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Abstract 

 

Water Quality and Eukaryotic Plankton Dynamics in the Mission-Aransas 

Estuary, Texas from 2011-2012 

 

 

Aubrey Rain Lashaway, MSMarineSci 

The University of Texas at Austin, 2013 

 

Supervisor: Deana L. Erdner 

 

As the base of the food chain, plankton affect the cycling of nutrients and organic 

matter within ecosystems and support production at higher trophic levels.  The overall 

goal of this project was to examine how natural water quality fluctuations, such as 

changes in nutrients, temperature, and salinity, influence estuarine plankton community 

structure.  To achieve this, I examined water quality as well as the diversity and biomass 

of eukaryotic plankton communities in a subtropical estuary located within the Mission-

Aransas National Estuarine Research Reserve.  The sampling sites included in this study 

consisted of three bay (Copano Bay West, Copano Bay East, Aransas Bay) and two river 

(Mission River Estuary, Aransas River Estuary) estuary sites. Water samples were 

collected monthly at the five sites from September 2011 to August 2012 and analyzed for 

a suite of abiotic and biotic variables.  Eukaryotic plankton diversity and community 
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structure were evaluated by using the terminal restriction fragment length polymorphism 

(t-RFLP) method.  

Although a narrow salinity gradient was present at the sampling sites, seasonal 

changes in water quality conditions were observed. In the river estuaries, water quality 

parameters defined three significant temporal periods at the Mission River Estuary site, 

whereas only one month differed at the Aransas River Estuary site, indicating little 

seasonal variation.  The Copano Bay sites exhibited a seasonal pattern consisting of four 

periods, marked by a distinct fall (October, November, December) grouping, while 

Aransas Bay showed a seasonal pattern consisting of three periods, with no fall group.  

Even though the water quality conditions define different monthly groupings in the bay 

and river estuary sites, the same parameters – DOC, TDN, and pH – are the strongest 

drivers of the patterns at all of the sites.   

Seasonal and spatial distinctions in the Mission-Aransas Estuary eukaryotic 

plankton community composition were determined using t-RFLP.  Frequent shifts in 

composition were apparent across samples collected at approximately bi-weekly to 

monthly intervals.  There were significant differences (ANOSIM, p < 0.05) in community 

composition between the Aransas and Mission River Estuary and Aransas Bay sites.  

Although the overall ANOSIM tests show significance between eukaryotic plankton 

communities monthly and between the bay water quality periods, none of the pairwise 

comparisons were significantly different.  However, the ANOSIM R-statistic for the 

monthly pairwise comparisons displays a general increasing trend over time from 
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sampling, further highlighting the dynamic nature of the microbial eukaryotic assemblage 

within sites.   
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Introduction 

Estuaries are amongst the most biologically productive natural ecosystems in the 

world (Schelske and Odum 1962, Baban 1997, Wilson 2002, Leandro et al. 2007).  

Estuaries are partially enclosed bodies of water along coastlines where fresh water and 

salt water meet and mix.  They act as a transition zone between oceans and continents. 

(Pritchard 1967).  Within an estuary there are usually three overlapping zones: an open 

connection with the ocean where marine water dominates, a central area where saltwater 

and freshwater mix, and a tidal river zone where, typically, freshwater predominates.  

These systems support a great variety of marine resources, house an abundance of both 

freshwater and marine animals (e.g. fish, crustaceans, and molluscs), and are of great 

economic importance to local and global human populations.  Although offshore areas 

such as the Grand Banks support the largest single fisheries in the world, estuaries are 

more important to total world fishery yields (Houde and Rutherford 1993).  In the United 

States alone, nearly two-thirds of the three million tons of fish and shellfish harvested 

annually come from estuaries (Lellis-Dibble et al. 2008).  Due to the many goods and 

services estuarine systems provide, many of the world’s largest cities (e.g. New York and 

London) were founded near estuaries, and about 60% of the world’s population now lives 

along estuarine and coastal environments (Canuel et al. 2012).  Consequently, the health 

of many estuaries is threatened by human alteration of their hydrology, sprawling 

urbanization and pollution from industries that have taken a heavy toll on estuarine 

ecology (Barbier et al. 2011). 
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In most coastal ecosystems, phytoplankton dominate ecosystem primary 

production (Cloern 2001) and are of fundamental importance in supporting the 

surrounding planktonic consumers in estuarine food webs.  Plankton communities occupy 

an essential role in aquatic ecosystems and have been a central focus for aquatic 

microbial scientists for decades, yet their community composition, rich diversity, and 

mechanisms that determine their patterns are not well known in estuarine ecosystems 

(Riley 1976, Sanders 1987, Dustan and Pinckney 1989, Dauer et al. 2000, Cowlishaw 

2004, Morris et al. 2002, Fuhrman et al. 2006, Eiler et al. 2009).  Estuarine plankton 

dynamics and distribution can vary substantially over hours, days, seasons, years, and 

decades (Marques et al. 2007b, Molinero et al. 2008) and are challenging to study due to 

the ecological complexities of the system (i.e. geomorphology, tidal influences, salinity 

ranges) (Dauer et al. 2000).  Traditional methods (i.e. light microscopy) used for 

plankton composition studies are difficult to employ efficiently because they require 

significant time, resources, and manpower (Culverhouse et al. 2006).  Recently, the 

development and use of molecular approaches in marine plankton studies has increased 

our understanding of the diversity of planktonic prokaryotes and eukaryotes, allowing for 

relatively fast and inexpensive data collection (e.g. Vigil et al. 2009).  In addition to 

revealing plankton species diversity, molecular techniques can contribute to our 

understanding of the microbial food web and the processes that predict plankton size 

structure under given environmental conditions (Diez et al. 2001).  Spatiotemporal 

variability in coastal plankton communities has important consequences for the structure 
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and function of ecosystems, including nutrient cycling, the fate of primary production, 

and food web dynamics (Brett and Goldman 1996).  

Compared to the ecology of large organisms where community diversity research 

has been ongoing for nearly a century (Keddy and Weiher 2001, Eiler et al. 2011), 

microbial ecology has only just begun to explore theoretical frameworks to predict 

changes in the microbial world (Horner-Devine et al. 2004, Prosser et al. 2007).  Now, 

microbial ecologists are exploring whether microbial communities are distinct in different 

habitats, and if environmental metrics associated with microbial communities show 

explainable patterns (Horner-Devine et al. 2007, Prosser et al. 2007).  In other words, 

spatiotemporal patchiness of plankton due to biotic mechanisms (such as grazing and 

competition for space or food) and abiotic mechanisms (such as salinity, wind, or 

temperature) is driving the development of system models for explaining plankton 

community diversity (Pinckney and Dustan 1990, Pinckney et al. 1998, Diehl et al. 2002, 

Blanchette et al. 2007). 

Historically the majority of estuarine and lagoonal plankton studies have occurred 

in temperate ecosystems including areas such as Chesapeake Bay, San Francisco Bay, 

and areas of northern Europe (Boynton et al. 1982, Harding 1994, Jonge et al. 1994, 

Cloern 1996, Conley 2000, Kemp et al. 2005).  The Chesapeake Bay, for instance, is a 

plankton based ecosystem in which the zooplankton act as trophic intermediates between 

the very productive phytoplankton and bacteria, and higher trophic levels, including 

many economically important fish and shellfish species (Odebrecht et al. 2005).  
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Currently, there is a growing interest in the plankton dynamics occurring in 

warm-water ecosystems, and more studies have occurred as noticeable anthropogenic 

alterations have arisen in these areas (Turner and Rabalais 2003, Brodie and Mitchell 

2005).  The Mission-Aransas estuary is considered a subtropical estuary.  Subtropical 

Gulf of Mexico estuaries, as compared to temperate estuaries, lack strong seasonal 

changes in temperature (generally including 3-5 months of average temperatures at or 

exceeding 28⁰C), have high solar radiation, and shallow depths (Montagna and Kalke 

1992, Buskey 1993).  Thus, subtropical systems have reduced seasonal patterns of 

primary production (Koch et al. 2012), and the ability to detect changes in the plankton, 

directly linking them to pertinent environmental drivers, is especially difficult (Montagna 

and Kalke 1992).  Along the Texas coast there are seven major estuarine systems, all of 

which are isolated by barrier islands from the Gulf of Mexico (Longley 1994).  The 

barrier islands establish essential estuarine and lagoonal habitat for many commercially 

important fisheries (e.g. finfish and shellfish) that ultimately depend on plankton 

communities for survival (Steele and Bert 1994).   These systems follow a decreasing 

freshwater inflow gradient from the border of Louisiana to Mexico (Longley 1994).  The 

Mission-Aransas Estuary is considered a neutral estuary, lying in the central portion of 

the Texas Coastal Bend.  This estuary is located at the boundary where precipitation 

surpasses evaporation to the north and evaporation surpasses precipitation to the south 

(Pulich and Blair 1997), and has an average inflow rate of approximately 10
8 

m
3 

y
-1

 

(Montagna et al. 2011).  However, the plankton dynamics, community structure and 

corresponding environmental drivers of sub-tropical Gulf of Mexico estuaries are little-
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studied, especially along the Texas Gulf Coast (Buskey 1993, Livingston 2001 and 

2003).   

  As Texas coastal populations continue to grow, it becomes increasingly difficult 

to locate estuarine ecosystems with minor structural and functional impacts.  However, 

the National Estuarine Research Reserve (NERR) system, a network of twenty-eight 

reserves representing different biogeographic regions of the United States, establishes 

areas for long-term research, water-quality monitoring, education and coastal 

stewardship.  The Mission Aransas National Estuarine Research Reserve (MANERR) is 

an 185,708 acre region of south Texas composed of terrestrial, wetland and marine 

environments (Morehead et al. 2007).  Due to low population density surrounding the 

Reserve , it is located on one of the most pristine areas of Texas coastline, and the two 

main rivers that flow into the Mission-Aransas Estuary (Mission and Aransas Rivers) are 

dam free (Johns 2004).  This makes it an ideal site for studying the baseline or ‘natural’ 

function of estuaries.    

The Mission-Aransas estuary is a physically, chemically, and biologically diverse 

brackish water habitat located within the MANERR.  One of the central goals of the 

MANERR has been to understand the influence of plankton communities on the structure 

and function of the Mission-Aransas Estuary (Morehead et al. 2007), as they are the key 

trophic link between nutrient inputs and higher trophic levels (Hays et al. 2005).  In 

addition, they are valuable indicators of environmental conditions (Beaugrand 2004, 

Bonnet and Frid 2004), since they respond directly and sensitively to many physical, 

chemical and biological changes that occur in estuarine ecosystems (Leandro et al. 2007).  
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The overall goal of this project is to examine how natural water quality fluctuations, 

such as changes in nutrients, temperature, and salinity, influence the Mission-

Aransas Estuary plankton community structure.  The hypotheses of this study are 

three-fold:  

(i) there is water quality structure at the Mission-Aransas Estuary sampling sites 

seasonally and spatially,  

(ii) there is seasonal and spatial distinction in Mission-Aransas Estuary eukaryotic 

plankton communities, and 

(iii) eukaryotic plankton communities are correlated with water quality 

conditions. 

This study will augment previous and ongoing plankton process-oriented studies within 

the Mission-Aransas Estuary and will help to develop a clearer understanding of abiotic 

and biotic controls on plankton communities in sub-tropical estuaries. 
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Materials and Methods 

Study Sites 

Mission-Aransas National Estuarine Research Reserve 

The Mission-Aransas National Estuarine Research Reserve (MANERR) is 

relatively young, inaugurated in May of 2006, and is one of the most pristine estuarine 

systems in the United States (Evans et al. 2012).  The Mission-Aransas estuary (Figure 

1), located within the MANERR, is a relatively shallow (0.6-3m) subtropical estuary that 

is typical of the Western Gulf of Mexico.  It is fed by the Mission and Aransas Rivers and 

connected to the Gulf of Mexico by an inlet at Port Aransas.  In addition, Aransas Bay is 

hydraulically connected to San Antonio Bay, which receives freshwater inflow 

predominantly from the San Antonio and Guadalupe Rivers (Bishop 2012).  Water 

residence times due to low elevations and low freshwater inputs can be as long as 3 years 

during average weather conditions (Armstrong 1982) for the lower river reaches and the 

bays.  However, during large storm events water in the estuary is exchanged very quickly 

(Mooney and McClelland 2012).  There is generally a large salinity gradient within the 

system, and the restricted inlet at Port Aransas means that large freshwater inputs tend to 

be retained within the system for long periods of time.  Generally, evaporation exceeds 

precipitation in this area.  Armstrong (1982) estimated the average precipitation as 88.6 

cm year
-1

 and the average evaporation as 151.3 cm year
-1

.  Further, the MANERR 

provides significant infrastructure in terms of continuous monitoring for a variety of 

physical and chemical variables, as well as a regular biological monitoring program.  All 

of these characteristics make it an excellent study site. 
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Mission and Aransas River Estuaries 

The lower reaches of the Mission and Aransas Rivers are tidally influenced and 

served as the two riverine sampling sites of this study (Figure 1).  The Mission River 

runs southeast to its mouth on Mission Bay, an inlet of Copano Bay.  The Aransas River 

flows generally south and has a highly winding course, also entering Copano Bay.  

Estuarine conditions in Copano Bay and the lower reaches of the rivers vary widely in 

salinity and hydrologic condition, depending on the frequency and magnitude of regional 

rain events, with freshwater residence times that vary dramatically between low and high 

flow.  Stream flow in the Mission and Aransas Rivers is generally low with episodic 

rainfall driving a few large export events each year.  Johnson (2009) concluded that the 

freshwater residence times in the tidal reaches of the Mission and Aransas Rivers can be 

several months.  The Mission and Aransas watersheds differ in their size, land use, and 

land cover characteristics.  The Aransas watershed drains 2,146 km
2
 with the majority of 

land use land cover as cultivated crops.  In contrast, the Mission watershed drains 2,675 

km
2
 with the majority of land use land cover as shrub land.  

 

Sample Collection 

Water Quality 

Samples for all analyses were collected at five sites (Figure 1) in the Mission-

Aransas Estuary: Aransas River Estuary (ARE; 28.0750N, -97.2204W), Mission River 

Estuary (MRE; 28.1850N, -97.2127W), Copano Bay West (CW; 28.0502N, -97.1203W), 

Copano Bay East (CE; 28.0756N, -97.0204W), and Aransas Bay (AB; 27.5847N, -
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97.0143W); the latter three sites are part of the System-Wide Monitoring Program 

(SWMP) in the Mission-Aransas Estuary.   

A monthly sampling program of the SWMP sites was conducted on board the 

small boat C-Hawk from September 2011-August 2012; additional sampling was 

conducted in between the regularly scheduled trips, whenever a large rainfall event 

occurred.  Riverine sites were accessed via bridge locations at each river.  Water 

temperature, salinity, pH, dissolved oxygen concentration, and turbidity were measured 

with a Sonde 6600V2 (YSI).    

 

Nutrients 

Inorganic and organic nutrients were measured at each site using a standard 

operating procedure for all NERR systems. At each station, two water samples were 

collected using a Van Dorn Sampler.  Two 10mL sub-samples from each Van Dorn 

sample were collected and filtered on site using a hand syringe and ~0.45µm mixed 

cellulose ester membrane filter.  Samples were stored in a 15mL capped tube on ice while 

in the field and frozen on return to the laboratory, for no more than 30 days, until 

analysis.  Inorganic nutrients including nitrate + nitrite, silicate, ammonium, and soluble 

reactive phosphorus were measured using a SEAL QuAAtro AutoAnalyzer. 

Organic nutrient samples were divided into dissolved and particulate fractions.  In 

general, particulate organic matter was defined as organic matter that cannot pass through 

a filter with a pore size of 0.7µm; whereas dissolved organic matter was defined as 

organic matter that can pass through a filter with a pore size of 0.7µm.  Water was 
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collected using a Van Dorn sampler and placed into two 1L polycarbonate bottle on ice 

while in the field.  In the laboratory, each water sample was filtered through a pre-

combusted glass fiber filter (GF/F).  The filtered water was frozen for determination of 

dissolved organic matter, and, the filters were dried for the determination of particulate 

organic matter.  Dissolved organic carbon and nitrogen were measured using a Shimadzu 

DOC/TN Analyzer.  Particulate organic carbon and nitrogen samples were sent to The 

University of New Hampshire for analysis.   

 

Eukaryotic Plankton Community Composition 

Water collected with the Van Dorn sampler was filtered through a ~0.45µm pore 

size 25mm diameter membrane filter, and the filter was then placed into 360µL of ATL 

Buffer (Qiagen, Inc.) in a 2mL microcentrifuge tube and stored at -80ºC until DNA 

extraction.  A total of 81 samples were analyzed.  DNA extractions, PCR amplifications, 

and terminal restriction fragment length polymorphism (t-RFLP) analyses followed the 

procedure described in Vigil et al. (2009) with slight modifications.  At the time of DNA 

extraction, 0.5mm diameter zirconia/silica beads were added to each tube, and the 

mixture was vortexed at maximum speed for approximately 1 minute to disrupt cells.  

The bottom of the tube was punctured with a heated 20G needle, and the lysate was 

separated from filter debris and beads by centrifugation at 2000 x g for 2 minutes at 25⁰C 

into a clean 2mL microtube.  Subsequent DNA extractions steps followed the 

manufacturer’s procedure using the DNeasy Blood and Tissue kit (Qiagen).   
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Polymerase chain reaction (PCR) amplification of DNA fragments was performed 

in an Eppendorf Mastercycler using the fluorescently labeled forward primer Euk-A-

FAM (5’-56FAM-AAC CTG GTT GAT CCT GCC AGT-3’) and the fluorescently 

labeled reverse primer Euk-570R-HEX (5’-5HEX-GCT ATT GGA GCT GGA ATT AC-

3’) (Vigil et al. 2009).  Each 25μl reaction contained 2.5µL of 10×PCR buffer solution 

(Takara), 2.0µL dNTP mixture (Takara), 1.25µL of each primer, and 0.25µL of Taq 

polymerase (Takara), to which 2µL of extracted DNA was added.  All samples were 

amplified using the following protocol: initial denaturation at 95°C for 3 min, 35 cycles 

of amplification (95°C for 60sec, 60°C for 60sec, 72°C for 60sec), and a final extension 

at 72°C for 10min.  Triplicate reactions were run in parallel for each sample, and 

successful amplification was verified by agarose gel electrophoresis of 5µL of each 

reaction.  Successful reactions were combined, purified, and concentrated using the 

MinElute Reaction clean-up kit (Qiagen).  One-half of the purified DNA (10μl) was 

digested using the restriction enzyme Mnl I (New England Biolabs).  All restriction 

enzyme reactions were incubated at 37°C for approximately 4 hours.  DNA sample 

concentrations (ng/µL) were quantified using a GE NanoVue spectrophotometer.  For t-

RFLP analysis, samples containing 60ng of digested DNA in a 4µL volume were sent to 

The University of Texas at Austin ICMB Core Facilities DNA Sequencing Laboratory for 

fragment analysis.     

Raw t-RFLP data were analyzed using GeneMarker v. 1.70 (SoftGenetics, State 

College, PA).  Peak identification and sizing were performed by GeneMarker, using a 

minimum peak height threshold of 5 RFU and t-RF fragment size of 50 bp.  The peak 
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height, peak area, normalized peak area (individual peak_area/total_peak_area), and bp 

length of each t-RF were extracted for all samples.  For each sample, individual t-RF 

peak height was normalized to the total peak area of the sample, to allow for comparisons 

across samples.  T-RFs with a relative abundance of less than 5% were considered rare 

and omitted from the data analysis to eliminate potential errors and focus on the dominant 

members of the communities (Nazaries et al. 2013).  Reproducibility of the t-RFLP 

patterns was evaluated by comparing the patterns derived from the September 2011 

Mission River Estuary site, for which DNA extractions, PCR amplifications, and t-RFLP 

analyses were conducted in duplicate (Hartmann and Widmer 2008).   

 

Statistical Analyses 

In order to determine if distinct eukaryotic phytoplankton assemblages occurred at 

each sampling site, eukaryotic phytoplankton community composition (t-RFLP data) was 

visualized using a heatmap and compared using the Analysis of Similarity (ANOSIM) 

test.  The heatmap which included all of the sampling sites and dates helps to distinguish 

patterns across sampling sites and allows for visual comparisons of all of the samples 

(Yunker et al. 2005, Vigil et al. 2009).    

Terminal restriction fragment length polymorphism (t-RFLP) analysis is a strong 

comparative molecular technique that is frequently used to describe microbial community 

structure (Hartmann and Widmer 2008).  The profile of a series of terminal restriction 

fragments (t-RFs) provides an estimate of the number of phylotypes (i.e. defined as DNA 

fragments of unique length) in a microbial community, and the fluorescence intensity of 
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each peak reflects the relative abundance of each phylotype (Vigil et al. 2009).  However, 

within the same t-RF, there may be >1 phylogenetically similar species; therefore, t-RFs 

are commonly referred to as operational taxonomic units (OTUs).  Intensity (area) of 

each peak was normalized as a percentage of the total peak area.  The one-way ANOSIM 

test provides a way to test statistically whether there is a significant difference between 

two or more groups of samples.  If the assigned groups are meaningful, samples within 

groups should be more similar in composition than samples from different groups (Clark 

1993).  The one-way ANOSIM method uses the Bray-Curtis measure of similarity (Chao 

et al. 2006).  The ANOSIM test functions directly on a dissimilarity matrix and uses only 

the rank order of dissimilarity values.  The distance rank is based on the rank order of 

dissimilarity values and allows for further insight into the within- and between- 

eukaryotic plankton patterns.  If two groups of sampling units are really different in their 

species composition, then the dissimilarities between the groups will be greater than 

those within the groups (Chao et al. 2006).  A p-value of less than 0.05 suggests that 

there is more similarity within the sampling sites than one would see by chance.  The 

ANOSIM R-statistic describes where the most similar samples are found, either within or 

between comparative groups: R = 1 when the highest similarity is found within 

comparative groups; R = 0 when there is no relationship and comparative groups are 

randomly mixed; and R = -1 when the highest similarity is found between the 

comparative groups.  Bonferroni correction was employed for the pairwise ANOSIM 

analyses, to adjust for multiple tests.  

http://www.pisces-conservation.com/caphelp/bray.html


 

14 
 

The relationship between water quality parameters was evaluated using 

Hierarchical Clustering and Principle Component Analysis (PCA).  Hierarchical 

clustering is useful for visualizing dissimilarity among specific groups that occur from 

large data sets.  I utilized hierarchical clustering with Ward’s Method (which employs the 

minimum variance method, ANOVA, between samples) and Euclidean distance which is 

characteristic to this procedure (Dodson et al. 2009).  A data matrix of Mission-Aransas 

Estuary water quality parameters was constructed to examine the similarities among river 

estuary (Figure 2) and bay estuary (Figure 3) sites, with each site representing a specific 

sample location and time in the Mission-Aransas Estuary.  The water quality parameters 

in these analyses included temperature, salinity, pH, dissolved oxygen, turbidity, silicate, 

phosphate, dissolved organic carbon, and total dissolved nitrogen.  The storm event was 

excluded from these analyses, as it did not change the orientation of the significant 

clusters when being included into the analysis (Figure 4).  The significance of the 

clusters that are formed at each step of the hierarchical cluster analysis was shown by a 

scree plot.  This plot has a point for where each cluster joins another, and the natural 

break in the scree plot determines the number of significant clusters (Digby and Kempton 

1987).  The same data matrix employed for the hierarchical cluster analyses was used to 

construct principal component analyses to examine the distribution of samples relative to 

water quality parameters explaining most of the variance in the matrix and to provide 

support for the hierarchical cluster analysis results.  The points in the principal 

component plots are labeled with the matching colors associated with the corresponding 

cluster designations from the hierarchical clusters.   
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To evaluate if eukaryotic plankton community composition was correlated with 

water quality conditions, river and bay estuary eukaryotic plankton communities were 

grouped by environmental seasons, as described by the hierarchical cluster analyses, and 

evaluated using one-way ANOSIM and pairwise comparisons with Bonferroni 

Correction.  Incorporation of community and water quality data into the aforementioned 

multivariate statistical analyses has proved successful for identifying the relationship(s) 

between key water quality and biological characteristics in subtropical estuarine studies 

(Wang et al. 2006, Aßmus et al. 2009).    
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Results and Discussion 

Water Quality  

During the study period, water quality generally showed similar trends, with 

salinity, temperature, turbidity, and pH largely overlapping among the different sampling 

sites (Table 1, Figures 5, 6, 7, 8).  However, three nutrients including silicate, dissolved 

organic carbon and total dissolved nitrogen were consistently higher at the Mission River 

Estuary site.  The Mission River Estuary salinity decreased from 21.0 to 7.9 ppt during 

April 2012 (Figure 5) due to the one storm event recorded during the 2011-2012 study 

period.  This storm also impacted the Copano Bay West site, decreasing salinity from 

34.3 to 13.3 ppt.  However, compared to a recent study in the MANERR by Mooney and 

McClelland (2012), the storm event recorded in April 2012 was relatively small and had 

little impact on the salinity in the rest of the bay.  After April 2012, salinity gradually 

increased, taking approximately five months to return to pre-storm conditions.  The 

generally high salinity values amongst the sampling sites can be attributed to a severe 

drought that affected the region during my sampling period.  Since the onset of this study, 

average precipitation in the Mission-Aransas Watershed has reached record lows, totaling 

only twelve inches of rain in 2011 (NOAA 2012), about one-third the average annual 

precipitation.   

Observations of estuarine water quality fluctuations during an extreme dry year 

are not well documented.  Salinity is a key water quality parameter for describing 

estuarine systems, and understanding the variation of salinity in estuaries under different 

conditions (e.g. drought, climate change, human alterations) is important for management 
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and understanding of the biological communities (McLaughlin et al. 2007).  For instance, 

studies in the Sabine-Neches estuary (located in the northeastern part of Texas, along the 

Texas-Louisiana border) show that algal and fish community compositions are influenced 

by changing salinities, with lower species abundances during drought conditions (Bianchi 

1998, Tolan 2013).      

The Mission River Estuary showed the most variability amongst the sampling 

sites in terms of water quality.  Phosphate concentrations (Figure 9) ranged from 0.2 to 

4.0 µM and dissolved oxygen concentrations (Figure 10) ranged from 10.1 to 2.0 mg L
-1

 

with highest phosphate concentrations measured during the storm event and lowest 

dissolved oxygen concentrations measured just after the storm event.  Silicate 

concentrations (Figure 11) in the Mission River Estuary were on average 2.5 times 

greater than in Copano Bay West, Copano Bay East, and the Aransas River Estuary, and 

5 fold higher than in Aransas Bay.  Dissolved organic carbon concentrations (DOC) 

(Figure 12) ranged from 11.3 to 7.3 mgC L
-1

 in the Mission River Estuary and were on 

average 1.5 times greater than concentrations in the Aransas River Estuary and Copano 

Bay West, and 3 times greater than concentrations in Copano Bay East and Aransas Bay.  

Total dissolved nitrogen concentrations (Figure 13) ranged from 62.1 to 35.7 µM and 

were approximately 1.7 times greater than concentrations in the Aransas River Estuary 

and Copano Bay West, and 2 times greater than concentrations in Copano Bay East and 

Aransas Bay.    

Temporally, river flow to the Mission-Aransas Estuary fluctuates episodically and 

dramatically, with high flows during wet years and low flows during dry years (Mooney 
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and McClelland 2012).  However, this study predominantly spanned a dry year (drought), 

capturing only one small storm event in April 2012.  Dissolved organic matter 

concentrations and patterns of variability were different in both rivers and the bays.  On 

average, DOC and TDN (mostly comprised of DON as DIN concentrations are often 

undetectable until storm events) were higher in the Mission River Estuary when 

compared to all other sampling sites during the duration of this study.  A recent study by 

Klein et al. (2008) indicates that MRE DOC concentrations vary depending on sampling 

location and reached a maximum in the estuarine river portion.  Comparatively, Mooney 

and McClelland (2012) observed ranges in dissolved organic matter concentrations that 

were generally higher in the Mission River.              

Short-term episodic storm events, like the April-2012 event in the Mission River, 

can cause rapid changes in water quality conditions.  After the storm, there were short 

lived (~ 1 month) decreases in pH and dissolved oxygen, and a spike in phosphate.  

Pollutants from storm water runoff and point-source wastewater discharges contain 

organic materials and nutrients that contribute to consumption of dissolved oxygen.  A 

study on the Peace River in Florida revealed that within one week of a passing storm, 

dissolved oxygen levels fell to below 1 mg L
-1

 (Stevens et al. 2006).  However, the low 

dissolved oxygen event in the Peace River following the passage of the storm was short 

lived.  Approximately one month later, the dissolved oxygen concentrations had returned 

to near-normal conditions, that was near or exceeding 4 mg L
-1

 (Stevens et al. 2006), 

comparable to what is observed in this study.   
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Fluctuations in nutrient concentrations, such as dissolved phosphate, nitrogen and 

silicate, due to storm events are also well described (Bowes et al. 2003, Fink et al. 2004, 

Bernal et al. 2005, Mooney and McClelland 2012).  It has also been suggested that 

dissolved phosphorus, nitrogen and silicate can accumulate within watershed soils and 

along riparian margins throughout extended dry periods (Bhaduri et al. 2000, Bowes et 

al. 2003).  Buildup of these nutrients subsequently washes off during the next storm event 

presenting a measureable increase in the dissolved nutrient concentrations within the 

affected estuarine system (Figures 9, 11, 13).  In particular, pulses of dissolved organic 

matter can affect the functioning of the estuarine aquatic ecosystem through its influence 

on acidity (Eshleman and Hemond 1985, Evans et al. 2005), light absorbance, energy and 

nutrient supply.  During extended, dry, warm periods, plant debris found in soil and water 

environments will undergo chemical reactions, decay and transformations into dissolved 

organic materials that are acidic in nature (Oliver et al. 1983).  When these materials are 

flushed through aquatic ecosystems during a storm event, pH levels can be affected, even 

slightly, possibly explaining what was detected in the Mission River (Figure 8). 

 

Water Quality Structure 

    Although narrow environmental gradients were present at the sampling sites, 

seasonal changes in water quality parameters were observed.  Hierarchical cluster 

analyses revealed three major seasonal groups amongst the river estuaries (Figure 2) and 

four amongst the bay estuary sites (Figure 3).  The different periods identified by the 

water quality conditions are hereafter referred to as “environmental seasons,” to 
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distinguish them from seasons as traditionally based on calendar months.  In the river 

estuaries, there was a lack of temporal structure at the Aransas River Estuary site, 

whereas three distinct periods were defined within the Mission River Estuary (Figure 2).  

The three Mission River Estuary clusters were designated as winter/spring (December, 

February, March, April), summer (May, June, July), and late summer/fall (August, 

September, October, November).  The month of January was unique, as its water quality 

parameters resembled the late summer/fall cluster.   

 At the bay estuary sites, Copano Bay East and West shared four distinct 

environmental seasons (Figure 3) while Aransas Bay was defined by three.  At the 

Copano Bay sites, the environmental seasons included a distinct fall cluster that was 

absent at Aransas Bay.  The four clusters of Copano Bay East and West were designated 

as fall (October, November, December), winter (January, February March), spring (April, 

May), and summer (June, July, August, September).  However, the water quality 

parameters of Copano Bay East in March resembled the spring cluster, whereas, the 

environmental parameters in Copano Bay West resembled winter.  The three clusters of 

Aransas Bay were designated as summer (July, June, August, September), fall/winter 

(October, November, December, January, February, March), and spring (April, May). 

The three main parameters driving the river and bay estuarine environmental 

seasons were the same.  A principal component analysis for the river estuary sites 

(Figure 14) shows that the first principal component (explaining 39.9% of the total 

variance) is most strongly influenced by pH, total dissolved nitrogen, dissolved organic 

carbon, and silicate (Table 2).  Similar analysis of the bay estuary sites (Figure 15) 
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shows that that PC1 (42.5% of the total variance) is strongly driven by total dissolved 

nitrogen, dissolved organic carbon, pH, and phosphate (Table 3).           

Generally, seasonal cycles of precipitation and river flows contribute to the spatial 

and seasonal variability in estuarine water quality structure.  Currently, Texas is 

experiencing ‘extreme’ drought conditions, which can seriously reduce the amount of 

water flowing within river and between bay systems (Tallaksen et al. 1997).  Droughts 

are historically common in Texas and have dramatic effects on downstream flows to the 

coast (Copeland 1966).  Low river flows and high evaporation rates cause the shallow 

Texas coastal bays and estuaries to experience high salinities, low nutrient movement, 

and high water residence times.  Nonetheless, a seasonal pattern in water quality was 

observed at four of this study’s sampling sites: MRE, AB, CE and CW.    

 Estuarine hydrodynamics depend upon tides, riverine inputs and, for those 

estuaries located in South Texas, wind.  Also, seasonal temperature and irradiance can 

change in predictable ways (Russel and Montagna 2007), leading to expected thermal 

seasonality.  Freshwater exchange from the rivers to the bays was minor during this 

study; during drought years, the flow direction of the Mission River is either upstream or 

zero (no net flow), except during storm events (Tolan et al. 2011).  Thus Mission-

Aransas Estuary hydrodynamics were primarily driven by meteorological conditions and 

astronomical tides (Ward and Armstrong 1997).  However, due to the Mission-Aransas 

Estuary’s relatively shallow depths (0.6-3m), wind exerts a much greater influence on the 

estuarine circulation than do astronomical tides (Armstrong 1987, Ward and Armstrong 

1997).  In general, periods of upstream flow in the Mission and Aransas Rivers were 
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associated with relatively strong winds, (Tolan et al. 2011).  Further, Ward and 

Armstrong (1997) describe that wind generated tides result in considerable exchange of 

water between the Gulf of Mexico and the Mission-Aransas Estuary.   

The Texas coast experiences four wind seasons (Spring, Winter, Summer, and 

Fall; NREL 2012).  In the spring (March, April, May), the coastal region of Texas 

exhibits the greatest thermal contrasts between the land and ocean and wind speeds 

exceed those from the winter (December, January, February). As spring progresses 

toward summer (June, July, August), wind speeds diminish and are at their lowest, until 

fall (September, October, November) wind speeds advance toward the cooler winter 

months (NREL 2012).  Accordingly, the mean wind speed along the Texas coast is 

noticeably greater in November than in September, but still less than that of the mean 

wind speeds measured throughout the spring.  Shideler (1984) determined that wind was 

the dominant process regulating daily/seasonal estuarine particle resuspension along the 

Texas coast.  As particles are resuspended, nutrient enrichment to the ecosystem can 

occur (Fanning et al. 1982).  Fanning et al. (1981) reported that storm related effects 

(such as wind) explained the changes in nutrients and sediment load to Southern Mobile 

Bay, Alabama.   

When comparing the wind seasons to the environmental seasons (defined by the 

water quality parameters), the Copano Bay estuary sites exhibited a one month lag; 

whereas, Aransas Bay, only having three environmental seasons, showed no 

distinguishable difference between the fall and winter wind seasons.  Similarly, the three 

Mission River environmental seasons showed no distinguishable difference between the 
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winter and spring wind seasons.  Thus, the changes in wind seasons along the Texas 

coastline may provide partial explanation to the water quality seasonality observed 

amongst the Mission-Aransas Estuary sampling sites.  However, the mismatch between 

environmental seasons and wind seasons in Aransas Bay and the river estuary sites 

indicates other driving forces in the seasonality, possibly due to the effects of the drought 

and the changes in climate.  Copano Bay is predominantly a closed system, receiving 

considerable inputs from the Mission and Aransas Rivers during high flow events; 

however, Aransas Bay is connected to San Antonio Bay, which receives freshwater 

inflow predominantly from the San Antonio and Guadalupe Rivers, Corpus Christi Bay, 

which receives freshwater inflow from the Nueces River, and the Gulf of Mexico via the 

Ship Channel (Bishop 2012).  The connectivity between these 4 systems may also 

influence the mixing and seasonality of Aransas Bay.  The Mission and Aransas Rivers 

have considerably different watersheds, with the Mission River watershed draining 500 

km
2
 more area than the Aransas River watershed and having fewer waste water treatment 

plants, only 3 compared to 10 (Mooney and McClelland 2012).  The Mission River 

estuary site also experienced a storm event during this study.  These differences may be 

additional factors attributing to the varying seasonality of the system.        

    

Eukaryotic Plankton Communities 

One important constraint in the comparison of microbial communities is the 

degree of reproducibility between replicate samples.  Under the working conditions of 

this study, t-RFLP patterns of replicate samples were highly reproducible.  A comparison 
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of the fragment patterns (Figure 16) using the Bray-Curtis Similarity measure yielded a 

similarity of 0.87 between the two replicate Mission River Estuary samples.  The Bray-

Curtis Similarity index ranges from 0 to 1, with the value of 1 indicating identical OTUs 

in each sample.  A study by Osborn et al. (2000) also showed high reproducibility when 

utilizing the t-RFLP method to investigate microbial community composition using 

environmental DNA samples isolated from soils.  Their results showed the majority of t-

RFs to be common to all profiles, with only one or two additional t-RFs observed in the 

replicated analyses (Osborn et al. 2000).  

 T-RFLP patterns across all sites were assembled into a single heatmap (Figure 

17) to allow for visual comparisons among all samples.  There were no OTUs that 

persisted at all of the sampling sites throughout the entire year.  However, a number of 

OTUs were detected on the same sampling date at each of the sample locations (e.g. 95, 

286, 378 bp).  Patterns within the heatmap suggest frequent shifts in OTUs at all 

sampling sites over time.  A comparison of Mission-Aransas Estuary samples collected at 

approximately bi-weekly to monthly intervals indicated rapid seasonal changes in the 

dominant OTUs present and considerable variations in eukaryotic community 

composition across sampling sites.  Several OTUs (e.g. 81, 91, 282 bp) represented the 

most abundant taxa on one sampling date and would subsequently reach undetectable 

levels only a few weeks to months later.  Several OTUs including the t-RF length of 85 

bp were dominant multiple times in thirteen different samples throughout the estuary.      

This study revealed a highly dynamic eukaryotic microbial assemblage within and 

among the estuarine sampling sites investigated in this study.  Large and frequent 
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(biweekly to monthly) shifts in the dominant taxa were observed at all sampling sites.  

DNA fragment analyses, such as the t-RFLP method, have proven to be an appropriate 

approach for assessing eukaryotic community shifts and dominant species shifts in 

natural environments (Diez et al. 2001, Countway et al. 2005, Yu et al. 2005, Vigil et al. 

2009).  Large changes in the eukaryotic community composition on relatively short time 

scales have been previously documented.  Vigil et al. (2009) noted rapid transitions 

between dominant taxa occurring on 1 to 2 week intervals, consistent with the findings of 

this study.   

Overall, the composition of the eukaryotic plankton communities was 

significantly different between sites (one-way ANOSIM p < 0.05).  Overall one-way 

ANOSIM tests of sampling sites (p = 0.001, R = 0.088) (Figure 18) indicated that 

differences between the sites were significantly greater than those within a site.  

However, post-hoc pairwise ANOSIM tests resulted in only two significant pairwise 

comparisons between sites (Table 4); Aransas Bay was significantly different from both 

river estuary sites (MRE and ARE).   

Aransas Bay is oriented laterally and is surrounded by Redfish Bay to the 

southwest, Copano Bay to the west, Mesquite Bay to the northeast, and Saint Charles Bay 

to the north (East 2001).  Although there are no major freshwater inputs flowing directly 

into Aransas Bay, the Aransas River and Mission River flow into Copano Bay, which 

flows into Aransas Bay.  In addition, Aransas Bay is hydraulically connected to San 

Antonio Bay, which receives freshwater inflow predominantly from the San Antonio and 

Guadalupe Rivers (Bishop 2012).  Water exchange via either or both Copano Bay or San 
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Antonio Bay could contribute to eukaryotic plankton communities in Aransas Bay.  A 

study by Bishop (2012) indicated that the average Mission and Aransas River discharge 

was much lower as compared to the average San Antonio and Guadalupe River discharge 

(e.g. the Aransas River discharge averages 35 times below the average Guadalupe River 

discharge).  Also, numerous studies have suggested that plankton dynamics and patterns 

are influenced by estuarine salinity gradients (Ahel et al. 1996, Sin et al. 2000, Bouvier 

and Giorgio 2002, Pommier et al. 2007).  Bouvier and Giorgio (2002) observed a clear 

pattern of bacterioplankton across a salinity gradient in the Chesapeake Bay with certain 

species dominating in the lower saltwater regions and others in the upper freshwater 

regions, similar to the areas being studied in this system.  Thus, water and nutrient 

contributions from San Antonio Bay to Aransas Bay as well as distance between the river 

estuary sampling sites and Aransas Bay may drive the differences between their 

eukaryotic plankton communities.         

Eukaryotic plankton communities show subtle monthly structure, as the overall 

one-way ANOSIM test is significant (p = 0.001, R = 0.1433) (Figure 19).  However, this 

structure is lost in the pairwise comparisons, as none were significantly different between 

sampling months in the post-hoc tests, partly due to the conservative nature of the 

Bonferroni Correction (Table 5).  However, plots of the R-statistic for each pairwise 

monthly comparison show that the R-statistic is positively correlated with the time period 

between samples (Figure 20).  A higher R-statistic indicates greater dissimilarity 

between the samples being compared.  This suggests that when samples collected closer 

in time are compared, their eukaryotic plankton communities more closely resemble one 
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another, but subsequently become more distinct from one another with longer sampling 

intervals.   

Seasonal plankton dynamics in subtropical Gulf of Mexico estuaries are little 

studied compared with temperate Atlantic Ocean estuaries.  Typically, Texas estuarine 

systems are impacted by large rainfall events (e.g. tropical storms, hurricanes) amidst 

long, dry periods, and freshwater inflows tend to have little seasonality as high flow 

events can occur almost any time of the year (Solis and Powell 1999, Mooney and 

McClelland 2012).  Plankton communities in these ecosystems have the ability to 

respond rapidly to perturbations (e.g. grazers, storm events) as subtropical waters have a 

warmer temperature regime with greater light availability throughout the year, providing 

better growth conditions (Bledsoe and Philips 2000, Philips et al. 2002, Murrell and 

Lores 2004), and contributing to the subtle temporal shifts in eukaryotic plankton 

communities.  These characteristics combined tend to make subtropical estuarine systems 

less predictable than the seasonality of temperate estuaries, which experience stronger 

seasonality.   

Mortality in estuarine food webs due to plankton grazers (e.g. larval fish, 

ctenophores, ciliates, copepods, oysters, viruses), changes in available resources, or 

avoidance capabilities generally keeps balance with production and growth, resulting in 

rapid turnover of subtropical eukaryotic plankton communities on the scale of hours to 

days (Marques et al. 2007b, Molinero et al. 2008, Strom 2008).  Pelagic grazing 

pressures from meso- and microzooplankton generally maintain a balance with plankton 

production in shallow Texas estuaries (e.g. Laguna Madre, Nueces Estuary) (Buskey and 
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Stockwell 1993, Buskey and Hyatt 1995), but also have the potential to rapidly consume 

the current communities (Landry and Hassett 1982, Aberle et al. 2012).  In shallow Texas 

estuaries, the mixing induced by wind and tidal water as well as the plankton 

community’s ability to respond rapidly to predation and resource changes create more 

homogenous conditions and subtle spatiotemporal differences.    

 

Correlation of Environmental Seasons and Eukaryotic Plankton Communities 

Rapid reshaping of the eukaryotic plankton species composition due to short-term 

perturbations could help explain the results of this study and how even in the midst of 

drought conditions, a seasonality signal is present.  To determine if the eukaryotic 

plankton community composition responded to changes in environmental conditions, I 

compared the similarity of communities grouped by the environmental seasons as defined 

by the water quality parameters.  There were no significant differences among river 

estuary sampling sites grouped by environmental season (one-way ANOSIM test: p = 

0.3, R = 0.053) (Figure 21, Table 6); but, community structuring along the 

environmental seasons was evident among the bay estuary sites (overall one-way 

ANOSIM test: p = 0.008, R = 0.106) (Figure 22).  However, the structure was subtle, as 

the post-hoc pairwise tests indicated that none of the seasonal groups of communities 

were significantly different (Table 7).   

It is widely accepted that estuarine ecosystems are more variable environmentally, 

as compared to freshwater and marine ecosystems (McLusky and Elliott 2004).  

Variability in plankton communities is often attributed to a combination of physical and 
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chemical environmental factors, which makes it seemingly difficult to diagnose which 

factor is shaping the community (Crump et al. 2004, Nemergut et al. 2011).  Therefore, 

relative importance of these environmental gradients to eukaryotic plankton community 

structure has yet to be fully evaluated for many estuarine systems.  Marshall and Alden 

(1990) showed that plankton assemblages in riverine stations more closely resembled 

other riverine assemblages than those within the corresponding Chesapeake Bay system.  

However, during salt intrusion events due to drought and/or incoming tidal currents, 

species of Chesapeake Bay plankton were observed inhabiting the riverine areas. 

Relationships between species distribution and environmental parameters suggest 

that plankton groups adapt to these forms of environmental variations (Goncalves et al. 

2010a).  Analyses linking environmental gradients to species’ presence can lead to useful 

tools for early detection of environmental change in aquatic ecosystems (Herrmann and 

Stottlemyer 1991, Painchaud et al. 1995, Crump et al. 2003, Crump et al. 2004).  For 

instance, a phytoplankton study conducted on Swedish lakes recognized three types of 

lake conditions consistently: acid humic lakes, very acid impoverished lakes, and 

subarctic lakes (Fangstrom and Willen 1987).  The principal component analyses used in 

their study allowed for a straightforward display of the locations of the lakes and the 

phytoplankton species along distinct environmental gradients (Fangstrom and Willen 

1987).  Similarly, a study completed on the Scottish Loch Lomond showed 

phytoplankton communities connected to environmental variables and revealed that 

seasonal factors in the associated variables predict changes in the phytoplankton 

communities (Habib et al. 1997).  Overall, descriptions of plankton abundance and 
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structure have shown to be influenced by the environmental conditions present at 

different habitats.     
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Conclusions 

Although environmental gradients have been clearly linked to the distribution and 

patterns of estuarine plankton patterns along the temperate Atlantic east coast, the 

importance of environmental gradients to estuarine plankton species along the Gulf of 

Mexico coast is not well studied.  The microbial eukaryotic communities assessed in this 

study did not correlate clearly with the environmental seasons or water quality 

parameters.  The one-way ANOSIM results indicated the presence of a subtle seasonality 

signal in the microbial community composition from September 2011 to August 2012.  

However, OTUs did change rapidly (e.g. heatmap results), likely responding to minor 

changes in the environmental conditions and/or biological interactions.  Correlation 

between environmental seasons and microbial eukaryotic community composition was 

not present amongst all of the sampling sites which may be attributed to the high 

variability observed among samples as seen in the heatmap, the large number of samples, 

the lack of seasonality at some sites such as ARE, and the multiple trophic levels 

included in the t-RFLP analysis.  Findings in this study suggest that the succession of a 

microbial eukaryote species from dominant to relatively undetectable over a short period 

of time is possible in an estuarine environment.  The outcome of this study suggests that 

very subtle changes in water quality conditions may be sufficient to result in changes in 

the microbial eukaryotic community within the Mission-Aransas Estuary.  However, this 

study was merely focusing on the bottom-up processes affecting the eukaryotic plankton 

communities.  Top-down influences such as pelagic grazing pressures from meso- and 

microzooplankton (e.g. larval fish, ctenophores, ciliates, copepods), oysters and viruses 
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are also very important and may result in the rapid turnover of subtropical eukaryotic 

plankton communities.          

Low river flows and high evaporation rates cause the shallow coastal bays and 

estuaries of southern Texas to experience high salinities, low nutrient movement, and 

high water residence times.  Nonetheless, amidst a shallow salinity gradient, a seasonal 

pattern in water quality was observed at four of this study’s sampling sites: MRE, AB, 

CE and CW.   In the shallow estuaries located along the South Texas coast, the estuarine 

hydrodynamics largely depend upon wind as well as tides and riverine inputs.  When 

freshwater exchange from rivers is low, the seasonal tides and wind dynamics can 

strongly influence the seasonality of estuarine water quality.   

Water quality structure was still present in the midst of a shallow salinity gradient 

and driven by a series of three parameters including: TDN, DOC, and pH.  These results 

suggest that salinity is, in fact, not the major driving factor in drought influenced water 

quality structure throughout the Mission-Aransas Estuary.  However, salinity may be an 

important factor in the eukaryotic plankton community structure observed.  Little 

eukaryotic plankton community structure was detected in this study except between 

Aransas Bay and both river estuary sites (MRE and ARE).   Salinity differences between 

the river estuary sampling sites and Aransas Bay may be driving the significant 

differences between their eukaryotic plankton communities, as salinity differences were 

greatest between these sites.  Thus, water and nutrient contributions from San Antonio 

Bay and the Gulf of Mexico to Aransas Bay may be creating a distinct gradient between 

these plankton communities.          
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Investigation of the plankton community composition occurring in the rivers and 

bays of the Mission-Aransas Estuary provided a description of the spatial and temporal 

variation in environmental conditions, and explored the relationship between the 

eukaryotic plankton community and water quality from September 2011 through August 

2012.  Because of its natural climate variability, Texas may provide a model of the 

changeable future conditions, which can be extreme in the forms of flood and drought, 

expected for other coastal areas.  Furthermore, plankton can be used as indicators of 

climatic changes due to their rapid response to environmental changes.  As higher trophic 

levels depend on phytoplankton and primary production, changes in species composition, 

size structure, and food quality could have “knock-on” effects on the estuarine shellfish 

and finfish populations and the biodiversity of the system Also, given current 

uncertainties about the necessary amounts of freshwater inflows and its effects on aquatic 

environmental physical and chemical variables on plankton community structure, it is 

crucial that we understand how different components of the ecosystems respond to these 

changes.  While we still lack a clear understanding of the interplay of forcing factors (e.g. 

macro- and micronutrients, physical parameters, trophic interactions) resulting in the 

eukaryotic plankton community changes, this project’s observations add to our 

understanding of the spatial and seasonal variability in subtropical eukaryotic plankton 

communities in a setting with little environmental fluctuation. 

Data from this project may aid the efforts of resource managers and policymakers 

to determine the potential resiliency and response of eukaryotic plankton communities 

within the Mission-Aransas Estuary, and it has provided an initial study of how 
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fluctuating water quality parameters contribute to estuarine eukaryotic plankton 

community dynamics. 
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Table 1: Water quality data for all of the samples collected during this study.  pH is

 unit-less and dates are given as mm.yyyy. 

 

Collection 

Date 
T 

(ºC) 

S 
(ppt) 

pH DO 
(mg L-1) 

Trb 
(NTU) 

DOC 
(mgC L-1) 

TDN 
(mgN L-1) 

Si 
(µM) 

P 
(µM) 

AB 

09.2011 28.11 40.87 8.10 5.88 9.67 2.70 21.43 71.11 0.18 

10.2011 21.94 38.41 7.93 6.68 26.70 4.10 31.43 124.38 0.85 

11.2011 21.13 36.09 7.95 7.24 2.57 2.90 20.00 37.75 0.24 

12.2011 15.90 35.59 7.99 8.54 2.47 3.50 25.71 46.63 0.54 

01.2012 15.09 35.29 8.02 8.05 0.10 3.80 23.57 50.00 0.02 

02.2012 18.75 35.36 8.05 7.43 10.40 3.20 22.14 0.88 0.15 

03.2012 21.17 30.38 7.98 7.11 13.83 3.10 22.86 27.55 0.18 

04.2012 23.67 29.38 8.08 8.19 19.20 3.00 20.71 49.19 0.02 

04.2012 
(Storm Event) 

22.16 28.50 8.09 6.96 14.90 3.40 22.86 25.31 0.04 

05.2012 25.55 29.36 8.11 6.41 14.93 3.20 18.57 37.15 0.06 

06.2012 30.55 35.30 8.22 5.76 10.30 2.30 11.43 28.16 0.01 

07.2012 29.35 34.69 8.21 6.00 3.93 3.30 20.71 65.10 0.06 

08.2012 30.02 39.81 8.26 5.88 8.70 2.50 14.29 46.31 0.09 

CE 

09.2011 28.01 37.71 7.97 6.05 8.17 4.10 29.29 130.05 1.03 

10.2011 20.90 37.81 7.98 7.33 12.00 4.60 32.14 118.24 1.11 

11.2011 21.33 38.95 7.99 6.98 11.37 4.60 30.71 112.11 1.22 

12.2011 16.33 37.89 8.00 8.44 12.21 4.60 32.14 95.43 1.24 

01.2012 15.87 38.08 7.89 7.76 14.93 4.70 31.43 27.25 0.29 

02.2012 19.25 35.94 8.01 8.18 13.73 3.90 27.86 2.11 0.40 

03.2012 20.92 30.01 7.95 7.35 38.97 3.20 25.00 46.81 0.41 

04.2012 23.29 27.05 8.09 8.11 6.80 3.40 21.43 80.16 0.18 

04.2012 
(Storm Event) 

22.57 26.15 8.03 7.00 29.27 3.40 20.71 32.24 0.25 

05.2012 25.39 26.35 8.03 6.71 5.77 3.50 17.86 36.18 0.25 

06.2012 30.74 30.27 8.08 6.04 9.93 3.70 20.71 69.03 0.13 

07.2012 29.33 29.71 8.07 6.00 6.13 3.80 22.86 112.23 0.36 

08.2012 29.96 34.68 8.11 5.79 17.97 3.80 22.14 99.68 0.51 

CW 

09.2011 27.97 34.24 8.02 6.00 12.73 5.20 37.14 150.89 1.12 

10.2011 20.49 35.17 8.05 7.54 16.47 5.80 37.14 176.83 0.97 

11.2011 20.64 37.65 8.06 7.22 5.17 5.30 37.86 147.80 1.33 

12.2011 16.38 39.15 7.93 8.07 4.10 5.10 35.71 93.56 1.37 

01.2012 14.37 38.99 7.84 7.90 3.80 5.10 37.14 53.97 0.31 

02.2012 19.67 38.65 7.97 7.49 26.23 5.00 33.57 49.12 0.28 

03.2012 20.63 34.28 7.89 6.94 12.93 4.10 30.71 20.69 0.41 
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Table 1: (continued) 

 

4.2012 23.04 13.29 8.16 8.67 2.93 2.9 22.86 85.3 1.11 

4.2012 
(Storm Event) 

22.74 13.29 8.06 7.24 17.1 4 22.14 89.31 0.63 

5.2012 25.08 24.19 8 6.46 24.77 4 23.57 28.04 0.39 

6.2012 30.89 28.41 8.09 5.74 14.13 4.5 28.57 114.16 0.22 

7.2012 29.52 29.17 8.06 6.05 8.93 4.8 28.57 301.5 0.15 

8.2012 30.05 32.9 8.05 5.95 8.2 5 31.43 132.14 0.25 

ARE 

9.2011 29.1 35.01 8.2 6.7 17.4 8.8 45.71 226.89 0.2 

10.2011 24.83 33.92 7.96 7.18 7.3 7.1 40 190.58 1.02 

11.2011 14.1 37.61 7.92 8.43 24.1 6.4 39.29 213.18 1.44 

12.2011 19.15 38.2 7.91 7.64 48.45 6.4 39.29 102.89 1.14 

1.2012 16.27 38.93 7.79 8.25 13.7 6.1 34.29 59.09 0.46 

2.2012 17.82 36.51 7.78 7.17 22.6 5.7 32.14 57.21 0.46 

3.2012 23.43 35.36 7.9 6.94 17.8 5.4 30.71 62.21 0.37 

4.2012 24.24 22.87 7.9 7.03 62.2 4.1 29.29 90.5 0.74 

5.2012 25.12 21.35 7.8 6.92 30.2 4.4 32.86 71.32 0.94 

6.2012 29.73 26.56 8.06 6.36 7.45 4.7 34.29 57.56 0.74 

7.2012 31.07 28.51 8.13 6.25 10.55 4.7 32.86 287.07 0.34 

8.2012 29.08 33.97 8.11 6.56 11.3 5.6 39.29 182.4 0.43 

MRE 

9.2011 28.54 32.9 8.1 4.98 10.6 10.5 56.43 249.87 0.2 

10.2011 26.44 32.38 8.19 7.82 4.15 11 55.71 347.24 0.27 

11.2011 13.48 33.72 7.94 8.43 29.17 11.3 55.71 334.71 0.22 

12.2011 17.28 36.58 7.93 8.18 8.13 8.1 40.71 102.02 0.7 

1.2012 15.53 33.44 7.85 8.37 9.7 10.4 57.14 332.3 0.83 

2.2012 17.21 26.45 8.18 10.07 9.73 8.8 46.43 94.71 1.6 

3.2012 22.38 31.75 7.99 7.62 20.8 7.3 35.71 245.38 0.15 

4.2012 24.4 20.96 7.93 7.5 11.3 7.9 47.14 164.07 1.07 

4.2012 
(Storm Event) 

24.67 7.91 7.66 3.43 52.7 8 60.71 440.02 4.01 

5.2012 27.86 12.72 8.29 1.95 8.07 8.8 47.86 109.03 1.47 

6.2012 30.35 18.41 8.22 4.93 13.7 8.3 47.14 282.32 1.04 

7.2012 29.55 19.77 8.2 3.95 6.6 8.8 53.57 283.88 0.84 

8.2012 29.8 29.16 8.1 3.92 10.3 9.5 62.14 296.8 0.17 
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Table 2: Loading matrix of river estuary environmental parameters for 2011-2012 on the

 first four principal components (PCs).  Parameter units are the same as in Table 1. 

 

Parameters PC1 PC2 PC3 PC4 

T 0.60034 -0.62061 -0.42723 -0.03022 

S -0.45622 0.68034 -0.36825 -0.21898 

pH 0.82371 -0.26684 0.05631 -0.11657 

DO -0.63305 0.57349 0.16822 -0.15739 

Trb -0.59243 -0.12172 -0.01055 0.76758 

DOC 0.69040 0.62599 0.25357 0.08753 

TDN 0.78975 0.47812 0.23253 0.15399 

Si 0.68637 0.49349 -0.13579 0.25511 

P -0.13610 -0.33603 0.89347 -0.08481 
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Table 3: Loading matrix of bay estuary environmental parameters for 2011-2012 on the

 first four principal components (PCs).  Parameter units are the same as in Table 1. 
 

Parameters PC1 PC2 PC3 PC4 

T -0.72531 0.64773 0.04246 0.10306 

S 0.39144 0.00088 -0.68949 0.59015 

pH -0.76661 0.31551 -0.22429 -0.00035 

DO 0.68962 -0.62774 -0.04254 -0.19186 

Trb -0.01985 -0.11060 0.84806 0.49203 

DOC 0.80152 0.45991 0.13932 -0.14935 

TDN 0.91283 0.30756 0.06210 0.05096 

Si 0.27312 0.87178 0.03328 -0.14638 

P 0.72787 0.34973 -0.00349 0.13564 
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Table 4: Pairwise comparisons of Mission-Aransas Estuary eukaryotic plankton

 communities between sampling sites.  Significant pairwise comparisons (one-way

 ANOSIM, p<0.05 after Bonferroni correction for 10 pairwise tests) are

 underlined. 

 

Pairwise Comparisons R-Statistic p-value 

AB  vs  ARE 0.23964 0.003 

AB  vs  CE 0.03652 0.143 

AB  vs  CW 0.04321 0.107 

AB  vs  MRE 0.23634 0.003 

ARE  vs  CE 0.15825 0.014 

ARE  vs  CW 0.02555 0.164 

ARE  vs  MRE 0.05287 0.278 

CE  vs  CW -0.02338 0.740 

CE  vs  MRE 0.13449 0.016 

CW  vs  MRE 0.07399 0.094 
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Table 5: Pairwise comparisons of monthly Mission-Aransas Estuary eukaryotic plankton

 communities.  There were no significant pairwise comparisons (one-way

 ANOSIM, p<0.05 after Bonferroni correction for 66 pairwise tests). 

 

Pairwise Comparisons R-Statistic p-value 

September  vs  October -0.16400 0.914 

September  vs  November 0.12600 0.135 

September  vs  December 0.16875 0.201 

September  vs  January 0.22400 0.029 

September  vs  February 0.23200 0.072 

September  vs  March 0.27373 0.033 

September  vs  April 0.12281 0.137 

September  vs  May 0.30526 0.018 

September  vs  June 0.51875 0.024 

September  vs  July 0.17237 0.112 

September  vs  August -0.09342 0.756 

October  vs  November 0.05625 0.364 

October  vs  December 0.04200 0.343 

October  vs  January 0.03200 0.329 

October  vs  February 0.36800 0.026 

October  vs  March 0.10138 0.184 

October  vs  April 0.26316 0.148 

October  vs  May 0.13750 0.045 

October  vs  June 0.27632 0.047 

October  vs  July 0.35625 0.031 

October  vs  August -0.11579 0.821 

November  vs  December -0.05000 0.679 

November  vs  January -0.14800 0.932 

November  vs  February -0.19000 0.924 

November  vs  March 0.12442 0.169 

November  vs  April 0.31316 0.021 

November  vs  May 0.13750 0.128 

November  vs  June 0.07188 0.314 

November  vs  July 0.03421 0.389 

November  vs  August -0.10000 0.786 
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Table 5: (continued)  

 

Pairwise Comparisons R-Statistic p-value 

December  vs  January 0.08355 0.235 

December  vs  February -0.08125 0.638 

December  vs  March 0.31614 0.026 

December  vs  April 0.35880 0.021 

December  vs  May 0.14706 0.162 

December  vs  June 0.27083 0.06 

December  vs  July -0.00919 0.509 

December  vs  August 0.02574 0.364 

January  vs  February 0.07465 0.267 

January  vs  March -0.09400 0.792 

January  vs  April 0.42061 0.003 

January  vs  May 0.19803 0.065 

January  vs  June 0.03438 0.275 

January  vs  July 0.20000 0.081 

January  vs  August 0.14539 0.138 

February  vs  March 0.04977 0.353 

February  vs  April 0.39430 0.372 

February  vs  May 0.17500 0.006 

February  vs  June 0.03618 0.114 

February  vs  July 0.09605 0.208 

February  vs  August 0.01184 0.436 

March  vs  April 0.19622 0.033 

March  vs  May 0.19971 0.038 

March  vs  June 0.31669 0.184 

March  vs  July 0.10053 0.002 

March  vs  August 0.24271 0.012 

April  vs  May 0.14051 0.066 

April  vs  June -0.03762 0.587 

April  vs  July 0.33610 0.002 

April  vs  August 0.25000 0.006 

May  vs  June -0.08088 0.645 

May  vs  July -0.01339 0.524 

May  vs  August 0.08119 0.114 

June  vs  July -0.06342 0.613 

June  vs  August -0.09926 0.684 

July  vs  August 0.07980 0.154 
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Table 6: Pairwise comparisons of Mission-Aransas Estuary eukaryotic plankton

 communities between river estuary environmental seasons. There were no

 significant pairwise comparisons (one-way ANOSIM, p<0.05 after Bonferroni

 correction for 3 pairwise tests). 

 

Pairwise Comparisons R-Statistic p-value 

Winter/Early Spring  vs  

Late Spring/Early Summer 

0.08872 0.225 

Winter/Early Spring  vs  

Late Summer/Fall 

-0.04813 0.587 

Late Summer/Fall  vs  Late 

Spring/Early Summer 

0.17284 0.210 
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Table 7: One-way ANOSIM pairwise comparisons of Mission-Aransas Estuary

 eukaryotic plankton communities between bay estuary environmental seasons.

 There were no significant pairwise comparisons (one-way ANOSIM, p<0.05 after

 Bonferroni correction for 6 pairwise tests). 

 

Pairwise Comparison R-Statistic p-value 

Winter  vs  Spring 0.04720 0.155 

Winter  vs  Summer 0.16278 0.009 

Winter  vs  Fall -0.04921 0.635 

Summer  vs  Fall 0.10784 0.187 

Spring  vs  Fall 0.22956 0.028 

Spring  vs  Summer 0.10003 0.027 
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Figure 1: 2011-2012 Sampling sites in the Mission-Aransas Estuary, Texas.  Red Dots =

 Sampling Sites; Dark Blue Border = MANERR Boundary; Teal Dot = Port

 Aransas, TX; Turquoise Lines = Rivers.  
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Figure 2: Hierarchical clustering of 2011-2012 water quality parameters at the river

 estuary sampling sites.  Different colors represent significant seasons defined by

 the river estuary water quality parameters.  The Mission River Estuary was 

 defined by three seasons: Blue = winter/early spring (December, February, March,

 April), Green = late spring/early summer (May, June, July), and Red = late

 summer/fall (August, September, October, November).  There were no distinct

 seasonal clusters for the Aransas River Estuary.    
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Figure 3: Hierarchical clustering of 2011-2012 water quality parameters at the bay

 estuary sampling sites.  Different colors represent significant groupings defined

 by the bay estuary water quality parameters.  The four clusters of Copano Bay

 East and West were designated as: Orange = fall (October, November,

 December), Blue = winter (January, February March), Green = spring (April,

 May), and Red = summer (June, July, August, September).  The three clusters of

 Aransas Bay were designated as Red = summer (July, June, August, September),

 Blue = fall/winter (October, November, December, January, February, March),

 and Green = spring (April, May). 
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Figure 4: Hierarchical clustering of 2011-2012 water quality parameters at the river

 estuary sampling sites including the Mission River Estuary storm event.  Different

 colors represent significant groupings defined by the river estuary water quality

 parameters.  The Mission River Estuary was defined by three environmental

 seasons: Orange = winter/early spring (December, February, March, April), Green

 = late spring/early summer (May, June, July), Red = late summer/fall (August,

 September, October, November), and Blue = April storm event.  There were no

 distinct seasonal clusters for the Aransas River Estuary.   
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Figure 5: Salinity at Mission-Aransas Estuary sampling sites during the 2011-2012 study

 period.  The Aransas River Estuary did not experience the April-12-Storm event;

 therefore data is missing for that period. 
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Figure 6: Temperature at Mission-Aransas Estuary sampling sites during the 2011-2012

 study period.  The Aransas River Estuary did not experience the April-12-Storm

 event; therefore data is missing for that period. 
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Figure 7: Turbidity at Mission-Aransas Estuary sampling sites during the 2011-2012

 study period.  The Aransas River Estuary did not experience the April-12-Storm

 event; therefore data is missing for that period. 
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Figure 8: pH at Mission-Aransas Estuary sampling sites during the 2011-2012 study

 period.  The Aransas River Estuary did not experience the April-12-Storm event;

 therefore data is missing for that period. 
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Figure 9: Phosphate concentrations at Mission-Aransas Estuary sampling sites during the

 2011-2012 study period.  The Aransas River Estuary did not experience the April

 12-Storm event; therefore data is missing for that period. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

53 
 

 
 

Figure 10: Dissolved oxygen concentrations at Mission-Aransas Estuary sampling sites

 during the 2011-2012 study period.  The Aransas River Estuary did not

 experience the April-12-Storm event;  therefore data is missing for that period. 
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Figure 11: Silicate concentrations at Mission-Aransas Estuary sampling sites during the

 2011-2012 study period.  The Aransas River Estuary did not experience the April

 12-Storm event; therefore data is missing for that period. 
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Figure 12: Dissolved organic carbon concentrations at Mission-Aransas Estuary

 sampling sites during the 2011-2012 study period.  The Aransas River Estuary did

 not experience the April-12-Storm event; therefore data is missing for that period. 
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Figure 13: Total dissolved nitrogen concentrations at Mission-Aransas Estuary sampling

 sites during the 2011-2012 study period.  The Aransas River Estuary did not

 experience the April-12-Storm event;  therefore data is missing for that period. 
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Figure 14: Principal component analysis (PCA) (Axis I and II) made on the loadings of environmental variables (right) and the

 scores of the river estuary sites (left) from September 2011 to August 2012. 
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Figure 15: Principal component analysis (PCA) (Axis I and II) made on the loadings of environmental variables (right) and

 the scores of the bay estuary sites (left) from September 2011 to August 2012. 
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(a) 

 
(b) 

 

Figure 16: Raw chromatograms of t-RFLP results obtained from the first (a) and second (b) replicate of the September 2011

 Mission River Estuary sampling site.  Fragment intensity (relative fluorescence units, RFU) is shown on the vertical

 axis, fragment size (bp) along the horizontal axis, and an example of the signal from the size standard (bottom). 
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Figure 17: A heatmap showing all t-RFLP data from the 5 Mission-Aransas Estuary sampling sites from 2011-2012.  The 

signal from each OTU is expressed as a percentage of the total signal from each sample.  The color of the square corresponds 

to the signal intensity of each fragment: a white-black scale was used for signal strengths between 0-20% and data greater than 

20% were binned into groups of 10% and color-coded.  Rows show the data for each sample, labeled with the sample site on 

the left, sample date on the right. Columns show the data for a single fragment size across all samples.  The gray lines separate 

data from different sampling locations. 
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Figure 18: Between-site comparison of Mission-Aransas Estuary eukaryotic plankton

 community composition during the 2011-2012 study.  This bar chart depicts the

 mean distance rank and standard error of the one-way ANOSIM (p = 0.001, R =

 0.088, permutations = 999).  The bars show the overall ‘between’ sites rank (left)

 and ‘within’ site ranks (right). 
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Figure 19: Between-month comparisons of Mission-Aransas Estuary eukaryotic planktoncommunity composition during the

 2011-2012 study.  This bar chart depicts the mean distance rank and standard error of the one-way ANOSIM (p-value

 = 0.001, R = 0.143, permutations = 999).  The bars show the overall ‘between’ sites rank (left) and ‘within’ site ranks

 (right). 
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Figure 20: Mission-Aransas Estuary pairwise comparisons of the one-way ANOSIM R-

 statistic for September 2011.  The remaining R-statistic pairwise comparisons can

 be found in Appendix B.  The x-axis is arranged with the smallest sampling

 interval at the center and the largest sampling intervals at the peripheries.
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Figure 21: Between-environmental season comparisons of Mission-Aransas river estuary

 eukaryotic plankton communities (defined in Figure 2) during the 2011-2012

 study.  This bar chart depicts the mean distance rank and standard error of the

 one-way ANOSIM (p-value = 0.3, R = 0.053, permutations = 999).  The bars

 show the overall ‘between’ sites rank (left) and ‘within’ site ranks (right). 
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Figure 22: Between-environmental season comparisons of Mission-Aransas bay estuary

 eukaryotic plankton communities (defined in Figure 3) during the 2011-2012

 study.  This bar chart depicts the mean distance rank and standard error of the

 one-way ANOSIM (p-value = 0.008, R = 0.106, permutations = 999).  The bars

 show the overall ‘between’ sites rank (left) and ‘within’ site ranks (right). 
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Appendices 

Appendix A  

Mission-Aransas Estuary Size Fractionated Chlorophyll-a 

Although structurally and physically variable, coastal areas consisting of high 

fishery productivity are generally characterized by a combination of high primary 

productivity and short, efficient food chains (Chavez et al. 2011).  For example, areas 

such as coastal upwelling zones are frequently comprised of large phytoplankton species 

that are often directly consumed by larval/juvenile fish (Ryther 1969), and in coral reef 

regions, where several fish species graze directly on the reef macroalgae (Russ 1991).   

This primary production by phytoplankton generates an energy flow through the food 

web (Day et al. 1989).   

In estuarine systems, phytoplankton primary production is a major source of food 

energy supporting the tertiary production (Day et al. 1989) as plankton species diversity 

and composition are closely linked to these higher trophic levels (Mallin and Paerl 1994).  

With primary productivity as the cornerstone of the estuarine food chain, zooplankton act 

to transfer the energy captured by the phytoplankton to populations of shellfish and 

finfish that depend upon plankton for survival.  Classic marine food chains demonstrate 

energy transfers directly from large primary producers, such as diatoms, to 

mesozooplankton, such as copepods, to consumers, such as fish (Pomeroy 1974).  

However, phytoplankton <20µm are not efficiently grazed by the mesozooplankton 

communities (Sherr et al. 1986).  Instead, the phytoplankton of smaller size fractions is 

highly grazed upon by the microzooplankton community (e.g. ciliates, heterotrophic 



 

67 
 

dinoflagellates) (Calbet and Landry 2004).  Thus, the efficiency of energy transfer 

through the planktonic food web is extremely dependent on the size structure of the 

phytoplankton community present in the ecosystem (Irwin et al. 2006).    

Due to estuarine ecological and economic value, it is essential to understand the 

factors controlling or altering estuarine energy flows.  One way of assessing the 

magnitude of planktonic trophic transfer is to determine spatiotemporal fluctuations in 

plankton communities (Kimmel et al. 2006, Litchman et al. 2010).  Field observations of 

phytoplankton community size structure indicate that hydrography of the area and 

resource availability are important factors when accounting for plankton community 

biomass distributions (Tremblay and Legendre 1994, Li 2002).  Phytoplankton in the 

smaller size-fraction are generally considered to have an advantage surviving under 

nutrient-limiting conditions due to high surface area to volume ratios,  whereas those in 

the larger size fraction have adopted strategies, such as storage vacuoles, to thrive in 

areas with fluctuating nutrient and physical conditions (Litchman et al. 2009, Litchman et 

al. 2010).   

Over the course of the season, alternating selective pressures such as nutrient 

limitation, grazers, light availability or fluctuating nutrient supply can select for different 

sizes, thus creating diversity in biomass distributions and energy flows through natural 

estuarine communities (Dziock et al. 2006, Sagert et al. 2008, Cabecinha et al. 2009, 

Hughes 2000, Sun et al. 2011).  Specifically, benthic grazing may have a substantial 

influence on the chlorophyll distributions within the shallow Texas estuaries.  Texas 

produces the second largest oyster harvest in the United States, with the southern most 
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commercial oyster fishery being located in the Mission-Aransas Estuary (Culbertson et 

al. 2004).  As filter feeders, oysters remove plankton and other particles from bay waters, 

and when populations are abundant can regulate the availability of resources to other 

organisms (Newell 2004).  In Texas coastal bays and estuaries, changes in estuarine 

plankton biomass via climate alterations may have knock-on effects by changing the 

feeding environment of larval fishes and the subsequent upper trophic levels comprised 

of important commercial fisheries (Doney et al. 2012).  Therefore, understanding the 

effects of abiotic and biotic environmental forcing on plankton community dynamics and 

size structure is essential to the understanding of spatiotemporal fluctuations in food web 

structure and efficiency (Lindeman, 1942, Irwin et al. 2006). 

For fractionated chlorophyll-a analyses, whole water was collected using a Van 

Dorn sampler, placed in a cooler to maintain ~ambient temperature, and transported back 

to the laboratory for processing.  Samples for total chlorophyll a (chl) were collected on 

glass fiber filters (Whatman GF/F 0.7µm pore size) and two additional samples were 

collected on 5µm and 20µm pore size nylon filters, to allow for calculation of size 

fractionated chlorophyll a (<5µm, 5-20µm, and >20µm) concentrations.  The filters were 

placed in glass scintillation vials, extracted with 10mL of 90% acetone for 48 hours at -

20°C, and analyzed on a Turner Designs Trilogy Fluorometer.  Each fraction is presumed 

to contain the following organisms: <5µm-small nanoplankton, flagellates, 

picocyanobacteria, small diatoms, small bacteria; 5-20µm-nanoflagellates, diatoms, small 

ciliates; >20µm-larger diatoms, dinoflagellates, larger ciliates, copepods, copepod 

nauplii, and larvae (Williams 1981 and Revilla et al. 2002). 



 

69 
 

A gradual seasonality of total chlorophyll-a concentrations demonstrated different 

seasonal peaks (Figure A1).   The river estuary sites peaked in the late fall/winter and the 

bay estuary sites peaked in the spring.  Total chlorophyll-a was highest at MRE (Figure 

A2), and the 5-20 µm size fraction was predominant.  High January biomass in the >20 

chlorophyll-a size fraction may be attributed to a bloom in Rhizosolenia.   
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Figure A1: Heatmap summarizing all chlorophyll-a data from 5 sampling sites in the Mission-Aransas Estuary from 2011-

 2012.  The signal from each size fraction is expressed as a percentage of the total signal from each sample.  A white

 black scale was used from 0-100% with lighter colors being representative of smaller percentages. 
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Figure A2: Monthly size fractionated (<5, 5-20, >20 µm) chlorophyll-a at Mission-Aransas Estuary sampling sites during the

 2011-2012 study period.
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Appendix B 

 

ANOSIM Monthly Pairwise Comparison R-statistics 

 

Although the overall one-way ANOSIM test shows significance (p-value = 0.001, 

R-statistic = 0.143, permutations = 999) between eukaryotic plankton communities 

monthly, the Bonferroni Correction (p-value = 0.0008) indicates that no pairwise 

comparisons were significantly different.  However, the ANOSIM R-statistic for each 

monthly pairwise comparison displays a general seasonal trend in the sample 

communities overtime, illustrating a dynamic microbial eukaryotic assemblage within 

and among the estuarine sampling sites investigated in this study.   

The ANOSIM R-statistic describes where the most similar samples are found, 

either within or between comparative groups.  A higher R-statistic indicates greater 

dissimilarity between the samples being compared.  This suggests that when samples 

collected closer in time are compared, their eukaryotic plankton communities more 

closely resemble one another, but subsequently become more distinct from one another 

with longer sampling intervals.   
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Figure B1: Mission-Aransas Estuary pairwise comparisons of the one-way ANOSIM R-

 statistic for October 2011.  The x-axis is arranged with the smallest sampling

 interval at the center and the largest sampling intervals at the peripheries.  
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Figure B2: Mission-Aransas Estuary pairwise comparisons of the one-way ANOSIM R-

 statistic for November 2011.  The x-axis is arranged with the smallest sampling

 interval at the center and the largest sampling intervals at the peripheries.  
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Figure B3: Mission-Aransas Estuary pairwise comparisons of the one-way ANOSIM R-

 statistic for December 2011.  The x-axis is arranged with the smallest sampling

 interval at the center and the largest sampling intervals at the peripheries.  
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Figure B4: Mission-Aransas Estuary pairwise comparisons of the one-way ANOSIM R-

 statistic for January 2012.  The x-axis is arranged with the smallest sampling

 interval at the center and the largest sampling intervals at the peripheries.  
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Figure B5: Mission-Aransas Estuary pairwise comparisons of the one-way ANOSIM R-

 statistic for February 2012.  The x-axis is arranged with the smallest sampling

 interval at the center and the largest sampling intervals at the peripheries.  
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Figure B6: Mission-Aransas Estuary pairwise comparisons of the one-way ANOSIM R-

 statistic for March 2012.  The x-axis is arranged with the smallest sampling

 interval at the center and the largest sampling intervals at the peripheries.  
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Figure B7: Mission-Aransas Estuary pairwise comparisons of the one-way ANOSIM R-

 statistic for April 2012.  The x-axis is arranged with the smallest sampling

 interval at the center and the largest sampling intervals at the peripheries.  
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Figure B8: Mission-Aransas Estuary pairwise comparisons of the one-way ANOSIM R-

 statistic for May 2012.  The x-axis is arranged with the smallest sampling

 interval at the center and the largest sampling intervals at the peripheries.  
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Figure B9: Mission-Aransas Estuary pairwise comparisons of the one-way ANOSIM R-

 statistic for June 2012.  The x-axis is arranged with the smallest sampling

 interval at the center and the largest sampling intervals at the peripheries.  
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Figure B10: Mission-Aransas Estuary pairwise comparisons of the one-way ANOSIM R-

 statistic for July 2012.  The x-axis is arranged with the smallest sampling

 interval at the center and the largest sampling intervals at the peripheries.  
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Figure B11: Mission-Aransas Estuary pairwise comparisons of the one-way ANOSIM R-

 statistic for August 2012.  The x-axis is arranged with the smallest sampling

 interval at the center and the largest sampling intervals at the peripheries.  
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