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CHAPTER 1 
INTRODUCTION 

CHAPTER OVERVIEW 

ENVIRONMENTAL ISSUES AND PROBLEMS ..................................... 1.1 

METHOD FOR ANALYSES AND RANKING .................-.--.-................ 1.8 

Between September 1993 through December 1995 several Texas state agencies participated in an 
environmental comparative risk project, known as the State of Texas Environmental Priorities Project 
(STEPP). STEPP was coordinated by the Texas Natural Resource Conservation Commission.  

The purpose of STEPP was to analyze environmental issues with respect to their impacts on human health, 
ecological systems, and socioeconomic welfare. STEPP was implemented in two distinct phases. Phase I consisted of the use of comparative risk assessment to evaluate and rank environmental issues. Phase II consisted of the development of priorities and management strategies with respect to available budgetary 
resources and regulatory activities. The STEPP Mission Statement as identified by the project's Public 
Advisory Committee is as follows: 

The mission of the State of Texas Environmental Priorities Project is to develop risk-based priorities 
for protecting and enhancing the environment of Texas.  

The project structure consisted of a Policy Committee made up of the heads of each participating state agency 
and an Oversight Committee consisting of senior managers from each state agency. Advising the Oversight 
Committee was a Public Advisory Committee (PAC) and a few Technical Advisors. Three technical 
workgroups, analyzing impacts to human health, ecological systems, and socioeconomic welfare, were established and consisted of state agency staff and representatives from universities or private research 
institutions. The technical workgroups reported to the PAC and each conducted an independent ranking of environmental issues. The PAC integrated these three rankings (see Volume 1 of this Appendix).  

This Appendix is one of the three technical reports resulting from STEPP. It presents the analyses of the Ecological Workgroup and its comparative ecological risk ranking of environmental problems facing Texas.  

ENVIRONMENTAL ISSUES AND PROBLEMS 

Early in the project, the PAC identified 25 environmental issues to be analyzed; the workgroups later 
expanded this to 27 by dividing "Water Quality" into three separate issues--surface, ground, and drinking 
water. The issues identified by the PAC are listed below accompanied by issue definitions:
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Habitat Alteration

Habitat alteration refers to critical or irreversible damage to the physical and chemical 
structure of the environment where a plant or animal naturally or normally lives and grows.  
Such alteration may be the result of physical modifications (e.g., highway construction and 
land development), other sources of degradation (e.g., dumping, increases in pollutant loads 
beyond a habitat's assimilative capacity), or effects on undisturbed lands/habitats that result 
from nearby degradation (e.g., habitat fragmentation, migration path blockage).  

Loss of Biodiversity 

Biological diversity (or biodiversity, as it has come to be called) refers to the variety and 
variability among living organisms and the ecological communities in which they occur. The 
term encompasses species, ecosystems, and their relative abundance. Because the loss of 
biodiversity is irreversible, the potential impact on the human condition, on the fabric of the 
Earth's living systems, and on the process of evolution is immense. While the diversity of life 
has never been, and never will be, static, today the rate and scale of environmental changes 
brought about by human activities have increased the loss of species to an unprecedented rate.  

Soil Erosion 

The erosion of top and subsoil from land areas results in the removal of fertile soil zones and 
biota from terrestrial ecosystems. Soil erosion is a natural process; it is the rate and scale of 
soil erosion which determines its adverse effects. Anthropogenic forces (e.g., agronomically 
unsound farming practices farming and grazing, deforestation, soil movement) and non
anthropogenic factors (e.g., rain, wind, extreme weather events) contribute to soil erosion.  
Soil erosion is a necessary component of the depositional cycle in which sediment loads are 
washed downstream to nourish organisms. Again, excessive erosion results in siltation of key 
habitats.  

Exposed to physical forces, bare and arid regions with shallow or deep soils can be 
particularly vulnerable to erosion in Texas. Erosion due to water is important in the eastern 
and most other parts of.Texas. Wind erosion is predominant in the desert, semidesert dry 
lands of the west and northwest Texas. Vegetation-free cultivated or fallow areas are more 
prone to soil erosion than the areas under crops, pastures, or forests.  

Pesticide Contamination 

A species is declared a pest under circumstances that make it deleterious to humans or the 
environment. Pesticides are substances intended for preventing, destroying, repelling, or 
mitigating pests. Although pesticides are intended for specific uses, non-target organisms or 
ecosystems can be adversely affected by these chemicals.  

Under some conditions the use of pesticides may result in the contamination of both soil, 
water, and air. Receptors in aquatic environments can be exposed to pesticides from run-off.  
Biological receptors can be exposed through the direct application of herbicides to a body of 
water or to land. Unusually high residues of acute and chronic toxicants can accumulate
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through biomagnification or food chain effects, especially in animals at the higher trophic 
levels, in various ecosystems. Under some conditions the use of pesticides may result in 
unreasonable human exposure, point and non-point source environmental contamination, and 
development of resistant strains of target organisms.  

Water Availability 

Water availability is an issue in Texas owing to the difficulty of increasing needs of people, 
industry, wildlife, and habitats simultaneously. Climatic factors provide a gradient of rainfall 
and available water across the state, but much of the state can be classified as sub-arid.  
Naturally occurring periods of low water availability are exacerbated by the increases in 
human population and activities which require water. Projections of future demands on the 
water supply are for increased needs.  

Water Quality 

Water quality is defined in terms of physical and chemical properties, such as concentration 
of dissolved or suspended particles and dissolved gases, microbial constituents, pH, and 
thermal characteristics. Humans, terrestrial wildlife, and aquatic plants and animals depend 
on an acceptable quality of water. The waters of Texas naturally vary, dependent on the 
region and local water source; from saline to fresh, acidic to alkaline, clear to turbid. Water 
quality can be affected by natural sources, e.g., effects from natural saline springs, 
temperature changes, algal blooms, as well as human sources, such as chemical contamina
tion and elevated nutrient loads.  

Flooding 

Flooding is the innundation of areas not normally under water. Adverse impacts occur when 
flooding occurs in residential, commercial, and agricultural areas. Adverse impacts include 
economic, public health, ecological, and quality of life issues.  

Waste Handling and Disposal (in accordance with current regulatory requirements) 

Human activities generate wastes, such as hazardous wastes and non-hazardous wastes.  
These wastes must be handled so as to minimize potential harm to humans and the environ
ment. Types of wastes generated include RCRA hazardous, toxic, industrial, municipal, 
radioactive, oil and gas, and medical waste. There are many ways of handling these wastes, 
including landfill/surface impoundment, underground injection, incineration, treatment, 
storage, recycling, and burning. Different types of wastes are handled in different ways, 
depending on which type of method(s) is(are) appropriate.  

Abandoned/Superfund Sites and Spills/Illegal Dumping 

Abandoned contaminated sites exist where materials originating from unacceptable disposal 
practices or accidental releases pose a hazard to the environment. The Spills/Illegal Dumping 
issue addresses the risk from transportation and facility site-specific spills; accidents which 
usually require emergency response action. Illegal dumping includes unauthorized waste 
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disposal and waste illegally dumped on publicly- or privately-owned property, as well as 
waste washed up on beaches. Releases can contaminate air, water, and land. In all cases, the 
responsible party is either unknown, unwilling, or unable to conduct appropriate cleanup 
activities to eliminate the environmental threat.  

Stratospheric Ozone Depletion 

A protective layer of ozone is necessary for diminishing the number of harmful ultraviolet 
rays hitting the earth. Various chemicals, such as halogenated hydrocarbons (i.e. chloro
fluorocarbons) and nitrogen oxides contribute to depletion of the ozone layer. Depletion 
of the ozone layer allows increased ultraviolet rays to hit the earth and potentially damage 
humans, as well as animals and plants.  

Global Climate Change 

The trapping of radiant heat from the sun by components of the Earth's atmosphere, called 
the "greenhouse effect," is critical to the maintenance of a stable temperature range conducive 
to life on Earth. There are concerns that the greenhouse effect has been artificially enhanced 
by gases such as carbon dioxide, methane, chlorofluorocarbons, nitrogen oxides, and ozone 
which are known to absorb and store thermal energy. These gases trap the sun's infrared 
radiation in the atmosphere and therefore increase temperature. Adverse effects projected to 
occur with global warming include decreases in crop yields, disruption of fisheries and 
wetlands resulting from rising sea levels (due to melting of polar ice), a redistribution of 
insect vectors of disease, increased heat stress illnesses, and the loss of habitats resulting from 
rising sea levels and arid conditions. Also, plant and animal species would be forced to 
rapidly adapt to these temperature and water condition changes.  

Indoor Air Pollution 

This category applies to exposure to indoor air pollutants from sources both inside and 
outside of buildings and homes. These sources fall into several general categories: 
combustion sources; building materials; household products; tobacco smoke; radon; lead.  
Exposure may occur due to inadequate ventilation, improper storage of materials, or improper 
use of compounds. Items in this category are also covered in Toxics in the Home.  

Lead Contamination 

This category applies primarily to all sources of lead contamination in and around the home.  
Approximately 74% of privately-owned and occupied housing units in the United States built 
before 1980 contain lead-based paint. Lead-based paint is the most common source of high
dose lead exposure for children. Children are exposed to lead when they ingest chips of lead
based paint or ingest paint-contaminated dust or soil. Additionally, children, pregnant 
women, and menopausal women are more susceptible to lead toxicity than adults are. Items 
in this category are also covered in air and water categories.
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Particulate Matter

Air particulates represent a broad group of chemically and physically diverse substances 
which exist as particles suspended in air. The particles of concern vary in size (e.g., coarse 
and fine) and by source (e.g., blowing dust/sand, motor vehicle emissions, construction, 
incineration). Particulates pose a hazard to humans and other organisms through inhalation.  
Exposure to particulates may also occur indirectly via atmospheric deposition and food chain 
transfers as other chemicals [e.g., pesticides, lead, polychlorinated dibenzodioxins (PCDDs)].  

Air Toxics 

This issue includes outdoor exposure to airborne hazardous pollutants from various mobile 
and stationary sources (e.g., industrial facilities, automobiles, and combustion). Some 
pollutants include metals, volatile organic compounds and aerosols, and products of 
incomplete combustion. Concerns include pollutant exposure through both inhalation (direct 
exposure) and air deposition to land areas (indirect exposure).  

Atmospheric Deposition 

Atmospheric deposition refers to the precipitation of particles from the air to land areas.  
Sources of these chemical particles include industrial, commercial and residential fuel and 
other combustion sources. Atmospheric deposition may lead to degradation of habitat quality 
through chemical alteration of affected aquatic and terrestrial ecosystems. Organismal 
exposure can also occur through ingestion of contaminated water, vegetation, animal tissue, 
and soil. One example is the concern over acid deposition and the effect it has on habitats 
(e.g., acidification of lakes).  

Ground-level (smog) Ozone 

Elevated levels of ozone frequently occur in urbanized areas. Ozone is an oxidant formed in 
the air at ground level and is a major pollutant in many areas. Ozone is the result of chemical 
reactions involving hydrocarbons and nitrogen oxides emitted from industrial, motor vehicle, 
and natural (e.g., atmospheric oxygen and sunlight) sources. Elevated levels of ozone in the 
air may damage human health (e.g., lung/respiratory disorders), forests, and crops.  

Odor Pollution 

Odor pollution is the presence of substances in duration and concentration which are 
objectionable to the olfactory system. Potential sources are industrial, urban and agricultural 
activity, and naturally occurring.  

Food Safety 

Food (i.e., substances intended for human consumption) may become contaminated as a 
result of contact of livestock or produce with contaminated material. There are two basic 
routes of contamination: 1) surface contamination, or 2) metabolic contamination. Types of 
contaminants in food include pesticides, heavy metals, antibiotics, growth hormones, and 
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mycotoxins (fungal metabolites). Food may be contaminated with chemicals as a result of 
airborne transport or their presence in irrigation water. The safety of food for human 
consumption may also be affected as a result of microbial contamination, either directly or 
resulting from improper food handling.  

Noise Pollution 

Noise pollution is the presence of sounds in duration and intensity which are objectionable 
to the auditory system. Potential sources include a wide range of human activities.  

Pests 

The term "pests" encompasses a wide variety of plant and animal life which have adverse 
impacts on humans and their habitats may be found in the human habitat. Examples include 
many poisonous or injurious plants, (e.g., poison ivy, lantana, mistletoe), venomous snakes, 
(e.g., rattlesnakes, copperheads), dangerous arthropods and insects, (e.g., scorpions, imported 
bees, fire ants, ticks, mosquitoes, termites), and even some mammals (e.g., rats, skunks, 
dogs). Many insects, arthropods, and mammals are of medical importance in that they either 
cause diseases themselves, or they may transmit diseases to humans -- ticks transmitting 
Lyme's disease; rodents transmitting hantavirus; allergic reactions caused by fire ant bites or 
bee stings.  

Electromagnetic Fields 

Electromagnetic fields are forces generated by a flowing current of positive and negative 
charges. Such fields occur in areas surrounding high power lines and electrical appliances.  
There are concerns about adverse health effects, mainly cancer, due to residential and 
occupational electromagnetic field (EMF) exposures.  

Radiation 

Radiation as used here it is the emission, transmission, and absorption of ionizing energy 
from X-rays and radioactive materials. Exposure to radioactive substances may occur via 
medical radiation (e.g., X-rays, radiation therapy), radioactive waste (e.g., medical, 
industrial), occupational settings, naturally occurring radon gases, and radiation from nuclear 
power operations. This section is focused on medical radiation and nuclear plant operations.  

For most of the 25 issues identified by the PAC, each technical workgroup identified which problems they 
would examine; for those issues a number of different problems were identified across workgroups. For 
example, for "surface water quality" the Ecological Risk Workgroup identified as the problem the failure to 
attain aquatic life uses as defined by the State of Texas Surface Water Quality Standards. The analysis was 
separated by type of pollution and by aquatic habitat type. On the other hand, the Socioeconomic Workgroup 
did not identify as its problem the causes of surface water contamination and chose to focus only upon 
attainment of all legal water quality standards within the state.

State of Texas Environmental Priorities Project 1.6 Ecological Workgroup Report
State of Texas Environmental Priorities Project 1.6 Ecological Workgroup Report



The Ecological Risk Workgroup had difficulty separating the cause from the effect for specific pairs of issues.  
This was especially true for "habitat degradation" and "loss of biodiversity" and of some concern for "global 
ecology" and "air toxics." Other problems encountered during the analysis and ranking of issues included the 
non-exclusive nature of some problems and their associated issues. For a few of the issues, the issue was 
considered to be the problem. For instance, the Ecological Workgroup considered the issue of "pesticides" 
as the problem to be analyzed.  

Of the 27 issues, 10 were examined by the Ecological Workgroup. Some of these issues were grouped under 
larger categories. For example, waste handling and disposal and abandoned sites and spills were grouped 
together into the category "Waste Management." In addition to this grouping of waste-related issues, all air
related issues were treated as separate problems but grouped under an "Air Quality" category. Table 1.1 lists 
each issue or category and the specific problems identified and analyzed by the Ecological Workgroup.  

The Ecological Risk Workgroup did not analyze a number of issues that were specific to human health or 
socioeconomic welfare. A number of other issues were grouped together under larger headings. The final 
list of issues addressed by the workgroup are found in Table 1.1 below.  

Table 1.1 STEPP Ecological Workgroup Issues 

Category or Issue Problem(s) Analyzed 

Habitat Alteration Habitat Fragmentation, Eutrophication, Land use changes 

Loss of Biodiversity Exotic Species, Species extinction 

Soil Erosion Soil Erodibility and nonpoint source potential from water 
erosion 

Pesticide Contamination Pesticide use 

Water Availability Total appropriation of water by basin 

Surface Water Quality Aquatic life use attainment 

Flooding Not analyzed 

Waste Management Waste handling and disposal; abandoned sites and spills 

Global Ecology Global Warming 

Indoor Air Pollution Not analyzed 

Particulates Particulate emissions 

Air Toxics Toxic emissions 

Atmospheric Deposition Air emissions 

Ground-level Ozone Not analyzed 

Odor Pollution Not analyzed 

Food Safety Not analyzed 

Noise Pollution Not analyzed 

Pests Not analyzed

Ecological Workgroup Report
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Category or Issue Problem(s) Analyzed 

Electromagnetic Fields Not analyzed 

Radiation Radioactive waste 

METHOD FOR ANALYSES AND RANKING 

Analysis 

The Workgroup's general approach was to estimate comparative risks to natural systems from anthropogenic 
sources by examining existing qualitative and quantitative data and information on human impacts to 
landscapes. Problems were identified as those human activities that have the potential to cause residual risk 
to nature systems. Chapter 2 presents an analysis of each issue using the same broad methodology. Each 

analysis in Chapter 2 started with the same conceptual format: 

I. Introduction 
II. Current Policy and Regulatory Framework (optional) 
III. Identification of Problem(s) 
IV. Ecological Impacts 
V. Risk Characterization 

The current policy and regulatory framework was identified for each issue to facilitate the identification of 
problems. A "problem," or "residual risk," as defined by the Public Advisory Committee, is: 

(1) a risk that exists due to the absence of a program to protect human health, the environment, and/or 
socioeconomic welfare; 

(2) a risk that remains after a program is implemented; and/or 

(3) a risk that is the result of failures of a program.  

Sources of data and information included monitoring data available from state agencies, agency publications, 
primary scientific literature, and empirical studies.  

Ranking 

After determining the impacts to natural systems for each issue, the impacts of each issue were compared to 
the impacts of all other issues using the following criteria:
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Table 1.2 Decision Criteria for Ecological Workgroup

Decision Criteria 

Magnitude of effect 

Population or area exposed 

Severity 

Certainty 

The definitions for these criteria and a more detailed explanation of the general approach for ranking are 
discussed further in Chapter 3. Prior to ranking the individual issues, these criteria were ranked by the 
Ecological Workgroup. Ranking the criteria helped the Workgroup determine the relative importance of each 
criterion to the estimation of comparative ecological risk. Magnitude of effect and population exposed were 
determined to be the most important criteria based primarily on the limitations of the data available for 
analysis.  

The general approach of the Ecological Workgroup for the final ranking was to achieve a negotiated consensus 
on the ranking of the issues, based on the four ranking criteria. The Workgroup favored negotiated consensus 
versus a formulaic (or mathematical)method because of the lack of time to determine a formula for combining 
the five ranking criteria. Consensus was achieved by first comparing one issue to another, then having 
members vote on which issue posed a greater risk. This vote was followed by discussion and then repeated 
votes occurred, if necessary, until consensus was achieved. "Consensus" did not necessarily mean unanimous 
agreements regarding the relative rank of an issue. It did mean there was no significant dissent relative to the 
rankings. The process, and definitions of the ranking criteria, were intended to be broad enough to allow 
members to agree that one problem is a greater risk than another, but individual members may have stressed 
different, although valid reasons for such agreement.
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CHAPTER 2 
ECOLOGICAL WORKGROUP ISSUE REPORTS 

CHAPTER OVERVIEW 

SECTION 2.1: HABITAT ALTERATION............................................1 

SECTION 2.2: PESTICIDE CONTAMINATION ....................................... 29 

SECTION 2.3: WATER AVAILABILITY .............................................. 60 

SECTION 2.4: SURFACE WATER QUALITY .......................................... 88 

SECTION 2.5: WASTE MANAGEMENT ISSUES ....................................... 101 

SECTION 2.6: GLOBAL CLIMATE CHANGE ......................................... 128 

SECTION 2.7: AIR QUALITY.................................................. 132 

SECTION 2.1: HABITAT ALTERATION 

Introduction 

Habitat is the place where a species of plant, or animal, or a community of plants and animals, naturally 
live and grow. Normally, plants and animals are associated with particular habitats and are thus dependent 
upon those specific habitats for their existence. These types of species are called "habitat specialists".  
Some species can survive in multiple habitat types and therefore are less dependent on a specific habitat.  

A habitat may support the growth of an enormous variety and diversity of plants and animals, such as the 
forested wetlands of East Texas. Or a habitat may support a limited number of plants and species, such as 
the barrier islands along the coast. The number, kind and diversity of plants and animals dependent upon 
a habitat is largely a function of abiotic patterns (soils, elevations, weather, hydrology, salinity, etc).  
Biotic components play integral supporting roles through nutrient cycling, succession, etc).  

There is a theoretical causal relationship between availability of limiting resources and an increased 
diversity of plants and animals (Tilman 1982; Armstrong and McGehee 1980). Ecological associations, 
abiotic, and biotic parameters combine to determine the habitat structure, which in turn determines the 
plant and animal communities that depend on the habitats (Doughty and Parmenter, 1989).  

Texas spans an enormous range of physical and biological parameters and as such has an enormous 
diversity of habitats. Texas straddles three biotic provinces, that is, three different geographic areas with
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identifiable ecological characteristics which set them apart from one another. These large. geographic areas 

may be subdivided into smaller regions with similar biological and physical characteristics. These 

subdivisions can be thought of as habitats, but much will depend upon the scale of the observer.  

Depending on the goals and objectives of the observer and the perspective with which a place is viewed, 

habitat may be as large as the Gulf of Mexico, the Chisos Mountains, a Piney Woods forest, a small urban 

water shed like Oso Creek, a specific geological feature like West Cave near Austin, Texas, or an isolated 

wetland like lower Paul Lake at Muleshoe National Wildlife Refuge. Regardless of the scale or the 

observer, habitat classification and assessment must be associated with one or more species' utilization 

functions. It is meaningless to discuss the distribution of habitat without this species perspective.  

There are also numerous, unique, transitional areas between these biotic provinces, called ecotones.  

Ecotones are extremely important habitats as they are the areas where flora and fauna of the different 

biotic provinces overlap and thus promote great species diversity. By grouping ecotones with other 

regions of similar physical and biological attributes, Texas can be separated into ten ecological regions.  

These regions are from east to west: Piney Woods, Gulf Prairies and Marshes, Post Oak Savannah, 

Blackland Prairies, Cross Timbers and Prairies, South Texas Plain, Edwards Plateau, Rolling Plains, High 

Plains, and the Trans-Pecos Mountains and Basins (Bailey and Cushwa, 1982).  

Taken together, the entire state can be regarded as a transition between desert and aridity-adapted plants 

and animals in the West Texas Trans-Pecos Mountains and High Plains region; moisture loving organisms 

in the Bottomlands of East Texas; and flora and fauna of South Texas that exist in warmth and low 

moisture. This analysis focuses on seven generic habitats that occur within Texas. These habitat types 

are: (1) wetlands, (2) prairies, (3) rivers, (4) estuaries, (5) beaches and dunes, (6) mountains and deserts, 
and (7) piney woods.  

Issue: 

Habitat alteration refers to critical or irreversible damage to the physical 

and chemical structure of the environment where a plant or animal 
naturally lives or grows. Such alteration may be the result of physical 
modifications (e.g., highway construction and land development), other 

sources of degradation (e.g., dumping, increase in pollutant loads beyond 
a habitat's assimilative capacity), or effects on undisturbed lands/habitats 
that result from nearby degradation (e.g., habitat fragmentation, migration 
path blockage).  

Habitat Definition 

Habitats may be thought of as collections of physical and biological resources required by species or 

groups of species referred to as communities. Different resource classes are associated with specific 

habitats, and these resources attract specific species. Habitats not only include the physical attributes of a 

site but include the biological resource classes like plants. Biological resources like plants become 

"habitat" for animal species, and animals that eat plants become food for omnivores and predators. As the 

relationships between multiple species of plants, herbivores, omnivores, and predators becomes complex, 

they form webs of interacting, dependent species. In a broad definition of habitats, foods webs may be
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thought of as emergent properties. As an alternative, these groups of interacting species may be defined as 
communities of organisms dependent upon specific physical attributes of the landscape. In either case, 
individuals species have specific requirements that only exist as a subset of landscape attributes. Analysis 
of these variables for a specific species eventually defines its geographic range.  

Habitats may also be defined by the biological attributes of an area including the biologically-based 
cycling of resources through the biosphere. For example, when a dead tree trunk in an east Texas forest is 
attacked by fungi, bacteria, and beetle grubs the log functions as habitat for these decomposers. As the log 
continues to decompose, the fungi and bacteria may add carbon and nitrogen to the soil, and the remains 
of the log are incorporated into the duff layer on the forest floor. This duff layer continues to break-down 
into humus, which helps retain moisture and adds to soil development. As soils develop and are 
replenished in this manner, the soil become a habitat variable for plant species in the area. In the end, the 
tree trunk that decomposed facilitates the growth of other species. This common chain of events illustrates 
the cycling of carbon, nitrogen, and other elements through soil, water, and air.  

Alteration of habitat may or may not be harmful to plants, animals, or even humans. Alterations over 
geologic time are natural, but especially in recent times, human activities have so speeded up many types 
of alterations that the effects are often detrimental to both ecosystems and human systems (summarized in 
Wilson 1988). The effect often depends upon the scale of the alteration. Total destruction of a specific 
habitat causes the greatest harm. Landuse changes in new-world tropical rainforest are predicted to cause 
the extinction of approximately one million species by the year 2000 (NRC 1980). The near total 
destruction of tall grass prairies in Texas have produced similar consequences for a number of plant and 
insect species. Smaller scale changes can be just as harmful to individual species, but the overall effect 
can be very complex. As coastal wetland marshes along the upper Texas coast were developed and 
disturbed, populations of the lesser snow began to over-winter in the adjacent coastal prairies (Robertson 
and Slack 1995). This change in habitat preference was possible because of agricultural practices in the 
coastal prairies. The current trend suggests that agriculture on the coastal prairies is declining, and the area 
is undergoing a conversion to urban and suburban landuse. The fate of the lesser snow goose will hang in 
the balance.  

Alterations which result in habitat degradation also occur when there are incremental, unnoticed damages 
to biotic and abiotic parameters or processes that support or define a habitat. Atmospheric deposition of 
nitrogen from automobile or industrial emissions on to a nitrogen limited estuary or lake has the potential 
to degrade the aquatic habitat by upsetting the natural nutrient cycling of the aquatic vegetation or 
lowering the acidity of the water to toxic levels. Lowering the groundwater table through over-pumping 
can lead to the removal of the hydrologic connections necessary to support springs or the soils and 
vegetation of an isolated wetland. This causes irreversible damage to the spring community, wetland 
vegetation, and hydric soils. Thus the area would no longer support the plant and animals species 
dependent upon the spring flow or the wetland habitat. Landuse changes can also produce long-tern 
degradation of habitat. Fragmentation of a habitat produces islands of habitat. Loss of species from the 
remaining complex of habitat islands may take for decades until extinction rates come into balance with 
the ability of the habitat to support species.
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Current Policy and Regulatory Framework

Federal Policy 

Concern about the survival of threatened and endangered organisms gathered momentum in the mid
1960's and culminated in the Endangered Species Act (ESA). In 1966, the Secretary of the Interior was 

charged with listing threatened and endangered species. The purpose was to scrutinize, assess and 
ultimately to preserve the nation's rich endowment of living things. The ESA is the only law that directly 
protects habitat by prohibiting the taking of species listed by the federal government as endangered. Once 
a species is listed as endangered, the ESA provides for the designation of that species' critical habitat.  

The federal Clean Water Act (CWA) indirectly protects aquatic habitat by providing a framework for 
protecting the nations waters from degradation due to (1) alterations of chemical constituents of the water 
(i.e. provides minimum criteria for toxins and oxygen demanding wastes), and (2) alterations of 
navigational water courses due to physical filling or channelization (i.e. dredging).  

The CWA has two sections that provide federal and state oversight of discharges into the nations waters, 
including wetlands. Section 401 allows states to determine if a federally permitted activity complies with 
state water quality standards. Section 404 directs that discharges of dredge and fill material shall not have 
a significantly adverse impact on the nations waters. The Environmental Protection Agency sets 
guidelines for the issuance of such permits. It should be noted that federally owned facilities are not 
subject to the CWA. The CWA also covers sudden spills of oil and hazardous materials at 331(f), 33 
U.S.C. 1321. This section provides for the removal cost of the oil or hazardous material spilled and the 
cost of restoring or replacing damaged natural resources to be born by the principal responsible party of 
the spill.  

The Clean Air Act (CAA) indirectly protects habitat by providing the framework for reducing the impact 
of air pollutants on habitats.  

The Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) at 107(f), 42 
U.S.C. 9607(f) states that the liability of injury to, destruction of, or loss of natural resources shall be to 
the state, United States, or Indian tribe. The Department of Interior regulation, 43 C.F.R. part 11, provides 
the means to conduct natural resource damage assessments as well as a formula for valuation. DOI 
regulations will apply to oil spills until final rules of the National Oceanic and Atmospheric 
Administration are adopted governing natural resource damage assessments due to oil spills. At that time 
DOI regulations will only apply to spills of hazardous substances.  

The Oil Pollution Act of 1990 gives designated natural resource "trustees" - authorized representatives of 
federal and state government agencies, Indian Tribes, or foreign governments - the authority to assess 
damages to natural resources and services affected by oil discharges. The term "damages" means damages 

for injury or loss of natural resources. The term "natural resources" means land, fish, wildlife, biota, air, 
water, groundwater, drinking water supplies, and other such resources belonging to, managed by, held in 
trust by, appertaining to, or otherwise controlled by the United States (including the resources of the 
fishery conservation zone established by the Fishery Conservation and Management Act of 1976), any 
state or local government, any foreign government, any Indian tribe, or if such resources are subject to a
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trust restriction on alienation, any member of an Indian tribe. Under rules proposed by National Ocean 
and Atmospheric Administration (NOAA) damage assessments are divided in three major phases: 1) the 
pre-assessment phase, in which the trustees determine whether a damage assessment should be performed 
and what type of assessment is appropriate; 2) the assessment phase, in which the trustees apply the 
appropriate assessment technique to identify and quantify natural resource damages; and 3) the post
assessment phase, in which trustees report on the results of the assessment, seek compensation from the 
responsible parties, and develop a restoration plan.  

State Policy 

Texas has attempted to manage its wildlife for 94 years. Late in the nineteenth century, Texas formed its 
first state commission to conserve wildlife, headed by the "Fish Commissioner" (Doughty and Parmenter, 
1989 and Texas Parks, 1991). The first law in Texas concerning the conservation of wildlife was the 
closing of quail season on Galveston Island in 1861. In 1885 the Texas Legislature abolished the office.  
Then in 1895 the Legislature reconstituted the office as the "Fish and Oyster Commission." In 1903 
Texas passed a law banning the sale of non-game birds and deer. In 1907 a game arm was addd to the 
State Fish and Oyster Commission. Soon after, regulation of hunting was conducted through licenses and 
fees. In addition, efforts to restore areas and restock them with game animals began.  

The current Texas Parks and Wildlife Department (TPWD) was formed in 1939 from the earlier state 
conservation agency, the Texas Game and Freshwater Fish Commission (Doughty and Parmenter, 1989 
and Texas Parks, 1991). Soon after being formed TPWD began a cooperative agreement with the U.S.  
Fish and Wildlife Service to receive federal funds to restore habitat. The restoration primarily focused 
upon the habitat needs of game animals, i.e., ducks, quail, and deer. In 1970, the TPWD initiated a 
nongame program to manage vertebrates not usually hunted, trapped, or fished. The state's Endangered 
Species Act, which the 63rd Texas Legislature passed in 1973, added legal clout to the nongame program 
by providing money for research. Under the provisions of Chapter 68 of the Texas Parks and Wildlife 
Code, the director is instructed to file with the Secretary of State a list of fish and wildlife threatened with 
statewide extinction. This Chapter also provides for permitting of persons who desire to handle or 
propagate endangered species. Legislative authority to designate threatened animals is embodied in 
Chapter 67 of the Code and pertains to nongame species. This chapter regulates the taking and possession 
of threatened species. Chapter 88 of the Code, adopted in 1981 and amended in 1985, set up the 
designation of endangered, threatened and protected plants. Plants listed cannot be collected or sold 
commercially without a permit.  

The objective of the TPWD is to establish management practices which generate and disseminate 
knowledge about species, including the retention of their habitats. In 1985, a nongame stamp was 
introduced to raise funds to save endangered species. In 1988 a cooperative agreement of funding was 
signed between the United States Fish and Wildlife Service, responsible for the ESA, and the State of 
Texas. The TPWD also conducts programs to protect and/or manage many different types of habitats in 
the state park system and for studying wildlife species and the agency reviews and comments on certain 
permit applications submitted to or prepared by federal and state authorities, particularly Section 404 
permits issued by the Corps of Engineers. In addition, the TPWD is a "trustee" under OPA.  
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The Texas General Land Office (GLO) manages state-owned submerged lands, state-owned lands in West 
Texas, and provides assessments of the best use of all state owned lands. In leasing or granting easements, 

GLO has regulations that require protection of aquatic and terrestrial habitats. GLO rules requires 
conservation plans approved by the Texas Soil and Water Conservation Board for any agricultural 

operations occurring on state uplands. The GLO and the School Land Board (SLB) are the management 
entities for oil and gas exploration and production on state submerged lands, under the authority of Texas 

Natural Resources Code, Chapters 32, 33, and 51-53.  

The GLO and the SLB serve proprietary rather than regulatory roles and determine whether a proposed 

use of the land is appropriate. Standards and procedures for granting permits and leases for geophysical 
and geochemical exploration for and production of oil and gas on state-owned land are established in 31 

TAC Chapter 9 (General Land Office, 1991). The rules set out provisions to prevent damage to or 
pollution of all lands and waters, including restrictions on the release of solid wastes, restrictions on the 

use of vehicles to minimize impacts to submerged lands and marshes, provisions for the protection of 
natural resources, including aquatic life and wildlife, from seismic and production operations, and 
provisions for remediation of any surface damage from operations.  

Under 31 TAC Chapter 155, easements are issued to lessees for the dredging of channels to allow access 

to oil and gas exploration and production sites. The rules establish standards and criteria for the siting, 
design, and construction of dredged channels and dredged material disposal areas. Under 31 TAC Chapter 

13, miscellaneous easements are granted for rights-of way across public lands for oil and gas pipelines, 
and surface leases are granted for structures such as oil and gas platforms on submerged lands.  

The Texas Legislature designated the GLO as the lead agency in coordinating the development of a 
comprehensive, long-term state coastal management program. In addition, the GLO has the responsibility 
to protect coastal waters from the sudden release of petroleum products. GLO rules require oil facilities, 

users, or transporters with a capacity of 10,000 gallons or more to have certified oil prevention and 
recovery plans. The GLO has the responsibility of organizing and coordinating the response to oil spills 
that occur in the coastal waters. In addition the GLO is a "trustee" under OPA.  

The Texas Water Development Board has the responsibility to prepare and maintain a comprehensive 

State Water Plan as a flexible guide for the orderly development and management of the State's water 
resources (Texas Water Development Board, 1992). The Board funds the construction of wastewater 
facilities, drinking water facilities, and reservoirs.  

The Texas Natural Resource Conservation Commission (TNRCC) is responsible for (among other things) 

state implementation of the CWA. The TNRCC permits wastewater discharges and certifies that federal 
Section 404 dredge and fill permits are consistent with surface water quality standards. The TNRCC is 

also responsible for implementing the CAA. In addition, TNRCC permits the construction of landfills and 
hazardous waste incinerators. Certain actions that are regulated by the TNRCC, water rights and 

construction of reservoirs, require mitigation for habitat alteration or loss that occurs as a result of such 

actions. The 69th Texas Legislature authorized the TPWD to be a.party in hearings on applications for 

water rights. The legislature directed the TNRCC to consider effects on the bay-estuary-lagoon system for 

all water rights permits. In addition, the TNRCC is a "trustee" under OPA.

Stat ofTexa Enironentl PioriiesProjct colgica Wokgrop .por
State of Texas Environmental Priorities Project 2.6 Ecological Workgroup Report



Whereas, the TNRCC regulates wastewaters from domestic and industrial uses, the Railroad Commission 
(RRC), under the authority of Texas Natural Resources Code, Chapter 91, and Texas Water Code, Chapter 
26, regulates the management of oil and gas waste and wastewater discharges from exploration and 
production activities. The RRC authorizes some oil and gas waste management practices by rule. For 
instance, low-chloride, water-base drilling fluids and the associated drill cuttings may be land farmed on 
the lease where they were generated with the written permission of the surface owner.  

Drill cuttings and dewatered water-base drilling fluids may be disposed of by burial at the site where they 
were generated. Dewatered completion and workover wastes and basic sediment may be disposed of in 
on-site pits. A permit is required for oil and gas waste pits and disposal methods not specifically 
authorized by rule. For instance, emergency saltwater storage pits, gas plant evaporation/retention pits, 
and collecting pits must be permitted.  

RRC rules require that oil and gas waste pits, whether authorized by rule or permit, be designed, 
constructed, and operated in a manner that will prevent pollution of surface and subsurface waters.  
Additional requirements on disposal practices may be imposed by permit conditions. In most cases, RRC 
rules prohibit the discharge of oil and gas waste to surface waters without a permit. RRC rules do 
authorize by rule the discharge of drill cuttings and drilling fluids into the Gulf of Mexico. The RRC has 
the responsibility to ensure that mining operations rectify the landscape and habitat of mine sites at the 
conclusion of mining operations.  

Identification of Problems 

Despite the current regulatory framework in place, habitat degradation and loss continues to occur.  
Habitats are being lost to many factors associated with a growing population. Twelve examples of 
problems or threatened habitats are discussed below. These are: 

1. Narrow regulatory focus does not protect habitat 
2. Wetlands habitat loss and degradation 
3. Prairie habitat loss and degradation 
4. Riparian habitat loss and degradation 
5. Estuarine habitat degradation and loss 
6. Beach and dune habitat degradation and loss 
7. Mountain and desert habitat loss and degradation 
8. Endangered species habitat degradation and loss 
9. Rio Grande/Rio Bravo basin habitat degradation and loss 
10. Piney Woods habitat loss and degradation 
11. Habitat Fragmentation 
12. Loss of biological diversity (% public land) 
13. Habitat enrichment 

(1) A Narrow Regulatory Focus Does Not Protect Habitat 

Federal and state laws are too narrow in their focus in that the focus tends to be on species rather 
ecological systems. Agency permitting of activities is meant to protect habitat from adverse impacts from 

Statfo TAv E'.i i . r
Ecological Workgroup Reportxas vironmentat Priore Poet 2.7



those activities. But issuing permits one by one may not lead to system-wide habitat protection, because 
while the individual effect of issuing on permit may be negligible, the sum of these tiny effects of each 
individual habitat alteration or loss may be quite large. Consider, for example, simple grazing concepts.  
For a given region, about three acres of land can support one cow without any impacts to the environment 
(e.g., over-grazing resulting in soil erosion); however, at some point increasing the number of cows 
grazing on those three acres of land not only would result in loss of the grasses, but soil erosion and other 
impacts. The federal approach within the ESA is limited to single species rather than communities of 
species. Essentially, ESA is emergency response to habitat collapses, and it directs the protection of 
habitat to prevent the extinction of one species at a time.  

In addition, a single permitted activity of an agency suffers from fragmented focus. Agencies often only 
regulate a portion of an activity, such as the wastewater discharge of a facility. The facility may also be 
discharging air pollutants, filling wetlands, or threatening endangered species. Current law does not allow 
the facility or action to be viewed as a whole but as separate, unconnected actions. However, the entire 
facility may cumulatively be disastrous and result in significant degradation or loss of habitat. The first 
Clean Air Act significantly impacted habitats by requiring pollutants to be discharged higher in the 
atmosphere. This action protected local areas but promoted significant habitat degradation and loss to 
occur due to acid rain falling in distant areas.  

State agencies may also have conflicting mandates between preserving habitat and destroying habitat. For 
example, the GLO must balance the need to generate funds from public lands for the permanent school 
fund and preserving the habitat found on public lands (Hadden, 1993).  

Environmental assessment of impacts from various activities are also traditionally too narrow, and this 
narrowness is reflected in regulatory programs. For example, even though the CWA specifically mentions 
the physical structure of the aquatic environment as requiring protection, the federal approach within the 
CWA has been to view degradation of water as the alteration of chemical constituents in the water column, 
to the exclusion of biological and physical ones. This approach has also contributed to significant 
degradation and loss of aquatic habitat.  

(2) Wetlands Habitat Loss and Degradation 

Texas currently has about 7.6 million acres of wetlands, about half of the original amount of wetlands in 
the 1700s. The U.S. Fish and Wildlife Service estimates that Texas lost approximately 8.4 million acres 
(52%) of inland and coastal wetlands between colonial times (1780s) and the 1980s (Texas Water 
Commission, 1992 and Texas Parks, 1988b). The USFWS also estimates that approximately 35 percent of 
the coastal marshes in Texas were lost between the mid-1950s and 1979.  

The functions, and economic and social importance of wetlands, depend on their ecosystem type (marine, 
estuarine, riparian, lacustrine, or palustrine) (Hightower, 1993). The basic functions of wetlands are: 
reduce the peak of floods, erosion control, recharge of groundwater, improve water quality (i.e., act as 
"nature's kidneys), provide habitat for fish and wildlife, and serve as storm buffer against damaging winds 
(Hightower, 1993 and Galveston Bay 1994).
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Wetlands in Texas are unevenly distributed across the state. Upper and central coastal Texas has the 
majority of coastal wetlands, East Texas has the majority of forested wetlands, the Texas Panhandle has 
unique playa wetlands, and West Texas has few if any spring fed or riparian wetlands.  

Texas coastal wetlands serve as nursery grounds for over 95 percent of the recreational and commercial 
fish species found in the Gulf of Mexico (General Land Office, 1994). They provide breeding, nesting, 
and feeding grounds for more than a third of all threatened and endangered animal species and support 
many endangered plant species, and they provide permanent and seasonal habitat for a great variety of 
wildlife, including 75 percent of North America's bird species.  

Estimates of coastal wetland acreage range from 611,760 acres of fresh, brackish, and salt marshes in 1979 
to approximately 1.1 million acres of salt, brackish, fresh, forested, and scrub-shrub wetlands in the 19 
coastal counties in 1979 (General Land Office, 1994 and Texas Parks, 1988). The TPWD estimates that 
35 percent of the state's coastal marshes were lost between 1950 and 1979. The total loss of marshes in 
the river deltas since the 1950s amounts to about 21,000 acres, or 29% of the area existing in the mid
1950's. In the Galveston Bay system, from the 1950's to 1989, there was a net loss of 33,400 acres, which 
amounts to 19% of the wetlands that existed in the 1950's.  

Submerged aquatic vegetation of the bay-estuary-lagoon system occurs in relatively shallow (less than 6 
feet) subtidal areas. This vegetation is an important habitat for fishery and waterfowl resources. Hundreds 
of thousands of waterfowl wintering in the Laguna Madre area are dependent upon it for forage. Billions 
of juvenile fish and invertebrates are dependent upon it for forage, cover, and as breeding sites. Outright 
loss of submerged aquatic vegetation has occurred in the Laguna Madre in the deeper portions due to 
excavation of channels and disposal of dredge material. The Gulf Coast IntraCoastal Water Way (GIWW) 
has altered the hydrological regime of the entire coastline, but this alteration is most pronounced in the 
Laguna Madre. Changes to the habitat continue to occur even forty years after the construction of the 
GIWW.  

Inland wetlands include bottomland hardwood forests and playas (small lakes and ponds in semi-arid 
regions formed when seasonal rain and snowfall collects in naturally occurring depression). Of the total 
7.5 million acres of wetlands, approximately four-fifths are in East Texas bottomlands (Texas Parks, 
1988). The plant species and community types in eastern Texas are very diverse and not easily classified 
even when dealing with a narrow habitat type like bottomland hardwoods. Bottomlands of East Texas 
contain important wintering habitat for various waterfowl species including the mallard, and producing 
and rearing habitat for the wood duck. The area has historically played a key role in sustaining continental 
waterfowl populations.  

Playas are circular depressions etched in the landscape. The basins are shallow, and most of the basins 
were formed during the pleistocene by the deflating action of the wind (U.S. Fish, 1988) Clay soils form 
nearly impermeable floors in playa basins and differ markedly from the surrounding soils (which are 
usually loams or sandy soils). The clay floors are unique features that are clearly identifiable on soils 
maps. In Texas the average size of playas is 17 acres, and range from 1 acre to 68 acres. There about 
20,000 playa lakes or wetlands in about 37 counties of the Texas Panhandle. Texas by far has the greatest 
number of playas in the nation. Playas, historically, were second in importance only to the Gulf Coastal 
wetlands as winter habitat for waterfowl in the Central flyway (Texas Parks, 1988 and U.S. Fish, 1988b).  
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About 30% of all waterfowl wintering in Texas depend on playa wetlands (Wesley, 1994). In addition to 
providing wintering and migration habitat to more than a 500,000 geese, 350,000 sandhill cranes, and over 
a million ducks in good years.  

Table 2.1.1 
Causes of Wetland Loss and Degradation 

HUMAN THREATS 

Direct: 

1. Drainage for crop and timber production, and mosquito control.  

2. Dredging and stream channelization for navigation channels, flood protection, shoreline floodplain 
housing development, and reservoir maintenance.  

3. Filling for dredged spoil and other solid waste disposal, roads and highways, and commercial, 
residential, and industrial development.  

4. Construction of dikes, dams, levees, and seawalls for flood control, water supply, irrigation, and storm 
protection.  

5. Runoff of materials (e.g., pesticides, herbicides, and other pollutants) into wetlands from both the urban 
and agricultural sectors.  

6. Mining of wetland soils for peat, coal, gravel, phosphate, and other materials.  

Indirect: 

1. Sediment diversion by dams, deep channels, and other structures.  

2. Hydrologic alterations by canals, spoil banks, roads, and other structures.  

3. Subsidence due to extraction of groundwater, oil, gas, sulphur, and other minerals.  

4. Erosion from boat wakes.  

___________NATURAL THREATS 

1. Sea level rise.  

2. Droughts.  

3. Hurricanes and other storms.  

4. Erosion.  

5. Biotic effects (e.g., muskrat, nutria, grass carp, and goose "eat-outs").  

Source: Texas General and Office, 1994.

(3) Prairie Habitat Loss and Degradation

Prairies are complex mixtures of small tributaries, wetlands, grasslands, and hummock islands of trees.  
Prairies have a great diversity of wildlife and plants. Many of the worlds migratory waterfowl are 
dependent on prairies and their associated wetlands. Few habitats have been completely destroyed within 
a single generation of Texans (Eubanks, 1994). While East Texas was once entirely forested habitat, the 
rest of the of State was predominantly grassland or prairie habitat. However, today, the once predominant
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prairies of Texas are now identified as one of the most endangered community types or habitats within the 
state (Stuzenbaker, 1994). Illustrating the incredible loss of prairies habitats is the fact that of the 
9,000,000 acres of native coastal prairies that originally occurred in the pre-settlement state, perhaps 1% or 
less remains today (Eubanks, 1994). Reasons for the loss rest with the early rise of the cattle industry in 
the state, agricultural cultivation, and later in recent history urbanization (Edwards,et al, 1991,, McMahan, 
1984, Ross, 1968). The legacy of cowboys and early cattle grazing was as harsh for Texas prairies as it 
was rich for Texas culture. Agricultural cultivation of prairies was enhanced with the sodbusting 
invention of John Deere, the steel plow, in 1840. Cultivation caused irreparable degradation of the prairie 
habitat by eliminating the seed source of native species and changing a long established system of cycling 
nutrients. The natural vegetation of the Blackland prairie, Coastal prairie, Fayette and High Plains 
shortgrass prairie has been annihilated (Diamond, 1990). In addition to physical destruction by 
overgrazing and sodbusting the prairie settlers caused a subtler permanent change to the ecology of 
prairies, the elimination of fire (Stutzenbaker, 1994, Diamond, 1990). Periodic wildfire maintains the 
natural state of a prairie. Without fire the prairie converts to shrubland or woodlands. The rapid invasion 
of woody plants and decrease in climax grasses in overgrazed, unburned prairie is a stark reminder of how 
quickly things can change with unnatural disturbances (Diamond, 1994).  

(4) Riparian Habitat Loss and Degradation 

Riparian habitat is a function of river flows and structure. Certain species are dependent upon fast flowing 
clear water with many pools and riffles. Others inhabit sluggish black waters. Closely associated with the 
flowing waters are habitats adjacent within the river's floodplain. These habitats provide nesting, 
breeding, and roosting areas for numerous fauna. In addition several flora are specifically associate with a 
river floodplain. There are 191 major reservoirs (greater than 5,000 acre-feet) in Texas (Texas Water 
Development Board, 1991). Only 35% of the classified rivers of Texas remain without a major reservoir 
(Eubanks, 1994). This conversion.results in a loss of riparian habitat directly at the site of impoundment.  
Degradation of riparian habitat occurs below the reservoir due to the alteration of the natural hydrological 
conditions of the river. Riparian habitat is essential for many fishery resources dependent upo fast 
moving cool waters. In addition the structure of a unaltered river, pools and riffles, provides breeding and 
feeding habitat for fish and wildlife resources. As a result of permanent inundation or reduction in the 
flows of rivers numerous native species of fish have gone extinct or are on the brink of extinction 
(Eubanks, 1994). Finally, the loss of this habitat has impaired recreational canoeing activities.  

(5) Estuarine Habitat Degradation and Loss 

Seven major estuarine systems with a total water surface area of 1,541,301 acres occur on the Texas coast: 
the Sabine-Neches, Galveston, Matagorda-Lavaca, San Antonio, Copano-Aransas, Corpus Christi-Nueces, 
and Laguna Madre-Baffin (Texas General Land Office, 1994). Three minor riverine estuaries are also 
found on the coast: the Brazos, San Bernard, and Rio Grande. The estuarine systems, like the rest of the 
state, are characterized by diverse climatic and hydrologic features.  

Many of the inshore fishes are estuarine-dependent and spend part or all of their lives in estuaries. Almost 
three-fourths of the fisheries harvest from the Gulf of Mexico consists of species dependent on estuaries or 
wetlands. For example, on a gulfwide basis, inshore shrimp yields are related directly to availability of 
estuarine intertidal vegetation (Texas General Land Office, 1994). A typical estuarine-dependent species
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spawns in the Gulf of Mexico, and the larvae are then carried towards shore by currents. The young fish 
enter the estuaries and remain there, reaching maturity in about one year. They may remain in the estuary, 
migrate to sea to spawn, or migrate from the shallow estuaries to spend the rest of their lives in the deeper 
Gulf of Mexico. Estuary-related species of importance include menhaden, shrimps, oyster, crabs, and 
sciaenids. Temperature, salinity, water depth, and sediment type are perhaps the most important 
environmental parameters affecting distributions of fish species. Low-salinity bay communities are 
dominated by fish species such as croaker, spot, sand trout, anchovies, and mullet. Low-salinity to almost 
freshwater areas of the upper coast are characterized by such species as gar, kilifish, mullet, and blue 
catfish. In areas receiving adequate fresh water, menhaden are dominant (Texas General Land Office, 
1994). The hypersaline bays and lagoons of south Texas, such as Baffin Bay and Laguna Madre, contain 
no distinctive species, and only a greatly reduced assemblage found in lower salinities, such as mullet, 
black drum, redfish, and speckled trout. Estuarine habitat is being altered by impacts from poor water 
quality. The origin of the impacts are nonpoint source and point sources.  

The food web of the estuarine bottom habitat is based on detritus. Fungi and bacteria, which comprise the 
benthic decomposer organisms, are capable of breaking down the organic detritus. Protozoans and other 
organisms comprising the microfauna (2/1000 in. in size) consume the bacteria, and these are, in turn, 
consumed by the diverse meiofauna, such as nematodes, copepods, and juvenile stages of the larger 
macrofauna. Macrofauna are divided into two groups, the epifauna, or those species living on the surface 
of bottom sediments, and the infauna, which may live in tubes or burrow into the sediments to depths up 
to 8 inches. Typically, the highest concentrations of organisms are in the top one to two inches. Benthic 
macrofauna are polychaete annelid worms, clams, snails and other mollusks, and many species of crabs 
and other smaller crustaceans. Many ecologic parameters affect the distribution of benthic macrofauna, 
including salinity, temperature, dissolved oxygen, turbidity, organic content, seagrass distribution, 
interspecific competition, predation, vagility, sedimentation rates, and sediment characteristics. Biological 
interactions between macrofauna and predation by large, motile predators are also important processes 
controlling benthic community structure. Numerous fishes, such as croakers, drum, spot, mullet, and 
shrimp forage on benthic organisms. Diving birds also can reach the benthos to consume small mollusks 
and other organisms. Bottom habitat is altered and destroyed by filling, dredging, or poor water quality 
due to discharges of point and nonpoint sources of pollution.  

Tidal estuarine sandflats and mudflats are ecologically important areas of the coast and a vital part of 
estuarine food chains. They are defined as silt and clay or sand substrates that usually occur in the 
intertidal zone and are regularly exposed and flooded by tides. In contrast to wetland habitats, mudflat and 
sandflat vegetation is minimal due to unstable sediments. Algal mats often occur on sandflats. Mudflats 
and sandflats are the feeding grounds for coastal shorebirds, fish, and many invertebrates. Detritus and 
plankton collect on the flats and are eaten by primary consumers, which in turn are prey for higher levels 
of the food chain. Overall, sandflats are more abundant than mudflats. Extensive sandflats occur in the 
Laguna Madre area of South Texas; whereas mudflats are common on the upper coast in the 
Houston/Galveston and Beaumont/Port Arthur areas. Texas contains more tidal flats than any other state, 
and the Laguna Madre estuary contains 14 percent of the nation's tidal flats (Texas General Land Office, 
1994). Tidal estuarine sand and mudflats may be degraded or destroyed by dredging, filling, oil and gas 
exploration and development.
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Extensive reefs of the Eastern oyster, Crassostreavirginica, are present in many bays and estuaries.  
Oysters and oyster reefs are not only ecologically important, possessing all the ecological characteristics of 
special aquatic sites as defined in Section 230.3 of the EPA 404(b)(1) Guidelines, but are also harvested 
commercially (Texas General Land Office, 1994). Oyster reefs are degraded or destroyed by dredging, 
filling or poor water quality.  

The only known sedimentary bank in the nearshore areas of the Gulf of Mexico off Texas is Seven and 
One-Half Fathom Reef. The reef is located approximately two miles offshore Padre Island in 45 feet of 
water and measures approximately 1,155 feet along its northwest to southeast length. Seven and One-Half 
Fathom Reef is a small topographic prominence composed of a silty quartz sandstone that is partially 
cemented with calcium carbonate and is of late Pleistocene origin (Texas General Land Office, 1994).  
The topography is rough, with numerous crevices and small caverns. Boring mollusks and other 
organisms have extensively attached to the structure. The reef provides habitat for a diverse fauna 
composed of a mixture of temperate Atlantic and tropical Caribbean organisms. The reef fauna also 
resembles fouling communities on western Gulf of Mexico coastal jetties, especially the submerged ends 
of jetties on the lower Texas coast (Texas General Land Office, 1994). Reefs are degraded or destroyed 
by poor water quality or physical impacts from divers and anchors.  

Serpulid reefs composed of calcareous tubes of live and dead serpulid polychaetes are found in the Baffin
Alazan bay system, primarily along bay margins, and across the mouths of Baffin-Alazan bay and Baffin 
Bay and Laguna Madre. Serpulids are polychaetous annelids which secrete a calcareous tube that varies 
from coiled to straight forms. As a group, serpulids are sessile, the tube being affixed at the base to a 
variety of objects including shell, loose sediment, rock, and seaweed (Texas General Land Office, 1994).  
In 1981 it was found that the serpulid, Hydroidesdianthus, was living at several serpulid reefs in Baffin 
and Alazan bays. However, others found no live serpulids on Baffin-Alazan bay reefs (Texas General 
Land Office, 1994). Serpulid reefs provide habitat for numerous species of crustaceans, mollusks, and 
polychaetes. Serpulid reefs are degraded or destroyed by dredging or filling.  

(6) Beach and Dune Habitat Degradation and Loss 

Texas beaches not only serve as important recreational areas but also function as protection for landward 
structures during storms and periods of high wave and tidal activity (Texas General Land Office, 1994).  
The beach is a dynamic habitat, subject to a variety of environmental influences such as wind and wave 
action, salt spray, high temperature, and moisture stress. Relatively few animals and plants have adapted 
to these harsh conditions.  

(7) Mountain and desert Habitat Loss and Degradation 

In the western portion of the state, the types of habitat radically change from moist grassland t dry 
grasslands, desert and mountain habitats. The Trans-Pecos region of Texas is characterized by the 
Chihuhaun Desert and the eastern edge of the Basin and Range province of North America (New Mexico 
Highlands University, 1961, Ross, 1968, Barton, 1970). There is a mixture of rugged mountains, plateau 
grasslands, extensively dissected alluvial fans, massive limestone canyons, deep alluvial valleys, flat 
topped mesas, undulating dune fields, and seemingly endless saline flats (Mallout, 1985, Carlson, 1982).  
The region can best be described as having broad based habitat zones with distinctive physiographic and

As runmentair rirines project Ecological Workgroup Report
State of Tex r m n E....::. i). .

2.13



biotic characteristics. They are mountain, foothill, basin, and riverine habitats (Carlson, 1982).  
Characteristic associations of plants and animals are found in irregular belts that are closely related to 
altitude and wind currents. Water is the primary determinant of habitat structure in this region of Texas.  
Typically the regions rainfall is less than eight inches per year. The Davis mountains in the region 
interrupt moisture bearing winds and cause more precipitation to fall on its east side than elsewhere in the 
Trans-Pecos region. However, groundwater springs are often found in the foothill regions of the area.  
These sources of water were ample enough in pre-settlement times to allow an extensive grassland to 

evolve over the landscape (Barton, 1970, Carlson, 1982). During the early settlement lush grasslands and 
an Oak-Juniper forest of the high Davis Mountains were surrounded by desert in the basins of the region.  
In general, the lowland eroded plains of the basin habitat have the most severe temperatures, the lowest 
rainfall, and the scantiest vegetation and animals. The Rio Grande supported an extensive bottomland 
forest (Mallout, 1985, Carlson, 1982). The grasslands consisted of Chino grama and tobosa grass. These 
grasslands enticed men to bring and raise cattle, sheep and goats in the region (Carlson, 1982).  

(8) Endangered Species Habitat Degradation and Loss 

Several animal species that were found in pre-settlement Texas no longer exist or are on the brink of 
extinction.' Those that no longer exist have been lost due to hunting and habitat loss or degradation. The 
cow-like bison once roamed much of Texas grasslands. Hunters extirpated the bison by 1885, forty years o 
after Texas gained independence from Mexico. George Cansey, a professional hunter, is credited with 
killing the last wild bison, a cow and her calf (Doughty, 1989). Existing bison herds in Texas are now 
privately owned. The passenger pigeon during October and November gregariously feed, nested, and 
roosted in huge flocks across East and northeast Texas. Flocks of birds were recorded to be in the 
millions. Settlers believed these birds to be stealing their crops or wild foods useful for their hogs. They 
banded together to club and shoot enough birds to feed entire communities and their hogs. Big flights of 
birds ended in the winter of 1881. The last known pigeon, Martha, died in the Cincinnati Zoo on 
September 1, 1914 (Doughty, 1989). While not extirpated, sea turtles are seriously endangered. From 
1870 to 1900 there was an thriving green sea turtle fishery. Turtle canneries existed in Indianola (prior to 
the 1886 hurricane), in Fulton near Rockport, in Corpus Christi, and in Port Isabel. In 1890 over 470,000 
pounds of green turtle was landed. However, overfishing quickly decimated green turtle populations and 
the fishery crashed (Doughty, 1989). Today the continued threat to turtles arises from shrimp fishery 
activities and reduction of their beach breeding habitat.  

The jaguar originally roamed East Texas and the Rio Grande Valley. Jaguars were America's largest wild 
cat; adult males weighed 200 pounds or more and grow to lengths in excess of six feet. The jaguar is a 
habitat specialist preferring well watered lowlands (Doughty, 1989). The jaguar has been rarely seen since 
1905. A few report have come out of Kleberg and Cameron counties in the forties. Another large 
predator, the gray wolf (Canis lupis), meet the same fate by 1921 (Doughty, 1989).  

There are numerous species of large and small mammals, birds, and fish with similar fates. There are 
known invertebrate, small bugs, that are also on the brink of extinction due to habitat loss. Most 
endangered species are habitat specialists.  

Any species that has evolved specialized needs for certain physical structures, such as underground caves, 

or particular nesting sites, such as certain aged species of trees, or specific types of feeding grounds such
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as mudflats, is in serious danger of being driven extinct. Each biotic province of Texas has some habitat 
specialist and all across Texas are endangered or threatened species.  

(9') Rio Grande/Rio Bravo Basin Habitat Degradation and Loss 

From the headwaters in Colorado in the Rocky Mountains, the Rio Grande/ Rio Bravo flows 1,900 miles 
to the Gulf of Mexico, first passing through New Mexico (Texas Water Commission, 1992c). The Rio 
Grande/ Rio Bravo enters Texas some 20 miles north of El Paso and forms the boarder between Texas and 
Mexico as it flows towards the Gulf of Mexico. The Rio Grande/ Rio Bravo basin drains an area of 
355,500 square miles of Colorado, New Mexico, Texas and Mexico. The basin is divided almost equally 
between the United States and Mexico.  

The Texas portion of the basin is 48,300 square miles, of which 38,800 square miles contribute 
streamflow to the Rio Grande/Rio Bravo (Texas Water Commission, 1992c). The river enters Texas at an 
elevation of 3,800 feet above sea level. About 100 miles south of El Paso the river cuts through a plateau, 
forming deep canyons and gorges (Ross, 1968, Barton, 1970). This portion of the basin is mostly desert.  
This portion of the basin has the greatest diversity of topographic features than any other portion of the 
state. An estimated 83 species of mammals, 38 species of snakes, 22 species of lizards, I species of 
urodeles and 13 species of anurans are known from this portion of the basin (Texas Water Commission, 
1992c).  

After flowing through the area for about 480 miles, the river flows the final 680 miles through the South 
Texas plains. This is the narrowest portion of the basin that the river flows through. The area is 
characterized by semi-arid climate, rough topography and scrub forests and grassland plains. This portion 
of the basin contains approximately 57 species of mammals, 36 species of snakes, 16 species of lizards, at least 10 urodele species and 15 species of anurans (Texas Water Commission, 1992c).  

As the river flows through the plains the basin becomes less arid and more tropical. Thorny brush is the 
predominant vegetation type and it become less abundant closer to the river. Willacy, Starr, Hidalgo, and 
Cameroon county comprise the Rio Grande coastal basin and lower Rio Grande/ Rio Bravo basin. These 
counties have some of the most unique habitats in Texas. The vertebrate community consists of at least 61 species of mammals, 36 species of snakes, 19 species of lizards, two tortoises , three urodeles nd 19 
anurans (Texas Water Commission, 1992c). The mouth of the river is one of Texas's three river 
dominated estuaries. During floods the Laguna Madre becomes the estuary for the Rio Grande/ Rio 
Bravo.  

The hydrology of the river determines the riparian habitat and native fish composition. Because the river 
flows through a semi-arid desert environment, the amount of water in the river varies between a trickle and wild floods (Doughty, 1989). This periodicity of floods and droughts established a unique and varied 
combination of habitats within and adjacent to the river. However, the construction of two major 
reservoirs has significantly altered the hydrology of the river by reducing the amount of water flowing 
downstream to the Gulf of Mexico, inundating large portions of the river, and changing the periodicity of high and low flows within the river (Doughty, 1989, Texas Water Commission, 1992c). These changes 
have resulted in the conversion of riparian habit to lake habitat, loss of flood plain habitat, and increased 
the length of the river impacted by saline waters of the Gulf of Mexico. A combination of decreasing
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stream flow, increasing water pollution, and the proliferation of exotic species has resulted in a change in 
the ichthyofuana or native fish assemblage.  

Several examples of fish species extirpated due to alterations of habitat exist. The Rio Grande bluntnose 
shiner was found in the upper Rio Grande/ Rio Bravo near El Paso. A combination of loss of habitat due 
to reservoirs and channelization led to their extinction (Texas Water Commission, 1992c). A high degree 
of species endemism occurs in the springs and spring systems of the basin. The Amistad gambusia was 
endemic to Goodebough Spring in Val Verde County. The spring was inundated by the International 
Amistad reservoir in 1969 (Doughty, 1989). The Leon Springs pupfish and the Comanche Springs 
pupfish are two examples that already are considered endangered (Texas Water Commission, 1992c).  
Plant communities associated with spring systems are in danger due to the threat of overpumping of 
groundwater resources which could eliminate the springs on which these plants rely for survival.  

Numerous rare, threatened and endangered species are found in the Rio Grande/ Rio Bravo basin (Texas 
Water Commission, 1992c). Numerous small and isolated populations of plants and animals live in this 
varied region. The Texas Natural Heritage Program of the TPWD cites at least 184 species or varieties of 
plants within the basin that are currently listed by state and federal authorities as threatened, endangered, 
or of special concern. Brewster County contains more listed species than any other county in the basin.  
The major threats to the rare plants and plant communities derive from over collection or harvesting, 
construction activities, agricultural uses and grazing (Texas Water Commission, 1992c).  

Another species of concern is the Arctic peregrine falcon. The peregrine falcon is a spring and fall 
migrant and winter resident in the lower Rio Grande/ Rio Bravo valley (Texas Water Commission, 1992c).  
The bird can also be found as a permanent resident in Big Bend National Park. The populations of 
peregrine declined drastically across the nation. Chlorinated hydrocarbon pesticides, such as DDT, were 
the cause of the decrease. With the ban of DDT in 1971 the bird populations have increased. There is still 
concern for the long term survival of the species because of its migratory nature into nations which 
continue to use DDT (Texas Water Commission, 1992c). The resident population in the Big Bend area 
has not increased in numbers since 1971.  

The rare animals, the ocelot and the jaguarundi occupy similar habitats in the lower Rio Grande/ Rio 
Bravo valley. Habitat destruction is responsible for the decline in their numbers. These cats require areas 
with dense vegetation and undergrowth to provide cover. Urbanization and agriculture have removed 
large portions of the habitat once available to these animals (Texas Water Commission, 1992c).  

A significant concern for the protection of habitat and species that depend on them is the international 
character of the Rio Grande/Rio Bravo and resultant differences in public-policy.  

(10) Piney Woods habitat loss and degradation 

East Texas is well-known for its forests of pines and oaks interspersed with bottom-land hardwoods and 
wetlands. The Pney Woods region of Texas covers approximately sixteen million acres of land ranging 
from Cass County in the northeast, Anderson County in the west, Montgomery County in the southwest, 
and Orange County in the southeast. These boundaries form a semi-circular area that covers 
approximately 6% of Texas. There are three major association of pines and hardwoods that characterize
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the southern half of this area. The Texas Natural Heritage Program describes these three associations as 
follows: 

Longleaf Pine-Beakrush Series (G3S2) Pinus palustris-Rhynchospora spp.) 

This poorly drained, mainly evergreen woodland once occupied the southern extension of 
longleaf pine communities in southeast Texas, primarily over the Montgomery Formation.  
Under a frequent burning regime, herbaceous vegetation forms the matrix for scattered 
pines. Important species include beakrushes (Rhynchospora plumosa, R. aracilenta, R.  
globularis), sedges (Fimbristylis spp., Scleria spp.), yellow-eyed grass (Xyris spp.), and 
grasses (Panicum virgatum, Schizachyrium spp., Panicum spp., Paspalum spp.). Shrub and 
tree density generally increases as the frequency of fire decreases, with species such as 
blackgum (Nyssa sylvatica), waxmyrtle (Myrica cerifera), sweetgum (Liquidambar 
styraciflua), and yaupon (Ilex vomitoria) important. This type may support inclusions of 
evergreen forest (sweetbay magnolia series) and swamp, and to the north grades into 
upland longleaf pine communities over the Bentley formation.  

Longleaf Pine-Little Bluestem Series (G3S2) (Pinus palustris-Schizachyrium scoparium) 

This upland, mainly evergreen woodland occurs in southeast Texas, primarily over loamy 
or sandy, low pH soils. Loblolly and shortleaf pines (Pinus taeda, P. echinata) and species 
such as bluejack, blackjack, post, and southern red oaks (Quercus incana, Q. marilandica, 
0. stellata, 0. falcata) and sweetgum (Liquidambarstyraciflua) may occur in the overstory.  
The shrub layer may contain flowering dogwood (Cornus florida), American beautyberry 
(CallicarPa americana), wax-myrtle (Myrica cerifera), farkleberry (Vaccinium arboreum), 
and deerberry (Vaccinium stamineum). The well developed herbaceous layer contains 
grasses such as little bluestem (Schizachyrium scoparium), slender bluestem 
(Schizachyrium tenerum), pineywoods dropseed (Sporobolus junceus), Carolina jointtail 
(Coelorachis cylindrica), switchgrass (Panicum virqatum), Panicum spp., Paspalum spp., 
sedges (Carex spp., Rhvnchospora spp., Scleria spp., Fimbristylis spp.), and yellow-eyed 
grass (Xvris spp.) To the south this type generally grades into the longleaf pine-beakrush 
series, on xeric sands into the bluejack oak-pine series, and on more mesic soils to pine-oak 
or American beech (Faqus grandifolia) dominated communities.  

Loblolly Pine-Oak Series (G4S4) (Pinus taeda-Ouercus spp.) 

This upland, mainly deciduous forest occurs primarily over sandy or loamy, low pH soils in 
east Texas. Some combination of post, southern red, white, and water oaks (Ouercus 
stellata, D. falcata, Q. alba, Q. nigra) and other hardwoods is dominant in old growth 
communities along with loblolly and shortleaf pines (Pinus taeda, P. echinata) and 
hickories (Carya spp.). Understory species include flowering dogwood (Cornusflorida), 
yaupon (klex vomitoria), wax-myrtle (Myrica cerifera), and American beautyberry 
(Callicarpa americana). This community type is wide-ranging, often occurs as a second 
growth or disturbance type after logging, and thus is highly variable. To the south it grades 
toward longleaf pine (Pinus palustris) types, on mesic sites to various hardwood types, and 
to the north or on deep, sandy soils, to shortleaf pine or bluejack oak types.
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These three plant associations no longer occur in the same relative frequency as they did as little as 150 

years ago. Logging followed by fire suppression has changed the relative competitive abilities of the 

hardwood understory and the previously dominant longleaf pine. Encroachment of yaupon holly and 

other shrubs into both the longleaf pine-beakrush communities and especially into the longleaf pine 

savannahs have all but eliminated the reproductive advantage longleaf pines enjoy under a natural fire 
regime. When this loss of advantage is coupled with conversion of pine forest to slash pine and loblolly 

pine plantations and other modern silviculture techniques, the end result is a 90% reduction in longleaf 

pine communities in Texas. Nation-wide, the effect of this reduction has been just as dramatic for the 

species that depend upon the longleaf pine ecosystem to provide their preferred habitat. Ninety-nine 

species have been identified as candidate endangered species in addition to the existing twenty-seven 

endangered species that call this habitat home. In Texas, populations of red-cockaded woodpeckers 

continue to be limited by suitable habitat because of their preference for mature pine savannahs. These 
types of habitat disappear with the suppression of natural fire regimes, and the woodpeckers abandon sites 

as the woody understory develops (Kelly et al. 1994). In contrast, generalist species or species that inhabit 

forest edges and overgrown areas may increase with fire suppression. For example, the northern cardinal 

is a very common bird in east Texas. This comes as no surprise as this species favors small trees and 

shrubs for its nesting sites in east Texas forests (Ehrhart and Conner 1986).  

(11) Habitat Fragmentation 

All levels of biological organization are subject to fragmentation effects. Habitat disturbance is known to 

produce changes in species richness, species abundance, population structure, and individual behavior. In 

many cases, these effects are the direct result of fragmentation. For example, dissection of habitats into 

small parcels can prolong fledging behavior (Lens and Dhondt 1994), reduce pairing success (Villard et al.  

1993), structure large populations (Rudolph and Conner 1994), and cause the abandonment of the 
remaining habitat fragments (Engels and Sexon 1994) in birds.  

Habitat fragmentation effects are not limited to birds. Amphibian populations respond negatively to clear

cutting of forests (Ash and Bruce 1994) and are slow to recolonize disturbed habitats (Petranka et al.  
1993). Small mammal populations respond by selecting preferred specific habitat fragments for territories 

or home ranges (Andren and Delin 1994).  

Causes of fragmentation are varied. Clear-cutting of forests produces a mosaic of even-aged stands of 

timber with heavily disturbed soils (Duffy and Meier 1992, Rudolph and Conner 1994). Conversion of 

forests, shrub land, or prairies to pasture or agriculture permanently alters the species composition and 

diversity of habitats. Conversions tend to produce highly-dispersed distributions of habitat remnants with 

associated reductions in resident populations (Warner 1994; Johnson and Schwartz 1993). Urban and 

suburban development essentially eliminates habitat for all but most tolerant species. In most cases, 

habitat remnants in urban an suburban settings are small and heavily modified by horticultural practices.  

(12) Loss of Biodiversity 

Habitat destruction is the major cause of reduced biodiversity at regional and local scales. A clear 

indication of the serious nature of habitat destruction Wilson's (1988) volume makes it clear that the 
prospects for tropical habitats are grime at best. However, a very recent review of habitats of the 48
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contiguous states has concluded that ecosystems that encompass entire biotic provinces are endangered 
and at risk of extinction. Thirty ecosystems have declined more than 98% since European settlement of 
North America. Three of the most imperiled ecosystems, tallgrass prairies, oak savannas, and longleaf 
pine forests, together once covered 22% of Texas. The Texas Organization for Endangered Species has 
listed the tallgrass prairie plant associations as threatened natural communities.  

In addition to habitat destruction, the introduction of exotic species represents one of the most serious 
threats to native species. Introduced species such as the imported fire displace native species and may 
alter food web relationships. Some dramatic examples of exotic species in Texas include the imported fire 
ant; the asiatic clam Corbicula; the aquatic plants Hydrilkwerticillata, eurasian milfoil, and water 
hyacinth; and salt cedar. In almost every case, these species alter habitats for native species, and in the 
majority of cases the effect is negative.  

Risk Characterization 

The primary receptor data used in this analysis were obtained from the Texas Parks and Wildlife 
Department (TPWD 1993), and include lists of the endangered and threatened plant and animal species, 
the number of dominant naturally occurring vegetation series, and the most common bird and mammal 
species based on the Texas ecoregion of occurrence. Bird and mammal species data were also obtained 
from Brown, (1985). The number of naturally occurring vegetation series, birds, and mammals were used 
as an indicator of the potentially exposed species in that ecoregion.  

In some sense, the ecoregions themselves are the true receptors in this analysis. The number and status of 
endangered and threatened species in the state of Texas are changing, and as a result the ecological 
receptor data are a crude estimation of the numbers species that are thought to currently exist/occur in a 
each ecoregion. In addition, for some species, their inclusion in a particular ecoregion is based on the last 
known sighting. The receptor ranking was based on the total number of potential receptors (plant series, 
birds, and mammals), plus the number of endangered and threatened species (Refer to Table 2.1.3).  

Magnitude of effect 

Landuse changes by basin.  

Table 2.1.1 list estimates of gross habitat loss and conversion by river basin. Urban landuse includes 
industrial and suburban development. Agricultural landuse (% Ag) includes cultivated land as well as 
herbaceous rangeland (improved range). Shrub and brush land as well as mixed rangeland were not 
included in the agricultural category. Data were obtained by analysis of a polygon coverage of landuse 
developed from USGS GIRAS data.  

Fragmentation by ecoregion 

An index of fragmentation was developed based upon the number of road miles per square mile of land 
mass. The estimates were made on a county by county basis. A summary by ecoregion was also 
developed. Values ranged from a high value of 3.41 miles of road per square miles in Dallas County to a 
low of 0.10 in Brewster and Jeff Davis counties. Index values are depicted in a color-coded map located
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in appendix a of this report. In general, major urban centers have the highest index values. The Blackland 
Prairies, had the highest density of roads and was the most dissected landscape. The least fragmented 
habitat was in the Trans-Pecos region of west Texas with and index value of 0.26. The range in index 
values indicates that fragmentation varies by an order of magnitude in Texas, and the effect is distributed 
unevenly at the ecoregion level.  

Calculation of effect 

The stressor effect was estimated by relating the potential for exposure or emissions rank to the number of 
receptors, the number of endangered and threatened species, and the degree of resilience (when known) 
that the receptors or ecoregion are thought to possess. Potential impacts or the stressor effect to the 12 
ecoregions were assessed by normalizing the analysis to percent surface area. For example, the 
fragmentation index value for an ecoregion was multiplied by the percent area for the specific ecoregion.  
This produced an area-weighted fragmentation index which was then multiplied by the number of 
receptors in each category. The results for all categories were then summed to produce a numerical score.  
Each ecoregion was given a final rank, which represents the potential risk from habitat fragmentation to 
the ecological receptors in that ecoregion.  

Severity 

The identification of a wide-range of problems associated with Habitat Alteration, and the inter-relatedness 
of this issue and its problems to other issues and problems indicate its relative importance. Almost every 
other issue is or can be a stressor on this issue or contributes to the problems of other issues (the 
exceptions would be Drinking Water Quality, Indoor Air Pollution, Lead Contamination, Ground-level 
Ozone, Food Safety, and Noise Pollution). Loss of biodiversity is a primary end result of habitat 
destruction or degradation.  

Habitat fragmentation is essentially non-reversible. Habitat restoration is possible if a system has been 
degraded but not destroyed. Agricultural conversion is a fairly permanent loss a habitat, although recent 
experience with the Conservation Reserve Program in grassland ecosystems suggests that gains can be 
made in rather short periods of time (Johnson and Schwartz 1993). However, given the almost total 
conversion of major habitat types like blackland prairies and longleaf pine communities, restoration 
activities would have to be extensive and immediate to reverse the status quo.  

Summary 

Habitat fragmentation, nutrient enrichment (eutrophication), and land use conversion were identified as 
three ecological stressors for which data were available. Each stress agent was assessed for its potential 
impact within each of 11 ecoregions, but only fragmentation and land use were numerically assessed. The 
distribution of potential receptors were derived from plant and animal occurrence data obtained from the 
Texas Parks and Wildlife Department and other published reports. Habitat fragmentation was found to 
pose a relatively high cumulative risk to the Piney Woods and Gulf Coast Prairies ecoregions. The lowest 
cumulative risks were associated with the Llano Uplift and the Coastal Sand Plains. Similar results were 
obtained for the analysis of conversion of natural landscapes to agricultural and urban land uses. These 
land use changes posed the greatest risk to Gulf Coast Prairie river basins and selected Piney Woods river

Stt o exsEviometl-roite Poec .0icloialWrgru Rpr
State of Texas Environmental Priorities Project 2.20 Ecological Workgroup Report



basins. The individual ecoregion rankings were categorized as follows: one ecoregion ranked as 
"extreme," three as "high," four as "medium," and three as "low" risk to ecological systems. When 
considered by itself, habitat alteration was determined to pose a "high" comparative ecological risk across 
Texas.  

TABLE 2.1.2. LANDUSE OF TEXAS RIVER BASINS: values were calculated from USGS 
GIRAS Landuse Data; * Data from Texas State Soil and Water Conservation Board

# BASIN NAME % Urban % Ag Rank 

1 CANADIAN~ <1 57 Medium 

2 RED <1 58 Medium 

3 SULPHUR No data 69* High 

4 CYPRESS 2 28 Low 

5 SABINE 5 42 Medium 

6 NECHES 2.5 21 Low 

7 NECHES-TRINITY 6.5 26 Low 

8 TRINITY No data 45* Medium 

9 TRINITY-SAN JACINTO No data 52* Medium 

10 SAN JACINTO No data 20* Low 

11 SAN JACINTO-BRAZOS No data 41* Medium 

12 BRAZOS 2 57 High 

13 BRAZOS-COLORADO 2 69 High 

14 COLORADO 3 30 Low 

15 COLORADO-LAVACA 2 72 High 

16 LAVACA 1 67 High 

17 LAVACA-GUADALUPE 3 48 Medium 

18 GUADALUPE 2 36 Medium 

19 SAN ANTONIO 2 36 Medium 

20 SAN ANTONIO-NUECES No Data 24 Low 

21 NUECES <1 21 Low 

22 NUECES-RIO GRANDE 2 47 Medium 

23 RIO GRANDE No Data 3* Low
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Table 2.1.3. Habitat Fragmentation by Ecoregion

Stae o Teas nvionmnta ProriiesProect 2.2 EclogcalWorgrop Rpor

Ecoregion Miles2  % of Total Index Rank 
(rounded) Area Value 

1- Piney Woods 20,737.00 7.8 1.13 High 

2 - Oak Woods/Prairies 20,302.00 7.7 0.94 High 

3 - Blackland Prairies 19,388.00 7.3 1.33 Extreme 

4 - Gulf Coast Prairies 20,732.00 7.8 1.03 High 

5 - Coastal Sands Plains 5,960.00 2.2 1.03 High 

6 - South Brush Country 27,178.00 10.3 0.61 Medium 

7 - Edwards Plateau 25,000.00 9.4 0.60 Medium 

8 - Llano Uplift 5,960.00 2.2 0.7 Medium 

9 - Rolling Plains 43,000.00 16.2 0.45 Low 

10 - High Plains 36,409.00 14.0 0.71 Medium 

11 - Trans Pecos 39,475.00 15.0 0.26 Low
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TABLE 2.1.4. SEVERITY OF EFFECT BASED ON THE POTENTIAL FOR EXPOSURE 
AND THE NUMBER OF POTENTIAL RECEPTORS

Potential Receptors - Dominant Species Exposure Potential

Ecoregion E/T Rank Mammals Birds Plant Rank Fragmentation Land-use Severity of 
Series Rank Rank* Effect 

1- Piney Woods 31 Med 42 85 17 High High High High 

2 - Oak Woods/Prairies 14 Low 39 79 9 High High High High 

3 - Blackland Prairies 10 Low 40 61 7 Med Extreme Extreme Extreme 

4 - Gulf Coast Prairies 42 High 39 75 16 High High Medium High 

5 - Coastal Sands Plains 10 Low 39 75 6 Med High Medium Medium 

6 - South Brush Country 50 High 39 79 19 High Medium Low Medium 

7 - Edwards Plateau 39 High 39 55 17 Med Medium Medium Medium 

8 - Llano Uplift 8 Low 33 46 4 Low Medium No Data Low 

9 - Rolling Plains 13 Low 39 55 11 Med Low Medium Low 

10 - High Plains 17 Low 39 55 11 Med Medium High Medium 

11 - Trans Pecos 49 High 30 21 34 Low Low Low Low 

12 - Marine Environment 23 Med n.a. n.a. n.a. Med n.a. n.a. No data 

* = River Basin Data converted to Ecoregions; "No data" assumes no significant exposure

I
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SECTION 2.2: PESTICIDE CONTAMINATION 

Introduction 

Issue: 

A species is declared a pest under circumstances that make it deleterious to humans or the 
environment. Pesticides are substances intended for preventing, destroying, repelling, or 
mitigating pests. Although pesticides are intended for specific uses, non-target organisms or 
ecosystems can be adversely affected by these chemicals.  

Under some conditions the use of pesticides may result in the contamination of soil, water, and air.  
Receptors in aquatic environments can be exposed to pesticides from run-off. Biological receptors 
can be exposed through the direct application of herbicides to a body of water or to land. Unusu
ally high residues of acute and chronic toxics can accumulate through biomagnification or food 
chain effects, especially in animals at the higher trophic levels, in various ecosystems. Under 
some conditions the use of pesticides may result in unreasonable human exposure, point and non
point source environmental contamination, and development of resistant strains of target 
organisms.  

Pesticides are intended specifically for the mitigation and control of pests. However, misuse, overuse or 
chronic use of pesticides may threaten non-target species and habitat and may lead to resistant strains of 
target organisms. Soil, water, and air are at risk of contamination from pesticide runoff, spray drift, and 
transport of pesticides by means of leaching and erosion. Persons come in contact with pesticides through 
manufacture, transport or application processes, but, in addition, unregistered use, overuse or chronic use 
of high residual toxicity pesticides may result in the contamination of environmental resources and food 
items that humans and wildlife share. The residues of acute and chronic toxic substances may
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bioaccumulate and biomagnify in organisms at the higher levels of the food chain in various ecosystems.  
In addition, pesticide contamination may render the media, habitats, and ecosystems less usable, 
impoverished, and unsuitable for life.  

Current Policy and Regulatory Framework 

All pesticides for sale or use in the U.S. are required to be registered under the Federal Insecticide, 
Fungicide, and Rodenticide Act (FIFRA) under authority of the U.S. Environmental Protection Agency 

(EPA). When registered, pesticides are assigned a classification of either restricted (that is, they may only 
be purchased and used by licensed individuals) or general (that is, they may be purchased and used by the 
general public). Their use is regulated through licensing, enforcement, worker protection, and training 
programs in all the states. Pesticides are also reviewed under the federal Endangered Species Act, Clean 
Water Act, Clean Air Act, Pollution Prevention Act and pertinent state laws (Texas Herbicide and 
Pesticide Laws, Texas Hazard Communication Law & Regulations, etc.).  

Under 1972 amendments to FIFRA, Congress required EPA to reassess and reregister thousands of older 
pesticides on the basis of current scientific standards (U.S. General Accounting Office, 1993b). In the 
assessment of a pesticide, EPA determines whether a pesticide is eligible for registration on the basis of 
human health and environmental risks. If EPA determines such eligibility, then the product is registered.  
Registration (or reregistration) of a pesticide product means that EPA has evaluated the studies submitted 
on the pesticide and determined that the pesticide poses no unreasonable risk to humans or the 
environment when used under the terms and conditions established by the EPA. Labeling requirements 
are the primary mechanism by which EPA regulates pesticide use. When risks are found, the EPA can: 1) 
place an informational advisory on the label; 2) restrict use of the pesticide to licensed applicators; 3) 
limit other conditions of the pesticide's use; or 4) cancel the registration, removing the pesticide from the 
market. When a serious risk to public health or to the environment is suspected, EPA may conduct a 
"special review" to determine which of these actions may be necessary.  

Currently, more than 34,000 pesticide products are registered for use in the United States (Environmental 
Health, 1993). However, as of 1993, about 20,000 pesticides still needed to be reregistered (U.S. General 
Accounting Office, 1993b).  

The Texas Department of Agriculture (TDA) is the lead agency designated by EPA for screening and 
regulating agricultural use of pesticides in Texas. TDA may enforce tighter controls than what is specified 
in EPA regulations but only for certain chemicals, referred to as "state limited use" pesticides. The state's 
Structural Pest Control Board regulates most nonagricultural use of pesticides.  

Framework for Assessing Pesticide Risk 

Pesticides present a toxicological hazard because of the potential effects to non-target organisms from 
exposure to pesticide residues. Risk assessment is a process of estimating the likelihood of adverse 
ecological effects as a result of exposure. EPA proposed a hazard assessment method which compares two 
factors based on regulatory risk criteria [EPA, CFR Part 154:49005; 49007; 49016-@154.7 (a)(3), (4), (5), 
and (6)]:
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(1) "Estimated environmental concentration," or EEC, which is the concentration of residue 
available to a non-target organism, affecting its lifecycle, occurrence, distribution, population, and 
habitat; and 

(2) an effects level, such as LD50 or LC50. LD50 represents the dose of a toxic agent sufficient to 
kill 50 percent of a population of organisms within a certain time frame, and, similarly, LC50 
means the concentration of the toxic agent associated with a 50 percent mortality rate.  

The risk criteria that EPA has established for comparing these two factors include specific safety factors to 
account for differences in sensitivity among fish and wildlife species to pesticide exposure. Existing dose
response data on various pesticides seems to suggest that with a safety factor of five, 0.1 percent (or 1 in 
1000) of typically-exposed population is likely to die. Pesticides with EEC exceeding 1/5 of LD50 or 
LC50 for non-target organisms are considered as candidates for use restriction and application by a 
certified pesticide applicator. Higher safety factors (1/10 to 1/20 of LC50) are used for aquatic organisms 
(1 in 30,000,000 margin of safety) that cannot move as easily out of the treated area or switch their food 
items as can terrestrial birds and mammals. For endangered species, 1/10 of LC50 or LD50 is used as a 
rough estimate of the margin of safety to restrict the use of a pesticide in a given habitat.  

For risk assessment, pesticide residues are determined at the time of maximum concentration, i.e.  
immediately after application to a crop. This adds an additional safety factor as the pesticide will degrade 
over time and space.  

Data and Hazard Estimates 

Ecological risk assessment is an integrative approach, which involves 1) reviewing data on the nature of 
the hazard; 2) evaluating the quantitative relationship between dose and response; 3) identifying intensity, 
frequency, and duration of exposure; and 4) deriving estimates of the probability of the effects.  

FIFRA places the burden of producing ecotoxicological data on the pesticide registrants. Data is solicited 
according to the guidelines and standard evaluation procedures (SEPs) provided by EPA's Office of 
Pesticide Programs. SEPs are published through the National Technical Information Service. They may 
include 

(1) avian single-dose oral LD50 and dietary LC50; 
(2) acute toxicity test for freshwater fish and invertebrates; 
(3) wild mammal toxicity test; 
(4) acute toxicity test for estuarine and marine organisms (e.g. 96-hour fish and shrimp acute toxicity test, mollusk 

flow-through shell deposition test); 
(5) honey bee acute contact LD50 and foliar residue test; and 
(6) avian reproduction, fish life cycle and early life stage, and field testing for pollinators.  

The toxicological hazard data and exposure estimates (EECs) are compared using EPA's regulatory risk 
criteria. Typically, this data will consist of acute LD50 and LC50 values or chronic or no-effect levels for 
the most sensitive indicator species. For example, the exposure EEC is compared with LC50s for 
bobwhite quail, mallard duck, avian reproduction no effects level (NEL), bluegill sunfish, rainbow trout, 
Daphnia magna LC50 and life-cycle NEL, fathead minnow life-cycle etc., using the regulatory criteria.
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This method is useful to distinguish between high risk and low risk pesticides, but it does not provide 

enough information to estimate population reductions. The exposure data normally consists of "model
based" estimates of pesticide concentrations in the media of concern (water, soil, air and non-target 

organism food supplies). If the exposure EEC equals or exceeds the regulatory risk criteria (e.g. 1/5 of 
LD50), risk is inferred and the pesticide is designated as a candidate for restricted use. In the case of 
adversity, actual field effects data is solicited. If the pesticide poses a hazard to plants, the data is reviewed 
on case-by-case basis and considered for a special review by EPA.  

Hazard to aquatic organisms is determined through a multi-level process: 

1. The evaluation starts with a worst-case EEC (Level I), involving residues due to direct application of 
the pesticide to a test aquatic system. If residue is greater than the regulatory criterion, determination 
proceeds to the next levels.  

2. Level II considers surface runoff away from the target site and spray drift, which are major contributors 

of pesticide loss to aquatic systems. Aerial or mist blower application may account for the transport of 
residue to water. Lipophilic pesticides bind to soil and are less likely to runoff except through soil 
erosion; however, their direct drift to water may be important. EEC is determined and compared with the 
regulatory toxicity data.  

3. Level III aquatic EEC is estimated using an appropriate model (such as EXAMS) that considers 

transport mechanisms, leaching or adsorption/desorption (Kd) parameters. The slow build up of pesticide 
residue (pulse loading) through multiple applications, irrigation, runoff and drift are evaluated for pond 
(lentic) and river (lotic) scenarios.  

4. At Level IV, field residue monitoring data is collected to verify model estimates. The final 

determination may involve identifying the number of days EEC exceeds the risk criterion, period of 

maximum and minimum EEC, organisms at risk, and duration of the calculated risk.  

EEC determination requires knowledge of regional pesticide use patterns. This information is available 
through various state and federal agencies: 

(1) USDA's National Statistical Service 
(2) Economic Research Service (national, regional, and state pesticide and crop use data) 
(3) Texas Agricultural Statistical Service 

(4) USDA's Environmental Effects Branch (Crop Index and Chemical Files, and Agricultural Crop Information Files) 

(5) TAEX County Extension Agents, and pertinent university and state agency expertise.  

For endangered species, the information from U.S. Department of Interior (Office of Endangered Species), 
U.S. Fish and Wildlife Service, Texas Parks and Wildlife Department, and TDA's Endangered Species 

Program is referenced. The extent of hazard is evaluated as a requirement of the Endangered Species Act.  
The EPA determination includes supporting documentation from the Office of Endangered Species (OES), 

and biological opinion from U.S. Fish and Wildlife Service or the National Marine Fisheries Service. The 
findings are summarized delineating the pesticide use pattern, federally-listed species at risk, toxicological 
properties of the chemical, and specific precautionary labeling. EPA will suggest alternative strategies for 

reducing risk, such as agreement by the registrant to change the pesticide use pattern, restrictions on the
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pesticide use to specific sites or by a certified applicator, and field studies to demonstrate safe usage of the 
pesticide at a prescribed label rate, during a Special Review as a part of the pesticide registration process.  

Problem Identification 

Pesticide-Use Estimates 

An estimated 71.4 million pounds of agricultural and non-agricultural chemical pesticides are used in 
Texas each year, based on 4.2 pounds nationwide per capita use (Aspelin, 1994) and the state's population 
of almost 17 million. Nearly 12,000 products are annually registered by the Texas Department of 
Agriculture (TDA) for various applications. Of conventional pesticide usage in the state, approximately 
33 percent is for terrestrial (agriculture 13%, forestry 2%, turf and ornamental 12%, and non-crop area 
7%), and 11 percent for aquatic pest control. Of the rest, 24 percent usage is for household, structural, and 
domestic animal pest control, 17 percent for domestic sanitary purposes, and 15 percent for commercial 
and industrial sanitation. The estimated terrestrial and aquatic pesticide use on both crop and non
cropland accounts for about 44 percent of the total state usage, or 31.42 million pounds.  

Cropping Area and Pesticide Usage 

The Agricultural Extension Service survey of 1989-90 (Texas Agricultural Extension Service, 1990) 
indicates that 15 million acres are planted under crops in Texas. Major crops such as cotton (34 percent), 
wheat (25 percent), sorghum (21 percent), corn (12 percent), rice (2 percent), peanuts (2 percent), 
soybeans (1 percent), and oats (1 percent) occupy 99 percent of the cultivated area while fruits and 
vegetables occupy the remaining 1 percent.  

Five major pesticide active ingredients used in Texas are chlorothalonil (a fungicide) over 88,400 acres, 
trifluralin (a herbicide) over 67,800 acres, methomyl (an insecticide) over 53,400 acres, bensulide (a 
herbicide) over 39,000 acres, and endosulfan (an insecticide) over 39,000 acres (Texas Agricultural 
Statistical Service, 1993). The toxicity classifications of these five pesticide chemicals is shown in Table 
2.2.1: 

Table 2.2.1 - Ecotoxicity of the Five Most Used Pesticides in Texas 

Chemical mammalian (rat) LD50 avian (dietary) aquatic (fish) 
LC50 LC50 

chlorothalonil >10000 mg/kg (S) >5200 mg/kg (S) >0.25 mg/i (H) 

trifluralin 10000 mg/kg (S) >2000 mg/kg (S) >0.01mg/i (VH) 

methomyl 17 mg/kg (VH) >15 mg/kg (VH) 0.9 mg/i (H) 

bensulide 770 mg/kg (M) >2000 mg/kg (S) >0.7 mg/i (H) 

endosulfan >70 mg/kg (H) >205 mg/kg (H) >0.002 mg/i (VH) 
Toxicity classification: S - slight, M - medium, H - high, VH - very high 
LD50: dose of a toxic agent sufficient to kill 50% of a population of animals within a certain time frame LC50: concentration of 
the toxic agent associated with a 50% mortality rate
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Biodiversity

The level of ecological risk from pesticide usage in Texas is related to the diversity of species in the state 

and the sharing of habitat between species and cropland. The biodiversity of arthropods alone suggests 
that 73 percent of species occur in the western region of the U.S. The region encompassing Texas, 
Oklahoma, Arizona and New Mexico contains both more and higher densities of species than other parts 
of the country (Danks, 1994). Usually the diversity of vegetation correlates with the diversity of 
herbivorous insects, as well as the rest of the species of birds, mammals, reptiles, amphibians, and fish that 
occur in the food chain. Birds account for the richness of 590 species (2/3 of U.S. species) present in 

Texas. It is inevitable that wildlife and crops share similar habitats due to the large private landownership 
in Texas.  

Analysis 

Approach 

Data on pesticide use or contamination by county is not available. For exposure analysis, however, 
pesticide impact can be indirectly evaluated using two different extrapolations.  

(1) Data on the percentage of county area under various crops is collected, as a rough substitute for the 

diversity of pesticide application throughout the state. This information is matched with records on the 
distribution of species, such as the federally-listed endangered and threatened species (E/T), to develop 
figures on habitat sharing between the crops and species in each ecoregion. It is assumed that pesticide 
use is proportional to the cropping acreage, and, therefore, habitat sharing between crops and species may 
be used as a measure to rank the ecoregions for residual risk from pesticides. (See "Ecoregion ranking 
based on habitat sharing" below.) 

and 

(2) "Crop Reporting Districts" are ranked according to acres of pesticide treated, and then a second 
ranking of districts is derived based on relative pesticide usage, habitat sharing between species and crops, 

and pesticide hazard assessments. Finally, the ecoregions are ranked based on which districts, or parts of 
districts, are located within the ecoregion boundaries. (See "Ecoregion ranking based on pesticide use" 
below.) 

The distribution of E/T species is used as a subset for this analysis since 1) hazard assessment of pesticides 
against the endangered and threatened species is required under FIFRA; 2) county-wide records of species 

occurrences are kept by the U.S. Fish and Wildlife Service under the Endangered Species Act; and 3) the 

effect on these indicator species may point to regulatory planning needed to improve the overall ecological 
health of the ecoregions.  

The ecological risk due to pesticide exposure is evaluated using established hazard assessment 
methodology (Suter et al., 1983; US EPA, 1985), and by reviewing various federal and state reports on 
pesticide contamination (US EPA, 1992; Hauwert and Vickers, 1994; Bhatkar, 1993; Jamison et al., 1991; 
Smith, 1987; USDA Agricultural Marketing Service, 1992). Toxicological information on the test species
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and pesticide residue data on food items are generally used to determine the overall effects of pesticides on 
various non-target organisms, their populations, and their habitats. Risk assessment of selected pesticides 
used on various crops is presented to exemplify both the potential ecological hazard from residues 
deposited on crops at application and the regulatory measures taken to mitigate the risk. Residue data 
collected by the USDA on fresh fruits and vegetables (1992 Pesticide Data Program) (USDA Agricultural 
Marketing Service, 1992), and fish samples analyzed by the EPA (US EPA, 1992), are reviewed to 
compile state records on the cause-effect relationship of pesticide contamination. The issue is discussed in 
terms of agricultural use of pesticides under the present regulatory framework.  

Habitat Sharing and Crop Use 

The cropping area and distribution of endangered and threatened species (E/T) in Texas's counties are 
shown in Table 2.2.3 and Figures 2.2.1 through 2.2.8. Surprisingly, of the 254 counties in Texas only 1 
percent (two counties) have more than 70 to 80 percent cropping. Another 27 percent are 11 to 20 percent 
cropped, and about 40 percent are less than 1 to 10 percent cropped. The habitat sharing of counties by 
more than one endangered species and more than 10 percent cropping is approximated by using an Index 
of Habitat Similarity (HS) (Bhatkar, 1995) between the species and crops. This is the proportion of 
cropping area where the species are at risk of a potential for pesticide exposure. HS implies habitat 
sharing and is calculated as: 

Habitat Similarity(%) = 100 x 2 x (counties> 10% cropped & with >1 species) 
counties> 10% cropped + counties with >1 species 

There are 244 counties under various crops in Texas. Habitat sharing of the counties with more than 10 
percent cropping and more than one E/T species is 10.48 percent for plants, 22.22 percent for mammals, 
55.07 percent for migratory birds, 26.37 percent for reptiles, and 70.39 percent for all the E/T species, and 
is shown in Table 2.2.2.  

Table 2.2.2 - Habitat Sharing Between Endangered Species and Crops in Texas 

Counties Plants Mammals Migratory Native Reptiles 1 Fish Arthro All 
with Birds Birds pods Species 

species 42 38 193 27 40 7 2 216 

crops & 15 20 109 8 24 0 2 176 
species 

% HS 10.48 22.22 55.07 9.47 26.37 0 2.78 70.39 

This relationship also indicates thata good proportion of species inhabit those counties with cropping area 
under 10 percent. The proportion of counties under crops and inhabited by endangered species is shown in 
Table 2.2.3.
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Table 2.2.3 - Distribution of Cropping Area and Endangered Species in Texas

Cropped Area Endangered Species 

% Area/County Number Percent of Species/County Number Percent 

of Counties of Occurrences 

Counties Counties 

>1-10 102 40 8 to 16 16 7 

11-20 68 27 7 2 1 

21-30 31 12 6 2 1 

31-40 10 4 5 4 2 

41-50 19 7 4 17 8 

51-60 5 2 3 48 22 

61-70 7 3 2 59 27 

71-80 2 1 1 68 31 

Total 244 Total 216 

Gulf-coastal counties are habitat for more endangered species and are more ecologically sensitive than 

other counties in Texas due to the occurrence of extended wetlands attracting avian, mammal, amphibian, 

reptile and aquatic species.  

Ecoregion Ranking Based on Habitat Sharing 

Two types of risk rankings based on E/T species and cropping for the ecoregions are presented in Table 

2.2.4. Type-I reflects habitat sharing by all the E/T species or dominant species and cropping. This 

ranking is biased by the dominant group of species, which for most ecoregions happens to be migratory 

birds.  

Type-I ranking comes from the sum of HS for each species in each ecoregion. Type-II is designed to 

reflect habitat sharing by diverse E/T species and cropping. Under Type-II, if four or more species groups
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(other than cave arthropods in specialized habitats) are at risk the ranking is considered high; if three 
groups, medium; and if one or none, low. Marine environment (Ecoregion 12) is not considered for this 
analysis; which is based mainly on terrestrial habitats.  

Table 2.2.5 presents a risk ranking according to the habitat sharing between diverse non-endangered 
species and crops in each ecoregion. An ecoregion with three or more species groups in more than 20 
counties of>10 percent cropping is considered at high risk; in 10-20 counties is considered medium risk, 
and in fewer than 10 counties is considered low risk.  

The final ranking of ecoregions, displayed; in the last column of Table 2.2.5, is the higher of the Type-II 
ranking in Table 2.2.4 and the first ranking proposed in Table 2.2.5. This procedure compensates for the 
risk to both endangered and non-endangered species in each ecoregion. Using this scheme: 

- Ecoregions 1, 7, and 8 can be ranked as medium risk 
- Ecoregions 2, 3, 4, 5, 6, 9 and 10 can be ranked as high risk 
- Ecoregion 11 can be ranked as a low risk 

This ranking method presumes that cropping poses a residual risk to species due to pesticidal usage.  

The risk ranking of ecoregions based on habitat sharing between crops and species (Tables 2.2.4 and 
2.2.5) as a measure of pesticide usage is at best arbitrary. A similar analysis of habitat sharing between 
E/T species and crops in the Crop Reporting Districts, especially with consideration to pesticide hazard 
ranking, becomes comparatively more realistic and is brought out in the following section.  

Ecoregion Ranking Based on Pesticide Use 

Pesticide Hazard Assessment 

The ecological hazards of pesticides used on major crops (field crops with large acreage), and minor crops 
(fruits and vegetables with smaller acreage) in Texas is evaluated using the EPA's risk assessment criteria.  
The maximum residue concentration on vegetation, insects, soil and water immediately after pesticide 
application is estimated using typical scenarios of contamination. The residues on vegetation, grains, 
fruits, soil, and water are extrapolated from the application rates, species distribution, food habits, and 
cropping area (US EPA, 1985, Hoerger and Kenaga, 1972). In Tables 2.2.6 and 2.2.7, each pesticide is 
assigned a risk based on the following criteria: 

(1) if below 100% of 1/5 LD50, then no risk 
(2) if 100% to 1000% of 1/5 LD50, then possible risk 
(3) if over 1000% of 1/5 LD50, then probable risk 

Most pesticides do not seem to leave residues high enough following application to pose a risk to .  
mammals (Table 2.2.6) or other terrestrial species. The residue from some pose a possible risk to birds 
following application (Table 2.2.7), but those pesticides are intended to be used according to the 
precautionary label directions. Others are restricted to use by certified applicators only.
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Organophosphate, carbamate, and organochlorine pesticides are targeted for wildlife toxicity studies by 
the U.S. Fish and Wildlife Service (Smith, 1987) due to their high acute toxicity. Organophosphates and 
carbamates are neurotoxicants. They inhibit the enzyme cholinesterase and suppress neurotransmission.  
However, organophosphates and carbamates degrade rapidly, and, in fact, many attain residue levels 0 to 
1/10 of the levels at application within a six-week period. By contrast, organochlorines are notoriously 
persistent in the environment and may occur in soil, water and air in spite of their discontinued use.  
However, for the most part, contamination from them has been from industrial or waste site point sources 
rather than from general agricultural use (Hauwer and Vickers, 1994).  

Ecoregion Ranking 

The available 1989-90 agricultural pesticide survey data (Texas Agricultural Extension Service, 1990) is 
presented in terms of 14 Crop Reporting Districts; these districts have recently been changed and reduced 
to 12. While the district boundaries do not match those of the corresponding ecoregions, county-by
county data on pesticide use is not available for pooling into the ecoregions. Data from the districts 
roughly corresponding to 11 ecoregions are, therefore, alternatively used to derive the ecoregion ranking.  
(Districts or sections of districts are identified as being part of an ecoregion.) 

The crop districts are ranked in Table 2.2.8 according to data on pesticide-treated acreage in the districts 
and the state and information on avian exposure risk from Table 2.2.7. Ranking districts.in the manner, 
according to pesticide exposure risk, is the first step for deriving the proportion of shared habitats at risk.  
Habitat sharing between crops and selected species is shown in Table 2.2.9. The migratory birds far 
exceed other species and are a dominant constituent of E/T species in all the crop districts. The proportion 
of habitats at risk in each district is obtained by dividing habitat sharing (% HS) by the pesticide risk rank 
(i.e. AER or avian exposure rank in Table 2.2.8). Rankings are shown for both E/T species and for 
migratory bird species, and the two are consistent. Pesticide exposure risk is considered high in the 
districts ranked 1-5, medium for those ranked 6-10, and low for those ranked higher than 10 (see last 
column in Table 2.2.9).  

The ecoregions are ranked by superimposing the ranking of crop districts upon them (Table 2.2.10).  
According to this classification, 

- Gulf Coast Marshes, Coastal Sand Plains and High Plains are at high risk 
- Piney Woods and Rolling Plains are at medium to high risk 
- Llano Uplift ranks as medium risk 
- Oak Woods/Prairies, Blackland Prairies, and Edwards Plateau are at low to medium risk 
- Parts of the South Texas Brush Country rank from low to high risk 
- Trans Pecos ranks as a low pesticide exposure risk area of the state
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Risk Ranking Criteria

The final ranking of ecoregions is based on four criteria: 

(1) Population affected 
(2) Magnitude of effect if stress occurs 
(3) Reversibility 
(4) Certainty stress will occur 

The final ranking based on these criteria is shown in Table 2.2.10. It takes into account the existing 
regulatory framework, continued degradation of pesticide residues in the environment, progression 
towards the safer and biorational use of pesticides, and integrated pest management alternatives to 
pesticide usage. A reasonable ranking of the ecoregion is presented in the table as low to medium.  

Effects Assessment 

Reported pesticide residues in select media are presented in this section. The extent of contamination risk 
due to past and currently used pesticides is reviewed in terms of 

(1) pesticide residue in fresh commodities; 
(2) pesticides in groundwater; 
(3) fish kills in coastal waters; and 
(4) persistent pesticide residues in fish tissue.  

1. Pesticide residue in fresh commodities 

The U.S. Department of Agriculture, cooperatively with EPA and the U.S. Food and Drug Administration, 
collects substantial data on pesticide residues in fresh fruit and vegetables through the Pesticide Data 
Program (USDA Agricultural Marketing Service, 1992). During 1992, 487 samples were collected from 
Texas as a part of 2,859 samples obtained from California, Florida, New York, Texas and Washington.  
The sampled commodities were screened for 150 organochlorine, organophosphate, and organonitrogen 
compounds. As many as 47.2 percent of all the residue detected were below 0.1 ppm, with 7.6 percent of 
detections below 10 ppb. In general, the residues detected were substantially below the established 
tolerances. Six violations were observed on imported commodities, and 14 samples had residues where no 
tolerance was established. These violations are reported to the FDA for closer surveillance. Certain EPA
targeted pesticides such as atrazine, bromoxynil, HCB, lindane, and pentachlorobenzene (PCB, not a 
pesticide as such but an impurity or a degradate) were not present in any of the samples.  

From these data it can be generally presumed that environmental concentration in the cultivated raw 
commodities and also non-target habitats, where pesticide applications are not directly made, will be 
below the chronic no-effects levels and they may not pose a risk to the non-target species.
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2. Pesticides in groundwater

Low levels (1 ppb) of pesticides were detected in a few of the 37 well and spring water samples in a 
Barton Springs/Edwards Aquifer Conservation District Survey (Hauwert and Vickers, 1994). Nine 
pesticides including atrazine, 2,4-D, 4,4-DDD, 4,4-DDE, BHC-gamma (lindane), dieldrin, and endrin 
were reported around or below the detection limit of 1 pg/l.  

Cold Springs showed the bromacil at 1.065 pg/1, lindane 0.01 pg/l, endrin ketone 0.053 pg/, heptachlor 
0.019 pg/l and heptachlor epoxide 0.025 pg/l. A well, number 58-50-201, showed levels of 2,4-D at 
0.232 pg/1, 3,5-dichlorobenzoic at 0.09 pg/1, dichloroprop at 0.331 pg/l and bromacil at 0.485 pg/l. A 
review of bromacil residues suggested that the reported well water detections were far below the EPA's 
Health Advisory level of 90 ppb (Bhatkar, 1993).  

3. Fish kills in coastal waters 

Texas is one of the states reporting the most fish killed (159 million), especially from Galveston (106 
million) and Harris (23 million) counties. The greatest concentration of events was from Galveston (8 
events) and Chambers (5 events) counties. Land-use causes -- designated as urban (13 percent), industrial 
(7 percent), and agricultural (4 percent) -- are frequently cited. Among the direct causes suggested: 

- low dissolved oxygen (41%); 
- wastewater (5%); 
- eutrophication (5%); and 
- pesticides (4%).  

Nationally, the families of fish commonly involved are Clupeidae (manhaden, shad, herring) in 36 percent 
of events, or 61 percent of the total number, and Centrarchidae (carps, minnows, dace, chubs, shiners). Of 
the reported fish kills in 22 states, 1 percent were linked to pesticides as a land-use cause during 1980-89.  
Low dissolved oxygen has been a direct cause in 119 of the 291 events, and land-use cause in 208 of 355 
events. In Texas, seventeen of 28 kills were related to low dissolved oxygen and 17 were by releases of 
cooling water from power plants (Jamison et al., 1991).  

4. Persistent pesticide residues in fish tissue 

Levels of chemical residues in fish from various sampling sites are reported in EPA's National Study of 
Chemical Residues in Fish (US EPA, 1992). Those from sites in Texas are excerpted in Table 2.2.11. The 
Brazos River site was close to the outfall of a pesticide manufacturing plant. The sites selected nationally 
were at locations near pulp and paper mills, refineries, Superfund sites, former wood preservation and 
industrial sites, publicly-owned treatment works, agricultural, and urban areas. Generally, the range of 
concentration in the samples could not infer a single dominant source. Dioxins and furans were the most 
prevalent at the sites, and it was confirmed in this sampling data that two now-banned chemicals, DDT 
and PCBs, remain highly persistent in the environment.  

A total of 45 compounds were measured in the fish samples; these included 35 organic compounds, PCBs 
(1 to 10 substituted chlorines), and mercury. Six pesticides, PCBs (highest 1890 ng/g), three other
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industrial organic chemicals, and mercury were detected at more than 50 sites. In 262 samples nationwide, 
the following pesticidal chemicals were found: 

p, p'-DDE (highest 295 ng/g) m ercury total PCBs 
biphenyl trans-nonachlor (mean 31 ng/g) pentachloroanisole, 
trans-chlordane dieldrin (28 ng/g) alfa-BHC 
1,2,4 trichlorobenzene hexachloronbenzene gamma-BHC 
1,2,3 trichlorobenzene heptachlor epoxide dicofol 
1,2,3,4 trichlorobenzene trifluralin 1,3,5 trichlorobenzene 
endrin 1,2,3,5 TECB octachlorostyrene 
1,2,4,5 TECB methoxychlor isopropalin 
nitrofen hexachlorobutadine heptachlor 
perthane pentachloronitrobenzene diphenyl disulfide 

Of the pesticides, DDE, trans-nonachlor, cis-chlordane, dieldrin and alfa-BHC were found at 50 sites, 
gamma-BHC, mirex, cis-nonachlor, oxychlordane, chlorpyrifos, heptachlor epoxide, trifluralin, dicofol, 
and endrin were in 10 to 50 percent of sites, and methoxychlor, isopropalin, nitrofen, heptachlor, perthane, 
and pentachloronitrobenzene were at less than 10 percent of sites.  

DDE: Of the 45 compounds, the most frequently detected xenobiotic compound was p,p'-DDE found at 
98.6 percent of the sampled sites as a metabolic breakdown product of DDT. The use of DDT in the U.S.  
was banned in 1972; however, it was widely used and is still extremely persistent in the environment. The 
persistence of DDE in an aquatic environment indicates its high bioaccumulation potential. The 
concentration of DDE in the top 5 out of 362 sites ranged from 14,028-2,493 ng/g. Channel catfish 
sampled from Arroyo Colorado, Harlingen, contained 3,221 ng/g near agricultural areas without industrial 
activities.  

Chlordane-and related compounds (nonachlor and oxychlordane): The next most frequently detected 
pesticides were chlordane and the compounds related to chlordane. These are organochlorines. Cis
isomer of chlordane was detected at 3 percent more sites than was the trans-isomer. Prior to 1980, 
chlordane was used for termite and ant control, dipping non-food roots and tops, and pests on corn, grapes, 
and strawberries. Related compounds are cis and trans-nonachlor and oxychlordane. Nonachlor is a 
component of chlordane and impurity in heptachlor. Trans-nonachlor can be found up to 7 to 10 percent 
in technical chlordane. Trans-nonachlor is detected at 77 percent of sites, and cis-nonachlor at 35 percent 
of sites. Oxychlordane is a metabolic breakdown product of chlordane and was detected at 27 percent of 
sites. Nonachlor and chlordane have a high bioaccumulation potential. The highest concentration of 
chlordane was found near industry urban areas. In carp samples from Monongahela, Clairton, PA, as high 
as 688 ng/g of chlordane were found near chemical and pesticide manufacturing plants. Sites in Texas had 
greater than 100 ng/g near San Antonio and Brownsville.  

Other compounds: Mercury, PCBs, and bipheny were detected at more than 90 percent of sites. Mercury 
is used in batteries, vapor lamps, thermostats, and as a fungicide in exterior water-based paints, and is 
released from natural sources such as volcanic degassing and from burning fossil fuels.  

Prior to 1974, PCBs were used as plasticizers, lubricants, ink carriers, and gasket seals. PCB production in 
the U.S. stopped after 1977, and uses since then have been limited mostly to small, completely enclosed 
electrical systems in restricted-access areas. PCBs can reach water bodies by runoff from spills, electrical
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equipment fires, and seepage from disposal sites containing contaminated soils and equipment. The 

highest levels were found in industrial regions.  

Uncertainties and Assumptions 

For the ecoregion ranking based on habitat sharing, information on crop use in the ecoregions is 

approximated from the percentage of area cropped in each county. A second ranking based on pesticide 

use is presented, since ranking risk of non-point source pesticide contamination using habitat sharing 

between crops and species is somewhat arbitrary. For this second ranking, data on pesticide usage in the 

ecoregions is extrapolated from survey data on the crop reporting districts.  

Mainly crop residue and laboratory mortality data (LC50/LD50) on the test species are considered for 

establishing the hazard criteria. Aquatic toxicity studies suggest that no one species, family, or class is 

most sensitive to all the chemicals all the time. Dose-scaling is used for inter-species extrapolation in 

wildlife toxicology, and the data (mg dose/kg body weight or mg/sq. m surface) from all species is treated 

as equivalent. Some processes, such as DNA repair, are related to life expectancy and the response rate 

(cancer induction) is proportional to life expectancy. Available chemical and species data are used with 

the assumption that if the effect on a particular species is not known, data on similar species is comparable.  

However, some species may be more tolerant to natural or organic toxics than others. Extrapolation of 

toxicity data on distant taxa has assumed weakness.  

The fish sampling data from the National Study of Chemical Residues in Fish (NSCRF) focused on 

dioxins and furans, and samples were specifically collected from targeted industrial, refinery, or 

manufacturing sites as probable sources of pollutants.  

Discussion 

Ecotoxicological assessment of pesticides is primarily done by the EPA; only some data is reviewed by 

TDA on a case-by-case basis. Extrapolations are made from the fish and wildlife studies and validated test 

data on various species. Wildlife is exposed to many naturally-occurring compounds that would cause 

mortality or ecological disturbance if present in high enough concentrations. Even if a chemical is toxic 

and there is likelihood of exposure to the organisms, sufficient concentration of pesticide must be present 

to constitute a hazard. Since it is impossible to obtain LC50 or LD50 data for the listed E/T species, it is 

presumed that various E/T species are similar to the test indicator species in their sensitivity to pesticides, 

with some built-in safety factors and no-effect cut off. In fact, there seems to be a within-taxa correlation 

for acute ecotoxicity. For practical considerations, acute toxicity tests provide a predictive, rapid, and 

cost-effective way to measure the relative toxicity of organisms against different concentrations and 

formulations of chemicals.  

All birds are equally evolutionarily unprepared to resist pesticides and other toxic agents. The 

neurotoxicity of hazardous pesticides is usually tested against birds (chicken) for the registration process.  

Current regulatory methods do not adequately account for incremental dosages or compensate for 

laboratory tests applied to field populations. They cannot estimate the indirect effects of toxics on food 

chains, or account for other ecosystem effects (predator-prey, community metabolism, structural shifts, 

etc.). Insects generally are the most sensitive to pesticides, followed by crustaceans and amphibians.
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Herbivores constantly deal with plant toxins and are more tolerant to toxic substances than are predators.  
In herbivores, polyphagous species seem to be more resistant than species that eat only a few foods.  

According to the present regulatory criteria, residues immediately following application in terrestrial 
habitats or on feed should be substantially less than the acute oral or dietary toxicity of pesticides against 
the test species. For the assessment of chronic effects, data on reproductive or other effects on the 
indicator species are taken into consideration. However, there is a general lack of field evidence and 
protocols on chronic effects of pesticides to wildlife. For simulated field testing, brain cholinesterase data 
may provide an important clue of exposure. The risk assessment data on rodents, birds, and fish is 
presumed to give enough protection to reptiles and amphibians also. Additional considerations are given 
to insectivorous birds, raptors, granular pesticide (active ingradient/granule), seed-eating birds, acute 
dermal toxicity, immature birds or animals, size, and multiple applications. The technique is useful for 
assessing acute or short-term subacute hazard but not for chronic hazard. Hazard to the habitat through 
destruction or modification is evaluated.  

The presence of a pesticide residue is not automatically an indication of a pollutant or a problem. A risk 
does not exist unless 1) the stressor has the inherent ability to cause one or more adverse effects and 2) it 
co-occurs with or contacts an ecological component (i.e. an organism, population, community, or 
ecosystem) long enough and at a sufficient intensity to elicit the identified adverse effect.  

The extent of cultivation, other land uses, application rates, and frequency of use of pesticides are 
considerations in assessing the ecological risk due to pesticides on non-target species. The following 
mitigation measures can be required for the use of pesticidal chemicals: ground rather than aerial 
application; precautionary measures to avoid drift and contamination of water resources and neighboring 
lands; and a different formulation or a suitable alternative.  

The review of pesticide data suggests that persistent residues of organochlorine and other pesticides from 
manufacturing, storage, or waste sites in the water, air, food, and animal tissue are present. Residues from 
the presently-used agricultural chemicals do not seem to be as persistent in the environment. They are 
regulated through federal and state registration, enforcement, certification, and training programs, although 
thousands of older pesticides have yet to be reregistered by the EPA as required by law. Statistics on 
prime farmland and landcover (USDA, 1992) suggest that cropland decreased by 12 percent from 1982 to 
1992; rangeland decreased by 6 percent; forestland increased by 7 percent; and pastureland stayed about 
the same in Texas. In addition, reduced use of pesticides (50 percent reduction in insecticide use since 
1980), reduced cropland, research on various aspects of ecotoxicity and risk assessment, and alternate pest 
management strategies are important to mitigate ecological hazards. Ranking the risk of non-point source 
pollution using habitat sharing between crops and species may overestimate the risk. However, residual 
risk can reasonably be treated with safeguard using the methods described in this brief in the absence of 
realistic ecoregionwide pesticide-usage data.  
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Table 4. Ranking of ecoregions based on habitat sharing by endangered species and cropping area 

ecoregion % habitat sharing (HS) by species and crops *Risk ranking 

birds m. birds mammals rept. & amph. fish arthropods plants E/T spp. *1 **1l 

1 10.53 80.00 25.00 - - - - 22.22 10 Medium 

2 14.29 79.31 17.39 36.36 - - 27.59 60.00 6 High 

3 - 90.91 - 10.53 - 11.43 - 91.67 1 Medium 

4 45.45 83.33 45.45 72.73 - - 45.45 78.95 2 High 

5 - 88.89 80.00 57.14 - - 66.67 72.73 5 High 

6 25.00 64.00 58.06 - - - 57.14 62.86 7 High 

7 - 48.48 - 16.67 - 33.33 20.00 47.37 8 Medium 

8 - 28.57 - 66.67 - - - 28.57 9 Medium 

9 - 64.00 - 26.09 - - 10.00 71.79 4 Medium 

10 - 74.19 - - - - - 73.02 3 Low 

I1 - - - - - - - - 1 Low 

% Habitat sharing (SH) by >10% cropping and >1 endangered species in Texas counties; m. birds - migratory birds. rept. - reptiles. amp,. - amphibians 

*Ranking based on risk to *dominant species, and **diverse species groups 

Table 5. Ranking based on cropping area and occurrence of non-target species 

Ecoregion counties number of species *Risk Final 

>10 % cropped birds mammals reptiles plant series E/T spp. ranking ranking 

~ ~ ~ 3 85.00 42.00 - 17.00 31.00 Low Medium 

2 21 79.00 39.00 36.36 9.00 14.00 High High 

3 33 61.00 40.00 10.53 7.00 10.00 High High 

4 16 75.00 39.00 72.73 16.00 42.00 Medium High 

5 4 75.00 39.00 57.14 6.00 10.00 Low High 

6 13 79.00 39.00 - 19.00 50.00 Medium High 

7 10 55.00 39.00 16.67 17.00 39.00 Medium Medium 

8 1 46.00 33.00 66.67 4.00 8.00 Low Medium 

9 37 55.00 39.00 26.09 11.00 13.00 High High 

10 36 55.00 39.00 - 11.00 17.00 High High 

11 0 21.00 30.00 - 34.00 49.00 Low_ Low 

E/T - Endangered and threatened species. *Risk ranking based on cropping and divesilv of species groups
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Table 6. Exposure assessment of pesticides used on various crops to mammals

Chemical 

acephate 
aldicarb 
asulam 
azinphos methyl 
benomyl 
bensulide 
bromoxyni I 
carbaryl 
carbo furan 
chlorpyrifos 
cycloate 
desmedipham 
diazinon 
dicofoI 
dicrotophos 
dimethoate 
disulfoton 
endosul fan 
EPTC 
ethephon 
ethion 
ethoprop 
fenamiphos 
fensulfothion 
formentanate 
glyphosate 
malathion 
maneb 
mancozeb 
methamidophos 
methidathion 
methomyl 
methyl parathion 
metribuzin 
mevinphos 
rnolinate 
monocrotophos 
naled 
oxamyl 
oxydemeton methyl 
parathion ethyl 
pebulate 
phorate 
phosalone 
phosmet 
phosphamidon 
profenophos 
sulprofos 
terbufos 
thiobencarb 
thiodicarb 
thiophanate methyl 
trichlorfon 
vernolate 
ziram

Class 1 D5O

organophosphate 
carbamate 
carbamate 
organophosphate 
carbamate 
organophosphate 
organonitrile 
carbamate 
carbamate 
organophosphate 
carbamate 
carbamate 
organophosphate 
organochorine 
organophosphate 
organophosphate 
organophosphate 
organochorine 
carbamate 
organophosphate 
organophosphate 
organophosphate 
organophosphate 
organophosphate 
carbamate 

phosphonate 
organophosphate 
carbamate 
carbamate 

organophosphate 
organophosphate 
carbamate 
organophosphate 
triazine 
organophosphate 
carbamate 
organophosphate 
organophosphate 
carbamate 

organophosphate 
organophosphate 
carbamate 
organophosphate 
organophosphate 
organophosphate 
organophosphate 
organophosphate 
organophosphate 
organophosphate 
carbamate 
carbamate 
carbamate 

organophosphate 
carbamate 
carbamate

ec~.rapocaraJnrn rug daa; 
Re ulata 'risk criteria (% 1/5 LDSO): <100% no risk; >100-1000% ossible risk; >1000% robable risk 

St _ 1 T

(mg/kg) 

866 

5000 
5 

10000 
271 
50 

500 
11 
97 

2000 
10250 

300 
256 

16 
28 
2 

31 
1630 
4229 

27 
62 

8 
2 

20 
4300 
1000 
6750 
8000 

18 
44 
17 
9 

164 
4 

549 
8 

250 
5 

47 
4 

921 
2 

120 
113 

17 
400 
107 

5 
920 

2023 
6640 

144 
1780 
1400

*Exposure risk 
% 1/5 LD50 

0.07-0.12 
166.67-222.22 

0.12 
12.00 

0.01 
0.65-2.77 

3.00 
0.30-0.50 

11.36-18.18 
1.29-2.47 

0.33,0.35 
0.04 

0.20-0.73 
094 
3.13 

2.68-5.36 
30.00-250.00 

4.84 
0.46-0.92 

0.04 
4.63 
5.69 

37.50 
150.00 
12.00 

0.03-0.05 
0.20-0.35 
0.04-0.07 
0.02-0.03 

5.00-13.33 
1.36-2.84 
1.47-7.35 

5.56-14.44 
1.46 

13.51 
1.09-2.28 
7.5-27.50 
0.96-1.50 

9.26-32.41 
1.28-4.26 

16.67-41.67 
1.36 

62.5-120.00 
0.75-1.67 
1.55-2.12 
3.53-5.29 

0.44 
3.27 

38.89-53.33 
0.14 

0.03-0.07 
0.0 1-0.02 
0.87-1.67 

0.20 
0.89
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Table 7. Avian exposure assessment of pesticides

Table 8. Ranking crop districts by pesticide usage

District Acres treated % total treated* AER 

1 737106 1.83 5 
2 2545568 6.31 1 
3 350780 0.87 9 
4 556608 1.38 7 
5 165368 0.41 13 
6 227116 0.56 11 
7 260282 0.65 10 
8 359640 0.89 8 
9 42841 0.11 14 
10 623795 1.55 6 
11 1255055 3.11 2 
12 1043852 2.59 3 
13 159320 0.40 12 
14 786228 1.95 4 

*Total treated acreage in the state: 40,322,287; AER - Avian exposure rank

Pesticide Use A vian LDS0 Exposure risk (% 1/5 LD50) * 
lb/ai/A (mg/kg b) ___leaves lea frcrops frage seeds 

acephate 0.50 51.0 54 60 27 6 
aldicarb** 0.50 1.8 1528 1700 778 167 
azinphos methyl** 0.25 51.0 27 30 15 3 
bromoxynil** 0.50 50.0 55 61 28 6 
carbaryl 1.00 56.0 98 112 52 11 
carbofuran** 0.50 12.0 229 255 117 25 
chlorpyrifos 1.00 8.4 655 744 345 71 
diazinon** 0.25 2.0 688 756 375 81 
dicrotophos** 0.10 1.6 563 625 297 56 
disulfoton** 0.25 3.2 430 473 234 51 
endosulfan 0.50 31.0 89 99 45 10 
methamidophos** 1.00 8.0 688 781 363 75 
methomyl** 0.45 15.9 157 173 79 17 
metribuzin 1.00 164.0 34 38 18 4 
naled 1.00 37.0 149 169 78 16 
oxydemeton methyl** 0.25 14.0 98 108 54 12 
parathion (ethyl)** 0.25 2.0 688 756 375 81 

parathion (methyl)** 0.50 3.1 887 987 452 97 
phosmet 0.75 17.2 233 262 124 25 
profenofos** 0.75 35.0 114 129 61 12 
sulprofos** 1.50 47.0 165 160 85 19 

criteria. (% .1/5 LD..L : <100 no rskIfto <IUUU possibefrisk; >100probablefrisk
*Risk criteria (% 1/5 LD o: <100 no risk, 100 to <1000 possible risk, > roed is i 

*Extapoate frm dta n mllar duk; w -bod weght **Dsigate retritedusepesticide
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Table 9. Ranking of crop districts based on habitat sharing by endangered species and crops 

Crop % habitat sharing (SII) by species and crops species : pesticide use m. bird : pesticide use Risk rank 
district 

birds n. birds mammals rept. & amph. fish arthropods plants E/Tspp. E/T : AER rank m. birds : AER rank 

1 - 39.39 - - - - - 37.50 7.50 6 7.88 4 high 

2 - 37.93 - - - 10.00 - 37.93 37.93 1 37.93 1 high 

3 - 37.50 - - - - - 37.50 4.17 9 4.17 9 medium 

4 - 43.75 - - - - - 41.94 5.99 7 6.25 6 medium 

5 - 29.17 - - - - - 31.82 2.45 11 2.24 11 medium 

6 - 5.88 - - - - - 5.88 0.53 13 0.53 13 low 

7 - 23.81 - 33.33 11.11 - 18.18 30.43 3.04 10 2.38 10 medium 

8 - 39.29 - 6.67 - - - 35.71 4.46 g- 4.91 8 medium 

9 - 5.00 - - - - - 4.76 0.34 14 0.36 14 low 

10 - 37.04 - 26.32 - - 21.05 46.43 7.74 5 6.17 7 medium 

I1 20.00 36.00 - 27.78 - - 8.33 36.00 18.00 2 18.00 2 high 

12 14.29 36.36 31.25 - - - 22.22 31.25 10.42 3 12.12 3 high 

13 20.00 17.65 27.27 - - - 7.69 20.83 1.74 12 -1.47 12 low 

14 6.67 36.36 36.84 35.71 - - 25.00 40.00 10.00 4 9.09 s high 

m. birds - migratory birds, rept. - reptiles, amph. - amphibians; A ER - avian exposure rank; E/T - endangered & threatened spp.; *high = 1-5, medium = 6-10, low = >10 

Table 10. Ecoregion ranking based on pesticide use 

Ecoregion Crop districts Risk rank* Final ranking* 
number name covering ecoregion 

] Piney Woods 9, 5W,I1 IN MH M 
2 Oak Woods/Prairies 10C, 9W, 5CN, 4NC LM L 
3 Blackland Prairies lOW, 5W, 4, 13E LM L 
4 Gulf Coast Marshes 14 N, 11 H M 
5 Coastal Sand Plains 12N, 14S H M 
6 South Brush Country 12N, 13S, 14W LH M 
7 Edwards Plateau 6E, 7W, 13N LM L 
8 Llano Uplift 7S, 8S M L 
9 Rolling Plains 2E, 3, 4W, 7N, 8N MH M 

10 High Plains 1S, 2, 1IN H M 
11 Trans Pecos 6 L L 

E - East, W - West, N - North, S - South, C - Central; *H - high, M - medium, L - low
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Table 11. Chemical residues in fish samples

Chemical residue concentration & number of sites

TCDD 
2,3,7,8 TCDF 
TEC 

PCBs 

biphenyl 

pentachloroanisole 

1,2,3 TCB 
1,2,4 TCB 

p,p'-DDE

chlordane 
nonachior 
dieldrin 

gamma-BHC (lindane) 
alfa-BHC 

hexachlorobenzene 

pentachlorobenzene 

tetrachlorobenzenes 

chlorpyrifos 

dicofol 

methoxychlor 
trifluralin 
isopropalin 
endrin 
heptachlor 
heptachlor epoxide 
pentachloronitrobenzene 

mercury

>10 pg/g

3 

>1000 ng/g 

>SO ng/g 

>100 ng/g 

>5 ng/g 

>320 ng/g 

>100 ng/g 
2.  
2 

>5 ng/g 
4 

>50 ng/g 
2 

>10 ng/g 
2 

>5 ng/g 

50 ng/g 

>10 ng/g 

>20 ng/g 

>1 pg/g

>1-1Opg/g 
5 

8 
>6.25-1000 ng/g 

7 
2.5-50 ng/g 

3 
>2.5-100 ng/g 

3 
2.5-5 ng/g 

>2.5-320 ng/g 
12 

>2.5-100 ng/g 
5 
5 
3 

2.5-5 ng/g 

2 
2.5-50 ng/g 

2.5-10 ng/g 

2.5-S ng/g 

2.5-50 ng/g 

2.5-10 ng/g 

2.5-10 ng/g 

>0.5-1 .tg/g 
3

0-1 pg/g 
8 
9 
5 

0-6.25 ng/g 
6 

0-2.5 ng/g 
10 

0-2.5 ng/g 
10 

0.2.5 ng/g 
12 
12 

0-2.5 ng/g 

0-2.5 ng/g 
6 
6 
10 

0.2.5 ng/g 
9 
10 

0-2.5 ng/g 
10 

0-2.5 ng/g 
11 

0.2.5 ng/g 
13 

0-2.5 ng/g 
11 

0-2.5 ng/g 
13 

0-2.5 ng/g 
13 
12 
13 
12 
13 
13 
13 

0.5 pg/g 

10

t__ _ _ _ __ _ _ _ _ _ __J_ _ _ __ _ _ _ _ _A _ _ __ _ _ _ _ _

StteofTeasEnirnmnalPrortis roec .5U oiorca worgrop -po

Fish sample sites: Arroyo Colorado, Harlingen; Brazos River, Freeport; Houston Ship Channel, Morgan Point; 
Inner Harbor, Corpus Cristi; Lake Sm Rayburn, Lufkin; Lavaca River, Edna; Mesquit Bay; Naches River, Diboll, 

(tidal) Fort Arthur; Rio Grande, El Paso; San Antonio River, Elmendorf; South Fork Rocky Creek, Briggs.  
(black drum - Pcgonias cromis, carp - Cvprinus carpio, catfish - Ictalurus sp.)
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CROPPING AREA IN TEXAS COUNTIES
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Fig. 2. ENDANGERED SPECIES OF TEXAS 
NATIVE BIRDS
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Fig. 3. ENDANGERED SPECIES 
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ENDANGERED SPECIES OF TEXAS 
MAMMALS
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5. ENDANGERED SPECIES OF TEXAS 
FISH SPECIES

SPECIES/COUNTY
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Fig. 6. ENDANGERED SPECIES OF TEXAS 
REPTILES AND AMPHIBIANS
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Fig. 8. ENDANGERED SPECIES OF TEXAS 
PLANT SPECIES

SPECIES/COUNTY
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SECTION 2.3: WATER AVAILABILITY

Issue: 

Water availability is an issue in Texas owing to the difficulty of increasing needs of people, 
industry, wildlife, and habitats simultaneously. Climatic factors provide a gradient of rainfall and 

available water across the state, but much of the state can be classified as sub-arid. Naturally 

occurring periods of low water availability are exacerbated by the increases in human population 

and activities which require water. Projections of future demands on the water supply are for 

increased needs.  

Instream Flows 

Modifications in the natural flow regimes of rivers and streams to prevent flooding and to meet demands 

for reliable water supplies have become commonplace in our society. In no place has this become more 

apparent than in Texas where water resources have been exploited for more than 150 years to supply water 

for a variety of municipal, agricultural, and industrial uses. Additionally, the conversion of vast areas of 

native forests and grasslands into rangeland and cropland in the 1800's has had profound impacts on 

Texas' rivers and streams.  

When European settlers first came to Texas, there were numerous large, permanent springs throughout the 

state. These springs, and the major rivers and streams, became the focal point for economic development 

in Texas. Nearly all major cities in the state were founded along the banks of springs or rivers, which 

receive much of their base flow from groundwater. Brune (1981) provides an excellent historical 

perspective on the decline of water resources in the state. Of 281 springs that were identified as 

historically significant, more than one quarter (80) no longer flow, and those that remain have significantly 

reduced discharges.  

Streams and rivers have suffered accordingly. During the last fifty years, streams have been impounded to 

make surface water resources more reliable. Because reservoirs are planned and constructed for the 

expressed purpose of modifying the spatial and temporal availability of surface water within a drainage 

basin, impoundment dramatically alters the historic hydrologic conditions to which the native aquatic 

communities have become adapted. These aquatic communities are dependent upon sufficient quantities 

of water for growth, survival, and reproduction. Reduced stream flow alters the type of habitat available 

(compression in available aquatic habitat for species and their population) to fulfill these functions, 
resulting in increased competition for resources among species and ultimately in the loss of some species.  

Depletion of water quantity may also directly influence thermal regimes since water quantity serves as a 

buffer against temperature fluctuations.  

Reservoirs also directly impact physical habitat and water quality characteristics of the impounded stream.  

Impounded streams tend to be clearer, have lower silt loads and nutrient levels, and exhibit different 

temperature regimes than unmodified streams. These changes are irreversible and may cause substantial 

changes in community composition downstream.
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The impact of impoundment on the hydrological characteristics of a stream, on the other hand, can be 
managed in part through the incorporation of appropriate release schedules in reservoir operation plans.  
However, very few reservoirs in Texas are required to release water for environmental purposes.  

Riparian ecosystems contain the stream, its biota, and the associated riparian habitat, and the 
physico-chemical conditions to which these habitats have been exposed. Any ecologically healthy, 
natural, aquatic community should exhibit the following characteristics: 

1) the physical characteristics of the stream are consistent with the geomorphic characteristics of its 
drainage basin; 

2) water quality supports the growth, survival, and reproduction of the ecological community that was 
historically characteristic of the stream; 

3) the hydrological characteristics of the stream emulate historically observed seasonal and long term 
variations in flow; and 

4) the biological communities are comprised of native flora and fauna known to have occurred naturally in 
the stream and at levels of abundance and diversity previously observed. Non-native populations should 
not be allowed to degrade the native species present. Non-natives may be from another continent (exotic) 
or from North America (exogenous).  

Freshwater Inflows to Bays and Estuaries 

Texas bays and estuaries are among the most biologically diverse and productive estuaries in the world.  
Texas bays provide diverse wildlife habitat ranging from fresh to brackish water areas near mouths of 
rivers to polyhaline areas located near Gulf-bay passes. In addition to a river-to-Gulf pass salinity gradient 
within each Texas bay system, there is also a north-south gradient associated with the different bay 
systems caused by a southward gradient of declining annual precipitation and increasing temperature and 
evaporation. Bays and estuaries on the northern Texas coast are generally deeper, cooler in the winter, 
have lower salinity concentrations, and are dominated by emergent marsh (e.g. Galveston and San Antonio 
bay systems). Traveling southward, the bays generally become shallower, warmer in the winter, have 
higher salinity concentrations, and generally have increasing amounts of submerged aquatic vegetation 
(e.g. Corpus Christi and Laguna Madre bay systems) and less emergent marsh.  

These differing general conditions favor different species, and as a result the communities found in and 
adjacent to the different estuaries vary in species composition and/or species density. Many species like 
alligators and mottled duck require freshwater, oligohaline, or low mesohaline habitats for nesting.  
Different species of over-wintering water birds use different habitats to support their foraging activities.  
Juvenile brown and white shrimp first use the higher salinity areas of the estuaries as they enter each 
spring and summer. As they mature, the larger sub-adult brown shrimp exhibit highest densities in 
salinities occurring between 15 and 30 parts per thousand (ppt.), whereas white shrimp exhibit highest 
densities in areas having salinities in the range of 10 to 25 ppt (Lee, 1994). This distribution is not only 
observed within an estuary; it is also observed among the estuaries. With the exception of Sabine lake, the 
highest densities of white shrimp are found in the fresher northern estuaries (e.g. Galveston, Matagorda
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sand San Antonio bay systems) and the highest densities of brown shrimp are found i the iiternediate 
salinities of the middle coast estuaries (e.g. San Antonio, Aransas and Corpus Christi bay systems). Both 
species of sub-adult shrimp do not appear to reach high densities in the higher salinity concentrations of 
the upper or lower Laguna Madre bay systems.  

The Texas Legislature, recognizing the importance of freshwater inflows to the maintenance of ecological 
health and productivity of Texas bays and estuaries, charged the agencies responsible for water and 
wildlife management to determine the quantity of water needed and to provide for these inflows as water 
resources are developed. Texas Water Code (TWC) 1.003 states that it is policy to provide for the health 

of bays and estuaries. In addition, TWC 16.058 requires that the Texas Water Development Board 
(TWDB) and the Texas Parks and Wildlife Department (TPWD) conduct studies to determine quantities of 
water necessary to maintain a sound ecological environment. TWC 11.1491 charges the TPWD and the 
Texas Water Commission (now the Texas Natural Resources Conservation Commission-TNRCC) with 
evaluating these studies done by the Water Development Board and Parks and Wildlife and to the extent 
practicable with providing these freshwater inflows to maintain the health and productivity of these 
systems. A challenge to freshwater inflows has been the alteration to low flow and seasonal flow regimes.  
With increasing water conservation and interbasin transfers, a major concern is that if either is done 
improperly, low flows may become more frequent and more severe and the occurrence of intermediate and 
high inflows will be reduced. If these reductions are too severe the overall variability of freshwater 
inflows into the estuaries will be reduced and it will adversely affect the productivity of the species 
dependent on these inflows.  

Resource protection and management agencies (i.e. TNRCC, TWDB, TPWD, GLO, etc.) have recently 
proposed that a sound ecological environment for an estuary is one which has the following 
characteristics: 

1. Possesses typical water quality values for physical, chemical, and biological parameters that fall within 
a range that occurred before human interference with natural processes (e.g. by constructing waterways, 
introducing pollutants, altering freshwater inflows, stabilizing passes with jetties, etc.) or values that will at 
least sustain all indigenous species characteristic of the estuary. Freshwater inflows should emulate 
historically observed seasonal and long term variations and patterns.  

2. Supports densities, diversities, productivity, and distributions of plants and animals not significantly 
different from historical patterns as defined by the Coastal Fisheries monitoring data and supplemented 
with other historical records (e.g. scientific and technical literature).  

3. Maintains healthy plant and animal populations as indicated by those frequently caught in standard 
sampling gear and documented in wetland and seagrass field. surveys. A healthy system demonstrates its 
resiliency by the ability of indigenous populations to rebound to former densities and distributions after 
having been impacted by natural or man-made disturbances that have occurred on the Texas Coast (e.g.  
hurricanes, floods, droughts, freezes, altering land or water use, chemical spills, and construction).
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Current Regulatory Program

The Texas Natural Resource Conservation Commission (TNRCC) has authority to grant water rights 
permits for unappropriated waters of the state. Chapter 11 of the Texas Water Code specifies that before 
the Commission grants a right to use state water, it must first determine if unappropriated water is 
available at the applicant's requested location. Current procedures define unappropriated water as the 
amount remaining in the stream after all existing authorized water rights holders withdraw their'permitted 
amounts and after all environmental needs for instream uses have been met. Granting water rights without 
a review of water availability would compromise existing authorizations and threaten aquatic natural 
resources.  

The TNRCC has developed computer models to make specific estimates of water availability. These 
models are based on long-term hydrological data and the locations of water diversion points for previously 
granted water rights. Other considerations such as instream flows and freshwater inflows into bays and 
estuaries also enter into TNRCC's determinations of water availability in the form of streamflow 
restrictions on each diversion. These streamflow restrictions are assumed to be adequate to protect the 
ecological health of the aquatic communities.  

Description of TNRCC Program 

The Commission has developed water availability models for 8 of the 23 major Texas basins: Guadalupe, 
San Antonio, Colorado, Trinity, Brazos, Nueces, Lavaca and San Jacinto basins. Each model has been 
updated at least once to include new or adjudicated water rights but most are overdue for another update or 
revision.  

These complex hydrologic models are developed in three phases requiring advanced statistical analyses, 
sophisticated computer programming, and complicated system analyses. In general, they are precise 
representations of the existing data record. However, this precision comes at a cost. Each update requires, 
on the average, about two years to complete. Current staffing levels do not allow for the labor intensive 
efforts that characterized previous development and maintenance of the models. Current efforts are aimed 
at automation to decrease the time required to update the existing models. Development of new models 
using alternative software packages such as MOSS IV, HSPF, and TAMUWRAPS is under study.  
Existing data files are also being converted to a relational database format for increased access and 
portability.  

Alternative methods of hydrologic analysis that combine water availability models with geographic 
information systems are also being explored. As part of the assessments under the Texas Clean Rivers 
Act, river authorities are developing digitized, verified maps of existing water rights within their 
jurisdictions. These maps will add to the TNRCC's existing records to provide the foundation for an effort 
to integrate determinations of water availability into the Commission's developing GIS capabilities.  

Permit Process Overview 

Permit applications are forwarded to the Ecosystem Research and Assessment Team, Water Planning and 
Assessment Division, by the Water Rights Permitting Team of the Watershed Management Division at
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TNRCC. Permits are simultaneously reviewed for water availability and environmental impact. Water 

availability analyses use data extracted from the appropriate water availability model and/or from stream

flow data obtained from gaging stations. Staff prepares a technical memo summarizing the findings for 

each permit request. A copy of each permit application is also sent to Texas Parks and Wildlife for 

simultaneous review of fish and wildlife habitat as well as bay and estuary and other instream uses (see 

Environmental Review, below).  

Environmental Review 

Environmental reviews are conducted in accordance with the Texas Water Code, including 11.121, 
11.134, 11.147, 11.150, and 11.152. The TNRCC assesses the possible impact of granting a water right 

permit action on the instream uses of the affected body of water. These instream uses include, but are not 

limited to, water quality, fish and wildlife habitat, and recreation. A complete definition of instream uses 

is found in 31 TAC . 297. In addition to instream uses, possible impacts to bays and estuaries must be 

assessed for those permits within 200 miles of the Gulf of Mexico.  

Minimum information required of the applicant includes photographs, a USGS 1:24,000 scale map or 

equivalent, and a brief description of the project area including information on habitat types, water quality, 

and recreational uses. For larger projects, an environmental assessment of the project is required. The 

amount of additional information required of the applicant is at the discretion of the reviewer.  

Assessments for large projects vary in form and scope depending on the size and nature of the proposed 

project. For example, assessments of large reservoir projects often include a quantitative/qualitative 

evaluation of the area to be inundated, usually using the USFWS/USFS Habitat Evaluation Procedures 

(HEP). While the use of HEP is not limited to large projects, the Texas Water Code requires applicants to 

assess the need for mitigation of lost habitat for new projects and project amendments to divert, store, or 

take in excess of 5,000 acre-ft of water per year (Texas Water Code 11.149; 31 TAC 297.48).  

In certain instances, although rare to date, the applicant may be required to conduct an instream flow 

evaluation using Instream Flow Incremental Methodology (IFIM). IFIM evaluations are used to determine 

the minimum flow required to protect specific instream uses. The TNRCC and other agencies participate 

in both the HEP and IFIM analyses.  

At present, the environmental reviewer utilizes county maps, USGS 1:24,000 scale maps, USFWS wetland 

maps (where available) and photographs provided by the applicant. Information from the Heritage 
Foundation (via Texas Parks and Wildlife Department) concerning threatened and endangered species and 

associations is examined as well as the scientific literature that is available on the area in question.  

Without fail, the State of Texas Water Quality Inventory (305b report), the Texas Surface Water Quality 
Standards (31 TAC 307), and the Texas Parks and Wildlife Department report An Analysis of Texas 

Waterways are consulted for relevant information, including the nearest downstream water quality 

segment. On a case by case basis, information is also obtained from the Standards Team of the Water 

Planning and Assessment Division regarding water quality, previous biological assessments, and permitted 
discharges. The Toxicity Evaluation Team also provides information on ambient toxicity and toxic 

effluents for permits that involve water bodies with known toxics-based water quality problems.
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The characteristic hydrology of the area is reviewed using historic flows from USGS records and 1:24,000 
scale maps. For perennial streams, reviewers work with ERA team hydrologists to calculate monthly
median daily flows and water availability. The seven day, two year low flow (7Q2) value is obtained from 
the State of Texas Water Quality Standards.  

On-site investigation is required for areas with unique habitats, threatened or endangered species, depleted 
water supplies, and mitigation plans. Site visits are also made to prepare for contested permits or in 
response to citizens' concern over proposed projects. These assessments include a visual inspection of the 
affected terrestrial and aquatic habitat and limited biological sampling of aquatic communities.  

Once the information is gathered and assimilated, a decision is made as to the type of restriction which 
might be required to satisfy environmental concerns. Factors which contribute to the inclusion of a 
streamflow restriction include the perennial nature of the stream; aquatic life use and biological integrity of 
the stream; poor (or excellent) water quality; presence of species of concern; and recreational uses.  

Flow restrictions to protect instream aquatic habitat and instream aquatic life uses are based upon full 
IFIM analyses of instream uses when they are available. However, current team resources allow for one 
complete IFIM assessment to be performed every two years. If no detailed study is available, restrictions 
to protect instream uses are based on one or more of the following default criteria where they are 
appropriate: 

a) modified Lyon's method or Tennant (1976) method (i.e. % of median flow) for 
instream variables including the protection of significant aquatic life and instream or 
riparian habitat; 

b) expert opinion for aquatic recreational uses and terrestrial habitat for species of 
concern; 

c) low flow value for protection of instream water quality; and 

d) harmonic mean flows to protect human health from toxic discharges.  

In addition to flow restrictions, mitigation may be recommended for altered, inundated, or destroyed 
terrestrial or riparian habitat on all permits.  

These procedures have been standardized by the TNRCC in a document entitled "A Regulatory Guidance 
Document for Applications to Divert, Store, or Use State Water" (TNRCC, 1995).  

Identification of Problems 

Although a current regulatory program exists to provide protection to instream uses, including freshwater 
inflows to bays and estuaries, there are a number of problems with the potential to place the ecological 
health of instream and estuarine communities at risk. These include the following:

a e A o 1 1i vas UInvIronmeniIta rriuritiesrroject Ecological Workgroup Report
Sta* t f v T i E vr -i -

2.65



a) inadequate regional or basin-specific biological information on instream flow needs of freshwate 
riverine species or communities; 

b) inadequate assessment of the role of groundwater connections to surface water through springs, seeps, 
and streambed connections; and 

c) no current framework or regulatory authority to review existing permits that contain no provisions for 

instream flows or bay and estuary freshwater inflows.  

These concerns as well as others can be summarized in a series of potential problems or stress agents.  
These fall under broad categories.  

1. Increasing use or demand for streamflow and springflow: Increasing anthropogenic and phreatophytic 

use of water decreases the amount of streamflow and springflow available to maintain an ecologically 
healthy instream community. These reductions in flow have the potential to effect wildlife and terrestrial 

plant communities as well.  

2. Change in the historical allocation pattern and location of streamflow: Modification of stream 

channels, building of reservoirs, and irrigation of cropland change the seasonal distribution of flows and 
the location of terrestrial water storage.  

3. Decrease in freshwater inflows to bays and estuaries: Diversion, impoundment, and terrestrial use of 
water all have the potential to decrease freshwater streamflow reaching the bays and estuaries along the 
Texas coast. These freshwater inflows are critical for maintaining the historical productivity of these 

waters. Elements of concern include nutrient and sediment loading as well as the frequency of inundation 
for coastal wetlands.  

Analysis 

Three aspects of risk to instream communities were assessed using existing databases from the TNRCC.  

These include the Master Files of all present and past water rights excluding rights in the Rio Grande 
drainage, the Water Availability Model appropriated water database, and the USGS gaged streamflow 

database. These three sources of information were used to assess two potential stress agents to freshwater 
instream communities: the number of waters without instream flow or bay and estuary freshwater inflow 
protection, and the amount of water already appropriated by river basin.  

Number of water rights without environmental protection provisions: 

Table 2.3.1 lists the number of active water rights in Texas by river basin. The largest share of water 
rights (88%) are for annual appropriations of less that 1000 acre-feet (ac-fl) per year. However, most of 

the non-coastal river basins have at least one large water right in excess of 100,000 ac-ft/yr. Of the total 
number of active water rights, fewer than 25% have been subject to review for potential impact on 
instream uses and bay and estuary freshwater inflow needs. Of the over 1000 water rights that have been 
reviewed for potential environmental impact since 1986, fewer than 540 of them have been assessed using 
an explicit methodology designed to be protective of instream aquatic life uses and instream water quality.
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At present, there are more than 5000 active water rights without any provisions for protection of instream 
aquatic life or bays and estuaries.  

Table 2.3.1 ACTIVE WATER RIGHTS IN TEXAS RIVER BASINS 
APRIL 1995 

--------- # of Active Rights -------

# BASIN ACTIVE' >=100,000 >=10,000 >=1,000 <1,000 TOTAL 
NAME RIGHTS <100,000 <10,000 APPROPR.  

ac-ft ac-ft ac-ft ac-ft ac-ft/yr 

1 CANADIA 40 1 2 0 37 164,791 

2 RED 303 2 13 33 255 773,643 

3 SULPHUR 59 1 6 7 45 383,960 

4 CYPRESS 93 1 9 12 71 411,507 

5 SABINE 193 7 9 8 169 1,887,979 

6 NECHES 252 8 11 12 221 4,062,293 

7 NEC-TRI 109 2 4 43 60 428,913 

8 TRINITY 661 13 29 50 569 5,167,718 

9 TRI-SJ 22 0 1 6 15 45,405 

10 SAN JAC 113 2 7 9 95 631,085 

11 SJ-BRA 65 2 7 17 39 4,565,529 

12 BRAZOS 1343 6 38 88 1211 4,933,006 

13 BRA-COL 64 0 2 13 49 81,146 

14 COLORAD 1377 8 14 61 1294 5,340,169 

15 COL-LAV 34 1 3 8 22 977,334 

16 LAVACA 71 0 4 14 53 147,978 

17 LAV-GUA 10 0 0 2 8 4,560 

18 GUADALU 403 13 8 24 358 6,156,171 

19 SAN ANT 272 0 5 6 261 228,630 

20 SAN-NUE 16 0 1 3 12 25,646 

21 NUECES 337 2 3 17 315 533,368 

22 NUE-RIO 89 2 3 26 58 1,610,206 

23 RIO GRA 1371 10 38 138 1185 7,019,931 

TOTAL 7297 81 217 597 6402

* Contractual permits/agreements are excluded + Includes both consumptive and non-consumptive
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Amount of water appropriated

Tables 2.3.2 through 2.3.9 list the cumulative monthly diversion distributions of consumptive water rights 
for the eight basin for which TNRCC Water Availability Models exist. Consumptive uses of water 
include water diverted for municipal, industrial, irrigation, and mining purposes. Table 2.3.10 lists the 
annual average monthly median streamflows at the river mouth for all river basins in Texas.  

The total monthly diversion data from the six non-coastal modeled basins were converted to daily 
diversion rates and compared to the average monthly median streamflows to determine if any basins were 
at risk of over appropriation. The results of these comparisons are illustrated in Figures 2.3.1 through 
2.3.6. These comparisons over-estimate the actual basin-wide impact and represent a maximum potential 
risk.  

The Colorado (Fig. 2.3.1) and Nueces (Fig. 2.3.2) Basins have monthly total appropriations that are two to 
twelve times greater than the average monthly median flows at the mouths of the rivers. Peak monthly 
diversion occurs during the critical months of May through October. These results suggest that the 
instream communities in these river basins face a potential risk of habitat degradation or habitat loss from 
unrestricted diversion from the river basin. This risk would be a function of the location of specific water 
rights and the actual diversion rate authorized by the individual permits or certificates. To quantify this 
risk, a direct comparison needs to be made between total upstream appropriation and minimum ecological 
water needs. However, the monthly diversion distributions given here represent realistic expectations of 
maximum potential consumptive water use for the basins analyzed. These caveats apply to Figures 2.3.3 
through 2.3.6 as well.  

The Trinity (Fig. 2.3.6) and Brazos (Fig 2.3.3) rivers also appear to have significant periods of time when 
instream communities are at risk from unrestricted diversion of previously appropriated water. Both river 
basins have five or six consecutive months where potential diversions far exceed median streamflows.  

The Guadalupe (Fig. 2.3.4) and San Antonio River (Fig. 2.3.5) basin appears to be less at risk than the 
other basins in this analysis. Nevertheless, potential consumptive use of water during the summer months 
appears to exceed median flows on a regular basis. In addition, streamflow in the San Antonio basin may 
be artificially inflated by groundwater effluent return flows. Current trends in water reuse suggest these 
effluent flows will decline in the years to come.  

Stress Receptor Distribution 

Conner and Suttkas (1986) have described the fished species distributions for the rivers of the western 
slope of the Gulf of Mexico. This analysis includes all of the major river basins in Texas that drain to the 
Gulf of Mexico. The Colorado and Brazos rivers have large, distinctive fish faunas with a large number of 
species that reach either the north-eastern or south-western limit of their geographic distributions. In 
addition, the Brazos drainage is home to two endemic species of river shiner. One of these species, 
Notropis buccula, has undergone a contraction of its previous distribution within the basin. It is now 
restricted to less than 25% of the basin. The Colorado drainage has 59 native, strictly freshwater species 
while the Brazos has 68 native, freshwater species.
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The Guadalupe-San Antonio river basin has fewer species, but it is well known for the number of 
genetically distinct populations and its endemic species. These include the Guadalupe Bass and the 
fountain darter. The basin has 49 recorded native, freshwater species. In addition to fish species, this basin 
and the Colorado basin have a number of spring-fed perennial streams that contain very diverse aquatic 
invertebrate communities.  

The Nueces river basin has a reduced fish fauna compared to other basins its size. However, the spring
fed stream of the Frio river drainage as well as other streams of the Edwards Plateau contain very diverse 
and significant invertebrate communities. The Texas Ecoregion project found that Edwards Plateau 
streams and river were the most diverse instream invertebrate communities in the state. This area of high 
aquatic invertebrate species richness are includes portions of the Colorado, Guadalupe, San Antonio, 
Nueces, and Devils River drainages.  

Summary 

The Colorado and Nueces Rivers appear to be at the greatest potential risk from unrestricted diversion of 
streamflow for consumptive purposes. However, this risk is ameliorated in the lower Colorado River 
Basin by the implementation of a Management Plan by the Lower Colorado River Authority (LCRA).  
This management plan includes the maintenance instream flows from existing water rights owned by 
LCRA. The plan implemented the recommendations of an intensive survey and assessment of instream 
flow requirements conducted by the LCRA with assistance from other state and federal entities.  

The Nueces River continues to be at risk, but much of the demand for water in this basin is near the coast.  
This limits the geographic distribution of the risk to instream communities. Furthermore, ongoing 
negotiations between state agencies and water users in the lower Nueces basin may ameliorate the risk to 
instream communities in this basin as well.  

The analysis presented here has focused upon the amount of water that is authorized for diversion under 
Texas' appropriative water right system. However, many of the existing rights have never been fully 
utilized. As a result, they are less of an immediate risk to instream communities, but this situation will not 
last much longer. Current projections for water use in the year 2050 suggest that current water rights will 
be heavily utilized. At that time, these potential risks will be much more significant.  

Despite relatively low levels of reported water use in some basins, evidence does exit that fish 
communities are undergoing significant changes as a result of water development projects. A recent study 
comparing fish communities from the 1950's with those of the 1980's found significant changes in the 
diversity of fish communities associated with reservoir projects (Anderson et al. 1995). Figure 2.3.7 
illustrates how dramatic dissimilar the fish communities in and below reservoir sites are from their 
corresponding communities measured thirty years ago. When distribution of Morisita's similarity 
measures for reservoir sites is compared with the distribution of similarity values observed for sites with 
little or no habitat change, the impact is clear. The occurrence of upstream reservoirs is strongly correlated 
with major changes is downstream fish communities. Similar results are obtained when all habitat 
alterations are grouped together (Fig. 2.3.8).
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Based on this preliminary assessment of the data, reservoirs pose a major risk to instream fish 

communities in Texas. Furthermore, their impact is not limited to the river miles inundated by the dam; it 

extends downstream from the impoundment, apparently producing major shifts in the instream fish 

communities. The majority of reservoirs in Texas have been built without provisions for the protection of 

instream flows. For those few reservoirs that do require some protection of instream flows downstream of 

an impoundment, no comprehensive study has investigated whether the approved mitigation plans have 

minimized these well-documented impacts. Given the results of Anderson et al. (1995), there is a great 

deal of uncertainty about the success of our current regulatory efforts to protect instream fish and wildlife 

habitat.  
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TABLE 2.3.2 
MONTHLY APPROPRIATIONS AT THE MOUTH OF TEXAS RIVER BASINS 

COLORADO 

MONTH MUNI INDU IRRI MIN HYDR RECR OTHER RECH 

JAN 110,066 15,134 17,796 1,378 178,515 832 1 0 

FEB 103,591 12,713 26,694 1,436 178,515 832 1 0 

MAR 131,647 14,327 64,713 1,589 178,515 832 1 0 

ARP 140,280 16,143 93,025 1,359 178,515 832 1 0 

MAY 166,177 18,363 83,318 1,512 178,515 832 2 0 

JUN 250,345 17,959 126,999 1,531 178,515 832 2 0 

JUL 349,620 17,556 129,426 1,512 178,515 832 2 0.  

AUG 340,987 20,381 115,675 1,876 178,515 832 2 0 

SEP 196,391 18,968 70,375 1,735 178,515 832 2 0 

OCT 142,438 16,748 41,255 1,991 178,515 832 1 0 

NOV 112,224 15,941 22,650 1,608 178,515 832 1 0 

DEC 114,382 17,556 16,987 1,589 178,515 832 1 0
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Figure 2.3.1 Colorado River 
Monthly Average Streamflow Comparison
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TABLE 2.3.3 
MONTHLY APPROPRIATIONS AT THE MOUTH OF TEXAS RIVER BASINS 

NUECES 

MONTH MUNI 1NDU IRRI' MIN HYDR RECR OTHER 

JAN 13,853 18,323 470 2 0 9 . 0 

FEB 15,640 18,323 2,119 2 0 9 0 

MAR 17,875 18,323 '4,551 2 0 9 0 

ARP 20,109 16,033 4,943 2 0 9 0 

MAY 20,109 16,033 12,319 2 0 9 0 

JUN 22,790 16,033 21,186 3 0 9 0 

JUL 24,578 25,194 19,852 3 0 9 0 

AUG 23,684 22,904 5,728 3 0 9 0 

SEP 20,109 22,904 4,159 2 0 9 0 

OCT 16,087 18,323 2,119 2 0 9 0 

NOV 14,747 18,323 785 2 0 9 01 

DEC 13,853 18,323 235 2 0 9 0 
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Figure 2.3.2 Nueces River 
Monthly Average Streamflow Comparison
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TABLE 2.3.4 
MONTHLY APPROPRIATIONS AT THE MOUTH OF TEXAS RIVER BASINS 

BRAZOS

MONTH 

JAN 

FEB 

MAR 

ARP 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC

MUNI 

81,815 

69,228 

88,108 

100,695 

113,282 

138,455 

163,629 

138,455 

106,988 

94,401 

81,815 

81,815

INDU 

132,694 

132,694 

132,694 

151,650 

170,606 

208,519 

208,519 

208,519 

132,694 

132,694 

132,694 

151,650

IRRI MIN 

1,302 6,635 

1,302 6,635 

23,009 6,635 

37,770 6,635 

63,818 6,715 

85,525 6,715 

99,852 6,715 

79,447 6,715 

30,390 6,635 

11,722 6,635 

0 6,635 

0 6,635

HYDR 

104,794 

104,794 

104,794 

104,794 

104,794 

104,794 

104,794 

104,794 

104,794 

104,794 

104,794 

104,794
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555 

555 

555 

555 

555 

555 

555 

555 

555 

555 

555 

555

OTHER 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 
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35
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Figure 2.3.3 Brazos River 
Monthly Average Streamfiow Comparison 
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TABLE 2.3.5 
MONTHLY APPROPRIATIONS AT THE MOUTH OF TEXAS RIVER BASINS 

GUADALUPE 

MONTH MUNI INDU IRRI MIN HYDR RECR OTHER RECH 

JAN 9,749 30,375 269 13 440,715 582 71 0 

FEB 11,374 30,375 896 13 440,715 582 71 0 

MAR 12,999 42,525 6,004 13 440,715 582 71 0 

ARP 12,999 24,300 6,273 13 440,715 582 71 0 

MAY 14,624 42,525 14,337 13 440,715 582 71 0 

JUN 16,249 42,525 22,133 13 440,715 582 71 0 

JUL 17,873 121,500 23,029 13 440,715 582 71 0 

AUG 17,873 60,750 5,645 13 440,715 582 71 0 

SEP 14,624 54,675 6,273 13 440,715 582 71 0 

OCT 12,999 85,050 3,584 13 440,715 582 71 0 

NOV 11,374 48,600 1,165 13 440,715 582 71 0 

DEC 9,749 24,300 0 13 440,715 582 71 0
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Figure 2.3.4 Guadalupe River 
Monthly Average Streamflow Comparison 
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TABLE 2.3.6 
MONTHLY APPROPRIATIONS AT THE MOUTH OF TEXAS RIVER BASINS 

SAN ANTONIO

MONTH 

JAN 

FEB 

MAR 

ARP 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC

MUNI 

4,222 

4,925 

5,629 

5,629 

6,333 

7,036 

7,740 

7,740 

6,333 

5,629 

4,925 

4,222

tat[ of Tr E i
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INDU IRRI MIN 

2,522 314 101 

2,522 1,047 101 

3,531 7,013 101 

2,017 7,327 101 

3,531 16,747 102 

3,531 25,853 102 

10,087 26,899 102 

5,044 6,594 102 

4,539 7,327 101 
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Figure 2.3.5 San Antonio River 
Monthly Average Streamflow Comparison 
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TABLE 2.3.7 
MONTHLY APPROPRIATIONS AT THE MOUTH OF TEXAS RIVER BASINS 

TRINITY 

MONTH MUNI INDU IRRI MIN HYDR RECR OTHER RECH 

JAN 188,384 113,671 0 1,228 9,592 549 26 0 

FEB 188,384 144,345 0 1,228 9,592 549 26 0 

MAR 208,066 120,889 12,307 1,559 9,592 549 26 0 

ARP 224,936 144,345 24,614 1,696 9,592 549 26 0 

MAY 236,182 138,932 38,150 1,306 9,592 549 26 0 

JUN 264,299 175,018 80,813 1,696 9,592 549 26 0 

JUL 289,605 198,474 94,350 1,949 9,592 549 26 0 

AUG 309,287 203,887 83,274 2,085 9,592 549 26 0 

SEP 253,053 167,801 52,098 1,949 9,592 549 26 0 

OCT 236,182 138,932 24,614 1,676 9,592 549 26 0 

NOV 216,501 131,714 0 1,559 9,592 549 26 0 

DEC 196,819 126,301 0 1,559 9,592 549 26 0
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Figure 2.3.6 Trinity River 
Monthly Average Streamflow Comparison
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TABLE 2.3.8 
MONTHLY APPROPRIATIONS AT THE MOUTH OF TEXAS RIVER BASINS 

SAN JACINTO 

MONTH MUNI INDU IRRI MIN HYDR RECR OTHER RECH 

JAN 20,230 25,370 1,134 440 0 192 81 0 

FEB 20,230 25,370 486 440 0 192 81 0 

MAR 20,230 25,370 972 440 0 192 81 0 

ARP 23,120 25,370 1,620 440 0 192 81 0 

MAY 23,120 28,541 2,591 495 0 192 81 0 

JUN 28,900 28,541 2,753 495 0 192 81 0 

JUL 28,900 28,541 1,134 495 0 192 81 0 

AUG 28,900 28,541 1,134 495 0 192 81 0 

SEP 26,010 28,541 648 495 0 192 81 0 

OCT 26,010 25,370 972 440 0 192 8 0 

NOV 23,120 25,370 1,458 440 0 192 81 0 

DEC 20,230 22,198 1,296 385 0 192 81 0
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TABLE 2.3.9 
MONTHLY APPROPRIATIONS AT THE MOUTH OF TEXAS RIVER BASINS 

LAVACA, 

MONTH MUNI INDU IRRI MIN HYDR RECR OTHER RECH 

JAN 1,998 6,402 0 0 0 98 0 0 

FEB 1,748 6,402 0 0 0 98 0 0 

MAR 1,998 6,402 1,672 0 0 98 '0 0 

ARP 2,248 6,402 5,852 0 0 98 0Q0 

MAY 2,248 6,402 7,942 0 0 98 0 0 

JUN 2,248 7,202 9,196 0 0 98 0 0 

JUL 2,248 7,202 5,852 0 0 98 0 0 

AUG 2,248 7,202 6,688 0 0 98 0 0 

SEP 1,998 7,202 2,926 0 0 98 0 0 

OCT 1,998 6,402 1,672 0 0 98 0 0 

NOV 1,998 6,402 0 0 0 98 0 0 

DEC 1,998 6,402 0 0 0 98 0 0
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TABLE 2.3.10 
MONTHLY MEDIANS AT THE MOUTH OF MAJOR TEXAS RIVER BASINS

# BASIN 

1 CANADIA 

2 RED 

3 SULPHUR 

4 CYPRESS 

5 SABINE 

6 NECHES 

8 TRINITY 

10 SAN JAC 

12 BRAZOS 

14 COLORAD 

16 LAVACA 

18 GUADALU 

19 SAN ANT 

21 NUECES 

23 RIO GRA

JAN 

70 

6,452 

242 

1,596 

8,858 

6,107 

3,733 

854 

3,190 

1,302 

186 

1,115 

389 

92

FEB 

81 

8,658 

377 

2,520 

11,894 

9,015 

5,280 

1,137 

4,293 

1,484 

243 

1,291 

407 

94

MAR 

61 

11,361 

563 

2,866 

11,894 

9,053 

5,134 

717 

3,645 

1,272 

214 

1,291 

376 

101

APR 

26 

10,144 

292 

2,145 

9,651 

7,655 

4,805 

507 

3,873 

1,545 

197 

1,325 

367 

111

MAY JUN JUL AUG SEP 

42 50 6 8 6 

11,361 14,760 4,616 3,703 2,871 

430 272 47 13 16 

1,912 552 108 29 25 

9,098 5,456 3,547 2,389 1,868 

8,184 4,797 3,274 2,040 1,656 

9,044 5,625 2,144 1,255 1,108 

571 307 156 118 156 

7,402 5,569 2,248 1,458 1,580 

2,019 1,878 1,403 1,211 1,363 

237 240 127 79 99 

1,600 1,428 1,039 802 952 

429 386 280 260 318 

147 185 160 134 130

276 305 244 207 504 318 335 215 1,265 1,100 597 516
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OCT 

9 

3,804 

46 

54 

1,367 

1,725 

1,025 

170 

1,732 

1,121 

96 

1,021 

371 

133

NOV 

32 

5,701 

146 

325 

1,836 

2,254 

1,762 

335 

2,152 

1,151 

124 

1,033 

383 

118

DEC 

51 

6,472 

270 

1,021 

4,924 

3,160 

3,785 

684 

2,937 

1,131 

152 

1,076 

387 

101
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Figure 2.3.7 Texas Fish Communities 
1953 to 1986 Community similarity 
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Figure 2.3.8 Texas Fish Communities 
1953 to 1986 community comparisons 
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SECTION 2.4: SURFACE WATER QUALITY (INCLUDING SOIL EROSION) 

Introduction 

The Ecological Workgroup relied heavily on the TNRCC's 1994 State of Texas Water Quality Inventory 

Report (SFR-11) for its analysis and ranking of the following two issues. This analysis is comprised primarily 

of excerpts from that report.  

Issue - Water Quality: 

Water quality is defined in terms of physical and chemical properties, such as concentration of 

dissolved or suspended particles and dissolved gases, microbial constituents, pH, and thermal 

characteristics. Humans, terrestrial wildlife, and aquatic plate and animals depend on an acceptable 

quality of water. The waters of Texas naturally vary, dependent on the region and local water source 

from saline to fresh, acidic to alkaline, clear to turbid. Water quality can be affected by natural 

sources, e.g., effects from natural saline springs, temperaturchanges, algal blooms, as well as human 

sources, such as chemical contamination and elevated nutrient loads.  

Issue - Soil Erosion: 

The erosion of top and subsoil from land areas results in the removal of fertileoil zones and biota 

from terrestrial ecosystems. Soil erosion is a natural process; it is the rate and scale of soil erosion 

which determines its adverse effects. Anthropogenic forces (e.g., agronomically unsound farming 

practices farming and grazing, deforestation, soil movement) and non-anthropogenic factors (e.g., 
rain, wind, extreme weather events) contribute to soil erosion. Soibrosion is a necessary component 

of the depositional cycle in which sediment loads are washed downstream to nourish organisms.  

Again, excessive erosion results in siltation of key habitats.  

Exposed to physical forces, bare and arid regions with shallow or deep soils can be particularly 

vulnerable to erosion in Texas. Erosion due to water is imprtant in the eastern and most other parts 

of Texas. Wind erosion is predominant in the desert, semidesertlry lands of the west and northwest 

Texas. Vegetation-free cultivated or fallow areas are more prone to soil erosion than the areas under 

crops, pastures, or forests.  

TNRCC conducts a comprehensive assessment of surface water quality in Texas every two years (in even

numbered years), and the updated assessment for 1994 has recently been completed. This assessment, 
which is published as the Texas Surface Water Quality Inventory (TNRCC 1994), is also incorporated in 

the national water quality assessment under Section 305(b) of the Federal Clean Water Act. This 

assessment was the basis of the Ecological Risk Workgroup's assessment and ranking for the issue of 

surface water quality. Some of the more striking results of this assessment are summarized below, but this 

report includes an appendix with an excerpt from the assessment report.  

Part of the inventory addresses key components of water quality that are important for the health and 

integrity of aquatic systems. This includes assessments of major habitat types for the classified water 

quality segments in the state. However, classified segments make-up less than 10 percent of the miles of
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perennial streams and rivers. For this reason, information from the Texas Ecoregion project and site
specific receiving water assessments have been used to assign unclassified streams aquatic life uses for the 
purpose of issuing water quality discharge permits. Receiving water assessments performed at potential 
discharge locations provide a point of comparison for the regional reference sites from the Texas 
Ecoregion Project. For this report, an additional analysis of the ecoregion reference sites was performed 
using a geographic information system. Two contour maps of aquatic insect species richness and fish 
species richness were produced to summarize this information. The resulting maps are reproduced in 
Appendix B of this issue paper.  

Aquatic life use attainment was assessed in two ways. One approach is to note areas of relatively high risk 
to intolerant fish and benthic species by tracking dissolved oxygen violations as indicated by routine water 
quality monitoring at fixed stations across the state. These stations are located in classified segments and 
are usually monitored on a quarterly basis. The specific risk level associated with each dissolved oxygen 
violation depends upon the characteristics of the site and the species present during the low oxygen event.  
Needless to say, the outcome varies from site to site, but stress occurs as an absolute function of dissolved 
oxygen concentrations regardless of whether the effects are lethal to intolerant species or sub-lethal to 
tolerant forms.  

The second approach is to screen surface waters and/or sediments for toxic concentrations of organics, 
metals, pesticides, or other known or suspected toxic substances. Water concentrations sufficient to 
produce toxic responses in fish or benthic invertebrates may also result in elevated tissue concentrations 
for specific species or individuals. Separate categories for fish tissue concentrations exist for human 
health criteria, but these are more commonly assessed under human health criteria. The human health 
criteria are generally more stringent than the aquatic life criteria.  

The extent of exceedances for these parameters can be expressed in terms of whether the basic uses of 
contact recreation and fish consumption are being met by a particular waterbody. A statewide summary of 
the level of "use-support" is extrapolated from the 1994 Texas Water Quality Inventory in Table 2.4.1.  
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Table 2.4.1 Aquatic Life Use Support Summary For Major Waterbodies in Texas

Regulatory Overview 

Texas Surface Water Quality Standards

Surface Water Quality Standards are adopted as a rule of the Texas Natural Resource Conservation 
Commission by authority granted under Section 26.023 of the Texas Water Code and Section 303 (c) of 
the Federal Clean Water Act, as amended. The Federal statute requires states to review surface water 
quality standards at least every three years and submit proposed revisions to EPA for approval. The 
previous rule (30 TAC 307.1-307.10) was adopted on April 7, 1988; the latest revisions were adopted 
on June 12, 1991, in effect as of July 10, 1991, and approved by EPA on September 24, 1991. Standards 
changes are based on availability of additional data, hydrologic changes (such as reservoir construction), 
improvements in water uses, and statutory changes or regulatory actions at the Federal or State level.  

In developing the standards, the hydrologic and geologic diversity of the State of Texas is given 
consideration by dividing major river basins, bays and estuaries into defined segments (referred to as 
classified or designated segments). The standards rule contains (1) general standards which apply to all 
surface waters in the State, and (2) segment-specific standards which identify appropriate uses (aquatic 
life, contact or non-contact recreation, drinking water, etc.) and list upper and lower limits of common 
indicators (criteria) of water quality, such as dissolved oxygen, temperature, pH, dissolved minerals, and 
fecal coliform bacteria.

State of Texas Environmental Priorities Project 2.90 Ecological Workgroup Report

Partially Not Not Total 
Use Supporting Supporting Supporting Attainable Assessed 

Aquatic Life Uses 

Streams and Rivers (miles) 12,779 589 923 33 44,359 

Lakes and Reservoirs (acres) 1,447,871 23,098 4090 0 1,505,059 

Bays and Estuaries (sq. mi.) 1957 33 0.7 0 1,991 

Causes of Impairment Dissolved Fecal Metals Toxics Nutrients 
Oxygen Coliforms and/or 

Pesticides 

Streams and Rivers (miles) 12% 70% 11% 5% 1% 

Lakes and Reservoirs (acres) 83% 16% 0% 1% 0% 

Bays and Estuaries (sq. mi.) 2% 97% 1% 0% 0%
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The Texas Surface Water Quality Standards contain the following sections:

1. General Policy Statement (307.1) - Characterizes the general standards policy of the Commission.  

2. Description of Standards (307.2) - Lists the major sections of the standards, defines basin 
classification categories, and describes justifications for standards modifications.  

3. Definitions and Abbreviations (307.3) - Defines terms and abbreviations used in the standards.  

4. General Criteria (307.4) - Lists the general criteria which are applicable to all surface waters in the 
state (unless specifically exempted in Section 307.8 or 307.9). These criteria include aesthetic 
parameters, radiological parameters, toxic parameters, nutrients, temperature, salinity, dissolved 
oxygen and aquatic life uses, and bacteria. Presents the policy for assessment of unclassified 
waters.  

5. Antidegradation (307.5) - Describes the antidegradation policy and implementation procedures.  

6. Toxic Materials (307.6) - Establishes criteria and control procedures for specific toxic substances, 
through the establishment of specific numerical aquatic life and human health criteria, and for total 
toxicity.  

7. Site-specific Uses and Criteria (307.7) - Defines appropriate water uses and supporting criteria for 
site-specific standards.  

8. Application of Standards (307.8) - Sets forth conditions under which portions of the standards do 
not apply, such as in mixing zones or below critical low-flows.  

9. Determination of Standards Attainment (307.9) - Describes sampling and analytical procedures to 
determine standards attainment.  

10. Appendices A through D (307.10) - Lists site-specific standards and supporting information for 
each classified segment. Specific appendices are as follows: 

Appendix A - Water Uses and Numerical Criteria 
Appendix B - Low Flow Criteria 
Appendix C - Segment Descriptions 
Appendix D - Site-specific Receiving Water Assessments 

Point Source Permitting 

The Texas Natural Resource Conservation Commission (TNRCC) is given broad authority by Chapter 26 
of the Texas Water Code (Code) to adopt rules and procedures and to issue permits to control discharges 
of waste into or adjacent to water in the State. Water in the State includes percolating and other forms of 
groundwater, lakes, bays, ponds, impounding reservoirs, springs, rivers, streams, creeks, estuaries, 
wetlands, marshes, inlets, canals, the Gulf of Mexico inside the territorial limits of the State, and all other 

.9 E cF Tolo gical W ork gro u p R e p o
7al e1 1 exas nvironmenta rroiisPoet 2.91 Ecological Workgroup Report



bodies of surface water, natural or artificial, inland-or coastal, fresh or salt, navigable or nonnavigable It 
includes the beds and banks of all watercourses and bodies of surface water that are wholly or partially 
inside or bordering the State or inside the jurisdiction of the State.  

Permits are developed to be consistent with State and Federal statutes, regulations and rules and also 
incorporate State and Federal policies. The following items are considered when evaluating a permit 
application and developing a permit.  

- Permit Application 
- Existing State and Federal Wastewater Permits 
- EPA Development Documents and Supporting Federal Registers 
- Treatability Manuals and Information 
- Self-Report Data (DMRs) 
- State and Federal Inspection Reports 
- Waste Load Evaluations and Intensive Surveys 
- Water Quality Management Plans 
- TNRCC Receiving Water Assessments (RWA) 
- Enforcement Orders 
- Title 30 Texas Administrative Code 

Chapter 305 - Consolidated Permits 
Chapter 307 - Texas Surface Water Quality Standards (Appendix E) 
Chapter 308 - Criteria and Standards for NPDES 
Chapter 309 - Effluent Standards 
Chapter 311 - Watershed Protection 
Chapter 312 - Pretreatment Standards 
Chapter 313 - Edwards Aquifer 
Chapter 314 - Toxic Pollutant Effluent Standards 
Chapter 317 - Design Criteria for Sewage Systems 
Chapter 319 - General Regulation Incorporated into Permits 
Chapter 321 - Control of Certain Activities by Rule 

- 40 Code of Federal Regulations 

Part 122 - NPDES Program 
Part 123 - State Program Requirements 
Part 124 - Procedures for Decision Making 
Part 125 - Criteria and Standards for NPDES 
Part 129 - Toxic Pollutant Effluent Standards 
Part 133 - Secondary Treatment Regulations 
Part 136 - Guidelines Establishing Test Procedures for the Analysis of Pollutants 
Part 257 - Solid Waste Disposal Regulations 
Part 400-471 - Effluent Limitation Guidelines 
Part 501 - State Sludge Management Program Regulations
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- Water Quality Standards Implementation Procedures (Appendix F) 
- State of Texas Water Quality Inventory (305B Report) 
- EPA Toxics Criteria Documents 
- EPA Permit Writer's Guide to Water Quality Based Permitting 
- Technical Support Document for Water Quality-based Toxics Control 

Technology based permit limits will be at least as stringent as Best Practical Control Technology Currently 
Available (BPT), Best Available Technology Economically Achievable (BAT), and Best Conventional 
Pollutant Control Technology (BCT) limits in accordance with Effluent Limitations and Standards as 
promulgated for categorical industries and found in 40 CFR Subchapter N. Production-based limitations 
will be based on a reasonable measure of actual production levels at a facility. Mass limitations for 
concentration-based guideline limits will be developed using the appropriate wastewater flows as required 
by regulations.  

Municipal permit limits will be consistent with Wasteload Evaluation/Allocations, the Water Quality 
Management Plan, Watershed Protection Rules (30 TAC chapter 311/2), and at least as stringent as 
requirements found in 30 TAC Chapter 309 secondary treatment.  

Permits will include provisions for the management of domestic sewage sludge to assure compliance with 
40 CFR Part 257 which are incorporated as a part of TNRCC rules (currently through a memorandum with 
Texas Department of Health and upon authorization of the NPDES Program, specifically in 30 TAC 
309.30). 40 CFR Part 501 will be implemented upon NPDES authorization.  

Permit requirements and limits will be considered on a case-by-case basis and based on Best Professional 
Judgement (BPJ) in accordance with 40 CFR 125.3(c) when specific regulations do not apply to a 
particular facility.  

Water quality based effluent limitations to control the discharge of toxic pollutants will be developed in 
accordance with 30 TAC Chapter 307, entitled Texas Surface Water Quality Standards, 40 CFR 
122.44(d), and standards implementation procedures. The standards implementation procedures describe 
in detail the TNRCC approach to screening discharges for compliance with both numerical aquatic life 
criteria and human health criteria, and for developing specific numerical limits and whole effluent 
limits/monitoring requirements in permits.  

Ambient/Biological Monitoring Network 

The Surface Water Monitoring Program collects surface water quality data from over 700 sites statewide.  
Sampling includes collection of physicochemical, biological and hydrological data at frequencies varying 
from monthly to annually. Samples are collected from 359 designated stream, reservoir and bay segments 
to monitor for the attainment of assigned uses and numerical criteria. Smaller non-designated water 
bodies are also monitored to define water quality and in response to perceived risk for pollution.  
Sampling is conducted by personnel from the fifteen, district offices of the agency. The routine parameters 
measured in situ or in the laboratory are listed below. In order to relate chemical concentrations and flow, 
instantaneous flow measurements are made at most of the stream stations when water samples are 
collected. Flow at other stream stations is determined from USGS gages.  
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Surface Water Monitoring Program Parameters

Physicochemical .(* indicates field measurements)

ammonia nitrogen 
bicarbonate 
calcium 
carbonate 
chloride 
chlorophyll a 
conductivity* 
chlorine residual* 
dissolved oxygen* 
fecal coliform 
fluoride 
Kjeldahl nitrogen 
magnesium 
nitrate-nitrogen 
nitrite-nitrogen 
orthophosphate-phosphorus 
total phosphate-phosphorus

pH* 
potassium 
salinity* 
silica 
sodium 
secchi disc transparency* 
streamflow* (at time of sampling) 
sulfate 
temperature* 
total alkalinity 
total dissolved solids 
total hardness 
total organic carbon 
total suspended solids 
volatile suspended solids

Metals in water. sediment or tissue

aluminum 
arsenic 
barium

copper 
cyanide 
iron

cadmium lead 
chromium manganese

mercury 
molybdenum 
nickel 
selenium 
silver

zinc 
total phosphorus 
Kjeldahl nitrogen 
volatile solids 
oil and grease

Trace organics in water, sediment or tissue

DDT 
DDE 
dieldrin 
chlordane 
heptachlor 
methoxychlor 
PCB 
pentachlorophenol 
diazinon 
parathion 
malathion 
2,4-D

DDD 
aldrin 
endrin 
lindane 
endosulfan 
hexachlorobenzene 
heptachlor epoxide 
2,4,5-T 
toxaphene
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Trend monitoring is conducted at 578 sites (almost all in designated segments) that are significant public 
waters. Sampling includes the collection of physicochemical, biological and hydrological data.  
Monitoring at sites at frequencies from semi-annual to biweekly is designed to provide data that can be 
used to illustrate long-term (5-25 years) trends in water quality. Monitoring at sites more frequently than 
semi-annually is designed to make the staff of the field offices aware of current conditions of general 
water quality and to investigate short-term changes and the factors that control them. Long-term trend 
monitoring for toxic priority pollutants i designated at 34 selected sites that receive surface waters from 
large drainage areas. Samples include water, sediment and fish tissue. In the future, monitoring for 
benthic macroinvertebrates and nekton will be added to many of these sites.  

Ecoregion monitoring is designed to describe the characteristic water quality and biological communities 
of unimpacted or least-impacted waters in distinct regions of the state. These 18 sites are considered as 
long-term monitoring and not subject to frequent or substantial changes in the future. Information gained 
may be used to establish water quality standards and set permit limits for discharges to unclassified waters.  

Special study monitoring is used for a variety of purposes, to: (1) Assess toxicity in surface waters; (2) 
Assess impacts of nonpoint source discharges; (3) Develop water quality controls; (4) Assess improvement 
in water quality after enforcement action or implementation of water quality controls; (5) Describe impacts 
of habitat modifications on water quality; (6) Describe water quality in intermittent streams, isolated pools 
of intermittent streams, and in unclassified, effluent-dominated streams; (7) Augment significant 
complaint or fish kill investigations.  

A total of 345 samples are now collected statewide during special studies for general field and laboratory 
water quality parameters. Toxics samples, numbering 259, may include any combination of metals and 
organics in water, sediment and tissue. Investigation of the biological communities produce over 342 
quantitative samples. At present, much of the emphasis is on toxicity assessment. In the near future (1-5 
years), nonpoint source discharge assessments will also be a focus of investigations. In all cases, 
considerable effort is devoted to the collection of biological data.  

In cooperation with the Environmental Protection Agency Region VI Office, 14 quarterly stations have 
been established to assess toxicity in ambient waters. Sites are located in areas of known or suspected 
instream toxicity or because upstream dischargers have the potential for causing toxicity. Analyses of the 
samples will include bioassays and quantification of selected pollutants. A major objective is to describe 
temporal and spatial variability in ambient toxicity.  

The Pecos River Watch, a citizen's monitoring project, was organized by the TNRCC in response to local 
citizens' concerns following the annual fish kills in recent years occurring on over 650 river kilometers of 
the Pecos River. These kills were caused by a toxic algae which is now appearing in similar saline inland 
habitats. The citizen volunteers monitor parameters which may affect the growth of the organism and its 
effects on the fish community in this remote river basin. Based on this model project, TNRCC is 
developing guidelines for agency sponsored citizen's monitoring programs statewide.  

The Water Quality Data System consists of data collecting forms, a set of master files, supporting files, 
and the processing computer programs. The master files store information on the various stations 
(locations) used in the sampling effort and information on the results of the water sampling activities. The 
supporting files store information on the recognized collection agencies, the codes assigned the various 
parameters used in assessing water qualit, , and information used to process SWMP data for reporting to 
the EPA national water quality data base, STORET.

Ecological Workgroup Report
State of Texas Envirnm Prnii * n _

.i .a i 1r1 1111n1a UI ILC r res roject 2.9 y



Water quality data stored in the system is available on request in several forms, including printouts, PC 
compatible files on disc and magnetic tape. Users may request reports from the data system through the 
Texas Natural Resources Information System (TNRIS) or by directly contacting the TNRCC.  

Analysis 

Support of Water Quality Issues 

Aquatic life use support of the State's waters was determined by comparing surface water quality 
monitoring (SWQM) data to existing criteria in the Texas Surface Water Quality Standards (TSWQS) or 
to screening levels developed especially for this assessment. Waters are classified as supporting, partially 
supporting, or not supporting their individual uses based on rating criteria developed by the TNRCC or 
established by EPA in guidance for preparation of 305b reports. The degree of use support was 
determined by assessments based on monitoring data. In the cases of aquatic life and contact recreation 
uses, waters were assessed using the most recent four years of routine fixed station SWQM data and short 
term special study and intensive survey data that were resident in the TNRCC's SWQM TRACS Database.  
These water quality data were reviewed station-to-station within each segment. Water quality data 
collected at stations located off segment were not included in the analysis. The extent of support of uses, 
in terms of stream miles, reservoir acres, and estuary or ocean miles, was estimated based on review of 
existing data, distribution of monitoring sites, and the best professional judgment of TNRCC assessment 
personnel. These results are included in Appendix A of this issue report.  

Assessment of Aquatic Life Uses with Dissolved Oxygen Data: 

Most of the dissolved oxygen data collected by the surface water quality monitoring program are from 
instantaneous measurements. This makes direct comparison with the water quality standard impossible 
because no consistent conversion or relationship exists between 24-hour water quality criteria and these 
measures. As a result, dissolved oxygen levels of 6.0, 5.0, 4.0, and 3.0 mg/L were applied as screening 
levels to samples collected from the mixed surface layer. These screening levels were applied as observed 
minima of exceptional, high, intermediate, and limited aquatic life uses. Data from January of 1989 
through December of 1992 were included in the analysis.  

Assessment of Aquatic Life with Toxic Concentrations of Toxic Substances: 

Support of the aquatic life uses was also evaluated using the prevalence and magnitude of metals and 
organic pollutants. Nine metals and sixteen organics were compared against acute and chronic criteria as 
developed and published in the State of Texas Water Quality Standards. These criteria are calculated 
using basin-specific hardness and pH values.
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Table 2.4.2. Segments of Concern for Toxic Substances in Fish Tissue

Segment Number Waterbody Pollutant 

0505 Sabine River Above Toledo Bend Reservoir PCBs 

0802 , Trinity River Below Lake Livingston PCBs 

0803 Lake Livingston PCBs 

0806 West Fork Trinity River Below Lake Worth PCBs 

1421 Concho River PCBs 

1911 Upper San Antonio River PCBs 

2202 Arroyo Colorado Above Tidal PCBs 

1007 Houston Ship Channel/Buffalo Bayou I PCBs,Chlordane, 
Dieldrin 

2484 Corpus Christi Inner Harbor PCBs

Assessment of Reservoirs trophic status:

Strictly speaking, reservoirs are not natural habitats, and as such they represent a potential anthropogenic 
stress on streams and rivers as well as the terrestrial communities they inundate. However, once created, 
these bodies of water become important habitats for a limited suite of species. The Water Quality 
Inventory assessed the trophic status of reservoirs using a surrogate index of primary productivity: 
Carlson's Trophic Index, The index is calculated based upon transparency, chlorophyll a concentrations, 
or total phosphorus concentrations, and it estimates the primary productivity of the microscopic, free 
floating plants found in the water column of reservoirs. Table 2.4.3 summarizes the results of these 
calculations for the classified reservoirs in Texas.
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Table 2.4.3. Trophic Status of Texas Reservoirsj

Trophic Class Trophic Index Rank Number of Reservoirs 

Oligotrophic (low) 0-40 10 

Mesotrophic >40 <50 51 

Eutrophic >50 <70 47 

Hyper-eutrophic >70 

Soil Erosion Potential 

Loading of sediment and associated dissolved constituents such as nitrogen, phosphorus, and trace metals 
represents a potential pollution problem in rural as well as urban areas. Numerous reports and studies 
have documented the impacts on aquatic life of increased loading in runoff from urban and agricultural 
landuse (Cunningham, 1988). A significant percentage of water-bodies that fail to support designated 
aquatic life uses are attributed to non-point sources. For example, the 1987 U. S. EPA National Water 
Quality Inventory Report to Congress identified NPS as the cause of 65 percent of the non-attainment of 
aquatic life uses in rivers and streams and 45 percent of the non-attainment in estuaries. In a recent study 
of the abatement of NPS pollution in urban runoff, Glick et al. (1993) offered the following observations 
regarding NPS pollution in general: 

"NPS pollution is a major contributor to the decreasing water quality in lakes, streams, and rivers. NPS 
pollution comes from a diffuse source such as a filled or parking lot (impervious cover), as opposed to a 
point discharge like a sewer pipe or industrial discharge. Many land uses and management practices are 
contributors to NPS pollution. Construction sites and surface mines have been identified as sources of 
sediment and some agricultural practices are linked to the production of NPS pollutants including 
sediment, nitrogen, phosphorus, and pesticides. More recently, NPS pollution has been identified as a 
source of pollutants in urban watersheds. Pollutants of concern in urban areas include sediment, nitrogen, 
phosphorus, and pesticides as well as oil, grease, lead, other metals, and toxic substances. The runoff from 
lawns, especially in suburban residential areas, is a possible source of pollution from fertilizer, pesticides, 
and fecal coliform (Kelling and Peterson, 1975). Runoff from roads and parking lots is a probable source 
of oil, grease, lead, and other toxic substances." 

Glick et al. (1993) continue to point out that urban landuse patterns not only increase the concentration of 
certain pollutants in runoff, but they observe that the increase in impervious cover increases the amount of 
runoff as well as the erosive force associated with overland flow (Bufill and Boyd, 1988). When the 
increase in the amount of runoff is coupled with the increase in erosive force, the results are significant 
increases in sediment loading to stream, rivers, lakes, and estuaries near urban areas.  

This assessment of soil erosion potential was carried out using the universal soil loss equation to identify 
areas with high potential risk of significant loadings of sediment and other pollutants from human
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activities. The premise of this relative index is that risk potential is related to landuse as well as to specific 
physical features of the landscape. These include, but are not limited to, soil erodibility, soil permeability, 
percent slope, and landuse or vegetative over.  
Methodology 

The methodology involved a spatial analysis of selected variables known to influence NPS sediment 
loading. The analysis was performed using a commercial geographic information system (GIS) called 
ARCINFO. Values for each variable were first assigned to polygons representing regions of similar 
characteristics. A uniform index equation was applied to all unique polygons. This produced a numerical 
index of relative NPS pollution potential based upon maximum sedimentation rates. The components of 
the index are derived from the Revised Universal Soil Loss Equation (RUSLE) (Renard et al., 1993). The 
RUSLE estimates average soil loss per unit area based upon erosional characteristics of the location.  
Runoff potential (R), soil erodibility (K), slope length (L) and steepness (S), land use and land 
management (C), and cultivation practice (P) are all elements of this equation. When combined in the 
following equation, these parameters estimate the average soil loss per unit area (A): 

A = (R * K * L * S * C * P) 

Estimates of soil erodibility and slope steepness derived from State Soil Geographic Database (STASGO) 
GIS data layers certified by the United States Soil Conservation Service (SCS) were also used. In addition 
to the soils data, the index uses land cover class information from the USGS data to assign land use 
categories. Edited land use data sets were provided by the Austin Regional USGS Office. These land use 
categories were translated into the appropriate cover classes using the tables from Renard et al. (1993).  

An independent verification of our estimates of maximum slope was performed using digital elevation 
models from the Defense Mapping Agency. Data were downloaded over an INTERNET link to U.S 
Geodata and analyzed using the raster-based GIS package called IDRISI.  

The analysis presented does not include estimates of all of the RUSLE parameters. Agricultural 
cultivation practice factor, slope length, and rainfall/runoff factor are all considered to be constants within 
this analysis. As a result, the index is insensitive to variation in these values. In addition to the RUSLE 
parameters, the index includes qualitative weighting factors to estimate the potential for each land use 
class to contribute to the permanent degradation of the biological integrity of receiving waters. Additional 
consideration was given to the potential for each land use category to supply toxic or hazardous pollutants 
derived from non-sediment sources. These pollutants include pesticides, or other organic compounds, and 
heavy metals.  

The general method employed to construct the index involved a categorical analysis of selected state 
variables known to influence strongly sediment run-off potential. Values for each area categorical variable 
were assigned to polygons in an ARC/INFO data layer. A simultaneous analysis of all variables within an 
area was achieved by performing a union of soil erodibility, landuse, and percent slope.  

As the comments by Glick and his co-authors point out, landuse is a critical component of the potential for 
NPS loadings. Vegetative cover and landuse classes were estimated from supervised classifications of 
LANDSAT data supplied by the U.S. Geological Survey. The Anderson (1976) landuse classification 
scale was used to categorize landuse by the following broad groupings: natural vegetation, rangeland, 
cropland, urban-residential, urban-industrial, open water, wetlands.
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Percent slope and soil erodibility were estimated using the U.S. Natural Resource Conservation Service 
(formerly the Soil Conservation Service) STASGO database. Slope is related to transport capacity ih a 
number of models (e.g., Foster and Meyer, 1972), and soil erodibility directly influences erosion potential 
(see below).  

Infiltration and detachment of particles are two of the most important processes governing sediment 
loading from overland flow. We have estimated components of these processes by developing soil type, 
soil erodibility (K), and soil permeability for the study area. These elements have been used in models of 
laminar flow erosion (Baer et al., 1993) and interrill and rill detachment processes (Knisel, 1980).  

Vegetative cover and land-use class are directly related to transport capacity as well as concentration of 
potential sources. In addition, soil permeability and soil erodibility are dependent upon vegetative cover.  
Numerous studies have documented the specific nature of NPS pollution from specific kinds of landuse as 
well as from vegetation.  

Results 

The assessment resulted in four statewide maps of the input variables and the composite sediment erosion 
and resulting index values. The union of the three polygon data layers produced a composite map of 
distinct polygons. The index values associated with these polygons range from a low risk potential of 0 to 
a high risk potential of over 80. The average value of 4.5 is much closer to the observed minimum value 
(0) than to the observed maximum value (>80).  

North-east Texas watersheds appear to have the highest index values for a significant percent of the 
landscape. This appears to be a result of moderate slopes and higher than average erodible soils. Almost 
all of this area falls within the Blackland Prairies ecoregion, an area whose current landuse is dominated 
by agricultural and rangeland land use. The urban landuse within this area also has a higher risk because 
of the effect of the nonpoint source risk weighting factors applied during the analysis.  

These estimates of risk are in general agreement with previous estimates of sediment loading modeled by 
the Texas State Soil and Water Conservation Board (1991). For example, the highest calculated gross 
sheet and rill erosion rates within the Nueces-Rio Grande Coastal Basin occurred in the Santa Gertrudis, 
Oso Creek, and Baffin Bay watersheds. Within the San Antonio-Nueces Coastal Basin, the Poesta Creek 
watershed had the highest gross sheet and rill erosion rates. These are also the areas that had the highest 
index values for these basins. This suggests that the cumulative index presented here is consistent with 
independent, empirical estimates of soil erosion. However, this analysis includes risk weighting factors of 
nonpoint sources based upon landuse categories. As a result, significant deviations may occur between 
index values and sediment loading models in urban watersheds.  

Although this index is a valuable planning tool, it is not a direct estimate of nonpoint source pollution.  
The data layers used to produce the index reduce its resolution and applicability for analyses at 
sub-watershed scales. In addition to this limitation, some of the data layers used in the analysis are no 
longer up to date. As more current information becomes available, including new estimates of land use 
and more detailed county soils maps, the index will need to updated.  

To improve the estimates of NPS loadings, vegetative cover and land use classes will be determined by 
performing supervised classifications of LANDSAT multi-spectral scanner (MSS) and thematic mapper 
(TM).scenes to approximate land use categories. Land use categories other than urban areas, such as
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natural vegetation and agricultural lands, could be verified by random sampling of an appropriate 
minimum cell size for each category. An alternative method for verification of land use classes is a 
comparison with prepared land use maps or aerial photography of crop surveys.  

The index could also be improved by incorporating rainfall variability. Rainfall acts as a variable for NPS 
pollution potential. Besides the obvious connection between runoff and rainfall, model parameters such as 
soil erosivity are directly related to the depth of rainfall (Knisel, 1980). Geographic areas with significant 
differences in rainfall will differ in NPS pollution potential as well.  

SECTION 2.5: WASTE MANAGEMENT ISSUES 

Introduction 

In its ranking, the Ecological Workgroup considered the waste handling and disposal; abandoned sites and 
spills; and radioactive waste issues together, and all three are discussed in this brief.  

Issue: Waste Handling and Disposal 
Human activities generate wastes, including hazardous wastes and non-hazardous wastes. These 
wastes must be handled so as to minimize potential harm to humans and the environment. Types 
of waste generated include RCRA hazardous, toxic industrial, municipal, radioactive, oil and gas, 
and medical waste. There are many ways of handling these wastes, including landfill/surface 
impoundment, underground injection, incineration, treatment, storage, recycling, and burning.  
Different types of wastes are handled in different ways, depending on which type of method(s) 
is(are) appropriate.  

Issue: Abandoned/Superfund Sites and Spills/Illegal Dumping 
Abandoned contaminated sites exist where materials originating from unacceptable disposal 
practices or accidental releases pose a hazard to the environment. The Spills/Illegal Dumping 
issue addresses the risk from transportation and facility site-specific spills; accidents which usually 
require emergency response action. Illegal dumping includes unauthorized waste disposal and 
waste illegally dumped on publicly- or privately-owned property, as well as waste washed up on 
beaches. Releases can contaminate air, water, and land. In all cases, the responsible party is either 
unknown, unwilling, or unable to conduct appropriate cleanup activities to eliminate the 
environmental threat.  

Issue: Radiation 
Radiation as used here is the emission, transmission, and absorption of ionizing energy from X
rays and radioactive materials. Exposure to radioactive substances may occur via medical 
radiation (e.g., X-rays, radiation therapy), radioactive waste (e.g., medical, industrial), 
occupational settings, naturally occurring radon gases, and radiation from nuclear power 
operations.
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Identification of Problems

Waste Handling and Disposal 

Contaminants in solid waste have the potential for adverse effects on the environment through direct 
exposure to the waste or through migration of the contaminants from the solid waste to surface water, 
sediments, soil, groundwater, and/or air. The issues discussed in this brief apply to aspects of handling 
and ultimate disposition of solid waste as relates to both active and abandoned sites. Regulatory 
requirements for handling and disposition vary according to the category of waste, which depends on its 

source and the operational status of the facility.  

Under waste handling and disposal, the general categories of waste addressed in this section are 
A) industrial hazardous waste, 
B) industrial solid waste, 
C) municipal solid waste, 
D) oil and gas production waste, and 
E) medical waste.  

Contaminated media such as soil or debris are classified according to the source and characteristics of the 
material.  

The Resource Conservation and Recovery Act (RCRA) was enacted in 1976, and established requirements 
for regulating how industrial hazardous waste (Subtitle C), municipal solid waste (Subtitle D), and 
underground storage tanks (Subtitle I) are to be managed.  

Industrial Hazardous Waste 

RCRA established a set of criteria for identifying industrial hazardous waste based upon waste 
characteristics and source. Hazardous waste is defined as any solid, liquid, or contained gaseous material 
to be disposed that may cause injury or death to humans or pollute land, air, or water. RCRA also set 
standards for generators, transporters, and disposal sites for waste designated by the Act as hazardous. A 
permit is required for most treatment and disposal of RCRA hazardous waste, but generators may store 
RCRA hazardous waste on site for less than 90 days without a permit. TNRCC is authorized by the U.S.  
Environmental Protection Agency (EPA) to implement and enforce most of Subtitle C. RCRA does not 
apply to industrial waste that do not meet its definition of hazardous.  

Waste handling and disposal sites regulated by RCRA typically include solid waste management units 
(SWMUs) such as landfills, surface impoundments, waste piles, boilers and furnaces used for energy 
recovery, and incinerators. One provision of the federal Hazardous and Solid Waste Amendments 
(HSWA) of 1984 is that permitted sites must conduct a RCRA Facility Investigation designed to 
determine if releases to the environment have occurred from any solid waste management units at a site, 
regardless of their active/inactive or RCRA hazardous/non-hazardous status. Because of this provision, 
corrective action should be taken at SWMUs that otherwise would probably not be investigated due to 
lack of regulatory requirements.  

Hazardous waste generation in Texas was estimated at 139 million tons in 1991. Generators in Harris, 
Galveston, Brazoria, Nueces and Harrison Counties accounted for 81 percent of the state's total. More 
than 99 percent of the hazardous waste generated in Texas is either managed on-site by the generator
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(including deep well injection) or is treated and discharged into a wastewater treatment facility, and thus 
its treatment and disposal is regulated under water quality regulations. In 1991, Texas exported 309,600 
tons and imported 355,000 tons of hazardous waste. It was the first year that the state was a net importer 
of hazardous waste.  

Industrial Solid Waste 

Industrial Solid Waste sites that handle non-hazardous waste include basically the same types of units that 
manage RCRA hazardous waste, except they do not have to meet specific RCRA design requirements.  
These non-hazardous solid waste management units are regulated under Title 30 Texas Administrative 
Code, Chapter 335. Releases from non-hazardous SWMUs are prohibited; however, an assessment of the 
need for corrective action is typically not undertaken until the operator chooses to close the unit or 
TNRCC becomes aware of a release.  

Approximately 103 million tons of Class 1 non-hazardous industrial waste was generated in 1991. Class 1 
waste may be disposed in authorized Type 1 landfills which have separately walled and lined sections 
constructed especially for receiving such waste. About 99 percent of this waste was managed on site or at 
wastewater treatment facilities, but these wastes may be managed off site at commercial hazardous waste 
facilities or at other industrial commercial facilities. Some municipal solid waste facilities may take 
limited quantities of certain Class 1 non-hazardous industrial wastes.  

Municipal Solid Waste 

Municipal Solid Waste sites include open and closed municipal landfills for non-hazardous waste. Most 
sites are regulated under Subtitle D of RCRA, which has recently been revised (CFR part 258) in order to 
provide additional requirements related to location restrictions, operating requirements, design standards, 
groundwater monitoring and corrective action, closure and post-closure care, and financial assurance. In 
general, the new requirements apply to sites that have continued to receive waste after October 1993.  
These additional requirements are applicable depending upon a staggered schedule based on certain site 
characteristics, such as volume of waste received. Generally, sites that continue to accept waste after 
October 1993 must install a leachate collection system, groundwater monitoring system, and a clay or 
membrane liner to prevent groundwater contamination.  

For those facilities that stopped accepting waste prior to October 1993, a five year post-closure care period 
is mandated. Examples of post-closure care are site security and cap maintenance. Investigations to 
determine any environmental impacts from these closed facilities is not required. If the site does not 
currently have a groundwater monitoring system, installation of a system is not required. However, 
groundwater monitoring or corrective action will be required for sites with known contamination.  

Oil and Gas Production Waste 

The Railroad Commission of Texas (RRC) has jurisdiction over the discharge, storage, handling, 
transportation, reclamation, or disposal of waste material that result from activities associated with the 
exploration, development, or production of oil, gas, or geothermal resources. A list of the oil, gas, and 
geothermal activities within RRC's jurisdiction appears in the Texas Natural Resource Code 91.101. RRC 
adopted this list by rule in 16 Texas Administrative Code 3.8(a)(26). The same list of activities appears in 
the Texas Natural Resource Conservation Commission Regulations at 30 TAC 335.1. RRC district 
boundaries are indicated in Attachment A.
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It is estimated that the vast majority of all oil and gas wastes are non-hazardous RCRA Subtitle D wastes 
(Percival, 1995). This category includes wastes from the following types of activities: drilling, operations 
and plugging of wells associated with the exploration, development, or production of oil or gas, including 
oil or gas wells, fluid injection wells used in enhanced recovery projects, and disposal wells; separation 
and treatment of produced fluids in the field or at natural gas processing plants; storage of crude oil before 
it enters a refinery; underground storage of natural gas in depleted reservoirs; and storage, hauling, 
disposal, or reclamation of wastes generated by these activities.  

Oil and gas resources are produced in 214 of the 254 counties in Texas. Over 12,500 companies operate 
approximately 250,000 sites for oil and gas production (including gas processing) and oil and gas 
transmission. In fiscal year 1994, over 6,800 oil and gas wells were completed. More than 71 percent of 
the state's oil wells are stripper wells, producing less than or equal to 10 barrels of crude oil per day.  

Produced Water. Produced water is a by-product of oil and gas production and is brought to the surface 
from subsurface formations along with the petroleum. Produced water is the highest volume waste 
generated by oil and gas operations -- approximately 98 percent of the total volume of all oil and gas 
wastes (Percival, 1995). An estimated 7.8 billion barrels of produced water are generated each year in 
Texas. Over 98 percent of all produced water in Texas is injected into Class II injection wells regulated 
under a federally-approved underground injection control program administered by the RRC. Some 
produced water is discharged in coastal areas, mainly from stripper wells, or offshore in the Gulf of 
Mexico.  

A total of 12,165 saltwater disposal wells are permitted across the state by the RRC. Of these, 857 are 
commercial disposal wells not associated with an individual operator or lease. Attachment B is a partial 
list of these disposal wells by county, and will be updated shortly.  

Although some produced waters are relatively fresh, most produced waters in Texas are saline. Salinity 
ranges from 10 to 200 parts per thousand (ppt), with an average salinity of 86 ppt. Produced water may 
contain chloride, sodium, trace concentrations of heavy metals, benzene, naphthalene, toluene, xylenes, 
and mobile ions of calcium, magnesium, and potassium. Produced water may also contain salts, dissolved 
hydrocarbons, and radium-226 and 288. In addition to chemical constituents that occur naturally in 
subsurface salt water, produced water occasionally contains small amounts of substances that are 
introduced during drilling or production operations.  

Drilling Fluids. Drilling wastes constitute approximately 1.6 percent of the total volume of all oil and gas 
wastes, and make up the greatest volume of oil and gas waste disposed of by burial. Each year, about 130 
million barrels of drilling wastes are generated in Texas.  

The composition of modern drilling fluids or mud can either be complex or simple and can vary widely 
from one depth to another and one geographical location to another. Water-base mud contains fresh water 
or saltwater, native clays, bentonite, and gel. Oil-base mud contains varying amount of crude oil, refined 
oil, and mineral oil. Drilling mud may contain or be contaminated with salt, drilling lubricant additives, 
metals, and trace organics.  

Commercial facilities to dispose, treat, or land farm these and other wastes are permitted by the RRC.  
Attachment C lists the permitted facilities by county and.gives a brief description of the wastes they may 
accept.
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Other Associated Oil and Gas Wastes. The remaining oil and gas wastes constitute approximately 0.4 
percent of the total volume of all oil and gas wastes. An estimated 32 million barrels of associated wastes 
are generated in Texas each year. These associated wastes include product tank bottoms and well 
workover wastes. This category also includes wastes, such as sweetening and dehydration wastes, 
associated with the processing of natural gas. Constituents of these wastes with a potential to leach to 
groundwater are arsenic, cadmium, chromium, copper, lead, mercury, nickel, zinc, chlorides, and benzene.  

Improperly managed non-hazardous oil and gas wastes can contaminate the environment with salts, 
organic hydrocarbons, and metals. Releases can potentially affect soil, groundwater, surface water, and air.  

Waste disposal facilities for these non-hazardous materials are also permitted by the RRC. Attachment C 
lists the facilities by county that may accept these wastes.  

Existing RRC Regulations: 

Several RRC regulations directly address ecological concerns: water protection, cleanup standards for 
crude oil spills, and the protection of birds.  

Statewide Rule 8 states that no person may cause or allow pollution of surface or subsurface water in the 
state. In addition, the rule defines these waters as groundwater, percolating or otherwise, and lakes, bays, 
ponds, impounding reservoirs, springs, rivers, streams, creeks, estuaries, marshes, inlets, canals, the Gulf 
of Mexico inside the territorial limits of the state, and all other bodies of surface water, natural or artificial, 
inland or coastal, fresh or salt, navigable or non-navigable, and including beds and banks of all 
watercourses and bodies of surface water, that are wholly or partially inside or bordering the state or inside 
the jurisdiction of the state.  

Statewide Rule 91 provides cleanup standards for crude oil spills into soils. A 1.0 percent TPH cleanup 
level is ultimately required for crude spill in non-sensitive environments. For spills in sensitive 
environments cleanup standards are determined on a case by case basis. Sensitive environments are 
defined as the presence of shallow groundwater or pathways for communication with deeper groundwater; 
proximity to surface water, including lakes, rivers, streams, dry or flowing creeks, irrigation canals, stock 
tanks, and wetlands; proximity to natural wildlife refuges or parks; or proximity to commercial or 
residential areas.  

Statewide Rule 22 requires operators who maintain tanks or pits to take protective measures to prevent 
harm to birds from contact with oil. Federal and state statutes protect certain species of birds, and the RRC 
cooperates with federal and state wildlife authorities in their efforts to protect birds. Operators must screen, 
net, cover, or otherwise render harmless certain types of open-top tanks and pits.  

Statewide Rule 20 requires operators to report oil spills of 5 barrels or greater on land to the RRC 
immediately. Also, an oil spill of any amount that enters water must be immediately reported.  

Medical Waste 

In October 1988, Congress passed the Medical Waste Tracking Act, which requires that data be collected 
on the amount and types of medical waste generated in the U.S. and on the environmental and public 
health implications of that waste. According to EPA, 500,000 tons of regulated medical waste are 
generated annually in the U.S. by approximately 380,000 regulated generators. Medical waste is
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generated by hospitals and other health care facilities, medical laboratories, physician and dentist offices, 
nursing homes, funeral homes, veterinary hospitals, and the like. The U.S. General Accounting Office 
(GAO) says the number of waste generators "could well exceed one million," including household users of 
insulin syringes and illegal intravenous drug users (US GAO, 1990).  

Waste Management Practices 

1. Landfills 

Historically, landfilling of wastes has been considered an economical and readily available means of 
disposing of hazardous wastes. However, concerns about the potential for releases from these waste 
management facilities have prompted more comprehensive regulations and technological improvements.  
Efforts are currently on going to limit landfilling as a disposal option for certain types of wastes (e.g., 
sewage sludges) (US EPA, 1990b).  

Potential Release Mechanisms 

In response to the 1984 Hazardous and Solid Waste Amendments, EPA has issued regulations and 
guidance which detail the proper construction of municipal and industrial landfills. Landfills constructed 
in adherence to this guidance incorporate controls designed to minimize releases of contaminants. For 
instance, in order to minimize leaching, these landfills are surrounded on three sides by a multiple liner 
system. The liners may be synthetic (e.g., plastic) or natural (e.g., clays, bentonite). In addition, a 
leachate-collection system is usually in operation to remove leachate before contact with the liner system 
(US EPA, 1989). Although these engineering advancements can minimize the potential for contaminant 
releases, the risk that some degree of release will occur cannot be zero. Impervious plastic and clay liners 
can fail, and leachate collection drains can become clogged and inefficient. In addition, there are a 
number of older landfills which have limited leachate control technologies (US EPA, 1989).  

Careful site selection is an important method for minimizing release potential. Preferable sites are those 
with natural soil barriers to migration (e.g., neutral soil pH, thick clay deposits), an arid climate, and a 
deep water table. Limestone or excessively fractured rock, sandy soils, or swampy areas, are generally 
unsuitable foundations for landfills (Keller, 1992).  

Environmental Transport and Ecological Contact 

TNRCC has established classifications for industrial and hazardous waste that determine what 
concentrations of specific chemicals are appropriate for disposal in a landfill. These levels are based on 
the results of a risk assessment which quantifies the potential for adverse impacts to human health from the 
ingestion of contaminated drinking water. To establish an allowed leachable concentration of a particular 
contaminant in a generated waste, regulators consider the depth to the aquifer and the Toxicity 
Characteristic Leaching Procedure, or TCLP (Texas Register, 1992). Because these allowable 
contaminant levels are strictly based on human exposure through drinking water, and are not necessarily 
protective of ecological contact, the potential exists for adverse ecological impacts. Additionally, a 
shallow aquifer which is not suitable for human drinking water (i.e., high iron, salinity, etc.) would not be 
recognized in the risk assessment. However, this water could contact ecological receptors through both 
the recharge of surface water bodies, and upwellings in surface seeps.
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2. Surface Impoundments 

Surface impoundments consist of excavations or natural depressions which are used to store hazardous 
liquid wastes on site. These units are often temporary management options, intended to allow 
contaminants to settle as the liquid solution evaporates (Keller, 1992).  

Potential Release Mechanisms 

Surface impoundments are generally not considered to be viable long-term environmental management 
options. The potential for contaminants to leach from these types of facilities is high relative to other 
options, as most are not equipped with liners and leachate-collection systems. Leaching is also facilitated 
by the liquid nature of the contaminant media and the variety of wastes which may be stored in these 
facilities. For instance, acidic wastes can mobilize some contaminants that average rainwater could not 
(Texas Register, 1992). Surface impoundment is not an appropriate waste management option for liquid 
contaminants with a high fugacity, or compounds which can become volatile through biochemical 
transformations.  

Environmental Transport and Ecological Contact 

Contaminants can contact surface water ecosystems through leaching to groundwater and subsequent 
surface water recharge. Although physical controls (e.g., fences, gates) can successfully minimize human 
exposure, they are inadequate for preventing ecological exposure. Because surface impoundments are 
deliberately not enclosed, many ecological receptors, such as insects, birds, small mammals, amphibians 
and reptiles, could potentially expose themselves to contaminants through their utilization of an apparent 
surface water ecosystem.  

3. Landfarming 

Landfarming or land application involves the incorporation of waste sludges into the surface soil horizon.  
The principle behind landfarming is that soils have physical, chemical, and biological characteristics that 
enable biodegradation and decomposition of certain wastes. Surface soils typically have the largest 
populations of microflora (e.g., bacteria, molds, yeasts, fungi) which have the ability to break down 
organic wastes (Manahan, 1977). Therefore, landfarming is usually confined to the uppermost 15 to 20 
centimeters of soil (Huddleston, 1979).  

Potential Release Mechanisms 

Landfarming is generally an advantageous waste management option, provided that proper site 
requirements are observed and compatible wastes are involved. An ideal site for land application would 
contain deep, highly organic soils located in an arid environment with a significant depth to groundwater.  
Compatible wastes exclude those that are ignitable, reactive, incompatible with soils, or environmentally 
persistent. For instance, although landfarming can be an effective treatment method for petroleum wastes, 
these wastes typically contain significant concentrations of heavy metals. Heavy metals are very persistent 
contaminants which commonly exist as cations. These cations are bound by the negatively-charged 
functional groups which comprise the organic component of soil. As a result, extensive landfarming of 
metal-containing wastes or sludges can result in elevated concentrations of heavy metals localized in 
landfarmed soils (Evans, 1989).
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Environmental Transport and Ecological Exposure

Contaminants can contact surface water ecosystems through leaching to groundwater and subsequent 
surface water recharge. Further, because the upper layers of the surface soil horizon are utilized in 
landfarming, the potential exists for storm-water runoff of contaminants which are bonded to soil particles.  
Although physical controls (e.g., fences, gates) can successfully minimize human exposure, they are 
inadequate for preventing ecological exposure. The highly organic nature of the landfarming area is likely 
to attract organisms at the base of the terrestrial food chain, such as insects, soil invertebrates.  
Accordingly, higher-level predators will frequent this area because of a readily available food supply and 
will be exposed to contaminants through food-chain transfers and direct contact with soil (e.g., dermal 
exposure, soil ingestion).  

Although many soil transformations are detoxification mechanisms, certain contaminants are bioactivated 
to a more toxic chemical form, for example, conversion of inorganic mercury to methyl mercury. This 
type of conversion can affect ecological receptors, as organically bound metals have the potential to 
bioaccumulate through food-chain transfers, for they are both persistent and lipophilic (Suter, 1993).  

4. Underground or Deep-Well Injection 

Underground or deep-well injection has been used for many years to dispose of oil-field brine, which is 
extracted with the oil. The injection process requires drilling a well several thousand meters into a 
permeable rock layer. The sink area of the injection is typically confined above by impervious, fracture
resistant rock, such as shale or salt deposits (Piper, 1970). In recent decades, deep-well injection has been 
adapted to the permanent storage of hazardous wastes. A large volume of liquid hazardous waste can 
potentially be managed in this manner. However, deep-well injection of hazardous wastes is not without 
risks, and cannot be considered a simple, innocuous waste management technique.  

Potential Release Mechanisms 

Releases from deep-well injection can be minimized through careful selection of injection sites. The most 
desirable sites are basins and coastal plains, which contain thick sequences of salt-water bearing, 
sedimentary rocks. In order to pump in wastes, some of the naturally-occurring liquids must be forced out 
of the formations. In instances where deep-well injection zones were improperly created in tectonically 
unstable zones, several minor earthquakes have occurred after displaced fluid pressures initiated 
movement along fractures. The most notable earthquakes occurred under the Rocky Mountain Arsenal in 
Denver, Colorado in 1962 and 1965. In these cases, organochloride pesticides (e.g., DDT, dieldrin) were 
released into the permeable soil matrix. Similar geological disruptions have developed in oil fields in 
West Texas. Organochloride contamination of Lake Erie resulted in 1968 when pressure forced an 
eruption of a disposal well (Committee of Geological Sciences, 1972). Additionally, the presence of 
fresh-water loading zones or abandoned oil or gas wells near an injection zone can result in the release of 
contaminants. However, releases from deep-well injection zones are rare, assuming the facility is properly 
located geologically.  

Environmental Transport and Ecological Contact 

Although deep-well injection facilities are located at tremendous depths, ecological exposure to 
contaminants can occur following releases from deep-well injection facilities. Contaminants can migrate 
through the permeable rock matrix until contacting groundwater systems. Contaminants can exist
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dissolved in the groundwater (e.g., certain forms of heavy metals), adsorbed to organic particulate (e.g., 
organochloride pesticides), or as a separate organic liquid phase (e.g., non-aqueous phase organic liquid, 
or NAPL). Transport through groundwater movement can then recharge nearby surface water bodies 
(Manahan, 1977).  

5. Underground Storage Tanks (USTs) 

Underground Storage Tanks (USTs) are used to store both hazardous and non-hazardous constituents.  
Gasoline and other petroleum products are frequently stored in USTs. Accordingly, countless gas stations, 
convenience stores, storage facilities, etc. have an existing UST on property. In addition, fuel oil is stored 
in a multitude of small USTs at personal residences and businesses across the State (US EPA, 1990a).  
Information about potential releases from USTs is presented in the section on Abandoned Sites and Spills.  

Abandoned Sites and Spills 

The general categories of abandoned sites and spills addressed in this section are 

(A) abandoned/Superfund sites, both federal and state, 
(B) accidental chemical releases to the environment, 
(C) abandoned/oil and gas sites, and 
(D) underground storage tanks.  

Abandoned/Superfund Sites 

This category includes hazardous waste sites covered under the Comprehensive Emergency Response, 
Compensation and Liability Act (CERCLA) of 1980, also known as the "Superfund" law, which addresses 
the cleanup of abandoned sites that contain unmanaged hazardous materials. CERCLA's four program 
elements are 

1) an information-gathering and analysis system to characterize and prioritize sites; 
2) federal authority to respond; 
3) a trust fund to pay for removal and remedial actions; and 
4) joint and severable liability for cleanup and restitution costs for persons who are responsible for 
hazardous substance releases.  

The Texas Legislature created the state Superfund Program, administered by the TNRCC, in 1985 to 
address sites that do not qualify for action under the federal Superfund program.  

EPA and TNRCC both have programs designed to identify and determine eligibility for potential 
Superfund sites. These programs include a "preliminary assessment" to describe a site qualitatively and, if 
it appears the site may qualify for Superfund designation, a "site investigation." For the investigation, 
samples are collected and the data is evaluated to determine a score based on potential contaminant 
exposure to human health and environmental receptors. The scoring process utilizes what is called the 
Hazard Ranking System (HRS). Generally, if the HRS score is 28.5 or higher (on a scale of 100), then the 
site qualifies for the National Priorities List (NPL). If the score is between five and 28.5, then the site 
qualifies as a state Superfund site.
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Most Superfund sites are inactive and abandoned, although the state and federal programs have different 
eligibility requirements. Sites can be on the NPL or corresponding state list, deleted from the NPL Or state 
list, candidates for the NPL or state list, or simply be identified by the Federal Government or the state as 
unmanaged locations containing hazardous waste. Sites may contaminate ground or surface water, pollute 
the air, or directly expose humans and wildlife. Sites contain a broad spectrum of contaminants and 
contaminant mixtures, including radiation wastes and hazardous "mixed waste." 

Although prescribed cleanup levels at Superfund sites have historically been determined solely on human 
health considerations, there is a trend toward giving consideration to ecological receptors. Accordingly, 
cleanup levels at some sites are now driven by ecological assessments.  

Accidental Chemical Releases to the Environment 

Contaminants are accidentally released into the environment in a variety of ways during transport or 
production. An industrial unit may explode and emit toxics into the air, a railroad tank car may turn over 
and spill hazardous materials (ignitable, corrosive, reactive, toxic) into surface water or on roads, or a ship 
may run aground and spill oil or other cargo into the environment. Damages to property, personnel, and 
wildlife may occur from intense, short-term releases of toxic or flammable chemicals. In the past, acids, 
PCBs, ammonia, pesticides, sodium hydroxide, and various petroleum products have been accidentally 
released. Responsible regulatory agencies include TNRCC, RRC, GLO, EPA, TXDOT, USDOT, and 
OSHA.  

RRC Jurisdiction. The RRC has spill response authority for spills or releases from all activities associated 
with the exploration, development or production (including storage or transportation) of oil, gas, and 
geothermal resources. Spills or releases associated with brine mining, underground storage of natural gas 
or hazardous liquids, and surface mines are also under RRC jurisdiction. All spills are required to be 
cleaned up, whether or not of a reportable quantity.  

A review of RRC H-8 oil spill records (written notice required within 30 days of the spill) for fiscal year 
1994 (September 1, 1993 to August 31, 1994) indicates 786 oil spills were reported in this format.  
Attachment E is a table of these statistics with number of spills by county, gross loss, and net loss 
displayed.  

Abandoned/Oil and Gas Sites 

In general, the RRC has jurisdiction over the discharge, storage, handling, transportation, reclamation, or 
disposal of waste material that result from activities associated with the exploration, development, or 
production of oil, gas, or geothermal resources. A list of the oil, gas, and geothermal activities that are 
subject to the RRC's jurisdiction appears in the Texas Natural Resource Code 91.101. The RRC adopted 
this list by rule in 16 Texas Administrative Code 3.8(a)(26). The same list of activities appears in the 
Texas Natural Resource Conservation Commission Regulations at 30 TAC 335.1. RRC district 
boundaries are indicated in Attachment A.
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Recent History of the RRC Role in Oil Field Cleanup and Senate Bill 1103

In 1991, the Texas Legislature enacted S.B. 1103 which established a comprehensive oil field cleanup 
fund with new sources of revenue. It authorized the RRC to use the monies for several specific 
environmental purposes including plugging abandoned wells and cleaning up abandoned pits and other oil 
field sites when the responsible operators have failed to do so.  

Revenue sources for the fund include a regulatory fee on the production of oil and gas of 5/16 of a cent per 
barrel and 1/30 of a cent per thousand cubic feet of gas. In addition, drilling permit fees of up to $200 per 
well and an annual fee of $100 for inactive unplugged wells are also collected by the comptroller and 
deposited into the fund. Fees are suspended when the balance of the fund reaches $10 million. Currently, 
the fund contains approximately $5 million.  

In fiscal year 1993, the RRC plugged 1,326 wells and conducted cleanup operations on 93 sites. Total 
annual expenditures equaled approximately $6,118,000.  

Abandoned Oil Field Sites 

Common types of abandoned oil-field sites are reclamation, commercial disposal, and production 
facilities. Site assessments at abandoned sites are conducted where contaminants are unidentified or 
unknown. These assessments include sampling of the affected medium and lab analysis. Currently, 94 
abandoned sites, in 46 Texas counties, are on the list of candidates for state-funded cleanup. Fifty-six of 
the 94 sites are located in 17 coastal counties. New sites are added to the list as they are identified through 
RRC inspections and enforcement actions. Attachment D lists candidate abandoned sites by county.  

Candidate sites on the state list are named in order of the greatest threat to human health and the 
environment, and these rankings are used to prioritize site assessment and cleanup activities across the 
state. Factors used in making the ranked list include environmental data such as distance to ground and 
surface water, distance to municipal or domestic water wells, distance to other wells (livestock, irrigation, 
etc.), permeability of soil, type of contaminants, annual precipitation, potential affected population, and 
status of contaminant containment or release (closed, static, active). Each of these factors can be weighted 
to help determine risk. To obtain the numerical priority ranking, values for relevant factors are summed.  
These rankings are intentionally simplified for broad application and ease of use.  

Potential Contaminants 

Wastes from oil and gas sites which are potential contaminants are typically hydrocarbons and produced 
water. The hydrocarbons are unrefined (crude), frequently weathered, and often contained in abandoned 
storage tanks and pits. Produced waters can be highly saline. Salinity ranges across the state from 10 to 
200 ppt with an average concentration of 86 ppt. Produced waters contain sodium and chloride, as well as 
trace concentrations of heavy metals, and hydrocarbons.  

Minor amounts of other abandoned wastes, such as drilling fluids, tank bottoms, well workover wastes, 
and sweetening and dehydration wastes associated with natural gas production, can also be present at 
abandoned sites. Constituents contained in these materials with a potential to leach to groundwater include 
arsenic, cadmium, chromium, copper, lead, mercury, nickel, zinc, chlorides, and benzene.
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Non-hazardous waste generated by RRC cleanup of abandoned sites is disposed of at permitted 
commercial disposal facilities. Attachment C lists these disposal sites by county.  

Underground Storage Tanks 

The most current scientific data suggests that 15 to 20 percent of USTs are presently leaking. There are 
several ways in which the contents of USTs can come in contact with environmental media. The 1950s 
and 1960s were the boom times for the installation of bare steel or asphalt-coated USTs. These USTs are 
susceptible to galvanic corrosion, which is the breakdown of refined steel to its natural soft ore. The speed 
and intensity of corrosion depends on a number of site-specific factors such as soil conductivity (US EPA, 
1990b). One common scenario with bare steel tanks is for a portion of the tank to become negatively 
charged and act as a battery. This portion of the tank corrodes at a rate proportional to the intensity of the 
current, and can result in the potential for significant losses of UST contents to soil. Bare steel or asphalt 
coated USTs are no longer allowed to be placed in operation, although there is no current mandate to 
remove tanks already in place. Depending on the specific area of Texas, from 58 to 71 percent of USTs are 
constructed of bare steel.  

By the late 1960s, the Fiberglass Reinforced Plastic (FRP) tank had become the main type of UST.  
Although FRP tanks do not rust, there is the potential for release. For instance, FRP tanks can experience 
structural failure, causing tank ruptures. In addition, FRP tanks can react with incompatible chemical 
constituents and become porous. However, the most significant contributor to chemical releases from both 
bare steel USTs and FRP tanks may be piping failure. Pipes can leak or fail as a result of human error 
(e.g., overfills or improper installation/maintenance) and natural causes (e.g., frost heaves).  

Once constituents of USTs have contaminated surrounding soils, physical movement can distribute the 
contaminants to other environmental media. Most UST contaminants involve non-aqueous phase organic 
liquids (NAPLs). These types of organic liquids can move downward through the vadose (i.e.  
unsaturated) zone of the soil matrix. Some of the NAPLs will remain in the soil pore space, immobilized 
by capillary forces (US EPA, 1990c). A significant portion, however, will continue downward until 
contacting the water table. Because the NAPLs are less dense than water, a plume of NAPL will be 
distributed laterally along the water table (Tinsley, 1979). Contaminants can then contact ecological 
receptors as the water table surfaces in seaps or recharges surface water bodies.  

Radiation 

The policies regarding regulation of radiation in Texas are set by the Texas State Legislature and the Texas 
Department of Health's Bureau of Radiation Control. This includes naturally occurring radioactive 
materials (NORM), with one exception: Regulation of disposal of oil and gas NORM waste resides with 
the Railroad Commission of Texas. State radiation rules are in most places compatible with the federal 
rules. There are, however, few federal regulatory requirements applicable to NORM or NORM waste 
management.  

There are three broad categories of radioactive wastes, which are classified by origin, level of 
radioactivity, and potential hazards: 1) high-level wastes, such as spent nuclear reactor fuel rods; 2) 
uranium mining and milling wastes; and 3) low-level wastes, such as commercial, medical, industrial, and 
research wastes that have been contaminated with radiation.
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Approximately 70 percent of low-level radioactive waste generated in Texas is from nuclear power plants.  
Hospitals and research institutions contribute about 23 percent, with industries the remaining 7 percent.  
Low-level waste generally has a half-life of 35 years or less. The Texas Low-Level Radioactive Waste 
Disposal Authority is charged with the responsibility of assuring the availability of disposal capacity for low-level radioactive waste and mixed waste generated within the State of Texas. The Authority has 
selected a site in Hudspeth County for a low-level waste disposal facility.  

NORM 

Naturally Occurring Radioactive Materials (NORM) can be encountered and concentrated by oil field 
activities. NORM, typically radium 226 and 228, is naturally present in subsurface reservoir formations 
and may be brought to the surface in the produced formation water during oil and gas extraction. As a precipitate with barium sulfate, it can form scale in well tubular and surface equipment. In addition, radon 
gas, a radium daughter, may be found in produced natural gas (American Petroleum Institute, 1992).  
Because of the extremely small concentrations usually encountered in oil and gas NORM, exposure to the environment should not be a great concern. Efforts are underway to develop programs to ensure that 
NORM is managed in a manner protective of the environment.  

On June 1, 1993, the Texas Department of Health adopted regulations applicable to persons who receive, 
possess, use, process, transfer, store and/or distribute NORM-containing or NORM-contaminated 
materials. This includes activities relating to gypsum, potash, fertilizer, fly-ash, etc. In the same year, the legislature amended Chapter 401.415 to give the Railroad Commission, as the state regulator of oil and gas production, authority to regulate disposal of oil and gas NORM waste; all other aspects of NORM 
related to oil and gas activities remain with the Department of Health. The Railroad Commission adopted 
regulations on oil and gas NORM waste disposal, effective February 1, 1995.  

Analysis 

All waste management practices, along with accidental spills and abandoned/Superfund sites, are 
evaluated in this analysis. Data sources include the Toxic Release Inventory (TRI) and programs within the TNRCC and RRC. Due to the lack of reliable data sources for surface impoundments and 
landfarming activities. TNRCC information on hazardous waste storage/treatment and unauthorized 
landfills will be substituted, respectively. Tables 2.5.7 and 2.5.8 include information on comparisons 
between Maximum Contaminant Levels (MCLs) for human drinking water protection and 
ecotoxicological benchmark concentrations.  

Assessments of the ecological risks to Texas ecoregions from each waste issue were accomplished through the following rankings: an E/T species ranking, a receptor ranking, a waste ranking, and a stressor effect ranking. Combined, these rankings are used to determine final stressor rankings, and appear in Tables 
2.5.1 - 2.5.6 and 2.5.9 - 2.5.12.  

Endangered and Threatened E/T) Species ranking 

The E/T species ranking uses information on the distribution of endangered and threatened birds and mammals within the eleven ecoregions recognized by the Texas Parks and Wildlife Department. Tables 2.5.1 - 2.5.6 and 2.5.9 - 2.5.12 display the total numbers of E/T species within each ecoregion, as an 
estimate of ecoregion richness.  
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The richness value for each ecoregion is givenra high, medium, or low ranking, relative to thee other 
ecoregions. This was accomplished through the use of the following formula for creating a class 'irval 
(Equation 1): 

Range of values (highest-lowest) / (required number of classes, 3) = class interval width 

This provides a consistent class interval and allows evaluation of a specific value in relation to the range of 
values in a sample.  

Receptor Ranking 

This ranking is based on data on the distribution of ecological receptors within the eleven ecoregions.  
Total numbers of birds, mammals, and dominant plant series are summed across each ecoregion to obtain 
an estimate of ecoregion richness. The richness value for each ecoregion is then given a high, medium, or 
low receptor ranking, relative to the other ecoregions, as shown in the tables. This was accomplished 
through the application of Equation 1.  

Waste Ranking 

Waste management data for underground storage tanks (Table 2.5.1), deep-well injection (Table 2.5.2), 
municipal solid waste landfills (Table 2.5.3), hazardous waste treatment and disposal (Table 2.5.4), 
unauthorized landfills (Table 2.5.5), state and federal Superfund sites (Table 2.5.6), unauthorized spills 
(Table 2.5.9), RRC governed oil spills (Table 2.5.10), and RRC governed injection wells (Table 2.5.11) 
was collected for each Texas county. Then, the county data was pooled to create data total for the eleven 
ecoregions.  

Before ranking the ecoregions, the waste data is normalized to account for the size of the ecoregions, in 
the following manner. The total square miles of each of the ecoregions is expressed below as a percentage 
of the total square miles in the state: 

Ecoregion 1-Piney Woods 7.8% 
Ecoregion 2-Oak Woods/Prairies 7.7% 
Ecoregion 3-Blackland Prairies 7.3% 
Ecoregion 4-Gulf Coast Prairies 7.8% 
Ecoregion 5-Coastal Prairies 2.2% 
Ecoregion 6-South Brush Country 10.3% 
Ecoregion 7-Edwards Plateau 9.4% 
Ecoregion 8-Llano Uplift 2.2% 
Ecoregion 9-Rolling Plains 16.2% 
Ecoregion 10-High Plains 14.0% 
Ecoregion 11-Trans Pecos 15.0% 

The waste management data totals for each ecoregion are divided by these area percentages to provide an 
estimate of waste density. By normalizing the waste data by percent area, the waste ranking becomes a 
function of both the amount of waste produced and the size of the area within which the waste 
management activities are distributed. Then, for each waste issue, the ecoregion data is classified as either 
high, medium, or low by applying Equation 1.
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Stressor Effect Ranking

A combined stressor effect ranking is assigned for each of the nine waste issues in each ecoregion. The 
rankings were negligible, low, medium, high, or extreme, based on the following criteria.  

Negligible-All three of the following: 
Low Waste Ranking 
Low Receptor Ranking 
Low E/T Ranking 

Low-One of the following: 
Medium Waste Ranking 
Medium Receptor Ranking 
Medium E/T Ranking 

Medium-Two or more of the following: 
Medium Waste Ranking 
Medium Receptor Ranking 
Medium E/T Ranking 

OR One of the following: 
High Waste Ranking 
High Receptor Ranking 
High E/T Ranking 

High-At least two of the following: 
High Waste Ranking 
High Receptor Ranking 
High E/T Ranking 

Extreme-All three of the following: 
High Waste Ranking 
High Receptor Ranking 
High E/T Ranking 

Final Stressor Effect Ranking For Waste Management 

The last step in the analysis is to assign a final, combined stressor effect ranking for each of the eleven 
ecoregions based on the stressor effect rankings determined for each of the nine waste issues. The five 
severity classifications (negligible, low, medium, high, and extreme) were given a numerical value as 
follows: 

Negligible- 1 
Low- 2 
Medium- 3 
High- 4 
Extreme- 5 
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it was determined that the mode of the distribution of the numerical severity raakings for the waste issues 
is most representative of the overall stressor effect ranking in each ecoregion. The mode is defined as the 
'value which occurs most frequently in a sample set. Table 2.5.12 displays the final ecoregion stressor 
rankings.  

Based on this analysis, we recommend that the overall Waste Management and Abandoned Site/Superfund 
issues be ranked as a medium risk issue; this includes waste-related radiation issues. However, this 
ranking should not be interpreted to mean that each ecoregion faces the similar levels of risk, as there is 
significant variation among risk rankings for individual ecoregions and among specific waste management 
issues. Ecoregion 4-Gulf Coastal Plains ranked highest overall, and highest for every waste management 
issue except RRC-governed oil spills. Refer to Tables 2.5.1 - 2.5.6 and 2.5.9 - 2.5.12 for information on 
individual ecoregion rankings for specific waste management issues.  

Uncertainty 

The eclectic nature of the waste management issue and the wide range of potential ecological receptors 
predisposed our analysis to a significant degree of uncertainty. Many of the waste management issues rely 
on the following assumption: Although the waste management practice is regulated and not intended to 
harm the environment, human, mechanical, and environmental factors can disrupt the ecological safety of 
the practice. For example, new underground storage tanks may pose no immediate ecological risk.  
However, as time progresses and pipes leak, tanks corrode, and spills occur during loading, the ecological 
risks increase. While the potential for these occurrences is definite, the probability of adverse ecological 
effects is uncertain. Other waste management issues (e.g. unauthorized landfills, oil spills) may display 
more tangible waste releases, but they still rely on the assumptions that the waste will contact an 
ecological receptor and that the contact will adversely affect the receptor species or its food chain or 
ecosystem.  

Uncertainty can be mitigated by focusing less on broad statements about waste management in Texas, and 
more on evaluating the ecological risks-associated with a particular waste management practice within an 
individual ecoregion.  
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TABLE 2.5.1 ECOLOGICAL RISKS ASSOCIATED WITH DEEP-WELL INJECTION, 
PRESENTED BY TEXAS ECOREGION

E/T Rank Mammals Birds Dominant Plant Rank Waste Stressor 
Groups Ranking Effect 

1-Piney Woods 31 MED 42 85 17 HIGH j LOW MEDIUM 

2-Oak Woods! 14 LOW 39 79 9 HIGH LOW MEDIUM 
Prairies 

3-Blackland Prairies 10 LOW 40 61 7 MED LOW LOW 

4-Gulf Coastal 42 HIGH 39 75 16 HIGH HIGH EXTREME 
Prairies 

5-Coastal Plains 10 LOW 39 75 6 MED LOW LOW 

6-South Brush 50 HIGH 39 79 19 HIGH LOW HIGH 
Country 

7-Edwards 39 HIGH 39 55 17 MED LOW MEDIUM 
Plateau 

8-Llano Uplift 8 LOW 33 46 4 LOW LOW NEGLIG 

9-Rolling Plains 13 LOW 39 55 11 MED LOW LOW 

10-High Plains 17 LOW 39 55 11MED LOW LOW] 

11-Trans Pecos 49 HIGH 30 21 34 LOW H LWMDU i
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TABLE 2.5.2 ECOLOGICAL RISKS ASSOCIATED WITH UNDERGROUND STORAGE TANKS, 
PRESENTED BY TEXAS ECOREGION

Ecoregion E/T Rank Mammals Birds Dominant Plant Rank Waste Stressor 
Groups Ranking Effect 

1-Piney Woods 31 MED 42 85 17 HIGH J LOW MEDIUM 

2-OakWoods/ 14 LOW 39 79 9 HIGH LOW MEDIUM 
Prairies 

3-Blackland Praries 10 LOW 40 61 7 MED HIGH MEDIUM 

4-Gulf Coastal 42 HIGH 39 75 16 HIGH HIGH EXTREME 
Prairies 

5-Coastal Plains 10 LOW 39 75 6 MED LOW LOW 

6-South Brush 50 HIGH 39 79 19 HIGH LOW HIGH 
Country 

7-Edwards 39 HIGH 39 55 17 MED MED MEDIUM 
Plateau 

8-Llano Uplift 8 LOW 33 46 4 LOW LOW NEGLIG.  

9-Rolling Plains 13 LOW 39 55 11 MED LOW LOW 

10-High Plains 17 LOW 39 55 11 MED LOW LOW 

11-Trans Pecos 49 HIGH 30 21 34 LOW LOW MEDIUM
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TABLE 2.5.3 ECOLOGICAL RISKS ASSOCIATED WITH MUNICIPAL SOLID WASTE LANDFILLS, 
PRESENTED BY TEXAS ECOREGION

Ecoregion E/T Rank Mammals Birds Dominant Plant Rank Waste Stressor 

Groups Ranking Effect 

1-Piney Woods 31 MED 42 85 17 f HIGH II.MED MEDIUM 

2-OakWoods/ 14 LOW 39 79 9 HIGH HIGH HIGH 

Prairies 

3-Blackland Prairies 10 LOW 40 61 7 MED HIGH MEDIUM 

4-Gulf Coastal 42 HIGH 39 75 16 HIGH HIGH EXTREME 

Prairies 

5-Coastal Plains 10 LOW 39 75 6 MED LOW LOW 

6-South Brush 50 HIGH 39 79 19 HIGH MED HIGH 

Country 

7-Edwards 39 HIGH 39 55 17 F MED LOW MEDIUM 

Plateau 

8-Llano Uplift 8 LOW 33 46 4 LOW LOW NEGLIG.  

9-Rolling Plains 13 LOW 39 55 11 MED LOW LOW 

10-High Plains 17 LOW 39 55 11 MED LOW LOW 

11-Trans Pecos 49 HIGH 30 21 34 LOW LOW MEDIUM
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TABLE 2.5.4 ECOLOGICAL RISKS ASSOCIATED WITH HAZARDOUS WASTE TREATMENT/DISPOSAL, 
PRESENTED BY TEXAS ECOREGION 

Ecoregion E/T Rank Mammals Birds Dominant Plant Rank Waste Stressor 
Groups Ranking Effect 

1-Piney Woods 31 MED 42 85 17 HIGH LOW MEDIUM 

2-OakWoods/ 14 LOW 39 79 9 HIGH LOW MEDIUM 
Prairies 

3-Blackland Prairies 10 LOW 40 61 7 MED MED MEDIUM 

4-Gulf Coastal 42 HIGH 39 75 16 HIGH -_HIGH- EXTREME 
Prairies 

5-Coastal Plains 10 LOW 39 75 6 MED LOW LOW 

6-South Brush 50 HIGH 39 79 19 HIGH LOW HIGH 
Country 

7-Edwards 39 HIGH 39 55 17 MED LOW MEDIUM 
Plateau 

8-Llano Uplift 8 LOW 33 46 4 LOW LOW NEGLIG.  

9-Rolling Plains 13 LOW 39 55 11 MED LOW LOW 

10-High Plains 17 LOW 39 55 11 MED LOW SLOW

11-Trans Pecos 49 HIGH 30 21 34 LOW
L IL JL I I IL 'I.

LOW MEDIUM
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TABLE 2.5.5 ECOLOGICAL RISKS ASSOCIATED WITH UNAUTHORIZED LANDFILLS, 
PRESENTED BY TEXAS ECOREGION

Ecoregion E/T Rank Mammals Birds Dominant Plant Rank Waste Stressor 
Groups Ranking Effect 

1-Piney Woods 31 MED 42 85 17 HIGH MED MEDIUM 

2-Oak Woods! 14 LOW 39 79 9 HIGH HIGH HIGH 
Prairies 

3-Blackland Prairies 10 LOW 40 61 7 MED HIGH MEDIUM 

4-Gulf Coastal 42 HIGH 39 75 16 HIGH HIGH EXTREME 
Prairies 

5-Coastal Plains 10 LOW 39 75 6 MED LOW LOW 

6-South Brush 50 HIGH 39 79 19 HIGH LOW HIGH 
Country 

7-Edwards 39 HIGH 39 55 17 MED LOW MEDIUM 
Plateau 

8-Llano Uplift .8 LOW 33 46 4 LOW LOW NEGLIG.  

9-Rolling Plains 13 LOW 39 55 11 MED LOW LOW

10-High Plains 

11-Trans Pecos

17 

49

LOW 

HIGH

39 

30

55

21

11 

34

MED MED MEDIUM 

W L OW MEDIUM ... I. i... ..L.IL"I7l:L.J Z: ,. ..rf!"Iv n " ..or .. 1K ,l ,o...on..c~.l,., .-. '
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TABLE 2.5.6 ECOLOGICAL RISKS ASSOCIATED WITH STATE AND FEDERAL SUPERFUND SITES, 
PRESENTED BY TEXAS ECOREGION

Ecoregion E/T . Rank Mammals Birds Dominnt Plant Rank Waste Stressor 

Groups Ranking Effect 

1-Piney Woods 31 MED 42 85 17 HIGH MED MEDIUM 

2-OakWoods/ 14 LOW 39 79 9 HIGH LOW MEDIUM 
Prairies 

3-Blackland Prairies 10 LOW 40 61 7 MED LOW LOW 

4-Gulf Coastal 42 HIGH 39 75 16 HIGH HIGH EXTREME 
Prairies__ 

5-Coastal Plains 10 LOW 39 75 6 MED LOW LOW 

6-South Brush 50 HIGH 39 79 19 HIGH LOW HIGH 
Country 

7-Edwards 39 HIGH 39 55 17 MED LOW MEDIUM 
Plateau 

8-Llano Uplift 8 LOW 33 46 4 LOW LOW NEGLIG.  

9-Rolling Plains 13 LOW 39 55 11 MED LOW LOW 

10-High Plains 17 LOW 39 55 11 MED J LOW L OW_

11-Trans Pecos 49 HIGH 30 21 34 LOW LOW MEDIUM
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TABLE 2.5.7 ECOLOGICAL RISKS ASSOCIATED WITH UNAUTHORIZED SPILLS, 
PRESENTED BY TEXAS ECOREGION

Ecoregion E/T Rank Mammals Birds Dominant Rank Waste Stressor 
Plant Groups Ranking Effect 

1-Piney Woods 31 MED 42 85 17 HIGH LOW MEDIUM 

2-Oak Woods! 14 LOW 39 79 9 HIGH LOW MEDIUM 
Prairies 

3-Blackland 10 LOW 40 61 7 MED LOW LOW 
Prairies 

4-Gulf Coastal 42 HIGH 39 75 16 HIGH HIGH EXTREME 
Prairies 

5-Coastal Plains 10 LOW 39 75 6 MED LOW LOW 

6-South Brush 50 HIGH 39 79 19 HIGH LOW HIGH 
Country 

7-Edwards 39 HIGH 39 55 17 MED LOW MEDIUM 
Plateau 

8-Llano Uplift 8 LOW 33 46 4 LOW LOW NEGLIG.  

9-Rolling Plains 13 LOW 39 55 11 MED LOW LOW 

10-High Plains 17 LOW 39 55 11 MED LOW LOW 

11-Trans Pecos 49 HIGH 30 21 34 LOW LOW MEDIUM
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TABLE 2.5.8 ECOLOGICAL RISKS ASSOCIATED WITH RAILROAD COMMISSION GOVERNED OIL SPILLS, 
PRESENTED BY TEXAS ECOREGION 

Ecoregion E/T Rank Mammals Birds Dominant Plant Rank Waste Stressor 

Groups Ranking Effect 

1-Piney Woods 31 MED 42 85 17 HIGH J LOW MEDIUM 

2-OakWoods/ 14 LOW 39 79 9 HIGH LOW MEDIUM 
Prairies 

3-Blackland Prairies 10 LOW 40 61 7 MED MED MEDIUM 

4-Gulf Coastal 42 HIGH 39 75 16 HIGH .MED HIGH 
Prairies 

5-Coastal Plains 10 LOW 39 75 6 MED LOW LOW 

6-South Brush 50 HIGH 39 79 19 HIGH LOW HIGH 
Country 

7-Edwards 39 HIGH 39 55 17 MED MED MEDIUM 
Plateau 

8-Llano Uplift 8 LOW 33 46 4 LOW LOWNEGLIG.  

9-Rolling Plains 13 LOW 39 55 11 MED LOW LOW 

10-High Plains 17 LOW .39 55 11 MED MED MEDIUM 

11-Trans Pecos 49 HIGH 30 21 34 LOW HIGH HIGH
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TABLE 2.5.9 FINAL STRESSOR EFFECT RANKING, PRESENTED BY TEXAS ECOREGION

State of Texas Environmental Priorities Project 2.126 Ecological Workgroup Report

ECOREGION FINAL STRESSOR EFFECT RANKING 

Ecoregion 1-Piney Woods Medium 

Ecoregion 2-Oak Woods/Prairies Medium 

Ecoregion 3-Blackland Prairies Medium 

Ecoregion 4-Gulf Coast Prairies Extreme 

Ecoregion 5-Coastal Plains Low 

Ecoregion 6-South Brush Country High 

Ecoregion 7-Edwards Plateau Medium 

Ecoregion 8-Llano Uplift Negligible 

Ecoregion 9-Rolling Plains Low 

Ecoregion 10-High Plains Low 

Ecoregion 11-Trans Pecos Medium
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Table 2.5.10 ECOLOGICAL RISKS ASSOCIATED WITH RRC GOVERNED INJECTION WELLS, 
PRESENTED BY TEXAS ECOREGION

Ecoregion E/T Rank Mammals Birds Dominant Plant Rank Waste Stressor 

L Groups Ranking Effect 

1-Piney Woods 31 MED 42 85 17 HIGH LOW MEDIUM 

2-OakWoods/ 14 LOW 39 79 9 HIGH LOW MEDIUM 
Prairies 

3-Blackland Prairies 10 LOW 40 61 7 MED MED MEDIUM 

4-Gulf Coastal 42 HIGH 39 75 16 HIGH HIGH EXTREME 
Prairies 

5-Coastal Plains 10 LOW 39 75 6 MED LOW LOW 

6-South Brush 50 HIGH 39 79 19 HIGH MED HIGH 
Country 

7-Edwards 39 HIGH 39 55 17 MED LOW MEDIUM 
Plateau 

8-Llano Uplift 8 LOW 33 46 4 LOW LOW jf NEGLIG.  

9-Rolling Plains 13 LOW 39 55 11 MED HIGH MEDIUM 

10-High Plains 17 LOW 39 55 11 MED MED MEDIUM 

11-Trans Pecos 49 HIGH 30 21 34 LOW MED MEDIUM
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SECTION 2.6: GLOBAL CLIMATE CHANGE

Introduction 

The Ecological Workgroup relied heavily on several chapters out of The Impact of Global Warming on 
Texas: A Report of the Task Force on Climate Change in Texas for its analysis and ranking of this issue.  

Issue: 

The trapping of radiant heat from the sun by components of the Earth's atmosphere, called the 
"greenhouse effect," is critical to the maintenance of a stable temperature range conducive to life 
on Earth. There are concerns that the greenhouse effect has been artificially enhanced by gases 
such as carbon dioxide, methane, chlorofluorocarbons, nitrogen oxides, and ozone which are 
known to absorb and store thermal energy. These gases trap the sun's infrared radiation in the 
atmosphere and therefore increase temperature. Adverse effects projected to occur with global 
warming include decreases in crop yields, disruption of fisheries and wetlands resulting from 
rising sea levels (due to melting of polar ice), a redistribution of insect vectors of disease, 
increased heat stress illnesses, and the loss of habitats resulting from rising sea levels and arid 
conditions. Also, plant and animal species would be forced to rapidly adapt to these temperature 
and water condition changes.  

Studies indicate that there may be changes to global climatic regimes resulting from increases in 
atmospheric greenhouse gases such as carbon dioxide. Global average temperatures may increase by 3 to 
4.5 C (North, 1995). Studies of pollen in sediments, isotope ratios in deep cores through arctic ice, and 
isotope ratios in tree rings of ancient bristlecone pines, show that the recent global climate has not 
remained static, but has undergone variations over the past 10,000 years. Some records indicate a general 
cooling over most of this period, with a warming trend beginning within the past century (Feng and 
Epstein, 1994).  

Predictions for changes to the climate affecting Texas are less certain than are predictions at the global 
level (Smith, 1990). Kellog (1987) compared predictions of climate change in the southern U.S. from five 
general climate models. According to these models, as the globe's climate warms, the southern U.S. is 
expected to experience warmer temperatures. The models were in agreement that the region will 
experience somewhat drier conditions, except along the Gulf coast in summer.  

The following problems associated with climate change are addressed in this brief: 

(1) Increased Temperature 
(2) Change in Precipitation 
(3) Sea Level Rise 

For Texas, some predictions concerning the effects of climate change are drawn from recent analyses 
presented in North, et al. (1995). These analyses are based on scenarios of a 2 C increase in temperature 
by the year 2050, with either an increase or decrease in precipitation of 20 percent. Averaged over the 
state, these changes mean soil moisture levels may decrease 10 to 50 percent (Ward and Valdes, 1995).  
There may be a 25 percent reduction in rainfall runoff and 35 percent reduction in flows to coastal bays 
during normal years, with reductions of 75 percent in rainfall runoff and 85 percent in flows during 
droughts (Ward and Valdes, 1995). Decreased precipitation and increased evaporation may reduce the
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seasonal longevity of playa lakes. In addition to possible alterations in freshwater inflows, sea level rise 
associated with increased global temperatures will affect coastal habitats.  

Identification of Problems 

Increased Temperature 

Natural communities of animals and plants have responded to climatic changes over past millennia.  
Ranges covered by natural communities have expanded, contracted, and moved latitudinally and 
altitudinally in response to climatic trends. In that context, we might expect shifts in communities to 
occur, with ranges of animals and plants moving north as temperatures increase. However, current rates of 
climate change appear to be faster than occurred in the past (Smith, 1990; North, 1995).  

For some species, rates of climate change may outstrip their ability to recolonize newly favorable habitat 
and leave now stressful former habitat. In addition, the natural landscape is increasingly fragmented, as 
agriculture and urban land uses have displaced native communities. Areas of native vegetation are often 
isolated or joined to other areas only by narrow corridors through areas of extensive alteration. This 
reduces the pathways and opportunities for natural mechanisms of migration and adjustment to climate 
changes. Some animals and plants may not be able to move and recolonize fast enough to avoid 
extirpation over some or much of their range in Texas (Packard, 1995).  

Weedy species, usually adept colonists, may be at a competitive advantage as climate change mandates 
shifts in species ranges. At present, fire ants and some brush species are held to the south of a general 
frost line. The ranges of these species can be expected to expand northward. These species may then 
displace or negatively impact communities to the north.  

Change in Precipitation 

Global climate change may bring drier conditions to continental interiors, while coastal regions may 
receive more rainfall. The extent of impact to either of these zones in Texas is not clear. Changes in 
rainfall would likely mean changes in seasonality as well as quantity of precipitation, as we currently find 
a seasonal shift across the precipitation gradient in Texas. Less precipitation would reduce soil moisture, 
reduce runoff, and probably change many perennial stream reaches to intermittent. Ecoregions would tend 
to be displaced along the precipitation gradient. Aquatic habitats would generally be forced to move 
downstream. Greater precipitation along coastal areas could force some altitudinal movements in 
communities.  

Sea Level Rise 

The apparent rise in sea level due to global climate change may be on the order of 1.5 feet on the Texas 
coast. The rise will increase the frequency and depth of inundation of estuarine marshes. Brackish marsh 
species may be displaced inland, and some areas of marsh may become bay, as mean water depths exceed 
tolerances for emergent species.  

Sea level rise will increase the volumes of Texas estuaries: 43.2 percent in Sabine-Neches, 31.8 percent in 
Trinity-San Jacinto, 25.8 percent in Lavaca-Colorado, 50.1 percent in Guadalupe, 47.2 percent in Mission
Aransas, 28.1 percent in Nueces, and 156.2 percent in Laguna Madre (Longley, 1995). As a result of 
volume increases, more freshwater inflow would be needed to maintain the salinity gradients which exist
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today. If increases in precipitation accompany increased temperature, the inflow/volume ratios will remain 
similar, and distribution of major classifications of estuarine habitats will remain similar to today's levels.  
If there is a decline in precipitation, wetland area will decrease, areas of seagrass vegetated bottom should 
increase, reef area should decrease, and wind-tidal flats should increase.  

Analysis 

The global climate change issue was analyzed according to the following risk criteria: distribution of 
effects; adversity and severity; and uncertainties.  

Distribution of Effects 

Particular protected areas throughout the state which hold relictual populations, such as the Lost Maples 
and Lost Pines, or other marginal populations may suffer as the local climate shifts further from optimal 
for the dominant species. General ecoregion level changes are summarized by Packard (1995), and here 
paraphrased.  

* The Piney Woods, Oak Woods and Prairies ecoregions may contract within Texas, as the zone of 
favorable moisture moves east in likely climate change scenarios.  

* The Blackland Prairies ecoregion can not shift east from blackland soils. Native communities are 
restricted in area within this region. Individual areas may become more dominated by xeric species.  

* Within the Gulf Coast Prairies and Marshes ecoregions there should be large changes in habitat 
coverage, as sea level rise encroaches on lower elevations and plant communities find barriers to inland 
movement imposed by transportation and urban land use.  

* Coastal Sand Plains may remain little changed, or see encroachment from brush or Mexican species.  

* Dominant communities of the South Texas Brush Country may expand their ranges into surrounding 

ecoregion areas.  

* Springs, streams, and associated aquatic and riparian communities of the Edwards Plateau and Llano 

Uplift would probably suffer from any significant reduction in precipitation.  

* On the Rolling Plains and High Plains, subtropical brush may encroach into remaining areas of native 
grasses, there may be trends toward desertification, and wind erosion may be exacerbated by reduced soil 
moisture.  

* The Trans Pecos arm of the Chihuahuan Desert may expand within Texas.  

Adversity and Severity 

The combination of temperature increases and changes in precipitation will be a long-term chronic stress 
for many habitats. There should be increased stresses on threatened and endangered species because of 
constraints on areas which preserve native vegetation and associated animal communities.
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The ultimately large-scale nature of climate change signals another degree of severity of ecological effects: 
resilience can not be considered in the same way as for other risks. For instance, areas which might be 
considered reservoirs for recolonization of vulnerable species are themselves changing in ways which 
could preclude that function.  

Uncertainties 

The greatest uncertainty in assigning risk to global climate change is the uncertainty associated with 
models used to predict changes. Evidence has been presented elsewhere to counter claims that increased 
levels of greenhouse gases will lead to the warming scenarios and ecological problems just described.  
Tsonsis (1991) cautions that we may not know enough about global atmospheric conditions in the 1950's 
(baseline for some models) to expect model results to be robust. Furthermore, although globally there 
may be a measurable increase in average temperature, Texas's climate may not show the same trend.  
Finally, we expect the oceans of the world to mediate somewhat any global atmospheric change.  
However, the time lags and extent the global ocean influences this climate perturbation are difficult to 
predict.  

Accepting climatic change trends, there remain additional uncertainties, in particular the amount of stress 
this will impose at the ecoregional level and the ability of major community types to absorb this stress or 
adapt and remain cohesive.  
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SECTION 2.7: AIR QUALITY

Introduction 

The fate of chemical pollutants emitted into the atmosphere depends on their dispersion, transport, 
transformation, and deposition to environmental media. Exposure to air pollutants may occur through 
direct pathways (inhalation) and indirect pathways (atmospheric deposition and food chain transfers).  
Only limited data exists regarding the impacts to ecological receptors from inhalation of air pollutants or 
air toxics. Thus, this analysis will emphasize indirect pathways of exposure -- atmospheric deposition and 
food chain transfers of chemicals.  

In its ranking, the Ecological Workgroup considered air toxics, atmospheric deposition, and particulate 
matter issues together, and this brief addresses all three. Atmospheric deposition is an important route of 
exposure of ecological receptors to air toxics and particulates, which are a specific form of air pollutant.  
Acid precipitation is considered a component of atmospheric deposition and is addressed separately in this 
paper.  

Identification of Probimes 

Issue: Air Toxics 

This issue includes outdoor exposure to airborne hazardous pollutants from various mobile and 
stationary sources (e.g., industrial facilities, automobiles, and combustion). Some pollutants 
include metals, volatile organic compounds, aerosols, and products of incomplete combustion.  
Concerns include pollutant exposure through both inhalation (direct exposure) and air deposition 
to land areas (indirect exposure).  

Air toxics are airborne hazardous pollutants originating from various mobile and stationary sources. Air 
toxics can be transported and deposited in ecosystems great distances from the original source(s); the 
actual source may be hard to identify. Releases of air toxics into the environment can originate from local 
sources (e.g., nearby industry), distant sources (e.g., pesticide applications), point sources (e.g., stack 
emissions), or non-point sources (e.g., mobile sources like cars, trucks, trains, etc). They may also occur 
from routine activities (e.g., stack emissions) or accidental releases (e.g., particulate releases from 
improper handling, storage, or transport, and upset conditions). Air toxics include, but are not limited to, 
metals, volatile organics, aerosols, pesticides, and products of incomplete combustion.  

Issue: Particulate Matter 

Air particulates represent a broad group of chemically and physically diverse substances which 
exist as particles suspended in air. The particles of concern vary in size (e.g., coarse and fine) and 
by source (e.g., blowing dust/sand, motor vehicle emissions, construction, incineration).  
Particulates pose a hazard to humans and other organisms through inhalation. Exposure to 
particulates may also occur indirectly via atmospheric deposition and food chain transfers as other 
chemicals(e.g., pesticides, lead, polychlorinated dibenzodioxins (PCDDs)).  

Air particulates comprise a group of chemically and physically diverse substances, including both liquid 
and solid particles which are suspended in the air. Particulates can be produced by a wide variety of 
natural processes (wind-blown soils/dust/sand and pollen) and anthropogenic activities (motor vehicle
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emissions, incinerators, and combustion sources); farming, construction, and urban activities can increase 
particulate concentrations. Particulates can be emitted directly into the air or formed by chemical reactions 
in the atmosphere.  

Particulate matter consists of inert materials (e.g., carbon-black or dust), chemical-bound particulates (e.g., 
polyaromatic hydrocarbons (PAHs), bound to the carbon black), or chemical particulates (e.g., metal 
particles or pesticides). While there may be risks associated with exposure to particulates via inhalation of 
the particles, in this analysis only risks from deposition and food chain transfers of chemical particulates 
and the chemical component of chemical-bound particulates are considered. Particulates that are 
composed solely of inert material are not included in this analysis 

While particulate matter is an environmental problem in some parts of western Texas, there exists very 
limited data regarding particulate emissions in any region of the state (Texas Air Control Board data, 
1988-1993). In addition, there is little, if any, data analyzing impacts to ecological receptors from 
exposure to particulates, per se. Because of this, in this brief, particulate matter is addressed generally as 
an air toxic, and there is not a separate discussion of the potential impacts from exposure to particulate 
matter.  

Issue: Atmospheric Deposition 

Atmospheric deposition refers to the precipitation of particles from the air to land areas. Sources 
of these chemical particles include industrial, commercial and residential fuel and other 
combustion sources. Atmospheric deposition may lead to degradation of habitat quality through 
chemical alteration of affected aquatic and terrestrial ecosystems. Organismal exposure can also 
occur through ingestion of contaminated water, vegetation, animal tissue, and soil. One example 
is the concern over acid deposition and the effect it has on habitats (e.g., acidification of lakes).  

The release of toxic substances into the air and their subsequent transport through the air and deposition to 
land and waters are highly complex processes, as is their ultimate fate in the different environmental 
media. Figure 2.7.1 is intended to display a simplified version of some of the components, factors, and 
interactions involved in these environmental processes. For a given contaminant, a host of factors -- the 
nature and extent of the release, physical processes, and chemical processes -- can significantly influence 
environmental partitioning and, therefore, affect the impact a contaminant has on species and their 
habitats.  

Once a contaminant is released into the air, several physical and chemical factors can affect the degree to 
which it will be transported to other environmental media. These factors include the meteorological 
conditions? form (e.g., particulate versus gas), chemical specific mobility factors (e.g., vapor pressure), and 
residence time in the atmosphere. While a contaminant is in the atmosphere, it can also be transformed to 
more or less toxic forms.  

A contaminant released into the atmosphere may contact terrestrial and aquatic ecosystems through both 
wet and dry deposition. The contaminants most associated with wet deposition are inorganic acids, bases 
and salts, and related water-soluble compounds. Dry deposition occurs during contaminant settling and 
adsorption to soil, water, and vegetation, and is especially relevant to particulates.  
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FIGURE 2.7.1
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Once a contaminant contacts specific environmental media, the physical and chemical characteristics of 
both the media and the contaminant determine its ultimate fate or sink in the environment. These 
characteristics include persistence, bioconcentration/bioaccumulation potential, water chemistry pH, 
salinity, conductivity, and sediment/soil structure. Contaminants deposited on surface soils can be 
incorporated into the soil matrix through leaching with rainwater. The mobility of a contaminant through 
the soil matrix or horizons will be influenced by its solubility, as well as soil pH and structure (e.g., 
organic content, clay structure, ion exchange capacity). Migration may allow contaminants to contact the 
water table, which can in turn recharge nearby surface water bodies. Metallic cations (e.g., Pt, Cr 3 ) are 
among the most mobile contaminants in the lithosphere, as they typically are highly soluble in water and 
are mobilized under acidic conditions. Contaminants which are adsorbed to surface soils are also subject 
to transfers through soil erosion and torm water runoff into surface water bodies.  

A contaminant entering a surface water body can volatilize, remain in the surface microlayer, exist as a 
water-soluble species, bind to suspended particles in the water column and/or partition to the sediments 
and biota. Several factors influence the partitioning of contaminants in surface water ecosystems. These 
include water chemistry (e.g., hardness, salinity, and pH), sediment structure, and the physical and 
chemical properties of the contaminant (e.g., octanol/water partitioning coefficient, chemical species).  
Typically, lipophilic air toxics, such as polychlorinated biphenyls (PCBs) and organochloride pesticides, 
will adhere to organic matter existing as sediment or suspended particulate, or bioaccumulate in aquatic 
organisms, especially those near the top of the food web.  

Acid Deposition 

Sulfur and nitrogen oxides are considered to be the main precursors in the formation of acidic 
precipitation. Emissions of these compounds are generated by the combustion of fossil fuels such as coal 
and oil. Emissions may also occur from mobile sources, including automobile exhaust, and there are also 
natural sources of sulfur and nitrogen oxides. The fate of sulfur and nitrogen oxides depends on their 
dispersion, transport, transformation, and deposition. Deposition may occur locally or at great distances 
from the original emissions sources (U.S. EPA, 1982).  

The pH of precipitation can vary from event to event, from season to season, and from geographical area 
to geographical area. The impact of acidic precipitation on aquatic and terrestrial ecosystems is typically 
not the result of a single or several individual precipitation events, but rather the result of long term 
cumulative effects of gradual changes and an inability to buffer the effects of acid deposition. Both wet 
and dry deposition contribute to the acidification of lakes and streams. For any given lake or stream, 
runoff or groundwater seepage from its drainage basin contributes much more water than rain falling 
directly on its surface (Brock and Shelby, 1989). Acidic substances exist as gases, aerosols, and 
particulate matter, which are transferred into lakes and streams from land areas.  

In Texas, the northeast portion of the state is the most susceptible to the negative effects of acidic 
deposition. However, southeast portions of Texas have experienced acid deposition and may encounter 
some environmental damages from it. Other Texas regions appear to be more resilient to the effects of 
acidic deposition. The impacts of acid deposition on Texas lakes and streams is mediated in large part by 
the soils and vegetation in the region that it falls. Strongly alkaline soils, which can neutralize acid rain 
directly, are characteristic of much of Texas. Soils in parts of eastern Texas (between the northern and-the 
coastal area) are generally sandy, with some clay, and do not have the alkalinity or the buffering capacity 
that characterize the limestone-based soils of the western part of the state. Acid deposition in eastern 
Texas has been reported at pHs as low as 4.1 (Brock and Shelby, 1989).
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There are also indirect effects associated with acid deposition that should be considered. For example, 
changes in acidity can increase the bioavailability of many cationic metals (e.g., A, Pb+2 , Cd+2 ), and 
decreases in pH can mobilize metallic contaminants, making them more available for uptake by aquatic 
organisms. However, the degree of uptake is dependent on the acid buffering capacity or alkalinity of the 
water.  

Analysis 

1. Air Toxics 

Air toxics emissions and release data were obtained from the TNRCC Toxic Release Inventory (TRI) and 
the Emissions Inventory (El) databases, for the year 1992. There are slight differences in the kind of data 
obtained from the two databases. The data set generated from the TRI was based on a list of contaminants 
that are considered to be of ecological concern (i.e., based on environmental persistence, bioaccumulation 
potential, and toxicity). This list was created, in part, from the EPA Great Waters Study (CAA 112(m)) 
(U.S. EPA, 1994). There is not, however, emissions data on all compounds that are considered to be of 
ecological concern (e.g., most pesticides, TCDDs, and TCDFs). The data set obtained from the El 
database includes those compounds that are released at a rate of at least 10 tons per year in Texas; it was 
not based on a prior list of specific compounds.  

A list of the compounds used in this analysis is presented in Table 2.7.1. Based on available data, 
compounds were grouped into four categories (i.e., Groups 1, 2, 3, and 4) in decreasing order of ecological 
concern. For instance, Group 1 compounds are of greatest ecological concern, Group 2 of less concern.  
The data obtained from the TRI and El databases were combined to determine an overall emissions/release 
value (in tons per year) for each county. For some counties, emissions data is not available. In such cases 
it was assumed that no emissions data was indicative of no significant emissions.  

Table 2.7.1 - Grouping of Compounds Based on Relative Ecological Concern* 

Group 1 Group 2 Group 3 Group 4/Others** 

PCBs cyanide bis(chloromethyl) ether benzene 
cadmium glycol ethers dibenzofurans toluene 
mercury manganese phenylisocyanate hexane 
hexachlorobenzene chlorine phthalic anhydride styrene 
selenium cumene propylene dichloride acetone 
lead ethylene dichloride chromium MEK 
cobalt propylene oxide acrolein 1,1,1 trichloroethane 
PCP tetrachloroethylene acrylonitrile methanol 
arsenic antimony allyl chloride formaldehyde 
coke nickel chloroform isopropanol 
POM dichlorovos hydrazine xylene 
epichlorohydrin carbon tetrachloride H2S ethylene 
beryllium dibutyl phthalate naphthalene ethylene glycol 
aluminum hexachloroethane phosphorus propylene 

copper zinc carbonyl sulfide 
1,2,4 trichlorobenzene CS2 

ethyl benzene
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* Based on the ranking generated in the Great Waters Study, except Group 4 
** Most common contributors 

In addition to the chemical specific data, three other types of data are provided in this report, but were not 
used in the ranking process. Referring to the last three columns of Table 2.7.2, data on total releases, by 
county, was obtained from the TRI. And data on hazardous air pollutants hapsPS") and air toxics 
emissions, also by county, was obtained from the El. These data are not chemical specific and include 
compounds that may not be significant toxicological or ecological concerns (e.g., carbon dioxide).  

Table 2.7.2 - Total Emissions in Texas,jby Ecoregion 

Ecoregion Square Percent of Air Toxics- Total HAPS2 (TPY) Air 
Miles Total Area Emissions Releases Toxics 

(rounded) of State Value (TPY) (TPY) 

(unitless) 

1- Piney Woods 20,737 7.8 9,794 8,235 49,4233 8,338 

2-Oak Woods/Prairies 20,302 7.7 1,746 1,070 4,099 1,429 

3-Blackland Prairies 19,388 7.3 4,210 7,005 14,046 5,871 

4-Gulf Coast Prairies 20,732 7.8 40,715 46,225 4,714,486 27,757 

5-Coastal Sands Plains 5,960 2.2 62 21 679 433 

6-South Brush Country 27,178 10.3 220 206 62,127 1,203 

7-Edwards Plateau 25,000 9.4 405 973 1109 712 

8-Llano Uplift 5,960 2.2 0.2 2 0.1 n.d.  

9-Rolling Plains 43,000 16.2 1,239 1,857 3,560 7,865 

10-High Plains 36,409 14.0 3,737 6,091 225,344 5,607 

11-Trans Pecos 39,475 15.0 4,016 1,775 6,460 2196 

1. The air toxics-emissions value category includes the grouped compounds in Table 2.7.1, and the emissions are weighted 
based on ecological importance; see the Analysis section. The other categories are not compound specific and are total 
releases or emissions in tons per year (TPY).  

2. Hazardous Air Pollutants 

2. Acid Deposition 

The data on acid deposition used in this analysis originated from a study performed by the Water 
Development Board, which had obtained the data from the Texas Stream Monitoring Network, maintained 
by the TNRCC (previously the Texas Water Commission) (Brock and Shelby, 1989). The area of study 
included much of eastern Texas. Stream pH, seasonal changes and long-term trends were recorded.  

Freshwater ecosystems in eastern Texas may be subject to a variety of adverse effects associated with acid 
deposition. Long-term gradual increases in water acidity (particularly below pH 5) may interfere with 
reproduction and spawning, which can result in a population decrease and/or a shift in the size and age of
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a fish population (U.S. EPA, 1982). Although the disappearance or reductions in fish populations are 
usually emphasized as the primary results of lake and stream acidification, other aquatic organisms may be 
affected. Any aquatic organism, from bacteria to aquatic waterfowl, are potentially at risk from the 
acidification of lakes.  

There are two areas in East Texas where the waters tend to be acidic. The first one includes Marion, 
Harrison, and Gregg counties; the other covers Hardin, Jasper, and Newton counties. In addition, Marion, 
Harrison, Gregg, Hardin and Jasper counties are areas with low alkalinities (Brock and Shelby, 1989).  
Thus, these areas are probably more susceptible to future acid deposition than other areas in Texas.  

While East Texas areas are susceptible to adverse impacts from acid deposition, there does not yet appear 
to be any evidence of adverse impacts due to low pH. It must be noted, however, that the data used in this 
analysis was limited to 1968 to 1984 conditions. There are other indirect effects (e.g., increased toxicity 
or increased bioavailability) potentially accentuated by acidic deposition. As a result, the poor buffering 
capacities and acidic precipitation in areas of eastern Texas may impede the ability of the organisms and 
ecosystems in those areas to recover from outside stresses.  

3. Ecological Receptors 

The primary receptor data used in this analysis was obtained from the Texas Parks and Wildlife 
Department (TPWD, 1993), and includes lists of the endangered and threatened plant and animal species, 
the dominant naturally occurring vegetation series, and the most common bird and mammal species based 
on the Texas ecoregion of occurrence. Bird and mammal species data was also obtained from Brown 
(1985). The number of naturally occurring vegetation series, birds, and mammals was used as a rough 
indicator of diversity in that ecoregion. In a sense, the ecoregions themselves are the receptors in this 
analysis. Because the number and status of endangered and threatened species in the state of Texas are 
changing, the ecological receptor data is a best-guess estimation of the numbers of species that are thought 
to exist/occur currently in each ecoregion. For some species, their inclusion in a particular ecoregion is 
based on the last known sighting. Table 2.7.3 displays the data on plant and animal species, by ecoregion.  
A separate ranking of high, medium, or low is assigned for the E/T species and for the combination of 
animal and plant species.
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TABLE 2.7.3 - Atmospheric Deposition: Ecoregion Rankings for Potential Ecological Receptors, Emissions, and Overall Stressor Effect

Potential Receptors - Dominant Species
ii *i

Exposure Potential

Ecoregion J EiT' Rank Mammals Birds Plant Series Rank Emissions Rank* 2  Stressor Effect 

1-Piney Woods 31 Med 42 85 17 High High Extreme 

2-Oak Woods/Prairies 14 Low 39 79 9 High Medium Medium 

3-Blackland Prairies 10 Low 40 61 7 Med High Medium 

4-Gulf Coast Prairies 42 High 39 75 16 High High+ Extreme 

5-Coastal Sands Plains 10 Low 39 75 6 Med Low Low 

6-South Brush Country 50 High 39 79 19 High Low High 

7-Edwards Plateau 39 High 39 55 17 Med Low Medium 

8-Llano Uplift 8 Low 33 46 4 Low Low Negligible 

9-Rolling Plains 13 Low 39 55 11 Med Low Low 

10-High Plains 17 Low 39 55 11 Med Medium Medium 

11-Trans Pecos 49 High 30 21 34 Low Medium High 

12-Marine Environment 23 Med n.a. n.a. n.a. --- Hight Medium 

1. Endangered and threatened species.  
2. Assumes that "no data' means no significant emissions.  
3. Based on the emissions from Ecoregion 4.  
* Relative to the other ecoregions, and based on the weighted "air toxics-emissions value."
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Emissions Ranking

The potential risks to ecological receptors associated with atmospheric deposition were analyzed 
qualitatively for the most part. This is due primarily to the limited receptor and air toxics data, the type of 
air toxics data available, and the lack of research or similar studies performed in this area. The 
emissions/release data is only available as a rate (tons per year or TPY), and, further, there is not a simple 
method for determining ground level or environmental media concentrations of air toxics.  

For each Texas county, a unitless value of total emissions was derived, in the following manner. Referring 
to Table 2.7.1, each group of compounds was assigned a value (in rank-value per ton) based on the 
relative ecological concern of the compounds in that group. Then, the emissions of each group were 
multiplied by the corresponding rank value. Within each county, the weighted emissions were added 
together, resulting in a final value (unitless) which takes into consideration all the emissions in the county.  

The reason that total emissions were not simply added together was that there are significant differences in 
the types of emissions in terms of the severity of potential effects. In many counties a very large 
percentage of the total emissions are compounds that are of low ecological concern, for example volatile 
organic compounds. By contrast, total emissions in other counties may be significantly smaller, but the 
contaminants are of greater ecological concern due to persistence, toxicity, or bioaccumulation potential.  
Thus, the county or region with the greater potential for impacts to ecological receptors may be given a 
low rank if only tons per year of emissions are considered.  

Using the county-specific emissions values, the total emissions for each ecoregion were calculated, and 
weighted by the relative size of each ecoregion. First, the emissions values for each county within an 
ecoregion (or portion of a county) were summed to determine a total value for the ecoregion. In order to 
account for differences in the size of the ecoregions, an ecoregion's emissions value was divided by the 
percent of the total area of the state that the ecoregion represents. Table 2.7.2 shows the total area of each 
ecoregion (in square miles), the percent of the total area of the state each ecoregion represents, and 
emissions values for each ecoregion. Because the air toxics-emissions value in Ecoregion 4 is so high and 
the emissions value is so low in Ecoregion 8, those values were considered outliers and were not adjusted 
based on the size of the ecoregions. Rather, it was assumed that they represent the highest and lowest 
extremes of the emissions values. For the other nine ecoregions, the size-adjusted value was used to rank 
the "exposure potential" for the ecoregion.  

The exposure potential ranking is presented in Table 2.7.3. Ecoregions were assigned a rank of high, 
medium, or low based on the relative size of their emissions values. Ecoregion 12, Marine Environment, 
is included in this table, and its emissions value ranking is based, on the emissions in Ecoregion 4, Gulf 
Coast Prairies.  

Acid Precipitation 

Acid precipitation can have both direct and indirect impacts on aquatic ecosystems. Acidification is a 
direct impact, while indirect impacts may include increased toxicity and/or availability of some 
compounds. Seasonal fluctuations in the alkalinity and pH of some East Texas lakes and streams indicate 
the potential for large rain events to overwhelm the buffering capacity of the ecosystem, producing a 
sudden change in pH. In assessing the risks, acid precipitation was only considered as it may act as an 
additional stressor in certain East Texas ecoregions, potentially affecting the resilience of those 
ecoregions; potential effects in the rest of the state were not considered. The Piney Woods Region
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(Ecoregion 1), possibly portions of the Oak Woods/Prairies Region (Ecoregion 2), and the Gulf Coast 
Prairies and Marshes Region (Ecoregion 4) have the highest potential risk for adverse impacts due to acid 
precipitation.  

Ranking 

The next section shows the scheme used to determine the final ecoregion rankings, and from these 
rankings, the overall state rank was determined. The ecoregions were assigned a rank, referred to as the 
"stressor effect" in Table 2.7.3, which is intended to relate the emissions rank to the number of receptors, 
the number of endangered and threatened species, and the degree of resilience (when known) that the 
receptors or ecoregions are thought to possess. This stressor effect is meant to represent the potential risk 
from air toxics to the ecological receptors in that ecoregion.  

Based on this methodology, the Piney Woods and Gulf Coast Prairies ecoregions were ranked extreme for 
potential adverse impacts due to atmospheric deposition of air toxics. Among the other 10 ecoregions, 
two ecoregions have high risk ranks (South Brush Country and Trans Pecos); five have medium risk 
ranks; two have lowrisk ranks; and one has a negligible risk rank.  

The risk from air toxics over the entire state was derived from the average value of all twelve ecoregion 
ranks. The following values were assigned to each rank, and the mean was calculated: 

Negligible - 1 
Low-2 
Medium - 3 
High - 4 
Extreme - 5 

When the ecoregion values are averaged, it is determined that for the state, the risk for potential impacts 
from atmospheric deposition of air toxics is moderate. It must be noted, that while this issue may be 
ranked as a moderate risk, the Gulf Coast and Piney Woods regions are high risk areas and the potential 
for significant adverse impacts should not be discounted. In particular, the Gulf Coast ecoregion has large 
quantities of air toxics released into the atmosphere, has a large number of receptors, including numerous 
endangered and threatened species and their habitats, and it may have lower resilience due to the extent of 
anthropogenic and industrial activities in the area.  

Criteria for Determination of Stressor Effect 

Negligible - All of the following: 
Low Exposure Potential 
Low Number of Receptors 
Low Number of Endangered and Threatened Species 
High Resilience 

Low - One of the following: 
Medium Exposure Potential 
Medium Number of Receptors 
Medium Number of Endangered and Threatened Species 
Medium Resilience
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Medium - At least two of the following: 
Medium Exposure Potential 
Medium Number of Receptors 
Medium Number of Endangered and Threatened Species 
Medium Resilience 

OR One of the following: 
High Exposure Potential 
High Number of Receptors 
High Number of Endangered and Threatened Species 
Low Resilience 

High - At least two of the following: 
High Exposure Potential 
High Number of Receptors 
High Number of Endangered and Threatened Species 
Low Resilience 

Extreme - At least three of the following: 
High Exposure Potential 
High Number of Receptors 
High Number of Endangered and Threatened Species 
Low Resilience 

Uncertainty 

There are several factors that may affect the accuracy of the overall state rank. First, there are numerous 
compounds (e.g., pesticides and dioxins/furans) that were not included in this analysis because of a lack of 
emissions data. Typically, these kinds of compounds are persistent in the environment, tend to 
bioaccumulate in foodwebs, are quite toxic, and are compounds that are of greatest ecological concern.  
Second, it is not known whether the air toxics data used in this analysis was complete or accurate (e.g., 
amount emitted). Third, since the receptor data was obtained from more than one source, there may be 
discrepancies in the numbers of species, or their area/ecoregion of occurrence. In addition, it is not known 
whether the receptor data is complete for any ecoregion. Finally, resilience ranks were not available or 
known for all ecoregions; as a result, a moderate resilience rank was assumed for most ecoregions.  

In addition to the uncertainty generated by the amount and type of data available, the methods employed 
to determine the total emissions in each ecoregions may increase the uncertainty in the analysis. The 
determination of the area of coverage of each ecoregion was an estimation based on another study.  
Because the ecoregion boundaries did not fall on county lines, the emissions from those counties in more 
than one ecoregion were portioned based on how much of the county is in one ecoregion or the other.  
This simplification assumes that the air emissions sources are found uniformly over the entire county.  

Discussion 

This report has demonstrated that atmospheric deposition (of air toxics) and the subsequent impacts to 
ecological receptors may be considered a moderate risk in the state of Texas. The impacts of air toxics can 
have direct effects (e.g., toxicity) or indirect effects (e.g., habitat alteration/destruction). It is believed that
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air toxics contribute significantly to water pollution (U.S. EPA, 1994), and can cause adverse impacts to both terrestrial and aquatic habitats. The discovery of pesticides and other persistent compounds in the environment, great distances from any known source, are indicators of the widespread nature of the impacts of atmospheric deposition of pollutants.  

Inethis analysis, while we have not addressed the problem of air toxics originating in Mexico, this is not meantsto imply that those particular air toxics are not a significant contributor to atmospheric deposition of pollutants in Texas. However, data on those emissions is not available. Air toxics originating in Mexico may be of particular concern in the western Texas ecoregions, especially the Trans Pecos ecoregion, and so, it was considered here as a factor that may lower the resilience of the ecoregion.  

The survival of natural living ecosystems in response to marked environmental changes depends upon the ability of the organisms to cope with the changes and continue reproduction of their species in some respects, resilience. The extent to which atmospheric deposition of pollutants affect ecological receptors or their habitats is difficult to quantify, and in fact, very little work has been done in this area.  
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CHAPTER 3 
ECOLOGICAL RANKING OF ISSUES 

CHAPTER OVERVIEW 
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ENVIRONMENTAL ISSUES AND PROBLEMS 

Early in the STEP project, the PAC identified 25 environmental issues to be analyzed; the workgroups 
later expanded this to 27 by dividing "Water Quality" into three separate issues--surface, ground, and 
drinking water. The issues identified by the PAC are listed in Table 3.1, and the individual issue 
definitions are located in Chapter 1 of this document. For most of the 25 issues identified by the PAC, 
each technical workgroup identified which problems they would examine; for those issues a number of 
different problems were identified across workgroups. For example, for "surface water quality" the 
Ecological Risk Workgroup identified as the problem the failure to attain aquatic life uses as defined by 
the State of Texas Surface Water Quality Standards. The analysis was separated by type of pollution and 
by aquatic habitat type. On the other hand, the Socioeconomic Workgroup did not identify as its problem 
the causes of surface water contamination and chose to focus only upon attainment of all legal water 
quality standards within the state.  

The Ecological Workgroup had difficulty separating the cause from the effect for specific pairs of issues.  
This was especially true for "habitat alteration" and "loss of biodiversity"; "global ecology" and "habitat 
alteration"; and of some concern for "global ecology" and "air toxics." For example, when considering the 
issue of "habitat alteration" as a stress agent, endangered and threatened species represent potential 
receptors of stress. In contrast, the reduction in biological diversity associated with the decline and 
extinction of species is a specific problem to be analyzed for the "loss of biodiversity." Similar difficulties 
surround the analysis of wetland habitat alteration or destruction and water quality problems. When a 
wetland is drained or filled, significant habitat alteration has occurred. In this case the wetland and its 
associated flora and fauna represent the stress receptor. However, when considering water quality or 
instream flow problems, the destruction of wetlands may be analyzed as a potential stress agent.  

The Ecological Workgroup tried to clarify the relationships between the PAC's Issues, their associated 
problems, and each individual analysis of a problem. The Workgroup recognized the non-exclusive nature 
of some problems and their associated issues. However, no attempt was made to force the Issues to be 
mutually exclusive. The synergistic nature of the issues suggests that more weight perhaps should have 
been given to groups of issues or problems that interact, but this was also not done during the analysis or 
the ranking process. The end result is that some stress receptors for specific issues may also be thought of 
as stress agents for other issues. This should be kept in mind while reviewing the results of the Ecological 
Workgroup ranking.
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Of the 27 issues, 10 were examined by the Ecological Workgroup. For a few of the issues like 
"pesticides," the issue was considered to be the problem. Some of these issues were grouped under larger 
categories. For example, waste handling and disposal and abandoned sites and spills were grouped 
together into the category "Waste Management." In addition to this grouping of waste-related issues, all 
air-related issues were'treated as separate problems but grouped under an "Air Quality" category.  

Table 3.1 lists each issue or category and the specific problems identified and analyzed by the Ecological 
Workgroup. The Workgroup did not analyze a number of issues that were specific to human health or 
socioeconomic welfare.  

Table 3.1 STEPP Ecological Workgroup Issues 

Category or Issue Problem(s) Analyzed 

Habitat Alteration Habitat Fragmentation, Eutrophication, Land use changes 

Loss of Biodiversity Exotic Species, Species extinction 

Soil Erosion Soil Erodibility and nonpoint source potential from water 
erosion 

Pesticide Contamination Pesticide Contamination 

Water Availability Total appropriation of water by basin 

Surface Water Quality Aquatic life use attainment 

Flooding Not analyzed 

Waste Management Waste handling and disposal and abandoned sites and spills 

Global Ecology Global Warming 

Indoor Air Pollution Not analyzed 

Particulates Particulate emissions 

Air Toxics Toxic emissions 

Atmospheric Deposition Air emissions 

Ground-level Ozone Not analyzed 

Odor Pollution Not analyzed 

Food Safety Not analyzed 

Noise Pollution Not analyzed 

Pests Not analyzed 

Electromagnetic Fields Not analyzed 

Radiation Radioactive waste
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METHOD FOR RANKING

Overview 

The general approach of the Ecological Workgroup was to estimate comparative risks to natural systems 
from anthropogenic sources by examining existing qualitative and quantitative data and information on 
human impacts to landscapes. In almost all cases, the data had to be reformulated and placed into a state
wide context. In some cases, data was extrapolated to large areas of Texas.  

Problems were identified as those human activities that have the potential to cause residual risk to natural 
systems. Chapter 2 presents an analysis of each issue using the same broad methodology. Each analysis 
in Chapter 2 started with the same conceptual format, but the author of a specific report had great latitude 
in the identification of stress agents, the selection of receptors, and the estimation of impact of the stress 
agent upon the specific receptor. Sources of data and information included monitoring data available from 
state agencies, agency publications, primary scientific literature, and empirical studies.  

"Problems," otherwise referred to as stress agents, were analyzed according to their potential to cause 
residual, ecological risk as defined by the Public Advisory Committee. Residual risks include, but are not 
limited to, the following examples: 

(1) a risk that exists due to the absence of a program to protect human health, the environment, and/or 
socioeconomic welfare; 

(2) a risk that remains after a program is implemented; and/or 

(3) a risk that is the result of failures of a program.  

Ranking Criteria 

After determining the impacts to natural systems for each issue, the impacts of each issue were compared 
to the impacts of all other issues using the following criteria: 

TABLE 3.2 Decision Criteria for Ecological Workgroup 

Decision Criteria Definition 

Magnitude of effect Absolute magnitude, degree of impact, or other measure of intensity of stressor 
effect on receptor 

Population or area exposed Areal extent, percent, or amount of receptor exposed to a stress agent 

Severity Resiliency of stress receptor 

Certainty Level of certainty for the analysis including data availability 

Hours of discussion over several weeks were devoted to the definition and re-definition of these criteria.  
In the end, the Workgroup decided to use very broad operational definitions for these criteria. The end 
results of this process are listed in Table 3.2.
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The Workgroup identified a number of potential measures of the magnitude of a stressor's effect: These 
are summarized in Table 3.3. Most of the potential measures of effect were identified for specific levels of 
biological organization.  

Table 3.3 Possible measure of magnitude of stressor effect 

Level of organization Measure of effect 

Individual behavior, growth, lifetime reproduction 

Population growth rate, genetic structure, abundance 

Species number of populations 

Community diversity, richness, relative abundance 

As Table 3.3 suggests, the intensity of a stressor's effect on a receptor can be assessed at different levels of 
biological organization. For example, the magnitude of a stressor's effect on an individual might be 
measured in health terms of behavior, body weight, enzyme function, rates of weight gain or loss, 
reproductive output, or rate of growth. The magnitude of a stressor's effect on a population of the same 
species might be measured in terms of abundance or population growth rate, birth rate, or mortality rate.  

Other possible measures of the magnitude of stressor's effect include changes in material and nutrient 
cycles and the flow of energy through systems. These bio-geochemical processes are probably best 
characterized as ecosystem attributes: they combine biological processes with chemical and physical 
aspects of the habitat to produce ecosystem functions. Measures of stressor effect on ecosystem function 
might include primary and secondary productivity, energy flow through food-webs, nutrient cycling, or 
carbon cycling. Previous estimates of comparative ecological risk have focused on these processes (e.g., 
U.S. EPA, Region 6 Comparative Risk Project, 1990).  

Intensity and severity could be seen as equal to one another if both refer to an absolute numerical 
measurement of effect, but the Workgroup chose to define severity in terms that go beyond numerical 
measures. These include whether the stressor produces chronic or acute effects and whether the stress 
receptor can recover from the effect. In essence, this makes severity a measure of impact along a time 
axis.  

Ranking Methodology 

Prior to ranking the individual issues, the Ecological Workgroup ranked the evaluation criteria. Ranking 
the criteria helped the Workgroup determine the relative importance of each criterion to the estimation of 
comparative ecological risk. Magnitude of effect and population exposed were determined to be the 
most important criteria based primarily on the limitations of the data available for analysis. The least 
important criterion was the certainty associated with the predicted outcome.  

The general approach of the Ecological Workgroup for the final ranking was to achieve a negotiated 
consensus on the ranking of the issues, based on the four ranking criteria. The Workgroup favored 
negotiated consensus versus a formulaic (or mathematical) method because of both the small size of the 
Workgroup and the belief that a composite ranking was best achieved through understanding each other's 
viewpoints. A numerical method would not have allowed for discussion of the issues, and it was feared
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that the workgroup discussions would be dominated by arguments about the method instead of ironing-out 
differences of opinion about the issues.  

"Consensus" was achieved by first comparing one issue to another, then having members vote on which 
issue posed a greater risk. This vote was followed by discussion and then repeated votes occurred, if 
necessary, until consensus was achieved. Consensus did not necessarily mean unanimous agreement 
regarding the relative rank of an issue. It did mean there was no significant dissent relative to the 
rankings. The process, and definitions of the ranking criteria, were intended to be broad enough to allow 
members to agree that one problem is a greater risk than another,; but individual members may have 
stressed different, although valid reasons for such agreement.  

Following the example of the Human Health Workgroup, the Ecological Workgroup used a computer
assisted voting system in conjunction with a professional facilitator. This system provided each 
workgroup member the opportunity to vote "yes" or "no" to a simple pair-wise comparison of issues. That 
is, the question was posed, "Is issue A a greater risk than issue B?" In this way, all issues were compared 
to one another, and software associated with the voting system built a decision tree from the results of the 
individual votes.  

The result of each vote was discussed, and at least one additional vote was taken on any pair-wise 
comparison that was contested. As a general rule of thumb, votes that achieved a 60 to 70 percent 
majority after three votes with intervening discussions were characterized as having reached consensus.  

After all pair-wise comparisons were completed, the resulting hierarchy of issues was posted and 
discussed. Additional votes were cast using specific criteria to provide a sensitivity analysis of the original 
ranking. The final ranking combined the results of all of these voting exercises.  

Ranking Results 

Like the other workgroups, the Ecological Workgroup held two ranking meetings. The first meeting was 
devoted entirely to presentation and review of issue reports and discussion of the ranking criteria. No 
actual ranking took place at this meeting. In preparation for the second ranking meeting, the matrix in 
Table 3.4 was distributed to all workgroup members. The matrix served as a personal tally sheet for the 
next ranking meeting.  

Table 3.4 Issue Ranking Tally Sheet 

Issue Magnitude Certainty Population Severity 
______________exposed 

Habitat Alteration 

Loss of Biodiversity 

Soil Erosion 

etc.  

The second ranking meeting again started with an overview and discussion of ranking criteria. After the 
criteria were evaluated, issues were compared using the electronic voting system described above.
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Discussion followed each pair-wise comparison, and comparisons were subject to at least one re-vote if the 
initial vote was contested. Consensus was reached on all issues during the pair-wise voting, but the 
general agreement began to disappear once the first ranking was posted. A number of members had 
difficulty with the placement of specific issues. In order to move the Workgroup towards agreement on 
the ranking order, a series of votes were taken using one criterion at a time. Using this process, the 
Workgroup discovered that the relative weights of the four criteria had not been accounted for in the 
voting system. As a result, the first ranking presented a result that treated all four criteria as equal. This 
assumption was not in agreement with the previously completed ranking of the criteria (see Table 3.5). Of 
the four criteria, only magnitude of effect and population exposed were equal in weight.  

Table 3.5 Ranking of Decision Criteria for Ecological Workgroup 

Decision Criteria Average importance score on a scale of 1 to 10 with 10 
being high and 1 being low 

Population exposed 9 

Magnitude of effect 9.5 

Severity 7 

Certainty 5 

The workgroup members decided to repeat the pair-wise comparison voting for all issues using only the 
top two criteria and excluding severity and certainty from this second round of voting. The end result of 
this round of voting was a hierarchy similar in some ways to the previous ranking, but vastly different in 
other ways. The results from the two ranking exercises are presented in Table 3.6.  

These two different rankings were discussed, and eventually the Ecological Workgroup came to consensus 
on the alternative in Table 3.6 labeled as the "Final Ranking." 

Table 3.6 STEPP Ecological Workgroup Ranking Summary 

Issue Final ranking using top two Ranking using all four criteria 

criteria 

Habitat Alteration 1 1 

Loss of Biodiversity 2 2 

Global Climate Change 3 8 

Surface Water Quality 4 5 

Air Toxics 5 3 

Atmospheric Deposition 5 3 

Waste Management 6 9 

Soil Erosion 7 6 

Pesticide Contamination 8 7
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Future Ranking Efforts 

Future efforts should be aimed at developing a regional ranking of these issues.
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Issue Final ranking using top two Ranking using all four criteria 
criteria 

Water Availability 9 4 

Particulates NR NR 

Flooding NR NR 

Indoor Air Pollution NR NR 

Ground Level Ozone NR NR 

Human Habitat (Cat) NR NR 

Occupational Expos. (cat) NR NR
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