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ABSTRACT 

EVALUATION OF ECOLOGICAL FUNCTION OF URBAN RIPARIAN  

AND STREAM SYSTEMS: GUIDING ECOLOGICAL 

RESTORATION IN AUSTIN, TEXAS, USA 

by 

Leilani F. Williams, B.S. 

Texas State University-San Marcos 

May 2013 

 

SUPERVISING PROFESSOR: YIXIN ZHANG 

Restoration ecology seeks to restore ecosystem function and biodiversity in 

natural systems impacted by human activities.  Restoration of riparian areas is a common 

recommendation of water management plans today and often deemed necessary to 

maintain ecosystem sustainability.  Assessment of the condition of ecosystems is a 

critical prerequisite for alleviating effects of the multiple anthropogenic stresses imposed 

on them.  To best determine ecosystem function of a group of urban streams, leaf-litter 

decomposition was used as an integrated metric for assessing anthropogenic impacts.  I 

measured leaf-litter decomposition rate with two species, Texas Red Oak (Quercus 

texana) and American Sycamore (Platanus occidentalis), as a response variable between 

reference and degraded riparian sites.  Other measured variables were macroinvertebrate
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 colonization in leaf bags, riparian soil composition including metals and nutrients, water 

quality, and water temperature.  Results include no significant differences in water 

quality variables and leaf-litter decomposition between different riparian sites.  Soil 

composition variables do demonstrate regional patterns, including higher nutrient and 

metal concentrations at sites farthest south, but irrespective of riparian site status.  Similar 

leaf pack macroinvertebrate colonization patterns and biomass values were observed for 

both leaf species, irrespective of riparian site status.  Using these results to compare sites 

that have a history of riparian disturbance to sites with fewer disturbances will have a 

potential to help guide future riparian restoration activities. 
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CHAPTER 1 

 

EVALUATION OF ECOLOGICAL FUNCTION OF URBAN RIPARIAN AND 

STREAM SYSTEMS: GUIDING ECOLOGICAL RESTORATION IN AUSTIN, 

TEXAS, USA 

 

Introduction 

The estimated average value of the world’s ecosystem functions and services is 

US $33 trillion per year, approximately double the global gross national product total of 

US $18 trillion per year (Costanza 1997).  Resources and processes supplied by natural 

ecosystems that benefit humans are collectively called ecosystem services.  Ecosystem 

functions are collective activities of plants, animals, and microbes and the effect these 

activities have on their surroundings (Huston 1997, Naeem et al. 1999).  Categories of 

ecosystem functions include human provisioning, cultural, and regulating ecosystem 

functions.  General regulating ecosystem functions include leaf litter breakdown, 

community respiration, transformation of organic matter, and removal of water-column 

nutrients from point and nonpoint sources (Meyer et al. 2005). 

Freshwater systems occupy 0.8% of the Earth's surface (McAllister et al. 1997) 

and contain about 2.4% of all Earth's plant and animal species, approximately 44,000 

species (Reaka-Kudla 1997).  Freshwater ecosystems provide many vital ecosystem 

services, including disturbance regulation, water regulation, storage and retention of
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 water supply, food production, erosion control, waste treatment, refugia, recreation, 

cultural uses, nutrient cycling, and climate regulation (Costanza et al. 1997).  

Additionally, ecosystems are directly utilized by countless organisms.  For example, 25% 

of birds and 11% of mammals in Europe use freshwater wetlands as their main breeding 

and feeding areas (Kristensen 1994).  Ecosystem function varies with condition of the 

system, and many types of disturbances affect function, including mining, deforestation, 

overexploitation, and rural and urban land use (Costanza et al. 1997). 

The 20
th

 century has been marked by rural to urban migration.  In 1900, 16% of 

the global population lived in urban areas (Goldewijk et al. 2010), while in 2010, 52.1% 

of the global population lived in urban areas (United Nations 2012), with population 

increases in the next half century projected to occur specifically in urban areas in the 

developing world (Cohen 2003).  In the United States of America, more than 75% of the 

population resides in urban areas (Paul and Meyer 2001). 

With increasing urbanization comes an increase in humans living close to 

freshwater.  Approximately 50% of the world population lives within 3 km distance from 

surface freshwater (Kummu et al. 2011).  This proximity to freshwater results in ease of 

transportation, opportunities for recreation, increases in development, supplies drinking 

water, and altogether sustains society (Daily 1997, Palmer et al. 2004); therefore humans 

place enormous importance on these functions and services. 

However, catchment urbanization severely alters physical characteristics of 

streams, including hydrology and channel geomorphology, chemical features such as 

nutrient cycling, and biological and trophic resources of stream ecosystems (Chadwick et 

al. 2006).  These altered processes caused by urbanization affect the land-water 
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interactions between the stream and riparian zone, including changes in shading, 

nutrients, pollutants, coarse river debris, predation rate, and riparian zone movement of 

aquatic macroinvertebrates (Wiens 2002).  Extensive and widespread urbanization, 

including metropolitan-area sprawl (Meyer et al. 2005), is a threat to stream ecosystems, 

with over 130,000 km of streams and rivers in the US impaired by urbanization (USEPA 

2000). 

Altered stream ecological structure and function often indicate urban streams 

(Meyer et al. 2005, Walsh et al. 2005).  Interestingly, the extent of urbanization impacts 

on aquatic ecosystems is growing faster than the rate of urban population growth because 

of present attitudes promoting decentralization and urban sprawl (McGranahan and 

Satterthwaite 2003). 

Human activities impact stream ecosystems (Benke 1990, Zwick 1992, Allan and 

Flecker 1993, Dynesius and Nilsson 1994, Boon 2000).  An urban stream is a formerly 

natural waterway which flows through a heavily populated area.  Urban streams are often 

significantly polluted, due to urban runoff and combined sewer outflows.  The “Urban 

Stream Syndrome,” the consistently observed ecological degradation of streams draining 

urban land, serves as a template for understanding urban streams (Paul and Meyer 2001, 

Walsh et al. 2005).  Symptoms of the syndrome include a flashier hydrograph, elevated 

concentrations of nutrients and contaminants, altered channel morphology and stability, 

and reduced biotic richness.  Many symptoms can also signify signs of nonpoint source 

pollution, whether from urban or rural areas.  An increase in tolerant species in 

dominance is another characteristic.  Other characteristics of urban streams include high-

magnitude storm flows, disconnected riparian zones, and homogeneous habitats. 
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A general correlation is that urban catchments become increasingly degraded as 

the catchment becomes increasingly urbanized (Sudduth et al. 2011).  Both point and 

nonpoint sources impact urban stream water quality (Paul and Meyer 2001) and even in 

areas where it does not dominate, urbanization has major influences on the environment 

(Alberti et al. 2003).  Damage to streams, lakes, and estuaries from nonpoint source 

pollution was estimated to be about $7 to $9 billion a year in the mid-1980s in the U.S. 

(Ribaudo 1986). 

Riparian zones, the interface between rivers or streams and land, were first 

considered to be well-defined landscape features that warranted special consideration in 

the 1970’s (Odum 1978, Johnson and McCormick 1978).  Since then, riparian systems 

have been a main topic of research and scientific meetings (e.g., Warner and Hendrix 

1984, Johnson et al. 1985, Naiman and Décamps 1990, Malanson 1993, Wigington and 

Beschta 2000) and are now often incorporated in watershed management (e.g., Naiman 

1992, Doppelt et al. 1993, Naiman and Bilby 1998). 

Today, riparian systems are included in nearly all aspects of water management 

(García de Jalón and Vizcaíno 2004, European Declaration for a New Water Culture 

2005) and restoration of riparian areas is considered essential for ecosystem sustainability 

(Gonzalez del Tanago and García de Jalón 2006).  Riparian buffers have been shown to 

be effective in controlling nonpoint source pollution by removing nutrients, especially 

nitrogen, and reducing sediment input to aquatic ecosystems (Correll 1996).  Assessment 

of the condition of ecosystems is a critical prerequisite for alleviating effects of the 

multiple anthropogenic stresses imposed on them (Gessner and Chauvet 2002, Zhang 

2013). 
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Urbanized riparian zones often consist of altered soil composition (Moffatt et al. 

2004), and vegetation composition of urban environments is commonly dominated by 

multiple exotic species, whose spread is closely linked to anthropogenic modification 

(Pennington et al. 2010).  Absent riparian zones can often be re-implemented with a 

passive ecological restoration approach.  Prach and Hobbs (2008) extol a passive 

ecological restoration approach, because these approaches are associated with a more 

resilient biological community, reduced management effort, and lower costs than when 

compared to active approaches. 

However, passive restoration often takes longer and may not always progress an 

ecosystem towards the target community composition, especially if the vegetation is 

altered by exotics (Prach and Hobbs 2008), as often is the case in Austin.  Management 

practices consistent with guiding principles are likely to lead to ecological, economic, and 

social wellbeing, while those practices that are not consistent with the guiding principles 

risk species loss, degraded environments, and long term social problems (Kaufmann et al. 

1994). 

For my project, I observed the effects of catchment urbanization and riparian zone 

condition on ecosystem function in streams in Austin, Texas, USA.  The Austin-Round 

Rock-San Marcos, TX metropolitan statistical area (MSA) is the 8
th

 fastest growing MSA 

in the U.S.A., with a 37.3% increase in population from 2000 to 2010 (U.S. Census 

Bureau 2010).  Such a high rate of growth and urbanization is undoubtedly affecting the 

natural areas in Austin. 

To assess riparian zone disturbance on stream ecosystem function (Paul et al. 

2006), leaf-litter decomposition was used as an integrated metric for assessing 
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anthropogenic impacts to stream ecosystem function and since allochthonous litter plays 

a crucial role in streams, the demonstrated effects of anthropogenic perturbations are 

evident on litter breakdown (Gessner and Chauvet 2002).  I measured leaf litter 

breakdown rate, aquatic macroinvertebrate leaf bag colonization, water chemistry and 

riparian soil composition, which are all analytical measurements intended to quantify the 

state of a system. 

Overall, understanding which metrics are most closely linked to ecological 

function will allow managers in the future to better streamline monitoring efforts and 

allow for more focused restoration activities.  This information will be used to identify 

the extent of the urban-stream syndrome in Austin (Meyer et al. 2005, Walsh et al. 2005). 

As population growth in Austin and surrounding areas is projected to continue, 

putting additional strain on the already dwindling water resources, understanding the 

links between urbanization and stream health becomes increasingly important.  My 

results can be used to provide guidance for management practices and inform decision-

makers.  This understanding is necessary prior to implementing broad restoration plans. 

 

Methods 

Study Area 

The study sites (Table 1 and Figure 1) were selected as part of an ongoing project 

with the City of Austin’s Watershed Protection Department.  The paired sites were 

chosen because they shared watersheds or were in adjacent watersheds, drained similarly 

sized watersheds, and were least likely to dry over the sampling period based on 

historical data, since leaf litter decomposition and water quality would be impossible to 
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sample without flowing water.  All maps created for the project were prepared with 

ArcGIS (ESRI 2011). 

 

Leaf Litter Decomposition 

Using leaf-litter decomposition as a response variable is a quantitative measure of 

assessing stream ecosystem health condition (Gessner and Chauvet 2002).  I sampled leaf 

bags in two week increments (Gessner and Chauvet 2002).  Newly abscised American 

Sycamore (Platanus occidentalis), and Texas Red Oak (Quercus texana) leaves were 

collected in January 2012, the last leaf dropping incident of the year, from several trees 

located on the Texas State University-San Marcos campus in San Marcos, Hays County, 

Texas, USA.  Care was taken to remove leaves from a single location to avoid 

complications of varying leaf-litter quality that can occur among catchments (Chadwick 

and Huryn 2003, Chadwick et al. 2006). 

Leaves were dried in a forced-air oven (~60°C) for 24-48 hours to constant mass.  

Approximately 5 g (±0.1g) of forced-air oven dried leaves were placed in each litter bag.  

Litter bags were approximately 1’ in length, with black hardware nets approximately 6” × 

6” placed inside to hold yellow bag open and avoid variations in leaf bag dimension over 

time.  Bags were secured to a small brick with a zip tie and laid in on the stream bed.  

Bags were deployed in June 2012 and collected on three periods after: two week, four 

week, and six week samples.  On each date, bags were removed from the streams, placed 

in individuals plastic bags, and returned to the laboratory on ice.  By incubating leaves in 

situ, they are exposed to the normal fluctuations in temperature and moisture.  Mesh bags 

allow macroinvertebrates access to leaves. 
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Laboratory Methods for Leaf Analysis 

Litter-bag contents were washed with running water to remove any non-leaf 

material.  Whole leaves and fragments were removed by hand and placed into paper bags 

for oven drying.  Remaining material was washed through a 250-µm sieve and material 

remaining in the sieve preserved in ~95% ethanol.  All remaining leaf material was dried 

to constant mass in a forced-air oven (60° C) and weighed to determine mass loss.  

Difference in mass after one day from the leaching bags was used to calculate a leaching 

loss coefficient, which was applied to each two, four, and six week leaf bags to calculate 

an adjusted initial mass for each bag (Gessner and Schwoerbel 1989). 

 

Macroinvertebrate Diversity from Leaf Litter 

Benthic diversity from leaf litter bags is necessary for functional feeding group 

analysis of macroinvertebrates.  Macroinvertebrates are affected by disturbance 

conditions (Walters and Post 2011), which characteristically lead to an overabundance of 

tolerant taxa (Chironomidae and Oligocheatea) in urban streams and decline of sensitive 

taxa, including Ephemeroptera, Plecoptera, and Trichoptera. 

For macroinvertebrates, richness and biomass were analyzed from leaf-litter bags 

collected.  Leaf material was washed through a 250-µm sieve and animals retained were 

identified to lowest practical taxonomic level, preferably genus (Merritt and Cummins 

1996), length measured to nearest 1 mm and preserved in 95% ethanol for future 

reference with labels.  Individual and total biomass were estimated using taxon-specific, 

length-mass relationships (Benke et al. 1999).  Length-mass relationships not provided by 

Benke et al.(1999) were found for oligocheate, physella, ferissia, and Helisoma anceps 
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(Miserendino 2001), Melanoides tuberculatus (Carvalho Silva et al. 2010), and Hirudinea 

(Edwards et al. 2009). 

Macroinvertebrates were also grouped into functional feeding groups for further 

ecosystem function analysis (Cummins et al. 2005, Merritt and Cummins 1996, Smith 

2001, Thorp and Covich 2001).  The groups included taxa that primarily consumed either 

fine particulate organic matter, coarse particulate organic matter, or other animals.  

Consumers of fine particulate organic matter were divided into filtering and nonfiltering 

taxa.  This resulted in five distinct functional feeding groups:  predators (PR), collector-

gatherers (CG), filterers (FL), snails (SN), and shredders (SH) (TCEQ 2007, Barbour et 

al. 1999). 

 

Water Quality 

Water temperature, conductivity, dissolved oxygen, and pH were measured in situ 

with hand-held meters at 0, 2, 4, and 6 week periods during the study with a Hydro Tech 

Hydrolab MiniSonde 4a v2.06.  All City of Austin sondes receive routine maintenance 

and are pre/post calibrated at every sampling event (COA 2010).  Densitometer reading 

using a convex forest densiometer at leaf pack site was also taken at the beginning and 

end of the study period.  Densiometer readings were taken at week 0 from the location of 

the leaf packs.  Three readings were taken, facing left, center, and right.  These three 

readings were averaged for the mean densiometer readings.  Depth of stream channel was 

also recorded each time. 

Flow data were collected using a Flow-Mate Model 2000 Water Current and Flow 

Meter (Flow-Tronic, Welkenraedt, Belgium), depth using a standard USGS wading staff, 
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wetted and bankfull width using a 50-meter tape at both the beginning and end of study 

period.  All surface water quality monitoring was done in accordance with the City of 

Austin, Water Resource Evaluation Standard Operating Procedures Manual (COA 2010). 

 

Soil Composition 

Soil samples were collected at each sampling location, approximately five meters 

from the stream, to characterize and compare sites.  A hand shovel was used to collect a 

cylinder of soil at one spot at each site along the 100 m transect, noting location of soil 

taken, making a grab sample.  Samples on ice were sent to DHL for analysis (DHL 

Analytical 2012).  Analysis included:  metals, nitrite, nitrate, orthophosphate, total 

phosphorus, ammonia, and percent moisture. 

Soil composition results from DHL were used to create interpolated nutrient and 

metal composition maps for all the sites using ArcGIS (ESRI 2011).  I created 

interpolations of each of the 18 variables.  Variables were separated into two groups: 

heavy metals and nutrients.  For each group, a raster calculator was used for resulting 

interpolation compilations.  Compiled metal composition across Austin is shown in 

Figure 2.  The same protocol was followed for the nutrient data, shown in Figure 3. 

 

Data Analysis 

The decomposition rate constant, k, was estimated for all treatments using a 

negative exponential decay model with the formula Wt/Wo = e
-kt

, where Wo is the initial 

mass, Wt is the mass remaining on day t, and k is the breakdown rate constant (Petersen 

and Cummins 1974, Webster and Benfield 1986). 
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Leaf-litter decomposition data were analyzed first with a Welch two sample T-test 

for the spatial data, and a Pearson correlation test for the temporal variable.  

Decomposition was then analyzed with a linear mixed effect model used to find 

significant differences between groups after field collection of the data, comparing 

degraded to reference sites. 

Pearson correlation analysis was used to determine correlation of soil composition 

variables.  Pearson correlation analysis was also used to analyze invertebrate biomass and 

taxa richness.  I used a non-parametric statistical Friedman test to check for overall site 

differences in macroinvertebrate data, because I had a complete block design using leaf 

bags as blocks.  If Friedman test resulted in significant site differences, then I used the 

Wilcoxon, Nemenyi, McDonald-Thompson multiple comparison test.  That test, which is 

a distribution free two-sided all-treatment multiple comparison test, controls for an 

experimentwise error term; thus, no bonferroni correction was needed. 

I analyzed soil metrics with a principal components analysis (PCA) (Manly 1986).  

I then used a MANOVA test, Hotelling’s two sample T square test, to determine 

treatment differences in both nutrient and metal data.  Statistical analyses were performed 

using the R package version 2.15.0 (www.r-project.org, 11/1/12) or SAS (Version 9.1.3, 

SAS Institute Inc.). 

 

Results 

Water Quality and Site Characterization 

Site characterization consisted of visual assessment at each site at each sampling 

event.  Water temperature, DO, pH, and conductivity were also measured as a grab 
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sample each sampling event.  The data are therefore instantaneous grabs, with four 

samples per site (weeks 0, 2, 4, and 6).  Since several of these measurements shift 

throughout the day due to biological activity, especially DO, sites are described with 

means and standard deviations. 

All means and standard deviations for water quality data are found in Table 2.  

The site with the highest mean DO was site 6, Blunn at Cow Trough Spring, with a mean 

DO of 8.73 mg/L and also the highest standard deviation for that category, while the site 

with the lowest DO was site 3, Walnut Trib at Northstar, with a mean of just 2.81 mg/L, 

which could be characterized as hypoxic. 

The site with the highest mean temperature was site 4, Lil Walnut at Dottie 

Jordan, with a mean of 28.28 °C, while the site with the lowest mean temperature was 

site 7, Bee at Loop 360, with a mean of 23.09°C.  Site 8, Walnut at Old Manor had the 

highest standard deviation for temperature, at 1.25. 

Site 1, Taylor Slough South in Reed was the site with the highest mean pH, at 

7.96, while site 3, Walnut Trib at Northstar had the lowest mean pH, at 6.94.  All 

standard deviations for pH were below 0.20. 

Site 7, Bee at Loop 360 had the highest mean conductivity, 912.28 µS/cm, while 

site 4, Little Walnut at Dottie Jordan had the lowest mean conductivity, at 404.28 µS/cm.  

Site 3, Walnut Trib at Northstar had the highest conductivity standard deviation, with a 

value of 205.88. 

The deepest stream channel where leaf bags were placed was site 2, Blunn at 

Rosedale, with a mean depth of 3.1 feet, while the shallowest channel was site 3, Walnut 
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Trib at Northstar.  Site 1, Taylor Sough South in Reed had the least stream depth standard 

deviation, 0.21, remaining the most constant depth throughout the sampling period. 

The results for the water quality mixed effects model are shown in Table 5.  There 

were no significant differences between reference and degraded groups, indicating 

similar water quality environments for both groups.  However, there were significant 

differences for within-site p-values, which indicate highly variable character of sites over 

time.  Site 1, TSS in Reed also had the highest mean densiometer readings, with a mean 

of 97.67 cover, while site 6, Blunn at Cow Trough had the lowest, with a mean reading of 

33.33 canopy cover. 

 

Leaf-Litter Breakdown 

Leaf-litter decomposition data were analyzed first with a Welch two sample T-test 

for the spatial data, and a Pearson correlation test for the temporal variable.  Welch two 

sample T-tests were performed to assess differences among the streams for both leaf 

species.  There were no significant differences between sites for the Red Oak leaf-litter 

breakdown (p=0.62), or for Sycamore leaf-litter breakdown (p=0.21).  Pearson 

correlation coefficients show leaf breakdown was highly correlated based on temporal 

variables, with correlation values of 0.82 for Red Oak and 0.73 for Sycamore. 

Decomposition was then analyzed with a linear mixed effect model used to find 

significant differences between groups after field collection of the data, comparing 

degraded to reference sites.  The results of the linear mixed effect model for both species 

are in Table 6.  For Red Oak, there was a significant difference for the temporal variable, 

with F=81.60 and p<0.0001.  For Sycamore, there was a significant difference for the 
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temporal variable, with F=63.07 and p<0.0001.  However, there was not a significant 

difference in leaf breakdown when compared to site for Red Oak, with F=0.50 and 

p=0.51, or for Sycamore, with F=0.88 and p=0.38.  There was also not a significant 

difference in the interaction term between site and time for either leaf species. 

 

Macroinvertebrates 

The total number of macroinvertebrate taxa identified from each stream ranged 

from 3 to 10 taxa for Red Oak and 3 to 12 taxa for Sycamore; values are shown in Table 

4.  The functional feeding group structure of macroinvertebrates associated with both Red 

Oak and Sycamore were similar.  Collector gatherers (CG) were mainly ostrocoda, 

ceratopogonidae, cambaridae, and callibaetis.  Predators (PR) most commonly found 

were tanypodidae, rhagovelia, argia, and cetaropogonidae.  The only shredders (SH) 

found colonizing the leaf bags were from the genus hyalella, and shredders were only 

found at two of the eight sites.  Consumers of coarse particulate organic matter, scrapers 

(SH), were dominated by physella and ferrissia, with some Helisoma.  The 

filterer/collector group (FC) was dominated by chironomidae. 

Length-mass relationships were obtained for each taxa except for Ostrocods, were 

not available in the literature (Wynn, personal communication, 2013).  Therefore, 

ostrocoda contribute to overall richness and FFG richness, but not biomass 

measurements. 

Using a Pearson correlation test, invertebrate biomass and taxa richness were not 

significantly correlated with each other, with P>0.05 for both leaf species.  Using a 

Friedman test, there was no difference in biomass between sites, with P>0.05. 
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There was a difference in richness between sites. Using a Wilcoxon, Nemenyi, 

McDonald-Thompson multiple comparison test, I found Site 3 and 7 were not 

significantly different from each other in regards to total richness.  Sites 7, 1, and 4 were 

not significantly different.  Sites 1, 4, 6, and 2 were not significantly different in total 

richness.  Site 5 was significantly different than all other sites in total richness. 

There was no difference in biomass or richness for individual functional feeding 

groups, per the Friedman test (P>0.05).  Number of predators and CG/SH came close to 

being different.  Also using the Friedman test, there was no difference in biomass or 

richness between site types, degraded or reference (P>0.05).  There was no difference in 

biomass or richness between site types for individual functional feeding groups although 

the biomass of predators came close to being different, but P>0.05.  There was no 

correlation between biomass and leaf-litter decomposition.  There was also no correlation 

between richness and leaf-litter decomposition. 

 

Soil Composition 

Soil compilation maps were made in ArcGIS from resulting DHL data, seen in 

Table 3.  Metal composition is seen in Figure 2.  Nutrient composition is seen in Figure 3.  

For both maps, references sites are shown in green and degraded sites are shown in red. 

Patterns are demonstrated regionally, but not according to riparian zone condition. 

A Pearson correlation analysis was run on all the metals.  Chromium was highly 

correlated to iron (r=0.99), magnesium (r=0.91), and nickel (0.96).  They were excluded 

in the PCA, and any inference made for chromium can relate to them as well.  Calcium 

was discounted as well because it correlates to copper (r=0.83).  Metal PCA results can 
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be seen in Figure 4.  Grouping sites into reference and degraded groups yielded no 

definite explanations, even with component #1 explaining 38.5% of the metal variation 

and 45.4% of the nutrient variation. 

A correlation analysis was used to analyze all soil nutrients.  Nitrite and percent 

moisture were highly correlated (r=0.99).  However, all nitrite values were below the 

detectable limits, and were therefore omitted from the PCA.  Also, percent moisture was 

variable across sampling diel period, and even though there is a correlation between 

percent moisture and site status (r=0.67), it was also omitted from the PCA.  Site 6 seems 

to be high in nitrate, ammonia, and total phosphorus.  Site 7 is high in ammonia but low 

in nitrate, phosphorus and orthophosphorus.  Sites 1 and 5 are high in orthophosphorus 

but low in the other three nutrients.  Site 3 is high in all measured nutrients except 

ammonia. Additionally, sites 2, 4, and 8 are sites with moderate to low nutrient levels.  

Nutrient PCA results can be seen in Figure 5. 

MANOVA was performed for the soil composition using a Hotelling's two 

sample T square test.  For the nutrient data, the F statistic= 1.33, p-value= 0.42.  For soil 

metal data, F=1.53 and p=0.38.  Both tests show no significant differences in riparian soil 

nutrient or metal data based on treatment type, reference or degraded. 

 

Discussion 

Leaf-litter decomposition showed no significant spatial differences, but did 

demonstrate temporal differences, indicating stream function over a temporal scale.  

Invertebrate similarities were found for both richness and biomass, regardless of riparian 

condition.  Water quality measurements showed no significant differences.  This 

indicated that leaf-litter decomposition may not show differences either, irrespective of 
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riparian zone condition.  Indeed, water quality correlations for both leaf species were not 

highly correlated to riparian zone condition. 

Possible reasons for leaf-litter not indicating significant differences based on 

riparian zone condition are: all sampled sites are urban streams, and as such, are subject 

to altered hydrology upstream of chosen sampling locations; current extreme drought 

conditions in Austin could also be influencing leaf-litter breakdown, as well as 

macroinvertebrate community assemblage with streams used in the study were small, and 

though each site was chosen based on historical flow records, some were likely to dry, at 

least partially, during the study period (Woodcock and Huryn 2005). 

Additional factors affecting leaf-litter signals include a lack of shredders, evident 

in the macroinvertebrate analysis, which feed on exclusively or largely on leaf detritus 

(Chadwick et al. 2006).  Texas in general has a dearth of shredders.  Also, there is often a 

synergistic effect of multiple leaves in decomposition (Gulis 2003), and this experiment 

only tested single species leaf bags.  Additional important structural ecosystem 

components could also be influencing results, including hydrology upstream (Seybold et 

al. 1999), as well as possible toxic effects of metals on microbial community may reduce 

leaf-litter decomposition (Chadwick et al. 2006). 

The role that macroinvertebrates play in processing stream detritus is well known, 

as is the response of macroinvertebrates to urbanization, such as the simplification of 

stream communities due to loss of sensitive taxa (Morse et al. 2003, Gray 2004, 

Woodcock and Huryn 2005).  Since the only significant differences detected were in total 

richness, and the sites that were significantly different were not necessarily in the same 

riparian classification, reference or degraded, it cannot truly be said that the 
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macroinvertebrate communities differ in different riparian zone conditions.  This is an 

unexpected finding, because previous leaf-litter studies found differences in both biomass 

(Chadwick et al. 2006) and richness (Thorp and Covich 2001) based on status of riparian 

zone. 

Riparian soil composition was shown to be highly variable across riparian zone 

condition.  For compiled soil composition maps, both nutrient and metal concentrations 

show patterns.  The higher nutrient densities occur in the south part of the city, with a 

small high density at site 3, Northstar park.  The lowest nutrient sites were on the east 

side, which was surprising because many of the streams on the east side of the city have 

been draining agricultural lands for over 100 years.  There seemed to be little correlation 

between the riparian status, reference or degraded, and the distribution of metal density. 

For example, the two reference zones in the south, site 5, Audrey Court and site 6, 

Cow Trough Spring, have some of the highest values of metal concentration.  Both of 

these sites have relatively large, healthy riparian zones, and are not downstream of 

agricultural land.  This implies that a well-defined and healthy riparian zone is not the 

only component structural ecosystem component important in soil nutrient buffering 

(Seybold et al. 1999), and that hydrology upstream, including flood events, is key to 

understanding riparian soils.  Future sampling could include riparian areas in the broad 

“belt” of highest metal concentration, the inverted V-shape on Figure 2, to determine if 

the values in this region are indeed the highest in the city. 

The most important factor controlling effectiveness of riparian buffers is 

hydrology: how the water moves through or over the buffer.  For example, removal of 

contaminants from surface runoff requires that runoff water be sufficiently slowed to 
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allow sediment to settle out.  Often, channelized water moves almost as quickly through a 

buffer as it does from the field, thereby making the buffer ineffective at pollutant removal 

(Dillaha et al. 1989). 

To quantitatively predict nutrient removal in riparian buffers, it is necessary to 

understand the hydrology of each site (Hill 1996).  For future study, I would incorporate 

both impervious cover as well as analysis of all upstream hydrological alterations.  This 

would demonstrate whether hydrology is the abiotic driver of unexplained biotic patterns, 

such as the lack of significant difference in leaf-litter decomposition in varied riparian 

zone condition sites. 

Historically, urban development transformed streams into drains or sewers.  This 

often reduced potential precious natural resources to humans who lived near them and 

devastates ecosystems (Gregory et al. 1991, Meyer et al. 2005).  In many cities of the 

developed world streams remain in poor ecological conditions (Walsh et al. 2005). 

However, societal awareness is also growing, and both scientists and decision 

makers are seeking measures to alleviate the resulting negative effects (e.g., Convention 

on Biological Diversity 1992, Christensen et al. 1996, Stanford and Poole 1996, Ward 

1998, Blöch 1999, Petts 1999).  New urban design and waterway management show great 

potential for achieving all public safety and amenity goals, and improved ecological 

condition of streams in urban areas (Lloyd et al. 2002). 

Beginning this experiment, I expected to see changes in stream ecosystem 

functioning and benthic diversity along a gradient of riparian zone conditions, which are 

response variables to riparian environmental changes.  The null hypothesis that riparian 
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zone condition treatment in this experiment had no significant effect on the functioning 

urban streams should be accepted. 

Passive restoration could be recommended for sites where temporary or easily 

modified human disturbance has taken place (COA 2012).  Diminished public support is 

a great risk if researchers lack the ability to prove success in restoration projects 

(Woolsey et al. 2007).  Management of riparian zones will likely be unpopular with the 

public (Duncan 2012), and almost certainly, catchment-scale solutions are required to 

reverse symptoms of the urban stream syndrome (Walsh et al. 2005). 

As population growth in Austin and its surrounding areas is expected to continue, 

putting additional strain on the already dwindling water resources, understanding the 

links between urbanization and stream health becomes increasingly important.  Overall, 

understanding which environmental factors are most closely linked to ecosystem function 

will allow managers to better streamline monitoring efforts and allow for more focused 

restoration activities.  My results are likely to instruct future monitoring strategy in urban 

areas, and could show where a more holistic approach, including incorporating 

impervious cover and hydrological analysis, would be most effective. 
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Table 1:  Initial site list for all sites used in Chapter 1.  Sites dropped from experiment 

due to drought conditions include Tannehill Creek @ Bartholomew Park, East Bouldin @ 

Gillis Park, Little Walnut @ Gus Garcia Park, and Walnut Trib @ Lincolnshire and 

Garnaas. 

Degraded 

Site 

No. 

Site Name Drainage 

(Acres) 

Watershed 

0 Tannehill Creek @ Bartholomew Park  640 Tannehill 

Branch 

0 East Bouldin @ Gillis Park 320 East Bouldin 

1 TSS in Reed Park @ Footbridge 120 Taylor Slough 

South 

2 Blunn Creek @ Rosedale 640 Blunn 

3 Walnut Trib @ North Star Greenbelt 64 Walnut 

4 Little Walnut Creek @ Dottie Jordan Park 1280 Little Walnut  

Reference 

0 Little Walnut Trib @ Gus Garcia Park 640 Little Walnut 

0 Walnut Trib @ Lincolnshire and Garnaas 128 Walnut 

5 West Bouldin Creek @ Audrey Court 320 WestBouldin  

6 Blunn @ Cow Trough Spring 320 Blunn 

7 Bee @ Loop 360 320 Bee 

8 Walnut Creek downstream Old Manor Rd 1280 Walnut 
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Table 2:  Water quality and physical data for each site averaged across study period. 

Site DO Temperature pH Conductivity Depth Densiometer 

Total 

1 7.22±1.60 25.71±0.54 7.96±0.13 630.15±112.01 1.20±0.21 97.67 

2 6.39±1.22 26.58±0.65 7.92±.015 718.70±236.84 3.10±1.39 81.67 

3 2.81±1.10 24.02±1.07 6.94±0.08 818.63±205.88 0.98±0.67 68.33 

4 6.87±1.66 28.28±1.23 7.93±0.19 404.28±120.75 1.63±1.02 84.00 

5 5.19±1.12 25.13±0.63 7.47±0.08 823.15±11.26 1.53±0.36 76.67 

6 8.73±2.06 26.33±0.97 7.83±0.15 518.13±157.18 1.28±0.57 33.33 

7 7.66±0.96 23.09±0.55 7.60±0.20 912.28±29.53 1.05±0.46 80.33 

8 4.91±0.69 25.97±1.25 7.46±0.13 560.63±31.76 1.70±0.62 88.67 



 
 

 
 

2
3 

Table 3:  Results from soil composition analysis.  Table is split into metal above and nutrients below. 

Site  As Cd Ca Cr Cu Fe Pb Mg Ni K Na Zi 

1 5.81 0.353 130000 17.2 13.4 12000 157 5170 10.6 1850 158 77.7 

2 6.97 0.367 224000 44.4 11.7 24300 23.9 11600 63.4 2040 148 48.3 

3 2.91 0.246 262000 10.7 5.92 8560 8.44 4760 7.97 2170 139 46.3 

4 6.03 0.281 267000 14.3 7.4 11400 15.4 4810 9.2 2320 246 49.1 

5 4.52 0.408 178000 32.2 11.7 18100 31.5 7220 30.6 2000 263 71.5 

6 3.32 0.429 118000 31.3 16.5 18600 22.2 6460 48.4 1860 85.5 78.6 

7 6.14 0.321 193000 12.4 6.5 11600 14.4 5550 9.17 3560 75.3 31.8 

8 7.26 0.392 229000 17.3 8.9 13700 15.2 4570 12.4 3300 184 38.6 

 

Table 3-Continued:  Results from soil composition analysis.  Table is split into metal above and nutrients below. 

Site  Soluble 

Ammonia 

Total 

Phosphorus 

Total 

Orthophosphate 

Nitrate Nitrite Percent 

Moisture 

1 1.44 11.8 3.29 5.81 5.81 15.59 

2 1.76 14.6 1.93 23.4 6.38 22.26 

3 1.13 28.8 5.05 20.3 6.2 20.29 

4 1.39 13.2 1.39 19.8 5.59 11.65 

5 1.73 14.4 4.7 11.4 6.98 29.25 

6 2.72 33.9 1.66 28.4 6.72 26.46 

7 3.26 11.9 1.28 6.41 6.41 23.2 

8 1.25 24.1 0.848 6.18 6.18 19.15 
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Table 4:  Macroinvertebrate biomass (mg/litter bag) and richness (no. taxa/functional feeding group), by detrital leaf type, at the 

Austin stream sites. 

Biomass (mg/litter bag), by feeding group Richness (no. taxa), by feeding group 

Site CG SC P CG/SH FC/P Total CG SC P CG/SH FC/P Total 

Red Oak             

1 0.0 19.2 2.6 0.0 0.1 21.9 0 3 5 0 1 9 

2 0.0 40.5 0.3 0.0 2.4 43.2 0 3 2 0 2 7 

3 6.3  12.9  151.8  0.0 0.0 171.0 3 3 3 0 1 10 

4 0.0 2.6 1.0 0.4 0.2 4.2 1 2 2 1 1 7 

5 0.0 34.2 0.1 0.0 0.0 34.3 0 2 1 0 0 3 

6 1.0 6.2 0.5 0.0 0.2 7.9 1 2 2 0 1 6 

7 0.7 3.1 0.3 0.2 0.1 4.4 1 3 3 1 1 9 

8             

Sycamore             

1 0.0 1.8 20.2 0.0 0.1 22.1 0 3 4 0 1 8 

2 0.0 6.6 0.5 0.0 0.1 7.2 0 2 2 0 1 5 

3 0.0 10.4  83.1  0.0 0.1 93.6  2 4 4 0 2 12 

4 0.0 10.2 1.4 0.3 0.5 12.4 0 2 2 1 1 6 

5 0.0 13.6 0.0 0.0 0.1 13.7 0 2  0 1 3 

6 307.6 5.8 0.4 0.0 0.2 314.0 2 2 2 0 1 7 

7 0.0 5.8 1.2 0.4 0.1 7.5 1 2 3 1 1 8 

8             

Notes:  Functional feeding group key: CG, Collector-gatherer; SC, Scraper; P, Predator; FC, Filterer/ Collector 
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Table 5:  Water Quality Mixed Effects Model Results.  Note that there are no significant 

differences between reference and degraded groups, indicating similar water quality 

environments for both groups.  Also note significant within site p-values, which indicate 

highly variable character of sites over time. 

Water Quality 

Parameter 

Sample Group F Statistic P value 

Dissolved Oxygen Within Site 84.81 <.0001 

Between Group 0.75 >0.05 

Water Temperature Within Site 2446.10 <.0001 

Between Group 0.85 >0.05 

pH Within Site  4220.18 <.0001 

Between Group 0.11 >0.05 

Conductivity Within Site 55.33 <.0001 

Between Group 0.94 >0.05 
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Table 6:  Leaf-litter linear mixed effect model between degraded and reference sites.  No 

significant differences between reference and degraded sites (“Habitat” in table), showing 

that breakdown differentiation according to group did not occur.  Significant differences 

over time (“Week” in table), showing that breakdown over time occurred as expected. 

Species Variable F Statistic P-value 

Sycamore Riparian Condition 0.88 0.38 

Sycamore Temporal Variable 63.07 <0.0001 

Red Oak Riparian Condition 0.50 0.51 

Red Oak Temporal Variable 81.60 <0.0001 
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Figure 1:  Site map of Austin, with final study sites listed as degraded or reference.  

Streams of interest, major roads and major reservoirs are also shown and labeled, along 

with unlabeled watersheds. 
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Figure 2:  Resulting interpolation map of riparian soil metal variables across all sites.  

References sites are shown in green and degraded sites are shown in red. 
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Figure 3:  Resulting interpolation map of riparian soil nutrient variables across all sites.  

References sites are shown in green and degraded sites are shown in red. 
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Figure 4:  Summary of metal PCA for soil analysis.  Component 1 = 45.4% of the overall 

variation, and component 2 = 19.4% of the variation, and component 3 = 14.9% of the 

variation.  Those three components account for 80% of the variation in the samples. 
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Figure 5:  Summary of nutrient PCA.  Component 1= 38.5% of the variation, and 

component 2 = 34.6% of the overall variation, making those two components worth 73% 

of the total variation in the samples. 
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