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Abstract 

 

Invasive Plant Survey of Parks and Preserves in East Travis County 

 

Jessica Jane Menchaca, MA  

The University of Texas at Austin, 2013 

 

Supervisors:  Norma L. Fowler, Mona Mehdy 

 

Invasive species are the second-leading cause of the decline of native species, 

making it a critical global environmental issue (Pimentel 2005).  The goal of this study 

was to identify which non-native invasive plant species are common in eastern Travis 

County and which environmental factors associate with their establishment and spread in 

this area.  Five parks and preserves were sampled, as they are intended for the 

conservation of native species and are more accessible for educational use.  Six of the 15 

species searched for, Bothriochloa ischaemum, Lactuca serriola, Ligustrum lucidum, 

Lonicera japonica, Melia azedarach, and Sorghum halepense, were each found in at least 

one of the five sites.  The presences and absences of these species were compared to a 

suite of ecosystem properties, including habitat, disturbance, the average soil depth, and 

the horizontal and vertical distances to the nearest stream or river.  None of these six 

species appears to need observable recent disturbance.  All of these six species, both 

woody and herbaceous, can tolerate shallow soils.  The woody invasive species 

Ligustrum lucidum and Melia azedarach seem to prefer more mesic habitats.  The 

invasive grass species Bothriochloa ischaemum and Sorghum halepense seem to prefer 
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habitats that are more open.  Several invasions of potential conservation concern were 

identified. 
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Introduction 

Plant species commonly rely on the dispersal of seeds or propagules to expand 

their range and colonize new sites within their range.  Geographic and environmental 

barriers such as climate, mountain ranges, and oceans limit dispersal naturally.  Global 

and local trade, tourism, and other human travel have allowed plants to overcome such 

barriers and introduced those plants to new places, both intentionally and accidentally.  A 

species is alien (exotic, foreign, introduced, non-indigenous, non-native) when the 

organism or its propagules appear outside its normal range (Clinton 1999).  

 However, most alien species fail to thrive in introduced environments and 

subsequently die off (Williamson and Fitter 1996).  Some alien species survive in their 

introduced environment and maintain self-sustaining populations; these are naturalized 

species (Richardson et al. 2000, Theoharides and Dukes 2007).  For a species to be a 

non-native invasive, it must be naturalized and must cause or be likely to cause harm to 

the economy, environment, or human health (Clinton 1999).  The damage, control, and 

eradication of an invasive species can be extremely costly.  In 2004, the total cost of 

invasive plant species to the U.S. economy was approximately $34 billion annually 

(Pimentel et al. 2005).  This cost includes direct monetary losses in the agricultural, 

livestock, tourism, and recreation industries.  The ecological costs of invasive plant 

species are arguably greater.  Invasive species threaten more than 46% of the plants and 

animals currently protected by the U.S. federal Endangered Species Act (Wilcove et al. 

1998).  Invasive species can threaten biodiversity (Pimentel et al. 2005, Wilcove et al. 

1998) and alter ecosystem properties, such as resource acquisition or utilization, 

disturbance regimes, and trophic structure (Vitousek 1990).  Some of these effects create 

both ecological and monetary costs, such as the effects of the invasive grass, Bromus 
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tectorum, which increases wildfire frequency and fire-related soil erosion (D'Antonio and 

Vitousek 1992). 

Given the high costs of invasive species, prevention and vigilant management are 

essential in predicting and, ideally, curtailing further spread, and controlling invasive 

species after they invade a site.  Determining which invasive species are present, and how 

abundant each of them is at the regional and site level, are critical first steps for both 

prevention and management.  Identifying the habitat(s) that each invasive species 

occupies can help predict where it is likely to spread in the region, and how abundant it is 

likely to become.  This study estimated the abundances (as percentage of plots in which 

the species was present) of fifteen non-native, invasive terrestrial plant species in five 

sites throughout eastern Travis County, Texas.  Environmental characteristics that may 

explain the presence or absence of these species were also measured and analyzed.  The 

ultimate aim was to identify which invasive species are presently of greatest concern, and 

to predict long-term trends in invasive plants in this region. 
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Methods 

STUDY SPECIES 

Examples of most major types of terrestrial plants were chosen for this study, 

including grasses, forbs, vine, shrubs, and trees.  A total of 15 invasive plant species were 

selected from species listed as common in Travis County, Texas, on the Center for 

Invasive Species and Ecosystem Health, University of Georgia, website 

(http://www.eddmaps.org/tools/countyplants.cfm?id=us_tx_48453) and in the Texas 

Invasive Plant and Pest Council online database 

(http://www.texasinvasives.org/invasives_database/) (Table 1).  Nomenclature follows 

the PLANTS database, National Resources Conservation Service, United States 

Department of Agriculture (http://plants.usda.gov). 

 

http://www.eddmaps.org/tools/countyplants.cfm?id=us_tx_48453
http://www.texasinvasives.org/invasives_database/
http://plants.usda.gov/
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Table 1.  Initial list of invasive plant species.  Each of these species was looked for in the plots. 

 
Life-form Scientific name Family Common name Abbreviation 

graminoid Arundo donax Poaceae giant reed ARDO 

graminoid Bothriochloa ischaemum Poaceae King Ranch/yellow bluestem BOIS 

graminoid Cynodon dactylon Poaceae Bermuda grass CYDA 

graminoid Sorghum halepense Poaceae Johnson grass SOHA 

forb Colocasia esculenta Araceae elephant ear/coco yam COES 

forb Lantana camara Verbenaceae large leaf lantana LACA 

forb Lactuca serriola Asteraceae prickly lettuce LASE 

forb Rapistrum rugosum Brassicaceae annual bastard cabbage RARU 

vine Lonicera japonica Caprifoliaceae Japanese honeysuckle LOJA 

shrub Ligustrum lucidum Oleaceae glossy privet LILU 

shrub Nandina domestica Berberidaceae heavenly or sacred bamboo NADO 

shrub Photinia serratifolia Rosaceae Taiwanese photinia PHSE 

tree Albizia julibrissin Fabaceae mimosa or silk tree ALJU 

tree Melia azedarach Meliaceae Chinaberry MEAZ 

tree Triadica sebifera Euphorbiacea

 

Chinese tallow TRSE 
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STUDY SITES 

Data were collected at five sites in eastern Travis County, Texas.  Each site was at 

least 10 acres.  Public entities owned and managed all five sites (Table 2).  Parks and 

preserves were selected because invasive species can conflict with preservation of native 

species and because some of these parks and preserves are easily accessible for 

educational use.  See Appendices 1 and 2 for additional information about each site. 

All five sites were east of the Balcones Fault and within at least one of three 

ecoregions: (a) Northern Blackland Prairie, (b) Floodplains and Low Terraces, and (c) 

Southern Post Oak Savanna (Texas Ecological Systems, Texas Parks and Wildlife 

Department; [Diamond et al. 2009]; Fig. 1).  Chalk is the typical parent material for the 

Blackland Prairie, sand for the Post Oak Savanna, and alluvium for Floodplains and Low 

Terraces (Griffith et al. 2004).  Most of eastern Travis County was previously used for 

improved pastures and row crop production, and is now a mixture of urban and suburban 

development, fields, pastures, and secondary woodland (Diamond et al. 2009). 

Within each site, one or more habitats were sampled (Table 2).  The number of 

habitats sampled in each site depended upon the habitats present in the site.  The habitats 

sampled in at least one site were open floodplain (of), wooded floodplain (wf), wooded 

riparian area (wr), open upland area (ou), and wooded upland area (wu).
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Table 2.  Study sites.  

Site  Abbr. Transects Habitats sampled Species found in plots 

Hornsby Bend Bio-Solids 

Management Facility 

HBF 1 wooded floodplain (wf) – 7 plots 

open floodplain (of) – 8 plots 

Melia azedarach 

Sorghum halepense 

Indiangrass Wildlife Preserve IGP 1 open upland (ou) – 13 plots 

wooded upland (wu) – 2 plots 

Bothriochloa ischaemum 

Sorghum halepense 

McKinney Falls State Park MKF 2 wooded upland (wu) – 15 plots 

wooded riparian (wr) – 15 plots 

Ligustrum lucidum 

Lonicera japonica 

McKinney Roughs Nature 

Park 

MKR 3 open upland (ou) – 17 plots 

wooded upland (wu) – 13 plots 

wooded riparian (wr) – 15 plots 

Ligustrum lucidum 

Melia azedarach 

Onion Creek Wildlife 

Sanctuary 

OCW 1 wooded upland (wu) – 13 plots 

open riparian (or) – 2 plots 

Lactuca serriola 
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Figure 1.  Ecoregions of the study area outlined in red: Northern Blackland 
Prairie (32a), Floodplains and Low Terraces (32c), and Southern Post Oak 
Savanna (33b) (Griffith et al. 2004). 
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DATA COLLECTION 

 
One to three 300 m transects were located in each site.  Transects were centered 

on existing trails.  Each transect had 15 plots.  The center of each plot was located a 

random distance between 0 and 300 m from the trailhead and randomly located either to 

the right or to the left of the trail.  Randomization of plot distance and direction was done 

using SAS 9.3 (SAS Institute, Cary, NC).  The center of each plot was located 7m away 

from the trail. 

At the center of each plot, the following variables were recorded:  plot number 

and location; latitude and longitude (Garmin Etrex GPS unit); habitat (from the list given 

above); direction that the slope, if any, faced; verbal soil description; estimated canopy 

cover and groundcover; visible evidence of disturbances, if any; and horizontal distance 

to water.  The six species of trees and shrubs (Table 1) were each recorded as present in a 

plot if there was at least one stem of the species ≥ 0.5 m tall rooted within 5 m of the 

center of the plot.  The remaining nine species (forbs, graminoids, and vine) were each 

recorded as present if there was at least one stem ≥ 0.25 m tall rooted within 1 m of the 

center of the plot.  To estimate soil depth, the distance that a steel knitting needle could 

be inserted in the ground was measured at five places in each plot: the center and 1 m 

from the center in the four directions parallel and perpendicular to the transect.  

Additional data recorded for each site included site name, date and time of the survey, 

and latitude and longitude of the trailhead.  Information about land use history was 
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obtained from the land manager of each site except McKinney Falls State Park, for which 

the Texas State Historical Association provided information (Smyrl, 1993).  

Each plot’s elevation and vertical distance to water (creek or riverbed) were 

calculated from topographic maps downloaded from the United States Geological 

Service, United States Department of Interior website 

(http://nationalmap.gov/ustopo/index.html).  Soil data were downloaded from the Web 

Soil Survey Natural Resources Conservation Service, United States Department of 

Agriculture (http://websoilsurvey.nrcs.usda.gov/app/homepage.htm).  

DATA ANALYSES 
 

Because some species were not found in any plot at any site, and the other species 

were found only in one or two sites, we had to analyze each species separately and drop 

from the analysis of a species those sites in which it was never present in any plot.  This 

is both a statistical and a conceptual limitation: statistical, because available models 

cannot handle the large number of empty cells that a multi-species and/or all-site model 

would have, and conceptual, because it implies that site-level variables, in addition to 

plot-level variables, were important in determining species occurrence. 

Our dependent variable was the presence or absence of a given species in a given 

plot, a binary variable.  We therefore used generalized linear models with a binomial 

distribution and the logit as the link function.  Because the design of this study contained 

the spatial variable site, this variable had to be included as an independent variable in 

each statistical model if the species occurred in more than one site (Hurlbert 1984).  Site 

http://nationalmap.gov/ustopo/index.html
http://websoilsurvey.nrcs.usda.gov/app/homepage.htm
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was considered a fixed term because each site was individually selected to fit preset 

criteria.  As explained above, we analyzed each species separately, dropping from the 

data sets all plots from sites in which the species did not occur.  Due to small sample 

sizes, we were only able to test one environmental variable at a time in addition to the 

site.  All analyses were performed using SAS 9.3 (SAS Institute, Cary, NC). 

Horizontal distance to water and vertical distance to water were continuous 

variables.  The average of five soil depths from each plot produced another continuous 

variable: average soil depth.  Some categorical variables were created from the 

continuous variables; small sample sizes required the resulting categories to be relatively 

broad.  If a plot’s average soil depth was > 5 cm it was categorized as ‘moderate’, if ≤ 5 

cm, it was categorized as ‘shallow’.  Horizontal distance from plot center to the nearest 

stream or river margin was converted to four categories of distances: distance < 10 m, 

10m ≤ distance < 20 m, 20 m ≤ distance < 30 m, and distance > 30 m.  Vertical distance 

from plot center to the surface of the nearest stream or river was converted to two 

categories of distances: distance < 31 m and distance ≥ 31 m.  Site, habitat and 

disturbance class were always categorical variables.  Detailed descriptions of 

disturbances were pooled to create four categories: no apparent disturbance, burned, 

partly mowed, and other disturbances. 
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Results 

SITES AND SPECIES 

Only six of the 15 invasive species surveyed were found in the survey plots 

(Table 2).  The survey plots in different sites had quite different invasive species (Fig. 2).  

Only three species occurred in more than one site (Ligustrum lucidum, Melia azedarach, 

and Sorghum halepense).  For two of these three species, the differences between sites in 

the proportion of plots with the target species were statistically significant (L. lucidum: 2 

sites, P = 0.0210; M. azedarach: 2 sites, P = 0.0309).  

Hornsby Bend Bio-Solids Management Plant and Birding Observatory (HBF) 

were surveyed with one transect that included both wooded floodplain (wf) and open 

floodplain (of) habitat (Table 2, Appendix 1).  M. azedarach and S. halepense were found 

in the survey plots (Fig. 2).  M. azedarach was present in 4 of 15 (27%) plots; if not 

controlled by mowing or other management it may become a conservation concern (City 

of Austin 2012).  S. halepense was present in 3 of 8 (38%) open floodplain plots, which 

suggests that it is conservation concern, especially as neither fire nor mowing are likely 

to suppress it (Grace et al. 2001; McWhorter 1981).  Cynodon dactylon was observed 

along the edges of the trails and maintenance roads, but was not observed within any of 

the survey plots. 

Indiangrass Wildlife Sanctuary (IGP) was surveyed with one transect that 

included both open upland (ou) and wooded upland (wu) habitat (Table 2, Appendix 1).  

Two of the grass species, Bothriochloa ischaemum and S. halepense (Fig. 2), were found 

in the survey plots.  B. ischaemum was found in 47% of the plots (7 of 15 plots) and in 

53% of the plots in open upland habitat (7 of 13 plots), suggesting that the invasion of 
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IGP by B. ischaemum is quite advanced and possibly affecting native biodiversity 

(Gabbard and Fowler 2007). 

McKinney Falls State Park (MKF) was surveyed with two transects, one in 

wooded riparian (wr) habitat and one transect in wooded upland (wu) habitat (Appendix 

1).  L. lucidum and Lonicera japonica were found in wooded riparian plots (Fig. 2).  

Seven of 15 plots (47%) in wooded riparian (wr) habitat at MKF had L. lucidum, 

suggesting that this species is abundant enough to be a management concern (City of 

Austin 2012).  S. halepense was observed along the pathways before the trailhead near 

picnic tables and camping grounds.  Colocasia esculenta was observed across the creek 

in the area where the park adjoins a municipal golf course.  

McKinney Roughs Nature Park (MKR) was surveyed with three transects.  One 

transect was entirely in wooded riparian (wr) habitat, one transect was entirely in open 

upland (ou) habitat, and one transect was a mix of plots in wooded upland (wu) and open 

upland (ou) habitat (Appendix 1).  The second transect (the transect with only open 

upland plots) was in an area that had been burned in 2008, and afterwards cleared and 

heavily mulched with wood chips.  M. azedarach and L. lucidum, both woody species, 

were found in the wooded riparian plots (Fig. 2).  C. esculenta was observed growing at 

the edge of the Colorado River on both sides, but was not found in any survey plots.  

Invasive plant species were not found either in the wooded upland (wu) or in open upland 

(ou) plots. 

Onion Creek Wildlife Sanctuary (OCW) was surveyed with one transect that had 

13 plots in wooded upland (wu) and two plots in open upland (ou) habitat (Appendix 1).  

Lactuca serriola was the sole invasive plant species found on its single trail (Figure 2). 

Nine of the 15 target species were not found within any of the survey plots:  

Arundo donax, C. dactylon, C. esculenta, Lantana camara, Rapistrum rugosum, Nandina 
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domestica, Photinia serratifolia, Albizia julibrissin, and Triadica sebifera.  Although C. 

dactylon and C. esculenta were not observed within the survey plots, they were observed 

in one or more sites.  Recall that all fifteen species are known to occur in Travis County 

according to both the Center for Invasive Species and Ecosystem Health, University of 

Georgia, and the Texas Invasive Plant and Pest Council.  Given our small sample sizes, 

we cannot draw strong conclusions, but our data suggest that the seven species that were 

never observed are not – or are not yet – very abundant in eastern Travis County.
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Figure 2.  Frequencies of each species found in each site. 
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RELATIONSHIPS WITH ENVIRONMENTAL VARIABLES 

None of the relationships between B. ischaemum and environmental variables 

were statistically significant.  This was likely due to small sample sizes (Table 2).  B. 

ischaemum was only found at IGP, but it was found in 47% the plots there (Figs. 2 and 

3).  This site was mostly upland open habitat (13 of 15 plots) and B. ischaemum occurred 

only in open upland plots (Fig. 4).  This is consistent with the findings of Gabbard and 

Fowler (2007).  B. ischaemum was not found in the open floodplain habitat of the HBF 

site (Figs. 2 and 4).  This was perhaps due to competition from established tall grasses 

there (pers. obs., Menchaca).  Plots in which B. ischaemum was found did not have any 

visible signs of recent disturbance (Fig. 5).  This is also consistent with Gabbard and 

Fowler (2007) and suggests that B. ischaemum can invade relatively undisturbed sites.  

The average soil depth of plots with BOIS was more often shallow (≤ 5 cm) than deep (> 

5 cm) (Fig. 6).  Plots with B. ischaemum were usually between 11 and 30 m above the 

lake elevation (Fig. 7) and always ≥ 50 m away from the lakeshore (Fig. 8).  This is also 

consistent with Gabbard and Fowler (2007) finding that it is not a riparian species. 

  None of the relationships between L. serriola and environmental variables were 

statistically significant, but the effect of habitat was suggestive (P = 0.1805).  Although 

13 of 15 plots at OCW were in wooded upland habitat, L. serriola was found in only one 

of those plots and in one of the two open riparian plots (Figs. 2 and 4).  L. serriola is 

relatively common along roadsides in Travis County (Fowler, pers. obs.).  Unpublished 

data of Andruk and Fowler suggests that L. serriola may be adapted to invade after 

intense, canopy-destroying fires.  All of these lines of evidence suggest that L. serriola is 

more likely to invade open habitats than less open habitats.  L. serriola was only found in 

plots with soil ≤ 5 cm deep (Fig. 6).  The plots with L. serriola present were 11 to 30 m 

above pond elevation (Fig. 7), but < 11 m from the pond’s edge (Fig. 8). 
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None of the relationships between L. lucidum and environmental variables were 

statistically significant, but there was a trend for L. lucidum to occur in plots with 

shallower soil (P = 0.0719) (Fig. 9).  L. lucidum was found at 23% of plots at MKF, all 

wooded riparian habitat, and in 2% of plots at MKR in wooded riparian habitat (Fig. 2).  

Its absence from upland plots of any type and from open riparian plots suggests that this 

species requires a relatively mesic, shaded environment.  If so, then it may be a 

conservation and management problem only in a relatively restricted portion of the 

region.  However, within wooded riparian areas it can be abundant, evidenced by its 

presence in 7 of 15 (47%) wooded riparian plots at MKF (Fig. 4).  L. lucidum was not 

found at any of the wooded floodplain plots at HBF, but reasons are unclear.  All but one 

plot with L. lucidum showed no visible signs of a recent disturbance (Fig. 5).  The one 

plot with L. lucidum that did show signs of disturbance appeared to have been recently 

cleared of most groundcover, possibly due to previous flooding.  All plots with L. 

lucidum had shallow soil (Figs. 6 and 9).  L. lucidum was found in plots < 11 m in 

elevation above the nearest water surface (Fig. 7) and between 11 and 50 m away from 

the nearest creek or river (Fig. 8).  These results are consistent with the hypothesis that L. 

lucidum may be restricted to more mesic habitats (Tecco et al. 2010). 

  Only one plot was ever found with L. japonica.  This plot was in wooded 

riparian habitat, also had L. lucidum, and was the only plot with visible signs of cleared 

groundcover, apparently due to a flood.  This information is consistent with research on 

L. japonica indicating that it prefers riparian corridors (Schierenbeck 2004). 

None of the relationships between M. azedarach and environmental variables 

were statistically significant.  There was a trend for M. azedarach presence to be 

negatively associated with distance to the river’s edge (P = 0.1247) (Figs. 7 and 10).  All 

plots with M. azedarach were < 11 m elevation above the nearest water surface (Fig. 8) 
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and 11 to 30 m away from the river (Figs. 7 and 10).  M. azedarach was found in 4 of 15 

(27%) of all plots in HBF, one in open floodplain and two in wooded floodplain, and in 2 

of 45 plots (4%), both wooded riparian  in MKR (Fig. 2 and 4.).  M. azedarach was not 

found in upland plots in MKR, nor in any plots in OCW, which is relatively nearby.  

These results all suggest that M. azedarach may not be invasive in upland sites in this 

region, although it is likely to be a problem in riparian areas and other moist habitats.  

These results are consistent with known distribution and occurrence of M. azedarach in 

the south-central United States (Waggy 2009).   

None of the relationships between S. halepense and environmental variables were 

statistically significant.  S. halepense was found in 20% of all plots at HBF (38% of open 

floodplain plots) and 6.7% of all plots (an open upland plot) at IGP (Fig. 2, 3 and 4).  It 

was also observed in MKF in open pockets of upland areas and along trails and road in 

developed areas, although it did not appear in the survey plots there.  These results 

suggest that S. halepense may be restricted to open areas.  S. halepense was not found in 

the open upland areas of MKR.  Those plots, however, were heavily mulched with wood 

chips after the 2008 fire, which appeared to continue suppressing most herbaceous 

vegetation (Appendix 1).  S. halepense tended to be found in mowed plots (Fig. 5).  Plots 

with S. halepense were <11 m of elevation above the nearest water surface (Fig. 7) but  ≥ 

21 m away from the nearest water’s edge  (Fig. 8).
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Figure 3.  The predicted probability of presence for each species in each site.  Only species that occurred in at least 
one plot in a given site are included.  Bars represent confidence limits.  Values and confidence limits separately 
back-transformed from the statistical analysis, which used a logit transformation as the link function. 
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Figure 4.  The frequency of plots with each species in each habitat. 
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Figure 5.  The frequency of each species in each type of disturbance. 
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Figure 6.  The frequency of each species in plots with either shallow or deep average soil depth. 
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Figure 7.  The frequency of each species in plots of increasing distance above the elevation of the nearest pond, lake, 
river, or creek. 
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Figure 8.  The frequency of each species in plots of increasing distance away from the nearest lake, pond, river, or 
creek. 
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Figure 9.  Comparison of observed presence and estimated probability of presence of Ligustrum lucidum at sites 
MKF and MKR at different average soil depths. 
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Figure 10.  Observed presence and estimated probability of presence of Melia azedarach at sites HBF and MKR at 
different horizontal distance to the Colorado River. 
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Discussion 

CONCLUSIONS 

Due to the very small sample sizes, none of the variables except site reached a 

level of statistical significance; however, a number of suggestive trends existed.  Three of 

the species, all herbaceous, appeared to be restricted to open areas, or at least much more 

likely to occur in open areas: Bothriochloa ischaemum, Lactuca serriola, and Sorghum 

halepense.  This is consistent with the literature on these species (Carter and Prince 1985, 

Gabbard and Fowler 2007, Grace et al. 2001). 

  The other three invasive species found in the study plots (Ligustrum lucidum, 

Melia azedarach, and Lonicera japonica) appeared to be restricted to, or at least more 

likely to be present, in relatively mesic areas.  Ligustrum lucidum appeared to be 

restricted to wooded riparian areas.  It tended to be more frequent where soils were 

shallower, perhaps reflecting the slopes common in riparian areas in this region.  Melia 

azedarach showed no relationship with canopy cover, but tended to be close to the 

Colorado River.  These results are consistent with the hypothesis that woody invasive 

species are more successful in areas of lower moisture stress (Tecco et al. 2010).  The 

vine Lonicera japonica was rarely found, but our data are consistent with our casual 

observations that it may be a riparian species in this region.  Unsuitable habitat is well 

recognized as a factor limiting invasions; similarity of climate, soils, etc. to that of a 

species’ native range is one of the better predictors of whether a species will become 

invasive (Reichard and Hamilton 1997).  Similarity to the climate, etc. of already-invaded 

regions is also a good predictor of invasiveness.  Thus, the fact that Ligustrum species, 

Nandina domestica, and Lonicera japonica are invasive in the southeastern U.S., but not 

in the southwestern U.S. (Miller 2003, Schierenbeck 2004, Waggy 2009), would predict 
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that these species may be limited to mesic sites in central Texas.  Interestingly, all three 

are also horticultural species, an important source of invasive species (Reichard and 

White 2001). 

The large differences in the invasive species present among the five sites were 

likely due in part to small sample sizes, and in part to the different habitats present in 

different sites.  Some of the differences among sites may also indicate that dispersal of 

some species to some sites is still in progress (Theoharides and Dukes 2007).  For 

example, the absences from the study plots of nine invasive species from our initial list 

(Table 1) may be in part due to the invasions of some of these species still being in very 

early stages; Photinia serratifolia and Albizia julibrissin are likely examples. 

Many plant invasions have an S curve growth pattern, where the established 

population remains small, self-sustaining, and localized for a long period before a sudden 

exponential landscape spread occurs and creates a metapopulation (Theoharides and 

Dukes 2007, Hobbs and Humphries 1995).  It is difficult to tell with our small data set 

whether M. azedarach is limited by soil moisture or merely in the initial lag phase before 

landscape spread.  The lag phase of invasion can last from one year to a century 

depending upon the life history of the species, propagule pressure, inclement 

environmental conditions, connectedness of suitable habitats through corridors, and other 

similar factors (Theoharides and Dukes 2007, Hobbs and Humphries 1995). 

Nearly all the invasive plant species that were found appeared in plots where there 

was no evidence of recent disturbance (Fig. 5).  This finding agrees with the literature 

because disturbance is only one of several factors that affect invasibility, that is, 

ecosystem’s susceptibility to invasion (Hobbs and Humphries 1995, Alofs and Fowler 

2013, Lonsdale 1999).   
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We identified a number of potential problem invasions: M. azedarach and S. 

halepense at HBF, B. ischaemum at IGP, and L. lucidum at MKF.  B. ischaemum is 

ranked ‘unknown’, but S. halepense and L. lucidum are ranked by the City of Austin as 

high-level threats to wildland management (City of Austin 2012).  This ranking modified 

the criteria created by the California Invasive Plant and Pest Council to rank species’ 

invasion threat as low, moderate, high, or unknown (Warner et al. 2003).  Our study used 

binomial frequency sampling to identify species of concern.  A species’ cover, and its 

abundance relative to other species, are better predictors of its impacts (Larson et al. 

2001).  Typically, species distribution is utilized along with environmental and species 

characteristics to help land managers determine the extent or stage of invasion 

(Theoharides and Dukes 2007, Warner et al. 2003, Hobbs and Humphries 1995).  It 

seems generally reasonable, however, that the more frequently a species is present within 

a defined area, then it is more likely that species may exert influence upon a plant 

community (Larson et al. 2001). 

A 47% frequency of L. lucidum in wooded riparian plots at MKF and 47% 

frequency of B. ischaemum in open upland at IGP both may indicate these species have 

already entered the exponential stage of invasion at these sites.  However, none of the 

targeted invasive species on our list dominates parks and preserves in eastern Travis 

County.  In this we are more fortunate than many parts of the country, including Hawaii 

(Daehler et al. 2004), central and southern California (Rejmánek 2003), and Florida 

(Gordon 1998).   

It was encouraging that nine of our target species did not appear in any of our 

plots and seven of those nine species were not even casually observed elsewhere in the 

sites.  However, this should not be taken as cause for complacency.  Arundo donax, 

Nandina domestica, Photinia serratifolia are all known to occur in mesic habitats along 
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Waller Creek and/or at the Brackenridge Field Laboratory (Fowler, unpublished data), so 

it is not likely that eastern Travis County is unsuitable for them.  It is possible that 

Rapistrum rugosum may be confined to roadsides and old fields, but it is unfortunately 

likely that the invasions of all seven of these species are still in their early stages.  

Preventing invasions and eradicating them once they have arrived is very difficult for 

land managers.  Control and eradication are most easily achieved when species are still 

infrequent (present in only a few places) and sparse (low density) (Rejmánek 2000).  For 

example, it is probably too late to do more than manage B. ischaemum and S. halepense, 

but eradication of P. serratifolia is probably still feasible. 

 

SOURCES OF UNCERTAINTY AND SOURCES OF ERROR 

Small sample sizes, in both the number of plots per site and the number of sites, 

foster uncertainty and thus greatly limit the conclusions we can draw from this study.  

Due to strict time constraints, the study was limited to five sites over three weeks.  Had 

the field work been completed over the course of a full season or year, encompassed 

more sites, and included more transects at each site, the data would have been more 

representative of the total desired study area.  A larger study could also have included 

private lands and other public lands besides parks and preserves.  This too would have 

created a larger data set and a more representative sample of eastern Travis County.  

Finally, it could have included more than 15 target invasive plant species.  

Possible sources of error included both human and instrument failures, such as 

misidentification of plants, misreading elevations from the topographic maps, 

inaccuracies in GPS locations, and inaccurate measurements of distances and depths.  As 

a science teacher with a microbiology background, I was much less experienced in 
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fieldwork techniques and less knowledgeable in botany and ecology than other graduate 

students who typically conduct these types of surveys are. 

FUTURE RESEARCH 

 In addition to increasing sample sizes, as discussed above, future research could 

include manipulative experiments to identify specific environmental factors that limit 

particular invasive species.  Experiments could also distinguish between the actions of 

the environmental limitations and temporary dispersal limitations, that is, early-stage 

invasions that have not reached all suitable sites.  Finally, much more work is needed to 

identify methods of managing the common invasive species.   
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Applications to Practice 

I entered the UTeach Master’s program with two main professional goals in mind.  

My first main goal was to simultaneously broaden my spectrum of scientific experiences 

and deepen my biological content knowledge.  Although my undergraduate degree had 

been in biology, most of the courses taken came from previously majoring in clinical 

laboratory science.  This meant that I was well prepared to teach concepts and skills 

involving microscopic-level organisms, molecular interactions, and laboratory 

techniques, but not as well prepared to teach ecology, evolution, botany, and field 

techniques.  This program helped me greatly by strengthening these weaker areas of 

content knowledge. 

Understanding all areas of biology at deeper levels than what is covered in an 

introductory course helps an educator to better integrate the many branches of biology 

into the curriculum.  Teachers can then confidently offer more detailed and accurate 

explanations of the course content to students than a textbook.  With a broader experience 

and deeper foundation of knowledge, instruction can be more enriched and challenging 

for the students.  For example, adding higher-level questions and extending concepts with 

recent research discoveries make the coursework more accessible and relevant.  The 

students will then be more inquisitive and likely to enjoy learning science. 

My second professional goal was to create lesson ideas that share my newly 

gained knowledge with my students.  Scientific knowledge must be introduced to 

students in such a way that it emboldens them to become life-long learners, responsible 

citizens, and productive workers (Hurd 2002).  The best way to teach my students the 

skills and concepts I learned in graduate school is in an experiential and experimental 
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context.  Many students ask their teachers why they have to learn science because they 

fail to see the relevancy of studying the outside world.  These students may have had 

previous science teachers who relied heavily on lectures, textbooks, or worksheets.  

Another possibility is that these students simply did not receive many opportunities to 

spend time outdoors doing nature-based activities.  In fact, the National Kids Survey 

completed by the U.S. Forest Service shows that only 36.7% of children ages 6-19 

participate in attending camps, field trips, and outdoor classes (Larson et al. 2011). 

This research completed under Dr. Norma Fowler has inspired me to develop a 

unit in both the 9th grade biology and 12th grade environmental systems curriculum 

around invasive plant species.  For the start of both units, engagement into the world of 

plants involves a demonstration where students use only their memory to draw the front 

of a quarter, compare their drawing with each other, and then compare their images to a 

real quarter (Wandersee and Schussler 1999).  The demonstration shows students how the 

details of something they see on a regular basis can still be easily forgotten, much as 

people generally fail to notice the plants outside buildings, cars, and homes.  The second 

lesson should be the students’ first trip to the field site.  With permission from 

administration and precautions taken for weather conditions, possible animal encounters, 

and student asthma or allergy considerations, the students should be able to walk out past 

the well-maintained schoolyard into an area that is less frequently mowed and to be free 

to examine as many plants and insects as possible.  I will encourage them to point out 

differences in plant structure using a hand lens, to photograph, draw, or describe in detail 

various parts of the plant, and to discover how many plant and animal species there may 

be in the entire field.  

At this point, I would have students use their photos, drawings, and descriptions 

over the next few days to see if they can identify common species adaptations and 
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differentiate between species on their own.  Then, I would teach them how to use a field 

guide for proper plant species identification.  Both classes would also be asked to think 

about the area studied as a whole system.  I would pose questions for a class discussion 

reviewing ecological succession and interdependence.  What biotic and abiotic factors 

could drive this plant community?  What plant-animal interactions and plant-plant 

interactions could be at play within the food web?  These are difficult questions for 

students to answer without the initial trip outdoors because they were previously blind to 

what happens in nature (Franklin 2008).  

After the discussion, I will model how to use a field guide.  When students 

discover that one or more of the plants listed are an invasive species, I will send them on 

a web quest to find out what invasive means and how these species affect humans and 

ecosystems.  Now the whole class can transition into creating a local field guide of 

invasive plants (Coskie et al. 2007).  The 9th graders will rely on field digital photos of 

the plants and a pre-approved list of sources to gather species data.  The 12th graders will 

learn how to collect and press plants from other district schoolyards for their guide as 

well as distinguishing between high and low quality sources of species data. 

The final piece of my desired invasive species unit for both courses involves the 

students actively engaging with local authorities in invasive studies.  This could include 

interacting with professors, staff, and students from UT, park rangers from the city, 

county, or state level, and/or Master Naturalists living in the Austin area.  Any of these 

people can review the students’ field guides, explain efforts to manage and prevent 

invasions, and help them develop a culminating project.  I envision the 9th graders using a 

plant community simulator to predict multiple scenarios of invasion at 5, 10, and 15 years 

from now and then creating a public service announcement showing which plants to be 

on the lookout (Duffy et al. 2013).  For the 12th graders, the goal would be to have them 
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participate in a local monitoring or control project.  They would learn how to use Google 

Earth, GPS units, creating transect lines and quadrants, and calculating percent plant 

cover (Mason et al. 2010). 
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Appendices 

APPENDIX 1.  ADDITIONAL SITE INFORMATION. 
 
Hornsby Bend Bio-Solids Management Plant and Birding Observatory (HBF). 
 
 Located at 2210 South FM 973, Austin, Texas 78725 (latitude 30.21724, 
longitude -97.6390), this 1,200-acre plant is owned by the City of Austin.  It lies adjacent 
to 3.5-miles of the lower Colorado River and houses three stabilization sewage ponds.  
Established in the 1950s, it has provided public access year-round as a birding site since 
1959 (personal communication, Kevin Anderson, Hornsby Bend Bird Observatory). 
 The survey transect ran along the River Trail between the Colorado River and 
Pond 3 (Figs. 11 and 12). 
 
 
Indiangrass Wildlife Sanctuary (IGP) 
 
 Located at 10203 Lindell Lane, Austin, TX 78724 (latitude 30.30324, longitude -
97.58750), this 290-acre northeast section of Walter E. Long Lake Metropolitan Park was 
designed specifically to restore and preserve Blackland Prairie habitat (Fig. 13) (personal 
communication, Ana González, City of Austin Parks and Recreation Department Urban 
Forester).  It is owned by the City of Austin and lies adjacent to a skeet-shooting club, but 
public access to the wildlife sanctuary is restricted to pre-arranged guide tours.  Across 
the lake is a power plant.  Decker Creek was dammed to form Decker Lake as a cooling 
reservoir in 1967 (personal communication with Mike Sledd, City of Austin Parks and 
Recreation Department Park Ranger Supervisor). 
 Indiangrass Wildlife Sanctuary last had a prescribed fire in 1997.  The current 
management plan called for a prescribed fire in July of 2013 (personal communication, 
René Barrera, Austin Parks and Recreation Department Nature Preserves Manager). 
 
 
McKinney Falls State Park (MKF)  
 
 Located at 5808 McKinney Falls Parkway, Austin, TX, 78744 (latitude 30.18058, 
longitude -97.72213), this 726-acre park was the closest to urban development of all the 
sites as it lies within the Austin city limits.  It was a ranch until it was acquired by private 
donation in 1970 (Smyrl 1993).  It was made open to the public in 1976, and since 
becoming a state park, has averaged from 1,500 to 6,000 visitors per day. 
 Both survey transects were located along the Onion Creek Hike and Bike Trail 
(Figs. 14 and 15). 
 
McKinney Roughs Nature Park (MKR) 
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 Located at 1884 Texas Hwy 71, Cedar Creek, TX 78612 (latitude 30.13702, 
longitude -97.45946), this 1,100-acre site lies east of Travis County in Bastrop County 
along 2.5-miles of the lower Colorado River.  It is owned by the Lower Colorado River 
Authority, was purchased in 1995, and has been a day use only park for hikers and 
equestrians since 1998 (personal communication, Drew Pickle, Parks Superintendent, 
Lower Colorado River Authority).  The park has 23, 000 visitors/yr, 50% of whom are 
children attending the natural science center educational programs and 10% of whom are 
equestrians.  There are a resort hotel and golf course west of MKR and a 
biopharmaceutical plant east of it.  
 A cigarette-started brush fire occurred in June 2008 on the Whitetail Trail where 
the open upland transect was located (personal communication, Nicholas Cowey, Natural 
Science Education Specialist).  After this fire, the area was cleared of charred debris and 
mulched with wood chips.  The Bastrop Complex Fires of September 2011 that affected 
the nearby Bastrop State Park did not burn McKinney Roughs Nature Park. 
 The wooded riparian transect was along the Riverside Trail (Fig. 16).  The 
intermingled (wooded and open) upland transect was along Coyote Road (Fig. 17).  The 
entirely open upland transect was along Whitetail Trail (Fig. 18). 
  
Onion Creek Wildlife Sanctuary (OCW) 
 
 Located at 4435 Texas Hwy 71, Del Valle, TX 78617 (latitude 30.1862, longitude 
-97.61539), this 173-acre site is owned by the City of Austin.  It forms a horseshoe 
around the Travis County Southeast Metropolitan Park, with which it shares a pond (Figs. 
19 and 20).  It is not open to the public.  Access is only available by pre-arranging a 
private tour, and it can only be accessed through the trailhead at the Travis County 
Southeast Metropolitan Park (personal communication, Mike Sledd, Senior Park Ranger). 
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Figure 11.  Example of an HBF plot of wooded floodplain habitat along the Colorado 
River. 
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Figure 12.  Example of an HBF plot of open floodplain habitat along the Colorado River. 
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Figure 13.  Example of an IGP plot of open upland habitat. 
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Figure 14.  Example of a MKF plot of wooded riparian habitat along Onion Creek.  
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Figure 15.  Example of a MKF plot of wooded upland habitat. 
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Figure 16.  Example of a MKR plot of wooded riparian habitat along the Colorado River. 
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Figure 17.  Example of a MKR plot of wooded upland habitat. 
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Figure 18.  Example of a MKR plot of open upland habitat.  Note the amount of wood 
chip mulching done after the 2008 fire and the little vegetation that has 
grown up from beneath it. 
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Figure 19.  Example of an OCW plot of wooded upland habitat. 
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Figure 20.  Example of an OCW plot of open upland habitat with the pond in the 
background. 
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APPENDIX 2.  SOIL DATA. 
Site Plots Description Classification Series Symbol 

HBF 91-
105 

fine sandy loam, 0-1% slopes, 
occasionally flooded, 14.0% clay Ustifluvents Yahola Ya 

IGP 106, 
107 black clay, 1-3 % slopes, 55% clay Haplusterts Houston HnB 

IGP 108-
114 

gravelly clay, 8-20 % slopes, 
moderately eroded, 50% clay  Haplusterts Heiden HgF2 

IGP 115-
120 

black clay, 3-5 % slopes, 
moderately eroded, 55% clay Haplusterts Houston HnC2 

MKF 1-15 silty clay loam, 0-1% slopes, 
frequently flooded, 34% clay Haplustolls Oakalla Fr 

MKF 16-30 clay, 5-8% slopes, moderately 
eroded, 50% clay Haplusterts Heiden HeD2 

MKR 31-33 clay, 5-20% slopes, eroded, 52% 
clay Haplusterts Ferris FeF2 

MKR 34-45 loam, 0-1% slopes, occasionally 
flooded, 23.5% clay Haplustolls Bosque Bo 

MKR 46-57 clay loam, 5-8% slopes, eroded, 
40.3% clay Haplustolls Behring BeD2 

MKR 58-60 gravelly fine sandy loam, 1-
5%slopes, 12.5% clay Paleustalfs Crockett CgC 

MKR 61-71, 
73, 74 

very gravelly loamy sand, 1-8% 
slopes, 6.5% clay Paleustalfs Vernia VeD 

MKR 72, 75 gravelly fine sandy loam, 3-8% 
slopes, eroded, 30.6% clay Paleustalfs Edge AtD 

OCW 76, 78 clay loam, 1-3% slopes, 36.8% 
clay Haplustalfs Wilson WlB 

OCW 77, 
79-90 

8-20% slopes, severely eroded, 
52.5% clay Haplusterts Ferris-

Heiden FhF3 
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APPENDIX 3.  RAW DATA. 
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hbf wf 30.2220 -97.6565 429 045NE 1 24 6.096 0 0 0 0 0 1 091 6.30 m c no 

hbf wf 30.2220 -97.6564 434 064NE 1 26 6.096 0 0 0 0 0 1 092 7.20 m c no 

hbf wf 30.2220 -97.6565 446 079EE 1 24 6.096 0 0 0 0 0 1 093 7.80 m c no 

hbf wf 30.2221 -97.6565 419 073EE 1 22 3.048 0 0 0 0 0 0 094 . s c no 

hbf of 30.2224 -97.6567 419 066NE 1 23 3.048 0 0 1 0 0 0 095 5.90 m c no 

hbf wf 30.2224 -97.6565 440 071EE 1 41 6.096 0 0 0 0 0 0 096 7.80 m d no 

hbf of 30.2224 -97.6566 415 071EE 1 27 3.048 0 0 1 0 0 1 097 7.80 m c no 

hbf wf 30.2228 -97.6567 457 070EE 1 38 6.096 0 0 0 0 0 0 098 6.90 m d no 

hbf wf 30.2228 -97.6566 459 072EE 1 44 6.096 0 0 0 0 0 0 099 7.20 m d pm 

hbf of 30.2234 -97.6569 426 065NE 1 45 6.096 0 0 0 0 0 0 100 6.60 m d no 

hbf of 30.2234 -97.6569 448 062NE 1 46 6.096 0 0 0 0 0 0 101 7.70 m d no 

hbf of 30.2236 -97.6571 428 070EE 1 36 6.096 0 0 1 0 0 0 102 5.20 m d pm 

hbf of 30.2237 -97.6572 436 069EE 1 32 6.096 0 0 0 0 0 0 103 4.60 s d pm 
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hbf of 30.2241 -97.6572 424 067NE 1 43 6.096 0 0 0 0 0 0 104 4.20 s d pm 

hbf of 30.2242 -97.6573 421 070EE 1 36 6.096 0 0 0 0 0 0 105 5.60 m d pm 

mkf wr 30.1793 -97.7304 556 098EE 1 30 6.096 0 0 0 0 0 0 001 3.20 s c no 

mkf wr 30.1791 -97.7305 570 130SE 1 27 6.096 0 0 0 1 1 0 002 4.50 s c ot 

mkf wr 30.1791 -97.7305 568 083EE 1 24 6.096 0 0 0 0 1 0 003 4.00 s c no 

mkf wr 30.1790 -97.7305 551 087EE 1 30 6.096 0 0 0 0 0 0 004 0.80 s c no 

mkf wr 30.1786 -97.7305 543 075EE 1 43 6.096 0 0 0 0 1 0 005 2.70 s d no 

mkf wr 30.1786 -97.7307 529 079EE 1 21 6.096 0 0 0 0 1 0 006 3.60 s c no 

mkf wr 30.1783 -97.7306 577 102EE 1 38 6.096 0 0 0 0 0 0 007 0.00 s d no 

mkf wr 30.1781 -97.7308 456 098EE 1 17 3.048 0 0 0 0 0 0 008 . s b no 

mkf wr 30.1778 -97.7306 518 083EE 1 31 6.096 0 0 0 0 1 0 009 4.20 s d no 

mkf wr 30.1779 -97.7309 478 087EE 1 9 3.048 0 0 0 0 0 0 010 4.48 s a no 

mkf wr 30.1773 -97.7308 513 079EE 1 24 3.048 0 0 0 0 0 0 011 2.80 s c no 

mkf wr 30.1775 -97.7309 402 097EE 1 12 3.048 0 0 0 0 1 0 012 2.70 s b no 

mkf wr 30.1769 -97.7307 471 087EE 1 29 3.048 0 0 0 0 0 0 013 3.60 s c no 

mkf wr 30.1773 -97.7308 404 074EE 1 17 3.048 0 0 0 0 1 0 014 4.00 s b no 
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mkf wr 30.1768 -97.7308 541 084EE 1 22 6.096 0 0 0 0 0 0 015 . s c no 

mkf wu 30.1753 -97.7255 638 194SS 0 . 45.720 0 0 0 0 0 0 016 6.40 m . no 

mkf wu 30.1754 -97.7251 640 139SE 0 . 45.720 0 0 0 0 0 0 017 6.40 m . no 

mkf wu 30.1753 -97.7249 606 186SS 0 . 33.528 0 0 0 0 0 0 018 5.60 m . no 

mkf wu 30.1753 -97.7246 626 155SE 0 . 42.672 0 0 0 0 0 0 019 6.40 m . no 

mkf wu 30.1753 -97.7246 630 160SS 0 . 42.672 0 0 0 0 0 0 020 7.60 m . no 

mkf wu 30.1753 -97.7245 612 187SS 0 . 36.576 0 0 0 0 0 0 021 3.80 s . ot 

mkf wu 30.1754 -97.7245 611 134SE 0 . 36.576 0 0 0 0 0 0 022 6.00 m . no 

mkf wu 30.1756 -97.7242 632 133SE 0 . 42.672 0 0 0 0 0 0 023 7.00 m . pm 

mkf wu 30.1755 -97.7239 637 139SE 0 . 45.720 0 0 0 0 0 0 024 4.40 s . pm 

mkf wu 30.1758 -97.7234 615 177SS 0 . 36.576 0 0 0 0 0 0 025 5.50 m . pm 

mkf wu 30.1759 -97.7234 611 194SS 0 . 36.576 0 0 0 0 0 0 026 5.20 m . ot 

mkf wu 30.1759 -97.7231 658 127SE 0 . 45.720 0 0 0 0 0 0 027 6.80 m . pm 

mkf wu 30.1761 -97.7230 660 106EE 0 . 45.720 0 0 0 0 0 0 028 6.00 m . ot 

mkf wu 30.1764 -97.7232 545 099EE 0 . 30.480 0 0 0 0 0 0 029 10.80 m . ot 

mkf wu 30.1760 -97.7232 421 076EE 0 . 30.480 0 0 0 0 0 0 030 6.60 m . ot 
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mkr wr 30.1468 -97.4499 362 234SW 1 13 3.048 0 0 0 0 0 1 031 3.00 s b no 

mkr wr 30.1468 -97.4500 364 226SW 1 26 3.048 0 0 0 0 0 1 032 7.00 m c no 

mkr wr 30.1469 -97.4501 365 233SW 1 17 3.048 0 0 0 0 0 0 033 6.00 m b no 

mkr wr 30.1472 -97.4505 317 230SW 1 20 3.048 0 0 0 0 0 0 034 7.10 m b ot 

mkr wr 30.1471 -97.4504 369 230SW 1 20 6.096 0 0 0 0 0 0 035 . s b ot 

mkr wr 30.1473 -97.4507 377 237SW 1 13 9.144 0 0 0 0 0 0 036 3.70 s b no 

mkr wr 30.1475 -97.4506 481 236SW 1 0 9.144 0 0 0 0 0 0 037 12.90 m a ot 

mkr wr 30.1474 -97.4508 384 228SW 1 14 9.144 0 0 0 0 0 0 038 4.00 s b ot 

mkr wr 30.1474 -97.4509 373 227SW 1 21 6.096 0 0 0 0 0 0 039 5.70 m c ot 

mkr wr 30.1476 -97.4512 372 247SW 1 29 6.096 0 0 0 0 0 0 040 5.20 m c no 

mkr wr 30.1480 -97.4514 362 245SW 1 12 3.048 0 0 0 0 0 0 041 4.30 s b no 

mkr wr 30.1480 -97.4515 350 222SW 1 18 0.000 0 0 0 0 0 0 042 5.60 m b no 

mkr wr 30.1481 -97.4515 315 232SW 1 13 0.000 0 0 0 0 1 0 043 3.10 s b no 

mkr wr 30.1482 -97.4516 362 213SW 1 12 3.048 0 0 0 0 0 0 044 8.00 m b no 

mkr wr 30.1481 -97.4516 383 258SW 1 22 9.144 0 0 0 0 0 0 045 15.40 m c no 

mkr wu 30.1433 -97.4610 505 072EE 0 . 45.720 0 0 0 0 0 0 046 6.20 m . no 
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mkr wu 30.1435 -97.4608 511 104EE 0 . 48.768 0 0 0 0 0 0 047 4.60 s . no 

mkr wu 30.1439 -97.4608 570 119SE 0 . 60.960 0 0 0 0 0 0 048 6.20 m . no 

mkr wu 30.1441 -97.4604 531 179SS 0 . 54.864 0 0 0 0 0 0 049 3.40 s . no 

mkr wu 30.1442 -97.4606 492 192SS 0 . 45.720 0 0 0 0 0 0 050 5.20 m . no 

mkr wu 30.1441 -97.4604 508 210SW 0 . 48.768 0 0 0 0 0 0 051 3.80 s . no 

mkr wu 30.1443 -97.4601 484 171SS 0 . 39.624 0 0 0 0 0 0 052 7.00 m . no 

mkr wu 30.1445 -97.4599 512 142SE 0 . 48.768 0 0 0 0 0 0 053 6.80 m . no 

mkr ou 30.1445 -97.4598 494 141SE 0 . 45.720 0 0 0 0 0 0 054 5.00 s . no 

mkr wu 30.1446 -97.4598 514 196SS 0 . 48.768 0 0 0 0 0 0 055 6.00 m . ot 

mkr wu 30.1447 -97.4598 486 184SS 0 . 42.672 0 0 0 0 0 0 056 6.20 m . no 

mkr wu 30.1448 -97.4595 485 136SE 0 . 39.624 0 0 0 0 0 0 057 7.70 m . no 

mkr ou 30.1449 -97.4593 491 211SW 0 . 42.672 0 0 0 0 0 0 058 2.40 s . no 

mkr wu 30.1449 -97.4594 494 174SS 0 . 42.672 0 0 0 0 0 0 059 5.40 m . no 

mkr wu 30.1449 -97.4593 485 117SE 0 . 39.624 0 0 0 0 0 0 060 5.60 m . no 

mkr ou 30.1366 -97.4489 542 0FLAT 0 . 57.912 0 0 0 0 0 0 061 2.10 s . fi 

mkr ou 30.1366 -97.4491 544 0FLAT 0 . 57.912 0 0 0 0 0 0 062 2.00 s . fi 
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mkr ou 30.1367 -97.4494 544 0FLAT 0 . 57.912 0 0 0 0 0 0 063 2.90 s . fi 

mkr ou 30.1367 -97.4496 550 0FLAT 0 . 60.960 0 0 0 0 0 0 064 4.80 s . fi 

mkr ou 30.1367 -97.4496 544 0FLAT 0 . 57.912 0 0 0 0 0 0 065 4.40 s . fi 

mkr ou 30.1367 -97.4499 579 0FLAT 0 . 60.960 0 0 0 0 0 0 066 4.00 s . fi 

mkr ou 30.1368 -97.4499 534 0FLAT 0 . 54.864 0 0 0 0 0 0 067 5.30 m . fi 

mkr ou 30.1368 -97.4500 533 0FLAT 0 . 54.864 0 0 0 0 0 0 068 3.50 s . fi 

mkr ou 30.1370 -97.4501 550 0FLAT 0 . 60.960 0 0 0 0 0 0 069 5.00 s . fi 

mkr ou 30.1386 -97.4506 550 0FLAT 0 . 60.960 0 0 0 0 0 0 070 3.90 s . fi 

mkr ou 30.1368 -97.4506 545 105EE 0 . 57.912 0 0 0 0 0 0 071 2.60 s . fi 

mkr ou 30.1367 -97.4504 541 0FLAT 0 . 57.912 0 0 0 0 0 0 072 4.80 s . fi 

mkr ou 30.1366 -97.4506 577 0FLAT 0 . 60.960 0 0 0 0 0 0 073 6.70 m . fi 

mkr ou 30.1365 -97.4507 559 0FLAT 0 . 60.960 0 0 0 0 0 0 074 5.10 m . fi 

mkr ou 30.1366 -97.4508 564 0FLAT 0 . 60.960 0 0 0 0 0 0 075 5.40 m . fi 

ocw wu 30.1941 -97.6121 529 0FLAT 0 . 39.624 0 0 0 0 0 0 076 5.40 m . no 

ocw wu 30.1972 -97.6120 543 175SS 0 . 42.672 0 0 0 0 0 0 077 3.40 s . no 

ocw wu 30.1942 -97.6121 564 093EE 0 . 42.672 0 0 0 0 0 0 078 4.20 s . no 
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ocw wu 30.1943 -97.6120 553 174SS 0 . 42.672 0 0 0 0 0 0 079 . s . no 

ocw wu 30.1945 -97.6121 556 239SW 0 . 42.672 0 0 0 0 0 0 080 . s . no 

ocw wu 30.1948 -97.6123 518 76EE 0 . 36.576 0 0 0 0 0 0 081 . s . no 

ocw wu 30.1954 -97.6126 497 236SW 0 . 30.480 0 0 0 0 0 0 082 . s . no 

ocw wu 30.1957 -97.6126 476 106EE 1 43 24.384 0 0 0 0 0 0 083 . s d no 

ocw wu 30.1957 -97.6127 492 265WW 1 50 27.432 0 0 0 0 0 0 084 . s d no 

ocw wu 30.1960 -97.6126 461 237SW 1 24 18.288 0 0 0 0 0 0 085 6.80 m c no 

ocw wu 30.1961 -97.6124 471 251WW 1 7 21.336 0 1 0 0 0 0 086 4.30 s a no 

ocw wu 30.1961 -97.6124 477 251WW 1 10 24.384 0 0 0 0 0 0 087 10.70 m a ot 

ocw or 30.1963 -97.6124 440 225SW 1 0 12.192 0 1 0 0 0 0 088 4.00 s a ot 

ocw or 30.1963 -97.6124 432 235SW 1 0 9.144 0 0 0 0 0 0 089 4.40 s a ot 

ocw wu 30.1963 -97.6125 456 210SW 1 11 18.288 0 0 0 0 0 0 090 6.60 m b no 

igp wu 30.3121 -97.5914 639 215SW 0 . 30.480 0 0 0 0 0 0 106 . s . no 

igp wu 30.3124 -97.5915 631 221SW 0 . 27.432 0 0 0 0 0 0 107 . s . no 

igp ou 30.3125 -97.5911 615 220SW 0 . 21.336 1 0 0 0 0 0 108 4.40 s . no 

igp ou 30.3126 -97.5911 617 240SW 0 . 24.384 1 0 0 0 0 0 109 3.40 s . no 
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igp ou 30.3128 -97.5910 618 208SW 0 . 24.384 1 0 0 0 0 0 110 4.40 s . no 

igp ou 30.3133 -97.5908 612 206SW 0 . 12.192 1 0 0 0 0 0 111 4.00 s . no 

igp ou 30.3133 -97.5911 609 220SW 0 . 9.144 1 0 0 0 0 0 112 5.20 m . no 

igp ou 30.3134 -97.5907 593 198SS 0 . 15.240 1 0 0 0 0 0 113 4.20 s . no 

igp ou 30.3138 -97.5908 594 209SW 0 . 15.240 1 0 0 0 0 0 114 4.40 s . no 

igp ou 30.3139 -97.5905 589 205SW 0 . 15.240 0 0 0 0 0 0 115 . s . no 

igp ou 30.3140 -97.5905 577 210SW 0 . 12.192 0 0 0 0 0 0 116 . s . no 

igp ou 30.3141 -97.5907 541 180SS 0 . 0.000 0 0 0 0 0 0 117 3.30 s . no 

igp ou 30.3141 -97.5906 559 010NN 0 . 6.096 0 0 1 0 0 0 118 . s . ot 

igp ou 30.3143 -97.5903 558 036NE 0 . 6.096 0 0 0 0 0 0 119 3.80 s . no 

igp ou 30.3144 -97.5906 553 021N 0 . 3.048 0 0 0 0 0 0 120 5.40 m . no 
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variable explanation measured 
date day when data collected mm/dd/yyyy 
site coded name of site 
 code meaning 
 mkf McKinney Falls State Park 
 mkr McKinney Roughs Nature Park 
 hbf Hornsby Bend Waste Management Facility 
 igp Indiangrass Wildlife Preserve 
 ocw Onion Creek Wildlife Sanctuary 
habitat coded name of habitat 
 code meaning 
 wr wooded riparian - visual assessment 
 wu wooded upland - visual assessment 
 or open riparian - visual assessment 
 ou open upland - visual assessment 
 of open floodplain – visual assessment 
 wf wooded floodplain – visual assessment 

lat latitude North 
7 sigfig decimal converted from DMS Gamin GPS tracker with 
a 10ft margin of error. 

long longitude West 
7 sigfig decimal converted from DMS Garmin GPS tracker 
with a 10ft margin of error. 

elev height above sea level 
integer in feet using Garmin GPS tracker with 10ft margin of 
error 

slopface direction of upslope 

0 to 359 degrees with compass; SS-south, SE-southeast, EE-
east, SW-southwest, WW-west, NW-northwest, NN-north, NE-
northeast 

wtrpres 
presence of a nearby 
body of water 0 equals absent and 1 equals present 

distowtr 
distance from the water's 
edge if present integer in meters 

vertdist 

distance from plot 
elevation to water 
elevation 

used topographic USGS 2010 maps to subtract plot elevation 
from water elevation (nearest pond, lake, creek, or river); 
s=shallow, <31m; d=deep, ≥ 31m. 

bois 
Bothriochloa 
ischaemum 0 equals absent and 1 equals present 

lase Lactuca serriola 0 equals absent and 1 equals present 
soha Sorghum halepense 0 equals absent and 1 equals present 
loja Lonicera japonica 0 equals absent and 1 equals present 
lilu Ligustrum lucidum 0 equals absent and 1 equals present 
meaz Melia azedarach 0 equals absent and 1 equals present 
plotid integer - numbered consecutively throughout the study 
avgdepth average of five depths decimal to the nearest half centimeter using a knitting needle 
soilcat categories of avgdepth s=shallow, ≤ 5 cm; m=moderate, >5cm 

wtrcat categories of distowtr 
a=<10m; b=10m≤disttowtr<20m; c=20≤distowtr<30m; d=≥ 
30m 

disturb type of disturbance 
visual assessment - fi=fire, no=none, ot=other, pm=partly 
mowed 
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