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ABSTRACT

In 2010, a monthly sampling regimen was established to examine
ecological differences in Saguaro Lake and Lake Pleasant, two Central Arizona
reservoirs. Lake Pleasant is relatively deep and clear, while Saguaro Lake is
relatively shallow and turbid. Preliminary results indicated that phytoplankton
biomass was greater by an order of magnitude in Saguaro Lake, and that
community structure differed. The purpose of this investigation was to determine
why the reservoirs are different, and focused on physical characteristics of the
water column, nutrient concentration, community structure of phytoplankton and
zooplankton, and trophic cascades induced by fish populations.

| formulated the following hypotheses:

1) Top-down control varies between the two reservoirs. The presence of
piscivore fish in Lake Pleasant results in high grazer and low primary producer
biomass through trophic cascades. Conversely, Saguaro Lake is controlled from
the bottom-up. This hypothesis was tested through monthly analysis of
zooplankton and phytoplankton communities in each reservoir. Analyses of the
nutritional value of phytoplankton and DNA based molecular prey preference of
zooplankton provided insight on trophic interactions between phytoplankton and
zooplankton. Data from the Arizona Game and Fish Department (AZGFD)
provided information on the fish communities of the two reservoirs. 2) Nutrient
loads differ for each reservoir. Greater nutrient concentrations yield greater
primary producer biomass; | hypothesize that Saguaro Lake is more eutrophic,
while Lake Pleasant is more oligotrophic.

Lake Pleasant had a larger zooplankton abundance and biomass, a
larger piscivore fish community, and smaller phytoplankton abundance compared



to Saguaro Lake. Thus, | conclude that Lake Pleasant was controlled top-down
by the large piscivore fish population and Saguaro Lake was controlled from the
bottom-up by the nutrient load in the reservoir. Hypothesis 2 stated that Saguaro
Lake contains more nutrients than Lake Pleasant. However, Lake Pleasant had
higher concentrations of dissolved nitrogen and phosphorus than Saguaro Lake.
Additionally, an extended period of low dissolved N:P ratios in Saguaro Lake
indicated N limitation, favoring dominance of N-fixing filamentous cyanobacteria

in the phytoplankton community in that reservoir.
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Introduction

A community is defined as “the sum of all of the interacting populations in
a habitat” (Lampert and Sommer, 2007). In aquatic ecosystems, the community
consists of primary producers (phytoplankton), grazers (herbivorous
zooplankton), second order consumers (carnivorous zooplankton and planktivore
fish), and third order consumers (piscivorous fish) (Kormondy, 1996). The
assemblage and interaction of the organisms forms a food web.

A food web is defined as community organization “in which species are
linked together through complex feeding relationships” (Primack, 2006 and
Yodzis, 2001). Food webs contain relationships that are more complex than a
linear food chain. These relationships depict the flow of energy through the
community, on the basis of predator/prey schemes. In aquatic communities, two
distinct food webs can be found: the two-dimensional, and the three-dimensional.
Benthic communities on the lake bottom are considered two-dimensional as the
community occupies a single horizontal plane. Pelagic communities are
considered to be three-dimensional, as the community occupies the horizontal
plane as well as the vertical plane. Typically, three-dimensional food webs are
more complex than two-dimensional ones (Kormondy, 1996).

Man made reservoirs differ ecologically from natural lakes. Establishment
of community structure through succession in reservoirs spans time measured in
human lifetimes, while succession in natural lakes spans time measured
evolutionarily or geologically (Dumont, 1999). Reservoir community structure is
also determined by the natural biota that inhabited the river system prior to

damming. The organisms found in reservoirs commonly possess the ability to



tolerate a broad range of physiological conditions, due to frequent, abrupt
perturbations in the ecosystem(Agostinho et al., 1999).

In 1958, A.C. Redfield reported a ratio of 106:16:1 that described the
molar ratio of carbon, nitrogen, and phosphorus (C:N:P) in the biomass of marine
phytoplankton. This ratio was also reflected in the nutrient ratio of the sea water.
The Redfield Ratio is important as it can indicate nutrient limitations for primary
productivity. When nutrient ratios are above the Redfield Ratio (for example: N:P
> 16), this indicates that primary production in the ecosystem is limited by
phosphorus availability. In contrast, ratios below the Redfield Ratio ( N:P <16)
indicate nitrogen limitation. Nitrogen limitation is particularly favorable for many
filamentous cyanobacteria as they are able to readily fix nitrogen from the
atmosphere, giving them an ecological advantage (Wiedner et al., 2007). In a
book on ecological stoichiometery published in 2002, Sterner and Elser, reported
that most freshwater phytoplankton exhibited N:P ratios of 30:1, thus deviating
from the Redfield Ratio. Elser et al. (2000) also found that freshwater
zooplankton herbivores had N:P ratios of 22:1. Additionally, while nitrogen
concentrations remained somewhat constant across different groups of
zooplankton, phosphorus concentrations varied up to a factor of five. The
cladoceran grazer Daphnia was found to be particularly phosphorus rich, with a
C:P ratio of 80:1 (Elser et al., 2000)

Field Data Collection Sites

Data and samples were collected at Saguaro Lake and Lake Pleasant in
Central Arizona. Both reservoirs are drinking water and municipal use reservoirs
for the metropolitan Phoenix area. Additionally, both reservoirs produce
hydroelectric power by releasing water from the dams.
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Saguaro Lake is located at approximately 33.57° N by 111.52° W. The
reservoir, created in 1930 by damming the Salt River with Stewart Mountain
Dam, is approximately 33 meters deep (Salt River Project, 2011), with a central
deep channel running east to west, and wide shallower shoals on either side

(Figure 1).

Saguaro Lake

Data Collection Site *

Figure 1: Surface Map of Saguaro Lake (Google Earth, 2011)
Lake Pleasant (Figure 2) is located at approximately 33.86° N by 112.26°

W. The reservoir was initially created in 1895 by the construction of the Camp
Dyer Diversion Dam (Beardsley Dam) on the Agua Fria River. The reservoir
subsequently increased in size in 1926 and 1992 when the Waddell and New
Waddell Dams, respectively, were completed (Bureau of Reclamation, 2009).
The reservoir has a maximum depth of approximately 86m (CAP, 2011), while
the maximum observed depth at the sampling site was approximately 55m.
During the 2010 time series, the recorded reservoir water depth (recorded via
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sonar each month) changed frequently, from a high during December of 69m, to

a low during August of 49m at the sampling site.

Data Collection Site *

©:2011'Google

Figure 2: Surface Map of Lake Pleasant (Google Earth, 2011)
Previous Work
Previous work in Saguaro Lake and Lake Pleasant was carried out by
local government agencies (AZGFD and DEQ) in addition to the Neuer,
Sommerfeld, and Westerhoff Laboratories at Arizona State University. Existing

data from the Neuer Lab initially inspired the current investigation.



In the late 1970’s, a study was conducted on Canyon Lake (upstream
from Saguaro Lake) to determine the effect of back-pumping on the clutch size of
copepods (McNatt, 1977). This study focused on the calanoid copepod
Diaptomus. In addition, data were also collected on water parameters
(temperature, dissolved oxygen) and the zooplankton community. Zooplankton
were specifically identified taxonomically and quantified to identify which species
were present in the reservoir. Spatial distributions of zooplankton were also
examined, utilizing several reservoir transects.

Work by the Department of Environmental Quality focused on parameters
of temperature, conductivity, dissolved oxygen, pH, concentrations of
nitrogen/phosphorus, coliform bacteria, and metals (Darren Sversvold, ADEQ,
personal communication). The Arizona Fish and Game Department has
examined water parameters in addition to community analysis with a focus on
management for recreational usage (Stewart et al., 2008)

The Westerhoff Lab at Arizona State University has been continually
monitoring Saguaro Lake and Lake Pleasant during the last decade. The
laboratory focuses on research pertaining to drinking water quality, with specific
interest in the algae in the reservoirs that are responsible for taste and odor
(T&O) issues in drinking water. Parameters that have been measured include
dissolved organic carbon, conductivity, temperature, dissolved oxygen, total
nitrogen, total phosphorus, MIB (2-Methylisoborneol, responsible for musty smell
in drinking water), Geosmin (responsible for earthy taste in drinking water),
among other contaminants (Westerhoff et al., 2010). The Sommerfeld lab has
also investigated the algal populations in these lakes over many years,
particularly in context with water quality issues in the Central Arizona reservoirs
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(Westerhoff and Sommerfeld, 2005). A relationship of declining cyanobacterial
blooms in fall and the occurrence of T&O compounds was found by Tarrant et al.
(2009).

Tarrant et al. (2010) investigated the use of MERIS (MEdium Resolution
Imaging Spectrometer) and MODIS (Moderate-resolution Imaging
Spectroradiometer) satellite sensors to infer the amount of total suspended
matter in Lake Pleasant, Saguaro Lake, Bartlett Lake (an impoundment of the
Verde River), and Roosevelt (the most-upstream impoundment of the Salt River).
The Tarrant et al. investigation was part of a larger ecological investigation of the
reservoirs carried out by the Neuer Lab, beginning in 2007.

Data from Saguaro Lake and Roosevelt Lake were collected by the Neuer
lab from 2007 to 2009. Data from Lake Pleasant and Bartlett Lake on
phytoplankton abundance, chlorophyll a,, nutrient composition, and hydrology
were available from 2008-2009. During that time period, the data indicate that
phytoplankton community composition differed between Saguaro Lake and Lake
Pleasant. Saguaro Lake was dominated by filamentous cyanobacteria in the
summer, while Lake Pleasant was dominated by the cocci-shaped
Synechococcus in the spring and prymnesiophytes (Class: Prymnesiophyceae)
in the summer. Although the two reservoirs were dominated by different types of
cyanobacteria, occurance of pyrmnesiophytes and diatoms was consistent
between the two (Figure 3). Additionally, phytoplankton biomass was greater in
Saguaro Lake than Lake Pleasant by an order of magnitude, using chlorophyll a

concentrations as a proxy for biomasss (Figure 4).
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Figure 3: Phytoplankton community structure of Lake Pleasant and
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community composition as well as differences between both reservoirs

(Neuer et al., unpublished).
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Figure 4: Chlorophyll a data from Saguaro Lake and Lake Pleasant (2008-
2009).

Hypotheses

The objective in this thesis was to answer the central research question

Why do the phytoplankton communities of Lake Pleasant and Saguaro Lake

differ? With each hypothesis, | list the planned test, and the results which are

most consistent with the respective hypothesis.

1) Top-down control varied between the two reservoirs. The presence of a
piscivore in a reservoir determines the amount of grazer and primary
producer biomass through trophic cascades.

* This hypothesis was tested by measuring the abundance and
composition of zooplankton, and phytoplankton biomass as
chlorophyll a. DNA based molecular gut analyses of the zooplankton
indicated prey preference, while particulate elemental concentrations
determined the nutritional value of phytoplankton in each reservoir.
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Data from AZGFD provided information on the fish communities of
Lake Pleasant and Saguaro Lake. It was expected that high amounts
of zooplankton would indicate top-down control mechanisms. Top-
down control mechanisms would also be indicated by high biomass of
upper level consumers. This high biomass of upper level consumers
(piscivores) would prey heavily upon the next trophic level
(planktivores), reducing their numbers. Reduced biomass of
planktivores would allow zooplankton to flourish, placing increased
grazing pressure on the primary producers (phytoplankton).
Subsequently, phytoplankton biomass would be reduced due to the
grazing pressure from the large zooplankton population. |
hypothesized that Lake Pleasant was controlled from the top-down as
there was a low amount of phytoplankton biomass indicated in
previous work (Figure 4b). Additionally, | hypothesized that Saguaro
Lake was controlled from the bottom-up as there was a high amount
of phytoplankton biomass indicated in previous work
(Figure 4a). DNA based molecular gut analyses of the zooplankton
indicated prey preference, while particulate elemental concentrations
determined the nutritional value of phytoplankton in each reservoir.
Data from AZGFD (Arizona Game and Fish Department) provided
information on the fish communities of Lake Pleasant and Saguaro
Lake.

2) Nutrient loads differ for each reservoir. Greater nutrient concentrations yield

greater primary producer biomass.



* This hypothesis was tested by measurement of inorganic dissolved

nutrient data. | hypothesize that nutrient concentrations in Saguaro
Lake were greater than those in Lake Pleasant, indicated by the
greater biomass of primary producers in Saguaro Lake. Additionally, |
hypothesize that nutrient ratios (N:P) were lower (N limiting) in
Saguaro Lake than in Lake Pleasant. This was expected given the
past phytoplankton community structure of Saguaro Lake (Figure 3)
which was dominated by filamentous cyanobacteria able to thrive
during N-limited conditions because of their ability to fix nitrogen.

Methods

Conductivity, Temperature, and Dissolved Oxygen

Conductivity determines the ability of a solution to conduct an electrical
current as a function of dissolved ions, and is measured in micro-Siemens (YSI,
2009). All measurements were taken with a YSI 85 hand-held sensor. The
conductivity readings were taken in-situ to a depth of 25 meters. The
measurement range of the instrument was 0-4999uS, with an accuracy of 0.5%,
and a resolution of 1uS (YSI, 2011). Calibration was performed using a solution
of known conductivity, 1413uS.

Dissolved oxygen is a function of temperature, depth, primary production,
respiration, and turbulence (Hach, 2006). Measurement of [DO] was carried out
with a YSI 85 hand-held sensor. Readings were taken to a depth of 25 meters.
All dissolved oxygen values were converted to percent saturation, through the
use of an online calculator provided by the Aquaculture Network Information
Center in collaboration with the Marine Fisheries Institute and NOAA. The
measurement range was 0-20mg/L, with an accuracy of 0.3mg/L, and a
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resolution of 0.01mg/L (YSI, 2011). Calibration took place using the factory-
provided calibration sponge in the side of the instrument housing. The probe
was placed into the side of the instrument housing with a wet calibration sponge
for 15 minutes to reset the calibration for a specific altitude (1680 feet for Lake
Pleasant and 1509 feet for Saguaro Lake). Waiting for 15 minutes to elapse
allows the probe in the chamber in the side of the instrument to reach 100%
saturation of dissolved oxygen. Temperature was also measured with the [DO]
probe. The range of the instrument was -5 to 65°C, with an accuracy of 0.1°C,
and a resolution of 0.1°C (YSI, 2011).
Water Collection

Water samples were collected in 1 gallon plastic bottles each month
(Table 1). Surface samples were directly collected with the 1 gallon bottles.
Deep samples were collected with a 3.6L acrylic Van Dorn alpha bottle
(commercially available from Wildco) and transported to the laboratory in 1 gallon
bottles. Samples were collected at four depths: surface, 3m (continuation of the
existing time series), estimated bottom of the euphotic zone (see Secchi Depth,
below), and below the thermocline. If any two depths were similar, for example
the 3m and estimated maximum euphotic zone depth in Saguaro Lake, another
depth deeper in the hypolimnion was chosen for collection. Collected water
samples were analyzed for dissolved inorganic and particulate organic
nitrogen/phosphorus/carbon, chlorophyll a, and phytoplankton composition. Only
surface samples were analyzed for nutrients and particulate constituents.
Samples for chlorophyll a and microscopy of phytoplankton were taken from

every depth.
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Sampling Dates

Lake Pleasant | Saguaro Lake
1/5/2010 1/12/2010
2/2/2010 2/9/2010
3/2/2010 3/9/2010
4/6/2010 4/13/2010
5/4/2010 5/11/2010
6/2/2010 6/9/2010
7/7/2010 7/14/2010
8/4/2010 8/11/2010
9/1/2010 9/8/2010
10/6/2010 10/13/2010
11/3/2010 | 11/10/2010
12/1/2010 | 12/8/2010

Table 1: 2010 sampling schedule. Lake Pleasant was sampled the first
week of every month, while Saguaro Lake was sampled in the second
week.
Dissolved Constituents
Dissolved constituents (nitrogen and phosphorus) were analyzed at the
University of California, Santa Barbara Marine Science Institute Analytical Lab.
Water samples were filtered through Whatman GF/F filters, and
kept frozen at -20 C in 50mL plastic centrifuge tubes prior to shipment. At UCSB,
each sample was analyzed with a Flow Injection Analyzer from Zellweger
Analytics Inc. Results were reported in concentrations of micro-moles per liter.
Plastic is known to absorb phosphorus from water samples (UCSB MSI, 2011).
In the future, it would be better suited to use glass containers for the handling
and analysis of nutrient samples.
Particulate Constituents
Particulate constituents (Carbon, Nitrogen, and Phosphorus) were
measured at the Arizona State University Campus. CHN samples were
measured in the W.M. Keck Foundation Laboratory for Environmental
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Biogeochemistry as part of a Research and Training Initiative grant. CHN
samples were filtered onto pre-combusted Whatman GF/F filters to collect all
particulate matter from the water column. Filters were dried, weighed, split,
packed into tin capsules, and combusted in a Costech Instruments Elemental
Analyzer. Combustion produced CO; from Carbon and N,O, from Nitrogen.
These gasses were separated and collected, for processing through the Thermal
Conductivity Detector (W.M. Keck Foundation Laboratory, 2007). Since the
filters were split (in halves) in order to fit in the tin capsules, a total of two sample
runs were required to ascertain the total amount of Carbon and Nitrogen on each
filter.

Particulate Phosphorus (P from Phosphate) was determined by digestion
and subsequent titration, modified after the total phosphorus protocol from the
Standard Methods for the Examination of Waste Water (Franson, 1998). This
titration measured P by creating a reaction that yielded a blue aqueous
compound of Phosphate and Molybdenum which was then read by a
spectrophotometer at 880nm. Modifications of the protocol included adjustment
of standards to provide an optimal range for the expected P levels, and
modification for using glass fiber filters. The use of glass fiber filters required
pulverization by glass beads to remove all phosphate from the filter and
centrifugation before reading by the spectrophotometer. This method was not
sensitive enough to measure the small amount of P in either reservoir. In the
future, it would be better to measure total P and dissolved P, then calculate POP.
Secchi Depth

Secchi depth was determined using a 15cm diameter solid white oceanic
disc (Wildco). The Secchi depth was taken in the shade of the boat by lowering
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the disc until it was no longer visible, raising the disc until visible again, and then
taking an average of the two depths (Steel and Neuhausser, 2002). The Secchi
depth was used to estimate the depth of the euphotic zone by doubling the
recorded Secchi depth (Koenings and Edmundson, 1991).
Reservoir Depth

Reservoir depth was measured with commercially available vessel-
mounted sonar units. For Lake Pleasant, a Lowrance X-4 was used (measurable
depth 1-185m). For Saguaro Lake, a Lowrance Mark-5x was used (measurable
depth 1-250m).
Chlorophyll a

50-250mL of water was filtered through 25mm Whatman GF/F filters in
replicate, and extracted in 10mL of 90% acetone. After extraction, the acetone
and extracted chlorophyll a was read on a Turner Designs TD-700 fluorometer.
After accounting for extraction and filtration volumes, chlorophyll a was
expressed in micro-grams per liter. Calibration took place with four calibration
solutions of chlorophyll a. Solution concentrations were diluted to 1, 5, 10, and
100ug/L to establish a standard curve.
Phytoplankton Abundance

Volumes from 5 to 20mL were filtered onto 0.22um black polycarbonate
filters. Each volume was preserved with 0.1-0.2mL of 50% Gluteraldhyde and
stained with 0.1mL of a solution of DAPI (4',6-Diamidino-2-phenylindole
dihydrochloride, 1 mg/100ml) (Neuer and Cowles (1994). The filters were fixed
on a glass slide, sandwiched between drops of immersion oil and covered by a
cover slip. Phytoplankton were examined via epifluoresence microscopy using
blue and UV light excitation with a Carl Zeiss Imager.A1 compound microscope
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at 1000x total magnification. Selected slides were examined based on peaks in
chlorophyll and events observed in the zooplankton community, such as peaks or
a rapid decline in abundance.
Zooplankton Abundance

Samples were collected with vertical net casts of a 15cm diameter
towable net (75um mesh size). Each vertical net cast (5m and 10m regularly,
20m and 30m on occasion) represented a filtered reservoir water volume of
353.25L (5m) or 706.5L (10m), respectively. Total filtered volumes were
determined with a General Oceanics flow meter that was attached to the mouth
of the net. All samples were preserved with a 2% final volume formalin solution.
Samples collected from February-December contained a 6% sucrose (by weight)
formalin solution. Addition of sucrose buffered the zooplankton against formalin
corrosion (Haney and Hall, 1973). Samples collected from August-December
were first anesthetized with CO, prior to fixation. Anesthesia via carbonated
water prevents the expulsion of zooplankton guts and eggs when the animals
undergo fixation (Gannon and Gannon, 1975). Monthly samples were quantified
using a Carl Zeiss Discovery.V12 dissection microscope and a 6mL modified
Bogorov tray. A total of five, 5mL subsamples were counted for each reservoir,
each depth, and averaged. All data were converted to abundance per cubic
meter of water. ldentification of zooplankton was determined using the U.S.
Geological Survey “Great Lakes Copepod Key” (2010) along with printed texts of
Fresh-Water Invertebrates of the United States (Pennak, 1989) and Ecology and
Classification of North American Freshwater Invertebrates (Thorp and Covich,

1991).
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Zooplankton Biomass

Biomass estimates were made from an additional replicate count of each
month using an Olypmus IMT-2 inverted microscope. Individual zooplankters
were measured (and in the case of copepods examined for copepodite/adult
morphology) to produce an average length of the monthly population, by group.
Average lengths were compared against linear regression equations to convert
length to biomass in units of micro-grams. Equations were derived from data
produced by Dumont et al. (1975) of cyclopoids (copepodite and adult),
calanoids, Daphnia, and Bosmina.
Rotifer Abundance

As per Chick et al. (2010), rotifers were collected from June to November
in Saguaro Lake at two depths (surface and lower euphotic zone) via a discrete
2L van Dorn Alpha Bottle. Samples were filtered through a 25um mesh, rinsed
into 250mL bottles, and fixed with formalin (2% final concentration by volume).
Monthly samples were quantified using a Zeiss Discovery.V12 dissection
microscope and a 6mL modified Bogorov tray. A total of five, 5mL subsamples
were counted for each reservoir, each depth, and averaged. All data were
converted to abundance per cubic meter of water.
DNA Based Water Column and Gut Content Examination

For DNA based molecular analysis (organism identification and gut
contents), zooplankton were collected by either a 100m or 200m horizontal net
tow. Collected animals were anesthetized with carbonated water (commercially
available seltzer water) to prevent expulsion of the guts due to stress or death
(Gannon and Gannon, 1975). Animals were selected and divided into the
following appropriate groupings: Cyclopoids, calanoids, Daphnia, Bosmina,
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nauplii, and rotifers. An animal was picked from the environmental sample with
forceps, washed three times in fresh double-distilled water, and placed in a
micro-centrifuge tube containing 180uL of ATL buffer (proprietary buffer solution
from Qiagen). After soaking for twenty minutes, 20uL of protinease-K was added
to each tube to digest and lyse the cells. Samples were then stored (stable, after
protinease-K digestion) up to two months, awaiting further extraction.

DNA based molecular analyses also took place on water column
samples, filtered onto Whatman GF/F glass fiber filters. 200mL of reservoir
water was filtered each month, and submersed in 600uL of lysis buffer. Samples
were frozen and stored, awaiting further extraction. Water column samples were
collected in order to compare occurrence of organisms in the water column to
those found in zooplankton guts.

After storage, each sample (animal groupings, per reservoir, per month
and water column samples) was then purified using the Qiagen DNeasy Mini
Procedure by utilizing silica spin columns to bind, wash, and elute the DNA prior
to PCR amplification (Qiagen, 2006). DNA was amplified using primers for a
section of the eukaryotic 18S rRNA gene (Euk1A, Euk516r-GC) and
cyanobacterial 16S rRNA gene (CYA359f-GC, CYA781r) (Diez et al., 2001;
Medlin et al., 1988), however amplification from gut samples was not successful
using cyanobacterial primers. Amplification took place in either a BioRad iCycler
or Techne TC-312 Thermocycler according to the following Neuer Lab protocol:
Each reaction contained 5 pL of 10X Takara Ex Taq buffer, 4 yL 200 yM dNTP, 1
pL 10% BSA (bovine serum albumin), 0.3 pL of appropriate 0.3 uM primer, 38.15
uL water, and 0.25 uL of Takara Ex Taq Polymerase plus template. The
eukaryotic reaction underwent denaturation at 94°C/130s, 30 cycles at 94°C/30s
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and 56°C/45s, 72°C/130s, and a final extension at 72°C/7min. The
cyanobacterial reaction underwent denaturation at 94°C/5min, 30 cycles at
94°C/1min and 60°C/1min, 72°C/1min, and a final extension at 72°C/9min.
Amplicons were separated on a DGGE gel (Denaturing Gradient Gel
Electrophoresis) in a BioRad DCode DGGE machine. The acrylamide DGGE
allows separation of DNA by sequence. After staining each DGGE gel was
imaged using a BioRad Fluor-S imager. The bands that could be most clearly
visualized were then cut from each gel, and were re-amplified prior to

sequencing.
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Results

Temperature, Dissolved Oxygen, and Conductivity
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Figure 5 (a-c): Temperature (a), dissolved oxygen (b), and conductivity (c)
of Saguaro Lake in 2010. Contour lines for dissolved oxygen (b) are
positioned in 25 percent intervals of saturation. Red colors indicate a
greater value, while blue or pink values indicate a lesser value.

In 2010, temperature data in Saguaro Lake indicated that the water was
well mixed in the months of January, and October through December. The
reservoir was strongly stratified in the months of April through September (Figure
5a). The warmest surface temperature was recorded at 30.9°C in July, while the
coolest surface temperature was 12.8°C in January. Overall, the two warmest
months of the year were July and August.

Dissolved oxygen saturation values depict super-saturation in the surface
water in the months of March through July (Figure 5b). This layer of oxygen
super-saturation was measured to a depth of approximately 7 meters until the
month of June. In July, the super-saturation of oxygen shoaled to depths of 4
meters or less. A large column of depleted oxygen water or anoxic water was

found from July to October at depths greater than 7 meters.
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Conductivity data show periods of fresh water intrusion in the spring (the

month of April, notably), with higher conductivity levels later in the year (Figure

5c). Additionally, different vertical horizons of conductivity values were not

measured in the reservoir.
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Figure 6 (a-c): Temperature (a), dissolved oxygen (b), and conductivity (c)
of Lake Pleasant in 2010. Contour lines for dissolved oxygen (b) are
positioned in 25 percent intervals of saturation. Red colors indicate a
greater value, while blue or pink values indicate a lesser value.

In 2010, the surface water temperature in Lake Pleasant ranged from a
low of 12.2°C in January, to a high of 29.4°C in August. During the winter
months of January through March and November through December, the
reservoir was well mixed (Figure 6a). Strong stratification was indicated during
the summer months of April through October.

Dissolved oxygen saturation data show that the surface waters (to a
depth of approximately 5 meters) were supersaturated with dissolved oxygen in
the month of March (Figure 6b). Relatively anoxic conditions of less than 25%
[DO] were measured throughout the column during the months of January and
February, and at depths deeper than 15 meters in August through October.

Conductivity was highest in the latter part of the year, peaking in October
(Figure 6¢). As with Saguaro Lake, an intrusion of fresh water was measured in
Lake Pleasant during the month of April.

Lake Pleasant and Saguaro Lake exhibited similar water conditions. Both
reservoirs experienced strong thermal stratification in the summer and deep
anoxic water late in the summer. Conductivity data were fairly consistent
throughout the year in Lake Pleasant (except for the freshwater runoff in the
spring), while conductivity in Saguaro Lake was higher during the latter part of

the year (summer and fall) than during the winter and spring (January-April)
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Secchi Depth
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Figure 7: Secchi depth and estimated euphotic zone depth in Lake Pleasant
and Saguaro Lake.

Recorded Secchi depth was consistently deeper in Lake Pleasant than
Saguaro Lake (Figure 7). The deepest Secchi depth recorded in Saguaro Lake
was 3m, the shallowest was 1.25, and the yearly average was 2.06m + 0.64. In
Lake Pleasant, the deepest recorded Secchi depth was 12m, the shallowest was

2.75m, and the yearly average was 6.125m * 2.68.
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Dissolved Inorganic Nutrients

Lake Pleasant Saguaro Lake

N P N P

1 10.5 0.11 1.94 0.09

2 37.4 0.98 12.9 0.13

3 31.2 0.62 35.0 0.24

4 28.8 0.36 0.73 0.12

5 25.0 0.14 0.41 0.15

% 6 0.66 0.12 0.63 0.11

§ 7 0.64 0.08 0.45 0.12

8 0.56 0.11 2.21 0.23

9 0.41 0.10 2.54 0.12

10| 0.46 0.11 0.49 0.14

11 4.31 0.09 0.35 0.19
12

13.0 0.30 1.10 0.17
Concentrations in pmol/L

Table 2: Dissolved inorganic nutrient concentrations Lake Pleasant and
Saguaro Lake
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Saguaro Lake
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Figure 8 (a, b): Dissolved inorganic nutrient concentrations determined in
the surface of Lake Pleasant (a), and Saguaro Lake (b). Concentrations are
depicted in micro-moles. Note: Phosphorus and Nitrogen are plotted on
separate axes.
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N:P Ratios
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Figure 9: Molar nitrogen and phosphorus ratios plotted with the 16:1
Redfield Ratio (red). Lake Pleasant values are depicted in blue, and
Saguaro Lake values are depicted in green.

In Lake Pleasant, dissolved nitrogen (as nitrate and nitrite) was highest
during the month of February at 37.4pumol/L, and lowest during the month of
September at 0.41umol/L. Phosphorus (as phosphate) was recorded at a high of
0.98umol/L during the month of February, and at a low of 0.08umol/L during the
month of July (Figure 8a, Table 2). In Saguaro Lake, N was highest during the
month of March at 35.0umol/L and lowest during the month of November at
0.35umol/L. P was highest at 0.24pmol/L during the month of March, and lowest
at 0.09umol/L during the month of January (Figure 8b, Table 2). Generally, both
reservoirs had peaks in N and P early in the spring. N and P peaks coincided

with each other in each reservoir (February for Lake Pleasant, and March for

27



Saguaro Lake). N and P concentration peaks in Lake Pleasant declined
throughout the months of March through May, and remained low throughout the
remainder of most of the year. A small peak in N and P was measured at the
very end of the year, during December. N concentrations in Saguaro Lake
declined immediately after the peak during March, and remained low for the
remainder of the year. P concentrations in Saguaro Lake fluctuated throughout
the year, with two additional minor peaks measured during August and
November.

Dissolved nitrogen and phosphorus ratios in Saguaro Lake were above
the Redfield Ratio (Redfield, 1958) during the months of January through March
and the month of September. Subsequently, N:P ratios were below the Redfield
Ratio during the months of April through August and October through December.
N:P ratios in Lake Pleasant were above the Redfield Ratio during the months of
January through May and the months of November/December. N:P ratios were
below the Redfield Ratio in the months of June through October (Figure 9). N:P
ratios above the Redfield Ratio indicate P limitation, while those below the

Redfield Ratio indicate N limitation.
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Particulate Constituents

Lake Pleasant

Saguaro Lake

C N P C N P
1 N/A N/A N/A 38.35 3.07 BDL
2 22.28 12.01 BDL 141.17 2.19 BDL
3 13.54 11.39 BDL 112.52 3.72 BDL
4 13.58 9.31 BDL 125.96 1.58 BDL
5 25.39 14.60 1.83 119.38 1.86 BDL
§ 6 64.04 1.67 BDL 171.43 2.08 BDL
§ 7 16.41 12.17 BDL 97.42 2.98 BDL
8 13.84 13.40 BDL 130.45 1.27 BDL
9 40.74 2.04 BDL 68.00 3.66 BDL
10 | 36.83 3.68 BDL 67.32 3.55 BDL
11| 23.04 8.98 BDL 19.65 13.23 0.24
12 8.35 11.90 BDL 47.08 5.50 BDL

Concentrations in pmol/L

Table 3: POC/PON/POP in Lake Pleasant and Saguaro Lake. BDL: Below

Detection Limit.
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Figure 10 (a, b): Particulate P, N, and C values from the surface of Lake
Pleasant (a) and Saguaro Lake (b).
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C:N Ratios
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Figure 11: Ratios of particulate organic C and N. Lake Pleasant is depicted
in blue, Saguaro Lake is depicted in green, and the Redfield Ratio is
depicted in red.

In Lake Pleasant, particulate carbon was recorded at a high of
64.05umol/L during the month of June, and a low of 8.35umol/L during the month
of December. Nitrogen was highest during the month of May at 14.60umol/L,
and a low of 1.67umol/L during the month of June. Phosphorus was only
recorded above the background during the month of May, at 1.83umol/L (Figure
10a, Table 3). POC and PON ratios typically were measured above the Redfield
Ratio of 6.6:1, indicating C richness. However, in the months of January,
February, April, and July, POC/PON ratios were measured below Redfield,
indicating N richness. Large spikes in the ratio were measured in the months of

May and August (Figure 11). | could only calculate
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PON/POP ratios for the month of May, because POP was below detection limit
for all the other months. During the month of May, the PON/POP ratio was 8:1,
below both the Redfield (16:1) and “Elser” (30:1) ratios indicating relatively P rich
particulate matter, which would be more nutritious for Daphnia (who require
greater P, as they are P rich themselves).

In Saguaro Lake, POC was highest during the month of June at
171.43umol/L and lowest during the month of November at 19.65umol/L. PON
was recorded at a high of 13.23umol/L during the month of November, and a low
of 1.27umol/L during the month of August. POP was only recorded above the
background during the month of November, at 0.24pmol/L (Figure 10b, Table 3).
POC/PON ratios were above the Redfield Ratio for six months of the year:
January, April, June through August, and October. The largest spike was
measured in the month of June (Figure 11). PON/POP ratios could only be
calculated for the month of November, due to the reason stated above. During
the month of November, the PON/POP ratio was 54.8:1, above the Redfield and

“Elser” ratios, indicating relatively N rich particulate matter.
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Chlorophyll a
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Figure 12 (a, b, ¢, d): Chlorophyll values for Saguaro Lake (a, c¢), and Lake
Pleasant (b, d) in 2010. From extracted chlorophyll values.

Chlorophyll a concentrations in Saguaro Lake were consistently(on
average) about an order of magnitude greater than the chlorophyll concentrations
in Lake Pleasant. Saguaro Lake had one major peak in surface chlorophyll
concentration in the month of February at a value of 47.17+ of 2.23pg/L (Figure
12a). The average surface chlorophyll value for Saguaro Lake was 15.20+
12.54ug/L. In Lake Pleasant, two surface chlorophyll peaks were observed at
2.85+ 0.27 yg/L and 6.43% 0.12 ug/L in the months of May and October,
respectively (Figure 12b). The average 2010 surface chlorophyll concentration
for Lake Pleasant was 1.91+ 1.75ug/L.

Chlorophyll a concentrations at depth in Saguaro Lake were the highest
during the month of February, at a depth of 3m at 48.95+ 3.74ug/L.
Concentrations were the lowest during the month of May at a depth of 15m at
1.51+ 0.05ug/L (Figure 12c). The deep chlorophyll a peak during the month of
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February coincides with the surface peak of chlorophyll a concentration. The
deep minor peak during the month of July also coincides with a minor peak in
surface concentrations during the same month. In Lake Pleasant, chlorophyll a
concentrations at depth were the highest during the month of June at a depth of
5.5m at 3.69+ 0.11ug/L. Concentrations were the lowest during the month of
April at a depth of 18m at 0.16+ 0.004pg/L (Figure 12d). The deep chlorophyll a

peak during the month of June coincides with the estimated euphotic zone depth.
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Phytoplankton Community

Cylindrospermopsis sp.
Prymnesiophytes
Synechococcus (individual cyanobacteria)

Reservoir Month 1.D. Notes
Lake Pleasant |March Cryptophytes Peak in nauplii abundance
Centric Diatoms
Pennate Diatoms
May Synechococcus (large aggregates) Peak in calanoid abundance
Cryptophytes Chlorophyll @ minor peak
Wood Fibers
Prymnesiophytes
July Prymnesiophytes All zooplankton abundances decrease
Cryptophytes
Synechococcus (small aggregates)
August Synechococcus (individual cyanobacteria) |Peak in nauplii abundance
Cryptophytes
Prymnesiophytes
September Chlorophytes Nauplii abundance decrease
Pennate Diatoms
Prymnesiophytes
Synechococcus (sparse individuals)
October  Wood Fibers Diaphanosoma abundance peak
Pennate Diatoms Chlorophyll a peak
November Synechococcus (individual cyanobacteria) |All zooplankton abundances peak
Cryptophytes Chlorophyll a >4ug/L
Prymnesiophytes
Saguaro Lake |March Centric Diatoms Copepod abundance peak
Prymnesiophytes Filaments fluoresce orange under blue
Euglenoids light excitation
Long Filaments Chlorophyll @ >30ug/L
April Synechococcus (individual cyanobacteria) |Nauplii abundance peak
Cryptophytes Filaments fluoresce green under blue
Prymnesiophytes light excitation
Thin Filaments
July Cylindrospermopsis sp. Copepod abundance decrease
Prymnesiophytes Daphnia abundance peak
C. curvispora Chlorophyll @ minor peak
November C. curvispora Late-year chlorophyll @ minor peak

Table 4: Qualitative examination of phytoplankton communities in Lake
Pleasant and Saguaro Lake. Specific months were selected due to
coinciding events in zooplankton abundance and peaks in chlorophyll a.

In Lake Pleasant (Table 4), Synechococcus was relatively abundant in six

of the seven months and was the most abundant phytoplankton during three of

the months that it was present (May, August, and November). In May, the
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cyanobacteria formed large aggregates. In August and November, the
cyanobacteria occurred as individual cocci. Prymnesiophytes were present in
five of the seven months (May through September, and November).
Prymnesiophytes were the most abundant phytoplankton during the month of
July, which experienced the greatest recorded decline of zooplankton abundance
in 2010. Other abundant organisms included pennate diatoms, centric diatoms,
cryptophytes, and chlorophytes. In the months of May and October, large
bundles of wood fibers were found amongst the phytoplankton.

In Saguaro Lake (Table 4), prymnesiophytes were found in every month,
but were never the most abundant phytoplankton. The community was varied
throughout the year, also consisting of centric diatoms, euglenoids, cryptophytes,
and filamentous cyanobacteria. The appearance of the potentially toxic
filamentous cyanobacteria Cylindrospermopsis during the month of July
coincided with a decrease in abundance of all zooplankton. Cylindrospermopsis
remained abundant throughout the rest of the year, and zooplankton population

abundance remained low as well.
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Zooplankton Abundance
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Figure 13: Abundance of zooplankton in the upper 5m of Lake Pleasant
during 2010. Values depicted are of individuals per cubic meter.

In Lake Pleasant, zooplankton populations fluctuated over the year of 2010
(Figure 13). All populations experienced a decline in abundance in the month of
July. Observed peaks varied by group. Peaks were measured for copepod
nauplii (cyclopoids and calanoids) during March (3.4x10* + 2116 m™), August
(3.06x10* + 4245 m™), and November (3.31x10* + 3012 m™). Calanoid copepod
peaks occurred in February (1.20x10* #1324 m™), May (2.39x10* + 4407 m™),
and November (1.79x10* + 1982 m™). Cyclopoid copepod peaks were measured
in June (1.08x10* + 1997 m™) and November (1.51x10* + 1579 m™). Abundance

38



of the Cladoceran Daphnia peaked in April (1.33x10* + 1330 m®). The
cladoceran Bosmina peaked in April (2.35x10° + 668 m™) and August (4.24x10° +
793 m™). The cladoceran Diaphanosoma peaked in October (1.79x10* + 2588).
Nauplii were the greatest in abundance in the zooplankton community, with an

approximate population of 3.3,x104 m™ in the months of March and November.
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Figure 14: Copepodite and adult copepod populations from Lake Pleasant
plotted on left axis. Nauplii plotted on right axis.

Calanoid copepod populations were (on average) composed of 38%
adults and 62% copepodites. Seasonally, calanoid copepodites were more
abundant than adults from January to May (62.2% copepodites, 37.8% adults)
and November to December (72.5% copepodites, 27.5% adults), while
copepodites and adults were relatively equal from June to October (57.2%
copepodites, 42.8% adults). Cyclopoid copepod populations were (on average)
composed of 22% adults and 78% copepodites. There was less of a factor of
seasonality with cyclopoid copepodites than calanoids, as cyclopoid copepodites
were always much more abundant than adults, with the exception of the month of
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December, when the population was composed of 34% copepodites and 66%
adults. Nauplii were not distinguished as either calanoids or cyclopoids due to
difficulties in identifying the two groups. As a whole (averaged) nauplii made up
55% of the total copepod community throughout the year. Nauplii populations
generally peaked during months of low abundance of other copepod copepodites
and adults (March and August), with the exception of November, when nauplii

abundance peaked along with both cyclopoid and calanoid copepodites (Figure

14).
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Figure 15: Abundance of zooplankton in the upper 5m of Saguaro Lake

during 2010. Values depicted are of individuals per cubic meter. Note:

Cyclopoids/Daphnia, nauplii, and Bosmina are plotted on different axes.

Saguaro Lake (Figure 15) had a less abundant copepod and Daphnia

community than Lake Pleasant (Figure 13). However, nauplii and Bosmina in
Saguaro Lake were more abundant (at their peak) than in Lake Pleasant.
Saguaro Lake zooplankton populations were more abundant in the first half of
the year (winter and spring), and began to decline steadily during the summer.

Populations of cyclopoid copepodites (9.78x10°> m™ +1 798), nauplii
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(2.16x10° m™ £ 7759), and the cladoceran Bosmina (4.72x10* m™ + 3965)
peaked in the months of March and April. The cladoceran Daphnia (1.13x1 0*m
+ 119) peaked in the month of July.

Copepod populations were composed of either nauplii or copepodites,
adult forms of cyclopoids were not found. To investigate if adult populations
could be hiding at greater depths during the day, | conducted net casts to 20 m
depth in both lakes. Adult cyclopoids were found but were sparse in the
November 20m (Figure 16b) net cast, with only an occasional adult found in a
5mL subsample. Nauplii peaked at an order of magnitude greater than
copepodite populations, approximately 200,000 m™ individuals compared to

10,000 m?, respectively.
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Saguaro Lake November 2010
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Figure 16 (a, b): Comparison of abundance estimates derived from casts of
different depth intervals from Lake Pleasant and Saguaro Lake in
November. Nested columns represent different organisms while each color
represents a different depth interval. Copepod data represents combined
adults and copepodites.

In Lake Pleasant (Figure 16a), abundance of nauplii was similar from 0-
5m, 0-10m, and 0-30m. Nauplii from 0-20m were less abundant than the other
three depths. Cyclopoid copepods were relatively well distributed throughout the
water column. Calanoid copepods became more abundant as depth increased
down to the maximum sample depth of the 30m net cast. The cladoceran
Daphnia was most abundant from 0-5m and 0-10m, while less abundant from 0-
20m and 0-30m. The cladoceran Bosmina was not present in significant
numbers at any depth in the month of November.

In Saguaro Lake (Figure 16b) the nauplii population was distributed
relatively equally in the upper 20m. Cyclopoid copepod abundance increased
steadily with increasing depth, indicating that populations were more abundant in

deeper depths. Cladocerans Bosmina and Daphnia both declined as sampling
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reached deeper depths, indicating that they were more concentrated in the upper
5m of the water column.

Zooplankton Biomass
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Figure 17 (a, b): Zooplankton biomass in Lake Pleasant and Saguaro Lake.

Saguaro Lake Bosmina plotted on right axis (b).
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Biomass of zooplankton in Lake Pleasant (Figure 17a) and Saguaro Lake
(Figure 17) followed patterns similar to abundance figures (Figures 13 and 15).
Two exceptions are the Daphnia populations in either reservoir. In Lake
Pleasant, there was more Daphnia biomass than calanoid biomass during the
month of April despite greater calanoid abundance. Daphnia in Lake Pleasant
were very large throughout the year (body length average of 1200um £ 112). In
Saguaro Lake, Daphnia biomass also deviates from the pattern of abundance
during the month of July. This is due to the small size of Daphnia during July
with an average body length of 550um + 213 compared to the average body
length during all other months of 900um £ 239. In addition to the small size of
Daphnia in Saguaro Lake, the helmets and tails of individuals formed elongated
spikes, along with the spines on the carapace. The Daphnia of Lake Pleasant
did not have any of these features.

Rotifer Abundance

Saguaro Lake

250000
200000
150000
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Rotifers

Abundance (per m3)
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Figure 18: Rotifer abundance in Saguaro Lake from June to November of
2010.
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Rotifer abundance of Saguaro Lake (Figure 18) was determined only
during the months of June through November in the euphotic zone (Figure 7).
They were the most abundant during the month of June (2.34x10° m™ +
3.32x10%), and least abundant during the month of July (3 m™ + 2.82). The
average abundance of rotifers was 8.24 x 10* m™ + 8.28x10* for the study period.
The average from August through November was 5.27x 10* m™ + 3.91x10*.
Lake Pleasant Fish Community (AZGFD 2005 and 2008)

From data in two separate studies, the fish community of Lake Pleasant
was composed of the following fish: Striped Bass (Morone saxatilis), White Bass
(Morone chrysops), Largemouth Bass (Micropterus salmoides), Green Sunfish
(Lepomis cyanellus), Bluegill (Lepomis macrochirus), Redear Sunfish
(Lepomis microlophus), Sunfish Hybrid (Lepomis sp.), White Crappie (Pomoxis
annularis), Black Crappie (Pomoxis nigromaculatus), Channel Catfish (Ictalurus
punctatus), Flathead Catfish (Pylodictis olivaris), Tilapia (Tilapia sp.), Common
Carp (Cyprinus carpio), Goldfish (Carassius auratus), Threadfin Shad (Dorosoma
petenense), Golden Shiner (Notemigonus crysoleucas), Red Shiner (Cyprinella
lutrensis), Mosquitofish (Gambusia affinis), Yellow Bullhead (Ameiurus natalis),
and Sonora Sucker (Catostomus insignis) (Bryan, 2005; Stewart et al., 2008).

From 2000 to 2003, Arizona Game and Fish found that the average
individual mass of Striped Bass decreased. From 2000 to 2006, average
individual mass of Striped Bass (large piscivore), while the average individual
mass of Threadfin Shad (planktivore) increased (Bryan, 2005) (Stewart et al.,
2008).

Populations of Striped Bass individuals had the greatest mass in 2004 of
13349 (August specifically), and the lowest mass in 2005 of 333g (August
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specifically). Populations of Threadfin Shad individuals had the greatest mass in
2006 (70g), and the lowest mass in 2000 (9g). The decreasing mass of
individual Striped bass indicates that overall population abundance increased
over time, due to intra-specific competition and stunted growth of the fish
(Amundsen et al., 2007).
Saguaro Lake Fish Community

AZGFD (2011c) reports the following fish in Saguaro Lake: Rainbow
Trout (Oncorhynchus mykiss), Largemouth Bass (Micropterus salmoides),
Smallmouth Bass (Micropterus dolomieu), Yellow Bass (Morone
mississippiensis), Crappie (Pomoxis sp.), Sunfish (Lepomis sp.), Channel Catfish
(Ictalurus punctatus), Tilapia (Tilapia sp.), and Yellow Perch (Perca flavescens).

Saguaro Lake receives period stockings of the
planktivore/insectivore/piscivore Rainbow Trout throughout the winter months.
However, in 2010, stockings were scaled back (AZGFD 2011d). The large
piscivores Largemouth and Smallmouth Bass are not stocked in Saguaro Lake,
and are not found in the density of Striped Bass in Lake Pleasant. Furthermore,
these piscivores are benthic and not pelagic, and occur mainly in the shallow
parts of the reservoirs closer to the shore.
DNA Based Molecular Gut Analyses

Molecular examination yielded results from the gut content of

selected animals and the water column. Results were quantified by the density
of DGGE bands (denser bands indicate a higher concentration of DNA). Results
labeled “Other” belong to DGGE bands that were not sequenced and do not have

an equivalent band on the specific DGGE gel. The “Other” bands may be the
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DNA of the animal itself, or unidentified prey bands. Cyanobacterial sequences
were not obtained, due to insufficient extraction using the Qiagen Kkit.
Saguaro Lake

In Saguaro Lake, results were obtained from successfully amplified
cyclopoid copepodite, cyclopoid nauplii and Daphnia guts. No DNA sequences

were successfully amplified from Bosmina guts.

Month 1 213 4 50167 8 9 10 1 12

Rotifera 98%|NR|NR| Rotifera 98% [NR|NR|NR Amoeba 78%| Diatom 78%| Dinophyceae 82%| Fungi  77%|Ciliophora 93%
Ciliophora 92 Ciliophora 91 |Ciliophora 96 Ciliophora 88 | Ciliophora 85
Chlorophyta 84 Acanthocystidae (Protist) 78 | Coccidian 87 |Prymnesiaceae 74 | Chlorophyta 80
Rotifera 92 Dinophyceae 82

Organism

Saguaro Lake

Table 5: Eukaryotic organisms found via DNA based molecular analysis of

organisms in the water column of Saguaro Lake. Zooplankton selected for

analysis were not included in the table. The % match is listed as similarity
to the individual organism in the NCBI database (see Apendix).

In the Saguaro Lake water column (Table 5), the following common
eukaryotic organisms were found: Ciliates (April, and August through December),
rotifers (January, April, and September), chlorophytes (April and November),
diatoms (September), dinoflagellates (November), and prymnesiophytes
(October). Uncommon organisms include: Amoeba (August: Ichthyosporea,
parasitic), Acanthocystidae (August: Pterocystis), Coccidia (September:
Cryptosproidium), and Fungi (November: Mortierella). Although cyanobacteria

comprise a large part of the phytoplankton community, data were not available

due to difficulties in amplification.
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Figure 19 (a-c): Relative distribution of cyclopoid prey organisms in
Saguaro Lake obtained from molecular gut analysis. Data were
successfully obtained from samples collected in May (a), June (b), and
December (c). Percentages represent DNA density.

Cyclopoid gut sequences were successfully amplified for three months:
May, June, and December (Figure 19 a-c). In all three months ciliates were
present in the gut data, comprising 6% to 25% of DNA density. In May and June,

dinoflagellate sequences were found at approximately 13% (averaged). In June
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and December, calanoid sequences represented 20% and 11% of DNA density,
respectively. Chlorophytes were only found in the gut data in May (9%), while

rotifers were only found in June (36%).

May

M Cilliate W Rotifer

@ Chlorophtye ® Other

June August

H Cilliate H Cilliate ™ Other M Rotifer
 Dinoflagellate
N Other
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September October

W Rotifer M Cilliate ™ Other W Rotifer M Other

November December

B Protist ™ Rotifer M Other B Protists ™ Rotifer ™ Other

9

Figure 20 (a-g): Nauplii (Cyclopoid) prey organisms in Saguaro Lake. Data
obtained from molecular gut analysis. Data were successfully obtained
from samples collected in May (a), June (b), August (c), September (d),

October (e), November (f), and December (g). Percentages represent DNA

density.
Nauplii gut sequences were successfully amplified for the months of May,
June, August, September, October, November, and December (Figure 20 a-g).
In the later months of 2010 rotifer sequences were abundant in the guts,

and in September, 78% of all amplified DNA were rotifer sequences. Ciliate
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sequences were found in four out of the seven months, no ciliate sequences
were successfully amplified in October, November, or December. Chlorophyte
sequences were found in May, while dinoflagellate sequences were found in

June. Various other protists were found in November and December.

May Daphnia

H Cilliate Chlorophyte M Rotifer M Other

Figure 21: Daphnia prey organisms in Saguaro Lake. Data obtained from
molecular gut analysis. Data were only successfully obtained from
samples collected in May. Percentages represent DNA density.

Sequences from Daphnia guts were only successfully amplified in the

month of May (Figure 21). Ciliates comprised of the majority of known

sequences. Chlorophytes and rotifers were also found.
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Lake Pleasant

In Lake Pleasant animals selected for examination were: Cyclopoids,
calanoids, nauplii, Daphnia, Diaphanosoma, and Bosmina. Gut DNA was
successfully amplified from cyclopoids, calanoids, nauplii, and Bosmina.

Amplification of guts was not successful for Daphnia or Diaphanosoma.

Month | 1 2 3 4 5|6 7 8 9 10 11 12

R|Apicocomplexa 88% NR Ciliophora 92%[NR|NR| Apicocomplexa 78% [Rhizidiomycetaceae 95% | Ciliophora 79% Fungi 73%| Ciliophora 98%| Ciliophora  95%
Chlorophyta 89 Dinophyceae 87 Fungi 80 Bicosoecidae 83 Fungi 97 Diatom 89 Protozoa 83 [Choanoflagellida 80
Ciliophora 97 Kinetoplastida 91 Rotifera 89 |Dinophyceae 92 Ciliophora 98 87 Aveolata 2
Organi. Coccidian 74 Spizellomycetales 70 Fungi 97 Stramenopiles 86 Rhizaria 85
Spermatophyta 93 Dinophyceae 87 Chlorophyta 72 Fungi 94
Ciliophora 89 Prymnesiaceae 74
C 9%

=
=

Lake Pleasant

Table 6: Eukaryotic organisms found via DNA based molecular analysis of
the organisms in the water column of Lake Pleasant. Zooplankton selected
for analysis are not included here. The % match is listed as similarity to
the individual organism in the NCBI database (see Apendix).

In the Lake Pleasant water column (Table 6), the following common
eukaryotic organisms were found: Chlorophytes (February), ciliates (February,
April, and August through December), dinoflagellates (April, August, and
September), rotifers (August), and diatoms (October). Uncommon eukaryotic
organisms include: Apicocomplexa (February and September: parasitic phyla),
Coccidia (February: Cryptosporidium), Kinetoplastida (July), Spizellomycetales
(July: fungi), Spermatophyta (July: seed plants), Rhizidiomycetaceae (August:
Chromista), Bicosoecidae (August), Codonosigidae/Choanoflagellida
(August/December), stramenopiles (October and November: oomycetes),
Rhizaria (November: Cercomonadida), and fungi (November: Candida).

Although cyanobacteria comprise a large part of the phytoplankton community,

data were not available due to difficulties in amplification.
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December

H Cilliate ™ Protist ™ Other

e

Figure 22 (a-e): Cyclopoid prey organisms in Lake Pleasant from molecular
gut analysis. Data were successfully obtained from samples collected in
June (a), July (b), August (c), November (d), and December (e).
Percentages represent DNA density.

Cyclopoid gut data were amplified successfully for five months (Figure 22
a-e). In June, July, and November calanoid sequences made up the majority of
sequences, indicating that the cyclopoids which are known carnivores, preyed
either on pieces of adult or entire nauplii of the calanoids.. Ciliate sequences

were found in June, July, and December. Rotifers were found in June and

August, while various protists were found in August and December.
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June

B Choanoflagellate

M Cillate

B Other

Figure 23: Calanoid prey organisms in Lake Pleasant from DNA based
molecular gut analysis. Data were only successfully obtained from
samples collected in June. Percentages represent DNA density.
Calanoid sequences only amplified in June (Figure 23). In June, ciliates

made up 48% of the amplified DNA, with choanoflagellates making up 28%, and

unknown (eukaryotic) DNA comprising the remaining 24% of the DNA density.
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July August

Proporata M (Cilliate M Other W Rotifer M Other

a b

Figure 24 (a, b): Nauplii (Cyclopoid and Calanoid) prey organisms in Lake
Pleasant from DNA based molecular gut analysis. Data were successfully
obtained from samples collected in July (a), and August (b). Percentages
represent DNA density.
Nauplii sequences were only successfully amplified in the months of July
and August (Figure 24 a, b). In July, ciliates made up the majority of amplified

DNA, while rotifers dominated in August.
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August Bosmina September Bosmina
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51%

a b

Figure 25 (a, b): Bosmina prey organisms in Lake Pleasant from DNA based
molecular gut analysis. Data were successfully obtained from samples
collected in August (a), and September (b). Percentages represent DNA

density.
In Lake Pleasant, only Bosmina gut sequences were successfully
amplified (Figure 25 a, b), there were no data for Daphnia guts. In Bosmina,

rotifers were found in the month of August, while calanoids were found in August

and September.
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Discussion

Lake Pleasant and Saguaro Lake differed in the following four ways: 1)
Lake Pleasant had a dissolved inorganic P concentration an order of magnitude
greater than Saguaro Lake. Dissolved inorganic N concentration peaks were
similar between the two reservoirs, but Lake Pleasant had high N concentrations
after the initial peak for three months longer than Saguaro Lake. 2) Chlorophyll a
concentrations (surface) in Saguaro Lake were approximately nine times greater
than those in Lake Pleasant, and as a consequence, Saguaro Lake was more
turbid than Lake Pleasant. Light is estimated to penetrate approximately five
times deeper in
Lake Pleasant than Saguaro Lake. 3) Zooplankton abundance and biomass in
Lake Pleasant was much greater than in Saguaro Lake. There are also a greater
number of zooplankton groups in Lake Pleasant than Saguaro Lake. 4) Lake
Pleasant contains the large pelagic piscivore Striped Bass. This species is not
present in Saguaro Lake. The following discussion is split into six sections: 1)
Hydrographical context. 2) Seasonal zooplankton variability in the reservoirs in
relation to phytoplankton variability. 3) Food webs of the reservoirs derived from
gut analyses and literature. 4) Controls of community structure. 5) Hypothesis
evaluation. 6) Future work.
1. Hydrographical Context

In the Winter and early Spring of 2010 (January through March), Central
Arizona experienced approximately 330mm (13 inches) of precipitation (NWS,
2011). This period of precipitation coincides with increased dissolved nitrogen
levels and decreased conductivity in both reservoirs, possibly due to the influx of
runoff of freshwater (as seen in the decreased conductivity, Figures 5¢ and 6c¢).
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In the months of February and March chlorophyll a values in Saguaro Lake
increased by an order of magnitude, coinciding with the increase in dissolved
inorganic nitrogen. However, both reservoirs experienced turnover at this time,
so the increased nitrogen may be due to mixing of nutrient-rich deep waters as
well. Lake Pleasant did not see a simultaneous response in chlorophyll values
coinciding with increased nitrogen or the increased runoff of winter and early
spring.

In the spring and early summer of 2010 (March through May) incomplete
stratification coincided with deep penetration of dissolved oxygen in Saguaro
Lake and Lake Pleasant (Figures 5b and 6b).

In the summer and early fall of 2010 (June through October) strong
thermal stratification prevented mixing of the water column with respect to
dissolved oxygen. As a result, a large area of depleted oxygen or anoxic water
developed at depth in the water column. In Lake Pleasant specifically, this area
of anoxic water was found much deeper, due to the increased clarity of the water
and penetration of solar radiation fueling primary production. The anoxic area
was shallower by comparison in Saguaro Lake due to the inability of solar
radiation to penetrate deep into the reservoir.

In the fall and early winter of 2010 (November and December) Lake
Pleasant (Figure 26a) and Saguaro Lake (Figure 26b) turned over and became
well-mixed. The mixing of nutrient-rich (both N and P) deep water at the surface
did not lead to increases in chlorophyll in Lake Pleasant. In Saguaro Lake,
however, the deep water mixing coincided with minor peaks in P concentration,
and subsequent increases in chlorophyll a, with minor peaks during November
and December. Chlorophyll values in Lake Pleasant began to decrease from the
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peak measured in the month of October. During this November decrease in
chlorophyll, the dissolved N:P ratio increased above the Redfield Ratio, indicative

of phosphorus limitation. Phosphorus limitation limits primary production.
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Figure 26 (a, b): Covariation of temperature, chlorophyll, and nitrogen in
Lake Pleasant (a) and Saguaro Lake (b).
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2. Seasonal Zooplankton Variability in the Reservoirs in Relation to
Phytoplankton Variability

The zooplankton community in Lake Pleasant was more diverse than the
community in Saguaro Lake, two additional groups of zooplankton (calanoid
copepods and the cladoceran Diaphanosoma) were found in Lake Pleasant.
Additionally, zooplankton biomass was higher in Lake Pleasant than in Saguaro
Lake. Populations of zooplankton were found in abundance throughout 2010 in
Lake Pleasant, while Saguaro Lake experienced a decline in the second half of
2010 (Figure 13 and 15).

In the month of July, all populations of zooplankton in Lake Pleasant
decreased sharply. This might have been correlated with a seasonal variation in
the phytoplankton population: 1) There was a prymnesiophyte bloom in July.
The toxin produced by certain prymnesiophytes (Prymnesium, for example) may
render them inedible or poisonous. This is consistent with results found by
Remmel et al. (2011), reporting that populations of Daphnia began to decline
after ten days of exposure to toxic prymnesiophytes. 2) The cyanobacteria
Synechococcus was not forming aggregates, but was found in small clumps
(three or four cells) or individually. When not in aggregate, the individual cells
may be too small to consume.

The following might also contribute to the decrease of abundance
observed in July in Lake Pleasant: 1) Predation on zooplankton by planktivorous
fish such as the Threadfin Shad may have temporarily increased. DeVries et al.
(1991) found that when Threadfin Shad populations peaked in Stonelick Lake,
Ohio, zooplankton populations experienced massive declines. 2) Populations of
zooplankton were possibly at a deeper depth than the deepest (10m) vertical tow
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performed at the time of collection. Diel migration of the populations were not
studied extensively; only one significantly deep tow (30m) was performed during
the month of November. From the November deep results (20m and 30m), we
see that large populations of zooplankton do occupy the water column well under
the estimated euphotic zone (Figures 7 and 16a) in Saguaro Lake. Mcnatt
(1977) found large diel migrations of zooplankton in Canyon Lake and Apache
Lake of the Salt River chain.

After the month of April, all zooplankton populations in Saguaro Lake
decreased from a peak in abundance in the month of March. From the months of
July through December, all populations were very low in abundance. This might
have been correlated with the following changes observed in the phytoplankton:
Prymnesiophytes were found in greater abundance in the months of July through
November. The effects of prymnesiophytes on zooplankton would be the same
as listed above, for Lake Pleasant. Also in the time period of July through
November, filamentous cyanobacteria (Cylindrospermopsis, Aphanizomenon)
were abundant in the phytoplankton community. Existing literature indicates that
these filamentous cyanobacteria release toxins to inhibit competition amongst
phytoplankton and to inhibit grazing by zooplankton (DeMott and Moxter, 1991).

Variable N:P ratios of phytoplankton can have significant effects on a food
web, as low phosphorus phytoplankton are considered to be of low nutritional
quality for zooplankton- especially for the cladoceran Daphnia which has a high
requirement for phosphorus (Elser et al, 2000). The difference in nutrient load
and stoichiometric ratios of dissolved inorganic nitrogen to phosphorus (N:P)
should influence the stoichiometric ratios (PON:POP) of phytoplankton and would
constitute a form of bottom-up control of the plankton community. High dissolved
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inorganic N:P ratios during the month of May in Lake Pleasant indicate P
limitation. However, during the month of May, the ratio of PON:POP was 8:1
(Table 2), indicating P-rich phytoplankton. These P-rich phytoplankton would be
excellent nutrition for Daphnia populations, but during the month of May, Daphnia
abundance was only average (Figure 13). This may be evidence for bottom-up
control or possibly an effect of competition, as there was also a peak in the
population of calanoid copepods during the month of May. During the month of
November in Saguaro Lake, the PON:POP ratio was 55:1, higher than the
Redfield and “Elser” ratios, indicating N-rich phytoplankton. Dissolved inorganic
N:P for November in Saguaro Lake was below the Redfield ratio indicating N
limitation, which coincides with the presence of filamentous cyanobacteria
(Table 2). This may be further evidence for bottom-up control of the community
in Saguaro Lake. To further describe phytoplankton nutritional value, a more

complete particulate P data set would be required.
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3. Food Webs in the Reservoirs Derived from Gut Analyses and Literature

Raptors

Largemouth
Bass

Calanoids

Bosmma

4»

J

Coccoi d Filamentous
Diatoms Eukaryotic Dinoflagellates !
Algae Cyanobacteri: Cyanobacteria

Phytoplankton

Figure 27: Hypothesized and inferred food web of Lake Pleasant. Black
boxes and directional arrows depict relationships hypothesized from
literature. Blue boxes depict taxonomic groups selected for DNA based
molecular gut analyses. Red boxes depict prey organism groups found
through DNA based molecular gut analyses. Red directional arrows
represent inferred energy pathways, from DNA based molecular gut
analyses. Larger groupings such as Zooplankton, Crustaceans, and
Phytoplankton are presented based on descriptions of trophic interactions
from literature.
In Lake Pleasant, five distinct trophic levels were identified (Figure 27).
The lowest of these is made up of primary producer phytoplankton and bacteria.
The first consumer level is made up of grazer zooplankton (first order
consumers) and carnivore zooplankton (second order consumers). This second
tier feed upon the first tier of producers (DeMott, 1982; Kagami et al., 2002; von
Elert et al., 2003; Maly and Maly, 1974; Hansen and Hairston, 1998), and

amongst itself in the case of carnivorous cycloploids and omnivorous calanoids
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(DeMott, 1982; Kerfoot, 1987; Maly and Maly, 1974; Elser et al., 1995; Hansen
and Hairston, 1998). This tier of zooplankton is more diverse in Lake Pleasant
than in Saguaro Lake, with six (including nauplli, not pictured in Figure 27)
groups of crustacean zooplankton. Saguaro Lake only possesses four (three
pictured in Figure 28, nauplii are not pictured) groups of zooplankton. Note: all
inferred trophic linkages (in red, from DNA based molecular analyses) are
contained within the second tier of Figure 27. The third tier is comprised of
planktivores (either second order consumers or third order consumers, based on
the path of energy transfer through the tiers). The juvenile gamefish and
Threadfin Shad feed upon the zooplankton of the second tier (Prophet, 1988),
while the Tilapia feed on a mix of zooplankton and phytoplankton (Gu et al.,
1997; Gido, 2001; Michewicz et al., 1972). The fourth tier is composed of large
piscivore fish (Elser et al., 1995), the Largemouth Bass and Striped Bass.
Currently, Striped Bass are very abundant in Lake Pleasant, to the point of out-
competing the Largemouth Bass (Stewart et al., 2008) and drawing the attention
of the Arizona Game and Fish Department. AZGFD has currently (as of 2011)
lifted any sort of harvest limit on Striped Bass in an effort to manage their
numbers (AZGFD, 2011b). The apex of the food web is occupied by piscivore
raptors, the Osprey and Bald Eagle (Haywood and Ohmart, 1986) as well as

humans.
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Figure 28: Hypothesized and inferred food web of Saguaro Lake. Black
boxes and directional arrows depict relationships hypothesized from
literature. Blue boxes depict taxonomic groups selected for DNA based
molecular gut analyses. Red boxes depict prey organism groups found
through DNA based molecular gut analyses. Red directional arrows
represent inferred energy pathways, from DNA based molecular gut
analyses. Larger groupings such as Zooplankton, Crustaceans, and
Phytoplankton are presented based on descriptions of trophic interactions
from literature.

In Saguaro Lake, five trophic levels were also identified (Figure 28). The

first tier of primary producers differs from Lake Pleasant as filamentous

cyanobacteria are found in Saguaro Lake. The second tier is less diverse than
Lake Pleasant, lacking the omnivorous calanoids and cladoceran grazer
Diaphanosoma. The third tier differs as Tilapia were not present in Saguaro

Lake (as of 2011, AZGFD indicates only “occasional” reports of Tilapia). The

fourth tier of large fish differs as Striped Bass are not found in Saguaro Lake.
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However, the cold-water species Rainbow Trout is heavily stocked throughout
the winter. The Rainbow Trout is a piscivore and planktivore. Similar to Lake
Pleasant, piscivore raptors (Bald Eagles and the Osprey) and humans are the
top carnivores in the Saguaro Lake food web.

It should be noted that differences existed between the food webs for
each reservoir. The pelagic community of Saguaro Lake was less diverse than
the pelagic community of Lake Pleasant. The greatest difference was the
occurrence of the large pelagic piscivore, the striped bass, in Lake Pleasant.
This large piscivore biomass near the top level of the food web exerted pressure
on lower trophic levels resulting in a trophic cascade that affected all other
organism groups (see below). The occurrence of omnivorous calanoid copepods
and the herbivorous cladoceran Diaphanosoma in Lake Pleasant represented
new, third and forth, large crustacean grazer groups in the food web, when
compared to Saguaro Lake. These additional populations of grazers also
exerted pressure on lower trophic levels, further strengthening any associated
trophic cascades.

4. Controls of Community Structure

Trophic cascades were described by Carpenter et al. (1985) as the
following: Large stocks of piscivores place enough pressure on planktivores to
reduce biomass of the planktivores. The decrease in planktivore biomass allows
herbivore biomass to increase. The increase in herbivore biomass leads to a
decrease in phytoplankton biomass.

Lake Pleasant has a large population of picivorous striped bass
positioned near the top of the trophic levels. This large amount of biomass in the
upper trophic levels is evidence for a top-down control scheme. The large
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abundance of striped bass (piscivore) (AZGFD: Bryan, 2005; Stewart et al. 2008)
reduces the abundance of threadfin shad (planktivore). The reduction in
threadfin shad allows the Daphnia, Diaphanosoma, and Calanoid (all herbivores)
to increase. The large amount of herbivore biomass reduces the amount of
phytoplankton (primary producer).

Saguaro Lake has a large biomass of primary producers which is
evidence for a bottom-up control scheme and little top-down control. The smaller
numbers of largemouth and yellow bass (piscivore) allows a relatively greater
threadfin shad (planktivore) abundance. The large amount of threadfin shad
reduces the biomass of Daphnia and Bosmina (herbivores). With reduced
herbivore biomass, there is a large amount of phytoplankton (primary producer)
biomass. The high predation on Daphnia by the Threadfin Shad also explains the
small size of the Daphnia in Saguaro Lake (compared to Lake Pleasant), and the
appearance of large helmet, tail, and carapace spines as predator deterrent..

High turbidity in each reservoir was partly due to blooms of
phytoplankton. Reservoirs such as Lake Pleasant, with abundant large
piscivores and the resulting trophic cascade (described above), had lesser
amounts of phytoplankton biomass than reservoirs with trophic cascades similar
to Saguaro Lake. The smaller amount of phytoplankton biomass correlates with
lesser turbidity than reservoirs that contain greater amounts of phytoplankton
biomass.

5. Hypothesis Evaluation

1) Top-down control varied between the two reservoirs. The presence of a
piscivore in a reservoir determines the amount of grazer and primary producer
biomass through trophic cascades. The data support this hypothesis. According
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to the principles outlined by Carpenter (1985), Lake Pleasant is a good example
of a community that is controlled from the top-down. This was evident by the
high abundance of piscivore fish. The resulting trophic cascade would indicate a
large zooplankton population (Figure 13) and a small amount of biomass of
primary producers, as was inferred by chlorophyll a values in Figure 12 (b, d).
Conversely, Saguaro Lake was controlled from the bottom-up by the nutrients of
the reservoir. With the large amount of biomass at the primary producer level
(chlorophyll a values, Figure 12a, c), the resulting cascade indicated a small
grazer population (Figure 15) and a small piscivore fish population (evident by
intensive AZGFD stocking of Rainbow Trout, which is not decimated by
piscivores). DNA based molecular data from omnivorous calanoid copepods in
(Figure 23) indicated predation on other zooplankton, a possible result of
competition with cladoceran grazers Daphnia and Bosmina over scarce
phytoplankton (Figure 27). Instead, the cyclopoid copepods in Saguaro Lake
were found to be omnivores, grazing on phytoplankton and preying on other
zooplankton (Figures 28 and 19)

2) Nutrient loads differ for each reservoir. Greater nutrient concentrations yield
greater primary producer biomass. My data lead me to reject this hypothesis.
Saguaro Lake was not more eutrophic compared to Lake Pleasant as originally
expected. Dissolved inorganic phosphorus concentrations in Lake Pleasant were
an order of magnitude greater than those in Saguaro Lake. Additionally, high
levels of dissolved inorganic nitrogen were found for three months after the
winter/spring peak in Lake Pleasant, where there was only a winter/spring peak
of N in Saguaro Lake (Figure 8). The unused stock of nutrients in Lake Pleasant
provides further support for top-down control (see above). According to the
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Redfield Ratio (16:1 N:P), Saguaro Lake was N limited for 8 months of the year,
while Lake Pleasant was N limited for 5 months. According to the “Elser” ratio
(30:1 N:P), Saguaro Lake was N limited 10 months out of the year while Lake
Pleasant remained N limited for 5 months. The N limitation in Saguaro Lake
allowed the filamentous cyanobacteria (as was seen in previous investigations,
Figure 3) to gain an ecological edge over eukaryotic algae, and dominate the
phytoplankton community. This was not seen in Lake Pleasant as N limitation
does not benefit the dominant cyanobacteria, Synechococcus, as it cannot
readily fix nitrogen. Particulate P data would (if the data were available) indicate
the nutritional value of phytoplankton for Daphnia. The small size and biomass
of Daphnia in Saguaro Lake could be an effect of bottom-up control due to low
particulate P content in the phytoplankton. For the two individual months where
data do exist for particulate P, P in Saguaro Lake was approximately seven times
lower (N:P 55:1) than Lake Pleasant (N:P 8:1) (Table 3).
6. Future Work

Lake Pleasant and Saguaro Lake experience differential amounts of
recreational usage. In the summer, Saguaro Lake access is commonly restricted
due to the large number of recreational boaters using the reservoir. The high
recreational use of Saguaro Lake may have some anthropogenic effect on the
nutrient loads in the reservoir. A possible future study could examine the effect
of urea and other anthropogenic nutrient influxes on the two reservoirs.

Although consistent zooplankton data were produced for the 5m depth, it
would be worthwhile to investigate diel migration. In the future, consistent deep
casts in addition to night casts would generate more data to better understand
zooplankton population distributions.
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With the recent Quagga Mussel (Dreissena bugensis) invasion in Lake
Pleasant, possible shifts in zooplankton community structure might occur due to
the planktonic larvae of the mussel. Additionally, adult forms have the capability
to filter a liter of water per day feeding on phytoplankton (AZGFD, 2011a); this
might represent a new form of competition for other zooplankton herbivores. It
would be interesting to determine the spread of Quagga Mussels throughout
Lake Pleasant. Additionally it would be interesting to determine how Quagga
Mussels affect the local phytoplankton community, and how predation rates by
Redear Sunfish (Lepomis microlophus) reduce mussel colonies, as they are the
only known predator of the mussels.
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