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Effects of Changing Salinity on Microbialite-Associated Primary Producers and
Secondary Consumers in Great Salt Lake

Project Overview

Primary producers serve as the base of all ecosystems. In Great Salt Lake (GSL),
photosynthetic cyanobacteria and algae associated with organosedimentary structures
(microbialites) which cover ~20% of the lake bottom, contribute a significant amount of
the primary production to the ecosystem. However, these phototrophs are subject to the
changing conditions of the lake, including varying levels of salinity. Previous research
suggests that changes in salinity could have a deleterious impact on phototrophs in GSL,
which in turn could exert negative downstream effects on secondary consumers such as
brine shrimp, brine flies, and birds. Herein I propose to investigate the effects of
changing salinity on the primary productivity and overall community composition of
microbialites of GSL, as well as how these changes impact the productivity of a
secondary consumer species, Artemia franciscana (brine shrimp). This work will provide
new insight into how shifts in salinity, which are expected to accompany predicted
changes in patterns of precipitation or water usage in the greater GSL area, might affect
the overall productivity of GSL.

Background and Significance

Great Salt Lake (GSL) supports an incredible diversity of organisms, ranging
from small halophilic cyanobacteria, to the inimitable brine shrimp Artemia franciscana
and brine fly Ephydra gracilis, to the apex birds that feed on lower trophic level species.
However, due GSL being a shallow terminal lake, the geochemical conditions are highly
sensitive to changes in climate. As such, the unique biology associated with GSL will be
potentially confronted with substantial changes in geochemistry, including changes in the
lake level(s) and resulting shifts in salinity, among many others. Salinity represents one
of the greatest controls on the GSL ecosystem, with historical salinity increases in GSL
being strongly associated with a significant loss of Artemia populations as one example
(Wurtsbaugh & Berry, 1998; White et al., 2014).

It has also been shown that a large proportion of the primary producers in the
GSL ecosystem are potentially affected by salinity. While microbialites cover
approximately 20% of the lake bottom (Fig. 1) and were likely formed by
photoautotrophic taxa which thrive in salinities of 11-14% (Lindsay et al., 2016), the
physical separation of GSL into a ‘South Arm (SA)’ and a ‘North Arm (NA)’, the latter
of which has near saturating levels of sodium chloride (24-31% salinity), has resulted in
the elimination of 99.9% of these photoautotrophic cells (Lindsay et al., 2016). It has
been estimated that these microbialite structures and their associated biomass would
contribute approximately 30% of the productivity to the lake ecosystem, and that
microbialite-associated photosynthetic communities are more productive than their
phytoplankton counterparts (Wurtsbaugh et al., 2011). However, quantification of the
influence of salinity on microbialite primary production has not yet been performed on
GSL microbialites under highly controlled conditions, with the sole exception being
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several preliminary experiments presented herein (Fig. 2). In addition to serving as a food
source, the microbialite structures themselves are key habitats where brine fly larvae and
pupae mature.

Figure 1. Distribution of
microbialites (highlighted in green) in the
South Arm (SA) and North Arm (NA) of
GSL. Known salinity ranges from
Chidsey et al., 2015, and Lindsay et al.,
2016 are included. Figure modified from
Lindsay et al., 2016.

Preliminary experiments
investigating the primary
productivity of GSL microbialites
were conducted using
microbialites sampled from the SA
(Antelope Island) when the salinity
was 10%. In this work, I
subsampled the microbialites for
use in microcosm assays, and
artificially increased the salinity to
12.5% and 15.0%, or no increase
at all (control). Rates of CO,
fixation (primary productivity)
were measured in assays incubated

in both the light (photosynthetic
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light-dependent CO; fixation
increased with increasing salinity (Fig. 2), indicating that the photoautotrophic taxa
prefer the higher salinities that were tested. Physiological characterization of the
dominant photoautotrophic microbe in 7 microbialites sampled from across the SA of
GSL (Euhalothece of the order Chroococcales) (Fig. 3) reveals that this taxon prefers
salinities of 12-15% (Garcia-Pichel et al., 1998). Given that this cyanobacterium is the
most abundant primary producer in geographically distinct microbialites from the SA,
including the microbialites surrounding Antelope Island and Stansbury Island (Fig. 3),
shifts in salinity above 15-20% would be expected to significantly impact the
productivity of this taxon and possibly
exert a negative effect on the

HEEE Microbialie - Rivers

e Railroad Bt of Utad

DIC Assimilation - Microbialite Associated Community

3.0
Light productivity of the GSL ecosystem as a
23 moark whole.
2.0 - Figure 2. DIC assimilation (**C-bicarbonate uptake)
measured in microbialites incubated in the light and
15 1 dark at different salinities. Microbialite samples were
i collected in the winter of 2015 when the salinity of the
’ South Arm was 10%. Since this time, salinities in the
0.5 SA have risen to 14.5-17% as of August 2016,
depending on the area of the lake.
0.0

125
Salinity (%)



Previous studies and the preliminary data presented herein lead to the question of
how changes in the salinity of GSL will impact the primary productivity and community
composition of the microbialites, and specifically how it might affect the keystone
cyanobacteria which is present all across SA microbialites in different areas of the lake
(Fig. 3). I predict that increasing the salinity from 10% to 15%, which is a range that
naturally occurs seasonally in the SA of GSL (Chidsey et al., 2015, Lindsay et al., 2016)
may result in an increase in primary productivity, but that increases in salinity beyond
15% will be detrimental to primary production. However, primary producers are not the
only guild that is likely to be affected by increased salinity. As an example, it has been
shown historically that Artemia populations are very sensitive to changes in salinity, both
when increased or decreased (White et al., 2014). Thus, I also aim to determine how
increases or decreases in salinity may affect the productivity of a higher trophic level
species. The experiments and data obtained in this proposed study will allow for a greater
understanding of how changes in the salinity of GSL will affect primary and secondary
production in the lake.
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Figure 3. Community composition of small subunit rRNA genes recovered from microbialite communities sampled
from Stansbury and Antelope Islands in the South Arm of GSL. The dendogram at left depicts overall 16S rRNA gene
community Bray-Curtis dissimilarity. Representative operational taxonomic units (OTUs) were binned at the order
level and bins that represented <0.1% of the total sequences were pooled and depicted as “Other”. Abbreviations:
Antelope Island microbialite areas: Ridges (R), Bridger Bay (BB), Windward East (WE), Windward West (WW), BP
(Buffalo Point); Stansbury Island microbialite areas: Stansbury Interpolygons (SI), Stansbury Polygons (SP).

Goals and Objectives

I aim to investigate how the composition and productivity of GSL microbialite
communities are affected by changing geochemical conditions in GSL, in specific by
changes in salinity. In addition, I will determine how changes in salinity affect the
productivity of downstream trophic species that depend on primary producers as a food
source (i.e., Artemia franciscana).
Specific Objectives:

a). Determine rates of primary productivity in geographically distinct
microbialites sampled from the SA of GSL using a microcosm approach.



b). Using a representative microbialite with “average” productivity from one area
identified in objective a, determine the effect of salinity on the productivity and
community composition of the microbialites using a microcosm/mesocosm approch.
Additionally, I will determine the productivity of the higher trophic level species A.
franciscana in response to varied salinities by direct counts of Artemia individuals.

Projected Results:

The effect of changing salinities on the composition and primary production of
GSL microbialites, which contribute a significant amount (~30%) of the productivity to
the lake, will be determined. Insights gained from this study will be used to better predict
how shifts in the salinity of GSL may affect the productivity primary producers and
secondary consumers. We expect these results to have far-reaching implications for our
understanding of GSL with the potential to inform management decisions on preserving
the health and economic viability of GSL and associated industries, respectively.

Research Plan and Approach

Objective a. I propose to sample small amounts (100 grams) of microbialite mat
from various points around the SA of GSL (i.e. the locations delineated in Fig. 3) for use
in microcosm experiments. This work will be conducted with Dr. Bonnie Baxter, who is
permitted to collect samples from GSL. After transporting the microbialites back to
Montana State University (MSU), I will measure rates of CO, assimilation (primary
productivity) at the in sifu salinity using a microcosm-contained, radiolabeled '*C-
bicarbonate approach as previously described (Boyd et al., 2012). Live and autoclave-
sterilized microbialites will be incubated in triplicate in the presence of filter-sterilized
GSL water. This will be done in the light and in the dark (wrapped in foil) in sealed
serum bottles in order to measure CO;-assimilation due to photosynthetic and non-
photosynthetic primary producers. My lab at MSU is permitted to use radioisotopes and I
am authorized and trained to use them safely.

Objective b. I will choose a target microbialite from one area that exhibits
“average” productivity using data from objective a. Using this microbialite, I will set up
an additional set of larger, long-term mesocosms (1 liter Mason jars) which I can
subsample and I will alter the salinity to 5, 10, 15, 20, 25, and 30% salinity, the last of
which is comparable to recently measured NA salinities (Lindsay et al., 2016). The
salinity will be adjusted using distilled water (dilution) and sodium chloride
(salinification). Artemia cysts (~1000 added per mesocosm; www.mega-supply.com/gsl-
artemia-cysts/) will be added to each microcosm. Water level (and thus also salinity) will
be maintained in mesocosms on a daily basis by addition of distilled water. Each week
for a period of 6 weeks, I will determine rates of primary production, as described in
objective a, using a subsample of the microbialite using a sealed serum bottle and source
fluids. Likewise, I will count the hatch rate (at onset of incubation) and quantify the
standing crop of Artemia individuals in each mesocosm weekly during the incubation
period. Finally, on a weekly basis, I will collect a subsample of microbialite for use in
quantifying and sequencing 16S rRNA genes to track shifts in the composition of
microbialite communities as they adapt to the increased salinities using previously
described methods (Lindsay et al., 2016).



Understanding and Protection of the Great Salt Lake Ecosystem

This project aims to quantify the effect of salinity on the production and
composition of GSL microbialites, the primary food source that supports a number of
higher trophic level species and an overall contributor to the health of the GSL
ecosystem. Moreover, this work seeks to identify the effect that decreased primary
production would have on secondary production of Artemia. Completion of this work
will add to our understanding of GSL at the level of primary producers as well as
secondary consumers. As such, this project could aid in managing water levels and
salinity in the GSL ecosystem, thereby minimizing effects on GSL biodiversity and the
economics of industries tied to GSL, such as the brine shrimp industry.

Project Budget
Item Funds
Field transportation/Travel to GSL from MSU $250.00
Field supplies and consumables $100.00
Lab supplies and consumables $650.00

Brine shrimp cysts
1C-labeled bicarbonate
DNA extraction consumables
Microcosm Jars

Total $1000.00
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