm production and biofilm consumption was calculated by
modifying traditional stream ecosystem metabolism techniques (e.g., Bernot et al. 2010, Hauer
and Lamberti 2006) to measure production and consumption with increasing biofilm depth rather

than distance downstream. This provided a robust measurement of the in situ instantaneous
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diffusion of O, and H,S into and out of the biofilm to be used in the calculation of biofilm O,
and H.S production. The diffusion coefficient was measured in mm™ which measures the change
in physicochemical properties with increasing depth in the biofilm. These units show the
variation in metabolism spatially within the biofilm. For instance, the average biofilm diffusion
rates of O, ranged over three orders of magnitude because of differences in light, biofilm type,
and sample date. Whereas other studies assume a constant O, diffusion coefficient (Kihl and
Jorgensen 1992), in situ measurement provides biofilm specific diffusion rates which are unique
to each sample location and the species composition present.

Comparative assessment — Other studies calculated the diffusion coefficient using Fink’s
first law of diffusion (Revsbech et al. 1981) and the apparent diffusion coefficient (Ds) based on
the porosity which resulted in production and consumption rates measured in units of per time s™
(de Beer et al 2006). Estimates of sediment diffusion can be made based on type of sediment
composition (Ullman and Aller 1982) or use of diffusivity microsensors (Ploug and Passow
2007; Revsbech et al. 1998). Measurement of the pore water diffusion creates better model fit for
irregular biofilm structures (de Beer et al. 1994). Calculations of production and consumption
using a diffusion coefficient follow the same spatial, diurnal, and seasonal O, patterns as
instantaneous measurement of production and consumption. Spatial differences in H,S
production and consumption are also consistent between Devils Hole and marine Beggiatoa
biofilms (Kihl and Jgrgensen 1992, de Beer 2006). For instance, de Beer et al. (2006) also found
micro-scale nutrient diffusion in marine vents where sulfide was oxidized in Beggiatoa and
diffused out of the sediment and biofilm in anaerobic conditions. Temporal variation in
cyanobacteria biofilms in a hypersaline lake showed an increase in sulfide production in the

absence of light (Revsbech et al. 1983); but studies did not demonstrate annual variation in H,S
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production and consumption. The biofilm production and consumption H,S patterns in aerobic
and anaerobic biofilms in marine and hypersaline environments are consistent with Devils Hole
production and consumption patterns.

Pore water diffusion (K) calculated in this study ranged from 0.010 - 3.607 mm™ which is
comparable, though lower than the range of diffusion measured at 70 stream sites across North
American (0.837 — 14.613 mm™; Bernot et al. 2010). Because lotic ecosystems have higher water
turbulence, higher diffusion rates would be expected relative to Devils Hole which is
characterized by limited water movement. Patterns of pore water flow velocities in Devils Hole
were assumed to be zero, unlike other study locations. In marine, stream, lake, and other springs,
flow velocity of water and nutrients may be influenced by waves, or stream flow (O'Connor and
Hondzo 2008; Higashino et al. 2009). In Devils Hole, the ecosystem has little surface area and is
protected by 15 m rock walls preventing significant wave action or water movement and there is
no stream outflow to create water flow. The assumption of zero water velocity within the biofilm
can be verified with temperature profiles that show less than 2°C variation during direct light in
the summer and less than 0.5°C variation during indirect light.

The Devils Hole bulk water nutrients are within the range reported for other desert
studies. Tecopa Bore, a Mohave Desert stream had similar NO3 + NO, (0.019 mg L™) and lower
PO, (0.49 mg L™) and SO4 (12.35 mg L™) concentrations compared to Devils Hole (Naiman
1976). Additionally, the nutrient concentrations measured in this study are within the same range
as previous studies performed in Devils Hole NOs (0.25 mg L™) and lower PO, (0.004 mg L™)
and SO, (12.35 mg L™) although they are within one order of magnitude (Wilson and Blinn

2007). The nutrient concentration of Devils Hole is lower than values reported in other systems
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characterized by high nutrient loading like agricultural (Royer et al. 2006) and urban regions
(Marcarelli et al. 2009).

Patterns of O, concentration within the Devils Hole ecosystem are consistent with other
freshwater ecosystems. Dissolved oxygen concentration increases in direct light when maximum
photosynthesis occurs in the benthos in a diurnal pattern (Naiman 1976; Mulholland et al. 2005).
Dissolved oxygen concentration in Devils Hole is lower than O, in stream ecosystems, but is
comparable to other small springs where there is not high turbulence aerating the water (Hubbs
et al. 1967).

Patterns of O, concentration in the biofilms were consistent with previous O, profiles
collected in Devils Hole where O, concentrations were higher in direct light compared to indirect
light (Bernot and Wilson 2012). Oxygen profiles collected in freshwater sites in the United
Kingdom with sulfur-oxidizing bacteria also show low O, concentration at the surface of the
biofilm and anoxic conditions below the surface of the biofilm (Gray et al. 1997). Marine
environments with Beggiatoa also show dissolved oxygen concentrations above the biofilm and
anoxic conditions within the biofilm and an inverse relationship to H,S concentrations where the
surface of the biofilm has low or absent H,S concentrations and increasing H,S concentrations at
increasing depth (de Beer et al. 2006). In a hypersaline pond, the diurnal pattern of increased O
and decreased H,S during direct light was consistent with the results in Devils Hole (Revsbech et
al. 1983) in that both ecosystems increased O, concentration but decreased in H,S concentration
during direct light. Additionally, in the absence of sulfur-oxidizing bacteria the O, concentration
is higher than in the presence of sulfur-oxidizing bacteria and there is not an increase in H,S with

increasing depth in the substrate (Jargensen and Postgate 1982).
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The impact of changing physicochemical characteristics within microbial biofilms and
bulk water may impact other trophic levels in the ecosystem. For example, temperature stress
decreases the specific growth rate of desert pupfishes endemic to freshwater ecosystems
throughout the desert Southwest. At 36°C desert pupfish (Cyprinodon nevadensis) are unable to
assimilate enough food to maintain positive growth rates and 60% mortality can result (Gerking
and Lee 1983). Furthermore, a shift in biofilm abundance in Devils Hole may change the type of
food available for endemic fish and physicochemical properties of the benthos where
invertebrates and fish eggs seek refuge (Deacon et al. 1995). In the past 12 years, Devils Hole
has had increasing seasonal Spirogyra abundance and decreasing cyanobacteria biofilm
abundance (Fig. 2) which suggests a community shift. The cause of this community shift is
unknown, but differences measured among biofilms suggest there could be physicochemical
changes to the Devils Hole ecosystem outside the range of conditions required for growth of
endemic species. Futher, increasing Spirogyra abundance has been linked to eutrophication
(Nweze and Onyishi 2011). The increasing Spirogyra may indicate that this system is receiving
increased nutrients from outside sources though nutrients remain low due to high nutrient
demand causing the assimilation of all available nutrients (Munn et al. 2010). Understanding the
possible nutrient enrichment of the Devils Hole ecosystem can provide insight on other desert

springs in the context of a rapidly changing environment.
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Table 1.
Mean bulk water SO,, PO4, and NO3 concentration (mg L™) collected bi-monthly Aug 2011 -
July 2012 for Devils Hole, Nevada August 2011 to July 2012. N = 4 for each sample. Bulk water

NH, was below detection in all samples. Concentrations below detection indicated by *.

Direct Light Indirect Light
Nutrient Nutrient

SO, PO, NO; SO, PO, NO;
Aug Mean  84.89 * 0.07 Aug Mean  84.98 * 0.08
SE 1.04 * 0.00 SE 2.35 * 0.00
Oct Mean  90.93 * 0.19 OctMean  91.55 * 0.18
SE 0.55 * 0.00 SE 0.29 * 0.01
Dec Mean Dec Mean  89.52 * 0.27
SE SE 1.47 * 0.01
Mar Mean  32.76 0.42 0.44 Mar Mean  27.10 0.93 0.43
SE 2.77 0.21 0.02 SE 2.92 0.25 0.02
Apr Mean  22.87 4.52 0.53 Apr Mean  28.36 0.81 0.49
SE 1.35 1.69 0.01 SE 1.48 0.34 0.01
July Mean  89.56 * 0.08 July Mean  87.70 0.01 0.07

SE 0.20 * 0.00 SE 1.28 0.01 0.00
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Table 2.
Mean pore water nutrient concentrations (mg L™) across sampling events (August 2011 - July
2012). Sample dates not included in graph when there was an inadequate amount of biofilm

present or there was no direct light. Below detection limits indicated by *.

Direct Light Indirect Light
Spirogyra Spirogyra
NH, SO, PO, NO; N NH,4 SO, PO, NO;
Aug 1 0.00 57.36 0.00 0.01 Aug 1 * 81.73 * 0.01
SE SE
Oct 3 0.17 51.32 0.08 0.09 Oct 3 0.02 73.98 * 0.10
SE 0.09 17.91 0.08 0.05 SE 0.01 1243 0.06
Apr 2 0.04 1532 5.51 0.28 Apr 2 * 22.15 3.33 0.17
SE 0.04 3.74 0.45 0.11 SE 1.36 2.48 0.10
Jul 2 * 28.09 0.01 0.00 Jul 2 0.04 7461 0.00 0.05
SE 8.42 0.01 0.00 SE 0.03 12.09 0.00 0.01
Cyanobacteria Cyanobacteria
N NH, SO, PO, NO; N NH,4 SO, PO, NO;
Aug 2 0.00 60.74 0.01 0.07 Aug 2 0.00 52.85 * 0.03
SE 0.00 11.15 0.00 0.02 SE 0.00 4.73 0.02
Oct 3 * 78.29 0.00 0.06 Oct 3 0.70 4345 1.28 0.06
SE 5.93 0.00 0.03 SE 0.70 10.70 1.28 0.02
Dec Dec 3 0.26 73.46 0.02 0.17
SE SE 020 11.81 0.02 0.08
Mar 4 0.01 28.01 1.92 0.29 Mar 4 0.01 31.24 1.39 0.49
SE 0.00 0.89 0.98 0.08 SE 0.00 2.59 1.04 0.23
Apr 2 0.22 16.36 1.48 0.47 Apr 2 047 22.76 3.45 0.32
SE 0.22 2.23 0.48 0.11 SE 0.47 0.46 0.57 0.16
Jul 2 0.00 46.77 0.28 0.01 Jul 2 * 87.74 0.00 0.05
SE 0.00 3.62 0.22 0.01 SE 0.34 0.00 0.01
Beggiatoa Beggiatoa
N NH, SO, PO, NO; N NH,4 SO, PO, NO;
Aug 4 0.06 65.29 0.00 0.04 Aug 3 0.22 67.67 * 0.03
SE 0.02 1.08 0.00 0.00 SE 0.16 14.03 0.02
Oct 3 0.58 79.02 0.00 0.08 Oct 3 0.00 64.34 1.42 0.09
SE 0.35 7.94 0.00 0.03 SE 0.34 17.34 1.42 0.03
Dec Dec 3 0.21 70.32 0.00 0.12
SE SE 0.07 5.26 0.00 0.03
Apr 1 0.02 2942 * 0.29 Apr 2 0.06 20.11 1.72 0.41
SE SE 0.01 0.55 0.97 0.02
Jul 2 0.03 32.95 * 0.02 Jul 2 * 79.54 0.00 0.02
SE 0.02 1.90 0.01 SE 5.68 0.00 0.02
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Table 3.

Mean temperature (°C) (SE) and mean pH (SE) in Devils Hole, NV across sampling events

(August 2011 - July 2012). Neither temperature nor pH differed among biofilm types.

Biofilm Type
N Spirogyra N Cyanobacteria N Beggiatoa

Direct Light

Temp 12 32.83 (0.62) 17 33.16 (0.43) 4 32.50 (1.05)

pH 12 8.03 (0.19) 13 7.59 (0.18) 12 7.57 (0.10)
Indirect Light

Temp 18 31.74 (0.39) 33 31.96 (0.21) 13 31.03 (0.40)

pH 20 7.41 (0.10) 33 7.26 (0.11) 13 7.62 (0.11)
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Table 4.
Diffusion coefficient (K) values (mm™) measuring the rate of O, and HS diffusion (SE) in
biofilms in Devils Hole, NV August 2011 to July 2012. O, K varied by light type (t =4.34,p =

0.001). H,S K varied by biofilm (F2 19 = 71.9, p < 0.001).

Spirogyra Cyanobacteria Beggiatoa
Direct Indirect Direct Indirect Direct Indirect
K O, 1.50 (0.72) 0.17 (0.11) 1.42(0.40) 0.22(0.07) 1.84(0.84) 0.13(0.04)
K H.S 0.01(0.00) 0.01(0.01) 0.03(0.01) 0.02(0.01) 0.73(0.25) 0.75(0.10)
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CHAPTER 2: Autotrophic and heterotrophic nutrient limitation

Abstract

Little is known about the nutrient limitation of autotrophs and heterotrophs in desert spring
microbial biofilms or how nutrient limitation in desert ecosystems compares to other climates.
Nitrogen and phosphorus are primary limiting nutrients; however, sulfide can also limit the
growth of sulfide-oxidizing bacteria. In a nutrient diffusing substrate experiment we measured
the chlorophyll a, respiration, and biomass response to treatments of nitrogen, phosphorus, and
sulfide. Experiments were conducted in two desert springs (Devils Hole, Jackrabbit Spring) and
a temperate stream (Cardinal Creek) to quantify the biofilm nutrient limitation. Autotrophic
growth was limited by phosphorus in Devils Hole but heterotrophs were limited by nitrogen. In
Jackrabbit Spring, nitrogen and phosphorus were co-limiting nutrients for autotrophs and
heterotrophs. In Cardinal Creek, phosphorus limited heterotrophic activity and biomass.
Additionally, the temperate stream had higher chlorophyll a biofilm accrual but lower respiration
compared to the desert springs. Our findings demonstrate that desert springs are nutrient limited
and may have increased algal production if nutrient concentrations increase due to anthropogenic

disturbance.
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Introduction

Autotrophic and heterotrophic microbial biofilms are the energy base of aquatic
ecosystems and influence ecosystem function in all climates. Specifically, microbial biofilms
facilitate nutrient cycling (Murdock and Wetzel 2009), provide habitat for other organisms
(Riggs and Deacon 2002), and can ameliorate nutrient enrichment (Grimm et al. 2005).
Microbial metabolism in aquatic ecosystems is limited by nutrient availability for both
autotrophs (Fairchild 1985) and heterotrophs (Tank and Dodds 2003) though the specific nutrient
limitation of autotrophs and heterotrophs may differ (Pringle et al. 1986, Tank and Webster
1998, Johnson et al. 2009) within a given ecosystem. Additionally, nutrient limitation may
influence species composition within aquatic communities (Francoeur 2001). Thus, factors
limiting growth of microbial biofilms can affect whole ecosystem dynamics and potentially shift
microbial community structure between autotrophic and heterotrophic growth (Hoellein et al.
2010).

Nitrogen, phosphorus, and/or carbon are typically primary limiting nutrients in aquatic
ecosystems (Fairchild et al. 1985, Bernhardt and Likens 2002). In general, dissolved inorganic
nitrogen and phosphorus can be limiting nutrients for the growth of photosynthetic autotrophs
such as filamentous algae and cyanobacteria in freshwater ecosystems (Tank and Dodds 2003).
Heterotrophic growth can also be limited by nitrogen, phosphorus (Tank and Webster 1998) as
well as carbon (Bernhardt and Likens 2002); however, other elements may be more influential
for some organisms (Nelson et al. 1986). For example, sulfur oxidizing bacteria (e.g., Beggiatoa)
are limited by the presence of reduced forms of sulfur within the environment (Jorgensen 1977,
Nelson 1983). Cyanobacteria photosynthetic rates can also be sensitive to sulfide concentrations

(Cohen 1986). Though much research has identified nitrogen and phosphorus limitation in
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autotrophs, few assessments have compared autotrophic to heterotrophic nutrient limitation or
assessed the relative roles of other primary elements.

Anthropogenic activities increase the availability of nutrients including nitrogen,
phosphorus, and sulfur in aquatic systems (Vitousek et al. 1997, Doney et al. 2007). In desert
regions where there is low human density, nutrient enrichment in freshwaters is not as
pronounced relative to more agricultural and urban areas. However, many spring complexes and
underground aquifers have been exploited for anthropogenic use resulting in altered pool
morphology and decreased local water tables (Riggs and Deacon 2002).

Altered climate and precipitation may also be influencing nutrient cycling in desert
freshwaters potentially affecting ecosystem stability. The American southwest is predicted to
have more extreme and intermittent precipitation events in future climate scenarios which will
change runoff patterns and increase aridity (Seager et al. 2007, Diffenbaugh et al. 2008). Runoff
supplies nutrients and allochthonous material to aquatic systems essential to autotrophic and
heterotrophic activity (Belnap et al. 2005, Wilson and Blinn 2007). Further, microbial activity
can be inhibited by anthropogenic chemicals that may enter freshwaters with runoff (Hill et al.
2002). Heterotrophic biofilms in particular are susceptible to nutrient enrichment across
ecosystems (Johnson et al. 2009). The impact of anthropogenic influence on nutrient limitation
may differ in desert ecosystems in comparison to other ecosystems because of differences in
nutrient availability and transport (Grimm et al. 2005).

Nutrient limitation studies have been performed in a variety of climates in stream (Tank
and Dodds 2003, Johnson et al. 2009), lake (Fairchild et al. 1986) and wetland (Worley and
Francoeur 2013) ecosystems; however, little is known about nutrient limitation or response to

enrichment in desert ecosystems (but see Grimm et al. 2005). Desert spring systems provide an
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ideal study site for understanding nutrient limitation of autotrophic and heterotrophic growth
because of their relatively constant nutrient concentrations and low variability of environmental
disturbances like scouring or flooding (Boucher et al. 1984).

The objectives of this study were to quantify nutrient limitation of autotrophic and
heterotrophic microbial biofilms in desert springs and compare desert nutrient limitation to
temperate stream nutrient limitation using a nutrient diffusing substrata experiment. We
hypothesized that autotrophic microbial activity (as photosynthesis) in desert springs would be
nitrogen and phosphorus co-limited due to limited nutrient contribution by aquifer source water.
Additionally, we hypothesized that heterotrophic activity (as respiration) would be primarily
limited by sulfide. We further hypothesized that autotrophic and heterotrophic growth would be

more influenced climate variation than nutrient availability.

Methods

Study Sites

We studied two desert springs in Nye County, Nevada, USA and compared the results
with a temperate headwater stream (Cardinal Creek) in Delaware County, Indiana, USA. The
first desert spring was Devils Hole, a freshwater limnocrene which is in a noncontiguous portion
of Death Valley National Park (36°26°N, 116°17°W). Devils Hole is ~ 15 m below the land
surface and has a pool surface area of 22 m by 3.5 m with no outflow stream. Devils Hole is
exposed to ~ 5 h of direct light on the water surface in summer with no canopy cover (Table 1).
Devils Hole had not been morphologically changed; however, a decrease in the water table
altered the water level from the 1960s to the mid 1970s. The second desert spring was Jackrabbit

Spring located in Ash Meadows National Wildlife Refuge < 5 km from Devils Hole. Jackrabbit
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Spring has a spring pool with restored outflow stream in the Ash Meadows spring system. It is
surrounded by grasses, has no canopy cover, and is exposed to ~ 10 h of direct light in summer.
Both Devils Hole and Jackrabbit Spring discharge water from a regional carbonate aquifer
system into a pool with low sedimentation rates and have similar water chemistry (Table 1;
Winograd and Pearson 1976). The desert springs are also characterized by subtropical desert
climate (Peel et al. 2007). Common algal and filamentous cyanobacteria species in these desert
springs include Lyngbya, Oscillatoria, and Spirogyra (Shepard et al. 2000). Cardinal Creek is a
1% order stream in the upper White River watershed located in an urban/suburban area of Indiana
with humid continental climate (Peel et al. 2007). The stream is characterized by high clay
content and high sedimentation. The stream receives ~ 8 h of direct light, has < 25% canopy
cover, and is < 1 meter in width. Common algal and filamentous cyanobacteria species include
Cladophora, Oscillatoria, Spirogyra, and Ulothrix (Smith 1968). It is a typical Midwestern
stream and characterized by high nutrient concentrations (Table 1; Alexander 2008, Vitousek
2009, Bunch and Bernot 2011). In summer 2012, nutrient limitation assays were conducted at

these three sites for measurement of microbial response to enrichment.

Sample Arrays

We measured microbial nutrient limitation at each site using the nutrient diffusing
substrata (NDS) technique (Tank et al. 2006). Nutrient diffusing substrata were constructed using
60 mL hinged plastic cups (Poly-Cons®; Madan Plastics, Crawford, New Jersey). We filled the
cups with ~ 60 mL of nutrient enriched agar, topped with a biofilm growing surface. Glass fritted
discs (2.54 cm diameter, 0.23 cm thickness; Leco Corporation, St. Joseph, MI) were used to

select for autotrophic growth while cellulose sponges (3M Corporation, St. Paul, Minnesota)
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were used to select for heterotrophic growth. Each lid sealed the growing surface onto the agar
and a hole in the lid exposed 5.1 cm? of substrate for biofilm growth. Four nutrient enrichment
treatments and two controls of agar were made and then autoclaved. Nutrient enrichment
treatments included nitrate (0.5 M NH,4CI; hereafter “N”), phosphate (0.5 M KH,POy; hereafter
“P”), nitrate + phosphate (0.5 M NaNH, + 0.5 M KH,POy; hereafter “N+P”), and sulfide (100
mg/L Na,S;03 + 29 g/L NIH thioglycollate broth; hereafter “S”). Agar control treatments
included a thioglycollate control (29 g/L NIH thioglycollate broth; hereafter “TC”) and a no
nutrient addition control (hereafter “C”). Agar concentration was 30 g/L for N+P treatment and
20 g/L for all other treatments and controls. In this study, NDS were deployed for a maximum of
14 d which previous experiments have shown is a length of time with constant nutrient diffusion
of N and P (e.g. Rugenski et al. 2008). We created a novel H,S treatment by developing an
anoxic agar control and an anoxic H,S treatment. To verify continuous H,S diffusion from S
treatments, a H,S Clark-type microelectrode (H,S-N, Unisense, Aarhus N, Denmark) was used to
measure agar H,S concentration at 4 mm depth into the agar. Agar made with 100 mg/L Na,S,03
+ 29 g/L NIH thioglycollate broth had 5.16 mg H,S/L after one day and 2.53 mg H,S/L after 6
days when stored in the refrigerator and exposed to oxygenated air. After deployment in Cardinal
Creek for 14 days, agar had 27.2 mg H,S/L. Thioglycollate control agar had no detectable H,S
prior to deployment and 13.1 mg H,S/L after deployment in Cardinal Creek for 14 days.

Nutrient diffusing substrata were deployed during periods of maximum productivity at
each site. The desert springs (Devils Hole and Jackrabbit) NDS were deployed in the field from
July 2 - July 16, 2012. The temperate stream (Cardinal Creek) NDS were deployed from August
22 - September 1, 2012. At each site, five replicates of each treatment were deployed (N = 90

NDS per site). NDS were randomly attached to L-bars (17 NDS/L-bar) with cable ties and
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anchored to the benthos. In the desert springs, the NDS were positioned 15 cm below the water
surface in the spring pool. In Cardinal Creek, the NDS were arranged parallel to the flow
approximately 3 cm below the water surface. Upon retrieval, samples were immediately wrapped
in aluminum foil and stored on ice for return to the laboratory.

Following NDS incubation, glass discs were measured for chlorophyll a and ash-free dry
mass (AFDM) while cellulose sponges were measured for microbial activity by dehydrogenase
activity (DHA). For autotrophic substrates (i.e., glass discs) chlorophyll a samples were collected
and immediately placed on ice. In Devils Hole, loosely attached algae growing above substrate
was syringed out before removing NDS from the water. The syringed algae was filtered onto
glass-fiber filters (Whatman 47 GF/F, Whatman Inc., Piscataway, New Jersey, USA) with a 0.7
pKm nominal pore size immediately upon collection at the field site and then frozen for
subsequent analysis. The glass-fiber filter was added to the glass disc for chlorophyll a
extraction. In Jackrabbit Spring and Cardinal Creek, algae were firmly attached to glass discs and
no additional collection procedures were necessary. Chlorophyll a concentrations of samples on
glass discs and filters were measured via hot ethanol extraction (Biggs and Kilroy 2000). Under
dimmed lighting conditions, frozen samples were thawed and submerged in 10 mL of 95%
ethanol in a 60 mL falcon tube. The sample was then placed in a hot water bath (79°C) for 5 min.
Samples were then extracted for 24 h in a refrigerator and supernatant was measured with a
spectrophotometer (UV-1700 PharmaSpec, Shimadzu) at 750 nm and 664 nm. Samples were
then acidified with 0.1 mL of 0.1 N HCI and agitated. After 90 s, the samples were read at 750
nm and 664 nm to correct for pheophytin.

For heterotrophic substrates (i.e., cellulose sponges) microbial respiration of each NDS

treatment and control substrate was measured using dehydrogenase activity (DHA) assays
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(Trevors 1984, Hill et al. 2002, Bunch and Bernot 2011). Specifically, within 24 h of NDS
collection, 15 mL falcon tubes were filled with half of an NDS sponge colonized with biofilm,
2.5 mL of refrigerated water from the experimental site, and 1 mL 0.75% iodonitroetrazolium
(INT) chloride. Desert spring samples were inverted 10 times until well mixed and samples from
the temperate stream were vortexed for 5 sec. Samples were then incubated at in situ
temperatures (Table 1) for 3 h. Eight mL of methanol was added to stop the reaction and desert
samples were immediately inverted 10 times and settled while Cardinal Creek samples were
vortexed for 5 sec and then centrifuged for 5 m. Supernatant was spectrophotometrically
analyzed at 428 nm (UV-1700 PharmaSpec, Shimadzu). Formazan concentration was calculated
using a standard curve obtained by using INT-formazan and subsequently converted to mg of
dissolved oxygen. The mass of the other half of each sponge was used to calculate the microbial
respiration as mg O,/gdm/h.

For AFDM, biofilm grown on glass discs was dried at 70°C to a constant mass, brought
to room temperature in a desiccator, and weighed followed by combustion for 1 h at 500°C.
Ashed samples were re-wetted with deionized water, dried at 70°C to a constant mass, brought to

room temperature in a desiccator, and weighed (Eaton et al. 2005).

Physicochemical Measurements

Temperature measurements were logged every 15 min throughout the NDS deployment
in the desert spring sites (HOBO Water Temp Pro v2). Additionally, bulk water dissolved
oxygen (O,) and pH were measured at the beginning and end of the incubation period in the
desert springs. Bulk water temperature, O, and pH were measured twice each week in the

temperate stream site (Hydrolab MS5).
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Duplicate water samples were collected from Devils Hole and Jackrabbit Spring upon
NDS retrieval. Acid-washed HDPE Nalgene bottles were rinsed with spring water and filled with
water filtered through Whatman glass fiber filters (Whatman 25 GF/F, Whatman Inc.,
Piscataway, New Jersey, USA) with a 0.7 um nominal pore size before freezing for subsequent
analyses. Water chemistry of desert springs was consistent through time because of constant
groundwater input from the underground carbonate aquifer (Winograd and Pearson 1976). In the
temperate stream, water chemistry varied over time. Thus, duplicate water samples were
collected twice a week for three months prior to and during the NDS experiment following the
same procedures as with the desert springs water sampling. Nitrate (NOs), phosphate (PO,), and
sulfate (SO4) concentrations were measured via analysis on a Dionex ion chromatograph
(DIONEX ICS-3000) using standard methods (Eaton et al. 2005). lon concentrations below

detection were designated as zero in calculations.

Calculations and Statistics

Analysis of variance (ANOVA) followed by Tukey post hoc test was performed to
identify relationships and interactions between the independent variables (treatments and
controls) with alpha = 0.05. Two-way ANOVA was also performed using the presence of N or P
as factors to assess nutrient limitation. If the residuals of the data were not normally distributed
by a Shapiro-Wilk test, the data were log transformed before analysis (chlorophyll a in
Jackrabbit Spring and all DHA data were log transformed). Comparison of respiration rates
between sample locations was nonnormal and therefore compared using Kruskal-Wallis
nonparametric ANOV A with Wilcoxon signed-rank post hoc test. If N or P individually resulted

in a significant response, there was a single nutrient limitation. If the N and P individual
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responses were significant or the N and P interaction term and the N and P individual responses
were significant, there was a co-limitation. If the N and P interaction term and the P individual
response were significant, there was a primary P limitation and secondary N limitation. If there
were no significant relationships, biofilm responses were not nutrient limited. All statistical
analyses were performed using the R 2.14.1 statistical package (R Development Core Team

2011).

Results

Chlorophyll a

Chlorophyll a concentrations on autotrophic substrates (glass fritted discs) in Devils
Hole, Jackrabbit Spring, and Cardinal Creek were nutrient limited (Fig. 1). Within a site,
chlorophyll a concentration varied 1-2 orders of magnitude across nutrient treatments though
across sites concentrations varied < 65% suggesting nutrient availability was more influential to
chlorophyll a production than climate. Mean chlorophyll a concentrations were highest in
Cardinal Creek where they ranged from 30.9 to 139.8 mg/L. Chlorophyll a concentrations were
lowest in Jackrabbit Spring, ranging from 0.7 to 81.7 mg/L. Devils Hole mean chlorophyll a
concentrations ranged from 4.5 to 78.9 mg/L.

Chlorophyll a concentrations did not differ in Devils Hole (Fs, 25 = 1.3, p > 0.05) (Fig.
1A). However, in Jackrabbit Spring chlorophyll a concentration differed among treatments (Fs 24
=47.16, p <0.001) where the N+P treatment (mean = 61.5 mg/L) was 86.4% higher compared to
all other treatments (mean = 4.5 mg/L) (Fig. 1B). In Cardinal Creek, there were also differences

in chlorophyll a concentration with nutrient treatments (Fs 2s = 3.1, p = 0.022) where the
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chlorophyll a concentration in the P treatment (mean = 91.0 mg/L) was 26.2% higher than the N

treatment (mean = 53.2 mg/L) (Fig. 1C).

Respiration

In contrast to chlorophyll a concentrations, mean microbial respiration did differ among
sites where Jackrabbit Spring had the highest respiration (mean = 0.725 mg O /gdm/h), Devils
Hole had lower respiration (mean = 0.259 O, /gdm/h), and the lowest respiration in Cardinal
Creek (mean = 0.001 O, /gdm/h) suggesting site differences as well as nutrient concentrations
may dictate heterotrophic activity. Mean respiration was highest in Jackrabbit Spring ranging
from 0.15 to 6.71 mg O, /gdm/h. Mean respiration was lowest in Cardinal Creek and ranged
from 0.003 to 0.012 mg O, /gdm/h. In Devils Hole, respiration ranged from 0.04 to 1.14 mg
O./gdm/h. Microbial respiration on cellulose sponges was nutrient limited at all sites (Fig. 2). In
Devils Hole, respiration rate differed among nutrient treatments (F420 = 3.4, p = 0.029) where the
anoxic TC respiration was 186% higher (mean = 0.54 mg O, /gdm/h) compared to the oxic
control (mean = 0.14 mg O, /gdm/h) (Fig. 2A). Consistent with Devils Hole, microbial
respiration in Jackrabbit Spring also differed in response to nutrient treatments (Fs20= 3.8, p =
0.019) where TC (mean = 2.43 mg O, /gdm/h) had 191% higher respiration compared to all other
treatments (mean = 0.30 mg O, /gdm/h) (Fig. 2B). Nutrient treatments did not influence

microbial respiration at the Cardinal Creek site (p > 0.05) (Fig. 2C).

Biofilm accrual
The biomass accrual was highest in Cardinal Creek where it ranged from 3.4 g/m? to

81.4 g/m’ (Table 2). The lowest mean biomass accrual was observed in Jackrabbit Spring and
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ranged from 2.1 to 19.2 g/m?. In Devils Hole, biomass accrual ranged from 3.7 to 42.3 g/m?.
Nutrient treatments did not influence biofilm accrual in Devils Hole (p > 0.05). Biofilm biomass
in Jackrabbit Spring (Fs24=133.5, p < 0.001) was 66% higher in the N+P treatment (mean =
15.6 g/m?) compared to the control treatment (mean = 3.2 g/m?). The TC (mean = 9.5 g/m?) and
the S treatment (mean = 15.3 g/m?) also yielded higher biomass than the control treatment (Table
2). In Cardinal Creek, biomass (Fs24 = 3.25, p = 0.022) was 36.7% higher in the P treatment
(mean = 58.8 g/m”) compared to the control (mean = 27.2 g/m?) and N treatment (mean = 24.9

g/m?).

Nutrient Limitation

In Devils Hole, chlorophyll a was different among treatments (F, 19)= 4.6, p = 0.046) but
there were no significant post hoc tests. In Jackrabbit Spring, there was an increase in biofilm
chlorophyll a in the N treatment (F¢, 16 = 120.6, p < 0.001), in the P treatment (F(, 16y= 47.1, p <
0.001), and the interaction between N and P addition had the strongest effect on chlorophyll a
concentration increase (F(, 16) = 30.1, p < 0.001). In Cardinal Creek, chlorophyll a was N+P co-
limited (Fq, 23)= 4.3, p = 0.05); however, there were no significant post hoc tests.

Devils Hole respiration was N limited and the biofilm respiration in the Devils Hole
increased in with the addition of N (F1,16)= 7.8, p = 0.013). In Jackrabbit Spring the biofilm
respiration was N and P co-limited. The biofilm respiration was N limited (F(1,16)=5.9, p =
0.028), and P limited (F,16)= 7.0, p = 0.018), and the largest increase in respiration occurred in
the N and P interaction (F(, 16) = 6.3, p = 0.023). Respiration in Cardinal Creek was first degree P

limited and second degree N limited. There was a significant increase in biofilm respiration in
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Cardinal Creek in the P treatment (F, 14)= 5.6, p = 0.033) and the largest increase in biofilm
respiration occurred in the NP treatment (F(1, 14y= 8.1, p = 0.013).

There was no significant variation in biofilm biomass indicating a nutrient limitation in
Devils Hole (Table 3). In contrast, biomass in Jackrabbit Spring was N and P co-limited. The
biomass was N limited (F, 16y= 53.8, p <0.001), and P limited (F, 16)= 116.5, p < 0.001), and
the interaction between N and P had the largest increase in biofilm growth (F, 16)= 19.6, p <
0.001). Biofilm accrual increased in Cardinal Creek when P concentrations increased (F, 16) =

27.6, p < 0.001).

Discussion
Nutrient limitation in different ecosystems

In this study, we compared nutrient limitation of autotrophic and heterotrophic microbial
biofilms in desert springs to nutrient limitation in a temperate stream. Autotrophic and
heterotrophic growth in Jackrabbit Spring was N and P limited, Devils Hole was primarily N
limited, and Cardinal Creek was not nutrient limited.

Nutrient limitation in Devils Hole showed that N was a limiting nutrient. Autotrophic
growth was lower in the P treatments (Fig 1A); however, post hoc tests did not reveal differences
between treatments. Respiration was higher in the N treatments (Fig 2A). These results
contradict a previous experiment where the algae Selenastrum was P limited in Devils Hole
(Shepard et al. 2000). However, due to the steep rock walls surrounding Devils Hole, the
photosynthetic biofilms may be primarily light limited (Wilson and Blinn 2007). Light limitation
has been shown to limit the growth of biofilms as well as reduce the frequency of detecting
nutrient limitation in the biofilms (von Schiller et al. 2007, Elsaholi et al. 2010). Additionally, it

is unknown if N-fixing bacteria are absent in the Devils Hole ecosystem. Because of the low N
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concentration and the presence of cyanobacteria species that are capable of N-fixation, it is likely
that Devils Hole has significant biological N-fixing occurring.

Unlike Devils Hole, Jackrabbit Spring autotrophic and heterotrophic biofilms were N and
P co-limited in the presence of grazing and therefore did not have filamentous algae and bacterial
colonization. Instead, the pores in the glass fritted discs and cellulose sponges had unicellular
biofilm growth that was not grazed by endemic fishes. The difference between nutrient limitation
and type of biofilm growth in Devils Hole and Jackrabbit Spring suggests that different types of
algae and bacterial biofilms may be limited by different nutrients. However, this is not an
example of community co-limitation (Larned 2010) because the multiple-nutrient limitation is
increasing growth among only unicellular algae and bacteria not the larger diversity of biofilm
taxa represented in the Devils Hole samples (Francoeur 2001). In this study, the filamentous
algae in Devils Hole may be limited by N alone while in Jackrabbit Spring the unicellular
biofilms have stronger P limitation than the filamentous biofilms. The role of fish grazing on
desert biofilms is important to consider as invasive fish like largemouth bass (Micropterus
salmoides) invade spring pools and prey upon endemic fishes (Miller 1948) in addition to desert
spring alteration that may threaten endemic fish survival (Riggs and Deacon 2002, Kodric-
Brown 2007) which may decrease biofilm grazing. Also, introduction of invasive fishes to desert
springs may increase the grazing pressure on biofilms (Kodric-Brown 2007). Anthropogenic
changes to desert spring systems including habitat disturbance resulting in native fish extinction
or the introduction of invasive fishes may alter the biofilm community structure and therefore
change the biofilm nutrient limitation.

Cardinal Creek had differing nutrient limitation for autotrophic and heterotrophic

biofilms. Autotrophic biomass was limited by N and P, respiration was first degree limited by P
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and second degree by N, while biofilm accrual was P limited (Fig 1C, Fig. 2C, Table 2). Unlike
Devils Hole and Jackrabbit Springs which are desert ecosystems, Cardinal Creek is a temperate
stream in an urban watershed. Runoff from surrounding impervious surfaces and lawn care
creates a nutrient enriched stream with higher N concentrations than the desert springs (Table 1).
The lower of autotrophic and heterotrophic growth in the N treatment suggests that the stream N
concentration is near a threshold that inhibits biofilm growth rather than promoting growth. The
abundance of N in the stream causes P to be the limiting nutrient in the ecosystem.

The high N concentration, as in Cardinal Creek, is indicative of eutrophication (Turner
1994). Eutrophication can cause degradation of water quality, including depleting the dissolved
oxygen concentration of the water. In desert springs and in particular Devils Hole, dissolve
oxygen concentrations are at the low end of the invertebrates and vertebrates endemic to the
ecosystems (Deacon et al. 1995). Declines in dissolved oxygen due to algal blooms could
decrease reproductive success, egg survivorship, and juvenile recruitment of fish and other

aquatic organisms in desert ecosystems like Devils Hole (Riggs and Deacon 2002).

Sulfide nutrient limitation

A novel H,S NDS was developed because Devils Hole is known to have the sulfur-
oxidizing bacteria Beggiatoa within the spring. Beggiatoa growth is limited by the availability of
sulfide or thiosulfate in the ecosystem (Nelson 1983). Furthermore, growth of Beggiatoa is
inhibited by high concentrations of dissolved oxygen (Schmidt 1987). The concentration and
spatial distribution of sulfide in the ecosystem could potentially promote or inhibit the growth of
different microbes including Beggiatoa, cyanobacteria, and algae. Oscillatoria from Wilbur Hot

spring in California was able to carry out photoassimilation at 0.01 pg/L H,S. In the presence of
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H,S, the photoassimilation rate of Oscillatoria increased to 120% suggesting 0.01 pg/L H,S
promoted photosynthesis. However, Oscillatoria from Stinky Hot Springs, Utah was sensitive to
H,S toxicity and photosystem Il was 50% inhibited at 0.0003 pg/L H,S. Spirogyra was unable to
perform oxygenic photosynthesis in H,S concentrations of 0.000008 pg/L H,S (Camacho 2005).
Because Beggiatoa are found at the boundary between oxic and anoxic biofilms where there is

H,S, a test of H,S limitation is appropriate in the desert spring ecosystem.

Comparison of autotrophic production

The Nutrient-Algal Biomass Conceptual Model (Munn 2010) presents a framework by
which to interpret biofilm biomass in relation to nutrient concentrations. The model postulates
that at low nutrient concentrations when algal biomass is low, algae are limited by nutrients.
Conversely, at high nutrient concentrations when algal biomass is high there is nutrient
saturation and growth plateaus. However, when nutrient concentrations are low and there is high
algal biomass, algae reduce the measurable nutrients available in the water column via uptake.
Additionally, when nutrient concentrations are high but there is low algal biomass, other
environmental factors limit algal growth (Munn 2010). Published results of chlorophyll a used as
a predictor of algal biomass show that algal biomass generally explains < 50% of variation
predicted by N and P nutrient concentration (Biggs 2000, Dodds et al. 2002). Other
environmental factors including light (Hill and Knight 1988), substrate (Murdock and Dodds
2007), and scouring by flooding (Biggs 2000) also commonly contribute to predicting biofilm
biomass. The Nutrient-Algal Biomass Conceptual Model provides a useful method to interpret
the biofilm growth in Devils Hole, Jackrabbit Spring, and Cardinal Creek. Devils Hole has high

algal biomass, as measured in AFDM (Table 2); however, low nutrient concentrations compared
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to agricultural or urban areas that are nutrient enriched. The low nutrient concentration could be
attributed to high rates of nutrient assimilation by algae, following the Nutrient-Algal Biomass
Conceptual Model. Unlike Devils Hole, Jackrabbit Spring had low algal biomass due to endemic
fish grazing reducing filamentous algal growth. Algal growth was limited by the biological
pressure the grazing fish in the ecosystem. Cardinal Creek had higher nutrient concentration and
higher algal biomass than the desert springs. The relationship between algal biomass and
available nutrient concentration has a higher correlation based on the model interpretation. It is
possible that Cardinal Creek could be near nutrient saturation where algal biomass does not

continue to increase as the nutrient concentration increases.

Comparison of heterotrophic respiration

The biofilm respiration in the desert springs was comparable to sediment respiration
measured in eastern US streams (Hill et al. 2002). Devils Hole and Jackrabbit Spring biofilm
respiration was within one order of magnitude of mean sediment respiration measured in Hill et
al. (2002). The TC treatment with anoxic agar in Devils Hole and Jackrabbit Spring that had had
the highest respiration suggesting the more abundant respiring bacteria in anoxic conditions
compared to oxic conditions. The biofilm respiration in Cardinal Creek was more than two
orders of magnitude lower than US stream sediment respiration (Hill et al. 2002); however it was
constant with respiration measured in a different stream in the Upper White River watershed
(Bunch and Bernot 2011). The low respiration rates in Cardinal Creek compared to Devils Hole
and Jackrabbit Spring were likely due to the lower organic matter content of Cardinal Creek
biofilm. Cardinal Creek is characterized by high clay content in the sediment which was

deposited on the NDS. As a result, the grams dry mass (gdm) for the respiration calculation was
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largely clay particles not algal and bacterial cells. Heterotrophic nutrient limitation in the biofilm
of springs and streams are important because of their role in production, respiration, and
decomposition. Tank and Dodds (2003) study of algal and fungal limitation in 10 streams found
the biomass response to nutrient limitation differed between autotrophs and heterotrophs;
however, we found general consistency in nutrient limitation of autotrophic and heterotrophic
growth. Rier and Stevenson (2002) found a positive relationship between autotrophic and
heterotrophic growth because the bacteria colonize algae as a substrate. The algal nutrient
limitation caused a limitation of algal substrate for bacterial colonization which influences the
respiration rate. Limited substrate and high clay content of Cardinal Creek could therefore limit

heterotrophic respiration rates more so than in Devils Hole and Jackrabbit Spring.
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Table 1. Physical and chemical characteristics of two
desert springs and a central Indiana stream. Devils Hole
and Jackrabbit Spring values are an average of pre and
post NDS deployment (N =2) and Cardinal Creek is
average of biweekly measurements during the NDS
deployment (N = 4).

Devils Jackrabbit Cardinal

Variable Hole Spring Creek
Water Temperature (°C) 33.46 27.61 20.22
Elevation (m) 833 833 285
pH 7.31 7.24 7.97
Dissolved Oxygen (mg/L) 3.09 6.02 8.86
NO3-N (mg/L) 0.075 0.003 0.263
PO4-P (mg/L) 0.002 0.005 0.003
N:P 30.8 0.7 96.1
SO4 (mg/L) 89.6 1035 124.7
Cl (mg/L) 23.8 26.2 190.7
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Table 2. Mean ash-free dry mass (AFDM; g/m?; SE
in parentheses) on diffusing substrata glass discs
in Devils Hole (DH; N =3), Jackrabbit Spring (JS; N =
5), and Cardinal Creek (CC; N =5). Agar treatments
and controls include no nutrient addition (C),
thioglycollate control (TC), nitrogen (N),
phosphorus (P), nitrogen + phosphorus (N+P), and
sulfide (S).

AFDM
Devils Hole Jackrabbit Spring Cardinal Creek
C 19.7 (11.6) 3.2 (0.5 27.2 (2.5)
TC 27.9 (85) 9.5 (0.6) 34.6 (16.7)
N 13.3 (2.3 5.2 (0.3) 24.9 (3.1
P 22.1 (8.0) 7.5 (0.8) 58.8 (2.4)
N+P 13.2 (3.7) 15.6 (0.9 39.3(13.1)
S 14.6 (3.4) 15.2 (1.5 40.0 (3.7)
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Table 3. N and P addition responses in the two-way
ANOVA (p <0.05) for N or P treatments. Squares
represent Devils Hole, triangles represent Jackrabbit
Spring, and circles represent Cardinal Creek. Black
symbols represent chlorophyll a, gray represent
respiration, and empty represent AFDM.

N P NxP No
Interpretation effect effect interaction effect
N limited
P limited LJ®)

N and P colimited o o

NandPcolimited A/ A A A A/ A

1°P limited, 2°N limited

Not limited by N or P O
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Appendix 1.

Biofilm Percent Composition Data

8/3/2011 8/3/2011
Cyanobacteria biofilm Beggiatoa Biofilm
1st Replicate 1st Replicate
Sub Sample Compostion (%) Sub Samp/ Compostion (%)
Cyanobacteria  Spirogyra Beggiatoa Other Cyanobacteria  Spirogyra Beggiatoa Other
1 0 71 0 29 1 3 0 52
2 22 63 0 15 2 0 0 48
3 0 50 0 50 3 0 0 49
4 44 42 0 14 4 0 0 50
5 0 46 0 54 5 0 1 51
6 13 22 0 65 6 0 0 67
7 11 15 0 74 7 0 0 70
8 0 27 0 73 8 13 0 60
9 7 43 0 50 9 0 0 32
10 40 27 0 33 10 6 0 69
11 0 88 0 12 11 0 5 38
12 0 71 0 29 12 0 0 44
13 67 0 0 33 13 7 0 39
14 61 24 0 15 14 3 0 67
15 42 46 0 12 15 0 0 47
16 8 60 0 32 16 0 0 48
17 0 70 0 30 17 0 0 59
18 21 56 0 23 18 1 1 53
19 0 7 0 23 19 0 0 71
20 11 64 0 25 20 0 0 70
2nd Replicate 2nd Replicate
1 0 64 0 36 1 0 61
2 0 71 0 29 2 0 0 51
3 0 0 0 100 3 3 16 41
4 56 0 0 44 4 0 0 42
5 63 31 0 6 5 0 0 50
6 60 36 0 4 6 0 0 25
7 3 96 0 1 7 0 0 50
8 39 40 0 21 8 0 0 62
9 6 88 0 6 9 0 0 37
10 33 45 0 22 10 0 0 47
11 0 78 0 22 11 0 0 60
12 27 22 0 51 12 5 0 70
13 0 41 0 59 13 0 6 54
14 22 72 0 6 14 7 17 40
15 31 60 0 9 15 0 0 62
16 0 75 0 25 16 0 0 60
17 63 0 0 37 17 0 0 59
18 29 69 0 2 18 2 0 57
19 38 37 0 25 19 20 0 48
20 12 67 0 21 20 0 0 44
3rd Replicate 3rd Replicate
1 0 82 0 18 1 0 0 31
2 13 44 0 43 2 0 0 56
3 47 41 0 12 3 0 0 45
4 25 38 0 37 4 0 0 58
5 13 73 0 14 5 0 0 52
6 37 29 0 34 6 0 0 68
7 0 55 0 45 7 0 0 39
8 31 58 0 11 8 4 0 48
9 31 59 0 10 9 0 0 71
10 11 79 0 10 10 0 0 64
11 43 39 0 18 11 0 0 74
12 43 42 0 15 12 0 0 62
13 20 49 0 31 13 0 55 0
14 13 68 0 19 14 0 0 63
15 0 65 0 35 15 0 0 58
16 0 73 0 27 16 0 7 49
17 0 68 0 32 17 0 0 59
18 43 47 0 10 18 0 0 61
19 9 40 0 51 19 0 0 53
20 24 31 0 45 20 0 0 96
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March 2012
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July 2012

Cyanobacteria Spirogyra Beggiatoa
1st Replicate 1st Replicate 1stReplicate
Sub Sample  Compostion (%) Sub Samp Compostion (%) Sub Samp Compostion (%)
Spirogyra CyanobaciBeggiatoa Other Spirogyra CyanobaciBeggiatoa Other Spirogyra CyanobaciBeggiatoa Other
1 0 100 0 0 1 40 60 0 0 1 19 66 10 5
2 0 89 0 1 2 77 20 0 3 2 31 56 0 13
3 0 96 0 4 3 17 48 0 35 3 22 56 0 22
4 22 78 0 0 4 100 0 0 0 4 90 0 0 10
5 0 96 0 4 5 89 1 0 0 5 80 7 0 13
6 0 96 0 4 6 70 27 0 3 6 0 0 0 100
7 0 86 0 14 7 0 100 0 0 7 0 0 0 100
8 0 92 0 8 8 97 0 0 3 8 20 70 0 10
9 0 98 0 2 9 90 6 0 4 9 58 40 0 2
10 0 95 2 3 10 9 81 0 10 10 29 53 0 18
1 0 96 0 4 1 81 19 0 0 1 0 0 0 100
12 23 71 0 6 12 82 18 0 0 12 70 10 0 20
13 0 84 3 13 13 53 43 0 4 13 22 78 0 0
14 0 95 0 5 14 100 0 0 0 14 60 10 0 30
15 30 51 0 19 15 80 20 0 0 15 20 58 2 20
16 8 92 0 0 16 100 0 0 0 16 17 17 0 66
17 0 98 0 0 17 60 40 0 0 17 13 70 4 13
18 0 97 0 3 18 88 12 0 0 18 80 20 0 0
19 15 82 0 3 19 93 7 0 0 19 50 12 0 38
20 0 92 0 8 20 42 54 0 0 20 0 0 0 100
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Appendix 2.

Devils Hole Biofilm Biomass data

Filamentous Filamentous
Cyanobacteria Spirogyra
Date Sample # AFDM/m? AFDM/m?
10/14/1999 1 8.751 0.000
12/8/1999 2 0.802 0.000
2/9/2008 3 10.362 0.152
4/11/2000 4 17.068 4.773
6/7/2000 5 16.800 7.898
8/8/2000 6 14.765 0.026
10/19/2000 7 36.443 0.000
12/6/2000 8 16.006 0.000
2/9/2001 9 1.383 0.000
4/4/2001 10 17.594 0.395
6/9/2001 11 19.171 4.052
8/1/2001 12 7.889 0.000
6/23/2008 13 2.013 3.010
8/26/2008 14 4.425 4.026
10/27/2008 15 13.813 0.000
12/15/2008 16 7.321 0.000
2/10/2009 17 5.388 0.000
4/27/2009 18 10.025 0.184
6/23/2009 19 8.194 14.902
8/24/2009 20 6.750 8.767
10/26/2009 21 9.443 0.000
12/15/2009 22 7.173 0.000
2/24/2010 23 6.761 0.000
4/29/2010 24 4.154 10.547
6/28/2010 25 11.245 9.578
8/26/2010 26 12.145 2.857
10/26/2010 27 6.283 0.000
12/13/2010 28 6.957 0.000
2/9/2011 29 4.560 0.000
4/19/2011 30 11.802 2.613
6/7/2011 31 5.558 11.873
8/17/2011 32 20.727 7.487
10/4/2011 33 12.989 0.073
12/13/2011 34 8.485 0.000
2/15/2012 35 7.483 0.000
4/17/2012 36 4.530 6.172
6/11/2012 37 11.092 3.666
8/28/2012 38 1.123 0.008
10/30/2012 39 0.181 0.003
12/6/2012 40 1.674 0.000
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Appendix 3.

Dissolved Oxygen

Date: 2-Aug-11 2-Aug-11 2-Aug-11 2-Aug-11 2-Aug-11 2-Aug-11 2-Aug-11 2-Aug-11 2-Aug-11 3-Aug-11 3-Aug-11 3-Aug-11 3-Aug-11
Calibration Equation August: mg Oz/L=(mV - 72.044)/41.098

Light Type: Indirect Indirect Indirect Indirect Direct Direct Direct Direct Indirect Indirect Indirect Indirect Direct
Depth Beggiatoa Spirogyra Spirogyra Cyanobacteria Beggiatoa Spirogyra Sprirogyra Cyanobacteria Beggiatoa brigt Cyanobacteria Spirogyra Spirogyra Spirogyra
0 2.201 2.123 1.685 4.919 4.340 5.858 8.189 3.293 1.970 1.573 1.826 1.486 5.627
1 2.179 2.143 1.688 4.895 4.325 5.817 8.097 3.269 1.960 1.561 1814 1.476 5.761
2 2.174 2.157 1.697 4.839 4.281 5.785 7.980 3.213 1.950 2.264 1.885 1.464 6.135
3 2.167 2.196 1.700 4.817 4.255 5.783 7.895 3.194 1.943 0.785 1.863 1.629 7.897
4 2.160 2.233 1.707 4.802 4.235 5.783 7.620 3.213 1.933 0.688 1.882 1.549 6.695
5 2.152 2.349 1.707 4.756 4.213 5.785 7.629 3.306 1.926 0.422 1.919 1.505 6.021
6 2.145 2.420 1.709 4.824 4.199 5.783 7.554 3.347 1.921 0.391 1.921 1.466 6.087
7 2.140 2.539 1.709 4.878 4.179 5.797 7.376 3.376 1.819 0.121 1.751 1.454 5.756
8 2.128 2.617 1.709 4.985 4.162 5.824 7.313 4.211 1.804 0.000 1.559 1.442 5.581
9 2121 2.705 1712 5.101 4.143 5.843 7.284 4.186 1.279 0.000 0.734 1.447 5.559
10 2.106 2.804 1.719 4.787 4.135 5.861 7.372 6.342 0.741 0.000 0.000 1.427 5.072
11 2.101 2.929 1.700 5.337 4.126 5.919 7.861 6.080 0.000 0.000 1.430 4.943
12 2.087 3.191 1.695 5.423 4.116 6.099 7.914 12.496 0.000 0.000 1.425 4.634
13 2.079 3.481 1.705 5.520 4.109 6.342 7.788 14.49 0.000 0.000 1.432 4.503
14 2.070 3.554 1.700 5.612 4.128 6.639 7.741 16.863 0.000 0.000 1.447 4.357
15 2.070 3.588 1.700 5.705 4.179 6.924 7.676 17.681 0.000 0.000 1471 4.242
16 2.067 3.632 1.697 5.783 4.233 7.257 7.591 17.584 0.000 0.000 1.473 4.213
17 2.055 3.693 1.692 5.875 4.410 7.542 7.527 17.584 0.000 0.000 1.459 2.809
18 2.045 3.702 1.702 5.965 4.603 7.824 7.464 17.579 0.000 0.000 1.461 2.488
19 2.040 3.690 1.707 6.043 4.902 8.099 7.508 17.547 0.000 0.000 1.469 2.220
20 2.028 3.641 1.680 6.114 5.177 8.411 7.515 17.301 0.000 0.000 1.461 1.388
21 2.001 3.634 1.690 6.167 5.432 8.630 7.496 17.180 0.000 0.000 1.469 1.079
22 3.617 1.688 6.240 5.622 8.780 7.479 17.068 0.000 0.000 0.388
23 3.588 1.685 6.418 6.629 6.469 7.622 17.078 0.000

24 3.566 1.685 6.471 8.196 9.036 7.924 16.927 0.000

25 3.508 1.683 6.517 6.921 9.267 8.608 16.800 0.000

26 3.474 1.680 6.559 6.549 9.474 9.031 16.851 0.000

27 3.408 1.680 6.627 6.230 9.853 18.450 16.795 0.000

28 3.362 1.697 6.625 5.763 9.975 18.927 16.754 0.000

29 3.298 1731 6.644 5.625 10.145 19.287 16.586 0.000

30 3.274 1.768 6.663 5.298 10.350 20.844 16.411 0.000

31 3.206 1.916 6.654 4.921 10.540 21.058 16.289 0.000

32 3.111 2.060 6.654 4.685 10.802 21.285 16.124 0.000

33 2.914 2.162 6.608 4.476 11.014 21.499 15.832 0.000

34 2.856 2.298 6.576 4.352 11.357 21.689 15.511 0.000

35 2.761 2.481 6.554 4.177 11.547 21.779 10.082

36 2.602 2.571 6.505 4.021 11.725 21.866 8.423

37 2.546 2.688 6.466 3.882 11.914 21.929 7.788

38 2.488 2.804 6.425 12.301 21.956 7.958
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Dissolved Oxygen

Date: 18-Oct-11
Calibration Equation: mg 02/L = (mV - 4.471)/40.599
Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Direct Indirect Indirect Indirect
Depth Cyanobacteria Cyanobacteria Cyanobacteria Beggiatoa Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Spirogyra Beggiatoa Beggiatoa
0 2.673 2.646 2.715 2.567 2.801 2.952 3.163 3.757 3511 2.678 2454
1 2.673 2.678 2.730 2,577 2.843 2.851 3.151 3.910 3.331 2.656 2474
2 2.686 2.700 2.730 2.589 2.833 2.831 3.104 3.420 3.257 2.686 2.488
3 2.690 2.764 2732 2.597 2.828 2.833 3.082 3.341 3.262 2.688 2.501
4 2.700 2.907 2.745 2.604 2.720 2.836 3.057 3.420 3.437 2.693 2.582
5 2.720 2.939 2.737 2.614 2.656 2.836 3.082 3.612 9.636 2.700 2.602
6 2.745 3.003 2.725 2.705 2.629 2.868 3.080 3.787 10.161 2.732 2.617
7 2.836 2.996 2722 2.750 2.609 2.653 3.070 3.698 12.068 2.745 2.619
8 2.979 2.718 2.794 2.828 2.942 3.070 3.784 12.205 2.836 2.230
9 2.777 2.725 2.841 2.863 2.949 3.390 3.900 12.045 2.841 2.198
10 2.658 2.698 2.851 2.786 2.656 4.378 4.050 8.762 2.826 2222
1 2.560 2.686 2.851 2.804 1.442 5.858 4.119 8.021 2.853 0.730
12 2.294 2.690 1.464 7.299 0.134 6.011 4.188 4.291 3.020 0.634
13 2.146 2.703 0.646 7.267 0.119 5.996 4.163 2.461 3.306 0.358
14 2.099 2.708 0.151 6.075 0.107 5.912 4.065 1.097 3.171 0.336
15 2.072 2.718 0.000 0.114 5.681 4.533 0.469 3.151 0.057
16 2.062 2.79 0.000 0.129 3.420 22.265 0.644 2.365 0.020
17 2.055 2.806 0.000 0.099 2.779 22.142 0.439 1.676 0.000
18 2.299 2.762 0.000 0.092 2.695 21.220 0.193 0.671 0.000
19 2.282 2.713 0.003 2.506 20.876 0.116 0.417 0.000
20 2.232 2.705 0.006 2.146 20.097 0.072 0.286 0.000
21 2.176 2.703 0.000 1.718 19.213 0.055 0.171 0.000
22 2.183 0.000 0.929 0.033 0.013 0.000
23 2.242 0.000 0.949 0.040 0.000 0.000
24 1.690 0.000 1.045 0.040 0.000 0.000
25 1.149 0.000 2.011 0.023 0.000 0.000
26 1.124 0.000 2.594 0.008 0.000 0.000
27 0.860 0.000 3.166 0.000 0.000 0.000
28 0.636 0.000 3.471 0.000 0.000 0.000
29 0.548 0.000 3.464 0.000 0.000 0.000
30 0.415 0.000 3.245 0.000
31 0.355 0.000 3.067 0.000
32 2.858 0.000
33 2.791 0.000
34 2.752 0.000

2.597 0.000
36 2.052 0.000
37 1.052 0.000
38 0.309 0.000

83



Dissolved Oxygen

Date: 19-Oct-11

Calibration Equation: mg O2/L = (mV - 4.471)/40.599

Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Direct Direct
Depth Beggiatoa Beggiatoa Beggiatoa Spirogyra Spirogyra Spirogyra Cyanobacteria Spirogyra
0 3.193 1.301 0.828 2.732 3.442 2.947 2.651 3.107
1 3.181 0.757 0.730 2.775 3.503 2.920 2.779 3.218
2 3.161 0.294 0.259 2.799 3.355 2.939 2.752 3.370
3 3.154 0.141 0.203 2.789 3.296 3.011 2.828 3.387
4 3.129 0.089 0.168 2.752 3.705 3121 3.195 3.331
5 3.053 0.065 0.057 2.730 3.966 3.264 8.494 3.333
6 2.993 0.038 0.048 2.732 4.405 3.343 8.673 3.498
7 2.932 0.000 0.052 2.732 5.267 3.589 9.548 5.405
8 2.907 0.033 0.084 2.740 5.225 3.676 9.925 9.757
9 2.865 0.028 0.097 2.742 4.865 3.050 9.966 36.667
10 2.870 0.018 0.104 2.745 3.806 2.304 10.597 35.610
1 3.203 0.025 0.097 2.745 2.900 0.491 10.686 30.186
12 3.39%5 0.025 0.099 2.747 1.695 0.353 10.518 20.856
13 3.474 0.030 0.114 2.754 1.220 0.195 10.048 7.181
14 2.947 0.067 0.200 2.762 0.998 0.067 8.760 6.392
15 2.656 0.067 0.217 2.779 0.777 0.025 7.035 4.589
16 0.582 0.060 0.222 2.789 0.562 0.000 4.915 3314
17 0.491 0.057 0.200 2.79 0.442 0.000 3.562 2.232
18 0.429 0.050 0.178 0.784 0.269 3.267 1.149
19 0.365 0.045 0.181 0.323 0.188 2.897 0.873
20 0.348 0.048 0.205 0.198 0.161 2.543 0.461
21 0.279 0.048 0.200 0.116 0.104 2.291

22 0.225 0.052 0.181 0.112 0.082 2.008

23 0.013 0.057 0.220 0.099 0.080 1.851

24 0.023 0.052 0.225 0.080 0.072 1.666

25 0.028 0.094 0.230 0.067 0.067 1.516

26 0.025 0.213 0.050 0.067 1.405

27 0.018 0.217 0.030 1.663 2.301

28 0.030 0.213 0.033 0.057 2.557

29 0.028 0.279 0.008 3.607

30 0.043 0.232 0.003 3.924

31 0.057 0.178 0.008 3.826

32 0.048 0.161 0.006

33 0.045 0.166 0.008

34 0.048 0.190 0.011

35 0.067 0.173 0.000

36 0.052 0.141 0.000

37 0.040 0.139 0.000

38 0.035 0.158 0.000
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Dissolved Oxygen

Date: 7-Dec-11

Calibration Equation August: mg Oz2/L=(mV - 7.7982)/33.987

Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect
Depth Cyanobacteria Cyanobacteria Beggiatoa Beggiatoa Cyanobacteria Cyanobacteria Cyanobacteria Beggiatoa Beggiatoa Cyanobacteria Cyanobacteria Cyanobacteria
0 3.701 2.925 2.783 2.301 2.919 2.736 2.948 3.128 2.374 2.663 2.519 2.427
1 3.546 2.969 2.595 0.538 2.875 2.760 3.037 2.892 2.342 2.454 2.483 2.551
2 3.478 3.001 1.739 0.636 2.863 2.751 3.054 2.931 2.330 2.360 2.498 2.566
3 3.378 3.019 1.039 0.621 2.845 2.745 3.066 2.966 2.295 2.404 2.757 2.510
4 3.357 3.007 0.847 0.468 2.836 2.792 3.225 2.348 2.283 2.692 3.519 2.407
5 3.369 3.031 0.459 0.403 2.825 2.781 3.275 1.418 2.330 2.766 4.975 2.333
6 3.416 3.010 0.397 0.388 3.172 2.781 3.134 0.324 2.039 2.766 4.943 2.360
7 3.384 2.951 0.356 0.377 3.198 2.825 3.154 0.079 0.950 2.798 4.313 2.330
8 3.345 3.069 0.283 0.368 3.198 2.801 3.010 0.015 0.244 3.016 3.646 1.733
9 3.343 3.160 0.368 3.192 3.448 2.739 0.000 0.038 4.181 3.240 1.701
10 3.519 3.101 0.344 3.201 3.793 2.675 0.000 0.000 5.176 2.595 1.660
11 3.634 3.069 0.338 2.781 4.699 0.000 0.000 5.779 2.301 1.639
12 3.981 3.087 0.224 2.748 4.837 0.000 0.000 6.173 2.010 1.607
13 4.234 3.278 0.068 2.701 4.834 0.000 0.000 6.347 1.895 1.559
14 4.490 3.587 0.012 2.639 4.655 0.000 0.000 1.833 1.454
15 4.652 3.804 0.041 2.610 4.278 0.000 0.000 1.795 1.371
16 4.419 3.940 0.124 2.586 3.666 0.000 0.000 1.677 1.227
17 4.025 0.135 2.507 3.272 0.000 0.000 1.545 1.115
18 4.063 0.141 1.936 3.139 0.000 0.000 1.018
19 4.066 0.171 0.000 0.000 0.903
20 4.043 0.162 0.000 0.000 0.830
21 4.022 0.059 0.000 0.000 0.806
22 3.969 0.029 0.712

23 3.940 0.100 0.000

24 3.790 0.118 0.000

25 3.613 0.000

2% 3.245 0.000

27 0.000

28 0.000

29 0.000

30 0.000

31 0.000

32 0.000

33 0.000

34 0.000

35 0.000

36 0.000

37 0.000

38 0.000
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Dissolved Oxygen

Date: 6-Mar-12 7-Mar-12

Calibration Equation August: mg Oz/L=(mV - 23.713)/24.12

Light Type: Indirect Indirect Indirect Direct Direct Direct Direct Indirect Indirect Indirect Indirect Indirect Direct Direct Direct
Depth Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Beggiatoa Beggiatoa Cyanobacteria Cyanobacteria Cyanobactia
0 3.980 2.334 2.209 3.731 4.407 3.362 3.494 2.773 2.441 2.723 4.087 3.573 3.644 3.839 6.397
1 3.922 2.379 2.209 4.436 5.161 3.171 3.055 2.690 2.375 2.748 4.079 3.553 3.810 3.582 5.567
2 3.897 2.454 2.197 5.605 5.265 3.088 3.358 2.711 2.375 2.765 4.100 3.536 3.851 4.050 5.402
3 3.859 2.454 2.197 5.526 6.019 3.084 3.656 2.686 2.454 2.885 4.079 3.540 4.104 4.440 5.319
4 3.830 4.170 2.197 5.916 3.752 3.337 3.714 2.665 2.495 2.835 4.058 3.494 5.315 4.415 5.319
5 3.810 3.760 2.197 9.548 3.461 3.300 3.399 2.682 5.580 2.798 4.050 3.490 5.041 4.386 10.957
6 3.768 6.674 2.180 8.930 3.814 3.308 3.693 2.653 7.106 2.864 4.079 3.453 4.867 4.498 28.619
7 3.756 7.056 2.201 8.096 4.282 3.407 3.507 2.611 7.727 2.852 4.071 3.424 4.838 5.617 32.889
8 3.735 7.135 2.184 9.921 6.484 3.374 3.930 2.611 6.347 2.860 4.104 3.445 26.749 11.189 35.708
9 3.714 6.886 2.180 13.482 15.273 3.337 5.775 2.628 5.659 2.839 4.075 3.441 29.751 6.948 31.977
10 3.677 5.215 2.180 14.742 31.401 3.383 4.863 2.740 3.743 2.798 4.058 3.412 28.001 9.726 24.431
11 3.660 2.334 2.197 13.076 31.160 3.337 5.862 2.873 3.254 2.806 3.951 3.486 28.996 18.420 12.491
12 3.640 0.128 2.205 11.343 30.650 3.354 6.471 3.163 2.997 2.910 3.789 3.565 31.745 22.794 7.848
13 3.619 0.000 2.201 14.693 3.565 7.885 3.946 2.802 5.708 3.648 3.606 29.104 28.121 5.816
14 3.598 0.000 2.209 29.655 3.569 10.547 4.780 2.446 6.135 3.615 4.220 33.951 34.257 6.480
15 3.606 0.000 2.218 36.931 3.490 17.110 8.055 2.267 6.119 3.598 4.527 29.456 32.019

16 3.644 0.000 2.193 51.546 3.395 16.152 8.076 2.280 5.999 3.586 4.817 25.721 28.204

17 0.000 2.218 62.412 3.524 14.402 10.858 2.392 6.007 3.548 4.635 40.974 16.024

18 0.000 2.205 59.390 3.652 13.159 10.887 2.599 6.015 3.428 4.460 20.567 11.791

19 0.000 2.222 45.766 3.689 12.267 9.655 2.591 5.965 1.343 4.075 13.975

20 0.000 2.218 3.863 11.504 7.736 2.504 5.891 0.547 3.747 9.635

21 0.000 2.247 4.286 9.548 7.209 2.251 5.779 0.389 3.217 7.367

22 0.000 2.255 4.050 9.655 4.490 2.309 5.485 0.099 1.683 5.928

23 0.000 2.251 4.104 9.813 4.286 2.383 5.261 0.000 1.264 4.535

24 0.000 2.271 4.141 10.779 3.967 2.271 5.111 0.000 1.169

25 0.000 2.259 4.282 13.818 3.548 1.927 4.846 0.000 0.982

26 0.000 2.259 4.332 13.718 3.428 1.575 4.158 0.000 0.671

27 0.000 2.271 5.033 13.872 3.349 1.683 0.000 0.518

28 0.000 2.267 4.742 13.743 2.363 1.148 0.000 0.000

29 0.000 2.263 4.825 12.819 2.238 0.986 0.000 0.000

30 0.000 2.271 5.157 10.708 2.164 0.924 0.000 0.000

31 0.000 2.271 19.958 2.259 0.700 0.000 0.000

32 0.000 2.263 29.606 2.247 0.000 0.000

33 0.000 2.280 30.754 1.720 0.000 0.000

34 0.000 2.300 31.135 1.057 0.000 0.000

35 0.000 2.300 26.061 0.994 0.000 0.000

36 0.000 2.313 19.581 0.941 0.000 0.000

37 0.000 2.309 0.688 0.000

38 0.000 2.305 0.538 0.000
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Dissolved Oxygen

Date: 24-Apr-12
Calibration Equation: mg Oz2/L=(mV -19.189)/ 27.519

Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Direct Direct Direct Direct Direct Direct Direct Direct Direct Indirect
Depth Beggiatoa Beggiatoa Spirogyra Spirogyra Cyanobacteria Cyanobacteria Spirogyra Spirogyra Spirogyra Beggiatoa Beggiatoa Beggiatoa Beggiatoa Cyanobacteria Beggiatoa Beggiatoa Spirogyra
0 2.090 2.490 2.461 2.453 2.519 2.508 2.435 3.565 4.136 3.965 4.608 3.732 3.351 5.408 4.299 4.136 3.187
1 2.417 2.540 2.511 2.548 2.533 2.508 2.421 3.115 10.593 3.914 5.691 3.758 3.376 5.070 4.121 3.783 3.081
2 2.286 2.504 2.577 2.599 2.533 2.504 2.373 3.384 7.312 3.820 5.553 4.016 3.336 5.131 4.088 3.860 3.016
3 2.282 2.537 2.540 2.595 2.649 2.461 2.377 2.911 5.415 3.805 5.335 4.063 3.296 4.855 4.565 3.910 3.140
4 2.264 2.551 2.588 2.631 2.719 2.475 2.402 4.565 7.239 3.860 4.862 3.794 3.351 5.382 5.320 7.573 3.144
5 2.268 2.573 2.675 2.657 2.719 2.493 2.370 5.706 14.914 4.081 3.758 3.376 4.492 6.029 14.787 14.856
6 1.617 2.628 2.642 2.708 2.737 2.446 2.388 4.670 14.648 1.207 4.059 3.402 3.729 6.781 14.111 13.936
7 0.782 2.602 2.595 3.612 2.664 2.504 2.377 12.610 25.248 0.215 4.041 3.300 4.561 13.188 14.874
8 0.542 2.573 2.548 3.423 2.653 2.508 2.381 25.721 25.797 0.033 3.998 4.764 4.714 10.310 16.811
9 0.491 2.577 2.631 7.897 2.729 2.468 2.362 26.419 26.342 0.000 4.230 4.961 4.234 1.345 17.759
10 0.484 2.620 2.697 11.033 2.751 2.493 2.366 26.266 26.375 0.000 14.499 5.041 3.889 0.000 17.330
11 0.418 2.675 2.700 11.349 2.715 2.402 2.362 26.015 25.601 0.000 12.864 1574 4.041 0.000 16.603
12 0.313 2.617 2.809 11.603 2.664 2.482 2.330 25.884 25.274 0.000 13.384 2.922 11.476 0.000 15.481
13 0.331 2.504 2.911 11.869 2.704 2.486 2.384 25.270 25.376 0.000 13.707 0.375 14.529 0.000 14.757
14 2.413 2.937 12.414 2.737 2.511 2.410 23.497 25.139 0.000 13.842 0.037 16.055 0.000 14.056
15 1.883 3.042 12.370 2.675 2.533 2.428 21.833 24.940 0.000 13.075 0.000 16.756 0.000 13.533
16 0.473 3.155 12.519 2.700 2.428 21.113 25.067 0.000 6.316 0.000 0.000 13.006
17 0.080 3.173 12.421 4.448 2.446 20.648 24.682 0.000 3.558 0.000 0.000 12.726
18 0.000 3.434 12.363 4.728 2.548 20.281 24.384 0.000 2.500 0.000 0.000 12.468
19 0.000 3.580 12.388 4.899 2.548 20.521 23.813 1.127 0.000 0.000 11.149
20 0.000 3.943 12.385 4.902 2.555 20.161 23.446 1.051 0.000 0.000 10.902
21 0.044 4.092 12.246 4.837 2.370 21.033 22.923 10.513
2 0.059 4.179 12.468 4.030 4.296 21.905 21.716

23 0.066 4.277 12.468 3.271 4.299 26.847 20.772

24 0.037 4.608 12.316 2.224 4.786 40.060 20.437

25 4.750 12.105 1.574 4.724 45.598 20.237

26 4.957 11.254 1.221 4.543 47.306 20.154

27 5.073 10.924 4.172 47.829 20.034

28 5.128 10.786 3.852 20.005

29 5.190 10.568 3.602 20.652

30 5.215 10.299 21.553

31 5.251 9.950 22.000

2 5.277 9.626 22.098

33 5.288 9.383

34 5.313 9.259

35 5.349 8.867

36 5.339 8.602

37 5.339 8.213

38 5.299 8.024
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Dissolved Oxygen

Date: 25-Apr-12

Calibration Equation: mg Oz2/L=(mV - 19.189)/ 27.519

Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Direct Direct Direct Direct Direct Direct
Depth Spirogyra Spirogyra Spirogyra Beggiatoa Cyanobacteria Cyanobacteria Spirogyra Cyanobacteria Spirogyra Beggiatoa Spirogyra Spirogyra Cyanobacteria
0 2.711 2.559 2.326 2.442 2.304 2.355 2.439 2.580 2.998 4.401 3.554 3.191 4.190
1 2.729 2.537 2.348 2.381 2.312 2.344 2.312 2.570 2.828 4.597 3.129 3.384 5.299
2 2.744 2.399 2.388 2.377 2.315 2.326 2.315 2.588 2.835 9.329 2.977 3.649 5.451
3 2.751 2.384 2.497 2.377 2.304 2.315 2.301 2.788 3.020 10.924 3.340 8.769 8.845
4 2.737 2.464 3.016 2.373 2.315 2.286 2.312 2.766 5.226 12.308 3.841 8.707 17.621
5 2.773 2.482 2.846 2.373 2.381 2.268 2.359 2.773 3.583 13.696 6.756 8.533 15.208
6 2.748 2.486 3.056 2.370 2.497 2.264 2.315 2.755 3.107 13.638 5.666 8.460 28.864
7 2.798 2.486 3.260 2.366 2.715 2.279 2.319 2.740 16.258 13.718 7.661 8.406 29.373
8 2.813 2.490 3.569 2.373 3.256 2.257 2.366 2.842 29.642 13.787 4.753 8.307 29.667
9 2.868 2.497 3.805 2.384 3.522 2.239 2.370 17.588 33.824 14.074 3.769 8.071 31.273
10 3.413 2.519 3.834 2.319 3.711 2.253 2.431 30.696 34.893 15.546 3.834 7.926 31.891
11 3.413 2.566 4.099 2.308 3.874 2.286 2.424 32.770 35.252 17.279 4.783 7.904 32.069
12 3.351 2.501 3.082 0.771 3.987 2.377 2.431 32.999 34.882 18.595 15.208 7.922 30.874
13 3.249 2.610 3.024 0.000 4.001 3.732 2.293 36.150 34.431 18.569 15.048 7.915 30.023
14 3.140 2.606 3.129 0.000 4.466 2.279 34.297 19.125 14.572 7.701 29.100
15 3.049 2.595 3.478 0.000 3.136 2.232 34.348 17.570 14.325 7.566 27.778
16 3.002 2.562 4.027 0.000 3.282 2.228 34.584 16.691 14.020 7.337 27.262
17 2.947 2.504 4.027 0.000 3.445 2.399 34.693 16.905 13.478 7.323 28.341
18 2.962 2.493 3.969 0.000 3.547 2.395 34.824 16.691 11.113 7.224 32.774
19 2.966 2.493 3.707 0.000 3.685 2.377 34.936 16.251 12.094 7.203 34.428
20 2.926 2.479 3.540 0.000 3.820 2.424 34.758 16.022 11.745 7.177 34.242
21 2.875 2.464 3.489 0.000 5.531 5.408 34.682 15.899 11.520 7.224 32.774
22 2.846 2.464 3.525 0.000 4.535 3.791 34.340 15.706 11.258 7.130 31.579
23 2.766 2.457 3.583 0.000 3.776 13.515 33.570 15.510 11.011 6.927 29.467
24 2.769 2.435 4.041 0.000 3.787 17.065 33.174 10.720 6.781 27.738
25 2.773 2.413 4.481 0.000 4.219 18.802 33.159 10.375 6.676 25.212
26 2.820 2.399 4.532 0.000 4.277 19.365 33.348 10.081 6.501 24.126
27 2.868 2.399 4.568 0.000 20.052 33.486 9.968 6.207 23.744
28 2.893 2.384 0.000 20.048 33.559 9.914 5.989 23.904
29 2.868 2.381 0.000 20.059 33.297 9.877 5.829 24.060
30 2.857 2.384 0.000 20.023 32.996 9.663 5.607 24.100
31 2.395 0.000 19.765 9.496 5.433 24.100
32 2.399 0.000 19.289 8.823 5.262 24.093
33 2.402 0.000 18.355 8.173 5.128 24.086
34 2.428 0.000 17.901 7.664 5.011 24.067
35 2.431 0.000 17.519 7.403 4.684 23.548
36 2.431 0.000 17.054 7.337 4.539 22.926
37 2.424 0.000 16.818 7.308 4.437 22.022
38 2.417 16.745 7.224 4.303 20.979
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Dissolved Oxygen

Date:

10-Jul-12

Calibration Equation:

mg Oz /L =(mV - 27.92)/24.908

Light Type: Indirect Indirect Indirect Indirect Indirect Direct Direct Direct Direct Direct Direct
Depth Spirogyra Spirogyra Spirogyra Spirogyra Beggiatoa Beggiatoa Cyanobacteria Spirogyra Cyanobacteria Cyanobacteria Spirogyra
0 2.320 3.998 2.657 2.360 2.324 2.593 2.970 3.062 1.995 2.039 5.720
1 2.488 4.006 2.629 2.344 2.272 2.777 3.002 2.970 2.027 2.099 6.632
2 2.380 4.150 2.649 2.360 2.352 2.677 2.942 2.834 2.071 2.268 5.034
3 2.508 4.126 2.665 2.344 2.284 2.761 2.998 3.323 2.215 2.312 4.307
4 2.785 3.584 2.653 2.372 2.091 2.866 2.890 4.616 2.143 2.541 5.198
5 2.749 3.187 2.689 2.404 1.412 2.938 2.870 3.428 2.007 3.127 4.636
6 1.649 2.533 3.139 2.348 0.256 2.966 2.838 6.423 2.119 7.700 4.327
7 0.899 1.906 3.303 2.292 0.000 4.929 2.810 8.539 2.119 8.968 4.315
8 0.569 1.272 3.315 2.328 0.000 21.884 2.942 11.369 2.147 10.574 4.134
9 0.128 0.561 3.119 2.376 0.000 19.832 2.866 15.488 2.099 12.955 4.006
10 0.000 0.055 3.050 2.537 0.000 22.578 5.708 17.644 2.239 18.270 3.966
11 0.000 0.000 2.818 2.962 0.000 21.454 6.824 19.704 2.360 17.267 4.002
12 0.000 0.000 2.593 3.171 0.000 11.843 21.245 3.645 15.862 4.179
13 0.000 0.000 2.416 3.287 0.000 3.938 24.176 6.531 17.945 4.259
14 0.000 0.000 2.147 3.283 0.000 0.979 25.148 14.637 20.483 4.359
15 0.000 0.000 1.798 3.227 0.000 0.228 25.276 15.926 22.068 4.805
16 0.000 0.000 1.689 3.175 0.000 0.000 24.819 19.969 20.599 6.314
17 0.000 0.000 1.147 2.994 0.000 23.285 20.270 18.523 8.655
18 0.000 0.000 0.658 2.958 0.000 22.695 15.781 18.676 10.911
19 0.000 0.000 0.288 2.793 0.000 22.430 7.900 20.547 12.666
20 0.000 0.000 0.092 2.541 0.000 22.554 7.346 27.797 12.975
21 0.000 0.000 0.000 2.119 0.000 22.462 8.402 12.252
2 0.000 0.000 0.000 1.589 0.000 22.181 28.621 12.469
23 0.000 0.000 0.000 0.931 29.925 13.818
24 0.000 0.000 0.000 0.000 29.335 18.094
25 0.000 0.000 0.000 34.538 20.723
2% 0.000 0.000 0.000 35.935 22.526
27 0.000 0.000 0.000 27.585 23.883
28 0.000 0.000 23.542 25.324
29 0.000 0.000 25.557
30 0.000 0.000 25.967
31 0.000 0.000 26.067
32 0.000 0.000 24.437
33 0.000 0.000 24.024
34 0.000 0.000 22.169
35 0.000 0.000 21.205
36 0.000 0.000 20.202
37 0.000 0.000 19.395
38 0.000 0.000 18.339
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Dissolved Oxygen

Date: 12-Jul-12
Calibration Equation: mg Oz2/L=(mV - 27.92)/24.908
Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Direct Direct Direct Direct
Depth Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Spirogyra Spirogyra Cyanobacteria Spirogyra Spirogyra Cyanobacteria
0 2.159 3.087 4.275 7.812 2.187 2.187 2.219 3.243 2.332 3.524 2.898
1 2.203 3.095 4.183 7.342 2.123 2.312 2.247 3.079 2.304 3.315 2.990
2 2.199 2.500 4.102 8.149 2.195 2.360 2.280 3.392 2.268 3.877 3.203
3 2.360 2.492 3.741 14.396 2.223 2.344 2.444 4.066 2.492 4.114 3.737
4 2.396 2.476 3.243 13.814 2.243 2.364 4.925 4.584 2.621 5.030 3.227
5 2.352 2.693 2.589 13.372 2.284 2.412 5.066 4.150 2.902 5.949 6.523
6 2.757 2.773 2.087 12.533 2.336 2.456 5.921 3.777 3.339 8.840 7.595
7 3.793 2.818 0.726 12.060 2.336 2.553 7.069 4.042 3.645 9.619 5.371
8 4.146 2.769 0.128 11.586 2.360 2.810 8.061 17.785 4.837 10.984 5.993
9 3.291 2.729 0.000 10.927 2.364 2.950 8.916 21.771 4.793 11.903 23.887
10 2.296 2.942 0.000 10.666 2.368 2.922 10.112 22.325 4.797 12.666 26.107
11 1.063 4.452 0.000 10.486 2.380 3.022 10.534 19.427 25.794 13.529 25.786
12 0.011 13.192 0.000 10.377 2.472 11.895 8.177 16.335 14.613 15.464 25.734
13 0.000 16.163 0.000 10.337 2.761 14.023 10.285 16.135 27.593 18.066 24.991
14 0.000 14.934 0.164 10.132 4.628 14.954 10.410 15.271 28.396 19.391 23.835
15 0.000 15.328 0.184 12.124 4.841 14.183 10.731 14.071 23.827 20.145 23.506
16 0.000 14.842 0.084 11.196 5.487 13.067 11.265 13.003 28.600 22.093 29.243
17 0.000 14.211 0.124 7.599 12.248 11.750 12.726 23.253 28.974
18 0.000 12.240 0.156 8.739 10.972 11.638 12.802 24.108 29.054
19 0.000 9.715 0.104 10.273 10.522 11.429 12.923 24.493 28.701
20 0.000 7.579 0.088 10.241 10.393 11.196 13.035 28.536
21 0.000 7.145 0.000 9.900 10.397 10.337 12.044 28.962
22 0.000 7.254 9.538 10.377 10.257 9.265 28.877
23 0.000 8.153 8.238 10.084 9.767 28.817
24 0.000 9.350 5.869 9.731 9.378 28.737
25 0.000 9.671 5.528 9.053 8.916 28.994
2% 0.000 9.803 4.982 9.028 8.342 29.167
27 0.000 9.655 2.504 8.755 8.113 29.106
28 0.000 9.185 2.256 8.587 7.712 29.082
29 0.000 8.715 1.734 7.768 7.523 28.922
30 1.115 6.744 7.495 28.520
31 0.907 6.459 7.238 28.227
32 0.726 6.037 7.109 28.159
33 0.393 4.921 7.045 28.062
34 0.168 4.403 6.800 27.878
0.000 4.363 6.214 27.753
36 0.000 4.014 5.267 27.504
37 0.000 3.697 4.953 27.195
38 0.000 1.974 3.994 26.665
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Sulfide

Date: 18-Oct-11

Calibration Equation: mg H,S = (mV - 0)/31.833

Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Direct Indirect Indirect
Depth Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Spirogyra Beggiatoa
0 1.062 0.358 0.176 0.132 0.298 0.204 0.330 0.440 0.148 0.204
1 1.137 0.371 0.166 0.132 0.261 0.220 0.311 0.446 0.176 0.201
2 1.087 0.396 0.201 0.132 0.176 0.195 0.399 0.421 0.160 0.195
3 0.946 0.361 0.176 0.138 0.236 0.226 0.358 0.490 0.138 0.198
4 0.993 0.521 0.126 0.126 0.097 0.245 0.258 0.440 0.151 0.251
5 1.024 0.355 0.182 0.126 0.135 0.276 0.474 0.462 0.135 0.261
6 1.037 0.352 0.192 0.119 0.082 0.195 0.415 0.405 0.145 0.289
7 0.883 0.349 0.160 0.116 0.110 0.229 0.437 0.358 0.160 0.276
8 0.898 0.371 0.188 0.091 0.057 0.179 0.430 0.503 0.141 0.311
9 0.368 0.170 0.085 0.053 0.248 0.427 0.324 0.138 0.339
10 0.355 0.192 0.085 0.072 0.220 0.471 0.355 0.132 0.317
1 0.276 0.182 0.116 0.063 0.217 0.430 0.311 0.129 0.352
12 0.273 0.182 0.132 0.075 0.104 0.484 0.258 0.113 0.368
13 0.261 0.185 0.000 0.063 0.163 0.534 0.176 0.104 0.364
14 0.242 0.179 0.000 0.047 0.138 0.518 0.258 0.091 0.364
15 0.229 0.179 0.000 0.107 0.575 0.248 0.075 0.493
16 0.229 0.151 0.000 0.101 0.575 0.245 0.094 2.409
17 0.198 0.182 0.000 0.085 0.613 0.226 0.066 2711
18 0.182 0.176 0.000 0.091 0.638 0.254 0.072 3.148
19 0.129 0.170 0.000 0.616 0.270 0.066 3.273
20 0.116 0.179 0.006 0.625 0.239 0.060 3534
21 0.066 0.166 0.000 0.657 0.236 0.132 5.444
22 0.047 0.009 0.641 5.183 5.852
23 0.038 0.044 0.622 6.544 7.059
24 0.025 0.053 0.600 7.231 7.244
25 0.013 0.088 0.606 8.102 8.199
26 0.038 0.126 0.663 8.344 11.783
27 0.035 0.113 0.616 8.752 12.921
28 0.025 0.104 0.635 8.884 14.485
29 0.031 0.135 0.575 9.556 16.558
30 0.053 0.110 0.572 10.354 9.047
31 0.050 0.141 0.534 10.508 19.354
32 0.572 10.451 20.102
33 0.575 10.455 21.685
34 0.553 10.338 22.778
35 0.562 9.908 22.945
36 0.525 8.526 21.550
37 0.537 8.205

38 0.509 8.073
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Sulfide

Date: 19-Oct-11
Calibration Equation: mg H,S = (mV - 0)/31.833
Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Direct Direct
Depth Beggiatoa Beggiatoa Beggiatoa Spirogyra Spirogyra Spirogyra Cyanobacteria Spirogyra
0 0.603 0.349 0.201 0.082 0.072 0.000 0.251 3.069
1 1.068 0.437 0.116 0.107 0.254 0.000 0.308 3.581
2 0.311 0.000 0.135 0.110 0.204 0.000 0.280 4.115
3 1.319 0.163 0.000 0.101 0.267 -0.013 0.295 4.778
4 0.465 0.129 0.000 0.075 0.383 0.028 0.254 4.904
5 0.952 0.091 0.079 0.126 0.471 0.022 0.311 5.215
6 0.716 0.069 0.126 0.126 0.515 0.057 0.204 5.205
7 0.886 0.176 0.107 0.091 0.49% 0.082 0.286 4.429
8 7.389 2.758 0.324 0.107 0.660 0.198 0.251 3173
9 3.779 3.487 0.085 0.091 0.619 0.264 0.242 2.460
10 0.983 4.781 0.198 0.107 0.723 0.412 0.283 0.575
1 1.103 8.384 0.889 0.129 0.688 0.553 0.236 0.393
12 0.889 10.747 1781 0.123 0.704 1175 0.236 0.349
13 0.845 20.488 9.883 0.079 0.657 1.495 0.236 0.251
14 1.282 22.320 16.646 0.094 0.726 1.976 0.217 0.179
15 1.536 24.845 20.919 0.094 0.669 1.941 0.223 0.154
16 5.658 25.417 21.855 0.088 0.707 1.963 0.217 0.145
17 2.956 25.844 22.835 0.091 0.685 2133 0.192 0.145
18 0.917 26.143 23.545 0.097 0.723 0.170 0.141
19 0.713 26.234 25.536 0.060 0.757 0.195 0.154
20 0.726 26.325 25.775 0.085 0.801 0.151 0.170
21 2.485 26.199 26.234 0.057 0.927 0.188
22 6.594 26.136 26.611 0.047 0.996 0.182
23 7.241 26.102 26.881 0.060 1.084 0.176
24 1.684 26.190 27.107 0.066 1.539 0.163
25 1.304 25.763 27.220 0.057 1.847 0.198
26 1.037 27.412 0.060 2.014 0.173
27 1.228 27.471 0.063 2.190 0.173
28 1.197 27.676 0.072 2.196 0.154
29 1.527 27.657 0.091 0.148
30 2.545 27.566 0.116 0.138
31 2.444 27.336 0.113 0.145
32 2.705 27.465 0.097
33 3.512 27.277 0.075
34 5.237 27.365 0.085

7.448 27.292 0.075
36 7.517 27.226 0.082
37 7.652 26.617 0.104
38 9.185 26.573 0.138
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Sulfide

Date: 7-Dec-11

Calibration Equation August: mg H2S = (mV - 0)/31.833

Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect
Depth Cyanobacteria Cyanobacteria Beggiatoa Beggiatoa Cyanobacteria Cyanobacteria Cyanobacteria Beggiatoa Beggiatoa Cyanobacteria Cyanobacteria Cyanobacteria
0 0.569 0.223 0.000 0.000 0.000 0.000 0.349 0.342 0.390 0.000 0.210 0.000
1 0.713 0.223 0.000 0.006 0.000 0.006 0.352 0.000 0.013 0.000 0.333 0.000
2 0.503 0.185 0.000 0.041 0.000 0.047 0.377 0.000 0.072 0.000 0.245 0.060
3 0.452 0.217 0.000 0.060 0.000 0.025 0.440 0.000 0.000 0.000 0.207 0.283
4 0.421 0.248 0.000 0.000 0.000 0.066 0.440 0.000 0.000 0.311 0.223 0.135
5 0.261 0.528 0.000 0.000 0.000 0.116 0.415 0.000 0.000 2.249 0.214 0.060
6 0.339 0.251 0.000 0.000 0.000 0.154 0.503 0.035 0.000 3.129 0.232 0.107
7 0.361 0.101 0.000 0.050 0.000 0.170 0.534 0.188 0.000 2.249 0.258 0.094
8 0.320 0.352 0.000 0.176 0.066 0.207 0.477 0.041 0.000 3.129 0.245 0.119
9 0.317 0.145 0.245 0.000 0.220 0.499 0.267 0.000 3.675 0.327 0.148
10 0.283 0.270 4.693 0.025 0.283 0.176 0.000 4.052 0.286 0.170
11 0.298 0.226 5.582 0.000 0.254 0.160 0.138 4.571 0.254 0.085
12 0.311 0.254 6.719 0.063 0.236 3.383 0.493 5.067 0.270 0.166
13 0.292 0.035 7.059 0.063 0.204 3.741 1.765 5.554 0.245 0.157
14 0.305 0.154 7.825 0.097 0.185 4.310 2.793 0.295 0.126
15 0.236 0.116 8.413 0.129 0.270 5.303 7.982 0.267 0.176
16 0.248 0.151 9.025 0.198 0.305 6.179 9.330 0.242 0.160
17 0.292 9.506 0.239 0.405 6.782 9.895 0.302 0.160
18 0.251 9.622 0.314 0.484 7.241 0.223
19 0.236 9.663 7.586 0.226
20 0.217 9.748 8.139 0.217
21 0.267 9.861 8.435 0.195
22 0.188 9.905 8.742

23 0.270 9.776 8.925

24 0.179 9.650 9.185

25 0.220 9.405

2% 0.188 9.657

27 0.141 10.002

28 13.480

29 16.916

30 17.664

31 18.346

32 18.927

33 19.263

34 19.389

35 20.108

36 20.023

37 20.171

38 20.394
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Sulfide

Date: 6-Mar-12 7-Mar-12

Calibration Equation August: mg HzS = (mV - 0)/31.833

Light Type: Indirect Indirect Indirect Direct Direct Direct Direct Indirect Indirect Indirect Indirect Indirect Direct Direct Direct
Depth Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Beggiatoa Beggiatoa Cyanobacteria Cyanobacteria Cyanobactia
0 0.028 0.135 0.035 1.414 8.830 0.273 4.492 0.138 0.006 0.013 0.000 0.000 0.028 0.000 0.160
1 0.031 0.129 0.028 1.285 8.177 0.258 5.073 0.145 0.028 0.028 0.000 0.000 0.016 0.022 0.207
2 0.035 0.110 0.013 1.184 8.479 0.242 5.186 0.132 0.022 0.025 0.000 0.000 0.016 0.019 0.192
3 0.016 0.104 0.028 1112 8.271 0.229 5.306 0.113 0.009 0.019 0.000 0.000 0.038 0.072 0.232
4 0.028 0.113 0.031 1.103 7.310 0.220 5.089 0.101 0.016 0.019 0.236 0.085 0.060 0.082 0.229
5 0.025 0.116 0.031 1.081 8.055 0.201 4.389 0.091 0.019 0.038 2.598 0.006 0.104 0.101 0.170
6 0.047 0.113 0.031 1.043 7.411 0.185 3.911 0.085 0.013 0.028 3.302 0.044 0.000 0.160 0.163
7 0.044 0.094 0.035 1.021 7.577 0.163 3.587 0.075 0.003 0.022 3.543 0.006 0.082 0.107 0.129
8 0.038 0.063 0.047 0.952 7.445 0.166 3.478 0.063 0.000 0.022 4.593 0.066 0.050 0.132 0.132
9 0.038 0.069 0.038 0.848 7.184 0.163 3.682 0.053 0.000 0.025 6.044 0.028 0.163 0.113 0.085
10 0.041 0.050 0.022 0.763 5.727 0.163 4.703 0.053 0.000 0.355 6.226 0.006 0.000 0.138 0.066
11 0.031 0.057 0.006 0.707 6.631 0.148 4.784 0.028 0.000 0.022 5.771 0.000 0.157 0.151 0.050
12 0.028 0.035 0.047 0.638 7.423 0.141 4.599 0.016 0.000 0.022 0.421 0.031 0.000 0.182 0.047
13 0.038 0.016 0.050 0.550 0.151 4.574 0.009 0.000 0.025 3.273 0.000 0.000 0.135 0.038
14 0.031 0.031 0.041 0.465 0.145 4.762 0.000 0.000 0.016 2.965 0.000 0.088 0.173

15 0.038 0.019 0.031 0.308 0.135 4.612 0.003 0.000 0.016 2.878 0.000 0.069 0.182

16 0.031 0.019 0.041 0.160 0.129 5.108 0.000 0.000 0.019 2.896 0.000 0.116 0.176

17 0.009 0.016 0.044 0.141 0.129 5.507 0.000 0.000 0.022 2.639 0.000 0.060 0.188

18 0.085 0.022 0.050 0.129 0.135 5.639 0.000 0.000 0.019 2.629 0.129 0.094

19 0.035 0.047 0.126 0.123 4.643 0.000 0.000 0.019 2931 0.000 0.075

20 0.135 0.044 0.123 5.256 0.000 0.000 0.022 3.264 0.003 0.053

21 0.188 0.057 0.119 4.480 0.000 0.000 0.019 3.496 0.041 0.050

22 0.195 0.050 0.113 3.817 0.000 0.000 0.022 3.980 0.003 0.016

23 0.217 0.031 0.113 2.953 0.000 0.000 0.019 4.709 0.009 0.110

24 0.220 0.050 0.119 1.872 0.000 0.000 0.019 4.938 0.009

25 0.229 0.035 0.110 1.323 0.000 0.000 0.013 5.026 0.000

26 0.251 0.035 0.104 0.531 0.000 0.000 0.016 0.000

27 0.346 0.060 0.097 0.434 0.000 0.000 1.608

28 0.358 0.066 0.097 0.443 0.000 0.000 2.724

29 0.358 0.063 0.091 0.449 0.000 0.028 3.924

30 0.358 0.047 0.091 0.437 0.000 0.000 4.275

31 0.342 0.050 0.088 0.000 0.000 4.395

32 0.311 0.047 0.094 0.000 0.000 4.794

33 0.295 0.053 0.088 0.000 0.000 5.177

34 0.245 0.063 0.075 0.000 0.000 6.342

35 0.204 0.063 0.072 0.000 0.000 8.827

36 0.160 0.044 0.072 0.000 0.000 9.792

37 0.151 0.050 0.000 10.577

38 0.173 0.038 0.000 11.959
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Sulfide

Date: 24-Apr-12
Calibration Equation: mg HzS = (mV - 0)/31.833

Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Direct Direct Direct Direct Direct Direct Direct Direct Direct Indirect
Depth Beggiatoa Beggiatoa Spirogyra Spirogyra Cyanobacteria Cyanobacteria Spirogyra Spirogyra Spirogyra Beggiatoa Beggiatoa Beggiatoa Beggiatoa Cyanobacteria Beggiatoa Beggiatoa Spirogyra
0 0.003 0.000 0.066 0.041 0.028 0.091 0.166 0.361 0.371 0.352 0.647 0.305 0.817 2.871 3.333 0.826 0.204
1 0.028 0.000 0.066 0.041 0.038 0.082 0.198 0.349 0.361 0.565 0.581 0.286 0.839 3.474 3.575 0.779 0.210
2 0.019 0.000 0.066 0.038 0.041 0.082 0.185 0.371 0.408 0.663 0.553 0.273 0.867 3.572 4.577 0.773 0.192
3 0.038 0.000 0.063 0.041 0.047 0.091 0.188 0.371 0.361 0.666 0.537 0.283 0.861 4.957 3.996 0.782 0.198
4 0.031 0.000 0.060 0.044 0.053 0.072 0.188 0.465 0.415 0.679 0.547 0.280 0.895 4.084 4.998 0.785 0.201
5 2.171 0.000 0.066 0.047 0.060 0.082 0.185 0.459 0.393 0.543 0.264 0.955 4.464 5.111 0.864 0.195
6 3.506 0.019 0.063 0.053 0.053 0.075 0.185 0.459 0.330 0.553 0.289 0.946 4.530 5.475 0.801 0.160
7 4.235 0.019 0.063 0.060 0.069 0.088 0.179 0.462 0.380 0.531 0.289 0.754 5.419 0.795 0.170
8 4.392 0.016 0.060 0.063 0.079 0.085 0.173 0.424 0.380 0.506 0.298 0.660 5.230 0.810 0.148
9 6.487 0.019 0.063 0.063 0.079 0.085 0.182 0.333 0.330 0.503 0.302 0.647 5.284 0.713 0.148
10 7.125 0.019 0.063 0.075 0.091 0.085 0.185 0.361 0.352 0.456 0.311 0.613 2.576 0.562 0.138
11 10.357 0.019 0.060 0.079 0.097 0.094 0.188 0.295 0.317 0.415 0.644 0.751 1.919 0.449 0.138
12 11.004 0.035 0.060 0.079 0.101 0.079 0.198 0.308 0.364 0.339 0.716 0.723 1.288 0.393 0.138
13 10.995 0.038 0.057 0.063 0.091 0.082 0.192 0.258 0.361 4.935 0.697 1.816 1.103 0.349 0.132
14 0.031 0.057 0.069 0.094 0.082 0.182 0.261 0.346 7.989 0.616 1.269 0.861 0.317 0.132
15 0.057 0.057 0.072 0.107 0.069 0.176 0.220 0.298 10.470 0.518 2.727 0.760 0.286 0.132
16 0.031 0.063 0.066 0.082 0.188 0.214 0.292 10.398 0.437 4.536 0.273 0.126
17 0.110 0.060 0.069 0.069 0.179 0.201 0.320 10.963 0.292 5.962 2.460 0.126
18 0.063 0.053 0.066 0.060 0.188 0.182 0.283 11.337 0.226 7.863 2.202 0.123
19 0.192 0.057 0.072 0.066 0.198 0.179 0.245 0.214 8.900 2.265 0.116
20 0.801 0.053 0.069 0.063 0.198 0.160 0.245 0.220 9.501 2.450 0.116
21 1.191 0.060 0.063 0.060 0.192 0.148 0.226 0.119
2 1.414 0.057 0.072 0.063 0.185 0.151 0.214

23 1.382 0.057 0.063 0.060 0.148 0.138 0.217

24 1.263 0.057 0.060 0.063 0.129 0.138 0.192

25 0.060 0.063 0.050 0.107 0.135 0.176

26 0.057 0.066 0.060 0.101 0.123 0.160

27 0.063 0.069 0.094 0.129 0.154

28 0.057 0.063 0.091 0.477 0.163

29 0.060 0.066 0.082 0.166

30 0.060 0.069 0.166

31 0.057 0.057 0.151

2 0.050 0.066 0.148

33 0.060 0.063

34 0.053 0.063

35 0.053 0.060

36 0.050 0.063

37 0.057 0.060

38 0.053 0.066
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Sulfide

Date: 25-Apr-12

Calibration Equation: mg H2S = (mV - 0)/31.833

Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Direct Direct Direct Direct Direct Direct
Depth Spirogyra Spirogyra Spirogyra Beggiatoa Cyanobacteria Cyanobacteria Spirogyra Cyanobacteria Spirogyra Beggiatoa Spirogyra Spirogyra Cyanobacteria
0 0.060 0.047 0.069 0.060 0.069 0.082 0.101 0.280 0.368 0.330 0.192 0.148 0.449
1 0.050 0.053 0.066 0.050 0.063 0.088 0.097 0.245 0.377 0.352 0.182 0.138 1.297
2 0.050 0.053 0.072 0.057 0.063 0.091 0.088 0.135 0.371 0.336 0.185 0.126 1.225
3 0.057 0.050 0.069 0.057 0.060 0.094 0.088 0.151 0.393 0.355 0.192 0.126 0.911
4 0.063 0.053 0.082 0.050 0.060 0.094 0.079 0.141 0.402 0.364 0.198 0.123 0.763
5 0.060 0.060 0.066 0.060 0.057 0.091 0.088 0.148 0.396 0.336 0.201 0.113 0.653
6 0.050 0.057 0.066 0.053 0.069 0.091 0.088 0.151 0.412 0.298 0.217 0.116 0.597
7 0.060 0.047 0.066 0.047 0.060 0.091 0.088 0.148 0.424 0.242 0.220 0.129 0.418
8 0.035 0.047 0.063 7.188 0.063 0.097 0.085 0.151 0.405 0.214 0.185 0.097 0.405
9 0.053 0.060 0.053 9.911 0.063 0.088 0.082 0.138 0.383 0.166 0.138 0.091 0.437
10 0.044 0.057 0.057 4.951 0.069 0.085 0.079 0.129 0.380 0.135 0.166 0.091 0.346
11 0.050 0.053 0.050 6.264 0.066 0.088 0.082 0.123 0.377 0.116 0.154 0.097 0.261
12 0.047 0.060 0.053 7.184 0.057 0.085 0.075 0.113 0.374 0.239 0.145 0.094 0.254
13 0.044 0.047 0.063 7.536 0.072 0.075 0.113 0.364 0.964 0.132 0.088 0.220
14 0.038 0.053 0.060 7.618 0.069 0.072 0.380 11.303 0.126 0.094 0.207
15 0.041 0.047 0.057 7.700 0.072 0.075 0.336 12.562 0.138 0.094 0.204
16 0.047 0.053 0.057 7.624 0.075 0.072 0.298 14.234 0.119 0.079 0.223
17 0.041 0.047 0.072 7.624 0.072 0.072 0.267 14.708 0.113 0.082 0.210
18 0.050 0.050 0.057 6.942 0.072 0.069 0.245 16.162 0.101 0.085 0.192
19 0.050 0.050 0.050 6.628 0.075 0.079 0.232 16.247 0.113 0.085 0.188
20 0.053 0.053 0.050 6.405 0.072 0.072 0.217 16.929 0.107 0.082 0.166
21 0.041 0.050 0.057 5.808 0.072 0.072 0.217 17.014 0.104 0.079 0.151
22 0.044 0.053 0.053 5.309 0.075 0.072 0.201 17.067 0.101 0.082 0.148
23 0.050 0.050 0.063 5.067 0.072 0.063 0.185 17.507 0.116 0.085 0.135
24 0.053 0.050 0.057 4.398 0.066 0.066 0.179 0.101 0.079 0.126
25 0.044 0.053 0.050 4.118 0.069 0.066 0.176 0.094 0.075 0.126
26 0.050 0.050 0.053 3.151 0.082 0.069 0.166 0.097 0.079 0.123
27 0.053 0.053 0.050 3.022 0.069 0.157 0.094 0.082 0.123
28 0.044 0.053 2.457 0.060 0.151 0.085 0.085 0.119
29 0.057 0.053 2.234 0.066 0.138 0.088 0.082 0.119
30 0.053 0.053 1.901 0.060 0.138 0.097 0.072 0.113
31 0.047 0.050 1.649 0.072 0.091 0.072 0.110
32 0.041 1.659 0.066 0.085 0.075 0.110
33 0.063 1.238 0.066 0.082 0.075 0.107
34 0.050 1.357 0.069 0.088 0.075 0.116
35 0.050 1.360 0.069 0.082 0.069 0.101
36 0.053 1.143 0.066 0.088 0.075 0.101
37 0.050 1.291 0.066 0.085 0.075 0.107
38 0.050 0.069 0.088 0.072 0.101
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Sulfide

Date: 10-Jul-12

Calibration Equation: mg H,S = (mV - 0)/31.833

Light Type: Indirect Indirect Indirect Indirect Indirect Direct Direct Direct Direct Direct Direct
Depth Spirogyra Spirogyra Spirogyra Spirogyra Beggiatoa Beggiatoa Cyanobacteria Spirogyra Cyanobacteria Cyanobacteria Spirogyra
0 0.069 0.176 0.157 0.145 0.302 0.352 1.850 0.908 0.641 0.886 0.628
1 0.079 0.170 0.160 0.132 0.465 0.346 2.080 1.027 0.691 0.895 0.647
2 0.082 0.204 0.160 0.138 0.606 0.330 2.174 1.194 0.741 0.917 0.650
3 0.082 0.135 0.154 0.145 0.572 0.330 2.199 1.109 0.660 0.980 0.660
4 0.085 0.170 0.166 0.135 0.327 0.324 1.853 0.961 0.701 0.924 0.738
5 0.085 0.163 0.157 0.141 0.305 0.314 1.916 0.936 0.738 0.873 0.688
6 0.094 0.157 0.135 0.141 0.886 0.314 1.813 0.911 0.691 0.917 0.688
7 0.091 0.151 0.160 0.132 1.115 0.311 1.775 0.898 0.763 0.911 0.701
8 0.069 0.157 0.163 0.138 2.987 0.292 1.401 0.889 0.719 0.895 0.697
9 0.079 0.154 0.173 0.129 3.430 0.283 1.272 0.836 0.735 0.930 0.697
10 0.094 0.145 0.157 0.126 4.385 0.280 1.005 0.858 0.697 0.924 0.701
11 0.091 0.138 0.066 0.135 5.356 0.242 0.946 0.908 0.735 0.930 0.694
12 0.091 0.135 0.157 0.138 6.842 1.426 0.814 0.701 0.949 0.685
13 0.088 0.135 0.163 0.132 8.607 4.976 0.641 0.719 0.920 0.697
14 0.094 0.138 0.163 0.135 10.715 9.088 0.565 0.732 0.898 0.688
15 0.091 0.141 0.163 0.132 13.508 14.196 0.515 0.704 0.952 0.691
16 0.101 0.126 0.166 0.135 15.694 16.973 0.462 0.650 0.993 0.691
17 0.097 0.129 0.163 0.132 17.818 0.437 0.653 1.005 0.697
18 0.094 0.126 0.157 0.138 18.179 0.424 0.616 0.990 0.704
19 0.097 0.129 0.160 0.135 18.028 0.408 0.578 0.883 0.704
20 0.182 0.132 0.163 0.135 18.647 0.408 0.572 0.817 0.685
21 0.276 0.126 0.166 0.132 20.746 0.405 0.550 0.660
2 0.465 0.119 0.160 0.129 20.900 0.383 0.509 0.638
23 1.040 0.116 0.157 0.132 0.509 0.631
24 1.294 0.123 0.223 0.126 0.509 0.584
25 1.348 0.638 0.132 0.515 0.581
26 1.417 0.788 0.126 3.578 0.578
27 1.561 1.015 0.126 3.427 0.565
28 1.263 0.129 3.443 0.565
29 1.388 0.126 0.556
30 1.552 0.116 0.543
31 1.605 0.126 0.537
k7, 1.674 0.163 0.515
33 1.750 0.317 0.506
34 1.869 0.487 0.496
35 2.023 0.666 0.487
36 2.130 0.895 0.477
37 2.309 1.128 0.471
38 2.422 1.301 0.468
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Sulfide

Date: 12-Jul-12
Calibration Equation: mg H,S = (mV - 0)/31.833
Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Direct Direct Direct Direct
Depth Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Spirogyra Spirogyra Cyanobacteria Spirogyra Spirogyra Cyanobacteria
0 0.179 0.160 0.286 0.575 0.229 0.352 0.254 0.723 0.635 1.599 0.631
1 0.154 0.154 0.298 0.540 0.229 0.361 0.267 0.688 0.745 1.643 0.694
2 0.170 0.141 0.289 0.537 0.223 0.349 0.261 0.719 0.767 1.662 0.657
3 0.185 0.141 0.289 0.521 0.229 0.327 0.270 0.694 0.804 1.706 0.528
4 0.173 0.145 0.276 0.518 0.229 0.320 0.248 0.701 0.898 1.743 0.587
5 0.192 0.135 0.258 0.499 0.232 0.298 0.261 0.679 0.798 1.831 0.701
6 0.173 0.148 0.236 0.477 0.220 0.280 0.248 0.685 0.710 1.822 0.631
7 0.160 0.135 0.214 0.452 0.220 0.267 0.236 0.691 0.707 1.841 0.682
8 0.154 0.138 0.192 0.380 0.217 0.248 0.217 0.701 0.663 1.932 0.452
9 0.204 0.132 0.179 0.368 0.204 0.239 0.207 0.666 0.616 1.976 0.499
10 0.094 0.126 0.173 0.311 0.198 0.229 0.188 0.707 0.587 1.979 0.434
11 0.157 0.129 0.166 0.327 0.195 0.217 0.182 0.729 0.471 2.130 0.543
12 0.148 0.126 0.157 0.302 0.192 0.188 0.195 0.691 0.383 2.102 0.427
13 0.145 0.132 0.160 0.270 0.182 0.176 0.188 0.622 0.371 1.941 0.434
14 0.170 0.119 0.188 0.251 0.182 0.163 0.185 0.581 0.364 1.542 0.415
15 0.154 0.119 0.204 0.232 0.170 0.173 0.192 0.547 0.493 1.357 0.399
16 0.163 0.123 0.188 0.223 0.160 0.179 0.176 0.509 0.418 1.137 0.421
17 0.166 0.123 0.185 0.157 0.176 0.179 0.496 0.911 0.371
18 0.157 0.126 0.198 0.154 0.163 0.170 0.462 0.792 0.374
19 0.157 0.126 0.207 0.148 0.173 0.173 0.477 0.726 0.383
20 0.154 0.126 0.223 0.157 0.173 0.170 0.477 0.352
21 0.145 0.123 0.207 0.148 0.179 0.179 0.506 0.361
22 0.154 0.126 0.148 0.176 0.176 0.462 0.346
23 0.148 0.123 0.305 0.176 0.173 0.349
24 0.148 0.116 0.151 0.179 0.179 0.327
25 0.154 0.110 0.154 0.170 0.182 0.320
2% 0.145 0.116 0.154 0.179 0.176 0.320
27 0.132 0.123 0.148 0.170 0.170 0.311
28 0.145 0.113 0.141 0.173 0.179 0.308
29 0.132 0.113 0.145 0.176 0.176 0.311
30 0.132 0.179 0.170 0.305
31 0.138 0.179 0.176 0.314
32 0.135 0.173 0.179 0.295
33 0.148 0.176 0.179 0.286
34 0.148 0.166 0.176 0.283
0.148 0.163 0.170 0.280
36 0.145 0.163 0.182 0.273
37 0.138 0.160 0.166 0.276
38 0.141 0.163 0.173 0.276
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Temperature

Date: 2-Aug-11 2-Aug-11 2-Aug-11 3-Aug-11 3-Aug-11
Calibration Equation: mg Oz2/L=(mV - 72.044)/41.098

Light Type: Indirect Indirect Indirect Direct Direct
Depth Beggiatoa and ¢ Cyanobacteria Cyanobacteria Spirogyra Spirogyra
0 30.378 30.106 29.486 30.911 32.238
1 30.279 30.106 29.833 30.849 32.659
2 30.254 30.106 30.031 30.775 32.796
3 30.192 30.118 30.056 30.763 32.982
4 30.180 30.118 30.081 30.800 32.969
5 30.155 30.118 30.093 31.073 32.945
6 30.155 30.130 30.106 31.333 32.957
7 30.155 30.130 30.118 31.345 32.945
8 30.155 30.130 30.118 31.296 32.895
9 30.155 30.118 30.143 31.296 32.883
10 30.155 30.130 30.143 31271 32.883
1 30.155 30.130 30.143 31221 32.920
12 30.180 30.130 30.155 31.147 32.920
13 30.180 30.130 30.155 31.048 32.907
14 30.192 30.130 30.155 30.961 32.883
15 30.192 30.143 30.168 31.023 32.870
16 30.205 30.143 30.168 31221 32.821
17 30.205 30.130 30.168 31.358 32.821
18 30.205 30.130 30.168 31.494 32.821
19 30.217 30.143 30.168 31.556 32.821
20 30.217 30.168 30.180 31.630 32.808
21 30.217 30.168 30.180 31.655 32.796
22 30.217 30.168 30.168 31.630 32.845
23 30.217 30.168 30.192 31.569 32.870
24 30.217 30.168 30.192 31.457 32.870
25 30.217 30.168 30.192 31.383 32.858
26 30.230 30.168 30.192 31.321 32.845
27 30.180 30.192 31.283 32.833
28 30.180 30.205 31.283 32.833
29 30.168 30.192 31.333 32.845
30 30.180 30.192 31.370 32.845
31 30.180 30.192 31.420 32.858
32 30.180 30.205 31.432 32.833
33 30.168 30.192 31.445 32.833
34 30.168 30.192 31.953 32.796
35 30.168 30.205 31.990 32.771
36 30.168 30.205 32.436 32.746
37 30.168 30.205 32.622 32.734

8

30.168 30.205 32.907 32.721




Temperature

Date: 18-Oct-11

Calibration Equation: temp = (mV - 8.0319)/10.354

Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Direct Indirect
Depth Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Spirogyra
0 31.762 31.656 31579 31.376 30.274 30.358 30.405 30.593 30.349
1 31.782 31.666 31.598 31.347 30.302 30.339 30.405 30.630 30.358
2 31.772 31.714 31.618 31.386 30.293 30.330 30.396 30.630 30.368
3 31.753 31.743 31.637 31.415 30.321 30.339 30.396 30.621 30.368
4 31.743 31.714 31.647 31.424 30.330 30.349 30.405 30.630 30.368
5 31.743 31.724 31.656 31.473 30.330 30.358 30.405 30.639 30.386
6 31.762 31.762 31.666 31.531 30.330 30.358 30.414 30.658 30.368
7 31.753 31.782 31.675 31.598 30.330 30.358 30.414 30.714 30.368
8 31.743 31.753 31.685 31.618 30.339 30.368 30.424 30.611 30.368
9 31.753 31.743 31.685 31.637 30.330 30.377 30.424 30.621 30.377
10 31.753 31.782 31.695 31.647 30.330 30.368 30.424 30.649 30.386
1 31.753 31.753 31704 31.666 30.349 30.377 30.433 30.668 30.368
12 31.753 31.772 31704 31.666 30.349 30.377 30.433 30.583 30.386
13 31.743 31.772 31.675 30.358 30.368 30.433 30.611 30.386
14 31.753 31.801 31.685 30.368 30.377 30.443 30.583 30.386
15 31.753 31.791 31.685 30.368 30.433 30.583 30.386
16 31.743 31.791 31.695 30.377 30.433 30.555 30.386
17 31.743 31.753 31.704 30.368 30.443 30.461 30.386
18 31.743 31.762 31.714 30.368 30.443 30.433 30.396
19 31.753 31.753 31.714 30.452 30.443 30.396
20 31.753 31.762 31.733 30.443 30.443 30.396
21 31.762 31.762 31.753 30.443 30.443 30.396
22 31.762 31.762 31.753 30.443 30.386
23 31.753 31.772 31.762 30.443 30.396
24 31.753 31.762 31.753 30.452 30.386
25 31.753 31.762 30.461 30.386
26 31.743 31.772 30.433 30.377
27 31.753 31.772 30.443 30.396
28 31.762 31.762 30.443 30.396
29 31.762 31.762 30.443 30.396
30 31.753 31.762 30.433 30.396
31 31.753 31.762 30.424 30.386
32 31.753 31.753 30.424 30.386
33 31.753 31.753 30.424 30.386
34 31.753 31.762 30.414 30.396
35 31.753 31.772 30.414 30.386
36 31.743 31.772 30.424 30.396
37 31.753 31.772 30.405 30.386
38 30.414 30.386
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Temperature

Date: 19-Oct-11

Calibration Equation: temp = (mV - 8.0319)/10.354

Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Direct Direct
Depth Beggiatoa Beggiatoa Beggiatoa Spirogyra Spirogyra Spirogyra Cyanobacteria Spirogyra
0 29.617 29.524 29.842 30.274 30.264 30.321 30.480 30.527
1 29.636 29.711 29.767 30.311 30.255 30.330 30.489 30.602
2 29.674 29.739 29.889 30.283 30.255 30.339 30.518 30.677
3 29.674 29.833 29.992 30.283 30.255 30.349 30.555 30.761
4 29.664 29.805 29.880 30.293 30.274 30.358 30.574 30.780
5 29.636 29.814 29.889 30.302 30.274 30.358 30.686 30.846
6 29.617 29.805 29.899 30.293 30.302 30.377 30.714 30.789
7 29.617 29.833 29.917 30.283 30.283 30.377 30.752 30.902
8 29.589 29.842 29.946 30.293 30.283 30.377 30.780 30.911
9 29.599 29.805 29.777 30.293 30.283 30.377 30.846 30.902
10 29.589 29.842 29.814 30.293 30.302 30.377 30.874 30.705
1 29.571 29.842 29.796 30.302 30.321 30.377 30.846 30.649
12 29.524 29.796 29.777 30.302 30.311 30.368 30.827 30.611
13 29.514 29.796 29.749 30.302 30.302 30.377 30.808 30.536
14 29.486 29.749 29.796 30.302 30.311 30.368 30.771 30.508
15 29.467 29.749 29.805 30.293 30.330 30.377 30.752 30.508
16 29.439 29.702 29.842 30.302 30.339 30.368 30.724 30.499
17 29.439 29.692 29.805 30.302 30.330 30.377 30.696 30.499
18 29.439 29.674 29.777 30.293 30.321 30.368 30.696 30.508
19 29.430 29.627 29.749 30.283 30.330 30.949 30.489
20 29.421 29.617 29.711 30.293 30.321 30.696 30.489
21 29.392 29.599 29.683 30.283 30.321 30.696

22 29.374 29.561 29.674 30.283 30.311 30.696

23 29.374 29.552 29.636 30.293 30.321 30.696

24 29.355 29.477 29.599 30.293 30.321 30.696

25 29.346 29.505 29.571 30.293 30.321 30.696

26 29.299 29.561 30.293 30.321 30.677

27 29.299 29.533 30.283 30.330 30.668

28 29.271 29.524 30.293 30.321 30.639

29 29.271 29.505 30.293 30.621

30 29.252 29.486 30.293 30.602

31 29.242 29.458 30.293 30.593

32 29.233 29.439 30.302

33 29.224 29.430 30.293

34 29.214 29.402 30.293

35 29.224 29.364 30.293

36 29.214 29.355 30.293

37 29.205 29.355 30.293

38 29.186 29.336 30.302
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Temperature

Date: 7-Dec-11

Calibration Equation August: Temp =(mV-6.37)/10.19

Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect
Depth Cyanobacteria Cyanobacteria Cyanobacteria Beggiatoa Cyanobacteria Cyanobacteria Cyanobacteria Beggiatoa Beggiatoa Cyanobacteria Cyanobacteria Cyanobacteria
0 32.152 32.309 32.731 31.946 32.397 32.378 32.348 31.789 31.877 32.496 32.378 32.388
1 32.064 32.319 32.751 32.240 32.348 32.368 32.348 31.789 31.897 32.496 32.447 32.397
2 32.123 32.339 32.613 32.221 32.368 32.358 32.368 31.760 31.907 32.505 32.466 32.456
3 32.093 32.270 32.270 32.064 32.348 32.348 32.388 31.720 31.877 32.505 32.486 32.584
4 32.054 32.289 32.270 32.025 32.358 32.348 32.388 31.701 31.887 32.525 32.496 32.554
5 32.113 32.260 32.299 32.211 32.358 32.368 32.388 31.661 31.887 32.515 32.505 32.417
6 32.064 32.270 32.358 32.182 32.348 32.368 32.388 31.652 31.877 32.525 32.525 32.417
7 32.074 32.348 32.564 32.034 32.348 32.378 32.397 31.622 31.868 32.525 32.525 32.427
8 32.034 32.201 32.967 32.034 32.358 32.378 32.407 31.603 31.858 32.525 32.545 32.486
9 32.034 32.162 32.044 32.368 32.378 32.397 31.573 31.848 32.535 32.545 32.554
10 32.054 32.270 32.054 32.368 32.378 32.407 31.553 31.809 32.525 32.554 32.554
11 32.074 32.083 32.015 32.407 32.397 31.514 31.789 32.535 32.554 32.574
12 32.044 32.103 32.005 32.388 32.388 31.495 31.769 32.535 32.564 32.594
13 32.074 32.270 32.015 32.388 32.397 31.455 31.740 32.535 32.564 32.643
14 32.064 32.309 31.995 32.388 32.407 31.416 31.691 32.574 32.653
15 32.034 32.250 32.005 32.388 32.407 31.396 31.750 32.574 32.653
16 32.074 32.172 31.995 32.397 32.407 31.367 32.584 32.682
17 32.260 31.975 32.397 32.407 31.328 32.594 32.692
18 32.250 31.966 32.397 32.407 31.298 32.711
19 32.240 31.975 31.269 32.721
20 32.250 31.966 31.249 32.731
21 32.250 31.966 31.239 32.751
22 32.113 31.946 31.200

23 32.270 31.926 31.181

24 32.123 31.926 31.161

25 32.103 31.141

26 32.172 31.151

27 32.044 31.132

28 31.102

29 31.092

30 31.082

31 31.063

32 31.043

33 31.033

34 31.024

35 31.033

36 31.024

37 31.004

38 30.994
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Temperature

Date: 6-Mar-12 7-Mar-12

Calibration Equation August:  temp = (mV-1.16016)/10.292

Light Type: Indirect Indirect Indirect Direct Direct Direct Direct Indirect Indirect Indirect Direct Direct Direct
Depth Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobactia
0 32.796 32.583 32.689 32.981 32.913 33.068 32.932 33.360 32.194 32.787 32.262 32.709 31.854
1 32.777 32.670 32.748 32.981 32.942 33.098 33.030 33.360 32.155 32.777 32.553 32.738 32.000
2 32.816 32.689 32.825 33.000 32.991 33.136 33.068 33.331 32.204 32.806 32.738 32.816 32.136
3 32.942 32.738 32.874 33.059 33.039 33.175 33.117 33.331 32.243 32.835 32.621 32.767 32.311
4 32.932 32.835 32.855 33.098 33.078 33.272 33.117 33.331 32.087 32.874 33.020 32.874 32.388
5 33.020 32.845 32.845 33.185 33.059 33.321 33.195 33.340 32.174 32.874 33.214 32.874 32.524
6 32.971 32.855 32.855 33.195 33.175 33.370 33.088 33.321 32.087 32.903 33.399 32.913 32.602
7 32.787 32.864 32.816 33.272 33.117 33.467 33.039 33.311 32.019 32.893 33.515 32.835 32.689
8 32.884 32.787 32.825 33.272 33.117 33.496 33.156 33.272 32.000 32.913 33.544 32.845 32.816
9 32.991 32.816 32.874 33.321 33.175 33.506 33.195 33.292 32.038 32.932 33.632 32.845 32.942
10 32.864 32.816 32.825 33.379 33.059 33.525 33.272 33.292 31.728 32.932 33.593 32.884 33.000
11 32.952 32.748 32.816 33.428 33.136 33.535 33.302 33.311 31.825 32.981 33.603 32.903 33.088
12 33.030 32.835 32.816 33.467 33.195 33.525 33.302 33.321 31.611 32.952 33.593 32.962 33.166
13 33.020 32.864 32.816 33.515 33.506 33.302 33.292 31.630 33.010 33.583 33.000 33.204
14 32.981 32.874 32.816 33.564 33.476 33.311 33.204 31.630 33.020 33.603 33.020

15 32.932 32.835 32.796 33.661 33.447 33.331 33.117 31.630 33.039 33.642 33.214

16 33.049 32.845 32.787 33.622 33.457 33.331 33.020 31.718 33.039 33.632 33.175

17 33.000 32.816 32.767 33.632 33.467 33.360 33.030 31.825 33.049 33.690 33.428

18 32.942 32.855 32.757 33.574 33.476 33.370 32.971 31.747 33.059 33.768 33.642

19 32.748 32.738 33.457 33.486 33.370 32.991 31.883 33.068 33.778

20 32.835 32.719 33.486 33.379 32.971 31.825 33.068 33.836

21 32.816 32.689 33.476 33.379 32.835 31.718 33.049 33.826

22 32.816 32.660 33.399 33.379 32.787 31.766 33.059 33.855

23 32.738 32.651 33.408 33.370 32.748 31.718 33.059 33.865

24 32.738 32.641 33.408 33.370 32.699 31.592 33.059

25 32.660 32.621 33.399 33.360 32.641 31.436 33.059

26 32.631 32.592 33.389 33.331 32.534 31.067 33.068

27 32.592 32.573 33.331 33.311 32.485 30.979

28 32.563 32.544 33.321 33.302 32.379 30.843

29 32.534 32.524 33.282 33.292 32.320 30.785

30 32.505 32.495 33.253 33.282 32.252 30.746

31 32.466 32.466 33.234 32.097 30.591

32 32.437 32.437 33.214 31.951 30.396

33 32.398 32.398 33.175 31.494 30.280

34 32.379 32.379 33.146 31.232 30.154

35 32.330 32.369 33.136 30.270 29.969

36 32.301 32.330 33.127 30.280 29.736

37 32.281 32.311 29.337

38 32.252 32.281 29.240
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Temperature

Date: 24-Apr-12

Calibration Equation: mg O2/L= (mV- 14.102)/10.644

Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Direct Direct Direct Direct Direct Indirect
Depth Beggiatoa Beggiatoa Spirogyra Spirogyra Cyanobacteria Cyanobacteria Spirogyra Spirogyra Spirogyra Beggiatoa Cyanobacteria Beggiatoa Spirogyra
0 30.270 30.383 30.646 29.998 30.684 30.712 30.693 30.994 31.266 31.266 31.266 32.027 30.881
1 30.242 30.374 30.646 30.205 30.703 30.712 30.665 30.994 31.651 31.586 31.370 32.131 30.900
2 30.233 30.393 30.646 30.346 30.712 30.712 30.703 31.069 31.774 31.614 31.294 32.243 30.937
3 30.223 30.411 30.646 30.524 30.721 30.693 30.740 30.956 31.896 31.736 31.548 32.290 30.975
4 30.214 30.355 30.665 30.590 30.721 30.703 30.768 30.956 32.065 31.661 31.520 32.300 31.013
5 30.205 30.327 30.665 30.637 30.740 30.731 30.787 30.947 32.093 31.473 32.328 31.022
6 30.195 30.317 30.665 30.646 30.759 30.750 30.797 31.031 32.055 31.557 32.347 31.050
7 30.176 30.289 30.656 30.684 30.778 30.750 30.825 31.013 32.131 31.520 31.078
8 30.176 30.280 30.665 30.693 30.787 30.768 30.834 31.078 32.196 31.633 31.088
9 30.176 30.252 30.656 30.693 30.787 30.787 30.853 31.078 32.215 31.623 31.088
10 30.167 30.233 30.665 30.712 30.787 30.787 30.843 31.144 32.272 31.633 31.097
11 30.167 30.223 30.665 30.712 30.797 30.797 30.853 31.229 32.300 31.651 31.107
12 30.139 30.205 30.674 30.712 30.797 30.806 30.862 31.266 32.318 31.689 31.116
13 30.139 30.195 30.684 30.721 30.806 30.815 30.862 31.294 32.337 31.661 31.097
14 30.186 30.684 30.712 30.797 30.815 30.872 31.341 32.356 31.661 31.097
15 30.186 30.674 30.712 30.797 30.825 30.872 31.351 32.309 31.680 31.107
16 30.176 30.674 30.721 30.797 30.872 31.360 32.337 31.097
17 30.148 30.684 30.740 30.806 30.881 31.379 32.309 31.097
18 30.120 30.684 30.731 30.815 30.872 31.370 32.253 31.097
19 30.120 30.684 30.731 30.825 30.881 31.370 32.215 31.097
20 30.111 30.674 30.740 30.834 30.881 31.370 32.187 31.088
21 30.111 30.684 30.740 30.834 30.881 31.360 32.187 31.088
22 30.092 30.684 30.740 30.825 30.872 31.360 32.140

23 30.073 30.684 30.721 30.834 30.881 31.351 32.131

24 30.082 30.684 30.740 30.834 30.881 31.351 31.999

25 30.693 30.750 30.825 30.881 31.341 31.952

26 30.693 30.750 30.825 30.881 31.341 31.905

27 30.693 30.750 30.881 31.360 31.849

28 30.693 30.750 30.881 31.370 31.821

29 30.693 30.759 30.872 31.811

30 30.693 30.759 30.806 31.811

31 30.703 30.759 32.084

32 30.703 30.768 32.215

33 30.703 30.759

34 30.703 30.759

35 30.703 30.750

36 30.703 30.768

37 30.712 30.759

38 30.712 30.759
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Temperature

Date: 25-Apr-12

Calibration Equation: mg Oz/L= (mV- 14.102)/10.644

Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect Direct Direct Direct Direct Direct Direct
Depth Spirogyra Spirogyra Spirogyra Beggiatoa Beggiatoa Cyanobacteria Cyanobacteria Spirogyra Cyanobacteria Spirogyra Beggiatoa Spirogyra Spirogyra Cyanobacteria
0 30.317 30.618 30.665 30.590 30.402 30.627 30.656 30.693 30.900 30.966 30.674 30.825 30.787 30.797
1 30.449 30.609 30.646 30.599 30.458 30.627 30.646 30.693 31.200 30.862 30.712 30.862 30.797 30.966
2 30.505 30.609 30.627 30.609 30.477 30.637 30.656 30.693 30.759 30.872 30.712 30.966 30.806 30.900
3 30.515 30.609 30.646 30.609 30.515 30.646 30.674 30.693 30.759 30.834 30.646 31.013 30.853 30.843
4 30.543 30.609 30.656 30.618 30.543 30.646 30.665 30.712 30.787 30.862 30.778 31.031 30.966 30.900
5 30.562 30.609 30.665 30.627 30.552 30.656 30.684 30.703 30.778 30.890 30.815 31.041 31.003 30.966
6 30.590 30.609 30.665 30.627 30.580 30.656 30.693 30.712 30.759 30.994 30.740 31.135 31.022 30.834
7 30.599 30.609 30.674 30.627 30.590 30.665 30.703 30.693 30.768 31.050 30.627 31.154 31.022 30.843
8 30.599 30.618 30.674 30.637 30.599 30.665 30.712 30.693 30.797 31.088 30.609 31.172 31.041 30.881
9 30.599 30.627 30.872 30.637 30.609 30.665 30.712 30.693 30.815 31.097 30.599 31.182 30.129 31.050
10 30.590 30.627 31.116 30.637 30.609 30.665 30.731 30.712 30.806 31.125 30.618 31.191 31.088 31.060
11 30.609 30.627 30.674 30.646 30.627 30.665 30.731 30.703 30.853 31.125 30.618 31.191 31.107 31.078
12 30.609 30.618 30.665 30.646 30.627 30.665 30.731 30.712 30.862 31.144 30.627 31.219 31.116 31.060
13 30.618 30.618 30.665 30.646 30.637 30.684 30.750 30.721 30.881 31.163 30.637 31.210 31.116 31.107
14 30.618 30.618 30.656 30.656 30.627 30.768 30.721 31.163 30.740 31.219 31.116 31.154
15 30.618 30.627 30.665 30.656 30.637 30.778 30.721 31.172 30.768 31.229 31.125 31.200
16 30.618 30.627 30.674 30.646 30.637 30.768 30.740 31.163 30.759 31.238 31.125 31.285
17 30.618 30.627 30.665 30.646 30.646 30.778 30.731 31.163 30.740 31.229 31.135 31.351
18 30.618 30.627 30.665 30.656 30.646 30.778 30.750 31.172 30.712 31.229 31.135 31.398
19 30.618 30.618 30.646 30.656 30.656 30.778 30.768 31.172 30.703 31.229 31.135 31.407
20 30.627 30.627 30.674 30.656 30.665 30.787 30.778 31.191 30.703 31.247 31.144 31.426
21 30.618 30.627 30.665 30.665 30.656 30.797 30.787 31.191 30.693 31.229 31.144 31.445
2 30.627 30.618 30.665 30.656 30.656 30.787 30.797 31.182 30.674 31.238 31.154 31.445
23 30.618 30.627 30.665 30.656 30.665 30.787 30.806 31.163 30.665 31.229 31.144 31.445
24 30.627 30.618 30.665 30.656 30.665 30.787 30.787 31.172 31.229 31.154 31.454
25 30.618 30.627 30.674 30.665 30.656 30.787 30.815 31.154 31.219 31.144 31.454
26 30.609 30.627 30.665 30.656 30.665 30.787 30.825 31.154 31.229 31.154 31.435
27 30.618 30.627 30.665 30.665 30.656 30.834 31.135 31.229 31.172 31.426
28 30.618 30.627 30.674 30.815 31.144 31.219 31.172 31.417
29 30.618 30.637 30.806 31.135 31.229 31.172 31.407
30 30.627 30.627 30.825 31.135 31.219 31.172 31.388
31 30.637 30.815 31.210 31.172 31.379
32 30.627 30.843 31.219 31.172 31.370
33 30.637 30.843 31.219 31.163 31.351
34 30.637 30.862 31.219 31.163 31.351
35 30.656 30.862 31.219 31.154 31.341
36 30.646 30.862 31.210 31.154 31.351
37 30.646 30.862 31.210 31.154 31.341
38 30.665 30.862 31.210 31.163 31.323
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Temperature

Date: 10-Jul-12

Calibration Equation: mg Oz2/L =(mV- 60.678)/ 8.3061

Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Direct Direct Direct Direct Direct Direct
Depth Spirogyra Spirogyra Spirogyra Spirogyra Beggiatoa Beggiatoa Beggiatoa Cyanobacteria Spirogyra Cyanobacteria Cyanobacteria Spirogyra
0 33.689 33.761 33.869 33.857 33.749 33.785 34.832 35.338 34.953 34.098 34.194 35.037
1 33.725 33.773 33.869 33.869 33.749 33.773 34.857 35.639 34.700 34.086 34.026 34.977
2 33.737 33.773 33.857 33.869 33.749 33.773 34.857 35.687 34.917 34.122 34.122 35.037
3 33.737 33.761 33.881 33.869 33.761 33.773 34.953 35.723 35.049 34.122 34.122 35.061
4 33.749 33.749 33.881 33.881 33.797 33.797 35.133 35.699 35.278 34.146 34.231 35.832
5 33.761 33.761 33.881 33.881 33.785 33.857 35.338 35.699 35.567 34.255 34.291 35.868
6 33.785 33.785 33.869 33.857 33.773 33.833 35.567 35.760 35.675 34.243 34.291 35.904
7 33.773 33.797 33.893 33.869 33.761 33.809 35.687 35.747 35.651 34.399 34.279 35.940
8 33.797 33.797 33.881 33.881 33.749 33.821 35.892 35.772 35.820 34.255 34.447 35.964
9 33.797 33.797 33.893 33.881 33.761 33.821 35.940 35.784 36.048 34.315 34.507 35.988
10 33.809 33.797 33.893 33.869 33.749 33.809 35.940 35.784 36.133 34.483 34.700 36.024
11 33.809 33.821 33.893 33.881 33.761 33.809 35.916 35.784 36.133 34.580 34.869 36.060
12 33.797 33.821 33.893 33.869 33.749 33.821 35.832 36.265 34.676 34.953 36.073
13 33.809 33.821 33.881 33.869 33.749 33.821 35.796 36.482 34.736 35.121 36.109
14 33.809 33.821 33.893 33.869 33.749 33.809 35.735 36.494 34.784 35.206 36.145
15 33.797 33.833 33.893 33.869 33.737 33.809 35.675 36.578 35.061 35.278 36.181
16 33.809 33.833 33.893 33.869 33.725 33.809 35.579 36.590 35.230 35.495 36.229
17 33.809 33.857 33.893 33.869 33.725 33.797 35.338 36.578 35.266 35.567 36.349
18 33.821 33.857 33.893 33.881 33.725 33.797 36.554 35.278 35.603 36.386
19 33.833 33.857 33.881 33.869 33.713 33.797 36.566 35.314 35.675 36.386
20 33.833 33.869 33.869 33.869 33.713 33.797 36.494 35.326 35.675 36.386
21 33.845 33.845 33.869 33.881 33.713 33.797 36.482 35.398 36.349
22 33.857 33.857 33.881 33.869 33.785 36.410 35.495 36.386
23 33.857 33.845 33.881 33.881 35.543 36.361
24 33.857 33.845 33.881 33.881 35.531 36.325
25 33.857 33.881 33.881 35.603 36.277
26 33.857 33.869 33.869 35.747 36.241
27 33.857 33.881 33.869 35.808 36.205
28 33.869 33.881 35.844 36.181
29 33.869 33.893 36.097
30 33.857 33.893 36.048
31 33.869 33.905 36.012
32 33.869 33.893 35.916
33 33.857 33.893 35.880
34 33.857 33.893 35.868
35 33.857 33.905 35.844
36 33.857 33.893 35.844
37 33.845 33.905 35.820
38 33.857 33.893 35.820
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Temperature

Date: 12-Jul-12
Calibration Equation: mg Oz2/L=(mV- 60.678)/ 8.3061
Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Direct Direct Direct Direct
Depth Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobactieria Spirogyra Spirogyra Cyanobacteria Spirogyra Spirogyra Cyanobacteria
0 30.510 33.917 33.930 34.002 33.869 33.990 34.086 34.881 34.447 34.965 34.604
1 30.402 33.954 33.954 34.026 33.881 34.038 34.134 34.929 34.556 34.748 35.362
2 30.318 33.954 33.954 34.038 33.881 34.098 34.170 35.350 34.616 34.869 35.639
3 30.342 33.978 33.954 34.038 33.905 34.146 34.194 35.471 34.652 34.917 35.555
4 30.438 33.990 33.966 34.050 33.905 34.182 34.206 35.687 34.736 35.049 35.940
5 30.498 34.002 33.978 34.050 33.917 34.218 34.267 35.796 35.037 35.061 36.000
6 30.607 34.002 33.966 34.062 33.930 34.243 34.231 35.760 35.097 35.182 36.109
7 30.679 34.014 33.966 34.062 33.942 34.267 34.291 35.760 35.109 35.158 36.193
8 30.679 34.026 33.978 34.074 33.942 34.291 34.303 35.687 35.302 35.218 36.277
9 30.631 34.026 33.990 34.098 33.954 34.327 34.315 35.687 35.422 35.302 36.265
10 30.619 34.026 33.990 34.110 33.954 34.339 34.315 35.663 35.483 35.338 36.157
11 30.534 34.038 34.002 34.098 33.954 34.339 34.315 35.687 35.519 35.338 36.145
12 30.426 34.038 33.990 34.122 33.966 34.339 34.339 35.651 35.639 35.422 36.145
13 30.450 34.038 34.002 34.122 33.978 34.387 34.327 35.627 35.627 35.459 36.121
14 30.510 34.062 34.002 34.122 33.978 34.387 34.351 35.579 35.663 35.519 36.145
15 30.607 34.062 33.990 34.122 34.002 34.387 34.363 35.543 35.651 35.543 36.133
16 30.643 34.062 34.110 33.990 34.387 34.351 35.398 35.555 35.543 36.073
17 30.631 34.062 34.002 34.387 34.351 35.350 35.519 36.073
18 30.631 34.074 34.002 34.399 34.351 35.350 35.507 36.085
19 30.619 34.074 34.002 34.399 34.351 35.338 35.519 36.073
20 30.607 34.074 34.002 34.399 34.351 35.326 36.060
21 30.583 34.074 33.990 34.399 34.363 35.254 36.036
22 30.571 34.074 33.990 34.399 34.339 35.194 36.048
23 30.534 34.062 34.002 34.411 34.363 36.048
24 30.510 34.074 34.002 34.399 34.375 36.036
25 30.498 34.062 34.014 34.399 34.363 36.024
2% 30.498 34.062 34.014 34.399 34.363 36.000
27 30.510 34.062 34.014 34.411 34.363 35.976
28 30.510 34.074 34.014 34.399 34.363 36.012
29 30.546 34.074 34.026 34.387 34.363 35.952
30 34.026 34.411 34.363 35.952
31 34.026 34.411 34.363 35.916
32 34.026 34.411 34.363 35.916
33 34.026 34.387 34.363 35.916
34 34.038 34.399 34.363 35.892
34.038 34.399 34.375 35.868
36 34.074 34.411 34.363 35.868
37 34.074 34.411 34.363 35.844
38 34.086 34.399 34.351 35.832
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pH

Date: 2-Aug-11 2-Aug-11 2-Aug-11 2-Aug-11 3-Aug-11 3-Aug-11 3-Aug-11
Calibration Equation August: pH = (mV - 3283.1)/-380.64
Light Type: Indirect Indirect Indirect Indirect Indirect Direct Direct
Depth Cyanobacteria Cyanobacteria Spirogyra Sprirogyra Beggiatoa Spirogyra Spirogyra
0 7.996 7.995 7.992 8.273 8.275 8.367 8.351
1 7.997 7.995 7.993 8.274 8.280 8.364 8.352
2 7.997 7.996 7.993 8.275 8.279 8.363 8.352
3 7.997 7.996 7.992 8.274 8.280 8.364 8.352
4 7.997 7.996 7.993 8.274 8.281 8.365 8.352
5 7.997 7.996 7.993 8.274 8.281 8.364 8.353
6 7.997 7.996 7.992 8.274 8.281 8.364 8.354
7 7.997 7.996 7.992 8.275 8.281 8.365 8.355
8 7.997 7.996 7.992 8.275 8.281 8.359 8.356
9 7.997 7.995 7.993 8.276 8.280 8.357
10 7.997 7.995 7.992 8.277 8.280 8.359
1 7.998 7.995 7.989 8.277 8.281 8.360
12 7.998 7.996 7.989 8.277 8.283 8.362
13 7.998 7.996 7.991 8.275 8.284 8.363
14 7.998 7.996 7.992 8.277 8.284 8.364
15 7.998 7.996 7.992 8.277 8.284 8.365
16 7.998 7.995 7.994 8.276 8.286 8.365
17 7.998 7.995 7.994 8.275 8.288 8.366
18 7.998 7.995 7.993 8.275 8.289 8.366
19 7.997 7.995 8.275 8.291 8.366
20 7.997 7.996 8.276 8.294 8.366
21 7.995 7.996 8.276 8.294 8.367
22 7.995 7.997 8.276 8.299 8.369
23 7.993 7.997 8.275 8.299 8.370
24 7.991 7.997 8.274 8.301 8.372
25 7.990 7.997 8.274 8.307 8.558
26 7.990 7.998 8.274 8.309 8.566
27 7.988 7.998 8.275 8.325 8.585
28 7.988 7.998 8.276 8.331 8.594
29 7.987 7.998 8.277 8.331 8.622
30 7.986 7.998 8.277 8.333 8.641
31 7.985 7.997 8.278 8.334
32 7.984 7.996 8.277 8.336
33 7.984 7.996 8.275 8.338
34 7.984 7.995 8.275 8.341

7.983 7.994 8.274 8.345
36 7.983 7.991 8.275 8.345
37 7.983 7.990 8.274 8.351
38 7.983 7.982 8.356
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pH

Date: 18-Oct-11
Calibration Equation: pH = (mV - 278.5)/-41.545
Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Direct Indirect
Depth Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Spirogyra
0 6.704 7.154 7.612 7.933 7.549 7.701 7.724 7.227 7.337
1 5.642 7.160 7.606 7.936 7.570 7.698 7.716 7.220 7.327
2 5.644 7.170 7.609 7.936 7.554 7.706 7.724 7.199 7.314
3 5.647 7.160 7.625 7.944 7.565 7.690 7.745 7.183 7.309
4 5.630 7.152 7.622 7.923 7.549 7.698 7.750 7.173 7.301
5 5.642 7.170 7.606 7.944 7.552 7.677 7.737 7.180 7.301
6 5.637 7.149 7.604 7.938 7.565 7.672 7.724 7.170 7.272
7 5.640 7.167 7.606 7.933 7.578 7.664 7.714 7.167 7.267
8 5.654 7.178 7.617 7.938 7.583 7.659 7.714 7.173 7.251
9 5.652 7.173 7.612 7.938 7.567 7.656 7.732 7.165 7.248
10 5.676 7.173 7.606 7.936 7.575 7.651 7.724 7.173 7.246
1 5.688 7.165 7.625 7.925 7.593 7.656 7.724 7.144 7.233
12 5.683 7.170 7.693 7.920 7.565 7.672 7.698 7.157 7.227
13 5.671 7.173 7.907 7.630 7.708 7.703 7.141 7.214
14 5.683 7.165 7.925 7.648 7.844 7.714 7.128 7.212
15 5.676 7.154 7.941 7.834 7.711 7.107 7.194
16 5.681 7.173 7.941 7.857 7.695 7.081 7.207
17 5.688 7.173 7.938 7.907 7.690 6.982 7.194
18 5.705 7.157 7.923 7.912 7.685 6.969 7.194
19 5.700 7.165 7.933 7.701 6.964 7.204
20 5.697 7.186 7.920 7.701 6.956 7.204
21 5.700 7.183 7.923 7.695 6.948 7.209
22 5.702 7.170 7.946 7.677 7.269
23 5.702 7.196 7.933 7.656 7.264
24 5.707 7.186 8.320 7.640 7.272
25 5.709 7.201 7.633 7.306
26 5.719 7.217 7.643 7.332
27 5.719 7.212 7.640 7.353
28 5.712 8.011 7.622 7.371
29 5.705 7.225 7.619 7.418
30 5.717 7.204 7.596 7.450
31 5.724 7.175 7.606 7.486
32 5.734 7.154 7.609 7.533
33 5.738 7.160 7.596 7.554
34 5.724 7.256 7.588 7.580
5.719 7.157 7.588 7.653
36 5.731 7.149 7.586 7.711
37 5.726 7.165 7.596 7.729
38 5.729 8.111 7.591 7.729
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pH

Date: 19-Oct-11

Calibration Equation: pH = (mV - 403.96)/-39.962

Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Direct
Depth Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria
0 7.506 7.719 7.624 7.601 7.499 7.456 8.472 9.941
1 7.481 7.711 7.626 7.601 7.496 7.444 8.475 9.873
2 7.499 7.689 7.611 7.629 7.519 7.454 8.467 9.741
3 7.499 7.684 7.609 7.599 7.499 7.476 8.475 9.713
4 7.506 7.686 7.611 7.599 7.506 7.471 8.480 9.706
5 7.504 7.679 7.596 7.606 7.494 7.469 8.490 9.676
6 7.501 7.689 7.594 7.591 7.506 7.484 8.485 9.666
7 7.524 7.694 7.589 7.601 7.496 7.506 8.465 5.229
8 7.521 7.746 7.591 7.601 7.489 7.521 8.485 9.611
9 7.539 7.751 7.591 7.604 7.496 7.529 8.475 9.573
10 7.534 7.761 7.596 7.584 7.501 7.514 8.500 9.393
11 7.544 7.789 7.599 7.594 7.506 7.511 8.505 9.358
12 7.566 7.809 7.601 7.576 7.491 7.556 8.497 9.288
13 7.626 7.836 7.609 7.579 7.491 7.531 8.492 9.200
14 7.639 7.886 7.659 7.601 7.491 7.551 8.480 9.170
15 7.629 7.904 7.704 7.591 7.499 7.556 8.512 9.168
16 7.644 7.967 7.736 7.579 7.494 7.551 8.520 9.285
17 7.706 8.004 7.751 7.604 7.489 7.576 8.490 9.148
18 7.719 8.024 7.766 7.606 7.484 8.525 9.143
19 7.704 8.049 7.779 7.604 7.484 8.517 9.243
20 7.771 8.082 7.824 7.609 7.471 8.552

21 7.796 8.114 7.841 7.614 7.506 8.577

22 7.824 8.164 7.886 7.589 7.509 8.567

23 7.849 8.177 7.899 7.594 1.474 8.720

24 7.869 8.219 7.964 7.611 7.529 8.800

25 7.922 8.247 7.977 7.626 7.609 8.880

26 7.952 8.047 7.616 7.709 8.890

27 7.964 8.097 7.646 7.734 8.862

28 8.032 8.122 7.671 7.791 8.912

29 8.097 8.154 7.671 8.958

30 8.112 8.179 7.671 9.028

31 8.179 8.207 7.691 9.078

32 8.242 8.219 7.724

33 8.237 8.254 7.731

34 8.299 8.304 7.756

35 8.437 8.307 7.786

36 8.500 8.352 7.829

37 8.560 8.384 7.824

38 8.615 8.440 7.856
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pH

Date: 7-Dec-11

Calibration Equation August: pH = (mV - 390.63)/-46.842

Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect
Depth Cyanobacteria Cyanobacteria Cyanobacteria Beggiatoa Cyanobacteria Cyanobacteria Cyanobacteria Beggiatoa Beggiatoa Cyanobacteria Cyanobacteria Cyanobacteria
0 7.470 7.707 7.859 7.895 7.840 7.767 7.682 7.613 7.538 7.365 7.350 7.404
1 7.477 7.716 7.853 7.885 7.825 7.737 7.669 7.620 7.528 7.381 7.340 7.416
2 7.451 7.729 7.865 7.880 7.816 7.748 7.690 7.596 7.517 7.375 7.319 7.414
3 7.477 7.727 7.882 7.908 7.829 7.750 7.678 7.609 7.476 7.379 7.325 7.404
4 7.492 7.701 7.880 7.882 7.827 7.729 7.690 7.599 7.427 7.362 7.321 7.406
5 7.485 7.701 7.895 7.895 7.840 7.729 7.690 7.592 7.383 7.358 7.325 7.389
6 7.492 7.720 7.861 7.868 7.808 7.746 7.695 7.603 7.358 7.377 7.327 7.406
7 7.485 7.724 7.821 7.882 7.823 7.727 7.686 7.590 7.369 7.424 7.336 7.412
8 7.475 7.714 7.776 7.872 7.814 7.724 7.767 7.579 7.416 7.412 7.340 7.396
9 7.483 7.718 7.872 7.816 7.718 7.767 7.590 7.453 7.431 7.344 7.375
10 7.505 7.712 7.882 7.803 7.701 7.778 7.590 7.511 7.441 7.352 7.363
11 7.492 7.718 7.874 7.818 7.712 7.592 7.524 7.439 7.367 7.344
12 7.505 7.714 7.889 7.812 7.705 7.611 7.565 7.427 7.379 7.358
13 7.507 7.703 7.882 7.808 7.688 7.622 7.563 7.406 7.377 7.338
14 7.522 7.727 7.872 7.791 7.722 7.643 7.588 7.373 7.340
15 7.513 7.714 7.874 7.806 7.690 7.663 7.563 7.379 7.332
16 7.498 7.712 7.876 7.793 7.701 7.750 7.389 7.323
17 7.716 7.878 7.793 7.699 7.771 7.404 7.321
18 7.707 7.872 7.789 7.714 7.799 7.319
19 7.727 7.850 7.865 7.319
20 7.697 7.876 7.908 7.317
21 7.703 7.872 7.983 7.319
22 7.697 7.876 8.019

23 7.705 7.880 8.094

24 7.739 7.921 8.130

25 7.784 8.181

2% 8.019 8.237

27 8.130 8.299

28 8.388

29 8.578

30 8.803

31 8.873

32 9.044

33 9.153

34 9.370

35 9.972

36 10.022

37 10.049

38
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pH

Date: 6-Mar-12

Calibration Equation August: pH = (mV - 609.46)/-49.598

Light Type: Indirect Indirect Indirect Direct Direct Direct Direct Indirect Indirect Indirect
Depth Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria
0 7.629 7.479 7.483 7.528 7.538 7.582 9.344 7.608 7.784 7.562
1 7.629 7.471 7.479 7.530 7.548 7.570 9.262 7.455 7.733 7.564
2 7.633 7.481 7.479 7.522 7.538 7.576 9.375 7.489 7.721 7.568
3 7.637 7.469 7.477 7.524 7.538 7.594 9.502 7.850 7.641 7.566
4 7.622 7.481 7.489 7.524 7.528 7.598 9.506 8.060 7.608 7.546
5 7.618 7.493 7.481 7.522 7.524 7.596 9.510 8.141 7.588 7.518
6 7.625 7.491 7.465 7.538 7.530 7.618 9.522 8.068 7.598 7.534
7 7.616 7.477 7.479 7.528 7.548 7.875 9.514 7.951 7.568 7.526
8 7.616 7.489 7.479 7.534 7.530 7.870 9.516 7.778 7.629 7.522
9 7.618 7.489 7.487 7.548 7.530 7.953 7.643 7.812 7.645 7.514
10 7.598 7.487 7.479 7.544 7.536 8.054 7.592 7.879 7.671 7.528
11 7.588 7.487 7.475 7.544 7.550 7.856 7.610 8.024 7.699 7.526
12 7.580 7.493 7.479 7.530 7.522 7.806 7.602 7.991 7.701 7.512
13 7.566 7.491 7.475 7.536 7.762 7.610 7.935 7.697 7.512
14 7.554 7.508 7.475 7.512 7.733 7.604 7.885 7.689 7.518
15 7.562 7.489 7.481 7.528 7.711 7.602 7.836 7.683 7.506
16 7.552 7.499 7.465 7.588 7.709 7.614 7.697 7.679 7.491
17 7.550 7.499 7.479 7.576 7.697 7.612 7.681 7.673 7.495
18 7.540 7.483 7.471 7.576 7.667 7.616 7.635 7.665 7.502
19 7.487 7.489 7.572 7.665 7.625 7.627 7.659 7.497
20 7.493 7.483 7.671 7.703 7.600 7.653 7.497
21 7.489 7.506 7.665 7.846 7.548 7.649 7.499
22 7.489 7.536 7.697 7.826 7.550 7.620 7.491
23 7.499 7.550 7.693 7.840 7.528 7.608 7.495
24 7.495 7.570 7.697 7.834 7.526 7.596 7.502
25 7.493 7.554 7.719 7.780 7.508 7.584 7.495
26 7.504 7.532 7.725 7.788 7.512 7.570 7.495
27 7.506 7.506 7.727 7.794 7.510 7.566

28 7.508 7.461 7.747 7.816 7.491 7.562

29 7.510 7.379 7.762 7.808 7.493 7.558

30 7.514 7.330 7.737 7.483 7.556

31 7.491 7.338 7.741 7.497 7.560

32 7.495 7.344 7.592 7.485 7.562

33 7.475 7.383 7.493 7.475 7.562

34 7.475 7.415 7.326 7.463 7.564

35 7.427 7.439 7.225 7.453 7.564

36 7.348 7.510 7.165 7.447 7.562

37 7.302 7.570 7.439

38 7.284 7.610 7.443
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pH

Date: 24-Apr-12

Calibration Equation: pH = (mV - 611.5)/-50.644

Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Direct Direct Direct Direct Direct Indirect
Depth Beggiatoa Beggiatoa Spirogyra Spirogyra Cyanobacteria Cyanobacteria Spirogyra Spirogyra Spirogyra Beggiatoa Cyanobacteria Beggiatoa Spirogyra
0 7.632 7.655 7.446 7.434 7.572 7.458 7.450 7.470 7.519 7.478 7.482 7.687 7.497
1 7.602 7.622 7.444 7.440 7.572 7.446 7.420 7.470 7.472 7.482 7.482 7.723 7.476
2 7.596 7.628 7.434 7.420 7.547 7.424 7.452 7.472 7.474 7.482 7.474 7.725 7.486
3 7.602 7.610 7.436 7.415 7.561 7.434 7.416 7.472 7.482 7.490 7.480 7.683 7.484
4 7.561 7.612 7.446 7.416 7.543 7.436 7.424 7.466 7.499 7.503 7.486 7.699 7.488
5 7.551 7.602 7.442 7.422 7.543 7.446 7.454 7.474 7.474 7.513 7.721 7.464
6 7.495 7.586 7.448 7.424 7.557 7.448 7.434 7.517 7.509 7.924 7.748 7.480
7 7.495 7.580 7.460 7.409 7.541 7.458 7.442 7.527 7.486 7.792 7.474
8 7.482 7.584 7.462 7.416 7.549 7.444 7.424 7.738 7.493 7.770 7.464
9 7.480 7.576 7.472 7.420 7.525 7.454 7.422 7.827 7.480 7.762 7.462
10 7.411 7.559 7.462 7.416 7.533 7.434 7.416 7.849 7.480 7.734 7.486
11 7.385 7.563 7.484 7.401 7.527 7.418 7.434 7.875 7.472 7.663 7.499
12 7.310 7.584 7.476 7.415 7.533 7.413 7.436 7.886 7.505 7.567 7.582
13 7.280 7.565 7.466 7.403 7.511 7.411 7.448 7.904 7.482 7.576 7.600
14 7.545 7.468 7.409 7.519 7.413 7.497 7.922 7.525 7.535 7.651
15 7.535 7.482 7.415 7.521 7.416 7.533 7.940 7.509 7.533 7.669
16 7.517 7.466 7.407 7.499 7.527 7.954 7.482 7.669
17 7.458 7.444 7.409 7.482 7.531 7.914 7.501 7.669
18 7.452 7.458 7.387 7.476 7.515 7.902 7.482 7.638
19 7.426 7.464 7.416 7.456 7.495 7.882 7.480 7.640
20 7.395 7.440 7.393 7.464 7.472 7.877 7.488 7.640
21 7.395 7.442 7.411 7.478 7.482 7.855 7.499 7.622
22 7.363 7.426 7.403 7.470 7.464 7.871 7.493

23 7.341 7.426 7.415 7.474 7.466 7.855 7.499

24 7.332 7.415 7.418 7.484 7.444 7.847 7.482

25 7.422 7.422 7.476 7.424 7.825 7.484

26 7.409 7.413 7.482 7.432 7.821 7.492

27 7.405 7.411 7.430 7.837 7.523

28 7.405 7.403 7.424 7.855 7.515

29 7.405 7.420 7.434 7.499

30 7.379 7.428 7.486

31 7.383 7.420 7.434

32 7.385 7.415 7.450

33 7.397 7.424

34 7.381 7.442

35 7.367 7.418

36 7.349 7.434

37 7.345 7.442

38 7.339 7.426
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pH

Date: 25-Apr-12

Calibration Equation: pH = (mV - 611.5)/-50.644

Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Indirect Direct Direct Direct Direct Direct Direct
Depth Spirogyra Spirogyra Spirogyra Beggiatoa Beggiatoa Cyanobacteria Cyanobacteria Spirogyra Cyanobacteria Spirogyra Beggiatoa Spirogyra Spirogyra Cyanobacteria
0 7.474 7.416 7.422 7.393 7.418 7.413 7.391 7.478 7.428 7.513 8.102 7.448 7.405 7.367
1 7.468 7.426 7.434 7.395 7.393 7.418 7.403 7.456 7.385 7.517 8.183 7.434 7.401 7.361
2 7.474 7.434 7.436 7.401 7.397 7.420 7.413 7.446 7.415 7.501 8.202 7.452 7.399 7.353
3 7.474 7.420 7.436 7.411 7.403 7.409 7.413 7.452 7.426 7.503 8.224 7.466 7.432 7.371
4 7.482 7.438 7.420 7.418 7.399 7.393 7.405 7.460 7.448 7.557 8.242 7.505 7.371 7.371
5 7.466 7.420 7.432 7.416 7.385 7.409 7.397 7.450 7.444 7.521 8.208 7.572 7.403 7.355
6 7.460 7.422 7.426 7.415 7.393 7.416 7.411 7.470 7.513 7.604 8.175 7.715 7.418 7.359
7 7.460 7.438 7.426 7.418 7.407 7.407 7.415 7.448 7.725 7.877 8.149 7.742 7.420 7.361
8 7.458 7.434 7.440 7.413 7.397 7.399 7.418 7.460 8.001 8.181 8.129 7.817 7.448 7.353
9 7.452 7.448 7.377 7.407 7.395 7.397 7.416 7.452 8.281 8.354 8.048 7.823 7.436 7.361
10 7.462 7.432 7.349 7.403 7.411 7.389 7.440 7.460 8.858 8.459 7.973 7.815 7.426 7.379
11 7.458 7.422 7.440 7.393 7.393 7.375 7.434 7.460 9.000 8.520 7.956 7.835 7.424 7.375
12 7.462 7.426 7.424 7.395 7.389 7.377 7.466 7.474 9.069 8.524 7.948 7.827 7.460 7.393
13 7.468 7.424 7.444 7.357 7.373 7.395 7.472 7.472 9.107 8.502 7.906 7.829 7.507 7.399
14 7.452 7.422 7.456 7.116 7.326 7.511 7.474 8.495 7.772 7.823 7.529 7.399
15 7.454 7.422 7.456 7.097 7.320 7.525 7.486 8.501 7.744 7.807 7.539 7.399
16 7.464 7.444 7.450 7.061 7.282 7.478 7.553 8.479 7.675 7.803 7.529 7.422
17 7.458 7.432 7.438 7.037 7.140 7.503 7.648 8.451 7.634 7.790 7.533 7.444
18 7.434 7.432 7.458 7.045 7.120 7.509 7.762 8.439 7.606 7.794 7.501 7.434
19 7.462 7.440 7.452 7.033 7.093 7.521 7.778 8.439 7.612 7.756 7.490 7.448
20 7.458 7.438 7.428 7.049 7.045 7.531 7.774 8.408 7.604 7.748 7.484 7.442
21 7.460 7.436 7.456 7.016 7.035 7.531 7.717 8.394 7.604 7.748 7.474 7.420
2 7.446 7.436 7.434 7.020 7.029 7.683 7.646 8.350 7.602 7.778 7.488 7.432
23 7.444 7.422 7.440 7.024 7.012 7.693 7.653 8.301 7.574 7.782 7.458 7.428
24 7.440 7.438 7.416 7.018 7.018 7.687 7.677 8.281 7.770 7.444 7.415
25 7.450 7.432 7.413 7.031 7.020 7.675 7.790 8.273 7.758 7.464 7.375
26 7.462 7.430 7.418 7.039 7.029 7.659 7.859 8.266 7.752 7.478 7.363
27 7.462 7.420 7.407 7.043 7.012 7.958 8.208 7.726 7.468 7.359
28 7.436 7.424 7.029 8.007 8.220 7.730 7.466 7.355
29 7.456 7.428 8.046 8.218 7.730 7.468 7.349
30 7.422 7.416 8.104 8.343 7.721 7.440 7.332
31 7.416 8.153 7.725 7.444 7.330
32 7.434 8.185 7.748 7.460 7.318
33 7.415 8.194 7.750 7.454 7.300
34 7.409 8.192 7.772 7.440 7.286
35 7.416 8.194 7.782 7.450 7.296
36 7.426 8.191 7.752 7.458 7.290
37 7.430 8.165 7.770 7.448 7.284
38 7.430 8.169 7.776 7.450 7.302
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pH

Date: 10-Jul-12

Calibration Equation: pH = (mV - 596.89)/-48.597

Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Direct Direct Direct Direct Direct Direct
Depth Spirogyra Spirogyra Spirogyra Spirogyra Beggiatoa Beggiatoa Beggiatoa Cyanobacteria Spirogyra Cyanobacteria Cyanobacteria Spirogyra
0 7.282 7.181 7.194 7.218 7.212 7.220 7.227 7.426 7.276 7.264 7.249 7.498
1 7.260 7.177 7.212 7.208 7.194 7.235 7.220 7.447 7.255 7.255 7.239 7.367
2 7.262 7.185 7.196 7.202 7.198 7.220 7.241 7.504 7.262 7.255 7.243 7.350
3 7.270 7.179 7.225 7.218 7.200 7.239 7.249 7.519 7.262 7.255 7.247 7.346
4 7.262 7.194 7.200 7.212 7.206 7.233 7.247 7.476 7.264 7.255 7.253 7.348
5 7.255 7.183 7.214 7.227 7.218 7.249 7.253 7.404 7.262 7.237 7.307 7.327
6 7.210 7.192 7.214 7.214 7.204 7.253 7.266 7.410 7.262 7.237 7.412 7.325
7 7.206 7.202 7.212 7.208 7.208 7.225 7.358 7.346 7.247 7.239 7.447 7.332
8 7.181 7.206 7.214 7.210 7.210 7.105 7.408 7.206 7.253 7.233 7.445 7.307
9 7.165 7.192 7.202 7.225 7.198 7.035 7.461 7.200 7.290 7.235 7.404 7.323
10 7.155 7.220 7.208 7.210 7.175 7.006 7.517 7.091 7.323 7.239 7.360 7.350
11 7.138 7.198 7.208 7.194 7.206 6.980 7.523 7.066 7.364 7.241 7.342 7.385
12 7.140 7.210 7.190 7.204 7.140 6.973 7.478 7.391 7.239 7.338 7.393
13 7.128 7.187 7.212 7.225 7.132 6.976 7.397 7.424 7.253 7.412 7.371
14 7.115 7.179 7.218 7.222 7.107 6.980 7.292 7.455 7.262 7.471 7.358
15 7.126 7.163 7.227 7.210 7.091 6.971 7.264 7.467 7.282 7.519 7.381
16 7.138 7.169 7.220 7.206 7.058 6.967 7.074 7.517 7.268 7.712 7.290
17 7.128 7.175 7.218 7.194 6.996 6.936 6.938 7.550 7.260 7.879 7.185
18 7.179 7.175 7.214 7.200 6.982 6.930 7.591 7.255 7.998 7.241
19 7.163 7.181 7.247 7.220 6.963 6.912 7.628 7.264 8.200 7.262
20 7.155 7.190 7.284 7.204 6.926 6.889 7.673 7.286 8.288 7.204
21 7.165 7.194 7.315 7.212 6.869 7.685 7.342 7.109
22 7.169 7.185 7.346 7.210 6.881 7.681 7.513 7.017
23 7.136 7.200 7.369 7.200 7.688 6.949
24 7.136 7.194 7.406 7.198 7.790 6.819
25 7.140 7.453 7.204 7.854 6.819
2 7.152 7.467 7.220 8.083 6.817
27 7.130 7.451 7.212 8.134 6.813
28 7.457 7.216 8.161 6.823
29 7.449 7.190 6.827
30 7.463 7.200 6.821
31 7.459 7.218 6.862
32 7.480 7.208 6.856
33 7.480 7.225 6.856
34 7.459 7.212 6.908
35 7.439 7.198 6.986
36 7.445 7.196 7.048
37 7.447 7.196 7.027
‘38 7.439 7.204 6.996
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pH

Date: 12-Jul-12
Calibration Equation: pH = (mV - 596.89)/-48.597
Light Type: Indirect Indirect Indirect Indirect Indirect Indirect Indirect Direct Direct Direct Direct
Depth Cyanobacteria Cyanobacteria Cyanobacteria Cyanobacteria Cyanobactieri Spirogyra Spirogyra Cyanobacteria Spirogyra Spirogyra Cyanobacteria
0 7.136 7.404 7.321 7.369 7.268 7.278 7.206 7.451 7.290 7.436 7.465
1 7.138 7.439 7.309 7.383 7.274 7.262 7.216 7.469 7.325 7.420 7.478
2 7.126 7.488 7.327 7.385 7.276 7.276 7.233 7.412 7.334 7.424 7.486
3 7.146 7.508 7.313 7.482 7.276 7.309 7.239 7.401 7.332 7.420 7.449
4 7.130 7.568 7.307 7.879 7.276 7.360 7.249 7.397 7.344 7.426 7.469
5 7.128 7.638 7.327 7.951 7.276 7.416 7.255 7.385 7.358 7.457 7.426
6 7.126 7.638 7.317 7.953 7.278 7.447 7.276 7.379 7.447 7.546 7.445
7 7.130 7.657 7.307 7.953 7.286 7.457 7.292 7.367 7.550 7.735 7.426
8 7.122 7.690 7.313 7.949 7.288 7.414 7.307 7.375 7.751 8.083 7.441
9 7.122 7.694 7.315 7.807 7.292 7.387 7.309 7.393 7.860 8.229 7.471
10 7.126 7.712 7.299 7.638 7.290 7.350 7.338 7.447 7.961 8.301 7.447
11 7.136 7.731 7.260 7.587 7.286 7.334 7.327 7.445 8.085 8.365 7.562
12 7.159 7.535 7.262 7.436 7.280 7.307 7.307 7.420 8.260 8.558 7.486
13 7.179 7.488 7.231 7.393 7.292 7.260 7.282 7.471 8.299 8.630 7.457
14 7.196 7.395 7.187 7.377 7.290 7.231 7.297 7.455 8.332 8.807 7.500
15 7.190 7.356 7.187 7.297 7.292 7.159 7.297 7.441 8.393 9.052 7.467
16 7.161 7.317 7.122 7.276 7.309 7.157 7.278 7.484 8.352 9.064 7.459
17 7.138 7.301 7.130 7.327 7.140 7.249 7.558 9.035 7.508
18 7.136 7.286 7.107 7.332 7.103 7.229 7.568 9.009 7.550
19 7.130 7.264 7.080 7.350 7.085 7.220 7.560 8.930 7.770
20 7.097 7.276 7.041 7.327 7.091 7.200 7.552 7.897
21 7.118 7.251 7.023 7.334 7.083 7.192 7.537 8.044
22 7.128 7.673 7.346 7.066 7.161 7.500 8.070
23 7.124 7.231 7.371 7.066 7.148 8.113
24 7.115 7.231 7.381 7.062 7.138 8.134
25 7.124 7.222 7.416 7.054 7.144 8.153
2% 7.113 7.225 7.430 7.062 7.146 8.214
27 7.132 7.227 7.453 7.056 7.142 8.208
28 7.138 7.222 7.465 7.052 7.146 8.208
29 7.148 7.235 7.476 7.058 7.152 8.200
30 7.465 7.052 7.159 8.223
31 7.480 7.054 7.171 8.262
32 7.484 7.054 7.179 8.288
33 7.492 7.050 7.177 8.292
34 7.486 7.058 7.185 8.295
7.492 7.054 7.192 8.297
36 7.517 7.045 7.185 8.311
37 7.527 7.045 7.181 8.315
38 7.482 7.056 7.157 8.307
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Appendix 4.

Devils Hole Bulk Water

Date Water Type Light Type Cl NO3 NO, PO, SO,

Aug-11  Bulk Indirect 33.864  0.067 0.001 0.000 87.437
Aug-11  Bulk Indirect 23.292 0.083 0.000 0.003 87.618
Aug-11  Bulk Indirect 23.530  0.082 0.000 0.000 87.357
Aug-11  Bulk Indirect 22.538  0.093 0.000 0.001 78.876
Aug-11  Bulk Direct 23.542 0.067 0.000 0.007 86.199
Aug-11  Bulk Direct 25.949  0.065 0.000 0.002 87.485
Aug-11  Bulk Direct 23.305  0.079 0.000 0.001 83.235
Aug-11  Bulk Direct 24.088 0.074 0.000 0.004 84.494
Oct-11  Bulk Indirect 25.231 0.162 0.000 0.000 92.393
Oct-11  Bulk Indirect 24.895  0.185 0.000 0.000 91.293
Oct-11  Bulk Indirect 24589  0.168 0.000 0.008 91.390
Oct-11  Bulk Indirect 24.597 0.186 0.000 0.000 91.118
Oct-11  Bulk Direct 25.153  0.188 0.000 0.000 91.252
Oct-11  Bulk Direct 24.321 0.185 0.000 0.008 89.434
Oct-11  Bulk Direct 24.951 0.181 0.000 0.001 92.075
Oct-11  Bulk Direct 25.891 0.189 0.000 0.003 90.969
Dec-11 Bulk Indirect 24.833  0.281 0.000 0.003 91.477
Dec-11 Bulk Indirect 21.673  0.242 0.000 0.002 85.633
Dec-11 Bulk Indirect 24.869  0.245 0.000 0.006 92.085
Dec-11 Bulk Indirect 20.696  0.304 0.000 0.003 88.870
Mar-12 Bulk Indirect 25.670  0.452 0.000 1.041 30.752
Mar-12 Bulk Indirect 25.075  0.458 0.000 1.563 31.522
Mar-12 Bulk Indirect 23.787 0.430 0.000 0.356 27.348
Mar-12 Bulk Indirect 19.300 0.367 0.000 0.758 18.792
Mar-12 Bulk Direct 21.145  0.378 0.000 0.299 25.144
Mar-12 Bulk Direct 25.891 0.445 0.000 1.029 32.240
Mar-12 Bulk Direct 26.719  0.459 0.000 0.065 36.479
Mar-12 Bulk Direct 26.264  0.478 0.000 0.299 37.192
Apr-12  Bulk Indirect 28.743  0.487 0.000 0.484 32.017
Apr-12 Bulk Indirect 28.877 0.472 0.000 0.151 29.492
Apr-12  Bulk Indirect 28.990 0.495 0.000 1.723 25.770
Apr-12  Bulk Indirect 29.396  0.522 0.000 0.869 26.161
Apr-12  Bulk Direct 29.687 0.505 0.000 3.476 24.133
Apr-12  Bulk Direct 28.625  0.537 0.000 0.248 25.717
Apr-12  Bulk Direct 29.488  0.521 0.000 6.625 22.193
Apr-12 Bulk Direct 28.984  0.565 0.000 7.746 19.451
Jul-12  Bulk Indirect 23.002 0.069 0.000 0.026 85.753
Jul-12  Bulk Indirect 23.147 0.076 0.000 0.001 85.512
Jul-12  Bulk Indirect 23.518  0.075 0.000 0.001 90.884
Jul-12  Bulk Indirect 23.713  0.075 0.000 0.003 88.639
Jul-12  Bulk Direct 24.231 0.075 0.000 0.003 90.161
Jul-12  Bulk Direct 23.704  0.074 0.000 0.001 89.248
Jul-12  Bulk Direct 23.686  0.076 0.000 0.004 89.424
Jul-12  Bulk Direct 23.651 0.075 0.000 0.002 89.425
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Appendix 5.

Devils Hole Pore Water

Date Water Type Biofilm Type Light Type CI NO3 NO, PO, SO, NH,4

Aug-11 Pore Beggiatoa Indirect 24,503  0.032 0.000 0.000 87.314  0.534
Aug-11 Pore Cyanobacteria Indirect 13.986 0.008 0.000 0.002 48.116 0.001
Aug-11 Pore Beggiatoa Indirect 24.064  0.008 0.000 0.001 40.488  0.112
Aug-11 Pore Spirogyra Indirect 23.865 0.011 0.000 0.003 81.734 0.000
Aug-11 Pore Beggiatoa Indirect 23.077  0.064 0.000 0.001 75.212  0.005
Aug-11 Pore Cyanobacteria Indirect 20.292 0.047 0.000 0.001 57.583 0.007
Aug-11 Pore Spirogyra Direct 18.326 0.015 0.000 0.000 57.356 0.004
Aug-11 Pore Cyanobacteria Direct 16.779 0.092 0.000 0.008 49.590 0.000
Aug-11 Pore Cyanobacteria Direct 23.218 0.058 0.000 0.003 71.896 0.003
Aug-11 Pore Beggiatoa Direct 21.745  0.041 0.000 0.002 64.211  0.035
Aug-11 Pore Beggiatoa Direct 21.513 0.039 0.000 0.002 66.363 0.079
Oct-11 Pore Cyanobacteria Direct 24.851 0.020 0.000 0.003 85.299 0.000
Oct-11 Pore Cyanobacteria Direct 20.648 0.034 0.000 0.000 66.487 0.000
Oct-11 Pore Cyanobacteria Direct 23.574 0.114 0.000 0.000 83.073 0.000
Oct-11 Pore Beggiatoa Direct 23.937 0.132 0.000 0.000 87.301  0.420
Oct-11 Pore Spirogyra Direct 24.205  0.023 0.000 0.006 32.363  0.003
Oct-11 Pore Spirogyra Direct 16.356  0.073 0.000 0.245 34.483  (0.268
Oct-11 Pore Beggiatoa Direct 25.042 0.078 0.000 0.000 86.620 0.058
Oct-11 Pore Spirogyra Direct 25.729  0.184 0.000 0.000 87.120  0.248
Oct-11 Pore Beggiatoa Direct 20.541  0.022 0.000 0.000 63.140 1.253
Oct-11 Pore Beggiatoa Indirect 24.185 0.031 0.000 0.016 30.176 0.003
Oct-11 Pore Spirogyra Indirect 25.733 0.212 0.000 0.000 93.001 0.037
Oct-11 Pore Cyanobacteria Indirect 18.128 0.080 0.000 0.002 64.803 0.000
Oct-11 Pore Cyanobacteria Indirect 16.874 0.088 0.000 0.007 31.641 2.086
Oct-11 Pore Beggiatoa Indirect 25.376 0.140 0.000 4.256 86.622 1.024
Oct-11 Pore Beggiatoa Indirect 22.689  0.109 0.000 0.000 76.231  0.000
Oct-11 Pore Cyanobacteria Indirect 24.978 0.014 0.000 3.838 33.904 0.001
Oct-11 Pore Spirogyra Indirect 25.569  0.028 0.000 0.000 78.345  0.016
Oct-11 Pore Spirogyra Indirect 25.637 0.067 0.000 0.000 50.608 0.009
Dec-11 Pore Cyanobacteria Indirect 22.515 0.185 0.000 0.004 80.538 0.000
Dec-11 Pore Cyanobacteria Indirect 26.095 0.303 0.000 0.052 89.433 0.127
Dec-11 Pore Cyanobacteria Indirect 26.001 0.031 0.000 0.009 50.414 0.644
Dec-11 Pore Beggiatoa Indirect 22.843  0.174 0.000 0.002 70.077  0.122
Dec-11 Pore Beggiatoa Indirect 26.412  0.066 0.000 0.002 61.327 0.351
Dec-11 Pore Beggiatoa Indirect 35.082 0.119 0.000 0.001 79.555  0.156
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Devils Hole Pore Water continued

Date Water Type Biofilm Type Light Type Cl NO3 NO, PO, SO, NH,4

Mar-12 Pore Cyanobacteria Indirect 27.870 1.044 0.000 0.899 35.511 0.015
Mar-12 Pore Cyanobacteria Indirect 26.726 0.696 0.000 0.051 35.764 0.006
Mar-12 Pore Cyanobacteria Indirect 27.388 0.119 0.000 4.457 25.565 0.002
Mar-12 Pore Cyanobacteria Indirect 26.042 0.105 0.000 0.163 28.104 0.011
Mar-12 Pore Cyanobacteria Direct 25.794 0.441 0.000 0.100 29.860 0.000
Mar-12 Pore Cyanobacteria Direct 25.887 0.337 0.000 0.394 29.147 0.000
Mar-12 Pore Cyanobacteria Direct 26.972 0.336 0.000 4.023 26.933 0.016
Mar-12 Pore Cyanobacteria Direct 27.332 0.065 0.000 3.144 26.108 0.011
Apr-12 Pore Beggiatoa Indirect 31.993 0.425 0.000 2.689 20.661 0.048
Apr-12 Pore Beggiatoa Indirect 40.990 0.394 0.000 0.750 19.556 0.064
Apr-12 Pore Cyanobacteria Indirect 31.554 0.166 0.000 4.022 22.300 0.000
Apr-12 Pore Cyanobacteria Indirect 34.502 0.480 0.000 2.881 23.224 0.943
Apr-12 Pore Spirogyra Indirect 31.562 0.274 0.000 5.811 20.788 0.000
Apr-12 Pore Spirogyra Indirect 30.097 0.072 0.000 0.850 23.506 0.000
Apr-12 Pore Beggiatoa Direct 39.583 0.291 0.000 0.000 29.417 0.018
Apr-12 Pore Spirogyra Direct 30.710 0.169 0.000 5.053 19.064 0.079
Apr-12 Pore Spirogyra Direct 31.756 0.382 0.000 5.960 11.581 0.000
Apr-12 Pore Cyanobacteria Direct 29.914 0.576 0.000 1.955 14.128 0.443
Apr-12 Pore Cyanobacteria Direct 27.176 0.354 0.000 1.003 18.589 0.000
Jul-12 Pore Spirogyra Indirect 24.369 0.058 0.000 0.003 86.699 0.006
Jul-12 Pore Spirogyra Indirect 24.936 0.033 0.000 0.000 62.527 0.067
Jul-12 Pore Beggiatoa Indirect 23.645 0.040 0.000 0.000 85.217 0.000
Jul-12 Pore Beggiatoa Indirect 21.480 0.006 0.000 0.003 73.854 0.000
Jul-12 Pore Cyanobacteria Indirect 23.609 0.052 0.000 0.001 87.399 0.000
Jul-12 Pore Cyanobacteria Indirect 24.903 0.039 0.000 0.001 88.083 0.000
Jul-12 Pore Spirogyra Direct 5.993 0.001 0.001 0.001 19.672 0.000
Jul-12 Pore Spirogyra Direct 10.200 0.005 0.000 0.013 36.514 0.000
Jul-12 Pore Beggiatoa Direct 8.953 0.009 0.000 0.000 31.050 0.000
Jul-12 Pore Beggiatoa Direct 11.262 0.032 0.000 0.000 34.849 0.058
Jul-12 Pore Cyanobacteria Direct 13.058 0.015 0.000 0.491 43.149 0.000
Jul-12 Pore Cyanobacteria Direct 13.245 0.003 0.000 0.000 50.383 0.000
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Appendix 6.

Nutrient Diffusing Substrata Chlorophyll a

Devils Hole Jackrabbit Spring Cardinal Creek
Treatment Chla(mg/m?® Treatment Chla(mg/m?® Treatment Chla(mg/m?)
C 18.767 C 2.914 C 71.873
C 22.760 C 3.847 C 58.452
C 30.745 C 3.613 C 102.929
C 41.759 C 2.914 C 56.123
C 62.290 C 2.331 C 69.100
N 53.505 N 9.442 C 79.526
N 14.574 N 6.411 C 100.599
N 20.231 N 9.675 N 40.927
N 74.135 N 13.871 N 74.313
N 21.129 N 4.313 N 30.945
N 62.888 P 4.779 N 38.598
P 32.642 P 4.196 N 81.522
P 19.965 P 4.429 N 72.982
P 33.407 P 1.982 N 33.053
P 16.304 P 1.982 P 95.276
P 14.807 NP 81711 P 76.642
P 16.371 NP 65.625 P 103.705
NP 18.367 NP 70.637 P 73.425
NP 30.745 NP 34.503 P 92.724
NP 24.889 NP 55.134 P 104.038
NP 4.525 TC 8.101 NP 126.886
NP 23.791 TC 0.699 NP 64.552
NP 40.129 TC 1.399 NP 90.617
TC 25.056 TC 6.994 NP 104.038
TC 32.343 TC 5.245 NP 56.345
TC 58.430 S 2.739 NP 139.752
TC 26.786 S 4.896 NP 59.228
TC 19.965 S 2.448 TC 95.386
S 43.223 S 1.399 TC 85.626
S 27.252 S 1.865 TC 56.234
S 23.159 TC 90.173
S 23.958 TC 49.690
S 52.573 S 83.629
S 78.860 S 63.443

S 39.042
S 38.376
S 82.299
S 62.556
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Appendix 7.

Nutrient Diffusing Substrata Ash-Free Dry Mass

Devils Hole Jackrabbit Spring Cardinal Creek
Treatment AFDM (g/mz) Treatment AFDM (g/mz) Treatment AFDM (g/mz)
C 42.338 C 4.712 C 21.325
C 13.109 C 4.145 C 25.076
C 3.720 C 2.604 C 26.656
N 15.412 C 2.073 C 36.331
N 8.680 C 2.250 C 26.656
N 15.766 N 4.818 N 27.248
P 38.087 N 6.306 N 13.229
P 14.349 N 4.234 N 26.656
P 13.818 N 5.297 N 25.471
NP 10.275 N 5.102 N 31.987
NP 8.680 P 10.611 P 65.752
NP 20.726 P 8.007 P 55.484
TC 11.869 P 6.537 P 62.987
TC 40.744 P 5.828 P 52.720
TC 31.001 P 6.643 P 57.064
S 13.818 NP 17.148 NP 29.420
S 20.903 NP 13.056 NP 33.567
S 9.212 NP 14.863 NP 71.873

NP 17.945 NP 51.535
NP 14.987 NP 29.420
TC 10.062 TC 81.350
TC 10.877 TC 41.663
TC 9.424 TC 48.178
TC 7.245 TC 3.357

TC 9.708 TC 21.917
S 10.044 S 38.503
S 15.589 S 27.841
S 15.660 S 45.414
S 15.908 S 49.363
S 19.185 S 38.701
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Appendix 8.

Nutrient Diffusing Substrata Dehydrogenase Activity

Devils Hole Jackrabbit Spring Cardinal Creek
Treatment O, consumed/gdm/h) Treatment O, consumed/gdm/h) Treatment O, consumed/gdm/h)
C 0.044 C 0.428 C 0.003
C 0.191 C 0.182 C 0.001
C 0.156 C 0.207 C 0.001
C 0.154 C 0.187 C 0.002
C 0.137 C 0.165 C 0.001
N 0.128 N 0.316 N 0.001
N 0.496 N 0.245 N 0.001
N 0.086 N 0.147 N 0.001
N 0.109 N 0.197 N 0.001
N 0.284 N 0.208 P 0.001
P 0.174 P 0.205 P 0.001
P 0.100 P 0.218 P 0.001
P 0.064 P 0.225 P 0.001
P 0.088 P 0.164 NP 0.001
P 0.040 P 0.335 NP 0.001
NP 0.183 NP 0.354 NP 0.002
NP 0.618 NP 0.438 NP 0.001
NP 0.295 NP 0.390 NP 0.002
NP 0.144 NP 0.401 TC 0.001
NP 0.270 NP 0.963 TC 0.002
TC 0.690 TC 2.293 TC 0.001
TC 1.135 TC 0.907 TC 0.001
TC 0.423 TC 6.710 TC 0.001
TC 0.059 TC 1.170 S 0.001
TC 0.396 TC 1.065 S 0.002

S 0.002
S 0.003
S 0.002
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