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Executive Summary  

The Natural Resource Condition Assessment (NRCA) Program aims to provide documentation about 

the current conditions of important park natural resources through a spatially explicit, multi-

disciplinary synthesis of existing scientific data and knowledge. Findings from the NRCA will help 

San Antonio Missions National Historical Park (SAAN) managers to develop near-term management 

priorities, engage in watershed or landscape scale partnership and education efforts, conduct park 

planning, and report program performance (e.g., Department of the Interiorôs Strategic Plan ñland 

healthò goals, Government Performance and Results Act). 

The objectives of this assessment are to evaluate and report on current conditions of key park 

resources, to evaluate critical data and knowledge gaps, and to highlight selected existing stressors 

and emerging threats to resources or processes. For the purpose of this NRCA, staff from the 

National Park Service (NPS) and Saint Maryôs University of Minnesota ï GeoSpatial Services 

(SMUMN GSS) identified key resources, referred to as ñcomponentsò in the project. The selected 

components include natural resources and processes that are currently of the greatest concern to park 

management at SAAN. The final project framework contains 15 resource components, each featuring 

discussions of measures, stressors, and reference conditions. 

This study involved reviewing existing literature and, where appropriate, analyzing data for each 

natural resource component in the framework to provide summaries of current condition and trends 

in selected resources. When possible, existing data for the established measures of each component 

were analyzed and compared to designated reference conditions. A weighted scoring system was 

applied to calculate the current condition of each component. Weighted Condition Scores, ranging 

from zero to one, were divided into three categories of condition: low concern, moderate concern, 

and significant concern. These scores help to determine the current overall condition of each 

resource. The discussions for each component, found in Chapter 4 of this report, represent a 

comprehensive summary of current available data and information for these resources, including 

unpublished park information and perspectives of park resource managers, and present a current 

condition designation when appropriate. Each component assessment was reviewed by SAAN 

resource managers, NPS Gulf Coast Network staff, and outside experts, when appropriate. 

Existing literature, short- and long-term datasets, and input from NPS and other outside agency 

scientists support condition designations for components in this assessment. However, in a number of 

cases, data were unavailable or insufficient for several of the measures of the featured components. 

In other instances, data establishing reference condition were limited or unavailable for components, 

making comparisons with current information inappropriate or invalid. In these cases, it was not 

possible to assign condition for the components. Current condition was not able to be determined for 

5 of the 15 components (33%) due to these data gaps. 

For those components with sufficient available data, the overall condition varied. For featured 

components with available data and fewer data gaps, assigned conditions varied. Five components 

are considered of low concern: upland shrublands/woodlands, reptiles, breeding and resident birds, 

and hydrology. Two components (fish and water quality) were of moderate concern. Three 
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components were of high concern: air quality, soundscape, and viewscape. Soundscape and 

viewscape also appeared to show a deteriorating trend due to continued urban development. The high 

concern levels are primarily due to the urban land uses surrounding the park and are largely beyond 

NPS control. Detailed discussion of these designations is presented in Chapters 4 and 5 of this report.  

Several park-wide threats and stressors influence the condition of priority resources in SAAN. Those 

of primary concern include the presence of non-native invasive species and effects of urban 

development (e.g., habitat loss and fragmentation, pollution, hydrologic alterations). Climate change 

could also threaten many resources, as the San Antonio region is likely to become warmer and drier 

for at least parts of the year within the next century. Understanding these threats, and how they relate 

to the condition of park resources, can help the NPS prioritize management objectives and better 

focus conservation strategies to maintain the health and integrity of park ecosystems.
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Chapter 1 NRCA Background Information 

Natural Resource Condition Assessments (NRCAs) evaluate current conditions for a subset of 

natural resources and resource indicators in national park units, hereafter ñparks.ò NRCAs also report 

on trends in resource condition (when possible), identify critical data gaps, and characterize a general 

level of confidence for study findings. The resources and indicators emphasized in a given project 

depend on the parkôs resource setting, status of resource stewardship planning and science in 

identifying high-priority indicators, and availability of data and expertise to assess current conditions 

for a variety of potential study resources and indicators.  

NRCAs represent a relatively new 

approach to assessing and reporting on 

park resource conditions. They are meant 

to complementðnot replaceðtraditional 

issue-and threat-based resource 

assessments. As distinguishing 

characteristics, all NRCAs: 

¶ Are multi-disciplinary in scope;1   

¶ Employ hierarchical indicator 

frameworks;2  

¶ Identify or develop reference conditions/values for comparison against current conditions;3 

¶ Emphasize spatial evaluation of conditions and GIS (map) products; 4 

¶ Summarize key findings by park areas; and 5 

¶ Follow national NRCA guidelines and standards for study design and reporting products.  

Although the primary objective of NRCAs is to report on current conditions relative to logical forms 

of reference conditions and values, NRCAs also report on trends, when appropriate (i.e., when the 

underlying data and methods support such reporting), as well as influences on resource conditions. 

These influences may include past activities or conditions that provide a helpful context for  

 
 The breadth of natural resources and number/type of indicators evaluated will vary by park.  

2 Frameworks help guide a multi-disciplinary selection of indicators and subsequent ñroll upò and reporting of data for measures 

] conditions for indicators ] condition summaries by broader topics and park areas  

3 NRCAs must consider ecologically-based reference conditions, must also consider applicable legal and regulatory standards, 

and can consider other management-specified condition objectives or targets; each study indicator can be evaluated against one 

or more types of logical reference conditions. Reference values can be expressed in qualitative to quantitative terms, as a single 

value or range of values; they represent desirable resource conditions or, alternatively, condition states that we wish to avoid or 

that require a follow-up response (e.g., ecological thresholds or management ñtriggersò). 

4 As possible and appropriate, NRCAs describe condition gradients or differences across a park for important natural resources 

and study indicators through a set of GIS coverages and map products.  

5 In addition to reporting on indicator-level conditions, investigators are asked to take a bigger picture (more holistic) view and 

summarize overall findings and provide suggestions to managers on an area-by-area basis: 1) by park ecosystem/habitat types or 

watersheds, and 2) for other park areas as requested. 

NRCAs Strive to Provideé 

Credible condition reporting for a subset of 

important park natural resources and indicators 

Useful condition summaries by broader resource 

categories or topics, and by park areas 
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understanding current conditions, and/or present-day threats and stressors that are best interpreted at 

park, watershed, or landscape scales (though NRCAs do not report on condition status for land areas 

and natural resources beyond park boundaries). Intensive cause-and-effect analyses of threats and 

stressors, and development of detailed treatment options, are outside the scope of NRCAs.  

Due to their modest funding, relatively quick timeframe for completion, and reliance on existing data 

and information, NRCAs are not intended to be exhaustive. Their methodology typically involves an 

informal synthesis of scientific data and information from multiple and diverse sources. Level of 

rigor and statistical repeatability will vary by resource or indicator, reflecting differences in existing 

data and knowledge bases across the varied study components.  

The credibility of NRCA results is derived from the data, methods, and reference values used in the 

project work, which are designed to be appropriate for the stated purpose of the project, as well as 

adequately documented. For each study indicator for which current condition or trend is reported, we 

will identify critical data gaps and describe the level of confidence in at least qualitative terms. 

Involvement of park staff and National Park Service (NPS) subject-matter experts at critical points 

during the project timeline is also important. These staff will be asked to assist with the selection of 

study indicators; recommend data sets, methods, and reference conditions and values; and help 

provide a multi-disciplinary review of draft study findings and products. 

NRCAs can yield new insights about current park resource conditions, but, in many cases, their 

greatest value may be the development of useful documentation regarding known or suspected 

resource conditions within parks. Reporting products can help park managers as they think about 

near-term workload priorities, frame data and study needs for important park resources, and 

communicate messages about current park resource conditions to various audiences. A successful 

NRCA delivers science-based information that is both credible and has practical uses for a variety of 

park decision making, planning, and partnership activities. 

 
However, it is important to note that NRCAs do not establish management targets for study 

indicators. That process must occur through park planning and management activities. What an 

NRCA can do is deliver science-based information that will assist park managers in their ongoing, 

Important NRCA Success Factors 

Obtaining good input from park staff and other NPS subject-matter experts at 

critical points in the project timeline  

Using study frameworks that accommodate meaningful condition reporting at 

multiple levels (measures ] indicators ] broader resource topics and park 

areas) 

Building credibility by clearly documenting the data and methods used, critical 

data gaps, and level of confidence for indicator-level condition findings  
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long-term efforts to describe and quantify a parkôs desired resource conditions and management 

targets. In the near term, NRCA findings assist strategic park resource planning6 and help parks to 

report on government accountability measures.7  In addition, although in-depth analysis of the effects 

of climate change on park natural resources is outside the scope of NRCAs, the condition analyses 

and data sets developed for NRCAs will be useful for park-level climate-change studies and planning 

efforts. 

NRCAs also provide a useful complement to rigorous NPS science support programs, such as the 

NPS Natural Resources Inventory & Monitoring (I&M) Program.8 For example, NRCAs can provide 

current condition estimates and help establish reference conditions, or baseline values, for some of a 

parkôs vital signs monitoring indicators. They can also draw upon non-NPS data to help evaluate 

current conditions for those same vital signs. In some cases, I&M data sets are incorporated into 

NRCA analyses and reporting products.  

 

 
6An NRCA can be useful during the development of a parkôs Resource Stewardship Strategy (RSS) and can also be tailored to act 

as a post-RSS project. 

7 While accountability reporting measures are subject to change, the spatial and reference-based condition data provided by 

NRCAs will be useful for most forms of ñresource condition statusò reporting as may be required by the NPS, the Department 

of the Interior, or the Office of Management and Budget.  

8 The I&M program consists of 32 networks nationwide that are implementing ñvital signsò monitoring in order to assess the 

condition of park ecosystems and develop a stronger scientific basis for stewardship and management of natural resources 

across the National Park System. ñVital signsò are a subset of physical, chemical, and biological elements and processes of park 

ecosystems that are selected to represent the overall health or condition of park resources, known or hypothesized effects of 

stressors, or elements that have important human values. 

NRCA Reporting Productsé 

 Provide a credible, snapshot-in-time evaluation for a subset of important park natural 

resources and indicators, to help park managers: 

Direct limited staff and funding resources to park areas and natural resources that represent 

high need and/or high opportunity situations  

(near-term operational planning and management) 

Improve understanding and quantification for desired conditions for the parkôs ñfundamentalò 

and ñother importantò natural resources and values 

(longer-term strategic planning) 

Communicate succinct messages regarding current resource conditions to government program 

managers, to Congress, and to the general public  

(ñresource condition statusò reporting)  
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Over the next several years, the NPS plans to fund an NRCA project for each of the approximately 

270 parks served by the NPS I&M Program. For more information on the NRCA program, visit 

http://www.nature.nps.gov/water/NRCondition_Assessment_Program/Index.cfm. 

http://www.nature.nps.gov/water/NRCondition_Assessment_Program/Index.cfm
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Chapter 2 Introduction and Resource Setting 

2.1 Introduction 

2.1.1 Enabling Legislation 

San Antonio Missions National Historical Park (SAAN) preserves the largest concentration of 

Spanish colonial era cultural resources in the U.S. (NPS 2000). It was designated a National 

Historical Park and signed into public law 10 November 1978, by President Jimmy Carter (P.L. 95-

629):  

ñIn order to provide for the preservation, restoration, and interpretation of the Spanish 

Missions of San Antonio, Texas, for the benefit and enjoyment of present and future 

generations, there is hereby established the San Antonio Missions National Historical Park 

consisting of Concepcion, San Jose, San Juan, and Espada Missions, together with areas and 

features historically associated therewith.ò 

In addition to the four Missions, the original legislation included the Espada Dam and Aqueduct and 

portions of the Espada and San Juan Acequias (Amdor et al. 1994). The park boundary was expanded 

in 1978 to include more of the historic acequias and original Mission compounds (Amdor et al. 

1994). The Rancho de las Cabras Unit, which consists of lands historically associated with Mission 

Espadaôs ranching activities, was acquired by the NPS in September 1995 (OCULUS 1998).  

2.1.2 Geographic Setting 

SAAN consists of two distinct units: the Missions Unit and the Rancho de las Cabras Unit. The 

Missions Unit (Figure 1) is located within San Antonio, Texas (Bexar County), which supports a 

population of over 1.4 million people (USCB 2015). The Rancho Unit lies in a more rural area of 

Wilson County, near the town of Floresville, approximately 51.5 kilometers (32 mi) to the southeast 

of the Missions Unit (Figure 2). The park encompasses 389.3 hectares (962 ac) and includes historic 

landscapes, structures, and natural areas (Greg Mitchell, SAAN Natural Resources Program 

Manager, written communication, 22 September 2015). Missions within the park include: Mission 

San Francisco de la Espada (Mission Espada), Mission San José y San Miguel de Aguayo (Mission 

San José), Mission San Juan Capistrano (Mission San Juan), and Mission Nuestra Señora de la 

Purísma Concepción de Acuña (Mission Concepción). Both park units are situated along the San 

Antonio River (NPS 2001). 
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Figure 1. The Missions Unit of SAAN. 
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Figure 2. Location of the Rancho de las Cabras Unit of SAAN. 

SAAN is located in the western climatic sub-region of the Gulf Coast and is characterized as 

subtropical, with mild winters and high heat and humidity in the summer (Segura et al. 2007, NPS 

2015a). Mean annual temperature in the San Antonio area is 21.0° C (69.8° F). The annual mean 

high temperature is 27.1°C (80.8°F), with an average of 110 days above 32.2°C (90°F) (NCDC 2015, 

Table 1). The average low temperature is 14.9°C (58.8°F) with freezing temperatures (0° C or 32° F 

or below) occurring on average only 14 days per year (NCDC 2015). Mean annual high temperature 

around Floresville (near the Rancho Unit) is slightly higher than in San Antonio, while mean annual 

low temperatures are over a degree lower (Table 2). Mean annual precipitation in the San Antonio 

area is 77.5 cm (30.5 in) with one peak in early summer and one in fall (NCDC 2015, Table 1). Mean 

annual precipitation near Floresville is slightly lower at 73.8 cm (29.1 in). Thunderstorms are 

common during the late spring and early summer months, sometimes bringing heavy precipitation in 

short bursts or isolated events (NPS 2001). Precipitation in winter months arrives typically as light 

rain, drizzle, or even fog; snowfall is rare (NPS 2001). SAAN is located 225 km (140 mi) from the 

Gulf of Mexico and, as a result, is sometimes affected by tropical storms and hurricanes, producing 

heavy rainfall and occasional tornadoes (NPS 2001).  
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Table 1. 30-year climate normals (1981-2010) for the San Antonio Stinson Municipal Airport weather 
station near SAAN (NCDC 2015). 
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Table 2. 30-year climate normals (1981-2010) for the Floresville weather station near SAANôs Rancho 
Unit (NCDC 2015). 
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Average Precipitation (cm)  

       
Total  4.0 4.5 5.1 5.4 8.6 7.7 6.3 5.4 7.8 8.5 5.6 4.8 73.8 

 

2.1.3 Visitation Statistics 

Over the 10-year period from 2004-2013, SAAN received an average of just over 1 million visitors 

annually, with a peak around 1.56 million in 2009 (NPS 2015b). The park provides free tours of the 

missions and a museum of artifacts from the time period (NPS 2013). The Visitor Center at Mission 

San Jose regularly shows a film on the native people of south Texas during the 18th century. Nearly 

13 km (8 mi) of paved trail stretches along the San Antonio River between Mission Concepción and 

Mission Espada, allowing visitors to enjoy the scenic beauty and natural resources of the park (NPS 

2013). 

2.2 Natural Resources 

2.2.1 Ecological Units and Watersheds 

The Missions Unit of SAAN lies within the Environmental Protection Agencyôs (EPA) Texas 

Blackland Prairies Level III Ecoregion. According to the EPA (2010, p. 7), this ecoregion is 

ñédistinguished from surrounding regions by its fine-textured, clayey soils and 

predominantly prairie potential natural vegetation. This region now contains a higher 

percentage of cropland than adjacent regions, and pasture and forage production for 
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livestock is common. Large areas of the region are being converted to urban and industrial 

uses.ò 

Griffith et al. (2007) states that less than one percent of the regionôs original grassland vegetation 

currently remains. Within the park, these former prairies are now old agricultural fields or scrublands 

(Cooper et al. 2005). 

The Rancho Unit lies in the East Central Texas Plains ecoregion (Figure 3) also known as the Post 

Oak Savanna or the Claypan Area. The EPA (2010, p. 7) states that 

ñthis region of irregular plains was originally covered by post oak savanna vegetation, in 

contrast to the more open prairie-type regions to the north, south, and westé Many areas 

have a dense, underlying clay pan affecting water movement and available moisture for plant 

growth.  The bulk of this region is now used for pasture and range.ò 

Honey mesquite (Prosopis glandulosa) is the primary tree in the East Central Texas Plains 

ecoregion; however, many other trees and shrubs are found including other species of mesquite, 

acacias (Acacia spp.), and dwarf oak (Quercus margaretta) (McMahan 1984). The East Central 

Texas Plains support a diversity of animal species due to the range of habitat types available. Near 

tropical species that are common in Mexico, grassland species that are found in the north, and even 

desert species can be found in this region (Diamond 2010).  

Both units of SAAN fall within the San Antonio River watershed, which is further divided into 

ñupperò and ñlowerò sections. The Missions Unit is in the Upper San Antonio River Watershed and 

the Rancho Unit is in the Lower San Antonio River Watershed. 
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Figure 3. Ecoregions surrounding SAAN park units (EPA 2011). 
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2.2.2 Resource Descriptions 

Cultural Resources 

The Missions within SAAN were founded by 

Spanish missionaries during the 18th century (NPS 

2001). These missions were established near water, a 

resource that was invaluable at the time. The San 

Antonio River was diverted for irrigation and other 

mission needs using acequias (hand-dug irrigation 

ditches) (NPS 2001).  The acequias create oases of 

unique riparian habitat that are home to an 

assortment of wildlife, including fish, amphibians, 

small mammals, and many species of birds. Today, 

only two acequias remain: the Espada and San Juan 

Acequias (Photo 1a). The Espada Acequia includes a 

historic and still functioning aqueduct. Constructed 

in 1748, the Espada Aqueduct is the only 

continuously operating Spanish colonial aqueduct in the country (NPS 2001).  

 The churches within SAAN are still active parishes, 

owned and operated by the Archdiocese of San 

Antonio (NPS 2001; Photo 1b). NPS staff oversees 

care for all the buildings not associated with the 

active parishes, as well as managing other historic 

structures within the park. Park staff are responsible 

for preserving and interpreting the landscapes of the 

missions and providing a historical account of the 

lives of missionaries and inhabitants of the original 

mission compounds (NPS 2001).  

 

Biological Resources 

The vegetation communities in SAAN contain a high level of diversity, with just over 570 plant 

species documented as present in the park (NPS 2014a). Historically, the San Antonio area was 

primarily grassland with few trees or woodlands and riparian forests along the San Antonio River 

(Van Auken and Bush 1984, Cooper et al. 2005). Brush or shrublands containing acacia species and 

honey mesquite were more common around the Rancho Unit (Cooper et al. 2005, Cogan 2007). No 

native grassland currently remains within park boundaries, although restoration efforts have been 

initiated in both units (Mitchell 2013). Upland shrublands are common at SAAN and support many 

native species such as huisache (Acacia farnesiana), agarito (Berberis trifoliolata; also called 

algerita), Texan hogplum (Colubrina texensis), and hackberries (Celtis spp.) (Carr 2003a, Cogan 

2007). Both units also support riparian areas with tree species such as pecan (Carya illinoinensis), 

black willow (Salix nigra), cedar elm (Ulmus crassifolia), and eastern cottonwood (Populus 

deltoides) (Cogan 2007).  

Photo 1a. The San Juan Acequia (above) and 
Espada Aqueduct (below) (Photos by 
Shannon Amberg, SMUMN GSS 2013). 

Photo 1b. Espada Aqueduct (below) (Photos 
by Shannon Amberg, SMUMN GSS 2013). 
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The varied habitats in SAAN are home to a 

surprising diversity of wildlife. Mammals observed 

in the park include the coyote (Canis latrans), white-

tailed deer (Odocoileus virginianus), raccoon  

(Procyon lotor), collared peccary or javelina 

(Tayassu tajacu), and nine-banded armadillo 

(Dasypus novemcinctus) (NPS 2014a). Also present 

in the park are several species of bats and many 

rodent species (NPS 2014a).  

Of the over 220 bird species observed in SAAN, 

approximately 70 are thought to breed within the 

park (NPS 2014a). The riparian woodland and 

brushland habitats within the park along the San 

Antonio River in the Missions Unit and along the 

river corridor in the Rancho Unit provide important 

habitat for a variety of birds during migration and for nesting and breeding (NPS 2010).  SAAN 

supports several unique species whose breeding ranges only extend into the U.S. near the 

U.S./Mexico border, such as the crested caracara (Caracara cheriway; Photo 2), the painted bunting 

(Passerina ciris), and the great kiskadee (Pitangus sulphuratus) (NPS 2014a).  

Reptiles are common in SAAN, including snakes, turtles, 

and lizards (NPS 2014a). Amphibians are present but are 

less common (NPS 2014a). The Texas tortoise (Gopherus 

berlandieri), listed as threatened in the state of Texas, was 

historically present in the park; however, the species has 

not been seen at SAAN since 2007 (Dittmer and Fitzgerald 

2011). It is likely extirpated from the Missions Unit and 

may also be absent from the Rancho Unit. Native fish have 

been documented in SAAN, both in the acequias and the 

San Antonio River and its tributaries (SARA 2005). 

Species include largemouth bass (Micropterus salmoides), 

catfish (order Siluriformes), shiners (Notropis and 

Cyprinella spp.), and western mosquito-fish (Gambusia 

affinis) (SARA 2005, NPS 2014a). 

Although little is known about the parkôs invertebrate 

communities (Cooper et al. 2005), both terrestrial and 

aquatic, they perform important functions for the 

ecosystems. Insects in particular play critical roles in 

pollination, decomposition, and as a food source for other 

animals (Losey and Vaughan 2006).  
Photo 2. Crested caracara (USFWS 
photo). 

Photo 1c. The church at Mission Espada 
(Photo by Shannon Amberg, SMUMN GSS 
2013). 
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2.2.3 Resource Issues Overview 

Urban Development and Land Use 

The Missions Unit of SAAN lies within San Antonio, the seventh most populated city in the United 

States with over 1.4 million people (USCB 2015). San Antonio has also been among the top five U.S. 

cities for population growth (USCB 2012). As the city of San Antonio continues to grow, so too does 

its need for private development of lands surrounding the Missions. Additional developments would 

further threaten the integrity of the park (NPS 2001).  

Over the past few centuries, human development and eventual urbanization have impacted native 

vegetation through overgrazing, fire suppression, exotic plant species introduction, and other 

activities (NPS 2001). These changes contribute to habitat loss and fragmentation that impact native 

wildlife species. The proximity of developed areas to the Missions also impacts visitor experience, as 

many sights and sounds (e.g., aircraft overflights, highway traffic) that would not have been 

historically present are now commonplace (NPS 2001, Lynch 2009).   

Water Threats 

The Missions were intentionally established near water, which continues to be an essential element 

within the park today. The park is dependent upon and a stakeholder in water quality and quantity of 

the San Antonio River (Meiman 2012). The NPS staff has little to no control over the San Antonio 

River and its subsequent effects on the park (NPS 2001). Due to drainage into the river by a city with 

a population of over 1.4 million, the Upper San Antonio River has water quality issues. It is on the 

Texas 303(d) list for non-attainment status for bacteria (E. coli) and impaired fish habitat (Meiman 

2012). Other problems in park waters include depressed oxygen levels and elevated nutrient 

concentrations (e.g., phosphorous) (Cooper et al. 2005, Meiman 2012). The San Antonio area has 

experienced much alteration, modification, and development of its waterways and surrounding areas. 

Flood hazard reduction and channel modification projects in the mid-20th century transformed the 

San Antonio River into a straight, largely uniform channel, which degraded aquatic and riparian 

habitat (Meiman 2012). The majority of the threats to the San Antonio River and other surface 

waters, such as urban runoff, originate outside the park boundary and are beyond NPS control.  

Non-native (Exotic) and Invasive Species 

Of the 889 organisms considered present in the park, 177 of these are classified as non-native (NPS 

2010). Plants make up the majority of the non-native invasive species found in the park and are a 

threat due to their ability to outcompete native plant species (Cooper et al. 2005). Exotic grasses such 

as Bermudagrass (Cynodon dactylon), yellow (or Kingôs ranch) bluestem (Bothriochloa ischaemum), 

and Johnson grass (Sorghum halepense) were introduced for agriculture and now dominate some area 

of the park (Carr 2003a, b). NatureServe, in cooperation with The Nature Conservancy and NPS, 

developed a system for ranking non-native invasive species, based on each speciesô ecological 

impact and management difficulty (NPS 2010). Table 3 lists species confirmed within SAAN that 

received high or medium invasiveness ranks. A full list of non-native plant species documented in 

SAAN (by unit) by Halvorson and Guertin (2006) in 2004 can be found in Appendix A. 
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Table 3. Non-native invasive plant species within SAAN receiving high or medium invasiveness rankings 
from NatureServe (adapted from NPS 2010). 

Scientific Name Common Name Invasiveness Rank 

Arundo donax  giant reed high 

Pennisetum ciliare buffelgrass high 

Triadica sebifera Chinese tallow high 

Eichhornia crassipes  common water hyacinth  high 

Albizia julibrissin silktree high/low 

Nandina domestica sacred bamboo high/low 

Pennisetum setaceum  crimson fountaingrass  high/medium 

Sorghum halepense Johnsongrass high/medium 

Lonicera japonica Japanese honeysuckle high/medium 

Hydrilla verticillata water thyme high/medium 

Ligustrum sinense Chinese privet high/medium 

Morus alba white mulberry high/medium 

Centaurea melitensis Maltese star-thistle medium 

Alternanthera  philoxeroides alligatorweed medium 

Lolium perenne perennial ryegrass medium 

Vinca major  bigleaf periwinkle  medium 

Lantana camara  lantana medium 

Ailanthus altissima tree of heaven medium 

Ficus carica edible fig medium 

 

An exotic plant control program has been active in the park since 2000 (Mitchell, written 

communication, February 2015). Early efforts focused on Chinaberry (Melia azedarach), privet 

(Ligustrum spp.), and giant reed (Arundo donax) (NPS 2001). Recent work has expanded to include 

many more species. Areas where exotic plant removal has occurred, along with the number of times 

each area has been treated, are shown in Figure 4. 

The main threat from non-native mammalian species is from the feral hog (Sus scrofa). These hogs 

have been present in Texas since at least the 1930s and are now abundant in the state (Taylor 2003). 

The feral hog is highly adaptive and able to thrive in almost any environment, but prefers habitats 

with areas for wallowing; this can be anywhere mud forms, including creek banks, ponds, and 

drainages. Feral hogs reproduce quickly, with reproductive maturity achieved as early as 6 months in 

a healthy female, and litters of up to 12 piglets (Taylor 2003). As opportunistic omnivores, hogs 

compete for food with a variety of wildlife species; their destructive rooting behavior is particularly 
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damaging to natural resources (Taylor 2003). Feral cats and dogs also occur in the park (NPS 2001); 

these have an unknown impact on native animal populations and are a potential safety concern for 

visitors. Feral cats are known to impact bird populations through predation (Loss et al. 2012). 
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Figure 4. Exotic plant removal areas with the number of times each area has been treated since 2001 
(NPS 2014b). 
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Climate Change 

Global climate change is expected to impact the entire U.S. during this century, although the 

expected changes vary across the country. Since 1951, the regional climate around SAAN has shown 

little change. Annual mean temperatures have remained relatively stable, while annual precipitation 

has increased slightly, primarily due to increases in summer precipitation (Figure 5; PRISM 2014). 

Over the next century, mean annual precipitation around SAAN is predicted to decrease slightly 

(Figure 6), due primarily to significant decreases in winter and spring precipitation (Figure 7, Figure ; 

Maurer et al. 2007). In contrast, summer precipitation may increase slightly (Figure 8; Maurer et al. 

2007). Annual mean temperature is expected to increase approximately 1.7-2.2°C (3-4°F) by 2050 

and 3.3-3.9°C (6-7°F) by 2100 (Figure 9; Maurer et al. 2007). These expected temperature increases 

will increase evaporation rates and plant transpiration (i.e., plant moisture use); combined with 

seasonal precipitation declines, this will result in greater aridity, meaning overall drier conditions, 

particularly in the winter and spring (Figure 10; Maurer et al. 2007).  

  

Figure 5. Change in mean annual precipitation (left) and mean summer precipitation (right) in the SAAN 
region between 1951 and 2006 (PRISM 2014). 
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Figure 6. Projected change in mean annual precipitation in the SAAN region by 2050 (left) and by 2100 
(right) (Maurer et al. 2007). Projections based on an ensemble average (E-50) circulation model and the 
A1B (medium) emissions scenario.  

  

Figure 7. Projected change in mean winter precipitation (left) and mean spring precipitation (right) in the 
SAAN region by 2050 (Maurer et al. 2007). Projections based on an ensemble average (E-50) circulation 
model and the A1B (medium) emissions scenario. 



 

19 

 

  

Figure 8. Projected change in mean winter precipitation (left) and mean summer precipitation (right) in 
the SAAN region by 2100 (Maurer et al. 2007). Projections based on an ensemble average (E-50) 
circulation model and the A1B (medium) emissions scenario. 

  

Figure 9. Projected change in mean annual temperature in the SAAN region by 2050 (left) and by 2100 
(right) (Maurer et al. 2007). Projections based on an ensemble average (E-50) circulation model and the 
A1B (medium) emissions scenario. 
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Figure 10. Projected change in mean annual aridity (left) and mean spring aridity (right) by 2050, as 
predicted by the change in AET:PET ratio (Maurer et al. 2007). Projections based on an ensemble 
average (E-50) circulation model and the A1B (medium) emissions scenario. 

  

Figure 11. Projected change in mean annual aridity (left) and mean spring aridity (right) by 2100, as 
predicted by the change in AET:PET ratio (Maurer et al. 2007). Projections based on an ensemble 
average (E-50) circulation model and the A1B (medium) emissions scenario. 
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2.3 Resource Stewardship 

2.3.1 Management Directives and Planning Guidance 

The parkôs resource management plan (NPS 2001, p. 7) states,  

ñBecause the original natural environment of the San Antonio Missions has been 

extensively altered or destroyed by manôs intervention during the past three centuries, 

the goals for natural resource management are limited to protecting and improving the 

condition of the existing resources and, where feasible, returning the condition and 

appearance of the landscape to a state which better reflects the spirit of the mission 

period. The latter must be undertaken only in coordination with management of the 

cultural resources and after sufficient research has been accomplished.ò   

The plan further outlines natural resources objectives to meet this goal, including (NPS 2001): 

¶ Continue coordination between the natural and cultural resource programs to assure activities 

from each program are compatible with protection and management of both resources.  

¶ Develop and maintain inventory and monitoring programs to assure that management of the 

parkôs natural resources is proactive based on a thorough knowledge and understanding of 

the resources.  

¶ Cooperate with the State of Texas, other government agencies, and private entities for the 

purpose of protecting natural resources from adverse effects due to non-park uses and 

developments.  

¶ Promote an understanding of the parkôs natural resources to those outside of the park.  

2.3.2 Status of Supporting Science 

The Gulf Coast Network (GULN) identifies key resources network-wide and for each of its parks 

that can be used to determine the overall health of the parks. These key resources are called Vital 

Signs. In 2007, the GULN completed and released a Vital Signs Monitoring Plan (Segura et al. 

2007); Table 1 shows the GULN Vital Signs selected for monitoring in SAAN. 

The San Antonio River Authority (SARA) manages the San Antonio River and its tributaries while 

the NPS retains water rights for the historic Acequias Espada and San Juan (Meiman 2012). In 

October 2007, the GULN contracted with SARA to establish four permanent long-term water quality 

monitoring stations in the park: Piedras Creek, Acequia de Espada, San Antonio River at San Juan 

Capistrano and the Acequia de San Juan. SARA samples these four sites bimonthly as part of its 

Clean Rivers Program monitoring effort (Meiman 2012). SARA has also collected data on fish and 

aquatic macroinvertebrate populations within park waters. 

  



 

22 

 

Table 1. GULN Vital Signs selected for monitoring in SAAN (Segura et al. 2007).  

Category GULN Vital Sign 

Category 

1
a
 

Category 

2
b
 

Category 

3
c
 

No Monitoring 

Planned 

Air and 

Climate 

  

Ozone 

 

X 

  
Air Contaminants 

 

X 

  
Weather/Climate   X     

Geology and 

Soils 

Stream/River Channel 

Dynamics and Geomorphology    X 

Erosion and Deposition 

   

X 

Soil Biota 

   

X 

Soil Chemistry 

   

X 

Soil Structure and Stability       X 

Water 

  

Groundwater Hydrology 

   

X 

Water Chemistry X 

   
Water Nutrients X 

   
Water Toxics   X     

Biological 

Integrity 

  

Non-native Vegetation X 

   
Non-native Animals 

  

X 

 
Riparian Communities X 

   
Forest Health X 

   
Freshwater Invertebrates 

   

X 

Terrestrial Invertebrates 

   

X 

Amphibians X 

   
Non T&E Reptiles 

   

X 

Migratory Birds X 

   
Resident Birds X 

   
Non T&E Small Mammals 

   

X 

Terrestrial Vegetation X 

   
T&E/Rare Birds 

  

X 

 
a 
Category 1 represents Vital Signs for which the network will develop protocols and implement 

monitoring.  
b
 Category 2 represents Vital Signs that are monitored by SAAN, another NPS program, or by 

another federal or state agency using other funding.  
c
 Category 3 represents high-priority Vital Signs for which monitoring will likely be done in the future. 
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Table 4 (continued). GULN Vital Signs selected for monitoring in SAAN (Segura et al. 2007).  

Category GULN Vital Sign 

Category 

1
a
 

Category 

2
b
 

Category 

3
c
 

No Monitoring 

Planned 

Biological 

Integrity 

(continued) 

  

T&E/Rare Freshwater Fish   X  

T&E/Rare Plants   X  

T&E/Rare Reptiles       X 

Human Use Visitor Usage       X 

Landscapes 

(Ecosystem 

Pattern and 

Processes) 

  

Fire and Fuel Dynamics X 

   
Land Cover/Land Use X 

   

Soundscape       X 

a 
Category 1 represents Vital Signs for which the network will develop protocols and implement 

monitoring.  
b
 Category 2 represents Vital Signs that are monitored by SAAN, another NPS program, or by 

another federal or state agency using other funding.  
c
 Category 3 represents high-priority Vital Signs for which monitoring will likely be done in the future. 
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Chapter 3 Study Scoping and Design 

This NRCA is a collaborative project between the NPS and Saint Maryôs University of Minnesota 

Geospatial Services (SMUMN GSS). Project stakeholders include the SAAN resource management 

team and GULN Inventory and Monitoring Program staff. Before embarking on the project, it was 

necessary to identify the specific roles of the NPS and SMUMN GSS. Preliminary scoping meetings 

were held, and a task agreement and a scope of work document were created cooperatively between 

the NPS and SMUMN GSS. 

3.1 Preliminary Scoping 

A preliminary scoping meeting was held on 19-21 November 2013. At this meeting, SMUMN GSS 

and NPS staff confirmed that the purpose of the NRCA was to evaluate and report on current 

conditions, critical data and knowledge gaps, and selected existing and emerging resource condition 

influences of concern to SAAN managers. Certain constraints were placed on this NRCA, including 

the following: 

¶ Condition assessments are conducted using existing data and information; 

¶ Identification of data needs and gaps is driven by the project framework categories; 

¶ The analysis of natural resource conditions includes a strong geospatial component; 

¶ Resource focus and priorities are primarily driven by SAAN resource management. 

This condition assessment provides a ñsnapshot-in-timeò evaluation of the condition of a select set of 

park natural resources that were identified and agreed upon by the project team. Project findings will 

aid SAAN resource managers in the following objectives: 

¶ Develop near-term management priorities (how to allocate limited staff and funding 

resources); 

¶ Engage in watershed or landscape scale partnership and education efforts; 

¶ Consider new park planning goals and take steps to further these; 

¶ Report program performance (e.g., Department of Interior Strategic Plan ñland healthò goals, 

Government Performance and Results Act [GPRA]). 

Specific project expectations and outcomes included the following: 

¶ For key natural resource components, consolidate available data, reports, and spatial 

information from appropriate sources including: SAAN resource staff, the NPS Integrated 

Resource Management Application (IRMA) website, Inventory and Monitoring Vital Signs 

program, and available third-party sources. The NRCA report will provide a resource 

assessment and summary of pertinent data evaluated through this project. 

¶ When appropriate, define a reference condition so that statements of current condition may 

be developed. The statements will describe the current state of a particular resource with 

respect to an agreed upon reference point. 

¶ Clearly identify ñmanagement criticalò data (i.e., those data relevant to the key resources). 

This will drive the data mining and gap definition process. 
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¶ Where applicable, develop GIS products that provide spatial representation of resource data, 

ecological processes, resource stressors, trends, or other valuable information that can be 

better interpreted visually. 

¶ Utilize ñgray literatureò and reports from third party research to the extent practicable. 

3.2 Study Design 

3.2.1 Indicator Framework, Focal Study Resources and Indicators 

Selection of Resources and Measures 

As defined by SMUMN GSS in the NRCA process, a ñframeworkò is developed for a park or 

preserve. This framework is a way of organizing, in a hierarchical fashion, bio-geophysical resource 

topics considered important in park management efforts. The primary features in the framework are 

key resource components, measures, stressors, and reference conditions.  

ñComponentsò in this process are defined as natural resources (e.g., birds, plant communities), 

ecological processes or patterns (e.g., natural fire regime), or specific natural features or values (e.g., 

geological formations) that are considered important to current park management. Each key resource 

component has one or more ñmeasuresò that best define the current condition of a component being 

assessed in the NRCA. Measures are defined as those values or characterizations that evaluate and 

quantify the state of ecological health or integrity of a component. In addition to measures, current 

condition of components may be influenced by certain ñstressors,ò which are also considered during 

assessment. A ñstressorò is defined as any agent that imposes adverse changes upon a component. 

These typically refer to anthropogenic factors that adversely affect natural ecosystems, but may also 

include natural processes or disturbances such as floods, fires, or predation (adapted from GLEI 

2010).  

During the NRCA scoping process, key resource components were identified by NPS staff and are 

represented as ñcomponentsò in the NRCA framework. While this list of components is not a 

comprehensive list of all the resources in the park, it includes resources and processes that are unique 

to the park in some way, or are of greatest concern or highest management priority in SAAN. Several 

measures for each component, as well as known or potential stressors, were also identified in 

collaboration with NPS resource staff. 

Selection of Reference Conditions 

A ñreference conditionò is a benchmark to which current values of a given componentôs measures 

can be compared to determine the condition of that component. A reference condition may be a 

historical condition (e.g., flood frequency prior to dam construction on a river), an established 

ecological threshold (e.g., EPA standards for air quality), or a targeted management goal/objective 

(e.g., a bison herd of at least 200 individuals) (adapted from Stoddard et al. 2006). 

Reference conditions in this project were identified during the scoping process using input from NPS 

resource staff. In some cases, reference conditions represent a historical reference before human 

activity and disturbance was a major driver of ecological populations and processes, such as ñpre-fire 

suppression.ò In other cases, peer-reviewed literature and ecological thresholds helped to define 

appropriate reference conditions.  
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Finalizing the Framework 

An initial framework was adapted from the organizational framework outlined by the H. John Heinz 

III Center for Scienceôs ñState of Our Nationôs Ecosystems 2008ò (Heinz Center 2008). Key 

resources for the park were adapted from the GULN Vital Signs Monitoring Plan (Segura et al. 

2007). This initial framework was presented to park resource staff to stimulate meaningful dialogue 

about key resources that should be assessed. Significant collaboration between SMUMN GSS 

analysts and NPS staff was needed to focus the scope of the NRCA project and finalize the 

framework of key resources to be assessed.  

The NRCA framework was finalized in March 2014 following acceptance from NPS resource staff. 

It contains a total of 15 components (Figure 12a-b) and was used to drive analysis in this NRCA. 

This framework outlines the components (resources), most appropriate measures, known or 

perceived stressors and threats to the resources, and the reference conditions for each component for 

comparison to current conditions. 
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Figure 12a. San Antonio Missions National Historical Park natural resource condition assessment framework. 

 

Component Measures Stressors Reference Condition

Ecological Communities

Forested Riparian Corridors 

(including acequias)

Community extent, community composition (e.g., species richness), 

percent coverage of native species, age class structure

Nonnative species (feral hogs, nutria, plants); adjacent land use practices 

(including increased paving carrying more water into acequias and ornamental 

introduction); disease; drought and hydrological changes

Ideally, condition during Missions period, but 

data from this time are not available

Native Grassland/Prairie
Community extent, community composition, percent coverage of native 

species

Nonnative species (feral hogs, plants); fire suppression; atmospheric 

deposition of pollutants; drought

Management goal 5 years after seeding: 

coverage of 60-70% native grasses and 30-40% 

forbs and wildflowers; <15% cover by woody 

vegation; minimum of 80% cover by native 

species

Upland Shrublands/Woodlands
Community extent, community composition, percent coverage of native 

species

Nonnative species (feral hogs, plants); adjacent land use practices (including 

ornamental introduction); drought;  climate change

Ideally, condition during Missions period, but 

data from this time are not available

Reptiles Species richness, relative abundance, reproductive success
Nonnative species (feral hogs, cats); habitat loss and fragmentation; drought; 

climate change

Undefined;  Strecker (1915) provides some 

information on species richness in San Antonio 

area

Amphibians Species richness, relative abundance, reproductive success
Nonnative species (feral hogs, cats); habitat loss; displacement by 

nonnatives (Rio Grande chirping frog); disease; drought; climate change

Undefined;  Strecker (1915) provides some 

information on species richness in San Antonio 

area

Breeding Birds Species richness, relative abundance, distribution
Habitat loss; brood parasitic species (cowbird); nonnative species (cats, feral 

hogs); adjacent land use; fire ants

Coonan (1987) for species richness; undefined 

for abundance and distribution

Resident/Year-round Birds Species richness, relative abundance, distribution
Habitat loss; brood parasitic species (cowbird); nonnative species (cats, feral 

hogs); adjacent land use; fire ants

Coonan (1987) for species richness; undefined 

for abundance and distribution

Aquatic Macroinvertebrates IBI rating

Habitat loss and degradation; water quality impairments; impervious cover 

carrying more water and chemicals into waterways; drought; decreased 

flows; hydrological changes ; past contamination in soils;

TCEQ standards (2007)

Fish Species richness, IBI rating

Habitat loss and degradation; water quality impairments; impervious cover 

carrying more water and chemicals into waterways; drought; decreased 

flows; hydrological changes; climate change 

Standards used by SARA, based on the EPA 

Rapid Bioassessment Protocol V (RBP, EPA 

1989)

Water Quality 

Water temperature, pH, specific conductance (TDS), dissolved oxygen, 

total suspended solids (turbidity), coliform bacteria, nutrients 

(phosphorus, nitrogen), chloride, sulfate

Impervious surface runoff; drought (introduction of reuse water); flooding; 

adjacent land uses; point and non-point source pollution
TCEQ standards (2014)

Air quality 
Ozone, deposition of nitrogen, deposition of sulfur, visibility, particulate 

matter

Urban development and land use; vehicle traffic; coal-burning powerplant; 

nearby oil refinery and fracking; meat packing facility
NPS ARD guidelines, based on NAAQS

Biotic Composition

Environmental Quality

Herptiles

Birds

Freshwater Biota

San Antonio Missions National Historic Park
Natural Resource Condition Assessment Framework
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Figure 12b. San Antonio Missions National Historical Park natural resource condition assessment framework.  

 

 

Component Measures Stressors Reference Condition

Soundscape 
Loudness, frequency, and percent of time audible of non-contributing 

human-caused sound

Urban development and land use; Stinson airport operations (overflights); vehicle 

traffic; railroad noise

Loudness: 52 dBA (level of speech interference for 

interpretive programs (EPA 1974); Percent of time 

audible: no increase above levels documented by Lynch 

(2009); Frequency: undetermined

Dark Night Skies NPS Night Sky Team's suite of measures
Urban lights/development; lights along Hwy 410; refinery flaring; blinking lights on 

cell towers
Conditions at the time the Missions were active

Viewscape

Number of non-contributing features visible within the park, number of 

non-contributing features visible outside of park, appearance of San 

Juan labores

Urban development expanding south; powerline corridors, cell towers, encroaching 

vegetation, in-park development

Non-contributing features visible within the park: no 

increase from current; management goal of zero woody 

vegetation in the labores and intact shrub/tree rows 

between fields. 

Hydrology (surface and ground 

water)

Stream flow rates (amount and timing), width:depth ratio, depth to 

groundwater (Rancho only)

Drought; extreme flooding events; climate change (changes in precipitation 

patterns); repurposing of the reuse water

Undefined; Ideally, condition during Missions period but 

this is no longer feasible given the significant alterations 

to the San Antonio River 

Environmental Quality

Physical Characteristics

San Antonio Missions National Historic Park
Natural Resource Condition Assessment Framework
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3.2.2 General Approach and Methods 

This study involved gathering and reviewing existing literature and data relevant to each of the key 

resource components included in the framework. No new data were collected for this study; however, 

where appropriate, existing data were further analyzed to provide summaries of resource condition or 

to create new spatial representations. After all data and literature relevant to the measures of each 

component were reviewed and considered, a qualitative statement of overall current condition was 

created and compared to the reference condition when possible. 

Data Mining 

The data mining process (acquiring as much relevant data about key resources as possible) began at 

the initial scoping meeting, at which time SAAN staff provided data and literature in multiple forms, 

including: NPS reports and monitoring plans, reports from various state and federal agencies, 

published and unpublished research documents, databases, tabular data, and charts. GIS data were 

also provided by NPS staff. Additional data and literature were acquired through online bibliographic 

literature searches and inquiries on various state and federal government websites. Data and literature 

acquired throughout the data mining process were inventoried and analyzed for thoroughness, 

relevancy, and quality regarding the resource components identified at the scoping meeting. 

Data Development and Analysis 

Data development and analysis was highly specific to each component in the framework and 

depended largely on the amount of information and data available for the component, as well as 

recommendations from NPS reviewers and sources of expertise including NPS staff from SAAN and 

the GULN. Specific approaches to data development and analysis can be found within the respective 

component assessment sections located in Chapter 4 of this report. 

Scoring Methods and Assigning Condition 

Significance Level 

A set of measures are useful in describing the condition of a particular component, but all measures 

may not be equally important. A ñSignificance Levelò represents a numeric categorization (integer 

scale from 1-3) of the importance of each measure in assessing the componentôs condition; each 

Significance Level is defined in Table 2. This categorization allows measures that are more important 

for determining condition of a component (higher Significance Level) to be more heavily weighted in 

calculating an overall condition. Significance Levels were determined for each component measure 

in this assessment through discussions with park staff and/or outside resource experts. 
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Table 2. Scale for a measureôs Significance Level in determining a components overall condition. 

Significance  
Level (SL) Description 

1 Measure is of low importance in defining the condition of this component. 

2 Measure is of moderate importance in defining the condition of this component. 

3 Measure is of high importance in defining the condition of this component. 

 

Condition Level 

After each component assessment is completed (including any possible data analysis), SMUMN GSS 

analysts assign a Condition Level for each measure on a 0-3 integer scale (Table 3). This is based on 

all the available literature and data reviewed for the component, as well as communications with park 

and outside experts. 

Table 3. Scale for Condition Level of individual measures. 

Condition  
Level (CL) Description 

0 Of NO concern. No net loss, degradation, negative change, or alteration. 

1 Of LOW concern. Signs of limited and isolated degradation of the component. 

2 Of MODERATE concern. Pronounced signs of widespread and uncontrolled degradation. 

3 
Of HIGH concern. Nearing catastrophic, complete, and irreparable degradation of the 

component. 

 

Weighted Condition Score 

After the Significance Levels (SL) and Condition Levels (CL) are assigned, a Weighted Condition 

Score (WCS) is calculated via the following equation: 

ὡὅὛ 
В Ὓὒz ὅὒ
Π  

σz В Ὓὒ
Π  

 

The resulting WCS value is placed into one of three possible categories: good condition (WCS = 0.0 

ï 0.33); condition of moderate concern (WCS = 0.34 - 0.66); and condition of significant concern 

(WCS = 0.67 to 1.0). Figure 13 displays the potential graphics used to represent a componentôs 

condition in this assessment. The colored circles represent the categorized WCS; red circles signify a 

significant concern, yellow circles a moderate concern and green circles that a resource is in good 

condition. White circles are used to represent situations in which SMUMN GSS analysts and park 

staff felt there were currently insufficient data to make a statement about the condition of a 

component. For example, condition is not assessed when no recent data or information are available, 
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as the purpose of an NRCA is to provide a ñsnapshot-in-timeò of current resource conditions. The 

arrows inside the circles indicate the trend of the condition of a resource component, based on data 

and literature from the past 5-10 years, as well as expert opinion. An upward pointing arrow indicates 

the condition of the component has been improving in recent times. A horizontal arrow indicates an 

unchanging condition or trend, and an arrow pointing down indicates deterioration in the condition of 

a component in recent times. These are only used when it is appropriate to comment on the trend of 

condition of a component. In situations where the trend of the componentôs condition is currently 

unknown, no arrow is given. 

 

Figure 13. Description of symbology used for individual component assessments. 
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Examples of how the symbols should be interpreted: 

 

Resource is in good condition, its condition is improving, high confidence in the 

assessment. 

 

Condition of resource warrants moderate concern; condition is unchanging; 

medium confidence in the assessment. 

 

Condition of resource warrants significant concern; trend in condition is unknown 

or not applicable; low confidence in the assessment. 

 

Current condition is unknown or indeterminate due to inadequate data, lack of 

reference value(s) for comparative purposes, and/or insufficient expert knowledge 

to reach a more specific condition determination; trend in condition is unknown or 

not applicable; low confidence in the assessment.  

 

Preparation and Review of Component Draft Assessments 

The preparation of draft assessments for each component was a highly cooperative process among 

SMUMN GSS analysts and SAAN and GULN staff. Though SMUMN GSS analysts rely heavily on 

peer-reviewed literature and existing data in conducting the assessment, the expertise of NPS 

resource staff also plays a significant and invaluable role in providing insights into the appropriate 

direction for analysis and assessment of each component. This step is especially important when data 

or literature are limited for a resource component. 

The process of developing draft documents for each component began with a detailed phone or e-

mail conversation with an individual or multiple individuals considered local experts on the resource 

components under examination. These conversations were a way for analysts to verify the most 

relevant data and literature sources that should be used and also to formulate ideas about current 

condition with respect to the NPS staff opinions. Upon completion, draft assessments were forwarded 

to component experts for initial review and comments. 

Development and Review of Final Component Assessments 

Following review of the component draft assessments, analysts used the review feedback from 

resource experts to compile the final component assessments. As a result of this process, and based 

on the recommendations and insights provided by SAAN resource staff and other experts, the final 

component assessments represent the most relevant and current data available for each component 

and the sentiments of park resource staff and outside resource experts.  

Format of Component Assessment Documents 

All resource component assessments are presented in a standard format. The format and structure of 

these assessments is described below. 



 

36 

 

Description 

This section describes the relevance of the resource component to the park and the context within 

which it occurs in the park setting. For example, a component may represent a unique feature of the 

park, it may be a key process or resource in park ecology, or it may be a resource that is of high 

management priority. Also emphasized are interrelationships that occur among the featured 

component and other resource components included in the NRCA. 

Measures 

Resource component measures were defined in the scoping process and refined through dialogue 

with resource experts. Those measures deemed most appropriate for assessing the current condition 

of a component are listed in this section, typically as bulleted items. 

Reference Conditions/Values 

This section explains the reference condition determined for each resource component as it is defined 

in the framework. Explanation is provided as to why specific reference conditions are appropriate or 

logical to use. Also included in this section is a discussion of any available data and literature that 

explain and elaborate on the designated reference conditions. If these conditions or values originated 

with the NPS experts or SMUMN GSS analysts, an explanation of how they were developed is 

provided. 

Data and Methods 

This section includes a discussion of the data sets used to evaluate the component and if or how these 

data sets were adjusted or processed as a lead-up to analysis. If adjustment or processing of data 

involved an extensive or highly technical process, these descriptions are included in an appendix for 

the reader or a GIS metadata file. Also discussed is how the data were evaluated and analyzed to 

determine current condition (and trend when appropriate).  

Current Condition and Trend 

This section presents and discusses in-depth key findings regarding the current condition of the 

resource component and trends (when available). The information is presented primarily with text 

but is often accompanied by detailed maps or plates that display different analyses, as well as graphs, 

charts, and/or tables that summarize relevant data or show interesting relationships. All relevant data 

and information for a component are presented and interpreted in this section. 

Threats and Stressor Factors 

This section provides a summary of the threats and stressors that may impact the resource and 

influence to varying degrees the current condition of a resource component. Relevant stressors were 

described in the scoping process and are outlined in the NRCA framework. However, these are 

elaborated on in this section to create a summary of threats and stressors based on a combination of 

available data and literature, and discussions with resource experts and NPS natural resources staff.  

Data Needs/Gaps 

This section outlines critical data needs or gaps for the resource component. Specifically, what is 

discussed is how these data needs/gaps, if addressed, would provide further insight in determining 
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the current condition or trend of a given component in future assessments. In some cases, the data 

needs/gaps are significant enough to make it inappropriate or impossible to determine condition of 

the resource component. In these cases, stating the data needs/gaps is useful to natural resources staff 

seeking to prioritize monitoring or data gathering efforts. 

Overall Condition  

This section provides a qualitative summary statement of the current condition that was determined 

for the resource component using the WCS method. Condition is determined after thoughtful review 

of available literature, data, and any insights from NPS staff and experts, which are presented in the 

Current Condition and Trend section. The Overall Condition section summarizes the key findings 

and highlights the key elements used in determining and justifying the level of concern, if any, that 

analysts attribute to the condition of the resource component. Also included in this section are the 

graphics used to represent the component condition. 

Sources of Expertise 

This is a listing of the individuals (including their title and affiliation with offices or programs) who 

had a primary role in providing expertise, insight, and interpretation to determine current condition 

(and trend when appropriate) for each resource component. 

Literature Cited 

This is a list of formal citations for literature or datasets used in the analysis and assessment of 

condition for the resource component. Note, citations used in appendices referenced in each section 

(component) of Chapter 4 are listed in that componentôs ñLiterature Citedò section.  
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Chapter 4 Natural Resource Conditions 

This chapter presents the background, analysis, and condition summaries for the 15 key resource 

components in the project framework. The following sections discuss the key resources and their 

measures, stressors, and reference conditions. The summary for each component is arranged around 

the following sections: 

¶ Description 

¶ Measures 

¶ Reference Condition 

¶ Data and Methods 

¶ Current Condition and Trend (including threats and stressor factors, data needs/gaps, and 

overall condition) 

¶ Sources of Expertise 

¶ Literature Cited 

The order of components follows the project framework (Figure 12a-b): 

4.1 Forested Riparian Corridors 

4.2 Native Grasslands  

4.3 Upland Shrublands/Woodlands 

4.4 Reptiles 

4.5 Amphibians 

4.6 Breeding Birds 

4.7 Resident Birds 

4.8 Aquatic Macroinvertebrates 

4.9 Fish 

4.10 Water Quality 

4.11 Air Quality 

4.12 Soundscape 

4.13 Dark Night Skies 

4.14 Viewscape 

4.15 Hydrology 
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4.1 Forested Riparian Corridors 

4.1.1 Description 

Along the San Antonio River, Piedras Creek, 

Picosa Creek, other tributaries, and the historic 

acequias, there are forested riparian areas with 

diverse plant communities in mid to late stages 

of succession (Photo 3). These are often 

considered critical habitat for both flora and 

fauna (Wagner 2003, Cogan 2007). Riparian 

corridors serve important ecological functions, 

partly by maintaining water quality. The 

vegetation provides shade which regulates the 

water temperature, the plants physically bind 

streambanks together which provides channel 

stability, and perhaps most importantly, 

captures excess nutrients and sediment that are 

transported by runoff (Wagner 2003). These 

structural features all improve water quality and 

promote diversity, supporting a wide variety of 

both aquatic and terrestrial species (Wagner 

2003). 

In SAAN, elements of Chihuahuan Desert, 

coastal grassland, subtropical woodland, and 

Tamaulipan thornscrub are intermingled within 

the riparian zones (Cogan 2007). Typically, 

riparian forest communities are layered with tall 

trees, shrubs, and wetland herbaceous plants. There are mixes of native and introduced species in 

various combinations comprising the forested riparian corridors of SAAN (Cogan 2007). The 

composition of plant species in these communities is influenced by the climate, soil composition, and 

topography (Cogan 2007). Introduced exotic species and past land management practices (e.g., fire 

suppression) have also had a strong effect on plant community composition in SAAN (Cogan 2007). 

Tree species that are common in the riparian areas of the Missions Unit include pecan (Carya 

illinoinensis), black willow (Salix nigra), sugarberry (Celtis laevigata), cedar elm (Ulmus 

crassifolia), and box elder (Acer negundo). These trees occur in large, mixed stands along the main 

channel and tributaries in the unit (Cogan 2007). The Rancho de las Cabras Unit has a similar 

riparian community structure, with some additional tree species, including eastern cottonwood 

(Populus deltoides) (Cogan 2007). These trees create the upper layer of SAANôs forested riparian 

communities, and at Rancho de las Cabras there are also underlying shrub communities associated 

with both the riparian and upland scrublands (Cogan 2007). Common species are blackbrush acacia 

(Acacia rigidula), Texas hogplum (Colubrina texensis), rough leaf dogwood (Cornus drummondii), 

and Brazilian bluewood (Condalia hookeri) (Cogan 2007). These communities are referred to as 

Photo 3. An example of a forested riparian corridor 
located along the Acequia de Espada (photo by 
Kathy Allen, SMUMN GSS 2013). 
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palustrine, where roots are wetted regularly in the summer, but lack flowing water and undergo short 

dry periods (Cogan 2007). 

4.1.2 Measures 

¶ Community extent 

¶ Community composition 

¶ Percent coverage of native species 

¶ Age class structure 

4.1.3 Reference Conditions/Values 

Ideally, a reference condition from the Missions period would serve as a baseline for the measures in 

this assessment. Unfortunately, there are not sufficient descriptions available from that reference 

period. There are very limited data and descriptions of the forested riparian corridors in SAAN to use 

in comparison with the current conditions or trends in these communities. The information presented 

in this report may be considered the baseline for studies of the parkôs forested riparian corridors in 

the future. 

4.1.4 Data and Methods 

Carr (2003a, b) conducted a botanical inventory of both the Missions and Rancho de las Cabras Units 

of SAAN over a two-year period. The purpose of the study was to obtain baseline inventories of flora 

as part of the NPS Inventory and Monitoring (I&M) Program (Carr 2003a, b). Field work was 

completed concurrently in the Missions and Rancho de las Cabras from July through October in 

2001, and March through October in 2002 (Carr 2003a). Fieldwork consisted of transect sampling in 

each macrohabitat of the Missions and Rancho de las Cabras Units, including riparian woodlands 

(Carr 2003a, b).  

Cogan (2007) completed vegetation classification and mapping in and around SAAN (Figure 14), 

based on field work conducted in 2005-2006. The results provide mapped vegetation communities, 

extent of acreage for each type, and lists of species typically found in each community. Classification 

methods and categories followed the National Vegetation Classification Standard (NVCS) accepted 

by the Federal Geographic Data Committee (FGDC 2008).  
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Figure 14. Coganôs (2007) study boundary (yellow) relative to the park boundaries. 



 

43 

 

4.1.5 Current Condition and Trend 

Community Extent 

Vegetation communities were mapped throughout both units of the park by Cogan (2007). The extent 

of forested riparian communities is provided in Table 7 and shown by location in Figure 15, Figure 

16, and Figure 17. 

Table 4. Extent of forested riparian communities (in hectares) within park boundaries and within Coganôs 
(2007) study area. 

Forested Riparian Corridors 

Extent (ha) 

Missions 

(303) 

Rancho 

(41) 
Cogan (2007)  

Study Area 

Eastern cottonwood temporarily 
flooded forest alliance 

0.0 3.3 26.0 

Live oak temporarily flooded forest 
alliance 

0.9 0.9 37.1 

Black willow temporarily flooded 
shrubland alliance stand 

0.0 0.2 0.4 

Pecan-Sugarberry Forest 71.2 0.0 198.6 

Cedar Elm-Sugarberry/Possum-
haw/Virginia wild rye forest 

17.9 8.8 215.3 

Totals 89.8 13.2 477.4 

 

The eastern cottonwood and live oak (Quercus virginiana) temporarily flooded alliances occur in 

both the Missions and the Rancho de las Cabras Units of SAAN. The live oak alliance is primarily 

found in small patches in the northwestern Missions Unit (Figure 15) and Rancho de las Cabras..  

The most abundant forested riparian community type is the pecan-sugarberry forest, which is found 

primarily in the southeastern Missions (Figure 16). The second most extensive community type is the 

cedar elm-sugarberry/possum-haw/Virginia wild rye forest, which is also the predominant riparian 

type in the Rancho de las Cabras Unit. The black willow temporarily flooded forest alliance is very 

small, with just one stand located in the Rancho de las Cabras Unit; the size of this alliance in the 

park is below the minimum mapping unit and is not included in the spatial file that shows the layout 

of other riparian vegetation types at SAAN (Figure 16).   

In comparison to the entire Cogan (2007) study area, some of these forested riparian corridors are 

found outside of the park in larger acreages; for example, the pecan-sugarberry forest within the park 

comprises 71 ha (175.4 ac) while the total for the study is 198.6 ha (485.8 ac). The cedar elm-

sugarberry/possum-haw/Virginia wild rye forest total is 215.3 ha (532ac), the largest of the four 

types, but only 26.7 ha (66ac) is inside of SAAN. In summary, out of the total hectares of riparian 

areas that were mapped for the project, only about 22% of them are protected by the NPS within the 

boundaries of SAAN. Approximately 36% of the total pecan-sugarberry forest, 13% of eastern 
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cottonwood temporarily flooded forest alliance, 13% of cedar elm-sugarberry/possum-haw/Virginia 

wild rye forest, and 5% of live oak temporarily flooded forest alliance were documented inside of 

SAAN (Cogan 2007). Half of the black willow temporarily flooded shrubland alliance stand is within 

SAAN, covering slightly less than half a hectare (Cogan 2007). 

 

Figure 15. Forested riparian communities within the northwestern area of the Missions Unit (data from 
Cogan 2007). 
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Figure 16. Forested riparian communities within the southeastern Missions Unit at SAAN (Cogan 2007). 
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Figure 17. Forested riparian communities within the Rancho de las Cabras Unit at SAAN (Cogan 2007). 

Community Composition 

The inventory conducted by Carr (2003a, b) documented 188 plant species associated with riparian 

woodland and forest communities in SAAN. Riparian species that occur in each of the parkôs units 

are listed in Appendix B. There were 128 species documented within the Missions Unit and 117 

species in the Rancho de las Cabras, including 42 total non-native species (Carr 2003a, b). Cogan 

(2007) listed species that were associated with the forested riparian corridors and included them with 

the descriptions of each type (excluding black willow). 

Pecan-Sugarberry Forest 

Pecan-sugarberry riparian forest canopy (15-25 m [49-82 ft] height) in the late successional phase in 

SAAN is dominated by pecan and boxelder (Acer negundo) trees, with a thick layer of sugarberry 

sub-canopy (Cogan 2007). The sub-canopy is mostly underlain with a sparse shrub layer of shrubs 

and saplings, mostly roughleaf dogwood and American black elderberry (Sambucus nigra) (Cogan 

2007). Beneath the sub-canopy are several species of low shrubs and vines, as well as shade-tolerant 

forbs that make up the often sparse (<50%), ground layer (Table 5; Cogan 2007). Amongst the 

typical ground layer species are also seedlings of the various species in this riparian forest. 

Chinaberry trees (Melia azedarch) are common in the pecan-sugarberry forests and are an invasive 

exotic species (Cogan 2007).  
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Table 5. Species occurring in the pecan-sugarberry forest (recreated from Cogan 2007). 

Type Scientific Name Common Name 

Tree Carya illinoinensis pecan 

Celtis laevigata sugarberry 

Acer negundo boxelder 

Melia azedarach* Chinaberrytree 

Shrub Cornus drummondii roughleaf dogwood 

Herb Rubus riograndis Rio Grande dewberry 

Toxicodendron radicans poison ivy 

Ambrosia trifida great ragweed 

Calyptocarpus vialis straggler daisy 

Galium aparine cleavers, stickwilly 

Malvaviscus arboreus wax mallow 

Torilis arvensis* spreading hedgeparsely 

Elymus virginicus Virginia wild rye 

Invasive Ligustrum japonicum* Japanese privet 

* Non-native 

In the mid-successional phase the sugarberry dominated canopy seldom exceeds 15 m (49 ft) and 

usually has 75% cover (Cogan 2007). There are some sites where Chinaberry trees got an early 

foothold and are the dominant canopy species; the invasive exotic Japanese privet (Ligustrum 

japonicum) is often found in this forest type as well. The ground layer is thicker in the mid-

successional phase (up to 70% thicker) and is dominated by cleavers (Galium aparine) and spreading 

hedgeparsley (Torilis arvensis) (Cogan 2007).  

Eastern Cottonwood Temporarily Flooded Forest Alliance 

This riparian forest type is considered the dominant association for both height and density amongst 

the riparian forests of SAAN; this is likely due to the tendency of cottonwood trees, which are the 

dominant canopy species, to reach such towering heights (Cogan 2007). On average, the canopy 

reaches up to 30 m (98 ft) and has a wide range of coverage (40% to 70%), with a sub-canopy 

coverage that is equal and at times greater than the upper canopy (Cogan 2007). Both the sub-

dominant canopy and the sub-canopy species consist of boxelder, pecan, sugarberry, American elm 

(Ulmus americana), and cedar elm (Cogan 2007). This forest type tends to have a sparse shrub layer 

with a fairly thick ground layer with up to 40% cover (Table 6; Cogan 2007). Many of the ground 

layer species are vines, such as Rio Grande dewberry (Rubus riograndis), saw greenbriar (Smilax 

bona-nox), and poison ivy (Toxicodendron radicans), and shade-tolerant grasses such as Indian 

woodoats (Chasmanthium latifolium) and Virginia wild rye (Elymus virginicus). 
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Table 6. Species occurring in the eastern cottonwood temporarily flooded forest alliance (recreated from 
Cogan 2007). 

Type Scientific Name Common Name 

Tree Populus deltoides eastern cottonwood 

Acer negundo boxelder 

Carya illinoinensis pecan 

Celtis laevigata sugarberry 

Ulmus americana American elm 

Ulmus crassifolia cedar elm 

Herb Rubus riograndis Rio Grande dewberry 

Toxicodendron radicans poison ivy 

Smilax bona-nox saw greenbrier 

Ambrosia trifida great ragweed 

Chasmanthium latifolium Indian woodoats 

Elymus virginicus Virginia wild rye 

 

Cedar Elm-Sugarberry/Possum-haw/Virginia Wild Rye Forest 

This riparian forest type has canopies that range from 15 to 20 m (49 ï66 ft) in height and cover is 

generally around 70-90% in the main areas (Cogan 2007). There are areas upslope of the main body 

that tend to have less than 15 m (49 ft) canopy height and around 50% cover where the vegetation is 

growing in narrow ravines (Cogan 2007). The dominant species in this riparian forest type is cedar 

elm, but may include various ratios of live oak, sugarberry, white mulberry (Morus alba), and honey 

mesquite (Prosopis glandulosa) (Table 7; Cogan 2007). The sub-canopy cover in main areas is 

around 30%, but in the upslope ravines is much thicker with about 70% cover (Cogan 2007). 

Important species include Brazilian bluewood, Texas persimmon (Diospyros texana), and common 

hoptree (Ptelea trifoliata); these species are found sporadically, but are not widely associated with 

the cedar elm-sugarberry riparian forest alliances (Cogan 2007).  

  



 

49 

 

Table 7. Species occurring in the cedar elm-sugarberry/possum-haw/Virginia wild rye forest (recreated 
from Cogan 2007). 

Type Scientific Name Common Name 

Tree Ulmus crassifolia cedar elm 

Quercus virginiana live oak 

Celtis laevigata sugarberry 

Prosopis glandulosa honey mesquite 

Herb Elymus virginicus Virginia wild rye 

Invasive Ligustrum japonicum* Japanese privet 

Melia azedarach* Chinaberrytree 

Torilis arvensis* spreading hedge parsely 

Morus alba* white mulberry 

* Non-native 

Live Oak Temporarily Flooded Forest Alliance 

The canopy height of this riparian forest type ranges from 15 to 20 m (49 ï66 ft) with high closure 

(80%) and has a far lighter understory of around 30% cover (Cogan 2007). Live oak dominates over 

cedar elm, with few other species occuring in these areas (Cogan 2007). This riparian forest alliance 

has very little in terms of understory and ground cover, though there are some shade-tolerant grasses 

sparsely scattered on the forest floors (Table 8) where flooding likely prevents any substantial 

vegetation from establishing itself (Cogan 2007).  

Table 8. Species occurring in the live oak forest alliance (recreated from Cogan 2007). 

Type Scientific Name Common Name 

Shrub Quercus virginiana live oak 

Tree Ulmus crassifolia cedar elm 

Herb Chasmanthium latifolium Indian woodoats 

 

Elymus virginicus Virginia wild rye 

 

Percent Coverage of Native Species 

The percent cover of native species, especially in comparison to cover of exotic species, can provide 

an indication of how similar current riparian forests are to the historic forests present during the 

Missions period, prior to most exotic species invasions. However, no information is available with 

regard to the percent coverage of native species in the forested riparian corridors of SAAN. The 

parkôs exotic plant control program has been working to clear non-native plants from the park since 
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2000 (Greg Mitchell, SAAN Natural Resources Program Manager, written communication, February 

2015), which has likely increased the percent coverage of native species.  

Age Class Structure 

Age class structure can be helpful in determining both the history and current successional status of 

forested areas. The age class structure of forested riparian corridors at SAAN has not been studied at 

this time. Currently this measure is considered a data gap. 

Threats and Stressor Factors 

Threats to SAANôs forested riparian corridors include non-native species, disease, hydrological 

changes, adjacent land use practices, and drought. Many of these threats are exacerbated by the 

fragmented and isolated nature of the park units (Robert Woodman, GULN Ecologist, written 

communication, February 2015). 

The feral hog (Sus scrofa) is a highly destructive non-native species in most of Texas and is prolific 

throughout the San Antonio area despite the densely populated areas around the Missions and 

Rancho de las Cabras. The omnivorous nature of feral hogs and their destructive wallowing behavior 

cause particularly high levels of damage to riparian areas, which is a preferred habitat (Taylor 2003). 

The nutria (Myocastor coypus) is a large, exotic invasive rodent species that originated in South 

America, where they are native (Carter 2014). Nutrias are large (8.2-9.1kg) semiaquatic creatures 

that were introduced to North America in the late 1800s for their furs (Texas Invasives 2011). In the 

late 1940s, a hurricane dispersed nutria along the Gulf of Mexico coastlines of Texas and Louisiana, 

which is likely how they became established in Texas (Texas Invasives 2011). Nutria have been 

confirmed in SAAN, and are a threat to the forested riparian corridors since their feeding habits cause 

damage to vegetation (NPS 2014, Carter 2014). 

Introduction of exotic ornamental plant species can be problematic in native plant communities as 

they can become established and out-compete the native flora. There are several invasive 

ornamentals already present in SAAN that are among the 42 listed exotics confirmed within the 

forested riparian corridors (Carr 2003a, b). These include Chinese tallow (Triadica sebifera), Chinese 

privet (Ligustrum sinense), Japanese honeysuckle (Lonicera japonica), golden bamboo 

(Phyllostachys aurea), Chinaberrytree, and giant reed (Arundo donax; Photo 4). 

There are disease risks that threaten a few of the tree species in forested riparian corridors. These 

include the live oaks and the two elm species (cedar and American) that occur in the riparian forests. 

Live oaks are susceptible to a fungal disease called oak wilt that causes defoliation and eventual 

death of the affected tree (TOW 2012). The other disease is a vascular pathogen called Dutch elm 

disease (Ophiostoma novo-ulmi) that affects the cedar elm and the American elm tree species (Appel 

2009). The American elm is highly susceptible and the cedar elms are considered intermediately 

susceptible to the disease, which is contagious to neighboring trees, and some appear to have varying 

degrees of resistance to infection (Appel 2009). 
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Photo 4. The front-most vegetation is the invasive giant reed growing in the San Juan Woods (Photo by 
Shannon Amberg, SMUMN GSS 2013). 

Over the last 100 years, the San Antonio River, which flows through both units of SAAN, has 

undergone drastic hydrological changes (Cawthon 2008). The basin has become heavily urbanized 

and as a result, impervious surface cover has increased dramatically (Cawthon 2008). This, combined 

with channelization of the river, has compounded the effects of runoff during and after storm events 

(Cawthon 2008). Runoff water from urban areas is often highly toxic, full of contaminants and high 

levels of nutrients that can degrade water quality and destabilize channels (Cawthon 2008). Forested 

riparian corridors serve as both a catchment mechanism, stabilization, and as a filtration system and 

therefore are very important to both human communities as well as the natural ecology of the San 

Antonio River basin (Wagner 2003, Cawthon 2008). Focusing conservation efforts and remediation 

activities on the preservation and restoration of existing and future riparian communities will not 

only alleviate damaging flood pulse affects, but also preserve the integrity of the SAAN aesthetic 

setting (Wagner 2003, Cawthon 2008). This is especially important during periods of drought, which 

have been major in Texas during the past 5 to 10 years (USDM 2014). The storm events following a 

period of drought will often carry more contaminant-loaded material into waterways because it has 

been allowed time to build up on the terrestrial surface. These drought periods can result in the 

desiccation of vegetation, which is important to soil stability. Without adequate vegetation cover, soil 

is washed directly into waterways, especially where there lacks a riparian corridor to filter and soak 

up solids and excess water. Recently, SARA and the U.S. Army Corps of Engineers have been 

working to improve the Missions Reach of the San Antonio River by restoring more natural flow 

conditions and native vegetation (SARIP 2013). This will likely benefit riparian corridors in and 

around the park. 
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Data Needs/Gaps 

The lack of data to use for reference condition renders the current condition useful only as a baseline 

to compare with future studies and surveys. There are no studies available addressing the percent 

coverage of native species or age class structure so these measures are data gaps in both reference 

condition and current condition. However, surveys that are currently taking place or are starting soon 

wil l provide some insight in these areas. 

The GULN is currently developing a vegetation monitoring protocol that will begin gathering data at 

both the Missions and Rancho Units by 2016 (Woodman, written communication, December 2014). 

This sampling will provide information on plant community composition and coverage, and will 

identify trends in those parameters and species richness, as well as monitoring for new non-native 

species (Woodman, written communication, December 2014). 

In 2016, Ladybird Johnson Wildflower Center staff will be surveying and mapping exotic plant 

species in the park (Mitchell, written communication, 7 May 2015). This information will be useful 

for evaluation condition in future assessments. 

Overall Condition 

Community Extent 

The measure for community extent was assigned a Significance Level of 2. While there are limited 

historical data for comparison, given the development and hydrological changes that have occurred 

in the San Antonio area, it is almost certain that forested riparian areas currently cover much less area 

than they did during the Missions period. As a result, this measure is assigned a Condition Level of 2, 

indicating moderate concern. 

Community Composition 

The measure for community composition was assigned a Significance Level of 3. Currently, the 

baseline is Carr (2003a, b), a botanical inventory report that was conducted in 2001 and 2002. 

Assessing a Condition Level for this measure is not possible at this time, as the Carr (2003a, b) 

survey is outdated and there are also no data for a reference condition regarding this measure. 

Percent Coverage of Native Species 

The Significance Level of percent coverage of native species was assigned a 3. Since there are no 

data for reference condition or current condition, a Condition Level cannot be assigned at this time.  

Age Class Structure 

Age class structure was assigned a Significance Level of 3. There are no data for this measure and a 

Condition Level cannot be assigned. There are, however, plans in place to begin collecting age class 

structure data in SAAN in the near future. 

Weighted Condition Score 

A Weighted Condition Score was not calculated for SAANôs forested riparian corridors, largely due 

to data gaps. Three of the four measures could not be assigned Condition Levels. Further monitoring 

and data collection will allow trends in these measures to be assessed in the future. The community 
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extent and composition information presented here can serve as baselines for comparison in future 

studies. 

Forested Riparian Corridors 

Measures 
Significance 

Level 
Condition 

Level WCS = N/A 

Community Extent 2 2 

 

Community 
Composition 

3 n/a 

Percent Coverage of 
Native Species 

3 n/a 

Age Class Structure 3 n/a 
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4.2 Native Grasslands 

4.2.1 Description 

Prior to European settlement, much of the upland in the San Antonio area supported native 

grasslands, with just small patches of brush (Cooper et al. 2005). In the area just south and east of the 

city, travelers would have seen, ñéa prairie which during the fall was covered largely with perennial 

grasses about 2 ft. tall. During the spring, between the sere grasses was a carpet of flowersò 

(Johnston 1963, p. 457, citing Santleben 1910, Sanchez 1926, Bollaert 1956). The Missions likely 

relied on these grasses as forage for their livestock (Fearing 1981). Native grasslands are the only 

Spanish colonial period landscape currently missing from SAAN (Mitchell 2013). 

After the Mission period, ranching continued and intensified. Many areas were overgrazed, which 

resulted in vegetation trampling, soil compaction, and overall degradation of grassland communities 

(OCULUS 1998). The effects of overgrazing, combined with a reduction in fire occurrence, allowed 

honey mesquite and other shrubs to invade, and much of the regionôs native prairie was lost 

(OCULUS 1998, Cooper et al. 2005). Additional areas, particularly near the city of San Antonio, 

were cleared for farming and construction (Cogan 2007). 

Human settlement and farming lead to the 

introduction of many exotic species, especially 

grasses planted to feed livestock (Carr 2003a, 

Cogan 2007). Any grasslands remaining within 

SAAN today are dominated by these exotic 

grasses, such as Bermudagrass (Cynodon 

dactylon), Klebergôs bluestem (Dichanthium 

annulatum), yellow bluestem (Bothriochloa 

ischaemum), and Johnsongrass (Sorghum 

halepense) (Cooper et al. 2005, Cogan 2007). 

Some native grasses remain, including Texas 

wintergrass (Nassella leucotricha), little bluestem 

(Schizachyrium scoparium), and plains lovegrass 

(Eragrostis intermedia), occasionally co-

dominating with the exotics. Additional native 

grass species found around the Missions are 

Virginia wildrye, Ozarkgrass (Limnodea 

arkansana), and purple threeawn (Aristida 

purpurea) (Cogan 2007). Common native 

grassland species at the Rancho de las Cabras 

Unit include sand dropseed (Sporobolus 

cryptandrus), browntop signalgrass (Urochloa 

fusca), Texas signalgrass (Urochloa texana), and 

sideoats grama (Bouteloua curtipendula) (Carr 

2003a, Cogan 2007). 

Photo 4. Indian blanket (Gaillardia pulchella), a 
native wildflower, in a prairie planting at Mission 
San Juan (Photo by Kathy Allen, SMUMN GSS 
2013). 
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4.2.2 Measures 

¶ Community extent 

¶ Community composition 

¶ Percent coverage of native species 

4.2.3 Reference Conditions/Values 

The ideal reference condition for this component would be the condition of native grasslands during 

the Mission period. However, given the significant changes in land cover and land use since that time 

(e.g., shrub invasion, city expansion), this is no longer considered feasible. NPS staff have selected 

the following management goals for SAAN prairie restoration areas 5 years after their establishment 

(Mitchell 2013), which will be used as reference conditions for this assessment: 

¶ Minimum of 80% cover by native species 

¶ Coverage of 60-70% native grasses and 30-40% forbs and wildflowers 

¶ <15% cover by woody vegetation 

4.2.4 Data and Methods 

Since no intact native grasslands currently exist within SAAN, little information is available 

regarding the community. Vegetation studies by Carr (2003a, b) and Cogan (2007) documented some 

native grassland plant species occurring in the parkôs old fields. The park has been interested in 

restoring native prairie to the SAAN landscape since 2003. The idea was first proposed in the 1998 

Rancho de las Cabras Cultural Landscape Report (OCULUS 1998). In 2011, funding was obtained 

for prairie restorations in two areas of the park, totaling approximately 8.9 ha (22 ac) (Mitchell 

2013). The park has prepared a restoration management plan (Mitchell 2013) that describes the 

project sites and methods, as well as outlining proposed maintenance and monitoring. 

4.2.5 Current Condition and Trend 

Community Extent 

No intact native grassland communities currently exist at SAAN. Prairie restorations are underway at 

two sites, one at Rancho de las Cabras (4 ha [10 ac]) and one near San Juan Dam (4.9 ha [12 ac]) in 

the Missions Unit. Site preparation (i.e., removal of current woody and non-native vegetation) 

occurred from April 2013 through 2014. Seeding is expected to occur in late 2015 and 2016 

(Mitchell, written communication, December 2014).



 

 

5
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Figure 18. Native grassland restoration sites at the Rancho Unit (left) and near San Juan Dam in the Missions Unit (right) (close-up aerial photos 
from Mitchell 2013). 
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Community Composition 

While native grassland communities are not currently present in SAAN, native plant species that 

would occur in these grasslands are still found at both the Missions and Rancho Units. Carr (2003a, 

b) conducted plant inventories at SAAN and documented 187 native herbaceous species in the parkôs 

old field grasslands (Appendix C). One hundred and ten species were found in the Rancho Unit (Carr 

2003a) and 130 at the Missions Unit (Carr 2003b). The species proposed for inclusion in the seed 

mix for the parkôs two prairie restoration areas (and, therefore the expected composition of these 

restored grasslands) are listed in Table 9. 

Table 9. Native species in the seed mix for SAANôs prairie restorations (Mitchell 2013). 

Grasses Wildflowers 

Scientific name Common name Scientific name Common name 

Schizachyrium scoparium little bluestem Rudbeckia hirta black-eyed susan  

Sorghastrum nutans Indiangrass Lupinus spp. bluebonnets  

Bouteloua curtipendula sideoats grama Dracopis amplexicaulis clasping coneflower 

Setaria sp. Catarina bristlegrass Phlox drummondii Drummond phlox  

Leptochloa dubia green sprangletop Gaillardia pulchella Indian blanket  

Bouteloua repens slender grama  Monarda citriodora  lemon mint  (beebalm) 

Pappophorum vaginatum whiplash pappusgrass Ratibida columnifera Mexican hat  

Panicum virgatum switchgrass  Coreopsis spp. coreopsis  

Chloris cucullata hooded windmillgrass Oenothera spp. evening primrose 

Bothriochloa laguroides 
ssp. torreyana 

silver beardgrass Castilleja spp. Indian paintbrush 

 

Percent Coverage of Native Species 

In prairie restorations, it often takes several years for native plant species to become established. The 

goals selected by park staff regarding coverage of native species are for five years after seeding at the 

project sites. It will still be a few years before the coverage of native species can be assessed in these 

restoration areas. No information is available regarding the coverage of native species in the parkôs 

current old field (non-native dominated) grasslands.   

Threats and Stressor Factors 

Once established at SAAN, native grasslands will face many threats, such as non-native invasive 

species, fire suppression, atmospheric deposition of pollutants, and drought. Non-native invasive 

plants will likely be difficult to control in the prairie restoration areas. Over 150 non-native species 

have been documented in SAAN (NPS 2010), although not all of these are invasive and not all would 

threaten grasslands. Some non-native grasses were actually planted historically for hay to feed 

livestock (Carr 2003a, Cooper et al. 2005). Non-natives likely to be of high concern due to their 
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potential to outcompete native grassland species include buffelgrass (Pennisetum ciliare), 

Johnsongrass, Bermudagrass, and yellow bluestem (also known as King Ranch bluestem) (Cooper et 

al. 2005, NPS 2010). All of these species were documented by Halvorson and Guertin (2006) in 2004 

at both the Missions and Rancho Units (Appendix A). 

Historic fire suppression likely led to the conversion of much of the areaôs original grasslands to 

shrublands (Van Auken and Bush 1984, Van Auken 2000). Fire eliminates or inhibits woody species 

in favor of native grassland species; in the absence of fire, shrubs such as mesquite and acacias 

invade and outcompete grassland species (Van Auken and Bush 1984, Van Auken 2000). It may be a 

challenge to maintain any prairie restorations in the Missions Unit with burning, given that 

opportunities for burning could be limited by concerns over smoke management within the San 

Antonio city limits.  

The deposition of pollutants such as nitrogen and sulfur dioxides can cause acidification and nutrient 

enrichment of soils (Sullivan et al. 2011a, b). Native grasslands in semi-arid regions, like that around 

SAAN, are considered sensitive to excess nitrogen and acidic deposition (Sullivan et al. 2011c, 

2011d). Nutrient enrichment may create favorable conditions for non-native grass invasion (Fenn et 

al. 2003). Air pollution in the region around SAAN is discussed in further detail in section 4.11 of 

this report. 

Research has shown that drought can impact grassland species richness and above-ground biomass 

(Tilman and El Haddi 1992). Annual plants and rare species are especially at risk, as one dry year 

could cause them to be lost from a local plant community (Tilman and El Haddi 1992). Droughts 

may increase in frequency and duration as a result of global climate change (Twilley et al. 2001, 

Davey et al. 2007), which could pose a challenge for the parkôs grassland restoration efforts. In some 

grasslands, soil water availability (from precipitation) appears to limit grass seedling establishment 

(i.e., recruitment) (Lauenroth et al. 1994). Therefore, it may be difficult to establish native grasslands 

from seed if a drought occurs.  

Data Needs/Gaps 

Since the original native grasslands are no longer present at SAAN, very little is known about what 

their exact composition and extent would have been. The current restoration efforts provide an 

excellent opportunity to study the process and the restored grasslands. For example, park staff and 

researchers could learn which species thrive and which struggle at the selected sites, and which non-

native species or other stressors (e.g., drought) are the greatest threat to the restoration. Insight could 

also be gained regarding how the restoration impacts other park resources, such as neighboring 

vegetation communities and wildlife. Any lessons learned could be applied to future restoration 

efforts at the park or in the region. 

As mentioned in the previous chapter, the GULN is developing a vegetation monitoring protocol that 

will begin gathering data by 2016 (Woodman, written communication, December 2014). This 

sampling will provide information on plant community composition and coverage. 
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Overall Condition 

Community Extent 

The project team assigned this measure a Significance Level of 2. At this time, no intact native 

grassland communities exist at SAAN. Native grasslands are the only Spanish colonial period 

landscape currently missing from the park, although staff are in the process of restoring 8.9 ha (22 

ac) at two separate sites (Mitchell 2013). Since native grasslands are not present at SAAN, the 

Condition Level for this measure is a 3, indicating high concern. 

Community Composition 

The community composition measure was assigned a Significance Level of 3. Since native grasslands 

do not occur at SAAN, their composition cannot be studied. Therefore, this measure is not applicable 

at this time and no Condition Level is assigned. However, a plant inventory by Carr (2003a, b) 

confirmed that many native grassland species still occur, intermixed with non-native species in the 

parkôs old fields. 

Percent Coverage of Native Species 

This measure was assigned a Significance Level of 3. Given that the parkôs prairie restoration areas 

are not yet established and no information is available on the coverage of native species in existing 

old fields, a Condition Level could not be assigned for this measure. 

Weighted Condition Score 

A Weighted Condition Score was not calculated for native grasslands, since two of the three 

measures could not be assessed at this time. This is due to the fact that no intact native grassland 

communities currently exist at SAAN. 

Native Grasslands 

Measures 
Significance 

Level 
Condition 

Level WCS = N/A 

Community Extent 2 3 

 
 

Community 
Composition 

3 n/a 

Percent Coverage of 
Native Species 

3  n/a  

 

4.2.6 Sources of Expertise 

Greg Mitchell, SAAN Natural Resources Program Manager 

Robert Woodman, GULN Ecologist 
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4.3 Upland Shrublands/Woodlands 

4.3.1 Description 

The upland shrublands and woodlands at SAAN are mid-successional communities, occurring 

primarily on former grasslands that will eventually transition to forests in the absence of disturbance 

(Carr 2003a, b, Cogan 2007). The conversion of grasslands to shrublands was aided by ranching 

during and after the Missions period; overgrazing and fire suppression allowed woody species to 

invade native grasslands throughout Texas (Van Auken and Bush 1984, OCULUS 1998). Shrublands 

and woodlands are now common in the abandoned labores (old fields) and on uplands bordering the 

San Antonio River valley (Cogan 2007). Typical species in these communities include huisache 

(Acacia farnesiana), honey mesquite, Texan hogplum, Brazilian bluewood, and hackberries (Celtis 

spp.) (Photo 6; Carr 2003a, Cogan 2007). While the ground layer can be sparse in dense stands, more 

open areas support herbaceous ground cover. Some stands retain the native grasses and forbs that 

occurred previously in the original grasslands, but others are dominated by invasive non- native 

species (Carr 2003a).  

 

Photo 6. Upland woodland at SAANôs Rancho de las Cabras Unit (photo by Shannon Amberg, SMUMN 
GSS 2013). 

4.3.2 Measures 

¶ Community extent 

¶ Community composition 

¶ Percent coverage of native species 

4.3.3 Reference Conditions/Values 

The ideal reference condition for this component would be the condition of upland shrublands and 

woodlands during the Mission period. However, given the significant changes in land cover and land 
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use since that time (e.g., city expansion and development), this may no longer be attainable. In 

addition, very little historical information is available regarding shrublands and woodlands in the 

SAAN area. The information presented in this NRCA could be used as a baseline for future 

assessments. 

4.3.4 Data and Methods 

Carr (2003a, b) conducted botanical inventories at both the Missions and Rancho Units from 2001-

2002. Nine transects were sampled in upland woodland habitats within the Missions Unit, and one 

transect was sampled in each of the two upland habitats (upland woodland and upper-slope 

shrubland) at the Rancho Unit. Cogan (2007) produced a vegetation classification system and map 

for SAAN based on field work conducted from 2005-2006. Classification methods and categories 

followed the National Vegetation Classification Standard (NVCS).  

4.3.5 Current Condition and Trend 

Community Extent 

As of 2005-06, upland shrubland and woodland communities covered 89.1 ha (220.2 ac) within park 

boundaries (Table 13; Cogan 2007). The majority of these communities (71.6 ha) are in the Missions 

Unit. The most common shrubland/woodland type is the Huisache - (Honey Mesquite) Woodland, 

comprising a total of 55.7 ha (137.6 ac), almost entirely within the Missions Unit (Cogan 2007). The 

most common woodland type at the Rancho Unit is dominated by honey mesquite (Table 13). Privet 

shrubland stands, characterized by the exotic species Japanese privet, were present only in the 

Missions Unit (Cogan 2007). The locations of shrublands and woodlands within the park are shown 

in Figure 19 and Figure 20 (Missions Unit), and Figure 21 (Rancho Unit). In recent years, some of 

these shrublands have been cleared as part of grassland and labores restoration efforts (Woodman, 

written communication, February 2015). 

Table 13. Extent of upland shrubland and woodland communities (in hectares) within park boundaries 
and within Coganôs (2007) study area. 

Woodland/Shrubland Type 

Extent (ha) 

Missions Rancho 
Cogan (2007) 

Study Area 

Chaparro-Prieto Shrubland 1.4 5.3 144.2 

Honey Mesquite - Granjeno/Prickly-pear 
Species - South Texas Ericameria Woodland 

10.0 11.7 153.8 

Huisache - (Honey Mesquite) Woodland 55.2 0.5 342.1 

Privet Shrubland Stand 5.0 0 23.6 

Totals 71.6 17.5 663.7 
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Figure 19. Extent of upland shrublands and woodlands in the northwest portion of the Missions Unit (data 
from Cogan 2007). 
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Figure 20. Extent of upland shrublands and woodlands in the southeast portion of the Missions Unit (data 
from Cogan 2007). 



 

67 

 

 

Figure 21. Extent of upland shrublands and woodlands in the Rancho Unit (data from Cogan 2007). 

Community Composition 

Carr (2003a, b) conducted botanical inventories at both SAAN units and tracked species occurrence 

by macrohabitat (i.e., vegetation community). Within the Missions Unit, there was just one upland 

woodland macrohabitat, while at Rancho there were two - upland woodlands and upper-slope 

shrubland. The full species list for these communities can be found in Appendix D. A total of 282 

plant species were documented within the parkôs upland shrublands and woodlands, including 30 

non-native species. The upland woodlands within the Missions Unit supported 151 plant species, 26 

of which were non-native (Carr 2003b). The Ranchoôs upland woodlands and upper-slope shrublands 

contained 133 and 156 species, respectively. Twelve of the plant species in the Ranchoôs upper 

woodlands were non-native, while only six non-native species were observed in the upper-slope 

shrublands (Carr 2003a). Native species documented in all three macrohabitats are presented in Table 

14. 
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Table 10. Native plant species found in all three of Carrôs (2003a, b) upland woodland and shrubland 
macrohabitats. 

Shrubs and Vines Grasses and Forbs 

Scientific name Common name Scientific name Common name 

Gutierrezia texana Texas snakeweed Amblyolepis setigera huisache daisy 

Berberis trifoliolata algerita; agarito Ambrosia psilostachya western ragweed 

Opuntia engelmannii var. 
lindheimeri 

Texas pricklypear Aphanostephus 
ramosissimus 

plains dozedaisy or lazy 
daisy 

Diospyros texana Texas persimmon Symphyotrichum ericoides heath aster 

Eysenhardtia texana Texas kidneywood Calyptocarpus vialis straggler daisy 

Passiflora tenuiloba birdwing passionflower Cirsium texanum Texas thistle 

Clematis drummondii Drummondôs clematis Fleischmannia incarnata pink thoroughwort 

Colubrina texensis  Texan hogplum Helianthus annuus common sunflower 

Condalia hookeri var. 
hookeri 

Brazilian bluewood Croton monanthogynus prairie tea, oneseeded 
croton 

Celtis ehrenbergiana spiny hackberry Desmanthus virgatus  wild tantan 

Celtis laevigata var. 
reticulata 

netleaf hackberry Oxalis dillenii slender yellow woodsorrel 

Phoradendron tomentosum Christmas mistletoe Bothriochloa laguroides 
ssp. torreyana 

silver beardgrass 

Limnodea arkansana Ozarkgrass 

Nassella leucotricha Texas wintergrass 

Setaria leucopila streambed or plains 
bristlegrass 

Sporobolus cryptandrus sand dropseed 

Tridens texanus Texas tridens or fluffgrass 

Castilleja indivisa entireleaf Indian 
paintbrush 

Plantago rhodosperma redseed plantain 

 

Cogan (2007) included lists of species that were associated with each upland shrubland and 

woodland community type. 

Honey Mesquite - Granjeno / Prickly-pear species - South Texas Ericameria Woodland 

The canopy in these woodlands is dominated by honey mesquite (10-15 m [32.8-49.2 ft] high), with 

cover ranging from 30-50% (Cogan 2007, Table 11). A sparse shrub layer includes hackberry (Celtis 
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pallida), Texan hog plum, and sugarberry saplings. The ground layer, dominated by Texas 

wintergrass and weedy or shade tolerant forbs, typically provides 50-70% cover (Cogan 2007).   

Table 11. Species occurring in the Honey Mesquite - Granjeno / Prickly-pear species - South Texas 
Ericameria Woodland (Cogan 2007). 

Type Scientific Name Common Name 

Tree Prosopis glandulosa honey mesquite 

Shrub Celtis laevigata sugarberry 

 

Celtis pallida desert hackberry 

 

Colubrina texensis Texan hog plum 

 

Condalia hookeri Brazilian bluewood 

 

Diospyros texana Texas persimmon 

 

Opuntia leptocaulis Christmas cactus 

Herb Croton monanthogynus prairie tea 

 

Gutierrezia texana Texas snakeweed 

 

Justicia pilosella 
(Siphonoglossa pilosella) Greggôs  tubetongue 

 

Verbesina virginica white crownbeard 

 

Nassella leucotricha Texas wintergrass 

Invasive Cynodon dactylon bermudagrass 

 

Chapparo-Prieto Shrubland 

The canopy in this shrubland is only 2-3 m (6.6-9.8 ft) high, with 30-60% cover (Cogan 2007). The 

dominant vegetation is a mix of blackbrush acacia, Texas persimmon, Brazilian bluewood, and 

honey mesquite (Table 12). The ground layer, with 60-70% cover, consists primarily of the native 

grasses purple three-awn and Texas wintergrass (Cogan 2007). 

Table 12. Species occurring in the Chapparo-Prieto Shrubland (Cogan 2007). 

Type Scientific Name Common Name 

Shrub Acacia rigidula blackbrush acacia 

Celtis laevigata sugarberry 

Celtis pallida desert hackberry 

Colubrina texensis Texan hog plum 

Condalia hookeri Brazilian bluewood 

Diospyros texana Texas persimmon 



 

70 

 

Table (continued). Species occurring in the Chapparo-Prieto Shrubland (Cogan 2007). 

Type Scientific Name Common Name 

Shrub 
(cont.) 

Eysenhardtia texana Texas kidneywood 

Guaiacum angustifolium Texas lignum-vitae 

Berberis trifoliolata algerita, agarito 

Opuntia leptocaulis Christmas cactus 

Prosopis glandulosa honey mesquite 

Ptelea trifoliata common hoptree 

Sideroxylon lanuginosum gum bully 

Yucca constricta Buckleyôs yucca 

Herb 

  

Wedelia acapulcensis var. 
hispida 

hairy wedelia 

Aristida purpurea purple three-awn 

Carex planostachys cedar sedge 

Nassella leucotricha Texas wintergrass 

 

Huisache-(Honey Mesquite) Woodland 

The canopy in these woodlands ranges from 10-60% cover and 5-15 m (16.4-49.2 ft) in height 

(Cogan 2007). The dominant vegetation is typically dominated by huisache, honey mesquite, or a 

mix of the two (Table 13). Shrub layer density is highly variable, but common species include 

hackberry, Brazilian bluewood, Texas persimmon, agarito (Berberis trifoliolata), and sugarberry 

saplings. Ground cover is also highly variable, ranging from 10-80%, depending on shading from the 

canopy. Native grasses such as purple three-awn and Texas wintergrass may dominate, but the non-

native spreading hedgeparsley is common where grasses are absent (Cogan 2007). 

Table 13. Species occurring in the Huisache-(Honey Mesquite) Woodland (Cogan 2007). 

Type Scientific Name Common Name 

Tree Acacia farnesiana  huisache; sweet acacia 

 

Prosopis glandulosa honey mesquite 

 

Celtis laevigata Sugarberry 

Shrub Celtis pallida desert hackberry 

 

Condalia hookeri Brazilian bluewood 

 

Diospyros texana Texas persimmon 

 

Berberis trifoliolata agarito, algerita 
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Table 17 (continued). Species occurring in the Huisache-(Honey Mesquite) Woodland (Cogan 2007). 

Type Scientific Name Common Name 

Herb Ambrosia trifida great ragweed 

 

Calyptocarpus vialis straggler daisy 

 

Clematis drummondii Drummond's clematis 

 

Viguiera dentata toothleaf goldeneye 

 

Aristida purpurea purple three-awn 

 

Nassella leucotricha Texas wintergrass 

Invasive Ligustrum japonicum Japanese privet 

 

Melia azedarach Chinaberrytree 

 

Torilis arvensis spreading hedgeparsley 

 

Percent Coverage of Native Species 

The percent cover of native species, especially in comparison to cover of exotic species, can provide 

an indication of how similar current shrublands and woodlands are to the historic communities that 

were present during the Missions period, prior to most exotic species invasions. No information is 

available regarding the percent coverage of native species in SAANôs upland shrublands and 

woodlands. However, the parkôs exotic plant control program has been working to clear non-native 

plants from the park since 2000 (Mitchell, written communication, February 2015), which has likely 

increased the percent coverage of native species. 

Threats and Stressor Factors 

Threats to the upland woodlands and shrublands include non-native species, adjacent land use 

practices (particularly introduction of ornamental species), drought, and climate change. Many of 

these threats are exacerbated by the fragmented and isolated nature of the park units (Woodman, 

written communication, February 2015). More than 150 non-native plant species have been 

confirmed within the park (NPS 2010; Appendix A), 30 of which were documented in upland 

woodlands and shrublands by Carr (2003a, b). The highly invasive Japanese privet had become 

dominant in some of the parkôs shrublands, but management efforts over the past decade have 

reduced its extent within the park (Mitchell, written communication, 3 February 2015). Growing 

development on adjacent lands can increase the risk of non-native plant introduction through the 

escape of ornamental species (Cogan 2007). Feral hogs, which are a non-native faunal species, are 

also a threat to the parkôs shrublands. 

Over the past several years, much of Texas has been experiencing moderate to severe drought 

conditions (USDM 2015). Climate change models predict warmer temperatures and likely drier 

conditions for Texas in the future (TWDB 2008, Foster 2011), which could increase the frequency 

and duration of droughts. Extreme drought can cause plant mortality and reduced seedling survival in 
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shrublands and woodlands (Swetnam and Betancourt 1998). Less severe droughts could still 

influence plant community composition, favoring species that are more tolerant of dry conditions. 

Data Needs/Gaps 

Due partly to the fact that shrublands and woodlands are often mid-successional communities, 

information on these habitats in the park is limited. The most recent survey of vegetation community 

extent at SAAN was in 2005-2006 (Cogan 2007). An update would help determine if shrublands 

have expanded since this time. Community composition has also not been thoroughly studied since 

Carr (2003a, b), which focused only on species occurrence and did not document percent 

composition of the various plant species. In addition, the percent coverage of native species (as 

opposed to introduced species) has not been studied. The GULN is developing a vegetation 

monitoring protocol that will begin gathering data on plant community composition and coverage by 

2016 (Woodman, written communication, December 2014).  

In 2016, Ladybird Johnson Wildflower Center staff will be surveying and mapping exotic plant 

species in the park (Mitchell, email communication, 7 May 2015). This information will be useful in 

future assessments, particularly in updating the extent of privet shrubland stands within SAAN. 

Overall Condition 

Community Extent 

The project team assigned this measure a Significance Level of 2. Shrublands and woodlands are 

almost certainly more widespread today than they were during the Missions period (Van Auken and 

Bush 1984). This is partly natural succession from grasslands, but the process has been aided by 

overgrazing and fire suppression. Since this community is currently more extensive within SAAN 

than it was historically, this measure is of no concern (Condition Level = 0). 

Community Composition 

The community composition measure was assigned a Significance Level of 3. Carr (2003a, b) 

documented over 280 plant species in SAANôs upland woodlands and shrublands, with nearly 90% 

of these species being native. The composition of these communities is currently of low concern 

(Condition Level = 1). 

Percent Coverage of Native Species 

This measure was assigned a Significance Level of 3. No information is available regarding the 

percent coverage of native species within SAANôs upland shrublands and woodlands. Therefore, a 

Condition Level could not be assigned for this measure. 

Weighted Condition Score 

The Weighted Condition Score for upland shrublands and woodlands in SAAN is 0.13, indicating 

good condition. Since vegetation community extent has not been updated since 2006 and community 

composition was last studied in depth over a decade ago, a trend could not be determined.  
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Upland Shrublands/Woodlands 

Measures 
Significance 

Level 
Condition 

Level WCS = 0.13 

Community Extent 3 0 

 
 

Community 
Composition 

2 1 

Percent Coverage of 
Native Species 

3 n/a 
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4.4 Reptiles 

4.4.1 Description 

Reptiles are sensitive to changes in their 

habitats such as pollution and warmer, drier 

climates (EPA 2012), and are considered 

biological indicators of ecosystem health; 

because of this, reptiles have been selected as a 

Vital Sign by the GULN (Segura et al. 2007). 

Reptiles are an important part of the 

ecosystemôs food chain because some species 

serve as both predators and prey. Reptiles can 

also help control pest populations by 

consuming rodents and insects (ESI 2011).  

SAAN provides habitat for a number of reptiles, including snakes, lizards, turtles, and tortoises. 

Snakes are the most diverse reptile group in SAAN, with 21 species documented in the park (Photo 

7; NPS 2014). Twelve turtle species and 10 lizard species have also been documented in SAAN 

(Appendix E). Two threatened and endangered (T&E) species have been documented in SAAN: the 

Texas tortoise (Gopherus berlandieri) and the Texas horned lizard (Phrynosoma cornutum) are listed 

as threatened in the state of Texas (Appendix E). These two species are thought to be present in the 

park; however, the Texas tortoise has not been seen at SAAN since 2007, and there are no confirmed 

observations of Texas horned lizard within the park (Duran 2004, Dittmer and Fitzgerald 2011).The 

Cagleôs map turtle (Graptemys caglei) is another T&E species native to SAAN, but it has likely been 

extirpated from the park (Duran 2004). The Cagle map turtle is also listed as threatened in the state of 

Texas. 

4.4.2 Measures 

¶ Species richness 

¶ Relative abundance 

¶ Reproductive success 

4.4.3 Reference Conditions/Values 

A specific reference condition for reptiles was not identified for SAAN; however, Strecker (1915) 

may provide a reference for the San Antonio area. Strecker catalogues herptiles in Texas during the 

early 20th century. Strecker (1915) documented 19 reptile species in or near San Antonio, and 

included nine snakes, five turtles, and five lizards. It should also be noted that this study covered a 

larger area than SAAN, and not all species may have occurred in the park. Appendix E displays the 

reptile species that were documented in the general San Antonio area. 

4.4.4 Data and Methods 

Duran (2004) conducted an inventory of the reptiles and amphibians in SAAN from 2002 to 2003. 

Duran (2004) sampled six sites in SAAN, with major sampling efforts focusing on the upland 

Photo 7. Texas brown snake (Storeria dekayi 
texana) in SAAN in 2003 (photo from Duran 2004). 
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woodlands, grassland/old fields, riparian woodlands, and grassland/riparian areas, which are 

displayed in Figure 22. Trapping methods used in Duran (2004) included drift-fence arrays and 

coverboards, while observation methods included visual and auditory surveys. All observations were 

spatially documented using GPS units. Sampling efforts occurred over a short period of time and 

cannot be considered as comprehensive distributional surveys. 

Dittmer and Fitzgerald (2011) surveyed the Missions and Rancho de las Cabras Units for Texas 

tortoise and Texas horned lizard. Surveys were conducted on the weekends (Friday ï Saturday) in 

May, June, and October of 2010 as well as May and June of 2011. Survey methods included tortoise 

blitz (an area-defined visual search), coverboard arrays, and PVC pipe traps. Visual encounter 

surveys were also conducted.  

 

Figure 22. Major herptile sampling sites in SAAN at the Missions Unit (left) and Rancho de las Cabras 
Unit (right) (Duran 2004). 

Woodman (2013) summarized reptile observation data collected in the two units (Missions, Rancho 

de las Cabras) of SAAN for the 2012 monitoring year. Sampling occurred at monthly intervals for 

the study period. The two sampling methods used were terrestrial cover board and arboreal PVC-

pipes. There were six coverboard arrays (10 panels each) placed in the Missions Unit; all of the 

arrays were placed in wooded areas along the banks of the San Antonio River. Four cover board 

arrays were placed in the Rancho de las Cabras Unit (Photo 8). Those arrays were placed in the 

upland old fields and upper wooded bank habitat. 
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Photo 8. Cover board used in the Rancho de las Cabras Unit of SAAN (Photo by Shannon Amberg, 
SMUMN GSS 2013). 

4.4.5 Current Condition and Trend 

Species Richness 

Duran (2004) observed 24 reptile species (13 snakes, six lizards, and five turtles) during the 2003 

inventory in SAAN; however, 34 total species were documented with the aid of vouchers and 

literature sources. The species richness was above the assigned reference condition. Appendix E 

displays the list of reptiles that were directly observed during the inventory as well as having 

historically occurred in the park according to Duran (2004). 

Dittmer and Fitzgerald (2011) documented five reptile species in SAAN (Missions and Rancho 

Units) between May and June of 2010 and 2011. No reptiles were found using the PVC pipe traps; 

the reptiles found under cover boards included three lizard species and two snake species; the 

Mediterranean gecko (Hemidactylus turcicus) was the only non-native species found. The snake 

species observed were the mountain patch-nose snake (Salvadora grahamiae) and a garter snake 

species (Thamnophis sp.). It should be noted that the species richness in this survey was very low 

compared to the reference condition. 

Woodman (2013) documented 15 reptile species in SAAN during the 2012 monitoring year. Eight 

and 10 species were represented at the Missions sites and the Rancho de las Cabras Unit, respectively 

(Appendix E). The species richness in this survey was low compared to the reference condition. 

The NPS Certified Species List (NPS 2014) documented 34 reptiles in SAAN. Twenty-eight species 

are listed as present in the park, five species recorded as probably present, and one with historic 
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presence but currently not in the park (Cagleôs map turtle). The Mediterranean gecko was the only 

nonnative species recorded. Appendix E displays all reptile species recorded in SAAN as of 2014. 

Figure 23 displays the species richness from each study addressed in this analysis. 

 

Figure 23. Species richness of reptiles in SAAN (data from Strecker 1915, Gallyoun et al. 2002, Gallyoun 
et al. 2003, Duran 2004, Dittmer and Fitzgerald 2010, Woodman 2013, NPS 2014). The reference 
condition (Strecker 1915) is the red bar on the far left.  

Relative Abundance 

Duran (2004) observed 24 reptile species during a 2003 inventory in SAAN. The total number of 

observations was recorded for each species documented, showing that some reptiles were more 

commonly observed than others. During Duranôs (2004) inventory, the most commonly observed 

species in SAAN were the Texas spiny lizard (Sceloporus olivaceus), ground skink (Scincella 

lateralis), Guadalupe spiny softshell turtle (Apalone spinifera guadalupensis), western diamondback 

rattlesnake (Crotalus atrox), and Mediterranean gecko (Table 18). The Texas tortoise was observed 

four times, while the Texas horned lizard was not observed during the inventory. The Cagle map 

turtle was mentioned in the inventory as being historically present, but it is considered extirpated in 

the area. Some of the species rarely seen during Duran (2004) were the desert king snake 

(Lampropeltis getula splendida), rose-bellied lizard (Sceloporus variabilis marmoratus), Texas 

brown snake (Storeria dekayi texana), and Texas long-nosed snake (Rhinocheilus lecontei 

tessellatus). Table 18 displays the number of observations of all reptile species documented during 

Duranôs (2004) herpetofauna inventory of SAAN. However, it is important to note that reptile survey 

results may be influenced by sampling methods (e.g., drift fences, coverboards, pitfall traps) and 

timing. Certain reptiles may be too large to fit under coverboards or may simply avoid them for 

unknown reasons. Some reptile species are seasonal and can only be found in the park at certain 

times of the year (Woodman, written communication, January 2013) while other species may be 

present in the park if adequate rains keep standing water in nearby streams (Duran 2004).  
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Table 18. Reptile species that were observed by Duran (2004) during the 2003 inventory of SAAN. 

Scientific Name Common Name 
Number of 

Observations 

Anolis carolinensis green anole 8 

Apalone spinifera guadalupensis Guadalupe spiny softshell 10 

Chelydra serpentina common snapping turtle 6 

Cnemidophorus gularis gularis Texas spotted whiptail 3 

Crotalus atrox western diamondback rattlesnake 10 

Elaphe guttata emoryi Great Plains rat snake 6 

Elaphe obsoleta Texas rat snake 5 

Gopherus berlandieri Texas tortoise  4 

Hemidactylus turcicus Mediterranean gecko 10 

Lampropeltis getula splendida desert king snake 1 

Leptotyphlops dulcis dulcis plains blind snake 8 

Masticophis flagellum testaceus western coachwhip 5 

Masticophis schotti schotti Schottôs whipsnake 5 

Nerodia rhombifer diamondback water snake 4 

Pseudemys texana Texas river cooter 4 

Rhinocheilus lecontei tessellatus Texas long-nosed snake 1 

Salvadora grahamiae lineata Texas patch-nosed snake 3 

Sceloporus variabilis marmoratus rose-bellied lizard 1 

Sceloporus olivaceus Texas spiny lizard 17 

Scincella lateralis ground skink 11 

Storeria dekayi texana Texas brown snake 1 

Thamnophis marcianus 
marcianus 

checkered garter snake 3 

Trachemys scripta elegans red-eared slider 7 

Virginia striatula rough earth snake 5 

 

Dittmer and Fitzgerald (2011) documented relative abundance of five reptiles in SAAN (Table 19). 

The Texas spotted whiptail and a garter snake species were each only captured once. The mountain 

patch-nose snake and ground skink were captured two and five times, respectively. The 

Mediterranean gecko was the most common species captured during the survey with 14 recorded 

captures.  
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Table 19. Relative abundance of reptile species captured with coverboard method (Dittmer and Fitzgerald 
2011). 

Scientific Name Common Name 

Number of  
Coverboard  

Captures 

Cnemidopherus gularis  Texas spotted whiptail 1 

Hemidactylus turcicus  Mediterranean gecko 14 

Salvadora grahamiae mountain patch-nosed snake 2 

Scincella lateralis  ground skink 5 

Thamnophis sp.  garter snake sp. 1 

 

Woodman (2013) recorded relative abundance for 15 reptiles in SAAN between 2011 and 2012. The 

ground skink had the highest relative abundance being observed 16 times in the Missions unit and 12 

times in the Rancho del las Cabras unit. Mediterranean geckos were common (16 observations) in the 

Missions unit, but the geckos were only observed once in the Rancho de las Cabras unit. Reptiles 

with low relative abundance (one observation per species) included plains blind snake (Leptotyphlops 

dulcis dulcis), coachwhip (Masticophis flagellum testaceus), Texas coral snake (Micrurus tener), 

Texas river cooter (Pseudemys texana), blotched water snake (Nerodia erythrogaster transversa), 

Texas spiny lizard, and rough earth snake (Virginia striatula). Table 20 displays the relative 

abundance of reptile species observed at the Missions Unit and Rancho de las Cabras Unit in SAAN 

between 2011 and 2012. 

Table 20. Relative abundance of reptile species observed at the Missions Unit and Rancho de las Cabras 
Unit in SAAN between 2011 and 2012 (Woodman 2013). 

Scientific Name Common Name 
Missions  

Unit 
Rancho de las 

Cabras Unit 

Anolis carolinensis green anole  4  

Cnemidophorus gularis gularis Texas spotted whiptail  2 

Elaphe guttata emoryi great plains rat snake  4 

Hemidactylus turcicus Mediterranean Gecko 16 1 

Leptotyphlops dulcis dulcis plains blind snake  1 

Masticophis flagellum coachwhip  1 

Masticophis schotti schotti Schott's whipsnake 2 1 

Micrurus tener Texas coral snake 1  

Nerodia erythrogaster transversa blotched water snake 1  

Pseudemys texana Texas river cooter 1  

Salvadora grahamiae lineata Texas patch-nose snake  5 
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Table 20 (continued). Relative abundance of reptile species observed at the Missions Unit and Rancho 
de las Cabras Unit in SAAN between 2011 and 2012 (Woodman 2013). 

Scientific Name Common Name 
Missions 

Unit 
Rancho de las 

Cabras Unit 

Sceloporus olivaceus Texas spiny lizard 1  

Sceloporus variabilis marmoratus rose-bellied lizard  5 

Scincella lateralis ground skink 16 12 

Virginia striatula rough earth snake  1 

 

NPS (2014) reported relative abundance for 27 reptile species in SAAN. The red-eared slider 

(Trachemys scripta elegans) and Texas river cooter were the two species identified as abundant in 

the park. Fourteen reptile species were documented as common in the park. Nine reptiles were 

classified as uncommon in the park, and the one nonnative species was recorded as being rare. Table 

21 displays the reptile species with reported relative abundance in SAAN. 

Table 21. Reptile species with relative abundance in SAAN (NPS 2014). 

Scientific Name Common Names Relative Abundance 

Anolis carolinensis green anole Common 

Apalone spinifera spiny softshell turtle Common 

Chelydra serpentina common snapping turtle Common 

Cnemidophorus gularis gularis Texas spotted whiptail Uncommon 

Crotalus atrox western diamondback rattlesnake Common 

Gopherus berlandieri Texas tortoise Uncommon 

Hemidactylus turcicus Mediterranean gecko Rare 

Kinosternon flavescens yellow mud turtle Unknown 

Leptotyphlops dulcis dulcis plains blind snake Common 

Masticophis flagellum testaceus western coachwhip Common 

Masticophis schotti schotti Schott's whipsnake Common 

Micrurus tener Texas coral snake Uncommon 

Nerodia erythrogaster transversa blotched water snake Uncommon 

Nerodia rhombifer diamondback water snake Common 

Opheodrys aestivus rough green snake Uncommon 

Pseudemys texana Texas river cooter Abundant 
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Table 21 (continued). Reptile species with relative abundance in SAAN (NPS 2014). 

Scientific Name Common Names Relative Abundance 

Rhinocheilus lecontei tessellatus Texas long-nosed snake Uncommon 

Salvadora grahamiae lineata Texas patch-nosed snake Common 

Sceloporus olivaceus Texas spiny lizard Common 

Sceloporus variabilis marmoratus rose-bellied lizard Uncommon 

Scincella lateralis ground skink Common 

Sonora semiannulata ground snake Uncommon 

Sternotherus odoratus common musk turtle Common 

Storeria dekayi texana Texas brown snake Uncommon 

Thamnophis marcianus marcianus checkered garter snake Common 

Trachemys scripta elegans red-eared slider Abundant 

Virginia striatula rough earth snake Uncommon 

 

Reproductive Success 

At the time of publication, there are no data regarding reptile reproductive success in SAAN. 

Continuation of the GULN annual surveys and monitoring programs may allow this measure to be 

assessed in the future. 

Threats and Stressor Factors 

SAAN staff identified many threats to the reptile population of the park. Some of these threats 

include non-native species, habitat loss and fragmentation, and drought.  

Non-native species 

Non-native species are a threat to native reptile species in SAAN. Feral hogs have been known to 

negatively affect native wildlife through habitat loss and depredation. Feral hogs cause habitat loss 

by foraging on native vegetation (Jolley et al. 2010), and have been observed turning over rocks and 

logs and generally disturbing vegetative terrain used by reptiles (Dittmer and Fitzgerald 2011). 

According to Dittmer and Fitzgerald (2011), the Missions and Rancho de las Cabras Units showed 

signs of heavy use by feral hogs.  

Red fire ants (Solenopsis invicta) are another non-native species that are a direct and indirect threat to 

reptiles in the park. Fire ants act as predators and competition for reptiles, and have been known to 

prey on eggs and hatchlings, as well as invertebrates that are a key staple of the Texas horned lizardôs 

diet (Allen et al. 1994). According to Dittmer and Fitzgerald (2011), fire ants were found in 

abundance under coverboards set out to trap the Texas horned lizard in the park. 
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Habitat Loss / Fragmentation 

Habitat loss can be a major stressor to reptiles. Habitat is lost or fragmented when native vegetation 

is cleared for aesthetics, new housing, roadways, and farms. Increased highway traffic has also 

caused mortality to reptiles crossing roads (Thode 1999). Fragmentation and removal of habitat, in 

and around the park, have been caused by landscaping (mowing), land development and conversion. 

Approximately 73 ha (180 ac) of the Missions Unit is actively mowed (Dittmer and Fitzgerald 2011; 

Mitchell, written communication, 16 September 2014), which causes loss of habitat and a direct 

threat to reptiles traveling through mowed areas. During the Duran (2004) inventory, a Texas coral 

snake was struck and killed by a mower. Another factor influencing habitat loss is urbanization. 

According to Duran (2004), urbanization has probably contributed to the elimination of reptile 

species that were historically present in the park. 

Drought/Climate Change 

Texas has experienced moderate to severe drought conditions that are likely a result of global climate 

change (GCC) (Figure 24). GCC will likely compound the negative effects of habitat fragmentation 

through drought. Drought decreases wetland and other ephemeral inundations, which can further 

increase the distance between aquatic habitats (Walls et al. 2013). Lizards, snakes, and reptiles are all 

affected by climate change; however, each species has varying degrees of vulnerability (Olson and 

Saenz 2013). GCC induced droughts have the greatest negative affect on turtles because of their 

dependency on aquatic environments. Turtle reproductive success may also be of concern because 

they have temperature-sensitive sex determination. If temperatures continue to increase, turtles could 

produce nests of only female offspring (Olson and Saenz 2013). Lizards also rely on temperature for 

reproductive success. Lizard reproduction occurs over a narrow period of time in the spring and 

summer when temperatures are suitable with moist conditions. A warmer, drier climate may cause 

seasons with reproductive failure (Olson and Saenz 2013). Snakes are also affected by warming 

temperatures. As a result of warmer nightly temperatures, GCC has caused changes in snake species 

niches resulting in smaller ranges for some species (rattlesnake spp.) but also increased activity for 

others (rat snake spp.) (Olson and Saenz 2013). 
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Figure 24. Texas is experiencing varying degrees of drought; Bexar county is circled in blue (USDM 
2014). 

Data Needs/Gaps 

No information is available that characterizes reptile reproductive success in SAAN. Duran (2004) 

documented baseline information such as annotated checklists of reptiles and locations of reptiles 

found during the inventory. However, this inventory occurred over a short period in time and is 

nearly a decade old. Dittmer and Fitzgerald (2011) and Woodman (2013) documented more current 

data on species richness and relative abundance, but the data were also collected over a short period 

of time. Monitoring should continue and will be helpful to park managers in the future.  

Overall Condition 

Species Richness 

The project team defined the Significance Level for species richness as a 3. Species richness is 

relatively high in SAAN, representing several different taxa. Only one nonnative species, the 

Mediterranean gecko, was observed in SAAN during the surveys cited in this assessment. There were 

two studies (Dittmer and Fitzgerald 2011, Woodman 2013) that documented species richness below 

the reference condition. NPS (2014), however, documented species richness above the reference 
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condition. As a result, the Condition Level of species richness is a 1, representing a low level of 

concern. 

Relative Abundance 

The project team defined the Significance Level for relative abundance as a 3. Relative abundance is 

moderate in SAAN. Duran (2004) documented that some reptiles were more commonly observed 

than others. The most commonly observed species in SAAN were the Texas spiny lizard, ground 

skink, and Guadalupe spiny softshell turtle, western diamondback rattlesnake, and Mediterranean 

gecko; these species were observed 17, 11, 10, 10, 10 times, respectively. Woodman (2013) recorded 

28 ground skinks and 17 Mediterranean geckos during the study. The other species were recorded 

less than or equal to five times each. The Condition Level of relative abundance is a 1, representing a 

low level of concern. 

Reproductive Success 

The project team defined the Significance Level for reproductive success as a 3. There are no current 

available data characterizing the reproductive success of reptiles in SAAN. Therefore, it is not 

possible to assign a Condition Level for this measure. 

Weighted Condition Score (WCS) 

The Weighted Condition Score for reptiles in SAAN is 0.22, indicating a low level of concern for this 

resource. After assessing the available data, there appears to be a stable trend in the park. 

Reptiles 

Measures 
Significance 

Level 
Condition 

Level WCS = 0.22 

Species Richness 3 1 

 
 

Relative Abundance 3 1 

Reproductive 
Success 

3 n/a 
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4.5 Amphibians 

4.5.1 Description 

Amphibians are considered a high priority Vital Sign within all GULN units and are important 

species at SAAN as they are potential indicators of subtle ecological changes (Segura et al. 2007). 

Amphibians are highly sensitive to human impacts such as habitat disturbances, fragmentation, and 

pollutants; they are also of special interest due to their current decline on a global scale (Woodman 

2013).  

The aquatic and riparian habitats that exist in SAAN provide suitable habitat for amphibian species 

assemblages that have persevered despite considerable fragmentation due to urban development 

around San Antonio (NPS 2010). Currently, there are nine confirmed amphibian species that occur in 

SAAN; this includes three toads and six frogs (NPS 2014). The Great Plains narrowmouth toad 

(Gastrophryne olivacea), the Blanchardôs cricket frog (Acris crepitans blanchardi), and the non-

native Rio Grande chirping frog (Eleutherodactylus cystignathoides campi) are pictured in Photo 9. 

 

Photo 9. Three amphibian species present in SAAN are shown from left to right; Rio Grande chirping 
frog, Great Plains narrowmouth toad, and the Blanchardôs cricket frog (photo by Duran 2004). 

4.5.2 Measures 

¶ Species richness 

¶ Relative abundance 

¶ Reproductive success 

4.5.3 Reference Conditions/Values 

The ideal reference condition for this component would be the condition of amphibian populations 

during the Mission period; however, there is no information on amphibians from this time. Strecker 

(1915) catalogued herptiles in Texas during the early 20th century, and is likely the oldest available 

data on the amphibian community of the San Antonio area. Species found in the vicinity of where the 

park units are currently located are presented in Table 22. This list, which includes species that 

currently inhabit SAAN as well as some that are no longer present within the park, can be used as a 

reference condition for species richness. Reference conditions have not been determined for relative 

abundance or reproductive success.
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Table 22. List of amphibian species catalogued by Strecker (1915) in the San Antonio area. Locations are 
shown in Figure 24. 

Scientific Name Common Names Observation Location 

Rana catesbeiana* (Lithobates 
catesbeianus)  

bull frog Bexar County 

Hyla chrysoscelis/versicolor chameleon tree frog *(Cope's grey 
treefrog)  

San Antonio 

Hyla cinerea green tree frog San Antonio 

Gastrophryne olivacea Great Plains narrow-mouth toad San Antonio 

Lithobates berlandieri* (Rana 
berlandieri) 

Rio Grande leopard frog San Antonio 

Scaphiopus couchii Couch's spadefoot From southern Texas to 
north of San Antonio 

Bufo punctatus* (Anaxyrus punctatus) spotted toad San Antonio 

Chorophilus triseriatus* (Pseudacris 
clarkii) 

striped tree frog (spotted chorus frog) Helotes 

Acris gryllus
1 

western cricket frog State wide 

Hyla squirella southern tree frog San Antonio 

Smilisca baudinii Mexican tree frog Bexar County 

Bufo debilis* (Anaxyrus debilis 
debilis) 

little green toad Bexar County 

Bufo lentiginosus americanus* 
(Anaxyrus americanus) 

American toad San Antonio 

Ambystoma texanum Texan salamander* (small-mouthed 
salamander) 

San Antonio 

* indicates a nomenclature or naming update; current, valid names are in parentheses. 
1
This was likely Acris crepitans blanchardi, Blanchardôs cricket frog, as the species currently known 

as Acris gryllus does not occur west of the Mississippi. 

4.5.4 Data and Methods 

Strecker (1915) surveyed the entire state of Texas between 1902 and 1912 for herptiles and listed the 

observations by county and, in some cases, by township (Figure 24). 

Duran (2004) inventoried herptiles within GULN; SAAN was surveyed by trapping, visual encounter 

surveys (VES), coverboards, and auditory surveys (Figure 25). Trapping was conducted for two 3-

day periods during the summer of 2003. VES were conducted along transects in the same area as the 

trapping sites and a total of 4 km (2.5 mi) was surveyed on foot (Duran 2004). The coverboards were 

installed and left undisturbed, starting in the summer of 2002, and after 2 months, bi-weekly checks 

were conducted until the spring of 2003. Auditory surveys were conducted later than originally 

planned due to below average rainfall conditions from April-June in 2002. The auditory surveys 

resumed in late June of 2003 when substantial rain occurred and were conducted anytime rain 
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occurred from July to October of 2003 (Duran 2004). Sampling efforts occurred over a short period 

of time and cannot be considered as comprehensive distributional surveys.  

 

Figure 25. Areas in the vicinity of SAAN where Strecker (1915) observed amphibian species (see Table 
22). 

 

Figure 26. Major sampling sites in SAAN at the Missions Unit (left) and Rancho de las Cabras Unit (right) 
(Duran 2004). 
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Both of the SAAN units were selected for the 

GULNôs recently developed reptile and amphibian 

monitoring protocol (GRAMP), which samples 

amphibians and reptiles simultaneously, as well as 

collecting auxiliary data such as temperature and 

relative humidity (Woodman 2013). Terrestrial 

cover-board and arboreal PVC-pipe fixed point 

sampling were conducted during 2012 on a monthly 

schedule (Photo 10). This monitoring is expected to 

continue on an annual basis. Starting in 2015, 

additional reports of this nature will be completed on 

a four to five-year cycle to assess trends in species 

richness, abundance, and assemblage composition 

and structure (Woodman 2013). 

4.5.5 Current Condition and Trend 

Species Richness 

Duran (2004) documented seven species of 

amphibians during the 2002 and 2003 inventory 

(Table 23). Based on previous records, another five 

species were listed as possibly occurring in the park. 

Woodman (2013) lists six species that were observed 

during the 2012 GRAMP surveys. Table 23 includes 

observed species in Missions (MS) and Rancho de las Cabras (RS); the difference in amphibian 

community composition between the two units is likely due to the distance between them and 

differences in land uses. The Missions Unit lies within a predominantly urban area, while the lands 

surrounding Rancho de las Cabras have remained largely rural. There are nine amphibian species 

present within SAAN according to the most recent NPS (2014) species list.  

Table 23. The amphibian species listed in Duran (2004) and Woodman (2013). 

Scientific Name Common Name 
Duran* 
(2004) 

Woodman* 
(2013) 

NPS* 
(2014) 

Acris crepitans blanchardi Blanchard's cricket frog x 

 

x 

Anaxyrus debilis debilis 
little green toad (eastern green 
toad) P 

 

 

Incilius nebulifer coastal plain toad x RS x 

Anaxyrus speciosus Texas toad P 

 

 

Eleutherodactylus cystignathoides 
campi Rio Grande chirping frog x MS x 

* Symbols key: x=observed in park, P=possibly occurring in park, RS=observed in Rancho de las 
Cabras unit, and MS=observed in Missions unit. 

Photo 10. An arboreal PVC-pipe, shown with 
green arrows, mounted on a tree trunk at the 
Rancho Unit; these were used in amphibian 
sampling efforts in 2012 (Photo by Kathy Allen, 
SMUMN GSS 2013). 
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Table 23 (continued). The amphibian species listed in Duran (2004) and Woodman (2013). 

Scientific Name Common Name 
Duran* 
(2004) 

Woodman* 
(2013) 

NPS* 
(2014) 

Gastrophryne olivacea Great Plains narrowmouth toad x MS/RS x 

Hyla chrysoscelis/versicolor Cope's treefrog 

 

RS x 

Hyla cinerea green tree frog x MS/RS x 

Lithobates sphenocephalus southern leopard frog 

 

MS/RS  

Pseudacris clarkii spotted chorus frog P 

 

 

Pseudacris streckeri Strecker's chorus frog P 

 

 

Rana berlandieri Rio Grande leopard frog P 

 

x 

Rana catesbeiana bull frog x 

 

x 

Scaphiopus couchii Couch's spadefoot toad x 

 

x 

* Symbols key: x=observed in park, P=possibly occurring in park, RS=observed in Rancho de las 
Cabras unit, and MS=observed in Missions unit. 

Relative Abundance 

The abundance of amphibians has not been monitored regularly within the park. Duran (2004) 

categorized species as common, uncommon, or rare. Three species were considered common: the 

Blanchardôs cricket frog, the coastal plain toad (Incilius nebulifer), and the Great Plains narrowmouth 

toad. There were three uncommon species: the green tree frog (Hyla cinerea), the bull frog (Rana 

catesbeiana), and the Rio Grande chirping frog. Only the Couchôs spadefoot toad (Scaphiopus 

couchii) was considered rare (Duran 2004). The most relevant data that relates to the general 

abundance of each species is Woodman (2013), which is shown in Table 24. Future monitoring 

efforts could be compared to this as a baseline to determine if relative abundance is changing within 

the park. 

Table 24. The relative abundance (number of individuals) of amphibians during 2012 surveys at the 
Missions Unit and Rancho de las Cabras Unit (Woodman 2013). 

Scientific Name Common Name 
Missions  

Unit 
Rancho 

Unit 

Eleutherodactylus cystignathoides Rio Grande chirping frog 68 0 

Hyla cinerea green tree frog 3 1 

Gastrophryne olivacea Great Plains narrow-mouth toad 70 18 

Lithobates sphenocephalus southern leopard frog 1 1 

Hyla versicolor/chrysoceles gray tree frog 0 1 

Incilius nebulifer coastal plain toad 0 3 
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The NPS (2014) species list provides relative abundances of the species of amphibians that occur in 

SAAN (Table 25). Only three species are considered abundant or common while five are uncommon 

or rare. 

Table 25. Amphibian species abundance (NPS 2014). 

Scientific Name Common Name Relative Abundance 

Incilius nebulifer coastal plain toad Abundant 

Eleutherodactylus cystignathoides 
campi Rio Grande chirping frog Uncommon 

Acris crepitans blanchardi Blanchard's cricket frog Abundant 

Hyla chrysoscelis/versicolor Cope's tree frog Unknown 

Hyla cinerea green tree frog Uncommon 

Gastrophryne olivacea Great Plains narrowmouth toad Common 

Lithobates berlandieri Rio Grande leopard frog Uncommon 

Lithobates catesbeianus bull frog Rare 

Scaphiopus couchii Couch's spadefoot Uncommon 

 

Reproductive Success 

At the time of publication, there are no data regarding amphibian reproductive success in SAAN. 

Continuation of the GULN annual surveys and monitoring programs may allow this measure to be 

assessed in the future. 

Threats and Stressor Factors 

Habitat Loss 

The city of San Antonio has an estimated population of 1.4 million within the 1,194 km2 (461 mi2) 

city area. Bexar County, where the largest portion of the park resides, has an estimated population of 

1.8 million; Wilson County, where the smaller Rancho Unit of the park resides, has an estimated 

population of 45,418 (U.S. Census Bureau 2014). The park provides an oasis from the encroachment 

of urban sprawl, but also is connected and susceptible to air and water quality degradation from these 

heavily populated areas where land is converted from vegetation to impermeable surfaces such as 

parking lots and buildings. With urban sprawl comes increased emissions, effluent, and demand on 

water resources, which can leave areas like SAAN depleted of aquatic resources crucial to amphibian 

success (Kreuter et al. 2001). 

Displacement by Non-natives (Rio Grande chirping frog) 

The Rio Grande chirping frog is an introduced non-native species that currently resides only in the 

Missions unit of SAAN. These frogs do not require standing water for reproduction since their eggs 

hatch as froglets, completely skipping the tadpole phase (Wright and Wright 1949, Hayes-Odum 

1990, as cited by Fuller 2014). This life history trait may allow this species to expand and multiply in 
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dry periods while other, native species may decline; this may be revealed by monitoring efforts at the 

park. 

Non-native Species (Hogs and cats) 

Feral hogs are an exotic species, abundant throughout Texas. They compete for food with local 

wildlife as well as livestock since they are opportunistic omnivores and will eat just about anything, 

including amphibian species (Taylor 2003). The hogs are not new to the area, as their introduction 

likely occurred in the 1930s when batches were released for sport hunting and multiplied rapidly in 

the wild (Taylor 2003). Feral hogs reproduce quickly, with reproductive maturity achieved as early 

as 6 months in a healthy female, and litters of up to 12 piglets. The feral hog is highly adaptive and 

able to thrive in almost any environment, but prefers habitats with areas for wallowing; this can be 

anywhere mud forms, including creek banks, ponds, and drainages. Aside from food competition, the 

destructive rooting behavior of the feral hog is what causes the most damage to natural resources 

(Taylor 2003). 

Feral cats (Felis catus) are an invasive species found throughout the United States, including the San 

Antonio area. They are considered a threat to the amphibian community at the park since they are 

indiscriminate predators of any small animal, including frogs and toads (Hildreth et al. 2010). Loss et 

al. (2013) estimates that between 95 and 299 million amphibians could be killed by feral cats in the 

United States each year. 

Disease 

The aquatic Batrachochytrium dendrobatidis (Bd), or chytrid fungus, causes chytridiomycosis, a 

lethal skin disease in amphibians that is linked to population declines in many areas of the world, 

including the GULN region (Weldon et al. 2004, Hossack et al. 2009). The fungus parasitizes the 

hostôs keratinized skin and mouthparts, and is afflicting hundreds of species around the world (Kriger 

2006). In a few locations near Austin, Texas, including Bastrop State Park, the headwaters of the San 

Marcos River, Barton Springs, and Brushy Creek, the fungus has been positively identified in 

amphibian sampling (Olson 2014). Sampling for the chytrid fungus has not been conducted within 

SAAN. 

Drought/Climate Change 

Texas has experienced moderate to severe drought conditions that are likely a result of global climate 

change (GCC) (see Figure 24 in Section 4.4). A limiting factor in amphibian distribution is water 

availability and the local hydrological regime stability. GCC is rapidly changing the hydrologic 

conditions of environments. Walls et al. (2013) states that monitoring efforts should incorporate both 

aquatic and terrestrial components of amphibian life history stages in order to better understand and 

manage the effect that GCC is having on their localized ecology. GCC will likely compound the 

negative effects of habitat fragmentation through drought and deluge. Drought decreases wetland and 

other ephemeral inundations, which can further increase the distance between aquatic habitats. 

Deluges can temporarily connect neighboring sites, causing the introduction of predatory fish and the 

spread of exotic invasive species into otherwise isolated aquatic environments (Walls et al. 2013). 
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Data Needs/Gaps 

There are no data on the reproductive success of amphibians in SAAN at this time. There is also no 

information on the impact of the non-native Rio Grande chirping frog and possible competition with 

native amphibians at the park. Future monitoring will focus primarily on species richness, relative 

abundance, and changes in measurable assemblage composition and structure (Woodman 2013).  

Overall Condition 

Species Richness 

The Significance Level for species richness was assigned a 3. Strecker (1915) documented 14 

amphibian species in the vicinity of San Antonio between 1902 and 1912. More recent studies such 

as Duran (2004) and Woodman (2013) have documented only seven and six amphibians, 

respectively. It is difficult to determine if this represents an actual decline in species richness or just 

differences in inventory methods and taxonomic classifications. However, species richness was 

assigned a Condition Level of 1, or of low concern. 

Relative Abundance 

The Significance Level for relative abundance was assigned a 3. Woodman (2013) has a count of 

individuals by species and park unit. It should be noted that Woodman (2013) did not document 

relative abundance throughout the entire park. There are no other data to confirm or compare the 

level of relative abundance historically. As a result of the lack of data, relative abundance cannot be 

assigned a Condition Level at this time. 

Reproductive Success 

The Significance Level for reproductive success was assigned a 3. There are no data for reproductive 

success in the park. Due to this data gap, reproductive success cannot be assigned a Condition Level 

at this time.  

Weighted Condition Score 

The Weighted Condition Score for amphibians in SAAN was not assigned due to the lack of relative 

abundance and reproductive success data. The condition and any trends in this resource are unknown 

at this time. 
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Amphibians 

Measures 
Significance 

Level 
Condition 

Level WCS = N/A 

Species Richness 3 1 

 

Relative Abundance 3 n/a 

Reproductive 
Success 

3 n/a 
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4.6 Breeding Birds 

4.6.1 Description 

Bird populations often act as excellent 

indicators of an ecosystemôs health (Morrison 

1986, Hutto 1998, NABCI 2009). Birds are 

often highly visible components of ecosystems, 

and bird communities often reflect the 

abundance and distribution of other organisms 

with which they co-exist (Blakesley et al. 

2010). Despite being a small, urban park, 

SAAN is home to several unique habitat types 

including riparian, grassland, and huisache 

(acacia) woodlands (Van Auken 1981). The 

unique ecosystems and landforms in SAAN 

provide bird species with a variety of habitat 

types and food sources. Monitoring avian 

population health and diversity in SAAN 

habitats will be important for detecting 

population and ecosystem changes.  

The small size and location of the park represents a unique situation, as birds in the park most likely 

indicate ecosystem changes occurring in areas outside of the park. There have been extensive 

restoration efforts along the San Antonio River outside of the park, particularly in regards to the 

riparian corridor. As these restoration efforts continue, it is likely that an increase in abundance and 

diversity in bird species will follow (Woodman, written communication, 19 December 2014). These 

increases will extend into SAAN lands, even though SAAN may harbor only a portion of these 

critical riparian habitats.  

Many of the breeding bird species present in SAAN are common to other areas of the U.S. and 

Mexico (e.g., mourning dove [Zenaida macroura], northern mockingbird [Mimus polyglottos]). 

However, SAAN is also home to several unique species whose breeding ranges only extend into the 

U.S. near the U.S./Mexico border. Examples of these species include the crested caracara (Caracara 

cheriway), the painted bunting (Passerina ciris; Photo 11), and the great kiskadee (Pitangus 

sulphuratus).  

4.6.2 Measures 

¶ Species richness  

¶ Relative abundance 

¶ Distribution 

4.6.3 Reference Conditions/Values 

Few avian surveys or inventories have taken place in SAAN, and the establishment of a reference 

condition is problematic for this component. Most studies that have taken place in the park have used 

Photo 11. The painted bunting, a South Texas 
specialty species whose breeding range extends 
into SAAN (Photo by Ronnie Maum, USFWS). 
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differing methodologies, timing, and sampling locations, which makes comparisons between studies 

difficult.  

Coonan (1987) represents the earliest inventory in the park, and will serve as the reference condition 

when data sources are comparable. Coonan (1987) reports species richness for the San Juan Woods 

and Espada Labores, but also includes the total number of species observed during the study. For the 

species richness measure in this assessment, only the total number of species observed during 

Coonan (1987) will be used as the reference condition. This will help to eliminate some problems 

and biases that exist when comparing species richness values from different sampling sites. The 

relative abundance and distribution measures are difficult to establish a reference condition for, as the 

data from the three major studies that have taken place in the park are not easily compared. The three 

studies that have taken place in the park have occurred in mostly different locations, and have 

reported relative abundance uniquely. For the purpose of this assessment, a reference condition will 

not be established for these measures.  

4.6.4 Data and Methods 

This component focuses exclusively on the breeding bird species of the park, and does not discuss 

any migratory or vagrant bird species. A species was classified as breeding based on the NPS 

Certified Bird Species List (NPS 2014, Appendix F). Species in NPS (2014) that had residency 

designations of ñBreedingò were included in this componentôs discussion and analysis; the 

designation of ñBreedingò solely refers to the fact that SAAN lies within the speciesô breeding range, 

and does not signify the species actually breeds annually in the park. Species that were identified as 

ñResidentò are discussed in Chapter 4.7 of this document. In instances where NPS (2014) did not 

assign residency, the Cornell University Lab of Ornithologyôs All About Birds online database 

(http://www.allaboutbirds.org) was used to approximate a speciesô residency as either breeding, 

migratory, resident, or vagrant. Migratory bird species represent a data gap in SAAN, and are not 

discussed separately in this NRCA. 

Coonan (1987) inventoried the avian population of SAAN from 1985-1986. Surveys took place four 

times a year in the San Juan Woods and Espada Labores land tracts. One survey transect was set up 

in the San Juan woods, while three transects were set up in the Espada Labores site. Surveyors 

observed and recorded the number of individuals, species, and distance from observer from sunrise 

until about 3 hours post-sunrise. The survey results were grouped based on season: fall (October- 

November 1985), winter (December-February 1985-86), spring (March-May 1986), early summer 

(June-July 1986), and late summer (August-September 1986). SMUMN GSS made one modification 

to the data presented in Coonan (1987). Records for the tufted titmouse (Baeolophus bicolor) were 

reclassified as the black-crested titmouse (Baeolophus atricristatus), as was previously done by NPS 

(2014). 

From 2003-2005, Scully (2006) attempted to document at least 90% of the bird species believed to 

occur in SAAN. Two major study units were created during these surveys: The City of San Antonio 

Unit (buildings and grounds associated with Missions San Jose, San Juan, Espada, and Concepcion) 

(Figure 27), and the Rancho de las Cabras property (40 ha [99 ac] property in Wilson County) 

(Figure 28). Within each study unit, a series of 25 survey points were established. Eighteen survey 
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points were located in the San Antonio unit, and seven points were in the Rancho de las Cabras unit; 

no point was within 250 m (820 ft) of another point (Scully 2006). Surveys began 30 minutes before 

sunrise and continued up until 4 hours post-sunrise. All species observed, whether visually or aurally, 

during 5 minute surveys were recorded. In addition, Scully (2006) documented distance from 

observer, sex, and age class of birds when possible. 
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Figure 27. Scully (2006) sample sites in the City of San Antonio study unit during 2003-2005 surveys of 
SAAN. 
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Figure 28. Scully (2006) sample sites in the Rancho de las Cabras study unit during 2003-2005 surveys 
of SAAN. 

As part of a GULN monitoring initiative, Twedt (2013) observed the wintering and breeding bird 

populations of SAAN from 2010-2013. For this assessment, only the data relating to the breeding 

bird surveys were discussed and analyzed. Twedt (2013) monitored the breeding population of 

SAAN from May-June between 2010-2012. In total, 40 point count locations were established in the 

Missions and Rancho units of the park, and each point count was surveyed for 10 minutes. Timing of 

bird observation (i.e., what minute of the point count the bird was observed), species, number of 

individuals, and detection distance were recorded during each survey. Complete, detailed 

methodologies for this study are provided in Twedt (2013).Of note, however, is that Twedt (2013) 

randomly selected the breeding bird sample points. If any of these random sample points fell within 

250 m (820 ft) of a sample point from Scully (2006), the sample point was moved to that legacy 

sample point from Scully (2006). By doing this, some level of continuity was added between the two 

survey efforts. 

4.6.5 Current Condition and Trend 

Species Richness 

The species richness measure allows simultaneous assessment of abundance or presence for the 

entire breeding bird community. This measure can also indicate overall habitat suitability for 

breeding birds, and is vital to understand the effects of changing landscapes on native biodiversity. 
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NPS Certified Species List (NPS 2014) 

The NPS Certified Bird Species List contains 229 species, 71 (31%) of which are potentially 

breeding bird species (Appendix F). This list, however, does not allow for a specific analysis of 

species richness, as no data are collected other than the presence (or historic presence) of the 

identified species. 

Coonan (1987) 

During an inventory of the avifauna of SAAN from 1985-1986, Coonan (1987) documented 101 bird 

species, 44 of which were breeding species (44%; Appendix F). Coonan (1987) investigated the 

distribution of species in the park as well (discussed in the distribution measure below), and surveyed 

the San Juan Woods and Espada Labores land tracts four times each season (fall, winter, spring, early 

summer, late summer). Table 26 displays the species richness values observed in each season for 

both sampled habitat types.  

Table 26. Species richness values by habitat type and by season observed during Coonan (1987).The 
grand total value represents the reference condition for the species richness measure in this assessment. 

 
San Juan Woods Espada Labores 

Fall 12 24 

Winter 14 19 

Spring 17 24 

Early Summer 16 31 

Late Summer 17 27 

Total Sp. 27 41 

Grand Total 44 

 

Scully (2006) 

Scully (2006) completed a bird inventory in SAAN from 2004-2006, and sampled park units within 

the City of San Antonio and the Rancho de las Cabras units. Scully (2006) documented 197 species 

total, 68 of which were breeding species (35%; Appendix F); the species richness value obtained by 

Scully (2006) exceeded the Coonan (1987) reference condition value by 24 species (Table 26, Table 

27). The species richness total reported in Scully (2006) includes species detected outside of the 

specified sampling points. Excluding species detected outside of count locations (i.e., incidental 

detections), the species richness for SAAN was 146 species, 65 of which were breeding species 

(45%; Table 27). This value still exceeded the reference condition value of 44 species obtained by 

Coonan (1987) (Table 26). 
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Table 27. Species richness values reported by Scully (2006) for both the units of the park within City of 
San Antonio and the Rancho de las Cabras units of SAAN (2004-2006). Numbers in parentheses indicate 
the number of sample points within each study site. 

  City of San Antonio (18) Rancho de las Cabras (7) 

Species Observed Total 61 52 

Species Observed at Points 57 49 

Grand Total (sp. observed at 
sample points) 68 (65) 

 

Twedt (2013) 

Breeding bird surveys were completed in 2010-2012 between May-June and identified 89 species 

total, 60 of which were breeding species (67%; Appendix F). Species richness values were reported 

yearly by Twedt (2013); richness values for breeding species ranged from 42 species (2010) to 48 

species (2011; Figure 29), and only 2010 had a species richness value that was below the Coonan 

(1987) reference condition. The number of sample points increased from 20 to 30 in 2011, and 

remained at 30 points for the 2012 survey. This difference in sample size may explain why the 2010 

value was lower than subsequent years. The 3-year average for breeding species richness was 45.7, 

which is above the reference condition for this measure.  

 

Figure 29. Breeding species richness values from 2010-2012 in SAAN. The red line indicates the 3-year 
species richness average value for SAAN (45.7). 

Relative Abundance 

Coonan (1987) 

Coonan (1987) estimated relative abundance (A) for each species using the following formula: 
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Î ÔÏÔÁÌ ÎÕÍÂÅÒ ÏÆ ÂÉÒÄÓ ÏÆ ÏÎÅ ÓÐÅÃÉÅÓ ÒÅÃÏÒÄÅÄ ÆÏÒ ÏÎÅ ÓÅÁÓÏÎ ÁÎÄ ÁÒÅÁ 

,  ÔÏÔÁÌ ÌÅÎÇÔÈ ÏÆ ÔÒÁÎÓÅÃÔÓ ÉÎ ÔÈÁÔ ÓÅÁÓÏÎ ÁÎÄ ÁÒÅÁȢ 

Relative abundance was estimated for each sampling transect (i.e., San Juan Woods and Espada 

Labores) during each of the five sampling seasons. Relative abundance estimates for all breeding 

species are presented in Appendix G, and the most abundant species for each season in both sampling 

sites are represented in Table 28 and Table 29. 

Table 28. Breeding species with the highest relative abundance values (# of birds/1000 m of transect) 
observed during each season for the San Juan Woods land tract in SAAN, 1985-86. Species are 
arranged alphabetically, and not by overall abundance (Table modified from Coonan 1987). 

Species Fall  Winter Spring 
Early 

Summer 
Late 

Summer 

Carolina chickadee 
 

 4.4 9.6 5.9 

Carolina wren 11.8  8.8 14 16.9 

chimney swift 7.4     

European starling 
 

  4.4  

golden-fronted woodpecker 
 

6.6 7.4 9.6 8.8 

great-tailed grackle 5.2 6.6 4.4 7.4 4.4 

lark sparrow 3.7     

mourning dove 7.4 10.3    

northern mockingbird 3.7   5.2  

black-crested titmouse 5.9 10.3 9.6 5.2 5.9 

western kingbird 
 

   2.9 

white-eyed vireo 
 

 2.9 2.9 2.9 

yellow-billed cuckoo       5.2 3.7 

 

Table 29. Breeding species with the highest relative abundance values (# of birds/1000 m of transect) 
observed during each season for the Espada Labores land tract in SAAN, 1985-86. Species are arranged 
alphabetically, and not by overall abundance (Table modified from Coonan 1987). 

Species Fall  Winter Spring 
Early 

Summer 
Late 

Summer 

brown-headed cowbird   5.2 10.4 5.2 

Carolina chickadee    3  

Carolina wren 4   4.2 7.6 

chimney swift    5 14.7 

European starling 11.7  3   
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Table 29 (continued). Breeding species with the highest relative abundance values (# of birds/1000 m of 
transect) observed during each season for the Espada Labores land tract in SAAN, 1985-86. Species are 
arranged alphabetically, and not by overall abundance (Table modified from Coonan 1987). 

Species Fall  Winter Spring 
Early 

Summer 
Late 

Summer 

golden-fronted 
woodpecker 

 3.2 3.4 4.6 4.6 

great-tailed grackle 7.2 3.8 5.0 21.1 5.2 

house finch   3.4 3.2  

lark sparrow 6.0     

lesser goldfinch 5.0     

loggerhead shrike     2.4 

mourning dove 13.5 7.8 11.0 9.0 12.9 

northern mockingbird 7.8 6.2 3.6 3.8 2.6 

painted bunting    3.0  

red-winged blackbird 9.2     

scissor-tailed flycatcher 6.0     

black-crested titmouse   2.0 5.8  

white-winged dove         5.0 

 

Scully (2006) 

Scully (2006) recorded relative abundance as the number of times a species was detected (i.e., 

observations) (Appendix H); data were collected during bimonthly surveys from 2004 -2006. In 

addition, Scully (2006) recorded the percentage of a speciesô detections that were a result of auditory 

cues only (Table 30). Scully (2006) only reports the number of individuals observed for the 25 most 

commonly observed species (22 of which were breeding species; Table 30). 

Table 30. Relative abundance for the 22 most commonly observed breeding bird species during Scully 
(2006). Detections indicate each time a bird was observed at a point count, while # of individuals 
represent the actual number of birds that were counted (table modified from Scully 2006). 

Species 
# of times 
detected 

% detections  
by sound  

alone 

# of 
individuals 

detected 

Carolina wren 356 96 359 

great-tailed grackle 302 31 1476 

northern mockingbird 227 71 255 

white-eyed vireo 205 97 205 

white-winged dove 193 16 737 
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Table 30 (continued). Relative abundance for the 22 most commonly observed breeding bird species 
during Scully (2006). Detections indicate each time a bird was observed at a point count, while # of 
individuals represent the actual number of birds that were counted (table modified from Scully 2006). 

Species 
# of times 
detected 

% detections  
by sound  

alone 

# of 
individuals 

detected 

American crow 187 76 315 

black-crested titmouse 123 91 133 

golden-fronted 
woodpecker 

122 82 127 

mourning dove 100 32 163 

red-shouldered hawk 94 74 108 

European starling 85 13 407 

blue jay 80 83 93 

house sparrow 76 70 165 

turkey vulture 74 1 335 

scissor-tailed flycatcher 67 39 94 

ladder-backed 
woodpecker 

65 84 66 

red-winged blackbird 60 26 1105 

black vulture 54 0 192 

barn swallow 52 4 90 

rock pigeon 51 7 232 

yellow-billed cuckoo 49 94 48 

black-bellied whistling 
duck 

48 21 274 

Total 2,670   6,979 

 

March and May were the months with the highest number of breeding bird detections (714 and 954 

detections, respectively; Appendix H), while November had the lowest number of detections (313). 

The 2,670 breeding bird detections in Table 30 represent 56% of all bird detections during Scully 

(2006) (i.e., the 22 most common breeding birds were observed at 56% of all bird detections). When 

looking at the total number of all breeding bird detections (3,343; Appendix H), breeding birds were 

observed at 70% of all bird detections. 

The great-tailed grackle (Quiscalus mexicanus; Photo 11) and the red-winged blackbird (Agelaius 

phoeniceus) were the most numerous species observed, with 1,476 and 1,105 individuals observed, 

respectively (Table 30). The number of individual breeding birds in Table 30 represents 54% of all 

individuals observed during the Scully (2004) inventory.  
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Twedt (2013) 

Twedt (2013) surveyed both the breeding and 

wintering bird populations of SAAN, and 

reported abundance as the number of 

individuals observed per year for each breeding 

species. For this metric, only species counted 

during the breeding season (May-June) are 

summarized.  

In 2010, there were 20 count locations sampled; 

301 individual breeding birds were identified 

(Figure 30, Appendix I), which accounted for 

77% of all individuals observed during the 

survey. In 2011, 30 count locations were 

sampled and 556 individual breeding birds were 

observed (Figure 30). This estimate accounted for 79% of all individuals observed during the survey. 

In 2012, 508 individual breeding birds, accounting for 78% of all individual observations, were 

observed at 30 count locations in SAAN (Figure 30, Appendix I). The 3-year average for breeding 

species abundance was 455 individuals/year (Figure 30). Appendix I displays the relative abundance 

for each species observed from 2010-2012, but does not include observations where detection 

distance of a species could not be recorded (i.e., bird flyovers).  

 

Figure 30. Number of breeding individuals observed during the Twedt (2013) surveys of SAAN from 
2010-2012. The red line on the figure represents the average number of individuals observed (455), and * 
indicates a survey year where only 20 sample points were used (other years had 30). 
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Photo 12. Great-tailed grackle, which was among 
the most commonly observed species during Scully 
(2006) (NPS Photo). 
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Distribution 

Coonan (1987) 

Coonan (1987) compares species richness, density, and diversity between two sampling zones in 

SAAN. The data summarized by Coonan (1987) are not specific to breeding species. Due to this, 

several of the summary statistics discussed in this measure (i.e., diversity, density) will include 

species not classified as breeding species (per the procedure outlined in Section 4.6.4 above). 

Whenever possible, preference was given to sampling periods that took place during the breeding 

season, as this sampling period would be most representative of the breeding species present in the 

park. Regardless, care should be taken when interpreting these data, as they may not be truly 

representative of trends observed only in the breeding species of the park. 

The San Juan Woods sampling tract comprised about 10.1 ha (25 ac) and was mainly riparian forest 

and huisache woodlands. The vegetation in this land tract was considered to be fairly representative 

of what the forest stands along the San Antonio River would have been prior to channelization 

(Coonan 1987). Sixty-five species (27 of which were breeding; Table 26) were observed in the San 

Juan Woods during survey efforts, and density estimates were highest in this habitat type during 

every season (Table 31); fall and winter densities were higher compared to other seasons (Table 31). 

Conversely, species diversity values in the San Juan Woods were lower than the Espada Labores in 

all seasons except for the fall (Table 32). 

Table 31. Seasonal bird densities (birds/ha) for the San Juan Woods and Espada Labores land tracts at 
SAAN, 1985-86 

1, 2 
(Table reproduced from Coonan 1987). 

Season 

San Juan Woods 

Average ± SD 

Espada Labores 

Average ± SD 

Fall 25.81 ± 5.22
 A

 21.10 ± 1.45 
CD

 

Winter 28.29 ± 2.74 
A
 21.36 ± 4.59 

C
 

Spring 21.38 ± 1.37 
AB

 15.58 ± 2.45 
D
 

Early Summer 17.40 ± 4.80 
B
 15.59 ± 3.05 

D
 

Late Summer 16.82 ± 0.49 
B
 14.10 ± 2.06 

D
 

1
 n = 4 surveys per area/season 

2
 Two factor ANOVA determined that both season and area affect bird density (F = 13.69, p < 0.0005; 

F = 18.86, p < 0.0005) 

A
 Density means with the same superscript are equivalent, according to Newman-Keuls multiple 

range test 

The Espada Labores land tract was about 48.6 ha (120 ac) and contained all of the identified habitat 

types from Van Auken (1981) except for marshlands and parklands (present in the land tract were: 

riparian, grassland, huisache woodlands, and acequia woodlands). However, the majority of the 

habitat in this area was huisache woodlands and grasslands (Coonan 1987). Eighty-seven species (41 

of which were breeding; Table 26) were observed in the Espada Labores during survey efforts, and 

density estimates were consistently lower than what was observed in the San Juan Woods tract 
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(Table 31). Species diversity values were marginally higher in the Espada Labores tract, with the 

exception of the fall season (Table 32).  

Table 32. Seasonal bird species diversities (Shannon-Wiener Diversity Index, H') for the San Juan 
Woods and Espada Labores land tracts at SAAN, 1985-86 

1 2
 (Table reproduced from Coonan 1987). 

  
Season 

San Juan Woods 
Average ± SD 

Espada Labores 
Average ± SD 

Fall 0.957 ± 0.132
 AB

 0.944 ± 0.127 
D
 

Winter 1.089 ± 0.064 
A
 1.197 ± 0.063 

C
 

Spring 0.934 ± 0.1 
B
 1.209 ± 0.02 

C
 

Early Summer 0.868 ± 0.015 
B
 1.19 ± 0.02 

C
 

Late Summer 0.978 ± 0.089 
AB

 1.177 ± 0.059 
C
 

1
 n = 4 surveys per area/season 

2
 Two factor ANOVA determined that both season and area affect bird species diversity (F = 6.30, p < 

0.001; F = 49.73, p < 0.0005) 

A
 Density means with the same superscript are equivalent, according to Newman-Keuls multiple 

range test 

Coonan (1987) offers several hypotheses as to 

why the trends in the observed data may appear 

as they do. The Espada Labores land tract had 

nearly twice as many observed species than the 

San Juan land tract, and Coonan (1987) 

suggests that this may be because of the larger 

area and number of habitats that are found in 

the Espada Labores tract. Additionally, three 

transects were set up in the Espada Labores 

land tract, whereas only one transect was set up 

in the San Juan Woods. These differences and 

sampling biases may have contributed to some 

of the differences in distribution data between 

the two sites.  

In terms of the distribution of various foraging guilds, Coonan (1987) observed higher numbers of 

insectivores in the San Juan Woods (28% more in the fall, and 81% more in the spring), and both 

areas had peak numbers of insectivores during the winter months when there is an influx of 

migratory and overwintering species. For each season, there were twice as many (or more) foliage 

insectivores observed in the San Juan Woods compared to the Espada Labores. The stands of mature 

forests and dead snags in the San Juan Woods likely attract and provide more habitat for insects, 

which in turn supports more insectivore species. The only group of insectivores that were more 

abundant in the Espada Labores tract were the ground-dwelling insectivores (e.g., great-tailed 

grackle, northern mockingbird, and European starling [Sturnus vulgaris]).  

Photo 13. Northern mockingbird, which was among 
the most abundant ground-dwelling insectivores 
observed in the Espada Labores land tract during 
Coonan (1987) (NPS Photo). 
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Granivores (seed-eating species) were more abundant in the Espada Labores tract, and were nearly 

16 times more abundant in this tract in the late summer when compared to the San Juan Woods 

(Coonan 1987). These species were most commonly observed during the fall and winter when seed 

crops were at peak availability.  

Scully (2006) 

Scully (2006) had a primary objective of documenting 90% of the bird species that occurred in 

SAAN. Because of the emphasis on species identification, the number of individuals observed at 

each survey site was not reported. Two major study units (SAAN properties within the City of San 

Antonio, and the Rancho de las Cabras property) were surveyed using point counts from January 

2004-May 2006. The surveys in the City of San Antonio resulted in 61 breeding species being 

observed, 57 of which were observed at a point count location (Appendix H). The Rancho de las 

Cabras property had 52 breeding species observed, 49 of which were observed at a point count 

location.  

Twedt (2013) 

Although population estimates, density estimates, and detection probabilities were calculated, Twedt 

(2013) did not document the distribution of breeding bird species in SAAN.  

Threats and Stressor Factors 

One of the major threats facing land bird populations across all habitat types is habitat loss due to 

land cover change (Morrison 1986). Land cover change is not restricted to breeding habitat; many 

species depend on specific migratory and wintering habitat types that are also changing. The 

encroachment of non-native plant species may be a contributor to land cover change in all habitats. 

Altered habitats can also compromise the reproductive success or wintering survival rates of species 

adapted to that habitat. They can also allow generalist, non-native avian species, such as the 

European starling or house sparrow (Passer domesticus), to move in and out-compete native bird 

species. Breeding species often require a specific vegetative community (e.g., dense stands of shrubs, 

riparian vegetation) for successful nesting to occur. A loss 

or alteration of these vegetative structures, or competition 

for resources from non-native species could compromise 

the nesting success of these native species in SAAN. 

Avian brood parasite species (e.g., brown-headed cowbird 

[Molothrus ater]) represent a threat to several avian 

species in SAAN. Brood parasites are species that lay their 

eggs in the nests of other breeding species, which then in 

turn incubate and care for the young (Photo 14; Payne 

1977). Brood parasitism generally reduces the 

reproductive success of the host species, as host species 

typically fledge fewer young compared to other non-

parasitized parents of the same species (Payne 1977).  

Photo 14. Brown-headed cowbird egg 
(mottled color), that has been laid in a 
chipping sparrow (Spizella passerina) 
nest (NPS Photo). 
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Brown-headed cowbirds are a native species in SAAN, and can directly contribute to the reduced 

nesting success of host species, as they will often puncture or remove host species eggs (Friedmann 

1963). Brown-headed cowbirds often hatch earlier than host species eggs, and grow larger and faster 

than the host species, which often results in the death of the host chicks due to starvation, neglect, 

overcrowding, or direct mortality by trampling or removal from the nest (Friedmann 1963, Payne 

1977). Many breeding species are targeted by brood parasites, although warblers, blackbirds, and 

vireos are among the most commonly parasitized species. While a natural phenomenon, brood 

parasitism can be actively managed against; instances of cowbird egg removal from host nests has 

resulted in increases in reproductive success in various parts of the speciesô home range (Mayfield 

1960, Walkinshaw 1972, Payne 1977). 

Non-native animal species also represent a threat to the bird population in the park. Domestic cats are 

one of the largest causes of bird mortality in the United States. According to Loss et al. (2012), 

annual bird mortality caused by outdoor cats is estimated to be between 1.4 and 3.7 billion 

individuals. The median number of birds killed by cats was estimated at 2.4 billion individuals, and 

almost 69% of bird mortality due to cat predation was caused by un-owned cats (i.e., strays, barn 

cats, and completely feral cats) (Loss et al. 2012). The urban setting of SAAN likely increases the 

risk for cat predation, as stray and house cats from nearby San Antonio may enter the park.  

Feral hogs, a non-native species, may be a direct and indirect threat to the bird population in SAAN; 

they have been well documented on the Rancho unit of the park. Feral hogs have been known to 

negatively affect native wildlife through habitat loss and depredation. Feral hogs cause habitat loss 

by foraging on native vegetation (Jolley et al. 2010). Feral hog rooting and wallowing can disturb 

large patches of vegetation, destabilizing wetland areas and potentially exposing them to non-native 

plant invasion (Taylor 2003). Additionally, feral hog disturbance can disrupt the nesting of ground 

nesting species. Feral hogs frequently prey upon northern bobwhite (Colinus virginianus) and wild 

turkey (Meleagris gallopavo) eggs (Timmons et al. 2011), both of which are confirmed species in the 

park (NPS 2014). It appears that the Rancho unit may serve as a refuge area for local feral hogs, and 

there is an increased potential for hog impact on birds in that unit (Woodman, written 

communication, 19 December 2014). 

As urban areas continue to develop and grow, modern alterations to the landscape often foster 

competition between native and non-native bird species. Human-made structures may fragment and 

reduce the continuity of a landscape, and often as these changes occur, non-native bird species are 

able to inhabit the areas. Marzluff (2001, pp. 26-28) states that, ñThe most consistent effects of 

increasing settlement were increases in non-native species of birds, increases in birds that use 

buildings as nest sites (e.g., swallows and swifts), increases in nest predators and nest parasites 

(brown-headed cowbirds), and decreases in interior- and ground-nesting species.ò Non-native bird 

species are frequently observed at SAAN, and include species such as rock dove (Columba livia), 

Eurasian collared-dove (Streptopelia decaocto), European starling, and house sparrow. 

Another threat to the parkôs birds are fire ants (Solenopsis geminata, S. invicta) that were accidentally 

brought to the U.S. on a shipping vessel from South America, and have since spread rapidly across 

the southeastern U.S. (Wetterer and Moore 2005). These ant species are well-known predators of bird 
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hatchlings, and ground nesting bird species are particularly vulnerable. Fire ants can completely 

eliminate ground nesting birds, such as the northern bobwhite, from an area (Allen et al. 2004). 

Additionally, fire ants can outcompete predatory birds, such as the loggerhead shrike (Lanius 

ludovicianus), when foraging for invertebrate species.  

Several studies have documented fire ants having detrimental effects on breeding bird species that 

may be observed in SAAN: Kopachena et al. (2000) documented 25% mortality in barn swallows 

(Hirundo rustica) due to fire ants at a study site in Texas, Dickinson and Arnold (1996) observed fire 

ant predation on crested caracara chicks in south Texas, and Cely and Glover (2000) implicated fire 

ants as a major cause for the decline in common ground doves (Columbina passerina) in South 

Carolina. 

Data Needs/Gaps 

Continued monitoring of the breeding bird community, particularly the work of Twedt (2013), is 

necessary for park managers to establish baseline values for the identified measures in this 

component. An expansion of current survey methods to document the distribution of various 

breeding species would be helpful to identify priority habitats in the park. Continuation of these 

surveys will also allow for trend analysis after 5-10 years of data collection.  

The migratory bird population of the park represents a significant data gap in SAAN, and monitoring 

efforts geared specifically for this group of birds are needed. Survey efforts concentrated on the peak 

spring and fall migratory periods would help managers better understand what species pass through 

the park, and if any migratory species spend extended periods of time in the park. 

While not an identified measure in this assessment, monitoring of the trends in breeding species of 

conservation concern is needed. As climate change, habitat fragmentation, and energy development 

efforts threaten bird communities, it will be important to identify potential trends in these indicator 

species.  

Overall Condition 

Species Richness 

The species richness measure was assigned a Significance Level of 3 during project scoping. NPS 

(2014) has identified 71 breeding species in the park. The number of species observed during the 

various surveys that have been completed in the park since 1985 has ranged from 44 (Coonan 1987) 

to 68 (Scully 2006). The most recent surveys completed by Twedt (2013) spanned 2010-2012, and 

the average number of species per year was 45.7. The 2010 survey by Twedt (2013) was the only 

survey in the park that had a value below Coonan (1987). 

When investigating the biodiversity or health of an ecosystem using species richness, it is important 

to understand that changes in the ratio of native to non-native species may not be well represented 

(Lepczyk et al. 2008). While it does not appear to be an issue at this time (only four of the 72 

breeding species identified in NPS [2014] are non-native), this ratio is important to keep in mind for 

future assessments of condition.  
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Recent estimates of species richness do not indicate any cause for concern for park managers, 

although continued monitoring is advised to determine any long-term trends or variations in this 

measure. The Condition Level for the species richness measure was assigned as a 0, indicating it is 

currently of no concern to park managers. 

Relative Abundance  

Relative abundance of breeding bird species was assigned a Significance Level of 3 by NPS staff 

during project scoping. While documented by multiple reports, each report used a different definition 

of relative abundance; Coonan (1987) estimated this measure as the number of birds per 1,000 m 

(3,281 ft) of transect, Scully (2006) reported it as the number of times a species was detected, and 

Twedt (2013) reported it as the number of individuals observed per year.  

There do not appear to be any major concerns related to the relative abundance of breeding species in 

the park, and the measure was assigned a Condition Level of 1. While variations are evident in the 

data, this is not unusual as annual fluctuations in breeding species abundance are to be expected. 

Species arrival dates, survey dates/duration, and variation in breeding initiation may all contribute to 

the annual variation in abundance. Additionally, variation observed in abundance in Twedt (2013) is 

likely due to sample size variations; 2010 surveys were completed at 20 count locations, while 2011 

and 2012 had 30 count locations.  

Distribution 

The Significance Level for distribution was determined to be 3 by NPS staff. As an urban park, the 

remaining stands of undisturbed habitat along the San Antonio River and the native shrub and 

grasslands likely serve as breeding sanctuaries for many species in the park. Only two surveys have 

documented the distribution of breeding species (Coonan 1987, and to a lesser extent Scully 2006). 

Limited data have been provided for this measure, and future monitoring of the distribution of 

breeding species in the park is needed. There are likely only a few habitat types in the park that can 

support breeding species, and a more complete understanding of how the breeding bird species of 

SAAN utilize these habitats would be of great importance for managers. Because of the data gaps 

that exist for this measure, and the lack of any recent distribution data, a Condition Level was not 

assigned to this measure. 

Weighted Condition Score (WCS) 

A Weighted Condition Score of 0.17 was calculated for the breeding bird component. A trend arrow 

was not assigned to this component, as data related to distribution are lacking in recent years, and it 

is difficult to determine if apparent trends in richness and abundance from 2010-2012 are due to 

varying sample size, or actual trends in the breeding population. 
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Breeding Birds 

Measures 
Significance 

Level 
Condition 

Level WCS = 0.17 

Species Richness 3 0 

 

Relative Abundance 3 1 

Distribution 3 n/a 

 

4.6.6 Sources of Expertise 

Dan Twedt, USGS Research Wildlife Biologist, Patuxent Wildlife Research Center 

Greg Mitchell, SAAN Natural Resources Program Manager 
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4.7 Resident Birds 

4.7.1 Description 

Resident bird species are birds that remain in 

one area throughout the year and do not migrate 

(Mettke-Hofmann et al. 2009). Unlike 

migratory birds, trends in resident bird speciesô 

populations are likely due to changes occurring 

in their immediate habitat or ecosystem, and (in 

theory) it is possible to study all of their 

population processes directly throughout the 

year (Koskimies 1989). This particular 

assemblage of birds serves as a valuable 

ecological indicator for the park, as they are 

year-round residents and their health and 

abundance are dependent upon many 

ecosystems found in and around SAAN 

ecosystems.  

The small area of SAAN incorporates many neighboring ecosystems, and the resident bird species of 

the park and their associated ecosystems are likely more extensive than the parkôs boundaries. 

Changes in resident bird populations are likely to reflect changes that are occurring outside of 

SAAN, perhaps moreso than changes that are occurring within the park.  

Excluding breeding bird species (which are discussed in Chapter 4.6), NPS (2014) identifies 91 

resident bird species in the park; these include waterfowl, raptors, and passerine species. Several of 

the resident species in the park, such as the gadwall (Anas strepera) and the black-necked stilt 

(Himantopus mexicanus), are dependent upon the river/shoreline habitat along the San Antonio 

River, while other species, such as the eastern meadowlark (Sturnella magna; Photo 15) and the 

Swainsonôs hawk (Buteo swainsoni), rely on the grassland and shrub habitats in and around SAAN. 

Monitoring of the resident bird populations in SAAN may help managers to protect the vital bird 

habitats present in the park. 

4.7.2 Measures 

¶ Species richness  

¶ Relative abundance 

¶ Distribution 

4.7.3 Reference Conditions/Values 

Few avian surveys or inventories have taken place in SAAN, and the establishment of a reference 

condition is problematic for this component. Most studies that have taken place in the park have used 

differing methodologies, timing, and sampling locations, which makes comparisons between studies 

difficult.  

Photo 15. Eastern meadowlark, a common resident 
species in SAAN (NPS Photo). 
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Coonan (1987) represents the earliest inventory in the park, and will serve as the reference condition 

when data sources are comparable. Coonan (1987) reports species richness for the San Juan Woods 

and Espada Labores, but also includes the total number of species observed during the study. For the 

species richness measure in this assessment, only the total number of species observed during 

Coonan (1987) will be used as the reference condition. This will help to eliminate some problems 

and biases that exist when comparing species richness values from different sampling sites. The 

relative abundance and distribution measures are difficult to establish a reference condition for, as the 

data from the three major studies that have taken place in the park are not easily compared. The three 

studies that have taken place in the park have occurred in mostly different locations, and have 

reported relative abundance uniquely. For the purpose of this assessment, a reference condition will 

not be established for these measures.  

4.7.4 Data and Methods 

This component focuses exclusively on the resident bird species of the park, and does not discuss any 

migratory or vagrant bird species. A species was classified as a resident based on the NPS Certified 

Bird Species List (NPS 2014, Appendix J). Species in NPS (2014) that had residency designations of 

ñResidentò were included in this componentôs discussion and analysis. Species that were identified as 

ñBreedingò are discussed in Chapter 4.6 of this document. In instances where NPS (2014) did not 

assign residency, the Cornell University Lab of Ornithologyôs All About Birds online database 

(http://www.allaboutbirds.org) was used to approximate a speciesô residency as either breeding, 

migratory, resident, or vagrant. Migratory bird species represent a data gap in SAAN, and are not 

discussed separately in this NRCA. 

Coonan (1987) inventoried the avian population of SAAN from 1985-1986. Surveys took place four 

times a year in the San Juan Woods and Espada Labores land tracts. One survey transect was set up 

in the San Juan Woods, while three transects were set up at the Espada Labores site. Surveyors 

observed and recorded the number of individuals, species, and distance from observer from sunrise 

until about 3 hours post-sunrise. The survey results were grouped based on season: fall (October- 

November 1985), winter (December-February 1985-86), spring (March-May 1986), early summer 

(June-July 1986), and late summer (August-September 1986). SMUMN GSS made one modification 

to the data presented in Coonan (1987). Records for the green-backed heron were changed to green 

heron (Butorides virescens) to reflect the correct taxonomy for that species. 

From 2003-2005, Scully (2006) attempted to document at least 90% of the bird species believed to 

occur in SAAN. Two major study units were created during these surveys: The City of San Antonio 

Unit (buildings and grounds associated with Missions San Jose, San Juan, Espada, and Concepcion), 

and the Rancho de las Cabras property (40 ha [99 ac] property in Wilson County). Within each study 

unit, a series of 25 survey points were established. Eighteen survey points were located in the San 

Antonio unit, and seven points were in the Rancho de las Cabras unit; no point was within 250 m 

(820 ft) of another point (Scully 2006). Surveys began 30 minutes before sunrise and continued up 

until 4 hours post-sunrise. All species observed, whether visually or aurally, during 5 minute surveys 

were recorded. In addition, Scully (2006) documented distance from observer, sex, and age class of 

birds when possible. 
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As part of a GULN monitoring initiative, Twedt (2013) monitored the wintering and breeding bird 

populations of SAAN from 2010-2013. Twedt (2013) surveyed during the breeding season in SAAN 

from May-June 2010-2012. Forty point count locations were established in the park (utilizing habitat 

in both the Missions and Rancho de las Cabras Units), and each point was surveyed for 10 minutes. 

Timing of bird observation (i.e., what minute of the point count the bird was observed), species, 

number of individuals, and detection distance were recorded during each survey. Complete, detailed 

methodologies for this study are provided in Twedt (2013). 

4.7.5 Current Condition and Trend 

Species Richness 

The species richness measure allows simultaneous assessment of abundance or presence for the 

entire breeding bird community. This measure can also indicate overall habitat suitability for 

breeding birds, and is vital to understand the effects of changing landscapes on native biodiversity. 

NPS Certified Species List (NPS 2014) 

The NPS Certified Bird Species List contains 229 species, 91 (40%) of which are resident bird 

species (Appendix J). This list, however, does not allow for a specific analysis of species richness, as 

no data are collected other than the presence (or historic presence) of the identified species. 

Coonan (1987) 

From 1985-1986, Coonan (1987) documented 101 bird species, 40 of which were resident species 

(Appendix J). Coonan (1987) also investigated the distribution of species in the park (discussed in 

the distribution measure below), and surveyed the San Juan Woods and Espada Labores land tracts 

four times each season (fall, winter, spring, early summer, and late summer). Table 33 displays the 

species richness values observed in each season for both sampled habitat types. 

Table 33. Species richness values for resident species sorted by habitat type and by season observed 
during Coonan (1987). 

Season 
San Juan 

Woods 
Espada 

Labores 

Fall 13 20 

Winter 21 24 

Spring 10 18 

Early Summer 3 5 

Late Summer 5 9 

Total Sp. 26 34 

Grand Total               40 

 

Scully (2006) 

From 2004-2006, Scully (2006) inventoried the bird population of SAAN and sampled park units 

within the City of San Antonio and the Rancho de las Cabras units. Scully (2006) documented 197 



 

121 

 

bird species in total, 81 of which were resident species (41%; Appendix J); the species richness value 

obtained by Scully (2006) exceeded the Coonan (1987) reference condition by 41 species (Table 33, 

Table 34). The species richness total reported in Scully (2006) includes species detected outside of 

the specified sampling points. When species detected outside of count locations (i.e., incidental 

observations) were excluded, the species richness for SAAN was 146 species, 61 of which were 

resident species (42%, Table 34). This value still exceeded the reference condition value of 40 

species obtained by Coonan (1987). 

Table 34. Species richness values reported by Scully (2006) for both the units of the park within the City 
of San Antonio and the Rancho de las Cabras units of SAAN (2004-2006). Numbers in parentheses in the 
table header indicate the number of sample points within each study site. 

  City of San Antonio (18) Rancho de las Cabras (7) 

Species Observed Total 74 43 

Species Observed at Points 56 32 

Grand Total (sp. observed at 
sample points) 81 (61) 

 

Twedt (2013) 

Twedt surveyed the bird population of SAAN from 2010-2013, and timed surveys to coincide with 

the overwintering period and the breeding season. When the breeding and winter survey results were 

combined, 56 resident bird species were observed in the park (Appendix J), which is above the 

Coonan (1987) reference condition of 40 species (Table 33). Species richness results from the winter 

surveys were pooled across all years, and were not reported yearly (as was done for breeding 

surveys). From 2010-2013, 48 resident bird species were observed during winter surveys (Appendix 

K); 35 of these resident bird species were observed within a 50 m (164 ft) radius from the point count 

location. The winter survey species richness estimate (48) exceeded the reference condition of 40 

species obtained by Coonan (1987). 

The Twedt (2013) surveys that took place during the breeding season (May-June) resulted in the 

observation of 18 resident species (Appendix L); eight of the species observed during the breeding 

survey were not observed during winter surveys. Species richness values were reported yearly during 

the breeding surveys and ranged from eight species (2010) to 13 species (2011; Figure 31); the 3-

year average for resident species richness was 10.3 (Figure 31). The number of sample points 

increased from 20 to 30 in 2011, and remained at 30 points for the 2012 survey. All survey years 

were below the Coonan (1987) reference condition for species richness. 
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Figure 31. Resident species richness values from 2010-2012 in SAAN (Twedt 2013). The red line 
indicates the 3-year average for species richness in SAAN (10.3). 

Relative Abundance 

Coonan (1987) 

Coonan (1987) estimated relative abundance (A) for each species using the following formula: 

!
ȟ   

) 

Î ÔÏÔÁÌ ÎÕÍÂÅÒ ÏÆ ÂÉÒÄÓ ÏÆ ÏÎÅ ÓÐÅÃÉÅÓ ÒÅÃÏÒÄÅÄ ÆÏÒ ÏÎÅ ÓÅÁÓÏÎ ÁÎÄ ÁÒÅÁ 

,  ÔÏÔÁÌ ÌÅÎÇÔÈ ÏÆ ÔÒÁÎÓÅÃÔÓ ÉÎ ÔÈÁÔ ÓÅÁÓÏÎ ÁÎÄ ÁÒÅÁȢ 

Relative abundance was estimated for each sampling transect (i.e., San Juan Woods and Espada 

Labores) during each of the five sampling seasons. Relative abundance estimates for all resident 

species are presented in Appendix M, and the most abundant species for each season in both 

sampling sites are represented in Table 35 and Table 36. 

Table 35. The most abundant resident bird species in each season for the San Juan Woods land tract in 
SAAN, 1985-1986 (Coonan 1987). Values are reported as number of birds per 1,000m of transect, and 
are arranged alphabetically. 

Species Fall Winter Spring 
Early 

Summer 
Late 

Summer 

American robin  24.3    

blue-gray gnatcatcher   4.4  2.9 

cedar waxwing  16.2 8.1   

eastern phoebe 3.7     
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Table 35 (continued). The most abundant resident bird species in each season for the San Juan Woods 
land tract in SAAN, 1985-1986 (Coonan 1987). Values are reported as number of birds per 1,000m of 
transect, and are arranged alphabetically. 

Species Fall Winter Spring 
Early 

Summer 
Late 

Summer 

golden-crowned kinglet  6.6    

Lincoln's sparrow   2.9   

northern cardinal 19.9 16.2 44.9 38.2 33.8 

ruby-crowned kinglet 5.2 8.8    

yellow-rumped warbler 13.2 28.7 2.9     

 

Table 36. The most abundant resident bird species in each season for the Espada Labores land tract in 
SAAN, 1985-1986 (Coonan 1987). Values are reported as number of birds per 1,000 m of transect, and 
are arranged alphabetically. 

Species Fall Winter Spring 
Early 

Summer 
Late 

Summer 

American goldfinch  7.2    

American robin 7.4 12.5    

cedar waxwing  12.9 6.8   

eastern bluebird  4.4    

eastern meadowlark 4.0     

field sparrow    2.4  

northern cardinal 10.7 15.7 21.5 21.1 16.9 

northern oriole     4.8 

ruby-crowned kinglet  3.6    

vesper sparrow  17.1    

western sandpiper     5.2 

yellow-rumped warbler  6.2    

 

Scully (2006) 

Scully (2006) recorded relative abundance as the number of times a species was detected during 

surveys (i.e., the number of times a species was observed; Appendix E). Data were collected during 

bimonthly surveys from 2004-2006, and observers recorded the number of detections for each 

species (1,368 total detections; Appendix N), number of individuals detected, and the percentage of a 

speciesô detections that were the result of auditory cues only. However, the number of individuals 

observed and the percentage of detections that were due to sound were only summarized for the 25 

most commonly observed species during the study, and most of these species (22 of 25) were 

breeding species; the breeding species data are summarized in Chapter 4.6 of this report. 
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March and January were the months with the highest 

number of resident bird detections, with 321 and 308 

detections, respectively (Appendix N). September had the 

lowest number of resident bird detections, with only 98 

detections recorded. The 1,368 resident bird detections 

represent 29% of all bird detections during Scully (2006). 

The northern cardinal (Cardinalis cardinalis; Photo 16) was 

the most abundant species during each month of the survey, 

and was detected 674 times. Northern cardinal detections 

made up 49% of all resident species detections and 14% of 

all species detections (resident, migratory, and breeding). 

Other commonly detected species included the great egret 

(Ardea alba; 90 detections), ruby-crowned kinglet (Regulus 

calendula; 61 detections), snowy egret (Egretta thula; 48 

detections), and the American goldfinch (Carduelis tristis; 

44 detections) (Appendix N).  

Twedt (2013) 

Twedt (2013) surveyed the avifauna of SAAN during both 

the winter and breeding seasons from 2010-2013, and 

reported abundance as the number of individuals observed 

per year for each resident species. Each winter, Twedt (2013) selected 30 count locations at random, 

and area searches at each location lasted 20 minutes. From 2010-2013, a total of 90 area searches at 

40 locations in the park were completed. In total, 1,932 resident bird individuals were observed 

during winter surveys in SAAN from 2010-2013 (Appendix K). When the results were adjusted to 

include only resident species that were observed within a 50 m (164 ft) radius of the point count 

location (i.e., excluding flyovers and distant observations), 952 individuals were observed. The most 

abundant resident species observed during the 2010-2013 winter surveys (including all observations) 

were the American goldfinch (283 individuals), northern cardinal (261 individuals), and the yellow-

rumped warbler (Setophaga coronata; 226 individuals) (Appendix K). 

Breeding season surveys occurred in May and June of 2010-2012. The same 40 locations as the 

winter surveys were randomly selected as point count locations for these surveys; 20 point counts 

were used in 2010, while 30 point counts were used in 2011 and 2012. Surveys lasted only 10 

minutes during the breeding season, compared to the 20 minute area searches used during the winter. 

Total abundance values for resident birds during the breeding season varied by year, and ranged from 

88 individuals (2010) to 136 individuals (2011; Figure 32). The 3-year average for resident species 

abundance was 117.7 individuals (Figure 32). The most abundant resident bird species during the 

breeding surveys was the northern cardinal, with several other species being observed in comparably 

low numbers throughout the duration of the survey (Table 37). 

Photo 16. A northern cardinal, one 
of the most commonly observed 
resident species in SAAN (NPS 
Photo). 
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Figure 32. Number of resident individuals observed during the Twedt (2013) breeding surveys of SAAN 
from 2010-2012. The red line on the figure represents the average number of individuals observed 
(117.7), and * indicates a survey year where only 20 sample points were used (other years had 30 
sample points). 

Table 37. Resident bird species and number detected during 10-minute surveys of 40 randomly located 
point locations in SAAN during the breeding season (May-June) from 2010-2012. Birds for which no 
detection distance was recorded (i.e., flyovers) are not reported in this table. * indicated a species not 
observed during winter surveys by Twedt 2013 (Table modified from Twedt 2013). 

Common Name 2010 2011 2012 

black-crowned night-heron*  1  

blue-headed vireo   1 

black-necked stilt*   1 

cattle egret*  3 2 

chipping sparrow   1  

eastern bluebird 1 2  

eastern phoebe 1  1 

field sparrow* 2   

great egret 2 8 2 

green heron* 1 1  

little blue heron  1  

monk parakeet*  1  

Neotropic cormorant 1 3 2 
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Table 37 (continued). Resident bird species and number detected during 10-minute surveys of 40 
randomly located point locations in SAAN during the breeding season (May-June) from 2010-2012. Birds 
for which no detection distance was recorded (i.e., flyovers) are not reported in this table. * indicated a 
species not observed during winter surveys by Twedt 2013 (Table modified from Twedt 2013). 

Common Name 2010 2011 2012 

northern cardinal 79 109 115 

snowy egret  3 2 

spotted sandpiper  1  

Swainson's hawk*   1 

yellow-crowned night-heron* 1 2 2 

Individuals detected 88 136 129 

Species detected 8 13 10 

 

Distribution 

Coonan (1987) 

Coonan (1987) compared species richness, density, and diversity between two sampling zones in 

SAAN. However, the data summarized by Coonan (1987) (e.g., diversity, and density) were not 

specific to resident species, and it is not possible to isolate the resident species-specific data from the 

report. For a detailed summary of the distribution data for all bird species and groups please see 

Chapter 4.6 of this NRCA (Breeding Birds).  

Scully (2006) 

Scully (2006) had a primary objective of documenting 90% of the bird species that occurred in 

SAAN. Because of the emphasis on species identification, the number of individuals observed at 

each survey site was not reported. Two major study units (SAAN properties within the City of San 

Antonio, and the Rancho de las Cabras property) were surveyed using point counts from January 

2004-May 2006. The surveys in the City of San Antonio resulted in 74 resident species being 

observed, 56 of which were observed at a point count location (Appendix N). The Rancho de las 

Cabras property had 43 breeding species observed, 32 of which were observed at a point count 

location.  

Twedt (2013) 

Although population estimates, density estimates, and detection probabilities were calculated for 

SAAN as a whole, Twedt (2013) did not document the distribution of resident bird species in SAAN. 

Threats and Stressor Factors 

Because resident bird species do not migrate, they are entirely dependent upon the SAAN ecosystem 

for their survival. As a result, stressors on the SAAN landscape become stressors to the resident bird 

population; a decline in the resident bird population is likely indicative of a much larger issue 

occurring within the park. The breeding bird chapter of this NRCA (Chapter 4.6) summarizes the 
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stressors of the avifaunal community. Many, if not all, of the stressors summarized in that component 

are applicable to the resident bird community of SAAN. 

Data Needs/Gaps 

Continued monitoring of the resident bird community, particularly the work of Twedt (2013) during 

the winter, is necessary for park managers to establish baseline values for the identified measures in 

this component. An expansion of current survey methods to document the distribution of various 

resident species would be helpful to identify priority habitats in the park. Continuation of these 

surveys will also allow for trend analysis after 5-10 years of data collection.  

While not an identified measure in this assessment, monitoring of the trends in resident species of 

conservation concern is needed. As climate change, habitat fragmentation, and energy development 

efforts threaten bird communities, it will be important to identify potential trends in these indicator 

species.  

Overall Condition 

Species Richness 

The species richness measure was assigned a Significance Level of 3 during project scoping. NPS 

(2014) identifies 71 resident bird species as confirmed in the park, and the surveys that have occurred 

in the park have had species richness values ranging from 40 (Coonan 1987) to 68 (Scully 2006). The 

most recent surveys to take place in the park (Twedt 2013) identified 48 resident species during 

winter surveys, and 18 species during breeding season surveys. Twedt (2013) was hesitant to draw 

any assumptions about the trends in SAANôs bird population, as the data were collected over only 3 

years, and patterns may not yet be evident. However, the breeding season surveys in the park were 

the only surveys to fall below the species richness reference condition from Coonan (1987) of 40 

species. Through the various surveys in the park, it does not appear that the species richness in 

SAAN is of major concern, and a Condition Level of 1 was assigned to this measure. 

Relative Abundance  

Relative abundance of breeding bird species was assigned a Significance Level of 3 by NPS staff 

during project scoping. While documented by multiple reports, each report used a different definition 

of relative abundance; Coonan (1987) estimated this measure as the number of birds per 1,000 m of 

transect, Scully (2006) reported it as the number of times a species was detected, and Twedt (2013) 

reported it as the number of individuals observed per year.  

There do not appear to be any major concerns related to the relative abundance of resident species in 

the park, and the measure was assigned a Condition Level of 1. While resident species abundance 

was lower than breeding species abundance, the annual variations were not extreme. Additionally, 

variation observed in abundance in Twedt (2013) was likely due to sample size variations; 2010 

surveys were completed at 20 count locations, while 2011 and 2012 had 30 count locations. Winter 

months produced the highest relative abundance estimates in the park, and the most abundant 

resident species in all studies were consistent (northern cardinal, American goldfinch, and yellow-

rumped warbler). Twedt (2013) was hesitant to draw any conclusions regarding trends or population 
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estimates for the park, as the data collected for that study spanned only 3 years. As data collection 

continues, trend analysis and a more accurate estimate of the resident population size of SAAN may 

be possible. 

Distribution 

The Significance Level for distribution was determined to be 3 by NPS staff. As an urban park, the 

remaining stands of undisturbed habitat along the San Antonio River and the native shrub and 

grasslands likely serve as vital habitat for many species in the park. Only two surveys have 

documented the distribution of resident species in SAAN (Coonan 1987, and to a lesser extent Scully 

2006). Limited data have been provided for this measure, and future monitoring of the distribution of 

resident species in the park is needed. A more complete understanding of how the resident bird 

species of SAAN utilize these habitats would be of great importance for managers. Because of the 

data gaps that exist for this measure, and the lack of any recent distribution data, a Condition Level 

was not assigned to this measure. 

Weighted Condition Score (WCS) 

A Weighted Condition Score of 0.33 was calculated for the resident bird component, indicating good 

condition. A trend was not assigned to this component, as data related to distribution are lacking in 

recent years, and it is difficult to determine if apparent trends in richness and abundance from 2010-

2012 are due to varying sample size, or actual trends in the resident population. 

Resident Birds 

Measures 
Significance 

Level 
Condition 

Level WCS = 0.33 

Species Richness 3 1 

 
 

Relative Abundance 3 1 

Distribution 3 n/a 
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4.8 Aquatic Macroinvertebrates 

4.8.1 Description 

Macroinvertebrates are often used as biological indicators in assessing overall aquatic ecosystem 

health: the absence of macroinvertebrates in an aquatic ecosystem may reflect disturbances, such as 

pollution, that can affect higher trophic levels (EPA 2012). Additionally, macroinvertebrates are an 

important food source for birds, fish, and other wildlife in SAAN (EPA 2012). 

The Missions Units are located within the upper segment of the San Antonio River Basin, and the 

Rancho Unit is within the lower segment (Figure 33). The upper reach (segment 1911) of the San 

Antonio River has been heavily impacted by channelization, non-native plants, pollution, and 

drought. This is largely the result of urban sprawl of the city of San Antonio.  

 

Figure 33. The location of SAAN units in the San Antonio River Basin. 

Macroinvertebrate indicator species can range from sensitive species such as caddisflies (order 

Trichoptera) and Unionids (freshwater mussels of the family Unionidae, also known as naiads), to 

the much more tolerant midge (Diptera) and aquatic worm (Oligochaeta) species. Other benthic 

organisms that are categorized as aquatic macroinvertebrates include leeches (phylum Annelida), 

snails (class Gastropoda), flatworms (phylum Platyhelminthes), and various insects in their aquatic 

life stage (e.g. mayflies [order Ephemeroptera], dragon and damsel flies [order Odonata], and 

stoneflies [order Plecoptera]) (TCEQ 2007). In the upper San Antonio River segment, 15 families of 

benthic macroinvertebrates were identified, 11 of which are considered intolerant to degradation of 

the habitat (SARA 2007).  
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Freshwater invertebrates, or aquatic macroinvertebrates, are considered a Vital Sign by the GULN, 

but the network has no foreseeable plans to conduct invertebrate-specific monitoring in SAAN 

waterways (Segura et al. 2007). The monitoring of aquatic macroinvertebrates that has occurred in or 

near SAAN has been conducted by the San Antonio River Authority (SARA), the Texas Commission 

on Environmental Quality (TCEQ), and the Texas Clean Rivers Program (CRP) as part of a 

collaborative, long-term water quality monitoring effort (SARA 2013).                                                   

4.8.2 Measures 

¶ Index of Biotic Integrity (IBI) Rating 

4.8.3 Reference Conditions/Values 

The reference condition for the park is based on the TCEQ (2007) metrics and scoring criteria for 

benthic macroinvertebrates. The scoring metrics include taxa richness, Ephemeroptera, Plecoptera, 

and Trichoptera (EPT) taxa abundance, biotic index (HBI), percent Chironomidae, percent dominant 

taxon, percent dominant functional feeding group (FFG), percent predators, ratio of intolerant : 

tolerant taxa, percent of total Trichoptera as Hydropsychidae, number of non-insect taxa, percent 

collector-gatherers, and percent of total number as Elmidae. These metrics are used to calculate IBI. 

An IBI is defined by TCEQ (2007, Appendix F, p. 3) as: ñA composite index of the overall condition 

of a fish or benthic community based on the cumulative score of separate metrics.ò An aquatic life 

use point score (ALU) is determined by the IBI and has four categorical levels (Table 38). The 

TECQ (2007, Appendix F, p. 1) defines the ALU as: 

A beneficial use designation (in state water quality standards) in which the water body 

provides suitable habitat for survival and reproduction of desirable fish, benthic 

macroinvertebrates, shellfish, and other aquatic organisms.  

For this assessment, the reference condition will be the high range or above (Table 38).  

Table 38. Aquatic Life Use scores (ALU) are based on the points calculated with the metrics listed above 
to evaluate the benthic invertebrate sample to assess the condition of the aquatic habitat (TCEQ 2007). 

ALU Category IBI Ranges 

Exceptional >36 

High 29-36 

Intermediate 22-28 

Limited <22 

 

IBIs have also been calculated for aquatic habitats using TCEQ (2007) methods. Characteristics 

considered by this method include instream channel characteristics (e.g., riffles, substrate type), 

stream morphology (e.g., width, depth, flow), and the riparian environment (vegetation, bank slope, 

etc.). These habitat evaluations are helpful in determining the potential for a stream to support 

aquatic life (TCEQ 2007). Habitat IBIs and ALU designations will be included in this assessment to 
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supplement the limited macroinvertebrate IBI data. The habitat IBI ranges are different from those 

for macroinvertebrates, as shown in Table 39. 

Table 39. The ALU and IBI values for aquatic habitat assessments (TCEQ 2007). 

ALU Category IBI Ranges 

Exceptional 23-31 

High 20-25 

Intermediate 14-19 

Limited Ò13 

 

4.8.4 Data and Methods 

SARA (2003) conducted collaborative water quality monitoring for the San Antonio River watershed 

which involved limited sampling of benthic macroinvertebrates and assessing aquatic habitat quality. 

Routine sampling involved collecting data on field and conventional parameters, nutrients, and 

bacteria; metals, nekton, benthic, and habitat assessments were collected annually. The bulk of data 

were collected by SARA, but TCEQ, U.S. Geological Survey (USGS), and the Guadalupe-Blanco 

River Authority (GBRA) were also partners in the effort; the CRP facilitated the collaboration of data 

entities (SARA 2003). The areas that pertain to SAAN park units are river segments 1911 and 1901, 

which are the upper and lower San Antonio River watersheds. Stations where sampling occurred 

included Mitchell St., Mission Road, and Loop 410 (Figure 34; SARA 2003). Data collection was 

conducted from January 1998 through December 2002 under the quality assurance project plan 

(QAPP). Trend analysis was derived from data collected, where applicable, from January 1993 

through December 2002; it should be noted that data collected before 1996 had not been conducted 

under the QAPP, which was developed by the CRP (SARA 2003). 

SARA (2008) sampled benthic macroinvertebrates in 2003 at Mission Road, and again in 2004 at 

Loop 410. Habitat assessments were also completed for each of these locations, as well as at the 

Mitchell St. location (Figure 34). Samples were also taken for two locations in 2012 (SARA 2012). 

4.8.5 Current Condition and Trend 

IBI Rating 

The IBI is a measure that captures the aquatic biological community structure and is often an 

additional metric to standard water quality monitoring parameters (TCEQ 2007). This measure is 

assessed by sampling the area of interest to see which species of fish, invertebrates, or plants are 

most abundant. This can then indicate the conditions and detect impairment of the aquatic and 

riparian habitat. From the IBI score, an aquatic life use level (ALU) is determined (TCEQ 2007). 

SARA (2003) calculated benthic macroinvertebrate and habitat IBIs for several locations within 

SAAN between 2000 and 2002 (Table 40). Benthic macroinvertebrates were sampled at two 

locations during the survey period while habitat was assessed at three sites (see Figure 35). While six 
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out of seven habitat assessments resulted in high ALU designations, two out of three 

macroinvertebrate ALUs were in the limited range. 

SARA (2005) conducted habitat assessments in 2004 at eight monitoring stations that are within or 

adjacent to SAAN (Table 41). Six of the seven locations received IBI scores in the intermediate 

range with only one location (Piedras Creek) scoring in the high range. 

SARA (2008) presented benthic macroinvertebrates ALU designations for stations on the upper San 

Antonio River in 2003-2004. The only stations sampled within SAAN were Mission Road and Loop 

410. While a high ratio of intolerant to tolerant taxa at the Mission Road location suggested favorable 

conditions for the macroinvertebrate community, low ratings for percent of predator, gatherer, and 

dominant taxa reflected an imbalance in the community structure; this was possibly due to a 

physiochemical imbalance and the overall degradation of the site location (SARA 2008). The Loop 

410 site had an elevated number of tolerant taxa, indicative of disturbances in the physiochemical 

composition. A high percentage of Chironomidae and percent total Trichoptera as Hydropsychidae 

suggest a community structure imbalance (SARA 2008).  The resulting ALU scores for both Mission 

Road and Loop 410 were limited, indicating a fair amount of degradation (Table 42). While the exact 

cause of degradation is not known, these scores merit the need for further investigation and 

monitoring of the benthic community. 

SARA (2012) collected samples and calculated IBIs for two locations in SAAN in 2012: Piedras 

Creek at Espada Aqueduct and Ashley Road. Piedras Creek received an intermediate rating while 

Ashley Road was limited (Table 43). 
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Figure 34. Locations of the water quality monitoring stations that are within, or in close proximity, to the 
SAAN units. SAR=San Antonio River. 






























































































































































































































































































































































































































