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ABSTRACT 

 

 Playas form the primary wetland system in the High Plains portion of the 

Southern Great Plains (SGP) and provide valuable ecosystem services and functions 

including being key sites for biodiversity.  Current estimates of the number of playas 

within the SGP (Texas, New Mexico, Oklahoma, southwestern Kansas, southeastern 

Colorado) from historical soil surveys (pre-1970s), topographic maps, and field checks 

exceed 25,000.  This number often gives the potentially mistaken impression that there 

are numerous, adequately functioning playas in the region that continue to meet 

ecological and societal needs.  In addition, these historical estimates are used to generate 

samples of playas for a variety of natural resource survey and research efforts, which 

depend on the occurrence of functional playas to generate sound inferential results.    

In January 2001, the U.S. Supreme Court ruled on Solid Waste Agency of 

Northern Cook County (SWANCC) v. United States Army of Corps of Engineers, which 

eliminated the provisions of the Clean Water Act available for the protection of playas 

and other isolated wetlands.  The 1985 Food Security Act enacted the Federal 

“Swampbuster” provision for conservation of wetlands, which has been maintained in 

subsequent Farm Bills and is currently the only remaining potential incentive for the 

conservation playas throughout the SGP.  For a playa to be determined as a wetland 

under Swampbuster, there must be a prevalence of hydric soil.  Hydric soils were used 
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not only to characterize and define playa locations, but also as a necessary criterion for 

determination of wetland status.   

However, since 1994, soils of the SHP associated with depressions, including 

playas, have been subject to reclassification and subsequent remapping by the United 

States Department of Agriculture (USDA).  Anthropogenic factors and lack of regulatory 

protection have negatively impacted soil reclassifications, accelerated wetland loss, and 

impaired delivery of ecosystem services in many playas.  Revised estimates of playa 

number, location, level of function, landscape connectivity, and capability for restoration 

are needed to effectively implement conservation of playas and species that rely on them.   

Playas occur in perhaps the most agriculturally impacted landscape in North 

America, with numerous prominent landscape alterations resulting from changing 

cultivation and grazing practices since the late 1800s.  As a consequence, sediment 

accumulation and other contaminants are negatively impacting playas and leading to both 

physical and functional loss.  One method to reduce the impacts of altered watershed 

condition upon adjacent playas is to provide a surrounding buffer of native vegetation.  

Wetland buffers reduce the adverse impacts of adjacent land uses by preventing or 

reducing sediments, contaminants, and excess nutrients (e.g., fertilizer or manure) from 

reaching the wetland.  Conservation agencies and organizations have installed a very 

limited number of playa buffers during the past 15 years, and Farm Bill Programs have 

served to incidentally (e.g., Conservation Reserve Program; CRP) and intentionally (e.g., 

CP23a) buffer playas.  However, a field-based study is needed to quantitatively evaluate 

the effectiveness of this technique.   
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Collectively, playa wetlands are the primary sites for biodiversity and the primary 

wetland habitat for numerous wetland-dependent species that breed, migrate through, and 

winter in the High Plains.  The loss of biodiversity in the Great Plains and elsewhere is 

driven by habitat loss, degradation, and increasing fragmentation, with future biodiversity 

also subject to changes as a result of climate change.  Combined, these ecological 

stressors will have a strong influence on habitat and ecosystem connectivity and serious 

implications for the conservation of future biodiversity.  Habitat network analysis is a 

promising tool for conservation planning and management in fragmented landscapes 

facing climate change impacts. Using this approach it is possible to model the impacts of 

landscape change on connectivity and processes supported by connectivity. 

To estimate playa loss, determine scale of function reduction, and evaluate 

conservation strategies for playa wetlands, my study objectives were to (1) estimate 

physical loss and modifications of playas as a function of anthropogenic impacts, (2) 

utilize these data to estimate a rate of playa loss since 1970 and the number of playas 

remaining on the landscape in the Southern Great Plains, (3) develop the framework of a 

functional assessment for Great Plains playa wetlands, (4) present the data collected to 

characterize the chosen functions and apply the resulting Function Assessment to playa 

wetlands of Texas, Oklahoma, and New Mexico to assess the level of function for playas 

within the SGP, (5) evaluate impacts of the potential change in area and number of hydric 

locations (i.e., historical playas) as a result of the USDA soil reclassification and 

subsequent remapping of upland and depressional soils in the SHP of Texas, (6) evaluate 

implications of remapping for natural resource managers and other scientists involved in 
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conservation of playas, (7) address the effectiveness and impact of vegetative buffers of 

different widths and vegetation structure around playa wetlands on concentrations of 

metals, nutrients, and sediment in precipitation runoff and total volume of water entering 

playas, and (8) develop a framework for network analysis of playa systems. 

To assess physical loss and modifications, a combination of GIS and field data 

were utilized.  A Geographic Information Systems (GIS) representation of playas 

historically and currently present on the SGP landscape was developed by combining the 

Playa Lakes Digital Database for the Texas Portion of the Playa Lakes Joint Venture 

Region (PLDD) and National Wetland Inventory (NWI) spatial data.  Two percent of the 

wetland polygons were randomly selected for assessment of water feature type, 

anthropogenic impacts, and physical presence.  USDA National Agricultural Imagery 

Program (NAIP) and Google Earth imagery were used to categorize the current state of 

each polygon as a playa, other waterbody, or no visible water feature.  This 

categorization of the water features within the combined layer allowed for an estimate of 

the number of historical and current playas represented in the combined layer.  When a 

polygon was categorized as playa, anthropogenic modifications and impacts were 

evaluated.  Anthropogenic modifications and landcover was described within a 500-m 

diameter surrounding the playa.  

Historical playa locations with no depression visible in recent imagery and/or 

with loss of ≥ 100% of the original hydric-soil defined volume due to sediment 

accumulation were defined as physically lost.  Sediment loads were determined through 

field visits to randomly selected dry playas.  Using sediment depth, percent volume loss 
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due to sediment accumulation was calculated.  The percent of playas with ≥ 100% loss of 

the original hydric soil defined volume was determined.  

The combined dataset contained 34,512 polygons representing potential water 

features in the SGP across 51 counties in three states.  The status of 740 polygons (2% 

per county) was assessed and categorized.  Six hundred and two were categorized as 

historical playas, 125 as other waterbodies, and 13 as no visible water feature.  Only 1 

playa (0.2%) had no playa or watershed modification.  Twenty-eight playas (4.7%) had 

no playa modification.  Three playas (0.5%) had no watershed modification.  Across all 

landcover types, 51.5% of playas were tilled at the time the imagery was taken or showed 

signs of being tilled in the past.  Mean volume loss within native grassland and CRP were 

<100% of the original hydric volume in Texas, New Mexico, and Oklahoma.  A playa 

confirmation rate of 81.4% resulted in an estimated 28,092 depicted historical playa 

locations in Texas, Oklahoma, and New Mexico.  During the time period of 1970-2008 

an estimated 17% of playas have been physically lost from the SGP landscape.  Including 

the impacts of sediment accumulation, playa wetlands were reduced by an estimated 60% 

(1.6% per year).  These estimates are conservative in that cultivation of the playa floor is 

not included as a loss. However, during cultivation of the playa, the characteristic hydric 

soil layer is altered.  The inclusion of past and present tilling as a physical loss increases 

this estimate to 85.7% and a rate of 2.3% per year, during the 38 years under study.  The 

cumulative influence of these losses is unknown until the spatial distribution of lost 

playas is evaluated in relation to existing playas. 
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The framework for a functional assessment was created through the use of field 

data, literature searches, and best professional judgment.  It consists of 15 key elements 

or predictors for playa wetlands (i.e., model variables) and their associated measurement 

or condition important in evaluating the level of an individual playa‟s function based on 

the three ecological functions or services of interest: hydrology/recharge, water quality, 

and biodiversity.  Based on the outcome from this matrix, a continuous function scale 

was populated, producing a distribution of sampled playas.  Cut-off points were 

established within this continuous function scale to place playas into one of five 

categories (i.e., fully functional, partially functional and restorable, partially functional 

and non-restorable due to cost, partially functional and non-restorable, and non-

functional). 

In 2008-2009, playas were stratified by playa density/county and randomly 

selected.  These playas were used to create the function matrix, adjust values within the 

function matrix, and to assess function delivered by the playas remaining on the 

landscape.  For the function assessment, empirical data were combined with GIS-derived 

information, forming 15 model variables.  Nine model variables were directly evaluated 

via either field sampling or GIS-based techniques: (1) Physical Modifications, (2) 

Reduction in Original Volume, (3) Sediment Depth, (4) Agricultural Impacts, (5) Ratio of 

Native to Non-Native Plant Species, (6) Buffer Zone, (7) Density of Wetlands, (8) 

Landcover in Watershed, and (9) Upland Land Use.  The remaining 6 variables were 

assessed using a subset of playas, due to both time and financial constraints, through the 

use of field data, basic statistics and modeling: (1) Average Duration of Surface Water, 
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(2) Measured Aluminum, (3) Measured Chromium, (4) Measured Iron, (5) Measured 

Total Suspended Solids, and (6) Biomass.  

Through the application of the function matrix, none of the sampled playas were 

estimated to function at full functional capacity in the SGP.  Seventy-three (47%) of 

playas were estimated to be partially functional and restorable.  Partially functional and 

non-restorable due to cost playas were estimated at 12.9% or 20 playas, and 61 (39.4%) 

playas were partially functional and non-restorable because effective restoration 

techniques do not exist.  Lastly, 1 (0.01%) of the extant surveyed playas was estimated to 

be non-functional.   

For eight counties in Texas, I compared the occurrence of playas, as indicated by 

soils designated as hydric in original soil surveys, to designations in USDA-remapped 

soil surveys of upland and depressional soils.  I estimate a 65% decrease in playa 

numbers and 50% decrease in playa area as defined by the presence of a hydric soil 

following soil remapping.  An estimated 80% of small playas (<5 ha in area) will 

potentially lose protection due to soil remapping.  Playas embedded in both grassland and 

cropland watershed cover types were remapped; however, the mean (±SE) size of playas 

where soil type changed was 7±0.40 ha and 3±0.06 ha, respectively, for each cover type.  

Excessive sediment accumulation and other anthropogenic factors, resulting in an altered 

hydrology and masking of hydric soil characters, are proposed as primary factors 

responsible for differences in playa numbers and area following soil remapping.  Other 

factors potentially impacting the remapping results include current USDA methodology 

and correction of historical survey errors.  Therefore, any playa in the SHP being 
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considered for inclusion under USDA conservation programs must be individually and 

independently assessed on-site for wetland criteria, rather than relying on information 

provided by revised USDA-NRCS Soil Survey maps.  Further, during on-site evaluations, 

effects of anthropogenic alterations on the ability of the playa soil to develop and 

maintain hydric characteristics must be considered.  Finally, until the remapping effort is 

complete, the online USDA-NRCS Soil Survey maps will be comprised of a mixture of 

historical soil surveys and revised classification of historical surveys, which will cause 

confusion during interpretation by those unfamiliar with the status of soil survey reports 

for the Texas SHP. 

In 2008 and 2009, the effect of buffers surrounding playa wetlands on water 

quality was evaluated as functions of buffer width and vegetation cover.  Precipitation 

runoff was collected from 36 playa buffers (Conservation Reserve Program=7, Fallow 

Cover=18, Native Grassland=11) using I-CHEM storm water samplers (n=238) placed at 

the outer edge of the buffer adjacent to cultivated watersheds and each 10 m to the playa 

floor.  Samples were analyzed for total dissolved solids (TDS), total suspended solids 

(TSS), specific conductance (SC), pH, nitrate, phosphorus, and metals (i.e., Al, As, Ba, 

Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Ni, Sr, V, Na, Zn).  Also evaluated was the influence of 

buffers on hydrology, using the NRCS-USDA Curve Number Method.  TDS and TSS 

reached a combined maximum removal at 50 m, 49% and 72% respectively.  Nitrate and 

phosphorus reached a combined maximum removal at a distance of 20 m, 49% and 33% 

respectively.  Maximum removal of metals occurred at 40 m.  Estimated percent 

reduction in runoff reaching the playas due to the presence of a buffer was greatest for the 
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native CRP cover type (-5.8%).  A minimum buffer width of 40-50 m is necessary to 

maximize contaminant removal from runoff entering playa wetlands.  However, use of 

buffers does not completely negate the impacts of watershed cultivation on playa 

wetlands.  Therefore, additional conservation practices are necessary in adjacent 

cultivated watershed (e.g., contour plowing, no-till agricultural) to minimize movement 

of contaminants from watersheds into playas. 

The proposed framework for an initial network analysis of the Great Plains playa 

system includes use of metrics and algorithms outside of currently available software and 

incorporates physical and functional loss data.  For playa locations, I recommend the 

combined spatial data developed for use in assessing physical and functional loss of 

playas; for surrounding land use I recommend the National Landcover Database 

(http://www.mrlc.gov/).  Indices for playa quality are probability of inundation and level 

of function.  The utilization of this framework will address how physical and functional 

loss of playas, in concert with climate change, is currently influencing or going to 

influence connectivity and biodiversity. 
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CHAPTER I 

INTRODUCTION 

 

Exactly what constitutes a wetland is not always clear but is invaluable to wetland 

science and policy (Smith 2003).  Thus, it is appropriate for a study on wetland 

occurrence, function, and conservation to begin by defining the word “wetland.”  The U. 

S. Fish and Wildlife Service (USFWS) influenced wetland science and policy via the 

development of one of the first and most comprehensive definition of a wetland in what 

is frequently called Circular 39 (Shaw and Fredine 1956).  In the U. S., the most 

influential definition comes from the primary permitting agency for wetlands in the 

United States, the U. S. Army Corps of Engineers (USACE):  “The term „wetland‟ means 

those areas that are inundated or saturated by surface or ground water at a frequency and 

duration sufficient to support, and that under normal circumstances do support, a 

prevalence of vegetation typically adapted for life in saturated soil conditions.  Wetlands 

generally include swamps, marshes, bogs, and similar areas” (42 Fed. Reg. 37, 125-26, 

37128-29; July 19, 1977). 

Although wetlands cover less than 10% of the earth‟s surface overall, ecologically 

they are disproportionately important (Batzer and Sharitz 2006).  Moreover, wetlands 

provide a variety of ecosystem services (i.e., functions) (Batzer and Sharitz 2006).  For 

example, wetlands provide flood prevention, groundwater recharge, water filtration, 

carbon sequestration to mitigate climate change, biotic habitat, and high biological 

productivity (Batzer and Sharitz 2006).  

  Although Section 404 of the Clean Water Act has provided protection to 

jurisdictional wetlands since 1977, loss and degradation continue.  Criteria for 
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jurisdictional status of wetlands include hydric soil, hydrophytic plants, and a hydrology 

regime capable of supporting these soils and vegetation (Cowardin et al. 1979, U.S. 

Army Corp of Engineers 1987, USDA NRCS 1996).  In 1986, federal agencies adopted 

the “Migratory Bird Rule” that placed waters that are used or would be used as habitat by 

migratory birds, including isolated wetlands, under Section 404 of the Clean Water Act 

(Batzar and Sharitz 2006).  In 2001, the Supreme Court case Solid Waste Agency of 

Northern Cook County (SWANCC) v. United States Army of Corps of Engineers and 

subsequent decisions reversed regulatory protection for isolated wetlands, thus effectively 

eliminating federal regulation of impacts covered by the Clean Water Act for all but a 

few isolated wetlands (Batzar and Sharitz 2006). 

 In the lower 48 states of the United States, more than half of the historical 

wetlands have been drained or filled (Dahl 1990).  Productive farmland and area for 

urban expansion can be produced by draining or filling of wetlands (Dahl 2000).  Thus, 

the primary factors leading to wetland loss for the last two centuries have been from these 

and other anthropogenic activities (Dahl 1990).   

Since the 1950s, values of wetlands to a healthy functioning environment and 

human society have been increasingly recognized by scientists, conservationists, and the 

general public.  This understanding has encouraged recent U. S. presidential 

administrations to promote a policy goal of “no net loss” of wetlands (Smith 2003).  This 

policy and incentives to protect wetlands have been assumed to have slowed wetland loss 

(Dahl 2001).  However, estimates of wetland loss generally only consider certain events.  

Historically, the loss of wetlands has been attributed to the intentional draining or filling 
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of wetlands by humans (Mitsch and Gosselink 2000).  This type of jurisdictional wetland 

loss is readily identifiable through the monitoring of excavation or construction activities; 

however, loss of jurisdictional status reduces the ability to monitor wetland loss.  Seldom 

considered in loss estimates are factors not marked by conspicuous discrete draining or 

filling (e.g., sedimentation from cultivated watersheds), events that impair or degrade 

wetland structure and function (Smith 2003).   

The discrete filling of wetlands through the accumulation of sediment results in 

two principal consequences that alter the structure and function of a wetland.  Water once 

held within a hydric soil-defined wetland will spread over a larger area outside the hydric 

soil boundaries, increasing the surface area of the water subject to evaporation.  As a 

consequence, water will collect onto upland soils that are generally more porous than are 

hydric soils.  These two events will cause a reduction in hydroperiod, the amount of time 

a wetland contains water (Tsai et al. 2007).  Changes in hydroperiod and the physical 

covering of egg- and seed-banks by sediment alter wetland biota (e.g., Haukos and Smith 

1994, Gleason et al. 2003, Gray et al. 2004), including migratory birds, which then has 

global implications. 

The reduction in hydroperiod reduces water ponding, reducing the chemical 

reactions associated with identification of hydric soils (anaerobic conditions causing iron 

concretion formation, color changes in soil due to waterlogging and the subsequent iron 

removal, etc.).  Moreover, eroded upland soils are also deposited on top of hydric soils, 

obscuring the occurrence of the latter soil series.  When these soils are then examined, 

they no longer demonstrate hydric characteristics necessary for a legally defined 
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jurisdictional wetland or an ecologically functional wetland ecosystem (Haukos and 

Smith 2003, Smith 2003).  Thus, protections previously provided to jurisdictional 

wetlands of the United States are no longer applicable to affected isolated wetlands.  

The primary freshwater wetland type in High Plains (HP) region of the Southern Great 

Plains (SGP) of the western United States is playas, which are defined as “shallow, 

depression recharge wetlands…formed through a combination of wind, wave, and 

dissolution processes with each wetland existing in its own watershed” (Smith 2003).  

Playa wetlands are depressional wetlands that represent the terminus point of a closed 

watershed and are subject to large, rapid influxes of precipitation runoff and runoff-borne 

material.  In their fully functional state, they solely receive water from precipitation and 

the associated runoff, with water loss occurring through evaporation, transpiration, and 

aquifer recharge (Smith 2003).  

The essentially continuous distribution of HP playas extends from western 

Nebraska and eastern Wyoming southward into eastern New Mexico and northwest 

Texas, with the greatest density occurring on the Llano Estacado (i.e., Southern High 

Plains [SHP]) of Texas and eastern New Mexico (Guthery and Bryant 1982, LaGrange 

1997, Smith 2003).  Current estimates of the number of playas within the SGP (Texas, 

New Mexico, Oklahoma,  southwestern Kansas, southeastern Colorado) has been 

primarily determined based on original United States Department of Agriculture (USDA) 

County Soil Survey maps and the occurrence of hydric soil, generally Randall clay (e.g., 

Guthery et al. 1981).  Most of these maps were based on aerial photographs taken prior to 

1970.  Historical estimates of playa numbers from these counts are approximately 25,000 



Texas Tech University, Lacrecia Johnson, May 2011 

5 

 

for the SGP, with nearly 90% occurring on the SHP of west Texas and eastern New 

Mexico (Guthery et al. 1981).  This number often gives the potentially mistaken 

impression that there are numerous, adequately functioning playas in the region that 

continue to meet ecological and societal needs.  These historical estimates are used for 

extrapolation of results from sampled playas, estimation of habitat and forage availability 

for wildlife species, formulation of conservation plans, and estimation of water volume 

catchment following precipitation events.  However, anthropogenic factors have caused 

complete wetland loss and impairment of ecosystem services and functions in many 

playas.  Due in part to a changing landscape and increasing anthropogenic impacts to 

playas, revised estimates of playa number, location, level of function, and capability for 

restoration are needed to effectively implement conservation of playas and species that 

rely on them. 

Numerous anthropogenic alterations to playa hydrology, such as concentration of 

water through excavated pits, diversion of runoff water, and road construction are 

common within the watershed and wetland.  In addition, cultivation within the playa and 

the surrounding watershed, inadequately managed grazing, confined livestock operations, 

energy development, urbanization, other agricultural practices, and unsustainable 

sediment accumulation due to watershed erosion are negatively affecting remaining 

playas.  The single greatest threat to playas in agricultural landscapes is accumulation of 

eroded sediment (Smith 2003, Melcher and Skagen 2005, Skagen et al. 2008).  Excessive 

sediment loading in playas with cropland watersheds and its influence on identification of 

playa soils, playa occurrence, wetland volume, hydroperiod (Luo et al 1997), plant 
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community composition, and overall ecological function is well-documented (e.g., Smith 

and Haukos 2002).   

In addition, status and trends of playas have not been included in periodic 

continental wetland assessments by the National Wetland Inventory program of the 

United States Department of the Interior.  Through policies promulgated by recent U. S. 

presidential administrations, the nation‟s goals encompass an increase in quality and 

quantity of wetland resources within the United States.  Invaluable to the success of this 

goal is the capacity to accurately measure the net change in wetland function as a result 

of degradation and restoration (Brinson 1996).  The functional assessment approach can 

be used to take such measurements.  This approach is a collection of concepts and 

methods that are utilized to develop and apply functional indices to the assessment of 

wetlands (Maltby 2009).  Because this method is based on the functions a given wetland 

type performs, it is instrumental for making sound decisions on the management and 

protection of wetlands.    

Declaration of federal jurisdictional status provides a legal foundation for 

protection and conservation of wetlands through USACE regulations under Section 404 

of the Clean Water Act.  This regulation combined with wetland determinations under 

USDA conservation programs and incentive provisions contained within various Farm 

Bills since 1985 previously provided the regulatory foundation for conservation of playas 

and other isolated wetlands.  As previously detailed, in January 2001, the U.S. Supreme 

Court ruled on SWANCC v. United States Army of Corps of Engineers, which eliminated 

the provisions of the Clean Water Act available for the protection of playas and other 
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isolated wetlands (Haukos and Smith 2003).  The only remaining protection comes from 

the 1985 Food Security Act with the Federal “Swampbuster” provision for conservation 

of wetlands, which has been maintained in subsequent Farm Bills.  Swampbuster is an 

incentive-based program under which wetlands are provided protection on agricultural 

lands by the reduction or elimination of Federal Farm Bill subsidies to landowners who 

alter the hydrology of a wetland to grow a commodity crop.   

For a playa to be determined as a wetland under Swampbuster, there must be a 

prevalence of hydric soil, inundation or saturation by ground or surface water for a 

minimum of 7 days, or saturation by surface or ground water for at least 14 consecutive 

days within the growing season capable of supporting hydrophytic vegetation (USDA 

NRCS 1996).  By 2002, an estimated 16,367 (80%) playas in Texas had been certified 

and subject to Swampbuster provisions based on historical soil surveys (Haukos and 

Smith 2003). 

Historically, playas in the SHP were located and characterized by hydric soils 

principally in the Randall series, with smaller numbers characterized by soils in the Lipan, 

Ness, and Roscoe series (Allen et al. 1972).  These hydric soils were used not only to 

characterize and define playa locations, but also as a necessary criterion for determination 

of wetland status.  However, since 1994, soils of the SHP associated with depressions, 

including playas, have been subject to reclassification and subsequent remapping by the 

USDA.  The reclassification of historical soil series resulted in the development of 11 

series and 4 ecosites to characterize depressional soils on the SHP.  Soil series are 

determined by soil properties exclusively, whereas ecosites are defined by climate, 
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landscape, vegetation similarities, and soil properties.  Four of the 11 series retained the 

hydric designation, and 7 were classified as non-hydric.  In addition, 3 of the 7 non-

hydric series retained the ecosite designation of playa.  Therefore, remapping will 

categorize playas as a depression containing either a hydric or non-hydric soil. 

Soil reclassification and subsequent remapping of depressions on the SHP has the 

potential of contributing to the uncertainty of the location and number of playas on the 

SHP.  Although unlikely providing a complete count of playas on the SHP, use of historic 

hydric soil designations provides the foundation for conservation and management of 

playas in this region. 

One method of reducing the impacts of watershed cultivation upon adjacent 

wetlands is to provide a surrounding buffer of vegetation (Haukos 1994, 1995).  Wetland 

buffers can include both upland and aquatic areas contiguous with a wetland edge; 

however, the focus of this study was on vegetated upland buffers along the outer edge of 

the playa floor adjacent to cultivated farm fields.  Interacting factors that affect playa 

buffer effectiveness include slope and size of the playa watershed, land use within the 

playa watershed, soil texture of the playa watershed, buffer vegetation species and 

structure, buffer width, buffer management and use, and frequency and intensity of 

rainfall events (Skagen et al. 2008).  Although establishment of vegetative buffers is 

frequently recommended for conservation of playas, an assessment of the effectiveness of 

buffers surrounding playas is necessary to provide sound recommendations for the 

conservation and management of playas.  Lack of information on what criteria are 
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necessary to balance contaminant removal and volume of water that flows into the 

wetland is hindering conservation efforts.   

Because of the large number of species that depend on playas for all or part of 

their life cycle in the SGP, biodiversity of this region is supported by the collection of 

individual playas occurring on the landscape.  The physical loss, decline in function and 

and climate change impacts directly contribute to the level of connectivity, spatial 

arrangement, and ultimately biodiversity at local and landscape scales.  The connectivity 

of the SHP is influenced not only by the spatial distribution and functional status of 

playas, but also by the scale at which the many wetland-obligate species that depend on 

this habitat interact with the landscape pattern.  Critical thresholds for habitat 

fragmentation (i.e., probability of inundation, physical loss, and functional loss) and 

critical thresholds of dispersal distances by wetland wildlife have serious implications for 

the conservation of biodiversity in the SGP. 

Habitat network analysis is a promising tool for conservation planning and 

management in fragmented landscapes facing climate change impacts (Wright 2010). 

Network analysis is a recent introduction to the field of natural resource management, but 

it has a rich history in the fields of computer science, geography, and social science 

(Minor and Urban 2008), where it is used to evaluate flow or connectivity in various 

types of networks (Bunn et al. 2000).  Using this approach, it is possible to model the 

impacts of landscape change on connectivity and processes supported by connectivity 

(e.g., enhanced gene flow, diminished extinction risk) at the patch and landscape levels 

and to quantify either structural or functional connectivity.     
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Study Objectives 

 

1.  To (1) evaluate physical loss and modifications of playas as a function of 

anthropogenic impacts, (2) utilize these data to estimate a rate of playa loss, (3) predict 

future playa loss, and (4) estimate the number of playas remaining on the landscape of the 

Southern Great Plains. 

2. To (1) develop the framework of a functional assessment for Great Plains playa 

wetlands, (2) present the data collected to characterize the chosen functions, and (3) 

apply the resulting Function Assessment to playa wetlands of Texas, Oklahoma, and New 

Mexico to assess the level of function for playas within the Southern Great Plains. 

3. To (1) estimate the potential change in area and number of hydric locations (i.e., 

historical playas) as a result of the USDA soil reclassification and subsequent remapping 

of upland and depressional soils in the SHP of Texas, (2) evaluate implications of this 

remapping for natural resource managers and other scientists involved in conservation of 

playas, and (3) relate potential factors resulting in the remapping of soils associated with 

playa wetlands.   

4. To (1) address the effectiveness and impact of vegetative buffers of different widths 

and vegetation structure around playa wetlands on concentrations of metals, nutrients, 

and sediment in precipitation runoff and total volume of water entering playas, and (2) 

utilize these results to improve current buffer recommendations for playas.  

5. To create a framework to evaluate the influence of probability of inundation along with 

physical and functional loss of playas critical to connectivity and support of biodiversity 
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through changes in potential dispersal distances at which the playa network coalesces (i.e., 

threshold).   

Study Area 

 

I focused this study in northwest Texas, the Oklahoma Panhandle, and eastern 

New Mexico (Haukos and Smith 2004).  This is a semi-arid transitional region between 

the prairies to the northeast and the Chihuahuan Desert to the southwest and is one of 

most heavily agriculturally impacted areas in North America (Haukos and Smith 2004).  

Today, the landscape is dominated by agriculture that is highly supported by the pumping 

of the underlying Ogallala Aquifer for irrigation.  The annual average rainfall varies from 

33 cm in the more arid western portion of the study area to 63 cm in the east (Haukos and 

Smith 2004).  Precipitation events in this region primary occur from spring to early fall in 

the form of heavy and localized thunderstorms (Haukos and Smith 2004).  Evaporation 

rates are high and can exceed 250 cm per year due to high summer temperatures and mild 

winters in conjunction with high winds (Bolen et al. 1989).  The number of playas based 

on historical identification of hydric soils within this region has been estimated to be 

approximately 25,390 (Guthery et al. 1981), and the average playa size was estimated to 

be 6.3 ha (Guthery and Bryant 1982).  
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CHAPTER II 

PHYSICAL LOSS AND MODIFICATION OF SOUTHERN GREAT PLAINS PLAYA WETLANDS 

 

Introduction 

 

Playas comprise the primary wetland system in the High Plains portion of the 

Great Plains.  The distribution of Great Plains playas extends from western Nebraska and 

eastern Wyoming southward into western Kansas, western Oklahoma, eastern New 

Mexico and northwest Texas, with the greatest density occurring in the Southern High 

Plains (SHP) of Texas and New Mexico (Guthery and Bryant 1982, Osterkamp and 

Wood 1987, Smith 2003).  Playa wetlands are depressional wetlands that represent the 

terminus point of a closed watershed and are subject to large, rapid influxes of 

precipitation runoff and runoff-borne material.  In their fully functional state, they solely 

receive water from precipitation and the associated runoff, with water loss occurring 

through evaporation, transpiration, and aquifer recharge (Smith 2003).  Historically, 

approximately 25,000 playas were identified within the Southern Great Plains (SGP) 

based on pre-1970 soil surveys, with >22,500 occurring in Texas, New Mexico, and 

Oklahoma.  This often-reported number gives the potentially mistaken impression that 

there are numerous, adequately functioning playas in the region that continue to meet 

ecological and societal needs. 

Collectively, these wetlands provide numerous essential ecological services 

including the primary sites for floodwater catchment, source of biodiversity, islands of 

refugia for native plant species, and focused recharge points to the underlying aquifer of 

the SHP (Smith et al. 2011).  They also are important sites for biomass production, water 

quality improvement, livestock water and forage, irrigation water, and recreation.  In 
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addition, playas are the primary wetland habitat for all wetland-dependent species that 

breed, migrate through, and winter in the High Plains (Haukos and Smith 1994, Smith 

2003).   

 The SHP has undergone numerous landscape changes during the past 150 years.  

During the late 1880s, seasonal grazing of the short-grass prairie by bison (Bison bison) 

was replaced by continuous grazing practices by domestic livestock (Smith 2003).  The 

advent of row-crop agriculture was initiated in the region during the early 1900s and has 

dominated the landscape since the mid-1940s following development of technology to 

exploit the Ogallala Aquifer (Smith 2003).  In 1985, the United States Department of 

Agriculture (USDA) implemented the Conservation Reserve Program (CRP) primarily to 

establish perennial grass cover on formerly cultivated, highly erodible land and to reduce 

surplus commodity crop production.  The greatest density of CRP occurs in the SGP 

(http://www.fsa.usda.gov/Internet/FSA_File/fyannual2009.pdf). 

Today, playas of the SGP occur in one the most agriculturally impacted regions in 

North America (Bolen et al. 1989), with prominent landscape uses being cultivation and 

livestock grazing (Luo et al. 1997).  Numerous anthropogenic alterations to playa 

hydrology, such as concentration of water through excavated pits, diversion of runoff 

water, and road construction within the watershed and wetland are common.  In addition, 

cultivation within the playa and the surrounding watershed, inadequately managed 

grazing, confined livestock operations, energy development, urbanization, other 

agricultural practices, and unsustainable sediment accumulation due to watershed erosion 

are negatively affecting playas.  Accelerated sedimentation and its associated 



Texas Tech University, Lacrecia Johnson, May 2011 

17 

 

disturbances are the primary threats to playas because of active filling of the wetland, 

leading to altered hydrology, altered biota, and even complete physical loss (e.g., Luo et 

al. 1997, Smith and Haukos 2002, Gray et al. 2004, Tsai et al. 2007).    

 The significant changes in the landscape of the SGP over the past three decades 

and their associated impacts are not considered in current estimates of the number of 

extant playas.  However, governmental agencies and conservation groups often use 

historical estimates to identify existing resources, plan future activities, extrapolate 

sample estimates, and evaluate conservation efforts (Smith 2003).  In addition, status and 

trends of playas have not been included in periodic continental wetland assessments by 

the National Wetland Inventory program of the United States Department of the Interior.  

Once the extent and a rate of loss are known, changes to the availability of the resource 

can and should be included to improve conservation and management of playas.  My 

objectives were to (1) evaluate physical loss and modifications of playas as a function of 

anthropogenic impacts, (2) utilize these data to estimate a rate of playa loss, (3) predict 

future playa loss, and (4) estimate the number of playas remaining on the landscape.   

Methods 

 

The study area was the Playa Lakes Region (PLR) of the Southern Great Plains 

(SGP) as defined by Guthery et al. (1981).  Historical estimates of playa numbers for this 

region is approximately 25,000, with nearly 90% occurring on the Southern High Plains 

(SHP) of west Texas and eastern New Mexico (Guthery et al. 1981).  Specifically, this 

study was conducted in 67 counties in west Texas (n=61), the Oklahoma Panhandle (n=3), 

and eastern New Mexico (n=3).  This is a semi-arid transitional region between the 
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prairies to the northeast and the Chihuahuan Desert to the southwest and is one of most 

heavily agriculturally impacted areas in North America.   

Primary data sources used to compile a Geographic Information Systems (GIS) 

representation of playas historically and currently present on the SGP landscape included 

the Playa Lakes Digital Database for the Texas Portion of the Playa Lakes Joint Venture 

Region (PLDD) (Fish et al. 1998 and National Wetland Inventory (NWI) spatial data.  

The PLDD database covers the Texas portion of the SGP and is a GIS that contains a 

digitized location database of historical playas (pre-1970s) based on the presence of 

hydric soils (i.e., Randall, Lipan, Ness, and Roscoe series) as formerly designated on 

USDA soil survey maps (Guthery et al. 1981).  Playa features ≥ 0.11 ha are included in 

these data. 

The NWI GIS layers (www.fws.gov/wetlands/) contained all identified water 

features on a given landscape and, for this region, were developed in the early 2000s by 

utilizing the USDA National Agricultural Imagery Program (NAIP) and Soil Survey 

Geographic (SSURGO) Database as primary data sources.  Secondary data sources were 

U. S. Geological Survey (USGS) National Hydrology Data (NHD) high resolution linear 

data, USGS Digital Raster Graphs (DRG), and USGS National Elevation Data (NED).  

Tertiary data sources included older NWI aerial photography at various scales and 

emulsions, and Region 2 Habitat and Population Evaluation Team (HAPET) digital 

vegetation data.  National Wetlands Inventory employs the Cowardin system (Cowardin 

et al. 1979).  In this classification scheme, wetlands are described in terms of hydrology, 

soil, and vegetation.  This method is hierarchical, with systems representing the highest 
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level, followed by subsystems and classes, with modifiers added to depict a variety of 

features.  As a consequence, playas with multiple uniquely coded attributes were 

represented as multiple polygons in the NWI data layer.  In addition, playas bisected by 

roads were typically represented by two or more polygons.  The NWI dataset is not 

inclusive; water features including playas <0.5 ha are not part of this dataset, and some 

areas of interest were not digitized and made available for public use.  Publicly available 

digital data are not offered for the southernmost counties of the Texas portion of the 

Southern Great Plains (i.e., Gaines, Dawson, Borden, Andrews, Martin, Howard, Ector, 

Midland, and Glasscock counties) or for Lea County, New Mexico. As a result Lea 

County was excluded from analysis; however, the missing Texas counties were obtained 

from the Center for Geospatial Technology at Texas Tech University, the contractor 

responsible for creation of the West Texas National Wetlands Inventory.   

The databases were combined and enhanced to create a more complete 

representation of playas historically on the landscape.  Because small playas (i.e., <0.5 

ha) are highly susceptible to filling by excess sediment, historical small playas were 

added to the NWI layer through extraction from the PLDD database using the “Select by 

Location” function in ArcMap, reversing the selection, creating a layer of the selected 

features and integrating them into NWI, along with other playas not represented in NWI, 

using the “Merge” tool to create a more inclusive layer.  (Please note that this is still a 

conservative estimate of historical wetlands given that playas <0.11 ha were not mapped 

in the original soil survey.)  The “Aggregate Polygons” command was used to combine 

polygons within 50 m of each other. combining multiple polygons created as a 
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consequence of the Cowardin system, and multiple polygons as a result of road bisection 

into one polygon.  These actions created a database in which each playa was represented 

by one polygon.  In addition, river systems were removed from the NWI data, and county 

boundaries were downloaded from ESRI and merged to create a layer that spatially 

defined the study area.  The layer containing the combined water features was joined to 

the county layer using the “Spatial Join” function in ArcMap to populate the attribute 

table with county information.  The area, latitude, and longitude of each playa were 

calculated using the “Calculate Geometry” function in ArcMap.    

Of the 34,512 total polygons in the combined layer, representing potential water 

features on the landscape such as such as playas, tanks, salt lakes, farm ponds, and water 

treatment ponds, 2% per county were randomly selected for assessment of water feature 

type, anthropogenic impacts, and current physical presence.  Because the combined 

database contained playas and a variety of other water features, the USDA NAIP 

(www.datagateway.nrcs.usda.gov)  from 2008 and Google Earth imagery ranging from 

the 1990s-2008 were used to categorize the current state of each polygon as a playa, other 

waterbody, or no visible water feature.  NAIP was the primary data source but if a 

determination could not be made, Google imagery was used for confirmation.  No visible 

water feature category was reserved for locations depicted in NWI, not depicted in PLDD, 

and not seen in imagery.  The category of other waterbodies incorporated all water 

features that could not be designated as a playa and no evidence existed (i.e., no 

indication in historical imagery, no remnants of a playa, and did not occur in the PLDD) 

to support the water feature historically being a playa (e.g., farm ponds, dairy farm runoff 
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catchments, feed yard runoff catchments).  Polygons were categorized as playa when a 

playa was visible in the imagery as a depression containing hydric soil or vegetation 

distinct from surrounding landscape, or depicted in the PLDD database but not visible in 

current imagery.  This categorization of the water features within the combined layer 

allowed for an estimate of the number of historical and current playas represented in the 

combined layer.   

When a polygon was categorized as playa, anthropogenic modifications and 

impacts to hydrology or ecology were evaluated.  Variables recorded were depression or 

no depression (i.e., hydric soil footprint only), excavated pits, trenches, inlet or outlet 

used to divert water, berm or dam, evidence of an irrigation pump, bisected by road, 

bisected by fence, trees, grazing, tilled present, tilled past, center pivot irrigation travel, 

occurrence of surrounding vegetative buffer, buffer vegetation type (i.e., CRP, native 

grassland, or fallow), and buffer width.  The modification of grazing was assumed when 

the immediate area surrounding the playa was grassland with the presence of livestock 

fencing and watering sites when cattle were not observed. 

Anthropogenic modifications and landcover within the watershed of each playa 

was described within a 500-m diameter surrounding the playa.  The buffer was created 

using the Buffer Analysis Tool in ArcMap.  Using NAIP and Google Earth imagery, 

presence or absence was recorded for terraces, oil pumpjack, pad without pumpjack, 

center pivot irrigation system, wind farm, feedlot or dairy, urban structure, paved roads, 

improved dirt road, two-track road, railroad, or drainage manipulation (i.e., dammed 

drainage that historically flowed to playa).  To assess the surrounding landcover, a 
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polygon shapefile containing only the evaluated (n=602) playas was produced and a 500-

m buffer was created around each using the Buffer Analysis tool in ArcMap.  These 

resulting buffer polygons were used to extract landcover data from the PLJV landcover 

raster data layer using the Thematic Raster Summary (by Polygon) tool in the Hawth's 

Analysis Tools extension (version 3.27; Beyer 2004).  The PLJV landcover layer is a 

compilation of existing spatial landcover data, including U. S. Geological Survey (USGS) 

Gap and ReGap landcover layers overlaid with the Common Land Unit (CLU) layer, 

maintained by the USDA Farm Services Agency (FSA), which identifies cropland and 

CRP fields.  The number of pixels per landcover type was summarized for each playa 

buffer.  Using the “Joins and Relates” option in ArcGIS these data were joined to the 

attributes contained within the polygon shapefile.  The attributes contained were 

associated modifications, status information, and basic descriptive data contained in the 

complete water features layer.  The resulting table was then exported to Excel for further 

manipulation and tabulation of modifications within the watershed, modification within 

the playas, playas physically lost due to no visible depression, or lost due to ≥100% of 

original volume. 

Historical playa locations with no depression visible in recent imagery (i.e., no 

discernable slope change, hydric soil or vegetation change) and/or with loss of ≥100% of 

the original hydric-soil defined volume due to sediment accumulation were defined as 

physically lost.  Sediment loads were determined through field visits to randomly 

selected dry playas (n=147).  To calculate percent volume loss, (1) sediment depth, (2) 

playa area, (3) slope of the playa edge, (4) location of playa edge, and (5) difference in 
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elevation between visual edge and playa basin were determined and measured following 

Tsai (2007).  The visual edge of the playa was determined based on change of slope, 

vegetation, and soil (Luo et al. 1997).  Soil edge (i.e., actual playa edge) was defined as 

the hydric-soil defined boundary, where the soil changed from hydric soil to upland soil.  

The soil edge was determined at two locations opposite each other on the playa by taking 

sediment cores along a transect perpendicular to the visual edge (i.e., change in slope and 

vegetation).  Sediment depth was directly measured as the distance between the point of 

the soil core comprised of >50% hydric soil and the top of the sediment (Luo et al. 1997). 

Munsell soil charts and soil profiles presented in NRCS Web Soil Survey maps 

(websoilsurvey.nrcs.usda.gov) were used to classify hydric and upland soils.  

Sediment depth was recorded at six locations within the playa (Tsai 2007).  The 

first sample was taken from the center with five additional equidistant core samples taken 

at approximately one third the playa radius (Tsai 2007).  Similar to cores at playa edge, 

measurements for sediment depth (cm) were taken from the top of the sediment to the 

depth at which the soil consisted of >50% hydric soil.  A level set was located in the 

center of the playa to measure the slope of the playa edge.  The elevation change between 

the playa floor and each of the equidistant points (n=8) along the visual edge of the playa 

was measured using the one-station method (Luo et al. 1997).  The area of the playa was 

estimated by walking the visual edge and recording location data using a Global 

Positioning System (GPS; Trimble GeoXT) and imported into ArcGIS to calculate playa 

area (Tsai 2007).  If playas lacked a discernable visual boundary, soil maps and aerial 
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surveys were employed to estimate the historical boundary of the playa prior to soil 

sampling.    

Using sediment depth, percent volume loss due to sediment accumulation was 

calculated.  A truncated cone shape was assumed for the playa (Tsai 2007).  Original 

playa volume, current playa volume (post-sedimentation), and sediment volume were 

calculated based on area of hydric soil.  For this study, original volume was defined as 

the sum of the current playa volume and sediment volume.  The difference between the 

two truncated cones was used to represent current volume.  In addition, percent volume 

loss was calculated via the division of current volume by the original volume and 

subtracting from 100.   

The number of playas with ≥100% loss of the original hydric soil-defined volume 

was determined within each landcover category (i.e., row-crop agriculture, CRP, native 

grassland, and disturbed grassland).  Disturbed grassland is defined here as previously 

tilled ground not enrolled in CRP but planted to native or non-native grass or fallow 

fields, bar ditches, and unplanted areas of row-crop agriculture fields that are dominated 

by non-crop vegetation. Sample results were extrapolated based on the percent of playas 

within each land use and percent within each land use with ≥100% original hydric soil-

defined volume loss.  These data were combined with depression presence or absence 

data to estimate a number and rate of physical loss of playas.  

Using these data, a rate of playa loss was estimated by dividing the percent loss of 

playas by the approximate span of this study (1970-2008).  The span of this study was 

dictated by the historical playa data (pre-1970s) and the year of available imagery (2008). 
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Future loss was predicted by assuming the rate of loss estimated was constant.  The 

number of playas remaining on the landscape was estimated by subtracting the estimated 

number lost over the last 38 years from the number of playas estimated to be on the 

landscape historically.    

Results 

 

The combined dataset contained 34,512 polygons representing potential water 

features in the SGP across 51 counties in three states.  The status of 740 polygons (2% 

per county) was assessed and categorized.  Six hundred and two were categorized as 

historical playas, 125 as other waterbodies, and 13 as no visible water feature.  Based on 

polygon size within the combined database, the average size (±SE) of playas assessed 

across landcover types was 7.5±0.47 ha.  Of this sample, 59.2% were 0-5.04 ha, 20.0% 

were 5.05-10.04 ha, 9.2% were 10.05-15.04 ha, 4.2% were 15.05-20.04 ha, 2.3% were 

20.05-25.04, 1.5% were 25.05-30.04 ha, and 4.0% were ≥30.05 ha.  Dominant 

surrounding landcover was 312 (52%) row-crop agriculture, 103 (17.2%) CRP, 132 

(22.0%) native grassland, 53 (8.8%) disturbed grassland, and 2 (0.03%) anthropogenic 

development structures (Tables 2.1 and 2.2).  Playas with a surrounding landcover of 

anthropogenic development (i.e., secondary roads, 4-lane roads, urban/suburban and all 

other unimportant) were removed from further analyses.    

Playa and watershed modifications were recorded for playas assigned a non-

anthropogenic dominant landcover.  Only 1 playa (0.2%) had no wetland or watershed 

modification.  Twenty-eight playas (4.7%) had no wetland modification.  Playas in CRP 

frequently modified (97.1%), followed by row-crop agriculture (96.8%), disturbed 
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grassland (92.5%), and native grassland (90.91%) (Table 2.3).  The most common 

modification within the playa across landcover types was tillage (35.3%, Table 2.4).  By 

landcover type the most common playa modification was tilled present (row-crop 

agriculture and disturbed grassland), tilled past (CRP), and grazed (native grassland) 

(Table 2.5).  Across all landcover types, 51.5% of playas were tilled at the time the 

imagery was taken or showed signs of being tilled in the past.  Tilling, pitting, and 

trenching occurred in 59.2% of playas (Table 2.4).   

Three playas (0.5%) had no watershed modification.  For row-crop agriculture 

and native grassland watersheds, two-track roads were the most common modification 

whereas runoff manipulation (small dams or other obstructions to water flow in drainages 

going to playas) was the most common for CRP and disturbed grassland (Table 2.5).  

Across landcover types, watershed runoff manipulation impacted 88.0% of playas (Table 

2.4).  Further, only 50 playas (8.3%) were surrounded by vegetative buffers with an 

average width of 89 m.   

Sediment depth, playa area, and volume loss were measured for 147 playas in 

Texas (n=132), Oklahoma (n=3), and New Mexico (n=12).  Mean volume loss for playas 

in row-crop agriculture within all states was >100% of the original hydric-soil defined 

volume.  Mean volume loss within native grassland and CRP were <100% of the original 

hydric volume in Texas, New Mexico, and Oklahoma (Table 2.6). 

Combination of the NWI, PLDD, and the southern counties of Texas resulted in 

34,512 water-feature polygons in the base GIS layer with a playa confirmation rate of 

81.4%, resulting in an estimated 28,092 depicted historical playa locations in Texas, 
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Oklahoma, and New Mexico.  The documented modifications contributed to 102 (17.0%) 

of historical playas assessed having no visible depression or presence on the landscape.   

The percent of assessed playas lost varied by land use (row-crop agriculture 25.3%, CRP 

4.9%, native grassland 3.4%, and disturbed grassland 24.5%) and by size.  Across all 

landcover types, the smallest size category (0-5.04 ha) was estimated to have the greatest 

percent of locations with no visible depression (26% total; row-crop agriculture 38.8%, 

CRP 8.2%, native grassland 6.7%, and disturbed grassland 31.4% lost; Table 2.2).   

Of the historically present playas, 17% or 4,775 playas have been removed from 

the landscape (extrapolated from the above estimate).  On average, because all playas in 

cropland have lost >100% of their original hydric-soil defined boundary despite the 

continued existence of a depression on the landscape capable of water collection, the 

estimate for physical loss due to sediment accumulation is 14,607.  When playas 

dominated by row-crop agriculture are removed from the combined data base (52%), 

estimates for no visible depression changed from 17% to 8%, resulting in 60% (52% lost 

due to unsustainable sediment + 8% other modifications), or 16,855 playas, being 

physically lost.  This adjustment results in a change from the original 28,092 potentially 

functional playas on the landscape to the current estimate of 11,237 and a rate of loss of 

1.6% per year from 1970-2008 or 38 years.   

Discussion  

 

The majority of playas in the SGP of Texas, Oklahoma, and New Mexico have 

been impacted by a variety of anthropogenic modifications, and as a consequence, 

physical loss of these wetlands is occurring at an alarming rate (Smith et al. 2011).  The 
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physical loss of individual playas forming this keystone ecosystem is not being 

recognized nor is it being accounted for by natural resource groups and agencies 

conducting extrapolations, conservation planning, and modeling impacts of future climate 

change.  Moreover, the efforts of these groups to conserve playas have clearly failed.  

Without consideration of sediment accumulation in playas, conservatively 17% of 

original playas have been lost from the landscape of the SGP.  Including the impacts of 

sediment accumulation during the time period of 1970-2008, playa wetlands on the 

landscape were reduced by an estimated 60% (1.6% per year).  These estimates are 

conservative in that cultivation of the playa floor is not included as a loss.  However, 

during cultivation of the playa, the characteristic hydric soil layer is altered.  The 

inclusion of past and present tilling as a physical loss increases this estimate to 81.5% 

(8.0% + 52.0% +21.5%) and a rate of 2.2% per year during the 38 years under study.  

The cumulative influence of these losses is unknown until the spatial distribution of lost 

playas is evaluated in relation to existing playas. 

Based on measurements from Soil Survey Maps utilized by Guthery and Bryant 

(1982), the average size of playas in Texas, New Mexico, and Oklahoma was 6.30±0.16 

ha.  The average size in this study was estimated at 7.5±0.47 ha,suggesting that small 

playas have been disproportionably lost from the landscape because the original estimate 

was made from Soil Survey maps.  Of the playas remaining on the landscape, the percent 

of modified playas (95.3%) exceeds predictions of a maximum 85% of playas ever being 

modified (Schwiesow 1965).  Playa modifications with the potential to greatly alter the 

natural hydrology of the playa are of highest concern, and three of the four most common 
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playa modifications observed in this study result in changes to hydrology (i.e., tilling, 

pitting, trenching), the driving force of playa ecosystem function.  Guthery and Bryant 

(1982) estimated that 33% of playas on the landscape were pitted, trenched, or bermed.  

Today, these same modifications are estimated to occur in 45.7% of playas on the SGP, 

sharply contrasting with the 12% and 10% of playas with hydrologic manipulations (i.e., 

pits, berms, levees, wells, and inlets/outlets) documented in Colorado (Cariveau and 

Johnson 2007) and Nebraska (Cariveau and Pavlacky 2009), providing additional support 

that playa modifications, including those that influence hydrology, have increased in the 

SGP.  In addition, 29% and 53% of more northerly playas in Colorado (Cariveau and 

Johnson 2007) and Nebraska (Cariveau and Pavlacky 2009) were farmed, whereas 51.5% 

of playas showed evidence of being tilled in the past or present within the SGP.  

Although a direct comparison to Guthery et al. (1982) is difficult due to size categories 

used in their study, they estimated a minimum of 46% of playas were tilled.   

Sediment accumulation is the greatest known runoff-associated threat to wetlands 

in semi-arid regions such as playas of the SGP, and watershed-scale factors influence 

sedimentation rates (Skagen et al. 2008).  The most influential watershed-scale factor 

influencing rate of sedimentation is the type and amount of anthropogenic modifications.  

Modifications increase contact between precipitation runoff and disturbed or bare soil.  

Unnatural increases in the sediment load leads to filling of the wetland.  The discrete 

filling of playas through the accumulation of sediment results in two principal 

consequences that alter the structure and function of the wetland through reduction in 

hydroperiod (Tsai et al. 2007).  Water once held within a hydric soil-defined wetland will 
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spread over a larger area outside the hydric soil boundaries, increasing the surface area of 

the water subject to evaporation.  Additionally, water will collect onto upland soils that 

are generally more porous than are hydric soils (Tsai et al. 2007).  Changes in 

hydroperiod and the physical covering of egg- and seed-banks by sediment alter wetland 

biota (e.g., Haukos and Smith 1994, Gleason et al. 2003, Gray et al. 2004), including 

migratory birds, which then has global implications. 

Conversion of the watershed from native grassland to row-crop agriculture is the 

most influential watershed modification for playas.  Fifty-one percent of playas in this 

study were embedded in landscapes dominated by row-crop agriculture, and on average 

all these wetlands had lost ≥100% of their hydric soil-defined volume regardless of size.  

Playas in the smallest size category (0-5.04 ha) were most commonly categorized as 

having no visible depression (i.e., physical loss).  Playa size influenced physical loss due 

to no visible depression and lends support for the hypothesis that small playas are more 

susceptible to the impacts of large excess sediment loads and other anthropogenic 

impacts, as a consequence of having a reduced original volume relative to large playas. 

Clearly, modifications damage the value and ecological function of playas (e.g., 

Guthery and Bryant 1982, Smith 2003, Tsai et al. 2007), leading to wetland degradation 

and loss.  The loss of an individual playa from the landscape is compounded by the 

reduction in functional connectivity for the species that rely upon these habitats, leading 

to increased fragmentation of the landscape and the decline of regional biodiversity 

(Haukos and Smith 2003).  Other consequences include reduced storage of runoff volume, 
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thus promoting an increase in flooding following heavy rain events common to this area 

(Luo et al. 1997) and potentially reduced recharge to the Ogallala Aquifer.   

The changes in the landscape due to physical loss of playas should be 

acknowledged through incorporation into estimates and extrapolations for conservation 

planning, habitat availability, estimation of flora and fauna population size, water storage 

capacity, and aquifer recharge estimates.  Inaccuracies in these estimates, due to 

unaccounted-for loss of playas, create an overestimate of the current ecosystem services 

and functions they provide.   

The physical loss and modification of playas and their watersheds estimated in 

this study highlight the need for immediate effective playa conservation with a focus on 

incentive-based conservation programs.  These programs should focus not only on buffer 

implementation but on watershed management in combination with direct wetland 

management.  In addition, programs should focus on purchase or perpetual easement for 

the estimated 0.2% of playas with no playa or watershed modification and the 4.7% of 

playas with no playa modification.  The conservation of playas would be further 

enhanced by the utilization, creation, and enforcement of biologically relevant tools and 

regulatory incentives designed for the protection of playas.  Unless groups responsible for 

playa conservation are held accountable the negative trends observed in this study will 

continue.  
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Table 2.1.  Playa Lakes Joint Venture (PLJV) condition descriptions and 

assigned landcover categories present within 500 m of randomly selected 

playas (n=602) in the Southern Great Plains of Texas, Oklahoma, and 

New Mexico.     
    

PLJV Condition Description  Landcover Category  

Secondary Road Anthropogenic Development  

4-lane Road Anthropogenic Development  

Urban/Suburban Anthropogenic Development  

All Other Types Unimportant Anthropogenic Development  

CRP CRP 

CRP - Grass CRP 

CRP - Wetland CRP 

CRP - Other practice CRP 

Pasture Disturbed Grassland 

Badlands/Cliffs/Outcrops Native Grassland 

Pinyon/Juniper Native Grassland 

Juniper Native Grassland 

Juniper/Mesquite Native Grassland 

Mixedgrass Native Grassland 

Shortgrass Native Grassland 

Mesquite Savannah Native Grassland 

Shinnery Native Grassland 

Sandsage Native Grassland 

Pit Open Water 

Reservoir Open Water 

Stock Pond Open Water 

Riverine - Canopy Riverine System 

Native Riparian Shrubland Riverine System 

Wet Meadow Riverine System 

Floodplain Marsh Riverine System 

Cropland Row-crop Agriculture 

Alfalfa Row-crop Agriculture 

Corn Row-crop Agriculture 

Fallow Row-crop Agriculture 

Millet Row-crop Agriculture 

Sorghum Row-crop Agriculture 

Soybeans Row-crop Agriculture 

Sunflowers Row-crop Agriculture 

Wheat Row-crop Agriculture 

Peanuts Row-crop Agriculture 

Other Crop Row-crop Agriculture 

Sod Farm Row-crop Agriculture 

Playa Wetland 

Emergent Marsh Wetland 
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Table 2.2.  Number of historical playas assessed for current modifications and lack of visible depression within Row-crop 

Agriculture, Conservation Reserve Program, Native Grassland, and Disturbed Grassland watersheds in NAIP and Google 

Imagery from 2008 (n=600) and by size (ha) (1=0-5.04, 2=5.05-10.04, 3=10.05-15.04, 4=15.05-20.04, 5=20.05-25.04, 6=25.05-

30.04, 7=≥30.05). 
 

                                                                                                   Landcover              

 Row-crop Agriculture   Conservation Reserve Program  Native Grassland  Disturbed Grassland 

  

# 

Total 

 

Modified  

 No 

Visible 

Depression   

# 

Total 

 

Modified  

 No 

Visible 

Depression   

# 

Total Modified  

 No 

Visible 

Depression   

# 

Total 

 

Modified  

No Visible 

Depression 

Playa 

Size                 

1 183 178 71  61 59 5  75 69 5  35 32 11 

2 61 59 6  21 20 0  27 25 0  10 9 2 

3 31 28 1  11 11 0  10 9 0  3 3 0 

4 12 12 1  5 5 0  6 4 0  2 2 0 

5 8 8 0  2 1 0  3 3 0  1 1 0 

6 6 6 0  0 0 0  3 2 0  0 0 0 

7 11 11 0  3 3 0  8 8 0  2 2 0 

Total 312 302 79   103 99 5   132 120 5   53 49 13 
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Table 2.3.  Number of historical playas, average historical size, percent currently 

modified, and percent currently with no visible depression within Row-crop Agriculture, 

Conservation Reserve Program, Native Grassland, and Disturbed Grassland (n=600) and  

by size (1=0-5.04, 2=5.05-10.04, 3=10.05-15.04, 4=15.05-20.04, 5=20.05-25.04, 

6=25.04-30.04, 7=≥30.05) in NAIP and Google Imagery from 2008. 

                                                                                      Landcover      

 Row-crop Agriculture   Conservation Reserve Program 

  # 

   Size 

(ha) % MOD 

Percent No 

Depression   # Size (ha) 

Percent 

Modified  

Percent No 

Depression 

Playa  

Size (ha)          

1 183  2.4(0.1) 97.30 38.80  61 2.3(0.2) 96.70 8.20 

2 61  7.6(0.2) 96.70 9.80  20 7.0(0.4) 100.00 0.00 

3 31 12.0(0.2) 90.30 3.20  11 11.38(0.2) 100.00 0.00 

4 12 17.8(0.5) 100.00 8.30  5 15.91(0.4) 100.00 0.00 

5 8 23.0(0.5) 100.00 0.00  2 22.3(0.6)   50.00 0.00 

6 6 27.2(0.3) 100.00 0.00  0    0.00    0.00 0.00 

7 11 51.4(11.5) 100.00 0.00  3 39.8(4.4) 100.00 0.00 

TOTAL 312 20.2(6.1) 96.80     25.30   102 16.4(5.5)    97.10 4.90 
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Table 2.3.  Continued 

 

 

Landcover  

 Native Grassland  Disturbed Grassland 

  # Size 

Percent 

Modified  

Percent No 

Depression   # Size 

Percent 

Modified  

Percent No 

Depression 

Playa 

Size (ha)          

1 75 2.5(0.2) 92.00 6.70  35   1.9(3.1)  91.40 31.40 

2 27 7.0(0.3) 92.60 0.00  10   7.7(0.5)  90.00 20.00 

3 10 11.3(0.4) 90.00 0.00  3 11.8(0.1) 100.00    0.00 

4 6 16.9(0.6) 66.70 0.00  2 16.3(0.6) 100.00   0.00 

5 3 21.4(0.6) 100.00 0.00  1 21.12 100.00   0.00 

6 3 27.1(0.8) 66.70 0.00  0   0.00     0.00   0.00 

7 8 43.7(3.0) 100.00 0.00  2 67.8(4.6) 100.00   0.00 

TOTAL 132 18.6(5.3) 90.91 3.40   53 21.01(9.72)   92.50 24.50 
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Table 2.4.  Modification types recorded with number and percent of playas 

with the given modification across all dominant watershed landcover types 

(Row-crop Agriculture n=312, Conservation Reserve Program n=102, Native 

Grassland n=132, Disturbed Grassland n=53), as observed in NAIP and 

Google Earth Imagery taken in 2008 for the Southern Great Plains portion of 

Texas, New Mexico, and Oklahoma. 

    
Number with Modification Percent with Modification 

  

Playa Modification   

Pit 162 27.00 

Trench 66 11.00 

Inlet or Outlet 113 18.83 

Berm 46 7.67 

Pump 2 0.33 

Road Bisect 87 14.50 

Fence Bisect 121 20.17 

Trees 80 13.33 

Grazed 180 30.00 

Tilled Present 212 35.33 

Tilled Past 97 16.17 

Center Pivot 88 14.67 

Buffer 50 8.33 

   

Watershed Modification   

Contour Till 114 19.00 

Terrace 135 22.50 

Oil Pumpjack 68 11.33 

Pumpjack Pad 76 12.67 

Center Pivot 208 34.67 

Wind farm 5 0.83 

Dairy or Feedlot 6 1.00 

Town 13 2.17 

House or Barn 242 40.33 

Paved Roads 159 26.50 

Constructed Roads 483 80.50 

Two-track Roads 556 92.67 

Railroad 13 2.17 

Runoff Manipulation 528 88.00 
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Table 2.5.  Number of playas impacted by anthropogenic activities to the playa and 

surrounding watershed by landcover (Conservation Reserve Program, native grassland 

and row-crop agriculture) and area (1=0-5.04, 2=5.05-10.04, 3=10.05-15.04, 4=15.05-

20.04, 5=20.05-25.04, 6=25.05-30.04, 7=≥30.05) in the Southern Great Plains of Texas, 

New Mexico, and Oklahoma as observed in NAIP and Google Imagery from 2008 

(n=600). 

  
Landcover 

 

Modification Row-crop Agriculture    CRP   

 Playa Size (ha)   

 1 2 3 4 5 6 7 Total 1 2 3 4 5 6 7 Total 

Playa                  

Pit 23 16 11 9 5 5 5 74 4 2 4 2 1 0 3 16 

Trench 7 10 5 6 4 1 4 37 2 2 4 2 1 0 2 13 

Inlet or Outlet 14 17 12 8 6 2 6 65 5 6 4 3 1 0 2 21 

Berm  9 9 3 1 2 1 1 26 3 1 1 0 0 0 0 5 

Pump 0 0 0 0 0 1 1 2 0 0 0 0 0 0 0 0 

Road Bisect 27 9 10 4 1 2 2 55 4 2 2 1 0 0 0 9 

Fence Bisect 23 13 9 7 2 3 6 63 8 3 7 1 0 0 0 19 

Trees 14 14 9 6 2 2 2 49 4 3 2 2 0 0 0 11 

Grazed 7 6 5 0 2 4 4 28 8 6 0 0 0 0 1 15 

Tilled Present 126 26 13 6 1 1 3 176 4 1 1 0 0 0 0 6 

Tilled Past  16 11 2 4 1 0 1 35 35 7 5 1 0 0 1 49 

Center Pivot  47 18 6 6 1 0 0 78 2 0 1 0 0 0 0 3 

Buffer 12 8 5 4 4 2 2 37 2 3 2 0 0 0 0 7 

Total 325 157 90 61 31 24 37 725 81 36 33 12 3 0 9 174 

Watershed                  

Contour Till 47 19 7 2 2 1 4 82 3 2 2 1 0 0 0 8 

Terrace  41 20 10 3 1 1 5 81 11 3 2 1 0 0 1 18 

Pumpjack 20 4 2 1 0 0 0 27 7 1 0 1 0 0 0 9 

Pumpjack Pad 22 4 2 1 0 0 1 30 8 2 0 1 0 0 0 11 

Center Pivot  90 36 16 11 5 3 3 164 12 4 3 1 1 0 0 21 

Wind farm  0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 1 

Dairy or Feedlot  2 1 2 0 0 0 0 5 0 0 0 0 1 0 0 1 

Town 6 1 0 0 0 1 0 8 0 2 0 0 0 0 0 2 

House or Barn 78 37 17 6 4 1 2 145 15 12 5 2 1 0 2 37 

Paved Roads 50 22 14 3 3 3 3 98 10 7 0 1 0 0 2 20 

Constructed 150 54 25 11 7 5 10 262 50 21 9 4 2 0 2 88 

Two-track Roads  172 58 30 12 8 6 11 297 44 20 9 5 2 0 3 83 

Railroad 4 0 0 1 0 1 1 7 1 0 0 0 0 0 0 1 

Runoff 

Manipulation 166 57 29 12 7 6 11 288 53 21 10 5 2 0 3 94 

Total 848 313 155 63 37 28 51 1495 215 95 40 22 9 0 13 394 
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Table 2.5.  Continued 

  
Landcover 

 

Modification Native Grassland            Disturbed Grassland    

 Playa Size (ha)   

  1 2 3 4 5 6 7 Total 1 2 3 4 5 6 7 Total 

Playa                  

Pit 23 15 7 4 1 2 6 58 4 4 1 2 1 0 2 14 

Trench 2 4 2 1 1 1 1 12 0 1 0 0 1 0 2 4 

Inlet or Outlet 5 6 3 1 1 0 3 19 2 1 1 1 1 0 2 8 

Berm  4 2 2 0 1 0 0 9 2 1 1 0 1 0 1 6 

Pump 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Road Bisect 5 6 1 0 0 0 2 14 4 2 0 1 1 0 1 9 

Fence Bisect 6 8 4 3 0 1 3 25 7 4 1 1 0 0 1 14 

Trees 11 1 1 0 1 0 0 14 3 1 2 1 0 0 0 6 

Grazed 58 22 8 3 2 1 8 102 2 1 1 0 0 0 1 5 

Tilled Present 4 0 0 1 0 0 0 5 19 3 1 1 1 0 0 25 

Tilled Past  4 1 0 0 0 0 0 5 6 1 1 0 0 0 0  

Center Pivot  0 0 0 0 0 0 0 0 3 3 0 1 0 0 0 7 

Buffer 0 0 1 0 0 1 1 3 0 2 1 0 0 0 0 3 

Total 122 65 29 13 7 6 24 266 52 24 10 8 6 0 10 101 

Watershed                  

Contour Till 6 4 1 0 0 1 0 12 7 2 1 1 1 0 0 12 

Terrace  7 7 3 1 1 0 3 22 9 1 1 1 1 0 1 14 

Pumpjack 20 3 0 0 2 0 1 26 4 0 0 0 0 0 2 6 

Pumpjack Pad 21 3 0 0 2 0 1 27 7 0 0 0 0 0 1 8 

Center Pivot  5 1 1 0 0 1 0 8 8 4 0 2 0 0 1 15 

Wind farm  2 0 0 0 0 0 0 2 1 0 0 0 0 0 0 1 

Dairy or Feedlot  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Town 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 2 

House or Barn 11 6 4 5 1 2 4 33 18 4 2 1 0 0 2 27 

Paved Roads 11 7 5 2 1 2 1 29 8 2 1 0 0 0 1 12 

Constructed 54 18 6 3 3 3 5 92 25 8 3 2 1 0 2 41 

Two-track Roads  72 25 10 5 3 3 7 125 33 10 3 2 1 0 2 51 

Railroad 1 0 0 1 1 0 0 3 1 0 0 0 0 0 1 2 

Runoff 

Manipulation 56 19 9 4 3 3 6 100 29 9 3 2 1 0 2 46 

Total 266 94 39 21 17 15 28 480 151 41 14 11 5 0 15 237 
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Table 2.6.  Mean (+SE) sediment depth, playa area, and volume loss of playas within Native Grassland, Row-crop 

Agriculture, and Conservation Reserve Program (CRP) playas (n = 147) surveyed in 2008-2009 in Texas (TX), Oklahoma 

(OK), and New Mexico (NM). 

 
 

                                                           Landcover 
 

                                                                                       Native grassland             Row-crop Agriculture        CRP 

  

State Variable n Mean SE n Mean  SE  n Mean

 SE 

TX Sediment depth (cm)  44      13.7  6.7  44      53.7  5.5 44      20.5  6.2 

 Playa area (ha)              19.9 5.8                    5.7 2.4                    7.3 1.7 

 Volume loss (%)              45.0 7.4                245.3       37.8                 55.1 8.6 

 

OK  Sediment depth (cm) 1        4.5  - 1       34.8  - 1        18.3  - 

 Playa area (ha)                                 26.2  -                             6.3  -                           10.6  - 

 Volume loss (%)                              28.8  -                         190.8  -                           62.1     - 

 

NM Sediment depth (cm) 4       12.1 4.0 4        39.1 2.8 4        21.5 2.8 

 Playa area (ha)                                  22.1 3.5                           4.8 1.6                          7.4 3.4 

 Volume loss (%)                               37.4  7.0                       228.5       30.5                        50.6 7.7 

 

 

 



Texas Tech University, Lacrecia Johnson, May 2011 

42 

 

CHAPTER III 

FUNCTIONAL ASSESSMENT OF REMAINING PLAYAS ON THE SOUTHERN GREAT PLAINS  

 

Introduction 

 

Playas comprise the primary wetland system in the High Plains portion of the 

Great Plains.  The distribution of Great Plains playas extends from western Nebraska and 

eastern Wyoming southward into western Kansas, western Oklahoma, eastern New 

Mexico and northwest Texas, with the greatest density occurring in the Southern High 

Plains (SHP) of Texas and New Mexico (Guthery and Bryant 1982, Osterkamp and 

Wood 1987).  Playa wetlands are depressional wetlands that represent the terminus point 

of a closed watershed subject to large, rapid influxes of precipitation runoff and runoff-

borne material.  In their fully functional state, they solely receive water from precipitation 

and the associated runoff, with water loss occurring through evaporation, transpiration, 

and aquifer recharge (Smith 2003).   

Historically, approximately 25,000 playas were identified within the Southern 

Great Plains (SGP) based on historical soil surveys, with > 22,500 occurring in Texas, 

New Mexico, and Oklahoma (Guthery et al. 1981).  This often reported number gives the 

potentially mistaken impression that there are numerous, adequately functioning playas in 

the region that continue to meet ecological and societal needs.  In addition, these maps 

are used to generate samples of playas for a variety of natural resource survey and 

research efforts, which assume the occurrence of fully functional playas when generating 

inferential results (e.g, Haukos and Smith 2000, Moon et al. 2007).  However, between 

the years of 1970-2008 and estimated 17% to 85.7% of playas have been removed from 

the landscape (Chapter II).    
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Collectively, functioning playa wetlands provide numerous essential ecosystem 

services including the primary sites for floodwater catchment, source of biodiversity, 

islands of refugia for native plant species, and focused recharge points to the underlying 

aquifer of the SHP (Smith et al. 2011).  They also are important sites for biomass 

production, water quality improvement, livestock water and forage, irrigation water, and 

recreation.  In addition, playas are the primary wetland habitat for all wetland-dependent 

species that breed, migrate through, and winter in the High Plains (Haukos and Smith 

1994, Smith 2003).   

The SHP has undergone numerous landscape changes during the past 150 years.  

During the late 1880s, seasonal grazing of the short-grass prairie by bison (Bison bison) 

was replaced by continuous grazing practices using domestic livestock (Smith 2003).  

The advent of row-crop agriculture was initiated in the region during the early 1900s and 

has dominated the landscape since the mid-1940s following development of technology 

to exploit the Ogallala Aquifer (Smith 2003).  In 1985, the United States Department of 

Agriculture implemented the Conservation Reserve Program (CRP) primarily to establish 

perennial grass cover on formerly cultivated, highly erodible land and reduce surplus 

commodity crop production.  The greatest density of CRP occurs in the SGP 

(http://www.fsa.usda.gov/Internet/FSA_File/fyannual2009.pdf).   

Today, playas in the SGP occur in one the most agriculturally-impacted regions in 

North America (Bolen et al. 1989), with prominent landscape uses being cultivation and 

livestock grazing (Luo et al. 1997).  Numerous anthropogenic alterations to playa 

hydrology, such as concentration of water through excavated pits, diversion of run-off 



Texas Tech University, Lacrecia Johnson, May 2011 

44 

 

water, and road construction within the watershed and wetland, are common (Chapter II).  

In addition, cultivation within the playa and of the surrounding watershed, inadequately 

managed grazing, confined livestock operations, energy development, urbanization, other 

agricultural practices, and unsustainable sediment accumulation due to watershed erosion 

are negatively affecting playas.  Accelerated sedimentation and its associated 

disturbances are the primary threats to playas because of active filling in of the wetland, 

leading to altered hydrology, altered biota, and complete physical loss (e.g., Luo et al. 

1997, Smith and Haukos 2002, Gray et al. 2004, Tsai et al. 2007).    

 Due in part to this changing landscape and increasing anthropogenic impacts to 

playas, a reliable process for evaluating function and capability for restoration is needed 

to effectively implement conservation of playas and species that rely on them.  To date, 

the significant changes in the landscape of the Southern Great Plains over the past three 

decades that have led to physical and functional loss are not considered in current 

estimates of the number of playas (Chapter II).  However, government agencies and 

conservation groups often use historical estimates to identify existing resources, plan 

future activities, extrapolate sample estimates, and evaluate conservation efforts (Smith 

2003) 

Through policies promulgated by recent U. S. presidential administrations, the 

nation‟s goals encompass an increase in quality and quantity of wetland resources within 

the United States (Benson 1996).  Invaluable to the success of this goal is the capacity to 

measure accurately the net change in wetland function as a result of degradation and 

restoration (Brinson 1996).  The functional assessment approach can be used to take such 
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measurements.  This approach is a collection of concepts and methods that are utilized to 

develop and apply functional indices to the assessment of wetlands.  Because this method 

is based on the functions a given wetland type performs, it is instrumental in making 

sound decisions on the management and protection of wetlands.  Detailed evaluation of 

functions is often a time-consuming and resource-intensive process.  However, due to 

pressures wetland resources are under, management decisions often need to be 

determined and acted upon with a short timescale (Maltby 2009).  A well designed 

Function Assessment is easily and rapidly applied by experts and non-experts to assess 

wetland function.  The backbone of such a design is the identification and selection of 

key elements or predictors, which relate to functions without the need for detailed 

empirical research or monitoring studies (Maltby 2009).  My objectives are to:  (1) 

develop the framework of a functional assessment for Great Plains playa wetlands, (2) 

present the data collected to characterize the chosen functions, and (3) apply the resulting 

Function Assessment to playa wetlands of Texas, Oklahoma, and New Mexico to assess 

the level of function for playas with the geographically defined area. 

Methods 

 

The study area was the Playa Lakes Region (PLR) of the Southern Great Plains 

(SGP) as defined by Guthery et al. (1981).  Specifically, this study was conducted in west 

Texas, the Oklahoma Panhandle, and eastern New Mexico.  This is a semi-arid 

transitional region between the prairies to the northeast and the Chihuahuan Desert to the 

southwest and one of most heavily agriculturally impacted areas in North America.   
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A function matrix was created through field data, literature searches, and best 

professional judgment.  It consisted of 15 key elements or predictors for playa wetlands 

(i.e., model variables) and their associated measurement or condition important in 

evaluating the level of an individual playa‟s function based on the three ecological 

functions or services of interest; hydrology/recharge, water quality, and biodiversity 

(Table 3.1).  Each variation of measurement or condition within the model was assigned a 

sub-index value that related to the perceived level of function for the given model 

variable.  The sub-index score for each model variable was placed into a mathematical 

model for each function and the results summed to produce the overall function index for 

a given playa (Table 3.2).  For playas in CRP, the mathematical model for hydrology 

differs in that more weight was given to the upland land use due to the reduction in 

hydroperiod from CRP plantings within playa watersheds (J. O‟Connell, Oklahoma State 

University, unpublished data; Cariveau and Pavlacky 2009).  Adjustments for each model 

through division were determined by the number of variables and the number of times a 

given variable was represented within the model.  The summed values were used to 

populate the continuous function scale producing a distribution of sampled playas.  Cut-

off points were established within this continuous function scale to place playas into one 

of five categories (i.e., fully functional, partially functional and restorable, partially 

functional and non-restorable due to cost, partially functional and non-restorable, and 

non-functional). 

In 2008-2009, playas were stratified by playa density/county and randomly 

selected.  Study sites (n=155) were selected from the Playa Lakes Digital Database for 
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the Texas Portion of the Playa Lakes Joint Venture Region (PLDD) (Fish et al. 1998).  

Playas were used to create the function matrix, adjust values within the function matrix, 

and to assess function delivered by the playas remaining on the landscape.  Selected 

playas were confirmed in the field and defined as closed depressions with hydric soils. 

Cropland playas with excess sediments covering hydric soils were included if coring 

revealed hydric soils underneath upland sediments.  

For the Function Assessment, empirical data were combined with Geographic 

Information System (GIS) derived information forming 15 model variables.  These data 

include: (1) wetland, watershed, and landscape characteristics, (2) water quality 

measurements, (3) physical effects of sedimentation, (4) vegetation composition, and 

production.  Nine model variables were directly evaluated via either field sampling, use 

of imagery, or GIS-based techniques including; (1) Physical Modifications,  (2) 

Reduction in Original Volume, (3) Sediment Depth, (4) Agricultural Impacts, (5) Ratio of 

Native to Non-Native Plant Species, (6) Buffer Zone, (7) Density of Wetlands, (8) 

Landcover in Watershed,  and (9) Upland Land Use. 

Of these directly evaluated variables, Modifications, Agricultural Impacts, Buffer 

Zone, Landcover in Watershed, Upland Land Use, and Density of Wetlands were 

assessed using ArcMap, United States Department of Agriculture NAIP 

(www.datagateway.nrcs.usda.gov), and Google Earth imagery.  Playas were assessed for 

the presence of pitting, trenching, inlet or outlet, berm, irrigation pump, bisected by road, 

bisected by fence, trees, grazing, tilled present, tilled past, center pivot, buffer 
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presence/absence, and buffer width.  The modification of grazing was assumed when the 

immediate area surrounding the playa was grassland and fenced. 

Primary data sources used to estimate wetland density included National Wetland 

Inventory (NWI) spatial data and the PLDD (Fish et al. 1998).  The NWI GIS layers 

(www.fws.gov/wetlands/) contained all identified water features on a given landscape 

and, for this region, were developed in the early 2000s by utilizing the USDA NAIP and 

Soil Survey Geographic (SSURGO) database as primary data sources.  Secondary data 

sources were U.S. Geological Survey (USGS) National Hydrology Data (NHD) high 

resolution linear data, USGS Digital Raster Graphs (DRG), and USGS National 

Elevation Data (NED).  Tertiary data sources included older NWI aerial photography of 

various scales and emulsion and U.S. Fish and Wildlife Service Region 2 Habitat and 

Population Evaluation Team (HAPET) digital vegetation data.   

The NWI employs the Cowardin system (Cowardin et al. 1979); as a consequence, 

playas with multiple uniquely coded attributes are represented as multiple polygons.  In 

addition, playas bisected by roads are represented by two or more polygons.  The NWI 

dataset is not inclusive; water features including playas <0.5 ha are not part of this dataset 

and some areas of interest have not been digitized and made available for public use.  

Publicly available digital data did not include the southernmost counties of the Texas 

portion of the Southern Great Plains (i.e., Gaines, Dawson, Borden, Andrews, Martin, 

Howard, Ector, Midland, and Glasscock counties) or for Lea County, New Mexico.  As a 

result, Lea County was excluded from analysis; however, the missing Texas counties 

were obtained from the Center for Geospatial Technology at Texas Tech University, the 
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contractor responsible for creation of the West Texas National Wetlands Inventory.  The 

PLDD database covered the Texas portion of the SGP.  This is a GIS of a digitized 

location database of historical playas (pre-1970s) based on the presence of hydric soils 

(i.e., Randall, Lipan, Ness, and Roscoe series) as formerly designated on USDA soil 

survey maps (Guthery et al. 1981).  Playa features ≥0.11 ha were included in these data. 

Databases were combined and enhanced to create a more complete representation 

of playas historically on the landscape.  Small playas (≤ 0.11) were included through 

extraction from the PLDD database using the “Select by Attributes” function in ArcMap 

and other playas not represented in NWI were integrated into NWI to create a more 

inclusive layer. The Aggregate polygons command was used to combine polygons within 

50 m of each other; combining multiple polygons created as a consequence of the 

Cowardin system, and multiple polygons as a result of road bisection into one polygon.  

Thereby, creating a database in which each playa was represented by one polygon.  In 

addition, river systems were removed from the NWI data, and county boundaries were 

downloaded from ESRI and merged to create a layer that spatially defined the study area.   

Coordinates obtained during field visits of selected playas were imported into 

ArcMap to create a shapefile for assessing density of neighboring playas.  Once the playa 

location was determined, a buffer was created with a diameter of 4 km.  The buffer was 

then used to select delineated polygons within the defined buffer of the combined layer.  

If the polygon occurred in the PLDD and NWI layers it was given the status playa.  For 

polygons not fitting this criterion, each polygon was individually assessed to determine if 

they were wetlands (i.e., playas) and assigned the status of playa or non-playa.  The status 
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of each polygon was added to the attributes of the combined layer along with individual 

playa identification obtained from the layer created from field coordinates.  Once the 

assessment of all playas was complete, attributes for the combined layer were exported to 

an Excel spreadsheet for further manipulation and tabulation. 

The watershed for each playa was represented by a 500-m diameter area 

encompassing the immediate area surrounding the playa.  The buffer was created using 

the Buffer Analysis Tool in ArcMap.  In combination with this buffer, NAIP and Google 

Earth imagery were used to assess and watershed condition.  To assess the surrounding 

landcover, a polygon shapefile of all evaluated water features was created. The attributes 

contained associated modifications and basic descriptive data contained in PLDD.  The 

500-m buffer polygons were used to extract landcover data from the PLJV landcover 

raster data layer using the Thematic Raster Summary (by Polygon) tool in the Hawth's 

Analysis Tools extension (Beyer 2004 version 3.27).  The PLJV landcover layer was a 

compilation of existing spatial landcover data, including U. S. Geological Survey (USGS) 

Gap and ReGap landcover layers overlaid with the Common Land Unit (CLU) layer, 

maintained by the USDA Farm Services Agency (FSA), which identifies cropland and 

CRP fields.  The number of pixels per landcover type (i.e., CRP, native grassland, row-

crop agriculture and pasture) was summarized for each playa buffer and the resulting 

table was then exported to Excel for further manipulation and tabulation. Pasture was 

assigned to areas dominated by previously tilled ground that was native or non-native 

(e.g., fallow fields, unplanted areas of active row-crop agriculture, planted grassland).  
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Because of the diversity of the pasture landcover type, playas assigned to this category 

were eventually removed from analysis (n=9). 

Field data were collected for all playas to directly evaluate sediment depth, 

reduction in original volume, average duration of surface water, and ratio of native to 

non-native plant species.  Sediment depths were determined through field visits to 

randomly selected dry playas.  To calculate reduction in original volume, (1) sediment 

depth, (2) playa area, (3) slope of the playa edge, (4) location of playa edge, and (5) 

difference in elevation between visual edge and playa basin were measured (see Tsai 

2007 for details).  The visual edge of the playa was determined based on change of slope, 

vegetation, and soil (Luo et al. 1997).  Soil edge (i.e., actual playa edge) was based on the 

hydric soil defined boundary, thus when the soil changed from hydric soil to upland soil. 

The boundary was recorded at two locations opposite each other on the visual playa edge 

by taking sediment cores along a transect perpendicular to the visual edge.  Sediment 

depth was directly measured as the distance at which the soil was comprised of > 50% 

hydric soil and the top of the sediment (Luo et al. 1997).  Muncell soil charts and soil 

profiles presented in NRCS Web Soil Survey maps (websoilsurvey.nrcs.usda.gov) were 

utilized to classify hydric and upland soils.  

Sediment depths were also recorded at six locations within the playa (Tsai 2007).  

The first sample was taken from the center with five additional equidistant core samples 

taken at approximately one third the playa radius (Tsai 2007).  A level set was located in 

the center of the playa to measure the slope of the playa edge.  The elevation change 

between the playa floor and each of the equidistant points (n=8) along the visual edge of 
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the playa was measured using the one-station method (Luo et al. 1997).  Area of the playa 

was delineated by walking the visual edge and recording location data using a Global 

Positioning System (GPS; Trimble GeoXT).  If playas lacked a discernable visual 

boundary, soil maps and aerial surveys were employed to estimate the historical 

boundary of the playa prior to soil sampling.  Delineation data were imported into 

ArcGIS to estimate playa area.   

Using sediment depth, percent hydric-soil defined volume loss due to sediment 

accumulation was calculated.  A truncated cone shape was assumed for the playa (Tsai et 

al. 2010).  For this study, original volume was defined as the sum of the current playa 

volume and sediment volume.  The difference between the two truncated cones was used 

to represent current volume.  In addition, percent volume loss was calculated via the 

division of current volume by the original volume.  Original playa volume, current playa 

volume (post-sedimentation), and sediment volume was estimated.  These data were also 

combined with hydroperiod and sediment data collected by Tsai (2007) to estimate the 

average duration of surface water for each playa through modeling. 

The ratio of native to non-native plant species was estimated by recording floral 

species in approximately 1-m intervals along two bisecting transects within the playa 

using the step-point technique (Evans and Love 1957).  Initiation of the first transect was 

in the southeast corner of the playa and proceeded west at a 45 degree angle to the visual 

playa edge.  The second transect began on the west side of the playa and was conducted 

at a 45 degree angle to the northeast edge of the playa.  Determination of the playa edge 

was made by the examination of slope and soil color (Haukos and Smith 2004).  Two 
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surveys were conducted per growing season to record cool-season (May-June) and warm-

season (July-August) species and turnover from changes in soil moisture.  Known species 

were indentified in the field and unknown species were collected for identification.  

Identification and nomenclature designations were made using the Flora of the Playa 

Lakes (Haukos and Smith 1997), Weeds of the West (Ball et al. 2006), and USDA Plants 

Database (http://plants.usda.gov/).   

 Biomass, Observed Average Duration of Surface Water, Aluminum, Chromium, 

Iron, and Total Suspended Solids were directly measured for a sub-set of wetlands and 

the data used to model or otherwise derive estimates for the remaining wetlands.  

Biomass was used to index primary production, which is expressed as the mass of 

organic compounds produced per unit area (Ricklefs 1973).  At the end of the growing 

season (August 2009), standing crop was used as an index to annual aboveground 

production.  This index was estimated using a randomly selected subset of the randomly 

selected playas in CRP, grassland, and cropland.  Biomass estimates were obtained via 

clip plots, drying, and weighing of samples.  Clip plots were taken using a 25 X 25 cm 

quadrate at 3 randomly selected locations within the playa basin, following standard 

guidelines (USDA-NRCS 2003).  At each location live and dead vegetation contained 

within the frame was clipped to the soil surface and placed into paper bags.  In the 

laboratory, biomass was determined by oven-drying to a constant mass and then 

weighing the dry vegetation.  Linear regression was used to model the relationship 

between percent row-crop agriculture (explanatory variable) and kg/ha biomass 

(dependent variable).    
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For playas flooded during sampling, water characteristic/quality measurements 

were taken to evaluate the influence of watershed condition and activities on quality of 

precipitation runoff reaching the playa.  A combination of EPA operating procedures and 

standard methods for collection of field measurements and water samples were utilized 

(Keith 1996, Clesceri et al. 1998).  Compilation of EPA‟s Sampling and Analysis 

Methods (Keith 1996) were used for water analyses.  Water characteristics consisted of 

temperature, salinity, dissolved oxygen (EPA method 360.1), conductivity (EPA method 

120.1), pH (EPA method 150.1), and total dissolved solids (TDS), were measured 

directly in the wetland using a multi-probe YSI meter. 

Two surface water grab samples were collected from the edge of each playa using 

a 3-m swing sampler and 1-L Nalgene wide-mouth bottle.  Using the swing sampler, each 

bottle was rinsed with playa water three times before collection of the sample.  

Immediately after collection, one subsample per playa was lowered to a pH <2 by the 

addition of nitric acid for metals analyses.  Containers for metal analysis of water were 

acid cleaned before use and remained capped until employed for sampling.  Samples 

were stored on ice during transport to a refrigerator set at 4  C.  Total suspended solids 

(TSS) was measured by passing an aliquot of the grab sample through a preweighed glass 

fiber filter disc and dried in an oven at 103-105  C.  To evaluate the change in filter mass, 

the filter was weighed after drying to a constant mass.  The increase in the mass of the 

filter represents TSS (EPA method 160.2).  In addition, nitrate was measured using a 

spectrophotometer (EPA method 352.1) or by ion chromatography (EPA method 300.0).  

To analyze for total metals, samples were digested (EPA method 3015), centrifuged, and 
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decanted directly into sample tubes for analysis using Inductively Coupled Plasma-

Atomic Emission Spectrophotometer (ICP).  Elements analyzed include phosphorus and 

a suite of metals (i.e., Mn, Ni, Cr, Zn, As, Cd, Cu, V, Sr, Fe, Ba, Al, K, Na, Mg, and Ca).  

The ICP calibration curve consisted of five standards ranging from 0.0 to 10 ppm (Venne 

et al. 2006) (EPA method 6010).  To insure quality data, wash blanks, travel blanks, and 

refrigerator blanks were employed during water quality work.  Variables with high 

variation between landcover types and averages above lower quantification limits were 

selected for inclusion in the function matrix.  The average for each measure within a 

given landcover was used to determine the sub-index score for individual playas.     

Results 

 

The field portion of this project resulted in data collection during May-October 

2008-2009 on 197 playas: 39 were dominated by native grassland, 48 by CRP, 82 by 

row-crop agriculture, and 9 by pasture.  Sediment core data and vegetation surveys were 

conducted on 155 playas (CRP=41, row-crop agriculture=67, native grassland=38, 

pasture=9).  Sediment depth was lowest in native grassland playas followed by CRP and 

then row-crop agriculture playas (Table 3.3).  This relationship held for percent volume 

loss among the three landcover types (Table 3.3).  Mean plant species richness, evenness, 

Simpson‟s Index of Diversity and Shannon‟s diversity where estimated for playas in 

native grassland, CRP and cropland watersheds.  In addition, the mean number of native 

species was greater for grassland and CRP playas (Table 3.4; Appendix A).   Thirty-

seven playas (CRP=6, row-crop agriculture=22, and native grassland=9) were sampled 

for water characteristics and water quality (i.e., dissolved oxygen, specific conductance, 
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pH, temperature and turbidity).  From these 37 playas, 74 water grab samples were 

collected for laboratory analyses (nutrients, metals and TSS) (Table 3.5).  Total 

Suspended Solids, aluminum, chromium, and iron were selected for inclusion in the 

Function Matrix.  These variables demonstrated the highest amount of variability among 

the landcover types and had averages above the quantitative limit (Table 3.5).  End-of-

season standing biomass was collected on 23 playas (CRP=7, row-crop agriculture=11, 

native grassland=5) (Table 3.6).  The linear model used to fit playas without biomass data 

was 2752.40 + 26.3508*percent row-crop agriculture in the watershed (biomass kg/ha).  

Although the linear relationship between the percent of agriculture surrounding the 

wetland and kg/ha of biomass was relatively weak (R
2
=0.14), it was acceptable for this 

initial prototype of functional assessment.  Mean (±SE) biomass (kg/ha) by landcover 

type after data were fit to the regression for each playa were CRP 3122.4±94.8, row-crop 

agriculture 4433.0±89.8, and native grassland 2978.3±173.97 

The 155 playas surveyed for vegetation and sediment depths were also assessed 

for hydrological playa modifications, density of wetlands, watershed condition, and 

landcover composition using ArcGIS.  Mean (±SE) of hydrological modifications across 

landcover types was CRP 0.707±0.172, row-crop agriculture 0.746±0.128, and native 

grassland 1.00 ±0.185.  The mean (±SE) of wetland density within the 4-km buffer for 

grassland playas was 22.00±2.75, CRP 28.44±2.95, and row-crop agriculture 31.10±2.69.  

In addition, greater than twice as many playas with watersheds dominated by row-crop 

agriculture were tilled (n=39) than in CRP (n=14); whereas no grassland dominated 

playas showed signs of being tilled at present or in the past.  Vegetative buffers were 
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observed for playas in row-crop agriculture (n=4) and CRP (n=1) with a combined mean 

width of 168-m.  Conservation tillage was not observed in CRP or native grassland but 

was present for 17 playas dominated by row-crop agriculture.   

Through the application of the function matrix no playas were estimated to 

function at full functional capacity in the SGP.  Seventy-three (47%) of playas were 

estimated to be partially functional and restorable.  Partially functional and non-restorable 

due to cost playas were estimated at 12.9% or 20 playas and 61 (39.4%) playas were 

partially functional and non-restorable because effective restoration techniques do not 

exist.  Last, 1 (0.01%) was estimated to be non-functional (Figure 3.1).   

Discussion 

 

As a consequence of degradation, playas do not all perform a given function at a 

given level and thus provide a service to the same degree or level.  A functional approach 

to playa wetland assessment allows for a holistic view of the wide spectrum of services 

these wetlands can provide and elucidates changes due to degradation.   

The prototype framework presented here for a Functional Assessment of Great 

Plains playa wetlands can be used to assess function relatively rapidly but should be 

considered adaptive in nature as additional data and functional relationships are 

developed.  This was achieved through the identification of key predictors or variables.  

However, how well each variable assessed function varied.  In this functional model 

approach, variables related to hydrology (i.e., Sediment Depth, Reduction in Original 

Volume, Average Duration of Surface Water, and Agricultural Impacts) were the most 

influential.  Changes in hydroperiod, the driving force of playa ecology, influences 
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maintenance and cycling of biotic communities during wet/dry cycles (Gleason et al. 

2003).   

The Ratio of Natives to Non-natives was the second most influential variable 

reflecting the cumulative effect of degraded function.  In addition to changes in 

hydrology, sediment accumulation also influences playa vegetation composition 

(increased non-natives) through the physical covering of seedbanks (Haukos and Smith 

1994, Gleason et al. 2003) and overall playa degradation as a result of cropland 

watersheds, which is considered a significant threat to biodiversity and the structure and 

function of playas (Smith 2003, Chapter II).   

 This framework for a Function Assessment as well as the result of its application 

can be used in the Southern Great Plains by a range of organizations and individuals 

interested in playa management, playa conservation, and other forms of environmental 

decision making.  For wetland managers, function assessment is a tool that will provide 

guidance for on-site management and decision making by presenting information on how 

a wetland is functioning and the key processes operating within it.  Managers can then 

use that information to assess management actions, determine if a playa can or should be 

restored, and assess the outcome of a management project or practice on function by 

applying the Function Assessment pre and post management action.  Management 

conflicts from trade-offs such as a reduction of one function in exchange for an increase 

in a separate function can be potentially resolved by evaluating the prevalence of the 

function across the area of interest using the Function Assessment (Findlay et al. 2002).  
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 Conservationist may chose to promote implementation of protection or 

restoration programs though highlighting the need for such programs based on the results 

given here, or to promote wetland related policy.  Knowledge of functioning can be used 

to assist with the development of local, regional and national policy, such as 

implementation of a Wetland Management District in the Southern High Plains.  The 

placement, number of playas to be protected, and number needed to deliver a desired 

service at a given level, can be addressed through the use of the Function Assessment.  In 

addition, economists can utilize the output from the application of the Function 

Assessment.  The information provided allows for a more accurate economic evaluation 

of playa wetlands, which can influence policy development (Maltby 2009).   

Although playas lost protection under the Clean Water Act in 2001 (Haukos and 

Smith 2003), the Function Assessment is well suited to the requirements of the CWA 

Section 404 wetland regulatory requirements.  If this protection is restored for playas, 

several functional assessments at a given scale could be conducted and playas of high 

functionality could be avoided or minimized.  When impacts to a playa are unavoidable, 

function can be assessed pre- and post impacts and, if needed, compensatory mitigation 

could be evaluated.   Mitigation targets and success criteria can be determined by 

assessing a mitigation sites potential relative to the highest level of function for playas in 

the given region (Batzer and Sharitz 2006).    

Modelers may also find utility in the results present here.  Because the ability of a 

playa to function is highly correlated to the hydrology, changes in precipitation patterns 

and intensity (i.e., probability of inundation) due to climate change will likely play a role 
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in the spatial distribution of functional playas and in the level of functions and services 

provided.  This probability of inundation along with the assessed level of function can be 

used to remove or quantitatively categorize playas for inclusion in modeling efforts such 

as network analyses.  

 Although the results of this study along with the application of the Function 

Assessment are of high utility, it is important to remember that decisions should not be 

based solely on the Function Assessment.  Function Assessment should be used as a 

guide to making management, conservation and other environmental decisions.  While 

the effort presented here produced a framework for a Playa Wetland Function 

Assessment, a lack of knowledge of societal values related to playas along with critical 

ecological information needs and uncertainties still exist that should be addressed to 

adapt future Functional Assessment models.   
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Table 3.1.  Function matrix containing the selected model variables, the states or 

condition that they occur in, and the sub index score.  Sub index scores range from 0-1, 

with 1 representing the highest level of function, and are utilized within the 

mathematical model associated with each function/service to estimate the overall level 

of playa function. 

MODEL VARIABLE MEASUREMENT OR CONDITION 

SUB- 

INDEX 

VMOD:  Modifications     

  No hydrological modification 1.00 

Definition:  Presence of 

concentration pits, constructed 

outlet or inlet, berm, pump, well, 

road bisection, or other 

modification that affects playa 

hydrology.     

  1 hydrological modification 0.75 

  2-3 hydrological modifications 0.50 

 4 or more hydrological modification  0.0 

VSURWAT:  Average Duration of 

Surface Water     

  28 days or greater flooding 1.00 

Definition:  Flooding must be 

long enough for a invertebrate 

community to complete its life 

cycle and wetland obligate plants 

to become abundant in the 

wetland.     

  21-27 days 0.75 

  14-20 days 0.50 

  7-13 days 0.25 

VORIVOL:  Reduction in Original 

Volume     

  98%-100% of original volume remains 1.00 

Definition:  Extent of original 

volume loss due to sedimentation 

affects all ecosystem services due 

to change in hydrology.      

  97% to 72% of original volume remains  0.75 
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Table 3.1.  Continued  

  71% to 46% of original volume remains 0.50 

  45% to 21% of original volume remains 0.25 

  21% to 1% of original volume remains 0.10 

  <1% of original volume remains 0.00 

VSEDDEP:  Sediment Depth     

  0 cm to 1.5 cm 1.00 

Definition:  Extent of sediment 

within wetland.  The amount of 

sediment within a playa affects 

emergence of invertebrates due to 

change in hydrology and covering 

of invertebrate eggs and 

vegetation seed banks.      

  >1.5 cm and ≤3.0 cm 0.50 

  >3 cm 0.00 

VAGRIMP:  Agricultural Impacts     

  

No sign or known history of wetland 

being tilled.   1.00 

Definition:  Agricultural impacts 

on the condition of the wetland. 

Wetland presently tilled or known history 

of being tilled 0.00 

VAL:  Measured Aluminum     

   0.00-.991  ppm total Aluminum   1.00 

Definition:  Aluminum is a known 

toxicant within biological systems 

and is an indicator of water 

quality.  1.00-10.00 ppm total Aluminum   0.50 

  ≥ 10.00 ppm total Aluminum 0.00 
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Table 3.1  Continued  

VCR:  Measured Chromium      

  0.0000-.0003 ppm total Chromium  1.00 

Definition:  Chromium is a known 

toxicantwithin biological systems 

and is an indicator of water 

quality.  .0004-0.0100 ppm total Chromium   0.50 

  ≥ 0.0100 ppm total Chromium  0.00 

VFE: Measured Iron    

Definition:  Iron is toxic at high 

levels within biological systems 

and is an indicator of water 

quality. 0.23-1.00 ppm total Iron  1.00 

 1.10-9.00 ppm total Iron 0.50 

 ≥ 9.00 ppm total Iron 0.00 

   

VTSS:  Measured Total Suspended 

Solids   

 0.000-0.0150 g/L 1.00 

Definition:  Total Suspended 

Solids is a conventional water 

quality measurement and 

pollutant.  It refers to how clear 

the water is thus is a measure of 

light penetration with the system. 0.0151-0.03 g/L 0.50 

 > 0.03 g/L 0.00 

   

VPRATIO:  Ratio of Native to Non-

Native Plant Species     

  

100% of the dominant species are native 

species  1.00 

Definition:  The ratio of native to 

non-native plant species within 

the wetland as indicated by top 4 

dominants or by a more extensive 

species survey.     

  

75%-99% of the dominant species are 

native  0.50 

  

50%-74% of the dominant species are 

native 0.25 

  

25%-49% of the dominant species are 

native  0.10 
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Table 3.1.  Continued 

  None of the dominant species are native  0.00 

VBIO:  Biomass     

  1400 kg/ha to 2799 kg/ha 1.00 

Definition:  Biomass is used to 

estimate primary production, 

expressed as the mass of organic 

compounds produced per unit 

area.  The primary production of 

an area is directly linked to the 

level of function within a wetland.     

  2800-3399 kg/ha or 901-1399 kg/ha  0.75 

 600-900 kg/ha or 3400-4400 kg/ha 0.50 

   <600 kg/ha or >4400 kg/ha 0.00 

VBUFF:  Buffer Zone     

   ≥50 m wide buffer  1.00 

Definition:  A vegetative buffers 

is a conservation measure often 

recommended for playa wetlands 

to assist in protection from 

anthropogenic influences.       

  30 m to 49 m wide buffer 0.50 

  15 m to 29 m wide buffer 0.25 

  0 m to 14 m wide buffer 0.00 

VWDEN:  Density of Wetlands     

  At least 7 wetlands within a 4 km radius 1.00 

Definition:  The absolute density 

of wetlands within the defined 

boundary of the wetland subclass     

   Six wetlands within a 4 km radius 0.75 

  Four or five wetlands within 4 km radius 0.50 

  1 to 3 wetlands within a 4 km radius 0.25 

  This is only wetland within a 4 km radius 0.00 

VLANWAT:  Landcover in 

Watershed     

  

Surrounding landscape supports ≥75% 

native grassland 1.00 

Definition:  Percent of grassland 

within the watershed is directly 

linked to the overall condition of 

the wetland.      

  

Surrounding landscape support 50% to 

75% grassland  0.50 
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Table 3.1.  Continued 

  

Surrounding landscape supports 25% to 

50% grassland  0.10 

  

Surrounding landscape supports <25% 

grassland 0.00 

VUPLUSE:  Upland Land Use     

  Native prairie, no sign of ever being tilled 1.00 

Definition:  Dominant land use 

and condition of upland watershed 

that contributes to the wetland.     

  Restored perennial cover (CRP) 0.50 

  Row-crop, conservation tillage 0.25 

  

Row-crop, conventional tillage with rows 

bisecting watershed contours 0.00 
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Table 3.2.  Playa ecosystem functions/services of interest and their associated model 

variables contained within the mathematical models utilized to assign a level of 

function to playas. 

Ecosystem Function Mathematical Model
a
 

Hydrology/Recharge 

[(VORIVOL + VSEDDEP + VSURWAT)/3 + VAGRIMP*3 +VMOD + 

(VLANWAT + VUPLUSE)/2+ VBIO]/7 

 

For playa wetlands dominated by CRP in upland 

[(VORIVOL + VSEDDEP + VSURWAT)/3 + VAGRIMP*3 +VMOD + 

VLANWAT + VUPLUSE*30+ VBIO]/37 

 

 

Water Quality 

 

[(VORIVOL + VSEDDEP + VSURWAT)/3 + VAVIUSE/2 + VAGRIMP + 

VBIO + VBUFF + VLANWAT + VUPLUSE + VMOD + VWDEN + VAL + 

VCR + VFE + VTSS]/13 

 

Biodiversity 

 

[VSEDDEP + VAGRIMP + (VMOD + VBIO)/2 + VBUFF + VLANWAT + 

VUPLUSE + VWDEN + VPRATIO + VAVIUSE] /9 

 
a
 VORIVOL Reduction in original volume, VSEDDEP Sediment depth, VSURWAT Average 

duration of surface water, VAGRIMP Agricultural impacts, VMOD Hydrological 

modifications, VLANWAT  Landcover in watershed, VUPLUSE Upland land Use, VBIO 

Biomass,VBUFF Buffer zone, VWDEN Density of wetlands VAL Measured total aluminum, 

VCR Measured total chromium, VFE Measured total iron, VTSS Measured total suspended 

solids, VPRATIO  Ratio of native to non-native plant species. 
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Table 3.3.  Mean (+SE) sediment depth, playa area, and volume loss of playas within Native Grassland, Row-crop Agriculture, and 

Conservation Reserve Program (CRP) watersheds (n=147) surveyed in 2008-2009 in Texas (TX), Oklahoma (OK), and New Mexico 

(NM). 

 

 

                                         Landcover 
 

                                                                                       Native grassland             Row-crop Agriculture        CRP 

 

State Variable n Mean SE n Mean  SE  n Mean SE 

TX Sediment depth (cm)  44     13.7  6.7  44       53.7  5.5 44      20.5  6.2 

 Playa area (ha)             19.9 5.8                    5.7 2.4                   7.3 1.7 

 Volume loss (%)             45.0 7.4                245.3       37.8                 55.1 8.6 

 

OK  Sediment depth (cm) 1        4.5  - 1        34.8  - 1        18.3  - 

 Playa area (ha)                                 26.2  -                             6.3  -                           10.6  - 

 Volume loss (%)                              28.8  -                         190.8  -                           62.1     - 

 

NM Sediment depth (cm) 4       12.1 4.0 4        39.1 2.8 4        21.5 2.8 

 Playa area (ha)                                  22.1 3.5                           4.8 1.6                          7.4 3.4 

 Volume loss (%)                               37.4  7.0                       228.5       30.5                        50.6 7.7 
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Table 3.4.  Average (SE) species richness, evenness, Simpson‟s diversity, Shannon‟s 

diversity and number of native species values for plant communities in playa wetlands 

embedded in cropland, grassland, and CRP watersheds across all surveys (early and late) in 

the Southern Great Plains of Texas, New Mexico, and Oklahoma in 2008 and 2009. 

 

Index 

 Species 

Richness 

Evenness Simpson‟s 

Index 

Shannon‟s 

Index 

Native  

Species 

Watershed
 

     

Cropland 16.48 (1.18)  0.61 (0.02) 0.65 (0.03) 1.60 (0.09) 12.96 (1.09) 

Grassland 20.61 (0.87) 0.62 (0.02) 0.73(0.02) 1.84 (0.06) 19.91 (0.92) 

CRP 22.47 (0.95) 0.67 (0.01) 0.80 (0.01) 2.05 (0.05) 19.08 (0.94) 
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Table 3.5.  Average (±SE) water characteristics and quality measurement as a 

function of watershed landcover type (CRP n=7, Grassland n=7, and Cropland 

n=20) in vegetative buffers surrounding 36 playa wetlands during 2008 and 

2009 in the Southern Great Plains of Texas.   

  Landcover    

          
Water 

Measurements
a
 CRP  Row-crop Native Grassland    

TSS (g/L) 0.051 (0.027) 0.130 (0.044) 0.112 (0.041)    

TDS (g/L) 0.124 (0.024) 0.131 (0.015) 0.168 (0.037)    

SC (μS/cm) 200.410 (45.299) 211.840 (20.722) 268.690 (46.329)    

DO (mg/L) 4.040 (1.349) 3.184 (0.544) 5.543 (0.845)    

pH (ppm) 7.279 (0.117) 7.179 (0.132) 7.737 (0.212)    

Temp (˚C) 23.243 (2.506) 25.371 (0.826) 29.514 (1.734)    

Al (ppm) 41.700 (28.638) 26.183 (11.745) 11.527 (8.404)    

As (ppm) 0.060 (0.042) 0.048 (0.012) 0.027 (0.005)    

Ba (ppm) 0.194 (0.109) 0.162 (0.043) 0.124 (0.042)    

Ca (ppm) 25.862 (9.764) 22.891 (3.341) 31.316 (8.598)    

Cr (ppm) 0.024 (0.019) 0.015 (0.008) 0.006 (0.006)    

Cu (ppm) 0.018 (0.013) 0.014 (0.005) 0.007 (0.003)    

Fe (ppm) 23.022 (15.844) 15.452 (6.913) 7.029 (4.760)    

K (ppm) 19.240 (5.996) 17.757 (1.861) 13.546 (2.964)    

Mg (ppm) 8.570 (3.758) 8.537 (1.844) 7.029 (1.693)    

Mn (ppm) 0.350 (0.251) 0.367 (0.105) 0.137 (0.042)    

Ni (ppm) 0.042 (0.018) 0.031 (0.006) 0.023 (0.005)    

N (ppm) 0.360 (0.175) 0.372 (0.093) 0.550 (0.050)    

P (ppm) 0.866 (0.249) 0.711 (0.133) 0.707 (0.215)    

Sr (ppm) 0.160 (0.054) 0.161 (0.019) 0.187 (0.055)    

V (ppm) 0.064 (0.044) 0.038 (0.015) 0.017 (0.011)    

Na (ppm) 1.492 (0.721) 1.661 (0.566) 1.061 (0.259)    

Zn (ppm) 0.082 (0.046) 0.058 (0.020) 0.036 (0.012)    
a
TSS=Total Suspended Solids, TDS=Total Dissolved Solids, SC=Specific Conductivity,  

DO=Dissolved Oxygen 
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Table 3.6.  Mean (±SE) end-of-season standing biomass of 23 

playas by watershed landcover type (Row-crop Agriculture n=11, 

Grassland n=5, CRP n=7) within a 500-m radius in the Southern 

Great Plains during 2009.   

  Biomass (kg/ha) 

  Mean  SE  Minimum Maximum 

Landcover     

Row-crop Agriculture 4266.10 842.70 1210.10 9165.40 

Grassland 2362.00 698.08 561.41 4039.90 

CRP 4176.30 403.26 2823.30 6125.70 
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Figure 3.1.  Locations of playas in the Southern Great Plains of Texas, New Mexico, and 

Oklahoma (n=155) and their function capacity, estimated using the Function Matrix 

(4=partially functioning and restorable, 3=partially functioning and non-restorable due to 

cost, 2=partially functioning and non-restorable, and 1=Non-functional). 
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CHAPTER IV 

LOSS OF PLAYA WETLANDS CAUSED BY RECLASSIFICATION AND REMAPPING OF HYDRIC SOILS ON 

THE SOUTHERN HIGH PLAINS 

 

Introduction 

 

Playas comprise the primary wetland system in the Southern High Plains portion of the 

Great Plains.  The distribution of Great Plains playas extends from western Nebraska and eastern 

Wyoming southward into eastern New Mexico and northwest Texas, with the greatest density 

occurring in the Southern High Plains (SHP) of Texas and New Mexico (Guthery and Bryant 

1982, Osterkamp and Wood 1987, Smith 2003; Figure 4.1).  Historically, 21,800 playas were 

identified within the SHP, with 19,340 occurring in Texas covering 121,842 ha, based on the 

presence of hydric soils designated in soil surveys completed prior to the 1970s (Guthery and 

Bryant 1982, Haukos and Smith 1994, Fish et al. 1998).  The average playa size in Texas, based 

on area of hydric soil, is estimated at 6.3 ha (Guthery and Bryant 1982).  Total playa numbers 

and area, as estimated from hydric soil designation on original soil surveys, are widely used by 

private and public organizations to assess, quantify, and extrapolate delivery of ecological 

functions and services.  These estimations are then utilized to evaluate conservation efforts, 

identify existing resources such as available wetland habitat, and estimate numbers of migrating 

and wintering birds supported in the SHP (Smith 2003).   

When functional, these hydrologically isolated wetlands go through frequent, naturally 

occurring wet-dry fluctuations (Haukos and Smith 1994).  Duration and timing of these 

fluctuations are the driving forces behind playa ecology and delivery of ecosystem functions.  As 

the keystone ecosystem of the SHP, playas provide numerous system services by interacting with 

all other ecosystems in the region.  Collectively, these wetlands are the primary sites for 
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floodwater catchment, biodiversity, islands of refugia for native plant species, and focused 

recharge points to the underlying aquifer of the SHP.  They also are important sites for biomass 

production, water quality improvement, livestock water and forage, irrigation water, and 

recreation.  In addition, playas are the primary wetland habitat for numerous wetland-dependent 

species that breed, migrate through, and winter in the Southern High Plains (Haukos and Smith 

1994, Smith 2003).   

The SHP is one of the most agriculturally impacted region in North America (Bolen et al. 

1989), with prominent landscape uses including cultivation and grazing (Luo et al. 1997).  

Numerous anthropogenic alterations such as concentration of water through excavated pits, 

cultivation within playas, inadequately managed grazing, urbanization, and increased 

sedimentation due to watershed erosion are negatively affecting playas.  Accelerated 

sedimentation and its associated disturbances are the primary threats to playas because of active 

filling in of the wetland, leading to altered hydrology, altered biota, and complete loss (e.g., Luo 

et al. 1997, Smith and Haukos 2002, Gray et al. 2004, Tsai et al. 2007).    

Declaration of federal jurisdictional status provides a legal foundation for protection and 

conservation of wetlands through U.S. Army Corps of Engineer (USACE) regulations under 

Section 404 of the Clean Water Act.  This regulation combined with wetland determinations 

under U.S. Department of Agriculture (USDA) conservation programs and incentive provisions 

contained within various Farm Bills since 1985 previously provided the regulatory foundation 

for conservation of playas and other isolated wetlands.  In January 2001, however, the U.S. 

Supreme Court ruled on Solid Waste Agency of Northern Cook County (SWANCC) v. United 

States Army of Corps of Engineers, virtually eliminating the provisions of the Clean Water Act 
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available for the protection of playas and other isolated wetlands (Haukos and Smith 2003).  The 

only remaining legal protection comes from the 1985 Food Security Act, which enacted the 

Federal “Swampbuster” provision for conservation of wetlands and has been maintained in 

subsequent Farm Bills.  Swampbuster is an incentive-based program under which wetlands are 

provided protection on agricultural lands by the reduction or elimination of Federal Farm Bill 

subsidies to landowners who alter the hydrology of a wetland to grow a commodity crop.  

Equivalent to the jurisdictional determinant to verify if a wetland meets the necessary criteria for 

protection under the Clean Water Act, a wetland must be certified to receive protection under 

Swampbuster.  In addition, it must be enrolled in other USDA programs 

(http://www.nrcs.usda.gov/programs/compliance/WCindex.html).   

For a playa to be determined a wetland under Swampbuster, there must be a prevalence 

of hydric soil, inundation or saturation by ground or surface water for a minimum of 7 days, or 

saturation by surface or ground water for at least 14 consecutive days within the growing season 

capable of supporting hydrophytic vegetation (USDA NRCS 1996).  By 2002, an estimated 

16,367 (80%) playas in Texas had been certified and subject to Swampbuster provisions based 

on historical soil surveys (Haukos and Smith 2003). 

Historically, playas in the SHP were located and characterized by hydric soils principally 

in the Randall series, with smaller numbers characterized by soils in the Lipan, Ness, and Roscoe 

series (Allen et al. 1972).  These hydric soils were used not only to characterize and define playa 

locations, but also as a necessary criterion for determination of wetland status.  However, since 

1994, soils of the SHP associated with depressions, including playas, have been subject to 

reclassification and subsequent remapping by the USDA.  This effort was initiated to update soil 
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types occurring on the SHP and improve the accuracy of the USDA soil survey information, and 

was conducted using standard USDA-NRCS soil survey protocols.  The reclassification of 

historical soil series resulted in the development of 11 series and 4 ecosites to characterize 

depressional soils on the SHP (Table 4.1).  Soil series are determined by soil properties 

exclusively, whereas ecosites are defined by climate, landscape, vegetation similarities, and soil 

properties.  Four of the 11 series were given a hydric designation, and 7 were classified as non-

hydric.  In addition, 3 of the 7 non-hydric series were given the ecosite designation of playa.  

Therefore, the remapping effort has the potential to categorize playas as a depression containing 

either a hydric or non-hydric soil.  Our objectives were to (1) estimate the potential change in 

area and number of hydric locations (i.e., historical playas) as a result of the USDA soil 

reclassification and subsequent remapping of upland and depressional soils in the SHP of Texas, 

(2) evaluate implications of this remapping for natural resource managers and other scientists 

involved in conservation of playas, and (3) relate potential factors resulting in the remapping of 

soils associated with playa wetlands.   

Methods 

 

 Pre-1970s historical soil survey information for playas of the SHP was provided by Playa 

Lakes Digital Database for the Texas Portion of the Playa Lakes Joint Venture Region (PLDD) 

(Fish et al. 1998).  This is a Geographic Information Systems (GIS) that contains a digitized 

location database of historical playas ≥0.11 ha in size and based on the presence of hydric soils 

(i.e., Randall, Lipan, Ness, and Roscoe series) as formerly designated on USDA soil survey maps 

(Guthery et al. 1981).  Along with other descriptive information, each playa was attributed with 
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coordinates at the polygon center, area of the mapped unit, soil series, and county (Fish et al. 

1998.   

 At the time of the present analysis, eight Texas counties were completely remapped 

(Figure 4.1) through on-the-ground soil investigations using standard soil survey methodology 

(USDA-NRCS personal communication).  The data utilized for the analysis were publicly 

available though the USDA-NRCS Soil Data Mart (http://soildatamart.nrcs.usda.gov) and 

included Carson, Dawson, Deaf Smith, Floyd, Hockley, Lynn, Randall, and Terry counties.  

These eight counties were located throughout the SHP, included a range of playa densities, and 

historically contained only hydric soils designated in the Randall series.  The spatial layer for 

each remapped county was merged into a single, new output layer using the Data Management 

Merge Tool in ArcMap.  Within the USDA-NRCS Soil Survey Geographic (SSURGO) Database, 

polygons were used to spatially indicate depressions occupied by different soil series.  Area of 

polygons, computed with ArcMap, was used to evaluate the changes in mapped hydric soil and 

potential certified playas based on USDA soil remappings by county and playa size.  All layer 

attributes were exported to a spreadsheet for summaries and tabulations.  Hydric and non-hydric 

soil abbreviations were obtained for each county via the USDA-NRCS Soil Data Mart.  The 

Cedarlake series occurred in Terry, Lynn, and Dawson counties but was excluded from analyses 

because it represents saline lakes and does not include freshwater playas.  The calculation of 

number, total area, and mean area for playas within remapped counties was done by filtering on 

depression soils in combination with a custom sort by county.  In addition, to investigate the 

influence of playa area on frequency of soil remapping, we evaluated the percent of playas 

remapped within size categories of 0-<5, 5-<10, 10-<20, 20-<30, and ≥30 ha.  To make this 
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comparison, we utilized data contained within the previously mentioned spreadsheet and soil 

abbreviations coupled with historical size data.   

The influence of surrounding land use on remapping of historical hydric soils was 

addressed by combining the PLDD layer with a landcover layer developed by Great Plains GIS 

Partnership (G
2
P

2
; U.S. Fish and Wildlife Service, Playa Lakes Joint Venture, and Rainwater 

Basin Joint Venture), Grand Island, Nebraska, USA.  The watershed of each historical playa 

location was represented by a 100-m buffer in which landcover was determined through 

unioning the USDA Farm Service Agency (FSA) Common Land Unit (CLU) and the historical 

playa location information for the SHP.  Playas were identified by their occurrence in the PLDD 

playa layer, while the land class code was defined by the Common Land Unit Classification 

Code in the CLU. We used a shared coordinate system of NAD83 State Plane for layers of 

interest (i.e., G
2
P

2
 land cover, SSURGO, and historical soil survey data).  Based on the relative 

location of the polygons, G
2
P

2
 landcover and SSURGO attributes were appended to the historical 

soil survey data via the spatial join analysis with a one-to-one join.  Analyses were restricted to 

hydric locations having one of three surrounding land cover types: cropland, Conservation 

Reserve Program (CRP), or grassland.  Since the CRP was not initiated until 1986 and prior to 

enrollment was cropland, we combined cropland and CRP land cover types.  The resulting 

layer‟s attributes were exported to a spreadsheet and sorted by land cover, soil series, and hydric 

location size to estimate mean hydric area remapped within a given land cover type.    

Results 

 

Following remapping, the number of depressions with hydric soils in the eight counties 

declined from 6,122 to 2,135 (65.1% decline).  Combined hydric and non-hydric playa ecosites 
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following remapping numbered 4,572, which was still 1,550 less than the historical 6,122 

(Tables 4.2 and 4.3; Figures 4.2 and 4.3).  Under the assumption that changes seen here are 

representative of future remapping efforts, this represents a potential 25% decrease in the number 

of depressions classified as playa in the SHP.   

A similar pattern was found when evaluating the influence of soil reclassification and 

remapping on area of depressions with hydric soils.  The area of hydric locations declined from 

45,931.3 ha to 22,859.4 ha (50.2% decline in size).  The total area of combined hydric and non-

hydric playa ecosites after remapping was 41,635.3 ha, a 9% decrease in area of depressions 

classified as playa.  After remapping, mean playa ecosite area increased from the historical 7.5 

ha to 10.7 ha in remapped counties, because of the loss of small playas (Tables 4.2 and 4.3; 

Figure 4.4).   

Size of depression area and surrounding landcover influenced remapping of previously 

identified hydric soils.  Changes from a historically mapped hydric soil to a non-hydric soil 

series occurred most often for small depressions, with remapping of 80% of the depressions 

originally mapped as ≤5 ha.  The percent of hydric soil remapped as non-hydric decreased as size 

increased to 20 ha, at which point percent remapped playas started to increase.  Fifty-six percent 

of depressions ≥30 ha originally mapped as hydric were remapped into a nonhydric series 

(Figure 4.5).  Although both cropland and grassland playas were remapped, the size varied 

between the two land uses based on historical area data.  For playas assigned a landcover, the 

mean size (±SE) for remapped grassland playas was 7±0.40 ha, which increased the mean size of 

grassland playas mapped by a hydric soil from 8.64±0.28 ha to 11.97±0.72 ha.  The mean size of 
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remapped playas in cropland was 3±0.06 ha, which increased the overall mean size mapped as a 

hydric soil from 3.5 ±0.07 to 5.27±0.37 ha.   

 

Discussion 

 

Our results indicate that the current approach to soil reclassification and subsequent 

remapping of depressions on the SHP has the potential of contributing to the uncertainty of the 

location and number of playas on the SHP.  Although they did not likely provide a complete 

count of playas on the SHP, use of hydric soil designations on historical soil surveys provided 

the foundation for conservation and management of playas in this region.  Conservation plans, 

monitoring and survey protocols, and research investigations of ecological condition and 

provision of ecological services have all relied on these locations for extrapolation and inference 

of results.  Continued remapping of playa and other depressional soils in the SHP will result in 

approximately 65% of historical playa numbers and 51% of historical playa area being no longer 

classified as containing a hydric soil.  Assuming the eight remapped counties are representative 

of the remaining 18 counties scheduled for remapping in the SHP of Texas, approximately 

14,170 playas and 62,139 ha of total historically defined playa area will be remapped to non-

hydric.  In addition, of the depressions mapped in historical soil surveys as containing hydric soil 

and identified as playas, 25% are not accounted for in the combined hydric and non-hydric playa 

ecosite totals following remapping and thus, are absent from future playa location determinations 

using soils or ecosite as the primary criteria.   

Possible causes for historical hydric soils of depressions on the SHP being remapped into 

non-hydric with either a playa or non-playa ecosite designation are likely principally related to 
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anthropogenic impacts to the watershed and/or playa and, perhaps, correction of historical soil 

mapping errors.  Anthropogenic impacts leading to the remapping of a previously existing 

depression or apparent hydric soil are intentional filling, excavation, or leveling of the historical 

depression, complete or partial loss of hydric-soil defined volume by accumulation of sediment, 

cultivation of the wetland that resulted in destruction of the defined playa location, or the 

masking of these wetlands through their use as waste sites.  Established mapping methodology 

does not consider changes in soil characteristics or depth due to anthropogenic impacts.  This can 

lead to individual historical hydric locations being remapped to non-hydric and groups of playas 

being remapped through the merging of swaths of land into one soil series and ecosite.  

Historical surveys may contain inappropriate hydric locations that are being corrected in the 

remapping effort due to improved technology or mapping methodology.  However, it is 

exceedingly rare for a playa identified in historical surveys as containing a hydric soil not to 

contain a soil representative of a playa in the absence of anthropogenic impacts. 

Impacts from sediment accumulation are prominent in the SHP where sediment depth 

ranges from 3.60 to102.2 cm with a mean (±SE) of 43.04 ±6.33 and annual sedimentation rates 

in wetlands on farmed landscapes average 4.8 and 9.7 mm/yr in medium- and fine-texture soil 

zones, respectively (Luo et al. 1997).  Playas within cultivated watersheds contain 172% more 

sediment than do playas within grassland watersheds (Venne 2006) and many have their hydric 

soil-defined volume completely filled with sediment (Luo 1994; Luo et al. 1997), reducing the 

appearance of the depression and burying historical hydric soils.  The reduced or lost playa 

volume results in a decreased hydroperiod due to increased water surface area subject to 

evaporation and infiltration rates as floodwaters are held on more permeable soils (Tsai et al. 
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2007).  In addition, 69% of playas larger than 4 ha in this region contained excavated pits and 

>46% of playas were cultivated in the early 1980s (Guthery and Bryant 1982).  Further, during 

cultivation of the playa, the characteristic clay layer is often punctured or mixed with 

accumulated sediment.  Altered hydroperoids due to sediment accumulation, pitting, and 

cultivation can lessen the occurrence of hydric field indicators by reducing the ability of the soil 

to form hydric inclusions in both the newly deposited sediment and the underlying clay soil, 

thereby promoting remapping of a previously identified hydric depression soil to non-hydric 

under current USDA protocols.  Although soil remapping may appear to be appropriate if the 

sediment has eliminated the depression entirely, the anthropogenic cause for accumulation of 

sediment should be considered during on-site wetland determinations because many of these 

sites likely continue to support hydrophytic vegetation, pond water, and may be candidates for 

restoration but are mapped as non-hydric (Haukos and Smith 2004, Tsai et al. 2007).  

Grassland playas are not subject to the same level of excess sediment loading as are 

cropland playas, with sediment depths ranging from 0-11.90 cm with a mean (±SE) of 4.63±0.92 

cm (Luo et al. 1997); however, the majority of remapped playas >30 ha had native grassland 

watersheds.  This remapping may be partially explained by reduced frequency of inundation in 

large grassland playas, relative to small grassland playas or cropland playas (Cariveau and 

Pavlacky 2009).  This reduced inundation limits the occurrence of hydric features in the playa 

soil and weakens those that do occur, rendering them unidentifiable during field visits (Allen et 

al. 1972, Mitsch and Gosselink 2000).  This abridged inundation may be attributable to the 

increase in water volume required to flood large grassland playas and a reduced ability to receive 

historical volumes of run-off due to anthropogenic impacts to the watershed (e.g, roads reducing 
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flow).  The increased water volume requirement is a result of absorption of water in the larger, 

more vegetated watershed (Cariveau and Pavlacky 2009).  Watersheds in grassland have a higher 

infiltration rate relative to cultivated areas (van der Kamp et al. 2003) due to increased vegetation 

slowing water flow rates.  In addition, both an increase in the density of macropores occurring as 

a result of root channels (Mapa and Gunasena 1995) and soil fauna increase hydraulic 

conductivity (Lepilin 1989, Bodhinayake and Si 2004).  Moreover, organic content is typically 

greater in grasslands, leading to higher aggregate stability, primarily after decomposition is 

initiated and by-products of microorganisms and mycelia have formed (Mapa and Gunasene 

1995).  This drier grassland playa soil may promote the remapping of grassland playas from 

hydric to non-hydric under current USDA methodology.    

The three necessary jurisdictional or determination characteristics of wetlands are the 

presence of hydrophytic vegetation, wetland hydrology, and hydric soils (Cowardin et al. 1979, 

U.S. Army Corp of Engineers 1987, USDA NRCS 1996).  Hydric soils are specifically defined 

as soils that develop in conditions of saturation, flooding, or ponding for a long enough period 

during the growing season to develop anaerobic conditions (Federal Register 1994).  

Ecologically, hydric soils are a substrate in which saturated conditions create a reducing 

environment in soil pores as a consequence of hypoxia or anoxia (Cronk and Fennessy 2001), 

resulting in reduced forms of elements characteristic of hydric soils (Gambrell and Patrick 1978).  

These unique soil properties were used to develop criteria or field indicators for hydric soils.  

Since their development in the 1980s, field indicators have been used for determination of hydric 

soils and vary widely throughout the United States (USDA NRCS 2006).   
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Historical soil surveys were completed prior to the current understanding and definition 

of hydric soils in wetlands.  The current classification of hydric soils involves exposing and 

describing a soil profile to a minimum depth of 50 cm (less than the depth of sediment in many 

playas in the SHP) and comparing this description to a set of field indicators for the appropriate 

region (USDA NRCS 2006).  Although it is recommended that excavation continue to the 

required depth for a full characterization of the redoximorphic process, in practice it is unlikely 

that the soil profile is commonly described beyond 50 cm; indeed, USDA protocol requires the 

inspection of only the top 15 cm for hydric soil field indicators.  For playas in the SHP, the upper 

15 cm is evaluated for ≥5% prominent or distinct redox concentrations occurring as soft masses 

or pore linings in a layer ≥5 cm thick (USDA NRCS 2006).  Given that sediment depth in many 

playas in the SHP exceeds 50 cm combined with standard USDA protocols for detection of field 

indicators in redox depressions (e.g., playas) (USDA NRCS 2006), original hydric soil indicators 

will be obscured by accumulated sediment under current soil survey methodolgy.   

The current remapping of depressional soils categorizes playa ecosites as potentially 

containing hydric and non-hydric soils.  This categorization of approximately 40% of 

depressions containing hydric soil as a playa with a non-hydric soil further complicates efforts to 

conserve playas as wetlands.  Criteria used to reclassify hydric soils into non-hydric soil series 

include soil texture, slope of the landscape, and ponding frequency of the area.  Using these 

characteristics, 80% of playas originally mapped as 0-5 ha in size were remapped (i.e., “lost”), 

and the majority of them were contained within cropland watersheds.  The high percentage of 

small, cropland playas being remapped may be because small playas are more susceptible to 
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filling by sedimentation and repeated cultivation, which can render playa soils indistinguishable 

from surrounding upland soils, especially at shallow depths.   

Field indicators and methodology currently used to describe hydric soils in the SHP may 

not fully account for the influence of anthropogenic factors and naturally occurring wet-dry 

fluctuations of playas.  Inclusion of these factors in the development of hydric field indicators 

and protocols is necessary to accurately describe playa soils.  Therefore, the dynamics of playa 

wetland hydric soil indicators and current determination protocols should be investigated and 

revised.  However, the results of the reclassification of playa soils on the SHP do provide 

indication of the extent of potential playa loss in the region.  If the historical and revised soil 

surveys accurately depict the presence of hydric soils, then >50% of the historical playas have 

been lost since approximately 1970.  Such a rate of loss should renew emphasis for the 

conservation of playas. 

Completion of the remapping effort in the SHP may result in several negative impacts to 

conservation and ecological understanding of playa systems.  Historically identified depressions 

containing playas that have accumulated sediment are likely to be classified as containing 

nonhydric soils in a playa ecosite or no longer classified as a playa.  Ecological condition of 

these playas will range from completely filled in and nonfunctional, to minimally filled in (but 

sufficient to result in soil remapping) but partially to mostly functional.  The loss of 

Swampbuster protection due to loss of hydric soil designation will result in the more functional 

playas being further degraded and eventually lost to the playa system.  The loss of Swampbuster 

designation and any potential future jurisdictional status will eliminate identification of candidate 

playas for restoration.  Finally, in the interim period before remapping is completed for the entire 
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SHP, there is potential for confusion in conservation and restoration efforts because of the 

availability of two different mapping efforts representing different time periods, ecological 

conditions, and mapping criteria and techniques. 

Management Implications 

 

 Any decrease in wetland numbers or area is of concern, regardless of whether it is the 

result of change in resource function or differences in USDA methodology between historical 

and current mapping approaches.  Reclassification and subsequent remapping of depressional 

soils will reduce the potential protection and conservation of playa wetlands, the keystone 

ecosystem of the SHP.  The presence of a hydric soil is a necessary criterion for a playa to be 

declared a certified wetland for USDA programs including Swampbuster, which is the only 

remaining potential federal protection afforded playas following the loss of protection under 

Clean Water Act in 2001 (Haukos and Smith 2003).  If protections previously provided by 

Section 404 of the Clean Water Act are restored, then the impact of the loss of hydric soil 

designations from this soil reclassification and remapping will be amplified.  This is particularly 

true if the changes seen here are due to methodological differences.  In addition, if loss of hydric 

locations is the result of reduced function, from a conservation perspective, ongoing physical and 

functional loss of playas will be compounded by remapped playas no longer qualifying for 

USDA restoration programs and incentives.  Therefore, it is critical that any playa on the SHP 

being considered for inclusion under Swampbuster or any other USDA conservation program be 

individually assessed for wetland criteria, including hydric soils, on-site, rather than relying on 

information from revised soil maps.  Further, during on-site evaluations, the effects of 
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anthropogenic alterations that lead to masking and reduced development and maintenance of 

hydric characteristics must be considered.   

If remapping of hydric locations to non-hydric is not a correction of historical soil 

surveys, major implications will likely ensue from the combining of hydric and non-hydric 

depressions within the ecosite of playa not equaling the number of hydric depressions in 

historical surveys, because accurate data on the location and number of playas on the landscape 

are vital for conservation and management of playas and playa-dependent species.  The ability to 

manage, conserve, and monitor playas and playa loss along with changes in functional 

connectivity of the landscape, supported by the network of playas, is reduced by removal of 

hydric soil locations that represent functional or restorable playas.  Since the 1950s, values of 

wetlands to a healthy functioning environment and human society have been increasingly 

recognized by scientists, conservationists, and the general public.  This understanding has led 

recent U.S. presidential administrations to promote a policy goal of “no net loss” of wetlands 

(Smith 2003).  However, without proper location information it is unlikely these losses will be 

accounted for when evaluating the effectiveness of this federal policy goal for wetlands, and, 

although conceivably remaining on the landscape, many of the remapped playas are no longer 

identifiable for inclusion in current or future resource estimates and extrapolations.  Accurate 

estimates and extrapolation of playa numbers are vital given their use for conservation planning, 

habitat availability, estimation of flora and fauna population size, water storage capacity, and 

aquifer recharge estimates.  Inaccuracies in these estimations due to artificially reduced numbers 

and area of playas and in the ecosystem services and functions they provide create an 

underestimate of ecosystem value.  These issues will be confounded until the remapping is 
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completed, by soils maps of SHP counties being publically available under two different sets of 

soil classification efforts and associated ecosites.   

 Despite numerous efforts, physical and functional losses of playa wetlands continue at an 

alarming rate (Smith et al. 2011).  These losses may be accounted for by the remapping of hydric 

locations to non-hydric and can be attributed to today‟s highly modified landscape, social 

choices, and political influences.  Given these pressures, playas will be better protected when 

they are considered wetlands for Swampbuster and when more effective conservation programs 

are implemented.  The conservation of playas will be enhanced by the utilization, creation, and 

enforcement of associated biologically relevant tools and laws, such as the USDA‟s Wetland 

Reserve Program or the creation of one or more Playa Wetland Management Districts where land 

is protected through easements or purchase and become part of the National Wildlife Refuge 

System (Haukos and Smith 2003).  Conservation and protection of playas would be further 

enhanced through the restoration of previous protections provided to isolated wetlands by the 

Clean Water Act. 
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Table 4.1.  Soil series and associated ecosites resulting from the post-1994 reclassification of the 

Randall soil series into 11 different hydric and non-hydric series as part of the USDA-NRCS soil 

remapping of playa/depressional soils in the Southern High Plains (MLRA-77C) 

(http://soildatamart.nrcs.usda.gov) and historical and post-1994 representation in number of 

playas (#) and area (ha) in the 8 Texas counties of the SHP that have been completely remapped 

to date.    

 

 

                                                            Hydric       Historical           Post-1994 

Series            Ecosite               #        Area       #        Area 
  Randall   Playa  6122 45931   1416   18390 

  Ranco    Playa        0         0     598     3207 

  Lamesa   Playa        0         0     121     1263 

  Cedarlake   Wet Saline       0         0       22       605 

 

                                                           Non-Hydric 

 

Series            Ecosite 
*McLean   Playa 

*Sparenberg   Playa 

*Chapel   Playa 

Lazbuddie   Deep Hardland 

Lockney   Deep Hardland 

Lofton            Deep Hardland 

Seagraves   Sandy Loam 

  

                                  * This map unit may contain hydric soil inclusions
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Table 4.2.  Historical (pre-1970) estimated number of depressions (i.e., playas) and area (ha) mapped as a hydric soil (Randall series), 

estimated number and area (ha) of depressional soils defined for non-hydric (McLean, Sparenberg, and Chapel series) playa ecosites  

following remapping of soils, and current estimated number of depressions (i.e., playas) and area (ha) mapped as a hydric soil 

(Randall, Ranco, and Lamesa series) for the 8 Texas counties of the Southern High Plains that have been completely remapped to date. 

 

  

    Historical Depressions                                                     Following Remapping     

  Classified As Hydric Soil            Depressions Classified as Non-hydric Soil       Depressions Classified As Hydric 

Soil 

County                  #       Area      x Area             #               Area              x Area                  #               Area                x Area 

 

Carson 544 7393.0 13.6 174 2040.5 11.7 176 4688.3 26.6 

   

Dawson 691 3010.2 4.4 201 1501.9 7.5 145 1352.4 9.3 

 

Deaf Smith 452 5760.9 12.7 200 2267.4 11.3 242 2568.2 10.6 

 

Floyd 1721 14398.4 8.4 616 4019.2 6.5 820 9028.2 11.0 

 

Hockley 1055 3864.6 3.7 297 1504.0 5.1 372 1722.0 4.6 

 

Lynn 801 3868.3 4.8 519 3378.5 6.5 147 1013.7 6.9 

 

Randall 561 6795.8 12.1 349 3684.7 10.6 178 2105.3 11.8 

 

Terry 297 840.1 2.8 81 379.8 4.7 55 380.7 6.9 

 

TOTAL 6122 45931.3 7.5 2437 18775.9 7.7 2135 22859.4 10.7
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Table 4.3.  Estimated percent loss (%) of the number and area (ha) of potentially certified 

playa wetlands due to remapping of previously identified hydric soils (i.e., Randall 

series) into 11 potential hydric (Randall, Ranco, and Lamesa series) and non-hydric series 

for depressional areas in the 8 Texas counties of the Southern High Plains that have been 

completely remapped to date. 

 

 

County  Number Lost  % Number Lost Area Lost    % Area Lost 

 

 

Carson 368 67.7 2704.7 36.6 

 

Dawson 546 79.0 1657.8 55.1 

 

Deaf Smith  210 46.5 3192.7 55.4 

 

Floyd 901 52.4 5370.2 37.3 

 

Hockley 683 64.7 2141.6 55.4 

 

Lynn 654 81.7 2854.6 72.2 

 

Randall 383 68.3 4690.5 69.0 

 

Terry 242 81.5 459.4 54.7 

 

TOTAL 3987 65.1 23071.5 50.2 
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Figure 4.1.  Counties of the Southern High Plains of Texas and New Mexico along with 

the 8 Texas counties where soils of playa wetlands have been completely remapped to 

date. 
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Figure 4.2.  A) Hydric soil locations in historical (pre-1970) SSURGO data in Hockley County, Texas.  B) 

Hydric soil locations after the USDA soil remapping in Hockley County, Texas.  
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Figure 4.3.  Historical (pre-1970) estimated number of depressions (i.e., playas) mapped 

as a hydric soil (i.e, Randall series), estimated number of depressional soils defined for 

playa ecosites (non-hydric, hydric, and hydric and non-hydric combined; 6 potential soil 

series) following remapping of soils for the 8 Texas counties of the Southern High Plains 

that have been completely remapped.  After remapping, hydric soil included the Randall, 

Ranco, and Lamesa series. 
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Figure 4.4.  Historical (pre-1970) estimated area (ha) of depressions (i.e., playas) mapped 

as a hydric soil (i.e, Randall series) and area (ha) of depressional soils defined for playa 

ecosites (non-hydric, hydric, and hydric and non-hydric combined; 6 potential soil series) 

following remapping of soils for the 8 Texas counties of the Southern High Plains that 

have been completely remapped.  After remapping, hydric soil included the Randall, 

Ranco, and Lamesa series. 
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Figure 4.5.  Percent remapped playas by size due to remapping of previously identified 

hydric soils (i.e., Randall series) into 11 potential hydric (Randall, Ranco, and Lamesa 

series) and non-hydric for depressional areas in the 8 Texas counties of the Southern 

High Plains that have been completely remapped to date. 
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CHAPTER V 

EFFECTIVENESS OF VEGETATIVE BUFFER AREAS SURROUNDING PLAYA WETLANDS 

 

Introduction  

 

Playas comprise the primary wetland system in the Southern High Plains (SHP) 

portion of the Great Plains.  The distribution of Great Plains playas extends from western 

Nebraska and eastern Wyoming southward into eastern New Mexico and northwest 

Texas (Guthery and Bryant 1982, Osterkamp and Wood 1987, Smith 2003).  Playas are 

depressional wetlands that represent the terminus point of a closed watershed and as such 

are subject to large, rapid influxes of precipitation runoff and runoff-borne material.  In 

their fully functional state, they solely receive water from precipitation and the associated 

runoff, with water loss occurring through evaporation, transpiration, and aquifer recharge 

(Smith 2003).  When functional, these hydrologically isolated wetlands go through 

frequent, naturally occurring wet-dry fluctuations (Haukos and Smith 1994).  Duration 

and timing of these fluctuations is the driving force behind their ecology and delivery of 

ecosystem functions.   

As the keystone ecosystem of the SHP, playas provide numerous ecological 

functions and services individually, as an integrated wetland system, and by interacting 

with all other ecosystems in the region.  Collectively, these wetlands are the primary sites 

for floodwater catchment, biodiversity, islands of refugia for native plant species, and 

focused recharge points to the underlying aquifer.  They also are important sites for 

biomass production, water quality improvement, livestock water and forage, irrigation 

water, and recreation (Smith et al. 2011).  In addition, playas are the primary wetland 
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habitat for numerous wetland dependent species that breed, migrate through, and winter 

in the Southern High Plains (Haukos and Smith 1994, Smith 2003).   

Playas occur in one of the most agriculturally impacted region of North America, 

with numerous prominent landscape alterations resulting from changing cultivation and 

grazing practices since the late 1800s, altering the original short-grass prairie ecosystem 

(Bolen et al. 1989). Anthropogenic factors predominantly resulting from these activities 

have caused complete playa loss, with impairment of ecosystem functions and services in 

many other playas.  These impacts are exaggerated in playas compared to other isolated 

wetlands because playas occur in naturally highly erodible soils, causing them to be 

exceedingly susceptible to accumulation of sediment, chemical contaminants, and excess 

nutrients.  Sediment deposition in playas is chiefly water-, not wind-deposited (Luo et al. 

1999).  Accelerated sediment accumulation in playas and its influence on identification of 

playa soils (Johnson et al. in press),  playa occurrence, wetland volume, hydroperiod 

(Tsai et al. 2007), plant community composition (Haukos and Smith 2004), and overall 

ecological function are well-documented (e.g., Smith and Haukos 2002).  On average, 

playas with cultivated watersheds have had all of their original hydric-soil defined 

volume filled with sediment, and, due to the effects of concentrated grazing (i.e., 

reduction in vegetation cover), playas in grazed grassland have lost approximately one-

third of their hydric-soil defined volume (Luo et al. 1997).   

One method to reduce the impacts of altered watershed condition upon adjacent 

playas is to provide a surrounding buffer of native vegetation (Haukos 1994, 1995).  

Wetland buffers reduce the adverse impacts of adjacent land uses by preventing or 
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reducing sediments, contaminants, and excess nutrients (e.g., fertilizer or manure) from 

reaching the wetland (Skagen et al. 2008), while providing habitat for resident and 

migratory wildlife.  Factors hypothesized to affect playa buffer effectiveness occur and 

interact at the watershed scale and the more focal vegetative buffer scale.  These potential 

factors include slope and size of the watershed, land use within the playa watershed, soil 

texture of the playa watershed, buffer vegetation species and structure, buffer width, 

buffer management and use, and frequency and intensity of rainfall events (Skagen et al. 

2008).    

Conservation groups have installed a limited number of playa buffers during the 

past 15 years, and Farm Bill Programs have served to incidentally (e.g., Conservation 

Reserve Program; CRP) and intentionally (e.g., CRP Conservation Practice CP23a) 

buffer playas.  Buffers deliberately established in west Texas have primarily followed 

current recommendations for establishment of vegetative buffers around playas, including 

use of native plant species and minimum average width of 30-90 m (Smith 2003).  Some 

de-facto buffers (especially non-native plant species used in CRP) may intercept 

unnaturally large volumes of overland runoff water, preventing water from reaching the 

wetland.  Although this action may reduce excess nutrients and contaminants potentially 

reaching the wetland, it negatively influences playa flooding frequency and duration, 

aquifer recharge, and habitat value for playa-dependent wildlife (Detenbeck et al. 2002).  

Lack of information on what criteria are necessary to balance contaminant removal and 

volume of water that flows into the wetland is hindering conservation efforts.  Playa 

conservation organizations are seeking specific field-based recommendations for 
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vegetative buffer structure, including width, species composition, and vegetation 

structure (Skagen et al. 2008).  My objectives were to (1) address the effectiveness and 

impact of vegetative buffers of different widths and vegetation structure around playa 

wetlands on concentrations of metals, nutrients, and sediment in precipitation runoff and 

total volume of water entering playas and (2) utilize these results to improve current 

buffer recommendations for playas.   

Methods 

 

My study area was the Southern High Plains portion of the Southern Great Plains 

of Texas.  This is a semi-arid transitional region between the more mesic prairies to the 

northeast and the Chihuahuan Desert to the southwest (Haukos and Smith 2004) and was 

historically covered by short-grass to mixed-grass prairie.  Today, the landscape is 

dominated by agriculture highly supported by the pumping of the underlying Ogallala 

Aquifer for irrigation. The annual average rainfall varies from 33 cm in the more arid 

western portion of the study area to 63 cm in the east.  Precipitation events in this region 

primary occur from spring to early fall in the form of heavy and localized thunderstorms 

(Haukos and Smith 2004).  Evaporation rates are high and can exceed 250 cm per year 

due to high summer temperatures and mild winters in conjunction with high winds 

(Bolen et al. 1989).  The number of playas, based on historical identification of hydric 

soils, within this region has been estimated to be approximately 19,400 (Guthery et al. 

1981) and the average playa size based on delineated historical hydric soil maps was 

estimated to be 6.3 ha (Guthery and Bryant 1982).  
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My initial focus was on Playa Lakes Joint Venture and U.S. Fish and Wildlife 

Service Partners for Fish and Wildlife enhancement projects that included an established 

buffer component as part of a playa management plan.  Due to the lack of successfully 

established buffers, I randomly selected additional playas within the study area contained 

within or abutting to row-crop agriculture and surrounded by a vegetative buffer 

primarily comprised of non-native Conservation Reserve Program plantings (CRP), 

unplowed native grassland (NG), or unplanted fallow cover (FC) (Table 5.1).   

Precipitation runoff was collected as it passed through buffers using I-CHEM 

storm water samplers (Forestry Suppliers Inc., Jackson, MS, USA).  I-CHEM storm 

water samplers collected up to 1 L of first-flush storm water.  Once 1 L of sample was 

collected, a floating ball valve sealed off the sample collection port to prevent co-

mingling of run-off water and volatile analyte loss.  Samplers were placed in the buffer 

flush with the soil surface beginning at the outer edge of the buffer (i.e., adjacent to 

cultivated field) and continued every 10 m to the playa floor.  A combination of hand and 

power augers was used to create a hole slightly larger than the sampling device. To 

reduce contamination from excess soil, sampler placement was offset by 2 m from center 

and alternated sides of a direct line from the cultivated field to the playa floor.  When 

buffers were sufficiently large, a minimum of five and maximum of eight samplers were 

placed, and the distance from the last sampler to the sampler at the playa floor was 

recorded.  During placement, each sampler was covered to prevent soil contamination 

and lowered into the hole until it was flush with the ground.  Once flush, displaced soil 

was used to back-fill the area between the sampler and the side of the hole, then excess 
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soil was dispersed and the cover was removed.  The location of each sampler was marked 

with a fiberglass pole and flagged stakes with UTM coordinates recorded.  

Precipitation information was acquired through on-site rain gauges, West Texas 

Mesonet (http://www.mesonet.ttu.edu/), and information from landowners and local 

natural resource professionals.  Once a precipitation event occurred that filled the 

samplers, water samples were collected, associated vegetation measurements taken 

(described below), and storm samplers moved to the buffer(s) of a different playa(s).  

Within the same week that storm water samplers filled, vegetation structure and 

composition of the buffer were measured.  Vegetative basal cover (stem density) and 

species composition were recorded between adjacent storm-water samplers using a point-

frequency frame (Levy and Madden 1933) placed approximately every 3.3 m.  Percent 

cover was calculated by dividing the number of pins that hit vegetation between adjacent 

samplers by the total number of pins.  The watershed slope surrounding each sampled 

playa was indexed by the number of 1.5 m contours defining a specific lake basin as 

reported by Fish et al. (1998). 

For first use, no decontamination of I-CHEM storm water samplers was necessary 

(Forestry Suppliers Inc., Jackson, MS, USA).  Following the initial sample collection, 

mounting kits were washed with deionized water and exposed to an ultrasonic bath 

treatment for 3 min.  Due to increased exposure to collected run-off, mounting kit screens 

were also cleaned with an ultrasonic brush, soaked in a 10% nitric acid bath for 12 hrs, 

thoroughly rinsed with deionized water, and oven-dried.  I-CHEM funnels were treated in 

the same manner.  Nalgene wide-mouth 1-L bottles were used for sample collection.  
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Decontamination protocols were verified to be effective by testing samples on an 

Inductively Coupled Plasma (ICP) instrument.  Each bottle was used only once and 

prepared through a process of rinsing three times with deionized water, then rinsing with 

10% nitric acid for 20 seconds followed by seven rinses of deionized water.  

I used the protocols recommended by the U.S. Environmental Protection Agency 

for sample preservation and water analyses (Keith 1996).  Immediately following 

collection, one 250 ml subsample per playa was lowered to a pH <2 by the addition of 

nitric acid for subsequent metals analyses.  Containers for water used in the metal 

analysis were acid-cleaned before use and remained capped until employed for sampling.  

Samples were stored on ice during transport.  For long-term storage samples were placed 

in a 4  C refrigerator.   

To analyze for total metals, samples were digested (EPA method 3015), 

centrifuged, and decanted directly into sample tubes for analysis using Inductively 

Coupled Plasma-Atomic Emission Spectrophotometer (ICP).  Element concentration 

measured (ppm) with ICP included total phosphorus and a suite of metals (i.e., Mn, Ni, 

Cr, Zn, As, Cd, Cu, V, Sr, Fe, Ba, Al, K, Na, Mg, and Ca) selected due to their level of 

toxicity, known occurrence within the study area (e.g., common in agrochemicals used in 

the SHP), or because of their inclusion in the standard material. The ICP calibration curve 

consisted of five standards ranging from 0.0 to 10 ppm (EPA method 6010; Venne et al. 

2006).  The Detection Limit (DL) was determined through the use of check standards and 

their reproducibility.  If the percent variation was greater than 20% for any given 

standard concentration, then samples at or below that concentration were considered 
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below the DL.  To determine the quantitative lower limit, the DL was multiplied by 3.  

Samples outside of the calibration were diluted and retested.  Final values for diluted 

samples were obtained through calculations that accounted for the dilution factor.  To 

insure data quality, wash blanks, travel blanks, and refrigerator blanks were employed 

during water quality work.   

Total suspended solids (TSS) (g/L) were measured by shaking each 1 L sample 

for 30 sec to ensure homogenization, passing an aliquot through a preweighed glass-fiber 

filter disc, and dried in an oven at 103-105  C.  The aliquot volume varied and was 

determined by the point at which a deposit remained on the filter or the 1-L sample was 

depleted.  To evaluate the change in filter mass, each filter was weighed after drying to a 

constant mass.  The increase in the mass of the filter represented TSS (EPA method 

160.2).  In addition, nitrate (mg/L) was measured using a spectrophotometer (EPA 

method 352.1) in 2008 or an equivalent method by ion chromatography (EPA method 

300.0) in 2009.  Water characteristics consisting of specific conductivity (μS/cm) (EPA 

method 120.1), pH (EPA method 150.1), and total dissolved solids (TDS) (g/L) were 

measured in the laboratory using a LaMotte 2020-WE turbidity meter. 

Hydrology  

Runoff volume was estimated using the curve number procedure (USDA-SCS 

1972).  The runoff curve number procedure was developed by USDA Natural Resources 

Conservation Service (NRCS) and is a widely used, empirically developed parameter for 

estimating runoff from excess rainfall.  The procedure was developed from studies of 

small agricultural watersheds.  The effects of soil type, land use, and antecedent moisture 

conditions are embodied in the procedure (Bedient et al. 2008).  To calculate runoff 
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volume with the runoff curve number method, the contributing watershed was delineated 

for each playa.  The natural watershed boundary was delineated using 7.5-minute Digital 

Orthoquads with 1.5-m contour intervals.  Since water flows along the path of least 

resistance, precipitation runoff travels downhill.  Thus, water movement can be 

represented on topographic maps by lines drawn perpendicular to the contour lines.  

These lines are referred to as path lines.  Path lines were used to determine the natural 

watershed boundary for each playa by identifying the high points surrounding each playa 

and drawing a single continuous path line that connects each of these locations along with 

additional path lines used to depict the directional flow of runoff.  Based on the 

placement of path lines the natural watershed was delineated. 

To evaluate the effects of man-made structures on runoff volume, digital imagery 

was used to examine the structures found within each watershed.  In this process, aerial 

and ground-level images were used to identify restrictive barriers and hydraulic 

structures, and to determine whether or not the presence of these structures would cause a 

change in the contributing watershed area.  Structures considered in this process included 

paved and unpaved roadways, open channels (bar ditches), bridges, and culverts.  

Watershed boundaries were adjusted as necessary according to the effects of the 

structures present at each location.  The adjusted boundaries represented the current 

contributing watershed for each playa lake.  Once delineated, polygons were created in 

ArcGIS and area (ha) estimates derived.   

The USDA NRCS Web Soil Survey in combination with watershed delineations 

was used to estimate infiltration rates based on soils 
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(http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm).  Selection of the runoff curve 

number (CN) was dependent on antecedent moisture conditions and cover type.  Area 

associated with delineated cover types and land uses were determined through field 

observation, aerial photos, and area calculations using ArcGIS.  Antecedent moisture 

conditions and storm-event precipitation totals were estimated though a combination of 

rain gauges and Next Generation Radar (NEXRAD) 

(http://www.srh.noaa.gov/rfcshare/precip_download.php).  When NEXRAD was 

employed, I imported precipitation information into ArcGIS and overlaid precipitation 

estimates with the subset of playas fitted with storm water samplers.  Average rainfall for 

a given playa watershed and storm event were estimated by averaging rainfall totals for 

four points in the surrounding watershed.  Antecedent moisture condition (AMC) was 

determined by downloading and evaluating the precipitation amounts for the 5 days prior 

to the storm event of interest.  The individual CN was extracted from the standard 

USDA-NRCS curve number table by using the AMC in combination with the types of 

cover.  The composite CN for each watershed was calculated by weighting each curve 

number according to the proportion of the area within the watershed in each land use and 

soil type in combination with the AMC (proportion of area in land use in each soil 

class*proportion of the watershed in soil group=fraction of area) (∑fraction of 

area*individual CN=Composite CN).  Initial estimates of water volume entering each 

playa were made (Q=(P-Ia)
2
/(P- Ia + S) where Q=runoff, P=rainfall, Ia=initial abstraction 

(0.2*S), S=watershed storage in inches (1000-CN/10)) (Bedient et al. 2008),by including 

the buffer area under the land use description of cultivated land without conservation 
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treatment (i.e, estimate the water volume entering the playa without the presence of a 

buffer).  To account for the impact of the buffer on water volume entering the playa, a 

second round of estimations was conducted where grassland buffers were placed into the 

NRCS land-use description category, that best described native grassland of the SHP, 

pasture or range land in poor condition, and fallow buffers into fallow with cover.  The 

percent change in Q between the estimations is reported as the percent change in runoff 

volume for each buffer type. 

Watershed slope was indexed as the number of 1.5-m interval depression contour 

lines defining a specific wetland basin (Fish et al. 1998).  Storm event intensity was 

estimated by dividing precipitation totals by the length of the storm as determined by 

NOAA radar data (www.ncdc.noaa.gov/oa/rada/radardata.html) and reported as 

centimeters per hour.  When the exact day of the storm event was not known prior to the 

gathering of NEXRAD data, the rain event closest to the date water depths were taken, 

with any storm producing >3.8 cm of rainfall assumed to be of interest (Cariveau and 

Johnson 2007). 

The actual volume of water in the playa was estimated and compared to the runoff 

volume estimate by the USDA-NRCS curve number method.  Volume was estimated by 

using a cone to represent the playa and calculated as V=(1/3π(h2r2
2
-h1r1

2
) where 

V=volume, h2=height at water surface to the base of the cone, r2=radius at the water 

surface, r1=radius of playa, h1=height of cone from playa floor to the base of the cone.  

Playas were assumed to be circular and the radii of the playas were estimated using area 

estimates from the Playa Lakes Digital Database for the Texas Portion of the Playa 

http://www.ncdc.noaa.gov/oa/rada/radardata.html
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Lakes Joint Venture Region (PLDD) (Fish et al. 1998) and the formula r=√area/ π. Radius 

at the water surface (r2) was calculated as radius + maximum estimated depth/slope.  

Slope (rise/run or elevation center-average elevation of 8 points/∑distance in meters from 

actual to visual and visual to playa floor) of the cone was estimated from field data 

collected on randomly selected playas (n=147) in 2008 and 2009.  The visual edge of the 

playa was determined based on change of slope, vegetation, and soil (Luo et al. 1997).  

Actual playa edge was defined as the hydric soil-defined boundary, where the soil 

changed from hydric soil to upland soil type.  Actual edge was determined at two 

locations opposite each other on the playa by taking sediment cores along a transect 

perpendicular to the visual edge (i.e., change in slope and vegetation) (Luo et al. 1997).  

Distance from the actual edge to the visual edge to visual edge to the playa floor was 

measured using an open reel fiberglass tape.  Measurements were summed and utilized as 

the run.  The rise was obtained by using a level set located in the center of the playa to 

measure the change in elevation of the playa edge.  The elevation change between the 

playa floor and each of the equidistant points (n=8) along the visual edge of the playa was 

measured using the one-station method (Luo et al. 1997).  The average of these points 

was used as the change in elevation or the rise.  If playas lacked a discernable visual 

boundary, soil maps and aerial surveys were employed to estimate the historical 

boundary of the playa prior to soil sampling.  The height bottom (h1) was calculated as 

radius*slope and height at water surface (h2) as height bottom + maximum estimated 

depth.  Maximum water depth was estimated by taking depth measurements in 7 

locations across the playa floor using a standard meter stick.  Measurement locations 
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were determined by placing one point in the center of the playa and one point on each of 

two edges.  In addition, a depth measurement was taken 10 m from the water edge and 

between the two measured edges and the center point.  Maximum estimated depth was a 

combination of the maximum water depth measured and evaporation (maximum 

estimated depth=observed depth + evaporation).  Evaporation rates used were obtained 

data from the National Weather Service and the Texas Water Development Board 

(http://midgewater.twdb.state.tx.us/Evaporation/evap.html).  This site provided 

evaporation rates for each one-degree quadrangle in Texas.  The quadrangle of interest 

was located and the monthly gross surface evaporation data was divided by the number of 

days in the given month to estimate a daily evaporation rate.  Evaporation rates were 

multiplied by the number of days from the rain event to the day water measurements 

were taken. 

Statistical Analyses 

 To assess differences in vegetation cover across buffer types, mean percent 

vegetation cover and standard errors were estimated for each buffer type (NG, CRP, FC).  

Uniformity in vegetation cover across the width of buffers was evaluated through 

estimates of the mean and standard error of percent vegetation cover across distances 10, 

20, 30, 40, 50, and 60 meters.  To investigate how vegetation cover influences removal of 

contaminants, regression analysis was used.  Mean slope and standard error of watershed 

slope across the three vegetation or buffer types were calculated. 

The effect of buffers surrounding playa wetlands on quality of water entering 

playas was evaluated using three different approaches.  For approach one, the overall 

http://midgewater.twdb.state.tx.us/Evaporation/evap.html
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effect of buffer width across all playas was based on percent change of means for water 

characteristic and quality measurements at distances from the adjacent cultivated field.  

They were calculated by obtaining the mean value across all sampled buffers for each 

variable at 10 m distance of buffer width (10, 20, 30, 40, 50, and 60 m) and dividing this 

value by the mean value for the sampler adjacent to the cultivated field and multiplying 

by 100.  Approach two was to calculate the percent mean maximum removal of metals, 

nutrients, and sediment for each buffer type by subtracting the highest contaminant level 

regardless of location within the buffer from the lowest contaminant level found 

thereafter within the buffer for each playa and then dividing by the highest value and 

averaging results for each buffer type.  For approach three, average percent change in 

water characteristics and quality measurements as a function of distance and buffer type 

were calculated relative to the level in the sampler closest to the cultivated area for each 

playa.  The given sampler concentration value was subtracted from the concentration 

value of the sampler closest to the cultivated area and averaged by buffer type and 

distance from cultivated area.  Average levels of water characteristics across distance and 

buffer type were also determined. 

 To estimate the influence of buffer type and buffer distance on percent change of 

contaminant level in water characteristics, general linear modeling with multivariate 

analyses of covariance (MANCOVA) was performed in SAS software, version 9.2 (The 

SAS Institute, Cary, NC, USA).  The main effects of buffer type and distance and the 

interaction term buffer type*distance were assessed.  Independent variables were buffer 

type (levels=CRP, NG, and FC) and distance (levels=0, 10, 20, 30, 40, 50 and 60 m).  
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Continuous independent variables included as covariates were watershed slope, storm 

event intensity, and percent vegetation cover.  Dependent variables were the percent 

change observed in each sampler relative to the sampler closest to the cultivated field for 

TSS, TDS, SC, pH, Al, As, Ba, Ca, Cr, Cu, Fe, K, Mg, Mn, N, P, Sr, V, Na, and Zn.  The 

MANCOVA to estimate buffer type and distance on percent mean maximum removal did 

not converge; however, means were compared across independent variables using least 

significant tests following a significant ANCOVA (α=0.05).  Pearson correlations 

between Total Suspended Solids and Total Dissolved Solids and other water 

characteristics (i.e., Specific Conductivity, pH, N, P, Ba, Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, 

Na, Ni, Sr, V, Zn) were calculated to assess the influence of sediment on the level of 

contaminants and overall water quality in playas.  STATISTIX ® 8 (Analytical Software, 

Tallahassee, Florida, USA) was used for all descriptive statistics and correlations. 

Results 

 

A total of 238 I-CHEM storm water samplers was collected and analyzed from 36 

playa buffers during 2008 and 2009.  Average playa size (±SE) was 17.22±1.88 ha and 

totals for rain events large enough to allow for filling of samplers ranged from 1.9-15.2 

cm, with a mean (±SE) of 6.4±0.6 cm.  Intensity of the rain events ranged from 0.3-20.5 

cm per hour, with a mean of 2.5±0.11 cm per hour.  Buffer types were categorized as 

CRP (n=7), FC (n=18), and NG (n=11).  Eight-two percent of the species identified in 

CRP buffers were native, 46% native in FC, and 97.8% native in NG.  The highest 

percent of bare soil was in NG buffers (18.6%), followed by FC (11.4%) and CRP 

(7.9%).  Dead vegetation was the most common buffer composition component in CRP, 
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FC, and NG, measuring 36%, 43.6%, and 25.6%, respectively (Table 5.1).  Mean percent 

vegetation cover was estimated across buffer types as CRP 91.61±2.97, NG 81.33±2.05, 

and FC 87.28±2.59 (Figure 5.1).  Variation in percent cover across distances was 

minimal.  The lowest mean (±SE) of percent vegetation cover across all distances was 

81.24±4.99 at 50 m, and the highest was 87.63±2.3 at 20 m (Figure 5.2).  Mean slope of 

the watershed between buffer types was also assessed as CRP 1.14±0.26, FC 1.27±0.24, 

and NG 1.56±0.19 (Figure 5.3).  Averages (±SE) levels of water characteristics and 

quality measurements as a function of distance and buffer type are shown in Tables 5.2 

and 5.3, respectively.  

Approach I 

In general, average concentrations of water quality and other characteristics 

declined relative to distance from the cultivated area (Figure 5.4).  However, at 60 m 

contaminant levels reached their highest levels when compared to the levels observed at 

distance 10, 20, 30, 40, and 50 m.  The only exceptions were Specific Conductivity, pH, 

Ca, Na, and Nitrate (Figure 5.4).  

Approach II 

There was minimal variation observed in maximum average (±SE) levels of 

contaminant removal or change across vegetative buffers comprised of NG, CRP, and FC 

(Table 5.4) and ANCOVA results were significant only for TSS (dependent variable) and 

slope (Figure 5.3) (independent covariate) (P=0.03, F1, 9=7.25). 

Approach III 
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Average percent change (±SE) between samplers for water characteristics and 

quality measurements were primarily negative for FC and NG.  However, average 

percent change in the CRP buffer type was primarily positive (Table 5.5).  Negative 

values represent an increase in the given water measurement, and positive values 

represents a decrease in contaminant level relative to the sampler closest to the cultivated 

area.  The results of the MANCOVA demonstrated an effect of buffer type (Wilks‟ 

lambda=0.04, P=0.01), and buffer distance (Wilks‟ lambda=0.003, P=0.04) for the 

percent change in water characteristics and quality measurements.  The interaction term 

of buffer type by distance was not significant (Wilks‟ lambda=0.0002, P=0.12).   

Average levels of water characteristics across buffer types differed for K (P=0.01, 

F2, 130=4.72), P (P=0.00, F2, 130 =5.82), Sr (P =0.00, F2, 131=6.64), and Ca (P=0.00, F2, 

128=13.3).  The average percent change in water characteristics and quality measurements 

between samplers was primarily negative at the 10, 20, and 60 m distances, indicating an 

increase in contaminants and nutrients in collected water samples from 0 m to 10 m, 10 m 

– 20 m, and 50 m – 60 m, respectively (Table 5.6). 

  An analysis using Pearson‟s Correlation Coefficient indicates a statistically 

significant positive linear relationship between TDS and/or TSS and the remaining 

measured water characteristic and quality parameters, with the exception of Nitrate (N) 

and Sodium (Na) (Table 5.5).  Percent cover had an inverse relationship with TSS, 

indicating percent cover influences removal of contaminants.  As percent cover 

increased, TSS decreased (Figure 5.5). 
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Eleven of 36 playas (CRP=1, FA=4, NG=6) received sufficient precipitation 

runoff to measurably flood the wetland to water levels sufficient to assess the impact of 

different buffer types on hydrology.  Playa area (±SE) was 18.38±3.98 ha and ranged in 

size from 8.76-45.23 ha.  Playa watershed area (±SE) was 244.25±36.77 ha and ranged in 

size from 117.36 to 402.67 ha, whereas the buffer area (±SE) was 18.59±5.29 ha and 

ranged from 4.90-52.16 ha.  Rain event totals ranged from 10.31-57.10 cm, with a mean 

(±SE) of 29.45±5.12 cm.  Intensity of the rain events ranged from 0.31-1.58 cm per hour, 

with a mean of 0.51±0.15 cm per hour.  Three playas were dropped from analysis due to 

the inability to accurately include the impacts of watershed or to account for water being 

in the playa prior to the event of interest, or major playa manipulations that prevented 

accurate measurements.  The one CRP playa in my study that received a rainfall event 

large enough to flood the wetland experienced an estimated 5.71% reduction in runoff 

volume due to presence of the buffer, whereas grassland buffers (n=6) reduced runoff on 

average by 0.76%±0.26.  At the scale of this study, fallow buffers (n=4) did not reduce 

runoff volume (Table 5.8).  The USDA-NRCS curve number method runoff estimates 

(m
3
) ranged from 7-32% with a mean (±SE) of 21.22±3.11% of the actual volume of 

water estimated to be in the playa (maximum stored volume) (Table 5.8).  

Discussion 

 

Despite recent attention, physical, structural, and functional losses of playas due 

to excess sediment and other contaminants are occurring at a rate greater than 

conservation efforts can counteract in the High Plains portion of the Southern Great 

Plains (SGP).  Conservation groups have been prescribing and implementing buffers as 
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the primary measure of protection for these wetlands for more than a decade.  During 

consideration of the appropriate buffer width and vegetation structure, the primary 

concern is the balance between maximizing contaminant removal and minimizing 

negative impacts to hydrology.  Although buffers are the primary conservation measure 

for playas in the SGP, this is the first field study to address buffer effectiveness and 

impact in relation to playa wetlands.   

Inherently, many of the land use changes since the 1880s have increased overland 

flow into playa wetlands, such as the conversion of native vegetation to row crop 

agriculture, and inadequately managed grazing practices.  Still others have decreased 

overland flow, such as the planting of non-native grass in the Conservation Reserve 

Program (Detenbeck et al. 2002, Cariveau et al. 2010).  These watershed-level influences 

on hydrology should be considered alongside buffer-level influences during the design of 

buffers.   

Buffer effectiveness is the result of multiple complex interacting factors.  

However, due to the lack of “real world” studies, deficiencies in testing of hydrology and 

buffer efficiency model applicability to playa wetlands, and difficulty in the use of 

currently available models (e.g., Vegetative Filter Strip Model, Abu-Zreig 2001; 

Chemical Runoff and Erosion from Agricultural Management Systems, Knisel 1980), at 

present, buffer recommendations are based on watershed condition, political 

acceptability, and best professional judgment (Castelle et al. 1994, Skagen et al. 2008).  

Using this approach, current width recommendations for playa wetlands are 30-90 m and 

general vegetation prescriptions include native status, ability to germinate in and tolerate 
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the soil and climatic conditions, and the ability to grow up through sediments that 

accumulate during buffering (Skagen et al. 2008).  

As vegetation cover in playa buffers increases, the level of TSS and associated 

contaminants in runoff decreases.  The highest vegetation cover was observed for playas 

in CRP.  CRP plantings were typically higher in percent cover and, although not 

measured, would likely provide a more robust structure relative to vegetation in FC or 

NG buffers.  As vegetation cover increases, sediment is retained on the vegetation along 

with the associated contaminants and less bare ground is present, which reduces the 

opportunity for picking up additional suspended solids as water flows through the buffer.  

The primarily positive values (i.e., contaminant removal) for average percent change of 

water characteristics and quality measurements for CRP and the primarily negative 

numbers for the FC and NG with lower percent vegetation cover reflect this relationship.   

The velocity of runoff from cultivated fields is likely at one of its highest levels 

due to distance traveled and slope of the topography as it reaches the adjacent buffer.  

However, shortly after the flow contacts the vegetative buffer, velocity slows and 

contaminants settle out, as seen in the increase in contaminants between samplers at 0 to 

10 m, and 10 to 20 m.  Due to the increasing slope inherent to a playa watershed, 

increased or somewhat stable velocity relative to that observed at 20 m is reflected in the 

decrease in contaminants from 20 to 50 m measured in samplers.  The slope is greatest 

just before the basin (i.e., playa floor) and the sides of the playa join, creating a second 

pulse of increased velocity.  The last sampler placed was often positioned at 60 meters 

and always on the outer edge of the playa floor, explaining the increase in contaminates 
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between 50 and 60 meters.  Buffers primarily comprised of native grassland species have 

the lowest mean percent vegetation cover and the greatest slope (i.e., increased velocity) 

of the three buffer cover types.  This increase in slope is likely a consequence of 

increased difficulty in farming areas as gradient increases or accumulation of excess 

sediment.  Mean removal of contaminants by grassland buffers are not exceeded by CRP 

or FC buffer types, lending support to the influence of distance on removal.   

Castelle et al. (1994) showed that appropriate buffer size for aquatic resources 

was in part determined by the contaminant(s) the buffer was used to remove.  In playa 

buffers the maximum combined removal of nitrate and phosphorous occurred at 20 m, 

49% and 39%, respectively.  Individually, maximum removal occurred at 60 m for nitrate 

and 20 m for phosphorous.  If metals from pesticides or other sources are of primary 

concern, a playa vegetative buffer of approximately 40 m is recommended.  The majority 

of metals reach a maximum removal at this distance, with the exception of Ca and Na.  

The mean (±SE) removal for metals reaching maximum at 40 m is 43.78±1.69%.  TSS 

and TDS (indices of sediment) reached a combined maximum removal at 50 m, 49% and 

72%, respectively.  Buffers of this distance would maximize removal of both sediment 

and metals.   

Balancing overland water flow with infiltration and contaminant removal rates is 

an important consideration in development of wetland conservation practices. Although 

limited to one playa, reduction in runoff volume was greatest for the vegetative buffer 

composed of non-native CRP cover (5.7% reduction).  Vegetative buffers comprised 

predominantly of native species reduced overland flow volume by 0.76±0.26 percent.  
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The FC buffers in this study comprised <5% of the watershed, and differences at this 

scale are not detectable using the NRCS curve number method.  Thus, an influence of FC 

buffers on overland flow reduction was not observed in this study.   

In addition to distances of 40 to 50 m, native grasses are also recommended, as 

these species have a high probability of germination, have a reasonable impact on 

hydrology, and provide habitat for native grassland wildlife.  Studies on the usefulness of 

buffers as wildlife habitat demonstrate reduced value to wildlife when non-native 

plantings are used (Melcher and Skagen 2005).  This reduced value is often a product of 

higher cover than what is on the landscape in a native state.  Although higher cover 

increases removal of TSS and associated contaminant removal, the planting and 

establishment of native vegetation as a buffer zone for playa wetlands should create a 

level of cover comparable to that of unplowed native grassland, creating higher-quality 

habitat for grassland species.  

The correlation between land use and structure, function, and ecology of playas is 

well-established.  As the area protected around playas increases, playas become less 

susceptible to negative outside influences.  Therefore, ideally one would manage the 

entire watershed and would include vegetative buffers as a management tool.  Therefore, 

vegetative buffers are an important component of the necessary set of conservation 

practices required to protect playa wetlands.  However, with removal of sediment and 

other contaminates reaching a maximum removal at 72%, other best management 

practices are needed in combination with buffers.  Wetland managers must work directly 

with ranchers and farmers to develop a holistic management approach.  Methods for 
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reducing the input of sediments, nutrients, and contaminants to playa wetlands include: 

conversion from irrigation to dryland farming, conversion from flood to center pivot 

irrigation, adoption of practices that require less disturbance of soil or impedes overland 

water flow (e.g., no tillage, contour tilling, or terracing), fine-tuning fertilizer and 

pesticide application quantities and application techniques (e.g., establishment of no-

application zones around wetlands, avoiding application during high winds or directly 

before heavy precipitation events) (Skagen et al. 2008).      

The impact of accelerated sedimentation and its associated disturbances on the 

structure and function of playas due to altered hydrology are primary concerns of wetland 

managers in this semi-arid region.  The correlation of sediment with contaminant 

transport reinforces the need for protection of playas in relation to excess sediment 

loading and this study has provided necessary field- and quantitative-based 

recommendations for buffers, the primary conservation measure used for the protection 

of playa wetlands and the biodiversity of the Great Plains. 
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Table 5.1.  Species composition, number of pin hits, and percent of hits for a given plant 

species.  Data were recorded between samplers and within each vegetative buffer type 

(Unplanted Fallow n=11, Native Grassland n=18, Conservation Reserve Program [CRP] 

n=7), using the point-frame method during 2008 and 2009 in the Southern Great Plains 

of Texas. 

   Landcover 

  Unplanted 

Fallow 

 CRP   Native 

Grassland       

Species   # %   # %   # % 

Agropyron smithii  103 6.44  16 0.91  75 1.77 

Amaranthus sp.  41 2.56  12 0.69  14 0.33 

Ambrosia grayi  49 3.06  14 0.80  4 0.09 

Ambrosia psilostachya  0 0.00  0 0.00  1 0.02 

Aristida purpurea  0 0.00  0 0.00  12 0.28 

Artemisia frigida   0 0.00  0 0.00  6 0.14 

Aster subulatus  1 0.06  0 0.00  0 0.00 

Bothriochloa laguroides  0 0.00  64 3.66  0 0.00 

Bouteloua curtipendula  0 0.00  77 4.40  0 0.00 

Bouteloua gracilis  0 0.00  103 5.89  825 19.46 

Bromus unioloides*  20 1.25  0 0.00  6 0.14 

Buchloe dactyloides  18 1.13  28 1.60  1086 25.61 

Chenopodium album  6 0.38  0 0.00  5 0.12 

Chenopodium leptophyllum  2 0.13  0 0.00  3 0.07 

Convolvulus equitans  28 1.75  1 0.06   0.00 

Coreopsis tinctoria  0 0.00  0 0.00  8 0.19 

Cynodon dactylon*  52 3.25  0 0.00  0 0.00 

Echinochloa crus-galli*  0 0.00  0 0.00  17 0.40 

Eleocharis sp.  2 0.13  0 0.00  0 0.00 

Elymus canadensis  0 0.00  0 0.00  3 0.07 

Erodium texanum  0 0.00  0 0.00  4 0.09 

Oenothera canescens  2 0.13  0 0.00  2 0.05 

Euphorbia marginata  0 0.00  2 0.11  0 0.00 

Grindelia squarrosa  21 1.31  0 0.00  4 0.09 

Helianthus annuus  0 0.00  0 0.00  1 0.02 

Helianthus ciliaris  46 2.88  21 1.20  48 1.13 

Hoffmannseggia glauca   6 0.38  2 0.11  0 0.00 

Hordeum pusillum  2 0.13  0 0.00  11 0.26 

Kochia scoparia*  257 16.06  5 0.29  8 0.19 

Lactuca serriola*  2 0.13  0 0.00  0 0.00 
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Table 5.1. Continued          

          

   Landcover 

  
Unplanted 

Fallow 

 
CRP  

 Native 

Grassland  
     

Species   # %   # %   # % 

Lepidium densiflorum  0 0.00  0 0.00  2 0.05 

Leptochloa fascicularis  0 0.00  27 1.54  0 0.00 

Lippia nodiflora*  17 1.06  2 0.11  18 0.42 

Malvella leprosa  10 0.63  10 0.57  1 0.02 

Panicum capillare  0 0.00  0 0.00  3 0.07 

Panicum obtusum  0 0.00  0 0.00  31 0.73 

Paspalum paspaloides  2 0.13  0 0.00  6 0.14 

Plantago patagonica  0 0.00  0 0.00  1 0.02 

Polygonum pensylvanicum  1 0.06  0 0.00  0 0.00 

Portulaca oleracea*  2 0.13  0 0.00  1 0.02 

Psoralidium tenuiflorum  0 0.00  0 0.00  3 0.07 

Rorippa sinuate  2 0.13  0 0.00  1 0.02 

Rumex altissimus  3 0.19  0 0.00  0 0.00 

Rumex crispus*  1 0.06  0 0.00  0 0.00 

Salsola iberica*  0 0.00  3 0.17  0 0.00 

Schedonnadrus paniculatus  0 0.00  0 0.00  3 0.07 

Setaria vulpiseta  1 0.06  0 0.00  0 0.00 

Solanum elaeagnifolium  0 0.00  2 0.11  3 0.07 

Sorghum halepense*  59 3.69  75 4.29  0 0.00 

Sphaeralcea coccinea  0 0.00  0 0.00  8 0.19 

Verbena bracteata  2 0.13  0 0.00  7 0.17 

Vernonia marginata  0 0.00  0 0.00  1 0.02 

Xanthium strumarium  0 0.00  3 0.17  0 0.00 

Wheat  0 0.00  4 0.23  8 0.19 

Bare soil  182 11.38  139 7.94  787 18.56 

Dead vegetation  576 36.00  764 43.66  1086 25.61 

Unknown individuals  61 3.81  354 20.23  116 2.74 

Water  23 1.44  22 1.26  11 0.26 

TOTAL   1600     1750     4240   

*indicate exotic species           
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Table 5.2.  Average (±SE) levels of water characteristics and quality measurements as a function of distance from cultivated 

areas in vegetative buffers surrounding 36 playa wetlands during 2008 and 2009 in the Southern Great Plains of Texas. 

 Distanceb (m) From Cultivated Area 

               

Water Measurmentsa 0 10 20 30 40 50 60 

                              

TDS (g/L) 0.20  (0.09) 0.09  (0.01) 0.08  (0.01) 0.08  (0.01) 0.09  (0.02) 0.06  (0.01) 0.14  (0.06) 

TSS (g/L) 1.51  (0.38) 1.44  (0.34) 1.30  (0.35) 0.74  (0.18) 0.84  (0.29) 0.77  (0.28) 2.07  (0.64) 

SC (μS/cm) 263.91  (143.93) 127.53  (20.60) 115.65  (18.93) 106.97  (13.71) 128.31  (27.98) 84.67  (14.98) 113.25  (28.89) 

pH (ppm) 6.81  (0.10) 6.62  (0.08) 6.89  (0.10) 6.74  (0.10) 6.82  (0.12) 6.77  (0.13) 6.72  (0.24) 

Al (ppm) 105.63  (25.13) 88.99  (20.88) 62.52  (14.53) 75.28  (20.65) 62.36  (19.14) 74.35  (20.14) 114.31  (38.77) 

As (ppm) 0.14  (0.03) 0.11  (0.02) 0.09  (0.02) 0.10  (0.02) 0.07  (0.02) 0.09  (0.02) 0.16  (0.04) 

Ba (ppm) 0.42  (0.08) 0.37  (0.07) 0.31  (0.06) 0.31  (0.06) 0.25  (0.07) 0.34  (0.09) 0.49  (0.12) 

Ca (ppm) 19.59  (3.33) 17.42  (2.74) 18.94  (5.82) 17.00  (3.58) 14.45  (2.57) 14.03  (3.71) 17.60  (4.34) 

Cd (ppm) 0.01  (0.00) 0.00  (0.00) 0.01  (0.00) 0.00  (0.00) 0.00  (0.00) 0.00  (0.00) 0.01  (0.00) 

Cr (ppm) 0.07  (0.02) 0.05  (0.01) 0.04  (0.01) 0.04  (0.01) 0.03  (0.01) 0.05  (0.01) 0.06  (0.02) 

Cu (ppm) 0.04  (0.01) 0.04  (0.01) 0.03  (0.01) 0.03  (0.01) 0.02  (0.01) 0.03  (0.01) 0.05  (0.01) 

Fe (ppm) 63.28  15.45  53.14  (12.44) 34.32  (8.08) 43.58  (11.22) 33.47  (10.29) 44.50  (12.53) 66.56  (22.59) 

K (ppm) 28.64  (4.62) 24.01  (3.62) 22.18  (3.31) 18.91  (2.79) 15.99  (2.92) 19.25  (4.14) 27.04  (6.63) 

Mg (ppm) 15.70  (3.09) 13.10  (2.57) 10.58  (2.11) 10.20  (1.85) 8.88  (2.12) 11.01  (2.88) 16.55  (4.15) 

Mn (ppm) 0.96  (0.21) 0.80  (0.17) 0.64  (0.14) 0.65  (0.12) 0.47  (0.17) 0.67  (0.20) 0.94  (0.24) 

Ni (ppm) 0.08  (0.01) 0.06  (0.01) 0.06  (0.01) 0.06  (0.01) 0.04  (0.01) 0.05  (0.01) 0.07  (0.01) 

N (ppm) 2.38  (0.68) 1.69  (0.56) 1.19  (0.29) 1.96  (0.93) 2.52  (1.17) 1.73  (1.02) 1.10  (0.60) 

P (ppm) 1.38  (0.23) 1.28  (0.18) 0.92  (0.17) 1.05  (0.14) 0.97  (0.22) 1.24  (0.33) 1.39  (0.38) 

Sr (ppm) 0.18  (0.03) 0.15  (0.02) 0.15  (0.02) 0.12  (0.02) 0.11  (0.02) 0.12  (0.03) 0.16  (0.04) 

V (ppm) 0.13  (0.03) 0.12  (0.02) 0.12  (0.03) 0.09  (0.02) 0.07  (0.02) 0.09  (0.03) 0.14  (0.04) 

Na (ppm) 1.87  (0.40) 1.94  (0.33) 2.03  (0.64) 1.49  (0.28) 1.87  (0.49) 1.71  (0.41) 1.57  (0.40) 

Zn (ppm) 0.31  (0.04) 0.25  (0.04) 0.27  (0.05) 0.29  (0.04) 0.22  (0.05) 0.27  (0.04) 0.33  (0.08) 
aTSS=Total Suspended Solids, TDS=Total Dissolved Solids, SC=Specific Conductivity 
bDistance 0 is the edge of buffer area adjacent to the cultivated area and subsequent distances are measured from that point toward the buffered playa wetland.  
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Table 5.3.  Average (±SE) levels of water characteristics and quality 

measurements as a function of buffer type (Conservation Reserve 

Program [CRP] n=7, Native Grassland n=18, and Unplanted Fallow 

n=11) in vegetative buffers surrounding 36 playa wetlands during 2008 

and 2009 in the Southern Great Plains of Texas. 

              

 Vegetative Buffer  

       

Water Measurements
a
 CRP  Fallow  Native Grassland 

TSS (g/L) 1.38  (0.37) 0.97  (0.20) 1.26  (0.18) 

TDS (g/L) 0.11  (0.02) 0.11  (0.01) 0.10  (0.04) 

SC (μS/cm) 122.20  (14.78) 153.07  (11.17) 144.42  (52.85) 

pH (ppm) 6.60  (0.07) 6.81  (0.08) 6.81  (0.06) 

Al (ppm) 103.15  (23.10) 92.29  (17.60) 68.33  (9.84) 

As (ppm) 0.14  (0.03) 0.11  (0.02) 0.09  (0.01) 

Ba (ppm) 0.36  (0.07) 0.36  (0.05) 0.34  (0.04) 

Ca (ppm) 14.89  (1.82) 29.00  (4.25) 12.06  (1.28) 

Cd (ppm) 0.01  (0.00) 0.00  (0.00) 0.00  (0.00) 

Cr (ppm) 0.06  (0.01) 0.05  (0.01) 0.04  (0.01) 

Cu (ppm) 0.04  (0.01) 0.04  (0.01) 0.03  (0.00) 

Fe (ppm) 61.69  (14.45) 53.45  (10.03) 39.10  (5.55) 

K (ppm) 28.13  (3.82) 26.55  (3.08) 18.13  (1.79) 

Mg (ppm) 15.47  (2.80) 13.81  (2.03) 9.96  (1.19) 

Mn (ppm) 0.88  (0.19) 0.69  (0.11) 0.71  (0.09) 

Ni (ppm) 0.07  (0.01) 0.07  (0.01) 0.05  (0.00) 

N (ppm) 1.41  (0.43) 2.34  (0.60) 1.76  (0.43) 

P (ppm) 1.63  (0.20) 1.19  (0.12) 0.95  (0.11) 

Sr (ppm) 0.16  (0.02) 0.18  (0.02) 0.11  (0.01) 

V (ppm) 0.13  (0.03) 0.11  (0.02) 0.10  (0.01) 

Na (ppm) 3.54  (0.62) 1.52  (0.18) 1.22  (0.12) 

Zn (ppm) 0.35  (0.05) 0.27  (0.03) 0.24  (0.02) 

a
TSS=Total Suspended Solids, TDS=Total Dissolved Solids,  

SC=Specific Conductivity 
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Table 5.4.  Maximum average (±SE) levels of percent contaminant removal or water 

quality change as a function of buffer type (Conservation Reserve Program [CRP] n=7, 

Native Grassland n=18, and Unplanted Fallow n=11) in vegetative buffers surrounding 

36 playa wetlands during 2008 and 2009 in the Southern Great Plains of Texas. 

         

         

 Vegetative Buffer  

         

Water Measurements
a
 CRP  Fallow  

Native 

Grassland Combined 

TSS (g/L) 85.43  (5.32) 79.76  (5.78) 83.44  (3.57) 82.70  (2.66) 

TDS (g/L) 57.53  (11.36) 57.62  (5.77) 58.85  (4.72) 58.22  (3.55) 

SC (μS/cm) 48.85  (7.89) 55.70  (5.46) 58.99  (3.74) 56.01  (2.91) 

pH (ppm) 10.79  (2.33) 10.14  (2.17) 11.79  (1.57) 11.09  (1.10) 

Al (ppm) 69.71  (8.66) 74.11  (8.69) 77.59  (3.81) 74.79  (3.68) 

As (ppm) 81.31  (9.02) 84.24  (7.86) 74.50  (5.52) 79.09  (4.02) 

Ba (ppm) 63.73  (8.87) 69.93  (8.93) 79.79  (4.13) 73.18  (3.98) 

Ca (ppm) 58.55  (8.75) 62.70  (9.39) 67.17  (6.17) 63.88  (4.44) 

Cr (ppm) 98.93  (15.35) 71.54  (12.38) 92.94  (2.19) 87.35  (5.43) 

Cu (ppm) 68.65  (8.72) 64.35  (10.00) 82.67  (2.98) 73.78  (4.12) 

Fe (ppm) 71.61  (7.88) 74.93  (8.46) 81.83  (3.30) 77.72  (3.49) 

K (ppm) 64.25  (8.43) 60.92  (8.22) 66.89  (3.72) 64.40  (3.52) 

Mg (ppm) 72.97  (8.88) 68.56  (9.23) 69.93  (2.66) 70.14  (3.58) 

Mn (ppm) 72.45  (8.73) 74.81  (8.19) 83.64  (3.02) 78.40  (3.49) 

N (ppm) 85.65  (4.70) 77.96  (10.16) 76.46  (6.51) 78.71  (4.52) 

P (ppm) 72.04  (6.50) 59.43  (9.07) 76.13  (5.15) 69.88  (4.12) 

Sr (ppm) 50.01  (12.91) 65.78  (8.88) 67.21  (5.21) 63.07  (4.63) 

V (ppm) 89.95  (5.18) 77.81  (9.03) 82.30  (7.45) 82.50  (4.58) 

Na (ppm) 58.63  (12.70) 57.38  (9.66) 54.66  (3.61) 56.38  (4.25) 

Zn (ppm) 60.60  (8.64) 65.64  (8.01) 76.69  (3.54) 69.69  (3.65) 

a
TSS=Total Suspended Solids, TDS=Total Dissolved Solids, SC=Specific Conductivity   
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Table 5.5.  Average (±SE) percent change of water characteristics and quality 

measurement as a function of buffer type (Conservation Reserve Program [CRP] 

n=7, Native Grassland n=18, and Unplanted Fallow n=11) in vegetative buffers 

surrounding 36 playa wetlands during 2008 and 2009 in the Southern Great Plains 

of Texas.  Negative values represent an increase in the given water measurement 

relative to the sampler closest to the cultivated area.  

 

              

 Vegetative Buffer  

       

Water Measurements
a
 CRP  Fallow  Native Grassland 

TSS (g/L) 10.99 (28.59) -49.08 (28.36) -34.29 (23.25) 

TDS (g/L) -38.37 (32.16) -63.89 (24.98) -6.95 (11.69) 

SC (μS/cm) -20.81 (29.42) -50.76 (21.63) -9.28 (11.73) 

pH (ppm) 2.80 (1.38) -1.53 (1.45) -2.64 (1.12) 

Al (ppm) 50.69 (6.11) -83.26 (42.83) -33.47 (27.53) 

As (ppm) 29.46 (22.97) -57.02 (41.75) -8.18 (19.16) 

Ba (ppm) 41.78 (6.26) -43.92 (26.94) -54.56 (29.40) 

Ca (ppm) 14.09 (11.52) -42.30 (23.23) 4.73 (10.08) 

Cd (ppm) 17.35 (7.45) 3.81 (3.85) 19.51 (7.44) 

Cr (ppm) 52.01 (9.84) -69.32 (49.99) 4.00 (16.11) 

Cu (ppm) 24.82 (17.07) -6.31 (13.63) -28.21 (19.89) 

Fe (ppm) 53.03 (6.09) -75.31 (41.47) -25.20 (24.40) 

K (ppm) 40.04 (8.39) -0.39 (10.06) -43.09 (25.56) 

Mg (ppm) 46.91 (5.84) -29.46 (24.26) -31.25 (22.13) 

Mn (ppm) 26.58 (28.39) -23.90 (26.41) -71.70 (38.64) 

Ni (ppm) 31.03 (15.39) -3.36 (9.88) 5.48 (12.74) 

N (ppm) -25.71 (33.88) -14.14 (25.47) 15.71 (8.84) 

P (ppm) -8.18 (35.05) 4.06 (12.39) -21.61 (21.15) 

Sr (ppm) 20.19 (14.91) -21.01 (21.64) -11.00 (13.66) 

V (ppm) -1.86 (45.81) -65.99 (31.94) 0.02 (17.37) 

Na (ppm) -15.28 (30.62) -17.05 (18.03) -21.49 (11.29) 

Zn (ppm) -19.17 (27.123) 17.31 (12.34) -1.84 (13.50) 

a
TSS=Total Suspended Solids, TDS=Total Dissolved Solids, SC=Specific Conductivity 
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Table.5.6.  Average (±SE) percent change in water characteristic and quality measurement as a function of distance from 

cultivated areas in vegetated buffers surrounding 36 playa wetlands during 2008 and 2009 in the Southern Great Plains of 

Texas.  Negative values represent an increase in the given water measurement. 

 Distanceb (m) From Cultivated Area  

              

Water  Meaurements 10 20 30 40 50 60  

                           

TDS (g/L) -61.46 (34.95) -49.36 (38.12) 12.64 (20.35) 9.49 (33.21) 25.98 (21.40) -167.54 (106.09)  

TSS (g/L) -29.69 (27.03) -16.13 (20.53) -14.75 (17.14) -42.55 (34.19) -6.12 (11.93) -129.45 (81.67)  

SC (μS/cm) -32.44 (29.14) -10.62 (17.62) -14.08 (16.39) -32.95 (29.86) -4.98 (10.15) -73.88 (68.51)  

pH (ppm) 1.02 (1.66) -2.44 (1.48) 0.22 (1.39) -2.99 (2.06) -2.81 (2.49) -1.87 (4.28)  

Al (ppm) -78.87 (39.93) -9.08 (39.11) -17.60 (39.80) 12.17 (43.55) 47.73 (7.40) -112.94 (109.63)  

As (ppm) -8.00 (18.39) -15.41 (34.79) -21.58 (33.82) 43.90 (12.28) 32.77 (17.73) -170.85 (143.85)  

Ba (ppm) -42.82 (24.21) -89.67 (59.99) -3.08 (23.21) 28.60 (16.82) 38.79 (8.12) -101.05 (68.76)  

Ca (ppm) -22.88 (15.80) -7.77 (22.65) -0.30 (17.62) 17.16 (21.38) 20.95 (13.02) -45.05 (51.14)  

Cd (ppm) 8.25 (4.92) 5.75 (11.41) 27.27 (9.14) 19.23 (10.65) 22.64 (12.38) 13.86 (26.12)  

Cr (ppm) -16.52 (31.49) -15.81 (45.55) 2.43 (21.78) -16.75 (67.29) 42.01 (10.05) -16.06 (52.20)  

Cu (ppm) -9.31 (16.08) -38.13 (31.12) -14.59 (22.79) 38.21 (19.14) 41.50 (9.45) -76.15 (76.86)  

Fe (ppm) -73.09 (38.65) 3.15 (34.16) -19.04 (39.36) 15.51 (37.81) 46.73 (7.99) -104.14 (103.01)  

K (ppm) -21.53 (16.09) -53.06 (43.47) -17.49 (36.94) 44.35 (9.75) 35.56 (9.21) -24.65 (31.83)  

Mg (ppm) -40.51 (24.31) -34.07 (42.17) 4.62 (22.50) 39.08 (12.15) 39.86 (8.54) -97.90 (79.75)  

Mn (ppm) -32.61 (27.85) -87.59 (61.81) -51.58 (54.69) 34.96 (42.22) 56.08 (16.85) -109.56 (95.62)  

Ni (ppm) 5.73 (13.34) -13.97 (18.96) 9.19 (14.58) 39.93 (16.71) 63.86 (17.40) -40.03 (39.26)  

N (ppm) 16.20 (16.83) -2.56 (25.24) 15.44 (16.73) -27.09 (24.68) -44.84 (56.95) 21.70 (39.89)  

P (ppm) -68.53 (45.82) 0.99 (22.91) -3.33 (17.54) 36.32 (14.33) 20.07 (10.64) -15.23 (25.30)  

Sr (ppm) -30.49 (19.59) -25.93 (25.76) 5.82 (20.20) 29.65 (15.29) 37.57 (7.34) -34.85 (40.48)  

V (ppm) -35.34 (26.19) -57.94 (50.42) 8.75 (19.95) 11.34 (39.37) 48.40 (10.66) -68.90 (74.31)  

Z (ppm) -26.18 (14.78) -33.16 (29.75) -8.74 (16.21) 16.87 (14.07) -38.10 (41.62) -14.23 (34.92)  

Zn (ppm) 12.69 (11.69) -19.56 (30.57) -24.82 (20.30) 21.48 (23.55) 20.50 (11.60) 26.28 (16.10)  

aTSS=Total Suspended Solids, TDS=Total Dissolved Solids, SC=Specific Conductivity      
bDistance 10 represents removal from the edge of the cultivated area to the storm water sampler at 10 m.  Subsequent distances and removal are additive and measured from the 

edge of the cultivated field toward the buffered playa wetland. 
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Table 5.7.  Correlations between Total Suspended Solids (TSS) and Total Dissolved Solids (TDS) and other water characteristics 

(specific conductivity [SC], pH, and metal concentrations) in storm water samples (n=238) in vegetated buffer areas surrounding 

(n=36) playas in the Southern Great Plains of Texas during 2008 and 2009.   

                                      

 Water Measurements 

                                     

 SC pH  N P Ba  Ca Cd Cr Cu Fe  K Mg Mn Na Ni Sr V  Zn 

                                      

TSS                    

     Pearson Correlation
a 

0.02 0.11 -0.11 0.50 0.86 0.52 0.62 0.87 0.89 0.90 0.80 0.88 0.91 0.83 0.81 0.76 0.88 0.65 

     P 0.82 0.14 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.42 0.00 0.00 0.00 0.00 

TDS                    

     Pearson Correlation
 

0.64 0.23 0.09 0.33 0.18 0.30 0.22 0.16 0.15 0.15 0.35 0.27 0.21 0.19 0.14 0.45 0.16 0.10 

     P 0.00 0.02 0.38 0.00 0.07 0.00 0.03 0.12 0.14 0.15 0.00 0.01 0.04 0.07 0.18 0.00 0.12 0.31 
a
Significant correlation coefficients are indicated in bold (α=.05).  
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Table 5.8.  Estimated percent reduction in runoff reaching playa wetlands using the NRCS curve number method and as 

a function of vegetative buffer type surrounding 11 playas (Conservation Reserve Program [CRP] n=1, Native 

Grassland n=6, and Unplanted Fallow n=4) during 2008 and 2009 in the Southern Great Plains of Texas.   

                      

    No Buffer   Buffer   

           

Buffer Type 

Watershed 

area (ha) 

Buffer 

area (ha) 

Precipitation 

(cm) 

Composite 

CN 

Estimated 

Runoff 

(m
3
)   

Composite 

CN  

Estimated 

runoff 

(m
3
) 

Percent 

Reduced 

Runoff 

Estimated 

Maximum 

Stored Volume 

(m
3
) 

           

CRP 263.45 52.16 14.73 86 282508  84 266376 5.71 285979 

Fallow 117.36 5.79 9.53 94 91870  94 91870 0.00 68156 

Fallow 189.39 4.90 13.59 92 212063  92 212063 0.00 151587 

Fallow 270.33 6.43 6.35 82 69718  82 69720 0.00 48456 

Fallow 118.57 8.30 13.59 87 118267  87 118267 0.00 154018 

Native Grass  137.59 23.97 15.57 88 166843  88 165488 0.81 153169 

Native Grass  386.88 29.02 22.48 69 503388  69 501186 0.44 596826 

Native Grass  402.67 26.87 4.06 83 44031  83 43686 0.78 55964 

Native Grass  312.02 9.87 4.60 90 75601   90 75308 0.39 51082 
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 Figure 5.1.  Mean percent (SE) vegetation cover across three buffer types Native Grass 

(NG), Conservation Reserve Program (CRP), and Unplanted Fallow Cover (FC) for 36 

playa wetlands during 2008 and 2009 in the Southern Great Plains of Texas.    
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Figure 5.2.  Mean (SE) percent vegetation cover as a function of distance across all buffer 

types for vegetative buffers in 36 playa wetlands in the Southern Great Plains of Texas in 

2008 and 2009.   
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Figure 5.3.  Mean slope of watersheds of 36 playas surrounded by buffers primarily 

composed of Native Grass (NG), Conservation Reserve Program (CRP) plantings, 

and Unplanted Fallow Cover (FC) in the Southern Great Plains of Texas during 

2008 and 2009.     
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Figure 5.4. Percent removal based on means of water characteristics and 

quality measurements as a function of distance and change from measured 

values in storm water runoff at the edge of cultivated areas in vegetated buffers 

surrounding 36 playa wetlands during 2008 and 2009 in the Southern Great 

Plains of Texas.  Distance 10 represents removal from the edge of the 

cultivated area to the storm water sampler at 10 m.  Subsequent distances and 

removal are additive and measured from the edge of the cultivated field toward 

the buffered playa wetland.  Increases in contaminant load are shown as 

negative numbers whereas positive numbers are decreases.    
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Figure 5.5.  Relationship between of total suspended solids as a function of percent 

vegetation cover in vegetative buffers surrounding 36 playa wetlands during 2008 

and 2009 in the Southern Great Plains of Texas. 
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CHAPTER VI 

FRAMEWORK FOR NETWORK ANALYSIS OF PLAYA SYSTEMS 

Playas comprise the primary wetland system in the High Plains portion of the 

Great Plains.  The distribution of Great Plains playas extends from western Nebraska and 

eastern Wyoming southward into eastern New Mexico and northwest Texas, with the 

greatest density occurring in the Southern High Plains (SHP) of Texas and New Mexico 

(Guthery and Bryant 1982, Osterkamp and Wood 1987, Smith 2003).  This region has 

minor topographic relief, with two principal climate gradients relative to temperature and 

precipitation (Matthews 2008).  Temperature and growing season length increases north 

to south, and the annual average rainfall varies from 33 cm in the more arid western 

portion to >63 cm in the east.  Precipitation events in this region primarily occur from 

spring to early fall in the form of heavy and localized thunderstorms (Haukos and Smith 

2004); however, in the northern areas, winter precipitation can occur in the form of 

measurable snow fall.  Evaporation rates are relatively high throughout the distribution of 

playas across the Great Plains and can exceed 250 cm per year in some areas as a 

consequence of elevated summer temperatures and wind speeds (Bolen et al. 1989).   

Playas are shallow, depressional wetlands that represent the terminus point of a 

closed watershed and are subject to large, rapid influxes of precipitation runoff and 

runoff-borne material during intense precipitation events.  In their fully functional state, 

they solely receive water from precipitation and the associated runoff, with water loss 

occurring through evaporation, transpiration, and aquifer recharge (Smith 2003).  Under 

current climate conditions, these hydrologically isolated wetlands go through frequent, 

naturally occurring but unpredictable wet-dry fluctuations (Haukos and Smith 1994). 
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Duration and timing of these fluctuations is critical to their ecology and delivery of 

ecosystem functions.   

The number of playas within this region has been estimated at 60,000 

(www.pljv.org), with >22,500 historically occurring in the SHP of Texas and New 

Mexico (Guthery et al. 1981).  Playas in the SHP average 6.3 ha in surface area (Guthery 

and Bryant 1982), but average surface area decreases within their distribution to the north 

(Cariveau and Johnson 2007, Cariveau and Pavlacky 2009).  These estimates of 

abundance and surface area are used to evaluate conservation efforts, quantify delivery of 

ecological services, identify existing resources such as available wetland habitat, and 

estimate numbers of migrating and wintering birds supported in the Great Plains playa 

region (Smith 2003).   

Great Plains playas occur in a landscape highly fragmented by row-crop 

agriculture and livestock grazing (Luo et al. 1999).  As a consequence, cultivation within 

the surrounding watershed and inadequately managed grazing are creating watershed 

erosion and unsustainable sediment accumulation.  These activities are negatively 

affecting the occurrence of playas and delivery of ecological functions and services by 

playas.  Excess sediment accumulation results in a reduced volume-holding capacity, 

which increases the water surface area over increasingly permeable soils and evaporation, 

ultimately leading to a shortened hydroperiod and the eventual filling of the wetland 

(Tsai et al. 2007).  Accelerated sedimentation and its associated disturbances are the 

primary threats to playas because of active filling of the wetland, leading to altered 

hydrology, altered biota, and complete physical loss (e.g., Luo et al. 1997, Smith and 

Haukos 2002, Gray et al. 2004, Tsai et al. 2007).    
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Although playas occupy <2% of the SHP landscape, they form keystone 

ecosystems that provide numerous ecological functions and services by interacting with 

all other ecosystems in the region.  Collectively, these wetlands are the primary sites for 

biodiversity and the primary wetland habitat for numerous wetland-dependent species 

that breed, migrate through, and winter in the Southern High Plains (Haukos and Smith 

1994, Smith 2003).  The loss of biodiversity in the Great Plains and elsewhere is driven 

by habitat loss, degradation, and increasing fragmentation, with future biodiversity also 

subject to climate change (Becker et al. 2007).  Combined, these ecological stressors will 

have a strong influence on habitat and ecosystem connectivity and serious implications 

for the conservation of future biodiversity (Wright 2010).  Those habitat patches (such as 

playas) that remain within a given area will likely not meet species requirements under 

these pressures (Araujo et al. 2004).  Patches of habitat that provide connectivity in 

fragmented landscapes are especially important for movement of genes, individuals, 

populations, and species over multiple temporal and spatial scales (Minor and Urban 

2008).  For example, over short time intervals, dispersal of individuals, especially 

juveniles, is affected by distances among remaining habitat patches (Clergeau and Burel 

1997).  At intermediate time intervals, connectivity affects migration and persistence of 

metapopulations (Hanski and Gilpin 1991, Ferreras 2001).  At the temporal scale of 

decades, the ability of species to adjust their ranges in the face of climate change is 

influenced by increasing habitat fragmentation and decreasing habitat occurrence on the 

landscape (Opdam and Wascher 2004, Jetz et al. 2007, Colwell et al. 2008).  Effective 

conservation of playas as patches of wetland habitat for wildlife will be enhanced by 
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quantitatively models of connectivity through current and projected levels of landscape 

fragmentation. 

  Habitat network analysis is a promising tool for conservation planning and 

management in fragmented landscapes facing climate change impacts (Wright 2010). 

Using this approach, it is possible to model the impacts of landscape change on 

connectivity and processes supported by connectivity (e.g., enhanced gene flow, 

diminished extinction risk).  Here I present a framework for network analysis of Great 

Plains playa systems.  I also examine how network models can be used to assess 

landscape resilience to playa loss and how such an analysis might be utilized in making 

management decisions and wetland policy. 

Network analysis can be utilized to address multiple aspects of habitat 

connectivity at the patch and landscape levels and can quantify either structural or 

functional connectivity.  Network analysis is a recent introduction to the field of natural 

resource management, but it has a rich history in the fields of computer science, 

geography, and social science (Minor and Urban 2008), where it is used to evaluate flow 

or connectivity in various types of networks (Bunn et al. 2000).  In ecological network 

analysis, the nodes represent habitat patches and edges represent potential dispersal 

between the nodes.  Network analysis can be conducted with minimal data or it can be 

ecologically enriched with the inclusion of data on behavior, fecundity, mortality, 

empirical occupancy, and movements (Minor and Urban 2008).  General questions that 

can be addressed through network analysis include the following. 

1. How should functional edges be preserved to maintain overall connectivity of 

patches? 

2. At what threshold distance does the graph disconnect?  
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3. How does that distance compare to dispersal distances of a focal species or 

group? 

4. What edges are playing the largest role in connectivity? 

5. What nodes are playing the largest role in overall connectivity (i.e., stepping 

stones)? 

6. How is connectivity influenced by habitat loss or gain? 

There are many metrics for use with landscape graphs; however, the relevance of 

these indices depends on the question being addressed.  Thus, there is no single solution 

regarding measurement of the connectivity of a landscape (Jordan et al. 2003) (Table 

6.1).  Some of these metrics have been applied to a subset of playa wetlands (N=800) of 

the Texas High Plains (Ector, Midland, and Glasscock counties) (N.E. McIntyre and R.E. 

Strauss unpublished data, Dept. Biological Sciences, Texas Tech University).  The spatial 

data used for this analysis was the Playa Lakes Digital Database for the Texas Portion of 

the Playa Lakes Joint Venture Region (PLDD) (Fish et al. 1998).  The PLDD database 

covers the Texas portion of the SHP and is a GIS that contains a digitized location 

database of historical playas (pre-1970s) based on the presence of hydric soils (i.e., 

Randall, Lipan, Ness, and Roscoe series) as formerly designated on USDA soil survey 

maps (Guthery et al. 1981).  Twelve metrics were used to quantify this subset of playas 

under a range of potential dispersal distances (i.e., 1 km, 2 km, 3 km, 4 km, 5 km, 6 km, 7 

km, 8 km, 9 km, 10 km, 15 km, and 20 km) exhibited by wildlife in this region.  Playas 

were considered linked if they were within the dispersal distance under study.  For 

species with dispersal distances ≥4-8 km, the wetlands of this region formed a single 

interconnected network (i.e., the landscape is connected).  In addition, key playas 

identified for overall connectivity (i.e., stepping-stone playas) varied with dispersal 

distance.  However, some playas remained as critical stepping stones regardless of 
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distance, indicating these playas should be focused on for management and conservation 

activities.  In 2010, this study was used as a base to conduct a multi-scaled graph theory 

approach using a sliding-window technique to identify playa wetland clusters.  The study 

area was expanded to included Gaines, Dawson, Borden, Andrew, Martin, Howard, 

Ector, Midland, and Glasscock counties (McIntyre and Strauss unpublished data); due to 

processing time constraints, the entirety of the Texas playa network could not be 

assessed.   

These studies have contributed immensely to our understanding of the playa 

network; however, limitations do exist.  The spatial layer used was created from soil 

surveys from the 1970s.  Since the 1970s, an estimated minimum of 17% of playas have 

been physical removed from the landscape (Chapter II).  In addition, anthropogenic 

impacts have reduced or eliminated ecosystem functions (i.e., habitat quality) in 100% of 

playas in the Southern High Plains (Chapter III).  These changes were not accounted for 

in the initial analyses.  Traditional graph theory utilizes the Minimum Spanning Tree to 

assess connectivity (Urban and Keitt 2001); however, utilization of the Minimum Planar 

Graph  may provide a reasonable approximation of a complete graph that facilitates 

visualization and comprehension of the network of connections across landscapes and 

decrease processing time and computer needs (Fall et al. 2007). 

Although dry playas are of value, playas provide the greatest number of functions 

and services (including landscape connectivity) when flooded.  A more ecologically rich 

spatial connectivity model would include indices of playa quality such as probability of 

inundation, consideration of playa loss and degradation, and predicted environmental 

changes due climate change, improving the utility of the results.   
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With reduction in landscape connectivity, isolation is inherently increased; 

because playas are ecological islands embedded within a terrestrial matrix, the level of 

isolation and dispersal potential of playa biota will influence the composition and 

functioning of these systems.  For some species, the level of isolation is influenced by the 

composition of the matrix.  For example, Gray et al. (2004) documented that dispersal of 

spadefoot toads (Spea multiplicata, S. bambifrons) was influenced by how hospitable the 

matrix was and the level of playa isolation.  Yet for other species, such as wetland-

dependent birds or other highly vagile taxa, the level of isolation may be determined 

primarily by distance or configuration of patches on the landscape.    

The biotic connection between wetlands maintained by bird-mediated dispersal 

plays a large role in sustaining diversity due to the high number and frequency of bird 

movements among wetlands (Amezage et al. 2002, Green et al. 2002).  The biotic 

connection among wetlands serviced by waterbirds appears to be more efficient within a 

limited range.  Thus, how wetlands are arranged on the landscape is an important 

consideration on the local and regional level and an area rich in wetlands will promote 

local species richness (Amezage et al. 2002).  

The consequence of increased isolation for playa wetlands is likely a reduction in 

local and regional genetic variation, reduced distribution of species, and decreased 

species richness.  The effects of isolation will likely be particularly critical for species 

dependent on playa wetlands as a consequence of extensive anthropogenic stress and 

already restricted in dispersal as a result of their occurrence in a semiarid climate 

(Amezaga et al. 2002).  However, the true impact will initially likely be masked by the 
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vast seed and egg banks in many playas (Haukos and Smith 1993) and thus will only 

become apparent over time (De Meester et al. 2002).   

Climate change will likely influence isolation and functional connectivity of 

playas through predicted future changes in hydroperiod resulting from changes in 

evapotranspiration, precipitation, and average and high temperatures (Matthews 2008).  

Climate change models for the Great Plains can be viewed with higher confidence than 

models for the remainder of North America (Covich et al. 1997, IPCC 2007).  Over 25 

different climate models have been utilized by the Intergovernmental Panel on Climate 

Change (IPCC), from which simulations were produced under a variety of future 

emissions scenarios (Hayhoe and Wuebbles 2009, USGCRP 2009).  Generally, these 

models showed a decrease in annual precipitation amounts across the High Plains portion 

of the Great Plains.  In addition, changes in the timing, intensity, and form of 

precipitation (i.e., frozen or in the form of rain) are expected.  Overall, less precipitation 

in the form of snow is expected, and the first snowfall will be later and last snowfall will 

be earlier.  More winter precipitation will be in the form of rain.  Although the frequency 

of precipitation events is predicted to be reduced, the intensity is expected to increase 

(Matthews 2008).  This change in intensity would increase runoff volume and rate.  

Runoff volume has been shown to increase disproportionally to increases in precipitation.  

Garbrecht et al. (2006) demonstrated a 100% increase in runoff volume with a 33% 

increase in precipitation volume.   

In addition to the IPCC, Rainwater et al. (2010) examined historical data from 

1950 through 2006 collected by nine weather stations across west Texas.  During this 

period of time, the annual average precipitation quantity did not change, but the average 
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intensity of annual precipitation has been decreasing (average precipitation/divided by the 

number of wet days per year), leading Rainwater and colleagues to conclude that if 

rainfall intensity is decreasing while quantity is remaining the same, precipitation must 

therefore be more evenly dispersed throughout the year.  Under climate projections, 

however, both the timing and amount of precipitation are predicted to change.  Change in 

frequency of precipitation events will increase drought severity across the High Plains 

portion of the Great Plains (Matthews 2008), with the strongest average decreases in 

precipitation occurring in the southern and southwest areas of the Great Plains (Rainwater 

et al. 2010).  Specifically, the greatest decrease is predicted for the area of highest playa 

density, the SHP of Texas and New Mexico (IPCC 2007).  Playas occurring in the 

southwestern portion of the SHP may experience annual precipitation levels reduced 

from 20% to 30% of 1990 levels by 2100 (IPCC 2007), creating “dustbowl conditions” 

within years to decades (Seager et al. 2007).  Decreases in summer rainfall will have the 

strongest influence on annual averages in the SHP and across the entire state of Texas.   

In contrast, fall and winter precipitation is expected to increase in the northern part of the 

Texas High Plains (Rainwater et al. 2010).  The central High Plains of the Great Plains 

may also see a significant increase in precipitation amounts, in the form of rainfall and 

occurring during the spring and summer months.  As a result, the current moisture 

gradients from eastern New Mexico and the Kansas-Nebraska region are predicted to 

strengthen (Ting and Wang 1997); however, the exact placement of the dividing line of 

wet and dry is difficult to predict (Matthews 2008). 

Anthropogenic climate change has influenced regional climate shifts in this region 

since the mid-1970s (Matthews 2008), and both annual and seasonal temperature 
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averages and extremes are expected to increase across the Great Plains (Rainwater et al. 

2010).  Changes are modeled to be greater in summer than in winter and under higher 

than lower emissions scenarios (Rainwater et al. 2010).  Relative to the average 

temperature in the 1960s and 1970s, the annual average has increased by an estimated 

1.5  F (USGCRP 2009) and is projected by the end of the century to increase between 2.5 

and 8  F or 5 to >13  F under lower and higher emission, respectfully (Rainwater et al. 

2010).  By the end of the century, in the SHP, winter temperature increases are projected 

to be 4.5-6   F to 8-10  F and summer increases are projected to be 2-4  F higher than 

winter (Rainwater et al. 2010).  These conditions are likely to increase evaporation rates 

and thus reduce playa hydroperiod. 

In part, changes in averages are being driven by changes in the number of extreme 

heat and extreme freeze days.  Across the Great Plains, the number of days projected to 

exceed 100  F is expected to increase.  Historically, the SHP experienced an estimated 

<10 days over 100  F annually.  Under the highest emission scenario, however, this area 

will experience 70-90 days with temperatures above 100 F by the end of the century, and 

20-30 days under the lowest emission scenario (Rainwater et al. 2010).  Similarly, by the 

end of the century, the number of days below freezing in the SHP is projected to be 20 

days per year, on average.  Historically in the SHP, 80-150 days per year were below 

freezing and are projected to be 20-100 to 20-80 under low and high emission scenarios 

(Rainwater et al. 2010).  Climate change will likely shift seasonality of rainfall, as well as 

lead to higher average daily temperatures (especially in summer).  These changes will 

increase evapotranspiration rates (Rainwater et al. 2010).  
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Anthropogenic impacts have already highly affected the structure, function, and 

occurrence of Great Plains playa wetlands (Chapters II and III).  These impacts, coupled 

with playas‟ naturally small size and shallow depth, make these wetlands highly sensitive 

to changes in temperature and precipitation, and thus to climate change.  Changes in 

precipitation quantity, intensity, and timing, and changes in temperature will have 

individual, system, and landscape-level impacts.  On an individual scale, playas 

experiencing changes in precipitation quantity will either be flooded more often or less 

often than they were historically.  An increase in event intensity will allow for increased 

runoff and, as a consequence, an individual playa may receive an increase in volume of 

water from historical levels.  Although heavy rain events are crucial for playa wetlands to 

flood, with increased intensity playas will also receive an increase in excess sediment, 

thereby decreasing the volume of the wetland, increasing its sensitivity to 

evapotranspiration and ultimately removing it from the landscape completely by filling it 

in.  No change or a decrease in rainfall amount, coupled with a decrease in precipitation 

intensity and increase in temperature, will certainly result in fewer flooded playas, less 

volume in flooded playas, and increased evapotranspiration rates.   

Seasonal shifts in the flooding regime will likely lead to changes in the processes 

within the playa and alter its availability or quality to local and migratory wetland-

dependent species.  For example, hydroperiod affects richness and abundance of 

amphibians (Pechmann et al. 1989), and species composition and production of flora and 

invertebrate populations are dependent on hydroperiods in playas (Moorhead et al. 1998, 

Hall et al. 2000, Anderson and Smith 2000, Haukos and Smith 2004).  Changes in 

seasonal dynamics of food availability will also likely impact waterbirds.  In the Texas 
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High Plains, declining production of natural foods due to a reduction in hydroperiod in 

playas was associated with reduced body condition in over-wintering northern pintails 

(Anas acuta) over 2 decades (Moon et al. 2007).    

 These individual-level impacts will result in landscape-level changes.  The total 

number of playas on the landscape and number of functional playas are declining, and 

their distribution across the landscape is changing.  These changes will influence 

functional connectivity at a landscape scale.  Increased precipitation may increase the 

number of flooded playas in some areas, such as the more northern and eastern playas, 

and potentially lengthen the hydroperiod of those playas through increased runoff 

volume.  However, it is likely that increased evaporation and sedimentation will negate 

any increase in precipitation.  The most influential impacts to connectivity will stem from 

increasing drought frequency.  This will reduce the number of flooded wetlands through 

the Great Plains, with the most extensive impacts in the south and southwestern areas 

(i.e., SHP).  These changes in hydroperiod will reduce and shift habitat availability.   

 Since the 1930s, the Ogallala Aquifer has been the primary water source for 

agricultural purposes in the SHP.  The pumping of the aquifer has resulted in noted 

depletion since the 1950s and is currently estimated to drop the water volume below 

depths usable for irrigation in less than 30 years across much of the Texas portion of the 

SHP (Center for Geospatial Technology, Texas Tech University).  As a consequence, 

major land use changes will likely occur in the next few decades.  What the future land 

use will be is unknown; however, it is possible that these changes could reduce the threat 

of excess sedimentation and result in a more hospitable matrix for some remaining 

species, such as amphibians.  However, in the more northern areas of the Great Plains 
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playa distribution, where more precipitation is expected, it is possible dryland agriculture 

will become more common, which may reduce matrix quality for many species.  Such 

potential landscape changes should be evaluated prior to development of future regional 

playa conservation strategies. 

 Playa wetlands are key habitats influencing processes over a much wider area, as 

they provide vital migratory stop-over and wintering sites for migratory birds on the 

Western Hemisphere (Davis and Smith 1998, Haukos et al. 2006).  Migratory waterbirds 

are thought to be one of the groups most threatened by climate change.  Most Great 

Plains avian species will show a general northern range extension over time.  

Overwintering and breeding sites at the southern end of the range are likely to decrease in 

number.  At the northern end of the range, overwintering and breeding sites will likely 

increase in number or remain constant (Matthews 2008).  However, some species will be 

observed shifting southward.  The reason for this discrepancy is not understood 

(Matthews 2008), but the landscape must be functionally connected for these range shifts 

and migratory path shifts to occur.  The loss of habitat has been shown to lead to 

population declines of some waterbird species due to loss of wintering grounds, breeding 

grounds, and stop-over sites (Sutherland 1996, 1998).  The concentration of these avian 

species at the few remaining sites can lead to increased mortality due to overcrowding 

and reduction of critical resources.  There is strong evidence that climate change will 

result in a distortion of present migratory routes, timing of migration, and diets 

(Sutherland 1998). 

 Although playa flora and fauna composition are influenced by seed and egg 

banks, the functional connectivity between wetlands maintained by direct dispersal and 
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bird-mediated dispersal likely plays a role in sustaining diversity in the SHP.  Thus, 

changes in waterbird migration paths and diets may have a major impact on biodiversity 

of this area.  In the face of anthropogenic impacts, including climate change, landscape 

connectivity and management must be viewed as an iterative process.  In addition, the 

influence of climate change on wetlands and how wetland species may respond must be 

considered during wetland management and policy decisions.  Any approach that does 

not take these factors into account runs the risk of being of questionable value.  

How are physical and functional losses of playas, in concert with climate change, 

currently influencing or going to influence connectivity and biodiversity?  This is one of 

the most pressing questions facing playa conservation, and it can be addressed through 

the application of network analysis.  Network analysis is a tool that can be employed by 

wetland scientists to predict the consequences of anthropogenic impacts on landscape 

connectivity.  Assessment of the baseline state of both playa numbers and inundation 

probability should be followed by more complex models, including climate change and 

other anthropogenic impacts (e.g., function level).  Direct questions that can be addressed 

include: 1) How is physical and functional loss of playas since the 1970s influencing 

connectivity through changes in dispersal distance at which the playa network coalesces 

(i.e., threshold) and number and location of stepping-stone playas?  2) Given the average 

rate of playa loss (Chapter II) and climate change, at what point, spatially and temporally, 

will coalescence occur at a dispersal distance too large for playa-dependent species to 

conduct daily activities?  3) What is the current threshold across the playa system and 

what is the minimum number of playas required to maintain that threshold?  Ultimately, 

each of these questions should be addressed with an additional parameter, probability of 
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inundation.  Current probabilities of inundation have been estimated (Johnson et al. in 

review) but have not been included in such an analysis.  Climate change impacts can be 

addressed through questions such as: 1) How will inundation probabilities change given 

current climate models and how will they influence the results of the suggested 

approaches above; and 2) How will changes in the matrix (e.g., vegetation composition) 

influence dispersal for overland-dispersing species such as amphibians?  It is possible 

that some playas may experience an increase in their hydroperiod due to climate change 

(Matthews 2008), and fauna such as migratory birds will likely be in higher 

concentrations in the few flooded playas, creating an environment favorable for the 

spread of disease and reduced total amount of critical resources.  The threat of invasion 

by exotics may also increase in intensity (Matthews 2008).   

As a result of changes in probability of inundation and the associated change in 

spatial arrangement of playas, many species will likely shift their distributions and 

migratory routes.  What will be the magnitude and direction of those shifts based on the 

results of the above modeling?  This information will inform protection and management 

actions (e.g., shifts of inundated playas to the north and east).  Although management of 

playas that presently have the highest probability of inundation should not be ignored, a 

focus on playas that are still on the landscape and have high probability of inundation in 

the future should also be a priority.  A high level of function with these playas will allow 

for a higher level of resilience to climate change impacts.   

  Ecologically, wetland complexes are comprised of a group of wetlands of 

varying types or habitats.  These wetland complexes have proven to be important for 

wetland-dependent avian species (e.g., Amezage et al. 2002, Haig et al. 1998).  True 
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ecological wetland complexes do not occur within areas where playas are the dominant 

wetland; however, playas do occur in groups that vary in size, watershed condition, 

probability of flooding, and extant habitat that create clusters.  Network analysis can be 

used to identify clusters of playas for management, restoration, or preservation.  For 

example, the land-use changes predicted for the SHP due to increased green energy 

demand, climate change, and lowering of the Ogallala Aquifer will likely result in an 

increase in wind farms.  Understandings where playas clusters are on the landscape will 

be essential for avoidance of these areas and maintenance of biodiversity.  

Network analysis can also be used in the selection of Wetland Management 

Districts, in which playas in clusters, or with high recruitment, dispersal flux, or 

trasversability, would become part of the National Wildlife Refuge system.  These types 

of questions and the resulting answers should drive management approaches and areas of 

focus and bring attention to neglect of the resource, emphasizing the need for effective 

wetland protection policies.  

Methods 

 The proposed framework for an initial network analysis of southern Great Plains 

playa system is to utilize metrics and algorithms outside of currently available software 

(e.g., Pajek) (De Nooy et al. 2005).  Although available software includes most metrics of 

interest, manipulation of those metrics is limited, and the software often does not account 

for actual spatial relationships.  This is particularly a problem for large networks due to 

the curvature of the earth, which can lead to underestimates of metrics such as network 

size.  For playa locations, I recommend the combined spatial data developed for use in 

assessing physical and functional loss of playas (Chapter II and III); for surrounding land 
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use I recommend the National Landcover Database (http://www.mrlc.gov/).  The 

combined spatial layer is the most complete representation of playas historically and 

currently on the landscape available, to my knowledge.   Indices for playa quality are 

probability of inundation and level of function.  Initial investigations should focus on the 

questions given in Table 6.2.  Suggested metrics are those found sensitive by McIntyre 

and Strauss (unpublished data), which include number of components, mean diameter of 

components, diameter of largest component, normalized Harary index, number of 

stepping-stones, and number of nodes per component.  Additional suggested metrics 

include betweeness, closeness, dispersal flux for weighted networks (Opsahl et al. 2010), 

and clustering coefficient (Minor and Urban 2008).  Although the methods presented here 

are for the Southern Great Plains of Texas, New Mexico, and Oklahoma, they can be 

applied to the remaining areas within the Great Plains playa distribution.  Spatial data are 

available for Nebraska‟s Southwest Playa Complex from Nebraska Game and Parks, and 

a playa layer for Colorado is available from Rocky Mountain Bird Observatory 

(www.rmbo.org).
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Table 6.1. A variety of network analysis metrics have been developed to quantify networks.  Although not an 

exhaustive list, these metrics have been found useful for addressing connectivity of ecological systems. 

Type/Category Name Source Operation  Utility 

Topological Number of components  Urban and Keitt 2001 Edge Removal  Index to overall graph connectivity, the 

number of components increase as 

graph disconnects.  Calculated after 

each change in edge distance.  

 Number of nodes Urban and Keitt 2001 Edge Removal  Index to overall graph connectivity, 

number of nodes (order) of the largest 

remaining component.  The smaller the 

component the less connectivity.  

Calculated after each change in edge 

distance.   

 Number of edges Urban and Keitt 2001 Edge Removal  Index to overall graph connectivity, the 

number of edges decrease as graph 

disconnects.  Calculated after each 

change in edge distance.  

 Diameter of largest 

component 

Urban and Keitt 2001 Edge Removal  Index to overall graph connectivity, 

order does not distinguish linear chains 

of nodes from compact constellations, 

thus the Diameter (longest path between 

two nodes that is itself the shortest path) 

is calculated to summarize the effective 

size of a graph.  Calculated after each 

change in edge distance. There is a 

initial increase in diameter as direct 

paths are lost and replaced by stepping-

stone paths and then decreases as 

stepping-stones are lost. 
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Table 6.1 Continued 

Type/Category Name Source Operation  Utility 

 Transversability: node effect 

on overall transversability 

indexed as the diameter of 

the largest component 

(cluster) created following 

the removal of a node  

Urban and Keitt 2001 Node Removal Landscape-level index utilized for 

addressing the influence of node 

removal as a whole and the importance 

of individual nodes to connectivity. 

Index of a metapopulation's ability to 

recover from a perturbation to a 

significant portion of its range.  High 

traversability in this sense requires that 

the landscape is balanced in its 

connectivity. 

 Closeness for weighted 

networks 

Newman 2001 Graph 

Operation 

Based on edge weights and does not 

take into account the number of edges 

Edge-weighted Closeness for weighted 

networks (weights and 

number) 

Opsahl et al. 2010 Graph 

Operation 

Based on edge weights and does take 

into account the number of edges 

 Betweenness for weighted 

networks 

Brandes 2001 Graph 

Operation 

Based on edge weights and does not 

take into account the number of edges 

 Betweenness for weighted 

networks (weights and 

number) 

Opsahl et al. 2010 Graph 

Operation 

Based on edge weights and  takes into 

account the number of edges 

 Degree for weighted 

networks (node strength): 

indexed as the sum of the 

weights attached to the  

edges connected to a node 

Barret et al. 2004 Graph 

Operation 

Utilized as Degree but a result of 10 

could either be a result of 10 ties with a 

weight of 1 or 1 tie with a weight of 10 

or any number of combinations between  
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Table 6.1 Continued 

Type/Category Name Source Operation  Utility 

 Degree for weighted 

networks that accounts for 

number of edges and the 

associated weights 

Opsahl et al. 2010 Graph 

Operation 

Builds on degree for weight networks.  

Includes a tuning parameter that is used 

to determine the relative importance of 

the number of ties compared to tie 

weights.  It can be calculated for 

directed and undirected networks 

Node-weighted Recruitment: overall patch 

recruitment, as influenced 

by local natality, or 

mortality rates as influence 

by source strength (e.g. 

patch size) and habitat 

quality  

Urban and Keitt 2001 Node Removal Landscape-level index utilized for 

addressing the influence of node 

removal as a whole and the importance 

of individual nodes to connectivity.  

Nodes that are important for each of 

these metrics can be the same or 

different.   

Node- and edge-

weighted 

Dispersal flux: indexed as 

source strength (e.g. patch 

size) and a function related 

to habitat quality and 

probability of moving from 

node X to node X 

Urban and Keitt 2001 Node Removal Defines nodes in terms of dispersal 

flux, which depends on source strength 

(e.g., larger node more propagules) of 

donor node.  A graph with edges 

weighted by area instead of solely by 

distance will differ in ecologically 

appealing ways.  These graphs use an 

average of the two edges between each 

pair on nodes, one in each direction.     
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Table 6.1 Continued 

Type/Category Name Source Operation  Utility 

  Correlation length: the 

average distance of a 

component given the 

distance moved and radius 

of gyration  

Keitt et al. 1997; 

Rothley and Rae 2005 

  Correlation length increase with 

increased landscape connectivity.  

Measures the average distance between 

two sites within the same component.  

This may also be used as the average 

distance that can be traveled before a 

barrier is reached given a set maximum 

dispersal distance.   

 



Texas Tech University, Lacrecia Johnson, May 2011 

 

172 

 

Table 6.2.  Table of methods for network analysis of the playa system, including key questions, currently available data, necessary 

manipulations of the data, chosen metrics, and output.   

 

Question Available Data Manipulations Network Metrics Output 

What was the connectivity in the 

1970s and what was the number 

and location of stepping stone 

playas? 

(1) Combined 

Database (Chapters 

II, III) (2) 

probability of 

inundation 

(Johnson et al. 

unpublished  data) 

None Run metrics found 

sensitive by McIntyre and 

Strauss unpublished data 

and add betweeness, 

closeness and dispersal 

flux for weighted networks 

and weight by probability 

of inundation 

Connectivity as indexed 

by change in coalesces 

distance and 

number/location of 

stepping stone playas 

How is physical and functional 

loss of playas since the 1970s 

influencing connectivity through 

changes in dispersal distance at 

which the playa network 

coalesces (i.e., threshold) and 

number and location of stepping-

stone playas? 

(1) Combined 

Database (Chapters 

II and III) (2) 

Level of function 

(Chapter III) 

(1) Adjust number of playas 

in database by randomly 

removing the % playas that 

are physically  or functionally 

lost from the landscape  

(Chapters II and III) (2) For 

playas remaining on 

landscape combine 

probability of inundation and 

level of function into one 

value  

Run same metrics as above 

but weight by combined 

probability of inundation 

and level of function 

Change in connectivity 

as indexed by change in 

coalesces distance and 

number/location of 

stepping-stone playas 

due to physical and 

functional loss of playas 

since the 1970s 

Given the average rate of 

physical and functional loss 

(Chapter II) and climate change 

impacts, at what point, spatially 

and temporally, will coalescence 

occur at a dispersal distance too 

large for playa dependent species 

to conduct daily activities?  

(1) Combined 

Database (Chapter 

2, Chapter 3) (2) 

Probability of 

Inundation Model 

(Johnson et al. in 

review) (3) 

Climate change 

predictions  (4) 

Level of Function 

(Chapter III) 

(1) Adjust number of playas 

as stated above with the 

initial removal at 38 years 

and following removals based 

on % at 5 years (2) Adjust 

probability of inundation 

using climate change model 

data (3) Combine adjusted 

probability of inundation and 

level of function into one 

measure of patch quality. 

Run same metrics as above 

but weight by combined 

probability of inundation 

and level of function 

Change in connectivity 

as indexed by change in 

coalesces distance and 

number/location of 

stepping-stone playas 

due to physical and 

functional loss and 

climate change impacts 
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Table 6.2 Continued 

Question Available Data Manipulations Network Metrics Output 

What is the current threshold 

across the playa system and what 

is the minimum number of playas 

required to maintain that 

threshold? 

(1) Combined 

Database (Chapters 

II and III) (2) 

Probability of 

Inundation Model 

(Johnson et al. 

unpublished data) 

(3) Climate change 

predictions  (4) 

Level of Function 

(Chapter III) 

(1) Adjust number of playas 

in database by randomly 

removing the % playas that 

are currently estimated to be 

physically or functionally lost 

from the landscape  (Chapters 

II and III) (2) Adjust 

probability of inundation 

using climate change models 

(3) For playas remaining on 

landscape combine 

probability of inundation and 

level of function into one 

value and use it for weighting 

(4) remove playas and rerun 

metrics until threshold 

changes 

Run same metrics as above  What is the current 

threshold given the loss 

over the last ~30 years 

and how many playas 

will need protection to 

maintain threshold given 

anthropogenic impacts. 

What is the current location of 

playa clusters on the landscape?  

(1) Combined 

Database (Chapters 

II and III) 

(1) Adjust number of playas 

in database by randomly 

removing the % playas that 

are currently estimated to be 

physically or functionally lost 

from the landscape  (Chapter 

2 and 3) 

Clustering Coefficient Location of playa 

clusters that can be 

focused on for 

management and 

avoidance 
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APPENDIX A.  Average and standard errors for percent cover of 167 plant species for two sampling periods 

(early [May-June] and late [July-August]) surveys) and 3 watershed land use types (CRP n=51; cropland 

n=53; grassland n=50) in 154 playa wetlands of 28 counties in the Playa Lakes Region of Texas (n=139), 

New Mexico (n=12), and Oklahoma (n=3).  T indicates trace amounts. 

              Early Survey            Late Survey    

Species                Cropland                  CRP                     Grassland               Cropland              CRP                   Grassland 

Scirpus maritimus  - T  -  - T  - 

Aster subulatus  - 0.55(0.24) 0.83 1.46(0.57) 10.37 6.49(6.04) 

Eleocharis parvula  -  - 0.26 1.74 0.20(0.12) 0.64(0.24) 

Aristida oligantha  -  -  -  - 6.67  - 

Aristida sp.  - 0.54(0.05)  -  - 2.14(1.22)  - 

Asclepias sp.  -  -  -  - 1.25  - 

Salvia azure  -  -  - T 1.05(0.97) 1.75 

Echinochloa crusgalli 10.47(7.19) 13.25(8.57) 2.31(1.09) 10.14(3.16) 3.84(1.58) 3.78(0.99) 

Leptochloa fascicularis 0.58 32.79  - 0.92(0.95) 3.28(1.39)  - 

Cynodon dactylon  -  -  -  - 22.93(21.51)  - 

Helenium amarum  -  -  - 0.24 0.48  - 

Hymenoxys odorata 0.67 0.39(0.26) 2.65(1.65) 0.18(0.06) 1.92(1.03) 2.88(1.30) 

Salix nigra 0.58(0.42)  -  -  -  -  - 

Bouteloua gracilis 10.70(5.21) 13.28(4.32) 11.65(9.57) 0.68 7.63(2.97) 0.92(0.36) 

Heteranthera limosa  -  - 0.71 4.88 (4.13) 0.71 1.02 

Helianthus ciliaris 3.40(1.22) 5.72(1.32) 2.50(0.60) 2.89(0.86) 5.26(1.17) 3.41(0.68) 

Bouteloua sp.  -  -  -  - 2.09  - 

Asclepias latifolia  -  -  -  -  - T 

Gutierrezia dracunculoides  -  - 0.21(0.21)  -  -.14(0.16) 0.44(0.32) 

Solanum rostratum  -  - 0.34(0.21) 0.31(0.08) 0.49(0.18) 1.11(0.53) 

Cucurbita foetidissima  - T  - T 2.00 0.32 

Buchloe dactyloides 2.47(0.77) 9.10(2.56) 20.84(3.31) 4.89(3.21) 6.28(1.53) 18.36(3.20) 

Cirsium vulgare 0.78 0.15(0.15) 0.10(0.10)  - 0.40 T 

Ambrosia grayi 22.00(8.75) 18.85(2.42) 15.06(2.81) 14.18(2.73) 14.73(1.75) 11.79(1.77) 

Polygonum ramosissimum 0.82(0.82) 0.36(0.17) 0.59(0.24) 2.84(2.06) 0.13(0.06) 1.64(0.55) 
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Appendix A. Continued   

              Early Survey            Late Survey    

Species             Cropland                   CRP                      Grassland             Cropland                CRP                    Grassland 

Lythrum californicum 1.71(0.82) 1.76(0.63)   2.15(1.44) 1.38(0.50) 2.35(0.67) 1.53(1.16) 

Heterotheca latifolia  -  -  -  - 4.54(2.46)  - 

Elymus canadensis  -  -  - 1.13  -  - 

Carex sp. 0.33  - 0.39 4.19(3.83) 2.96 0.99 

Geranium carolinianum  -  -  - 0.10 T  - 

Mimosa strigalosa  -  - 2.44  - 1.10 0.83 (0.45) 

Mimosa microphylla   - 0.26 0.31  -  -  - 

Malvella leprosa 5.09(1.04) 8.15(2.21) 8.98(1.48) 5.96(1.25) 9.48(1.37) 9.52(1.49) 

Cirsium sp.  - 0.27  -  -  -  - 

Xanthium strumarium 0.34(0.14) 1.48(1.39) 0.34(0.17)  - 0.40(0.40) 0.26(0.15) 

Taraxacum officinale  3.52 T  - T 0.18(0.18)  - 

Verbascum thapsus  - 0.13 0.47(0.35)  -  -  - 

Portulaca oleracea 2.27(1.52) 1.03(0.28) 4.24(1.88) 1.67(0.85) 0.61(0.18) 3.60(2.37) 

Helianthus annuus 4.64(2.09) 0.42 1.27(0.85) 4.55(2.74) 1.38(0.40) 2.39(2.24) 

Panicum capillare  28.88(23.97) 2.86 1.04(.45) .81(.35) 0.08(0.08) 

Eleocharis macrostachya 7.87(2.99) 17.91(3.89) 21.43(5.25) 11.79(3.34) 11.58(2.04) 18.13(3.67) 

Rumex crispus 2.64(1.58) 1.25(0.40) 0.40(0.14) 3.40(1.21) 2.16(1.04) 3.98(3.52) 

Grindelia squarrosa 0.06(0.06) 1.65(0.90) 0.89(0.21) 0.21(0.09) 1.39(0.54) 1.07(0.27) 

Proboscidea louisianica 1.49(0.29) 0.57(0.10)  - 2.05(1.16) 0.20(0.12) T 

Cuscuta squamata 0.75(0.37) 0.13(0.13) 0.23(0.12) 2.61(0.75) 1.36(0.55) 1.57(0.61) 

Engelmannia pinnatifida  - 0.30 0.55(.33)  -  - T 

Asclepias engelmanniana  -  -  -  - T T 

Eragrostris sp.  - 0.37  -  - 1.17(0.39)  - 

Polygonum erectum  -  - 1.03(0.29) 0.29 0.19(0.01) 0.78(0.27) 

Erodium sp. 0.75  -  -  -  -  - 

Nothoscordum bivalve  -  - T  -  -  - 
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Appendix A. Continued 

              Early Survey            Late Survey    

Species                Cropland                 CRP                   Grassland                Cropland                CRP                    Grassland 

Baccharis sp.  -  - 1.62  - 3.13  - 

Convolvulus arvensis 7.28(2.87) 0.75(0.21) 0.27(0.02) 2.64(0.84) 3.30(1.73) 0.59(0.30) 

Tribulus terrestris  -  - 0.39  - T 1.21(1.04) 

Tragopogon dubius T 0.29(0.13) 0.34(0.18) 0.15(0.09) 0.16(0.09) 0.04(0.03) 

Heterotheca canescens  -  -  -  - 0.54  - 

Haplopappus ciliatus  - 2.33(1.99) T 0.05(0.05) 0.49(0.25) 0.13 

Bouteloua hirsuta  - 1.55 29.43(28.94)  - 1.21(0.87) 0.08(0.08) 

Vicia villosa  - 0.04(0.04) 0.26(0.26) 0.12 0.18(0.13) 0.22(0.06) 

Prosopis glandulosa  - 2.07 0.32(0.15)  -  - 0.90(0.52) 

Conyza canadensis 0.71(0.31) 2.35(1.82) 0.16(0.07) 0.85(0.24) 1.94(0.98) 0.72(0.31) 

Desmanthus illinoensis  - 0.23(0.09)  - T  -  - 

Gaillardia pulchella 0.34(0.11)  - 0.71  -  -  - 

Sorghumturm nutanis  -  -  -  - 18.75  - 

Hoffmannseggia glauca  0.58(0.10) 0.52(0.19) 2.98(1.32) 1.09 1.72(0.11) 0.82(1.22) 

Bromus japonicus 1.67(0.96) 7.20(2.84) 0.24(0.07) 0.93(0.52) 2.70(0.66) 0.07(0.07) 

Sorghum halepense 0.73(0.17) 12.65(5.83)  4.12(2.39) 14.97(4.65) 0.46 

Echinochloa colona  -  -  - 2.06 1.01  - 

Andropogon ischaemum  - 7.77  -  -  -  - 

Paspalum paspaloides  - 3.74(3.05) 8.39(3.19) 0.31(0.13) 3.07(1.51) 2.34(1.40) 

Ambrosia grayi 20.78(3.00) 14.79(2.75) 11.61(3.91) 19.79(2.88) 23.22(4.46) 14.36(5.31) 

Chenopodium album 4.16(1.86) 2.48(1.68) 1.35(0.33) 1.60(1.66) 5.20(0.70) 0.56(0.21) 

Hordeum pusillum 4.97(2.75) 2.94(1.15) 0.99(0.28)  -  -  - 

Andropogon scoparius  - 2.01(1.84)  -  - 5.15  - 

Sagittaria longiloba  -  -  - 2.34(1.75)  - 2.04 

Potamogeton nodosus  -  -  - 0.40  -  - 

Equisetum sp. 4.47(4.23) 0.81(0.25) 0.50(0.30) 2.00(0.61) 3.36(1.17) 0.19(0.04) 

Helianthus maximiliani  - 0.62 0.40  - T  - 

Phalaris caroliniana  - 0.12 0.62(0.39) 1.45(0.71)  -  - 
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Appendix A. Continued  

              Early Survey            Late Survey    

Species            Cropland                   CRP                   Grassland                Cropland                CRP                    Grassland 

Astragalus lindheimeri  -  -  - T  - 1.08 

Carduus nutans  -  -  -  0.28(0.28) 0.09(0.09) T 

Chenopodium leptophyllum 5.09(2.41) 7.08(1.85) 2.77(1.00)  3.81(1.00) 5.85(1.22) 4.12(0.72) 

Bothriochloa ischaemum 0.45(0.12) 7.27(2.32) 4.35  0.95(0.79) 1.14(0.53) 1.86 

Opuntia sp.  -  -  -  -  - 0.37(0.01) 

Rumex altissimus 1.64 0.36(0.11) 0.16(0.16) 0.29 T 0.07(0.07) 

Polygonum lapathifolium 0.33  -  - 0.63(1.48) 0.08(0.08) 3.06(2.84) 

Paspalum farmealie  - 3.28  -  -  -  - 

Lepidium densiflorum 0.27(0.27) 0.25(0.13) 0.46(0.13) 0.39(0.05) 0.08(0.05) 0.13(0.09) 

Polygonum pensylvanicum 10.81(4.39) 4.97(2.08) 4.26(1.66) 7.36(2.63) 4.71(1.99) 4.03(1.22) 

Tetraneuris scaposa  -  -  -  -  - T 

Setaria vulpiseta  - 7.57 1.13(0.32)  - 1.65(1.47)  - 

Coreopsis tinctoria 0.49(0.21) 11.46(3.44) 4.08(1.64) 3.24(1.38) 8.45(3.36) 3.79(1.38) 

Erigeron modestus  - 1.82(1.78) T  - 0.12(0.12) 0.40(0.26) 

Vernonia marginata  - 0.34 0.46(0.26) 1.41(1.41) 0.47(0.16) 0.70(0.39) 

Eragrostis intermedia   -  -  - 3.37  - 2.02(0.35) 

Helianthus petiolaris  -  -  -  -  - 0.13 

Suckleya suckleyana  -  -  - 8.28(7.93) 1.35(0.80) 1.96(1.58) 

Polygonumn sp.  -  - 1.38  -  -  - 

Acacia angustissima  -  -  - T 0.91 T 

Ratibida columnifera 0.40(0.27) 0.57(0.14) 0.30(0.12) 0.47 0.27(0.16) 0.34(0.12) 

Eriochloa contracta  -  -  - 7.93  -  - 

Lactuca serriola 0.48(0.18) 0.49(0.22) 0.30(0.13) 0.51(0.22) 0.32(0.10) 0.17(0.07) 

Opuntia phaeacantha 0.98 T 0.17(0.11)  - 0.13(0.13) 0.17(0.13) 

Sonchus asper 0.78  -  -  -  -  - 

Polygonum aviculare  -  - 0.65  -  - 2.65 

Amaranthus blitoides  -  -  - 1.75(1.05) 0.77(0.43) 1.19(0.92) 

Verbena bracteata 2.47(1.36) 0.81(0.37) 1.00(0.40) 1.63(0.41) 0.81(0.24) 0.98(0.26) 
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Appendix A. Continued 

              Early Survey      Late Survey    

Species            Cropland                 CRP                    Grassland                 Cropland             CRP                   Grassland 

Aristida purpurea  - 4.59(3.74) 0.88(0.35) 0.68 0.63(0.22) 0.25(0.08) 

Veronica peregrina  -  -  - 2.14(1.74) 0.20 6.29(3.72) 

Bromus unioloides 2.02(0.84) 1.40(0.51)  - 0.56(0.56) 0.08  - 

Amaranthus retroflexus 6.24(2.06) 1.07(0.48) 3.04(1.69) 3.96(1.03) 2.26(0.68) 2.35(1.01) 

Lygodesmia juncea   -  -  -  - 0.35(0.10) T 

Salsola iberica 2.26(1.99) 1.42(0.77) 0.39(0.17) 0.56(0.83) 2.00(1.16) 1.02(0.27) 

Artemisia ludoviciana  -  -  -  -  - 0.32 

Tamarix gallica 0.31  - 0.72 0.42(0.20)  - 0.66 

Distichlis spicata  - 1.23  - 0.10 0.20(0.20) 0.37 

Aster subulatus 0.66(0.27) 2.33(1.02) 1.84(1.30) 1.97(0.85) 4.33(1.10) 4.46(1.49) 

Sporobolus cryptandrus  -  - 0.72  - 3.63  - 

Eragrostis trichodes  -  -  -  - 10.00  - 

Gaura coccinea  -  - 0.36(0.08)  - T 3.81(3.28) 

Sphaeralcea coccinea  - 1.92(1.15) 0.73(0.31)  - 0.50(0.34) 0.35(0.25) 

Psoralidium tenuiflorum  -  - 0.19(0.19)  -  - T 

Portulaca mundula  -  -  -  - 0.23(0.07) 0.09(0.06) 

Ratibida tagetes 1.50 7.27(3.43) 1.99(0.75) 1.00(0.55) 3.91(1.43) 3.17(1.31) 

Bouteloua curtipendula  - 1.08(0.37) 0.40 1.01 2.72(1.26)  - 

Bothriochloa laguroides  - 1.21(0.28)  - 0.45 1.15(0.35) 2.45 

Solanum elaeagnifolium 1.77(0.59) 1.05(0.22) 0.92(0.40) 0.95(0.37) 1.92(0.41) 0.68(0.26) 

Scutellaria drummondii 0.22(0.22) 0.42(0.25) 1.32(0.67)  -  - T 

Dalea enneandra  -  -  -  -  - T 

Helenium microcephalum 26.57 0.40(0.24) 0.02(0.02) 5.32(5.32) 1.38(0.58) 0.31(0.16) 

Gutierrezia sarothrae  -  - 1.13(0.38)  - 0.44 0.09(0.09) 

Euphorbia marginata 0.09 T 0.50(0.25) 0.14(0.11) 0.22(0.10) 0.97(0.45) 

Eleocharis atropurpurea 10.32(3.90) 12.68(3.31) 18.63(4.50) 5.33(1.09) 10.36(4.04) 17.06(7.61) 

Oenothera canescens 2.41(0.51) 2.61(0.53) 2.40(0.49) 3.69(1.17) 3.57(0.61) 4.04(0.59) 
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Appendix A. Continued 

              Early Survey            Late Survey    

Species             Cropland                CRP                     Grassland                 Cropland            CRP                     Grassland 

Sitanion hystrix 1.16(0.58) 1.46(0.47) 0.48 8.48 1.61(0.71) 1.05(0.19) 

Eragrostis cilianensis  - 0.52  - 0.45(0.19) 0.52  - 

Erodium texanum  -  -  - T  - 0.23 

Kochia scoparia 7.64(2.64) 4.68(2.38) 1.96(1.22) 7.40(2.93) 9.92(3.03) 1.66(0.48) 

Panicum virgatum  -  -  -  - 3.41(2.86)  - 

Machaeranthera tanacetifolia  -  -  - 0.26 0.81(0.81) 0.44(0.22) 

Descurainia pinnata 0.19(0.19) 0.17(0.04) T 0.15(0.15) 0.36  - 

Croton texensis  -  -  -  -  - 0.90 

Thelesperma megapotamicum  -  - T  -  -  - 

Senecio douglasii  -  - 0.77  - 0.44(0.08)  - 

Ammannia auriculata  -  -  - 7.46(4.62) 3.35  - 

Opuntia imbricata  -  - 0.26  -  - T 

Schedonnadrus paniculatus 1.10 3.75(2.10) 0.29(0.08) 2.58(1.31) 6.20(2.13) 1.23(0.31) 

Sisymbrium altissimum 1.50(0.98) T  - 0.38(0.07)  -  - 

Typha sp. 0.65  -  - 0.38(0.08) 0.23 3.82(0.78) 

Cyperus esculentus  -  -  -  -  - 0.87(0.47) 

Panicum obtusum 0.47(0.36) 4.22(1.27) 8.34(6.27) 2.03(0.77) 3.46(0.84) 4.75(1.91) 

Polygonum amphibium 0.48(0.18) 3.24(1.25) 2.82(1.52) 3.03(1.80) 4.23(2.14) 0.31(0.12) 

Lippia cuneifolia 1.89(0.99) 2.25(0.66) 2.24(0.36) 1.17(0.38) 2.15(0.54) 3.80(0.74) 

Eragrostis curvula 13.71 12.35(5.27) 2.22(0.98) 8.20(6.40) 5.41(1.86) 2.47(1.11) 

Ambrosia psilostachya  - 1.63(0.84) 1.70(0.60) 1.91(1.68) 1.36(0.41) 1.36(0.73) 

Marsilea vestita 2.20(1.40) 0.73(0.35) 0.83(0.53) 4.31(1.73) 4.35(0.77) 2.97(1.16) 

Agropyron smithii 6.20(1.35) 5.71(1.35) 7.70(2.23) 4.06(1.41) 7.11(1.82) 5.69(1.44) 

Ruppia maritima  -  - 25.51(0.84)  -  - 25.51(0.84) 

Chloris verticillata  - 57.84 0.21(0.02) 0.23 1.15(1.09) 0.91(0.53) 

Astragalus mollissimus T T 0.10(0.10)  -  -  - 
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Appendix A. Continued 

              Early Survey            Late Survey    

Species              Cropland                  CRP                  Grassland                  Cropland                CRP                  Grassland 

 

Haplopappus spinulosus T 0.36 0.30(0.30)  - 0.64(0.10) 0.53(0.23) 

Melilotus officinalis  0.24(0.11) T T 0.67(0.49) T 

Yucca glauca  -  - T  - T  - 

Quincula lobata  - T 3.21 0.45(0.42) 0.34(0.34) 0.35(0.21) 

Euphorbia albomarginata 3.35(2.24) 0.58(0.16) 1.00(0.69) 1.10(0.22) 0.83(0.22) 5.66(4.77) 

Rorippa sinuata 3.72(1.88) 2.98(1.16) 0.81(0.32) 1.93(0.62) 2.23(0.86) 1.14(0.39) 

Plantago patagonica  - 0.83(0.35) 0.12(0.12)  -  -  - 

Crop  29.02(6.14) 0.49  - 27.18(3.94)  -  - 

Dead vegetation 21.09(5.13) 19.18(3.64) 13.86(4.95) 5.81(2.84) 20.42(5.5) 7.99(2.76) 

Bare ground 32.92(3.80) 11.26(2.27) 12.14(2.62) 31.09(4.84) 3.06(0.76) 7.47(1.75) 

Unknown 5.67(2.76) 5.40(2.45) 3.53(1.69) 2.51(0.79) 3.53(0.97) 1.86(0.82) 

Water 57.80(42.20) 1.84 35.16 28.59(19.92) 1.25(0.45) 56.03(21.08) 
 


