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PROJECT GOALS
1. Provide an overview of the Guadalupe Basin, its relevant 

decision making. 

2. 

3. 

wildlife within the Guadalupe Basin.

4. 

resources.

5. 

outcome of the next phase of the project.



SUMMARY
to over 600,000 and growing basin residents. Ecologically, it is home to 
numerous endemic species, along with Guadalupe bass and freshwater 

the most endangered bird species in the world—the Whooping Crane—
breeds every winter. The basin also provides ecosystem services that are 

water, while open, unpaved spaces have the demonstrated ability to 

ability to provide these services.

included variables associated with water, cultural, and ecological resources. 

 
 

 

 31,273 acres of lands within the Western Gulf Coastal Plains. 

is the space between knowing what needs to be done and determining 

can serve as a catalyst for that work to begin.      

along with numerous other ecological goals. Finally, top priority areas 
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INTRODUCTION
myriad services upon which community health 

beauty.1

healthy body of water, capable of providing these 
services. However, ongoing growth around the 
I-35, I-10, and 281 highway corridors threatens 

vital services. Furthermore, the Texas Water 

the next 50 years.2

delivering a data-based analysis of regional lands 

has precedence. Studies and historical accounts 

water, ecological, and cultural resources serves 

partnerships with private landowners, these 

open lands while allowing the landowner to 

broader societal need. 

as these must strike a balance between the 

opportunity if they are to be successful. This 

Water and the Environment and watershed 

values, data analysis, and geographic modeling 

levels. Its intended outcome is to assist 
stewards in applying their limited resources 

historic investments, basins in the Catskills, 

to provide safe drinking water for millions of 
3 This same process is 

currently occurring throughout the country 
and even in our own backyard. The City of San 

4 

in Texas and has led to more than 200,000 acres 
being permanently conserved to date. Much of 

procedural model5

this study. 

and the country. This ecologically-focused 

resources over the long-term. This work can 
then be implemented through on-the-ground 

stakeholder process. 

For cultural resources, success has already 
been demonstrated by federal and state farm 
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northwest boundary of the study area begins at the headwaters of the 

(Figure 3). 

EXISTING CONSERVATION LANDS 

include the Texas Parks and Wildlife Department (TPWD), Texas State 

have become a powerful tool for bringing together willing landowners 

partnerships have resulted in over one million acres being put into 

rapid suburban development and contribute invaluable ecosystem services 

Upper Basin

easement in the basin (10,620 acres). The property includes 1.5 miles of 

GUADALUPE BASIN STUDY AREA

11



Guadalupe riverfront, springs, as well as habitat for rare black-capped 

Nature Conservancy.6

advise resource managers, landowners, and other interested groups or 

which increases the combined conserved area to 4,200 acres. Guadalupe 

habitat for diverse wildlife including raccoons, white-tailed deer, golden-
cheeked warblers, and many migratory birds.

Central Basin

acres in Comal County. This property protects valuable riparian areas along 

comprised of over 3,000 acres. The land is intended for farm, ranch, game 

7
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8 This preserve is also 

vicinity are closed every spring.8 Several archeological digs have taken place 

9 

10

Lower Basin

includes 3 easements that protect 4,249 acres. The region only has one 

11

hiking.12 

ECOLOGY

Ecoregions

the Edwards Plateau to the west and the prairies and plains to the east. 

13



The eastern edge of the 

with abundant springs and 
supports a large number 
of rare plant and animal 
species. 

swimming and play. These forests include tree 
species such as cedar elm, bur oak, sycamore, 

persimmon, and mountain laurel. In the rocky 
ravines of the basin, canyon forests dominate 

oak, Texas ash, and cedar elm.13

Country, many of which thrive around the seeps 
and springs that originate here, healthy riparian 

Prairie. The eastern edge of the Edwards Plateau 

large number of rare plant and animal species. 
Some of these areas, like the massive upwelling 
of springs at the headwaters of the Comal and 

species listed as endangered or threatened by 

dark alkaline clay soil that historically supported 
an expansive tall grass prairie that included 

oaks and savannahs of bunch grasses. The river 

where the river estuary turns to marsh.

Flora and Wildlife

varied ecoregions. These species, along with 
other generalist species, work together to form 
an integrated web of biodiversity that sustains 
the living systems of the basin. Many of these 

process.    

The Edwards Plateau, the iconic ecoregion of 

threatened plant species. Protected valleys 

cypress, pecan, hackberry, and sycamore. This 
region is host to some of the most spectacular 

bluebonnets, Indian paintbrush, gaillardia, and 

is also home to the Golden-cheeked Warbler, 

Wildlife Department that live in the San Marcos 

14 
These species include the Comal Spring Dryopid 

14

in many of their names, all of these species are 
endemic to Central Texas. The Fountain Darter 

The Fountain Darter lives amidst the rare and 

federal list of endangered species.15,16

species of plants and animals with complex 
interdependencies.17 

homesteaders from across the US to farm its 

Prairie being converted to development 
or agriculture, this ecosystem is at risk of 
disappearing completely.18 

2019 



interspersed amongst grasslands. Post, bur, 

common in this ecoregion, where wild turkeys 
feed on their acorns.19 In the southernmost 

Western Gulf Coastal Plains ecoregion supports 

chokecherry to Texas madrone—and animal 

15 remaining in the world.21 However, over many 

has increased due to a concerted breeding 

order to maintain this vital habitat.22

Biodiversity in the Guadalupe River

Within the greater context of conserving and 

suitable habitat for Guadalupe bass (Micropterus 
treculii

found only in streams of the Edwards Plateau 
ecoregion. 

individuals.23,24 Species that the Guadalupe 

25,26

as important food sources for numerous 
other species.27–29

Guadalupe bass increase the resiliency of the 
ecosystems in which they are found. Many 
gaps in knowledge remain regarding the full 

species such as muskrat, mink, gulls, terns, and 
pelicans.20 

endangered bird species in the world, the 

15



33

32

WATER IN THE BASIN

Guadalupe?,34 

management, and incomplete knowledge were 

prosperity. These water uses alter the hydrology 

development and long-term economic prosperity 
in Central Texas. Furthermore, demand on water, 
for drinking as well as for other uses, is predicted 

in good health and managed responsibly, the 

can serve as sustainable, complementary water 
sources. To achieve this end, new policies and 
site monitoring should acknowledge the impacts 
of ground water pumping,35 impermeable 
surface expansion,36 and increased water 

37,38

Springs

by Guadalupe bass and much more is yet to be 
discovered. 

Culturally, Guadalupe bass are important due to 

Texas, target this species. 

smallmouth bass.30 However, over the past two 

restore the Guadalupe bass by stocking nearly 
one million individuals of this species in the 

plan for the species.30

unit in the plan, which is used by TPWD to guide 

maintenance of processes that create habitat 

31 Individual 

31

Freshwater Mussels

freshwater mussel species, some of which are 
threatened—including the Guadalupe orb, 
Guadalupe fatmucket, and false spike. Not 
only are mussels the most globally threatened 
freshwater organism, but they also perform 

32 
Mussels are considered “ecosystem engineers” 

themselves and others. They feed on organic 
material in the water, thus building their body 

available for other plants and animals. Even 

substrate for algae and insect larvae and as food 
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Due to the availability of 
a clean, alternate water 
source and redundancy 
planning, these towns were 
able to sustain themselves 
on aquifer water for 
multiple days. 

springs—the Comal and San Marcos—discharge 
205,607 and 127,418 acre-feet of water per 

39 However, during periods of drought, 

40

1.53 million acre-feet of water per year, as 

Drinking Water Supplies

important as the drinking water supply for the 
41 Fast-growing 

Dunlap, an impoundment on the Guadalupe 

42–44 
In San Marcos, the standard city water supply 
is a mixture of 80% surface water and 20% 
groundwater. When a dam failed in May 2019 

45 Due to the availability of 
a clean, alternate water source and redundancy 
planning, these towns were able to sustain 

response highlights how resiliency can be 
enhanced by waterwise resource planning and 

Environmental Flows

various ecosystems, known as environmental 

the cranes winter healthy.46

) live in the 
47 These clams 

erosion.47

which greatly improves the water clarity and 

47
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Tens of  thousands of Paleo-
Indian artifacts have been 
discovered in Spring Lake, 
the spring-fed headwaters 
of the San Marcos River, 
indicating human activity 
up to 13,500 years ago.

directly translate to 
reduced water treatment 
costs, minimized peak 

reduced sedimentation 
in impoundments, and 
stabilized waterways.

ensuring the stability of its ecological health.34

Flooding

occurred in 1869, 1998, 2002, 2004, and 2015, 
with water levels reaching between 26 to 42 feet 

48,49 Flooding in urban areas 
is costly and upstream development, with its 
associated impervious cover, exacerbates the 

and private lands have the demonstrated ability 

by 27%,41,53

HISTORY & LAND USE

Relevant Site History

addressing the impact of the I-35 highway 
corridor. This historical overview will illustrate 

peoples lived in Texas for at least 11,000 years 
before the arrival of Spanish explorers in the 

50

Effects of Climate Change

51,52

more extreme rainfall events.53

be marked by increased periods of drought and 
51 This increased 

has concluded that an increase in temperature 
would cause an increase in water demand for 

in the spring emergence areas in great peril. To 

reduced by 9-20% annually.54 With the state 
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1500s.55

Comanche, Wichita, Coahuiltecan, Neches, and Tonkawa are all recorded 
as living in Texas.55

years ago.9,56

wagons to transport farm products back to the port. 

Fate arrived in the form of a hurricane in 1875 and nearly destroyed 

meant products needed to travel a greater distance. To this day, the 

57 In contrast to the 

homesteaders displaced indigenous peoples, newcomers found themselves 

but struggled with the poor farming soils and lack of basic services.58 

58 
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If this development 
continues without 
thoughtful ecological 
planning, the characteristics 
of the Guadalupe Basin—
quiet and beautiful 
landscapes, abundant clean 
water, and native wildlife—
may disappear forever. 

The Upper and Central 
Basins contain three 
counties with the highest 
growth rate in Texas: 
Comal, Kendall, and Hays.

wealthy city-dwellers who would transform the 
landscape. Many of these newcomers created 
their own private refuges, which increased 

a popular tourism hub. Even today, tourists 
from the US and abroad arrive year-round to 
experience the beauty of the Hill Country.59 

soil of the Edwards Plateau. However, in contrast 

the only way to export produce was by driving ox 
carts to the Indianola port nearly 150 miles away. 
Farms that existed in Hays County produced 

in 1860 to 14,000 in 1900.60 Further growth was 

exceeded 20,000. In 1962, Interstate Highway 35 
(I-35) was built and changed everything. 

The Guadalupe Basin Today

A Growing Population

corridor within the study area and connects 

each.60 This interstate is a vital link for trade 

125,000 cars travel north or south daily in the 

61

and open the door to further development in 
the north and west corners of the study area. 

along 281, with I-35 and Highway 46 providing 

2018, becoming the second fastest-growing 
county in the country.62 Comal County runs along 

84,612 residents in 2018,57

almost 37% since 2010. This growth has resulted 

largest increase occurring between 2010 and 
2018.57,63

growing from 158,275 to 222,621.57 This is due 

57 

57

67,015 residents in 2018.57 
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development changes throughout the southeast 
U.S. It concluded that development in the I-35 

low-density development along its margins.64 

double in the next 50 years.41

Agricultural Production 

of farm products.56

sales.56

56 When 

County accounts for more than half of all 

Current land use conversion in the Guadalupe 

open space surrounding urban areas, including 

used for ranching and agriculture.56 If this 

wildlife may disappear forever. 

are occurring most rapidly in the Upper and 

the process, large ranches are being fragmented 

damage. Highways and pipelines—known as 

57–61 

fragment habitat,62,63 damage streams through 
crossings, disrupt natural drainage systems,59,64 

escalate soil erosion,65 increase noise 
66,67 and introduce invasive species.68

ranches were broken up into smaller units. The 
combined area of larger ranches (those over 100 
acres) went from 2.9 million acres in 1997 to 2.6 
million acres by 2012—a 10% decrease. During 
the same period, the number of smaller farms 

ranches) increased in total acreage from 181,470 
acres in 1997 to 216,582 acres in 2012—a 19% 
increase.69

families reclaim landlocked wealth near urban 
centers. These sold lands are then divided—
some as small farms and others as future 

55 

successful fracking site of the Eagle Ford 
Shale—one of the richest oil and gas deposits 
in the US—was established in Cuero, TX.1,70 This 

70 Since 
then, numerous other fracking sites have popped 

oil or gas into a well.70,71 This may disrupt other 
commercial uses of water—for industries such as 

and supply of surface water and underground 
drinking water sources.1,70

such as these impair local natural resources. 

resources and to help sustain the health of the 
watershed as a whole. 

21
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CONSERVATION PRIORITIES  DEVELOPMENT PROCESS

procedural model (Figure 5). The procedure 
follows methodologies used by the San 

5 In 

Marcos, and Pedernales Watersheds, as well 
81–83 Model inputs 

include variables associated with water, culture, 
process from stakeholders. 

Numerous stakeholders and professionals 
provided feedback and data for this process. 

METHODS

Stakeholder engagement was managed through 

Water and the Environment, Texas Parks and 
Wildlife Department (TPWD), and Siglo Group. 

23



High 

resource in the procedural model. Stakeholders included experts and 

The geographic procedural model used for this study builds upon 
5,81,82 The 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

STEPS IN RUNNING THE GEOGRAPHIC PROCEDURAL MODEL

parcels. To evaluate data layers for feasibility of use, data was considered 

accuracy. 

then averaged by parcel (Figure 7). These repeated runs also provided 
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CONSERVATION RESOURCES

8-13. 

Water Resources

represent the vital lands surrounding springs, 
where freshwater emerges from the earth. These areas support 
a wide array of flora and fauna, some of which only exist in the 

also important hydrologically, draining into rivers and contributing 
substantially to base flows throughout the basin. Furthermore, they 
are culturally important outdoor spaces where people gather, swim, 
and recreate. 

Karst Areas
ravines, and underground streams—are dynamic systems with 

84 

groundwater sources below.  

particular importance, because drinking water for communities is 
drawn from them. For this model, the HUC-12 watersheds upstream 
of Public Water Supply Surface Intakes were used as inputs. 
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 were incorporated into the model to protect water 

85 was used to 

could be restored. 

, are the areas around waterways that, 

limits for total maximum daily loads for nutrients, pollutants, or 

27



PARCEL SIZE
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 represents how land is divided for ownership. These dividing 

habitat for more species, thereby making land management more 
78

living and working on the land.65

resource.

is a gateway to enhanced open spaces 

is established by increasing the value of those areas that lie within 

higher priority assigned to lands within 400 feet. 

development increases over the coming decades. Therefore, this 
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TERRESTRIAL FAUNA ECOLOGICAL INDEX
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agriculture throughout the country.86

cultural cornerstone within the basin and the establishment of 

immense cultural and economic value, while also providing the open 
space that many wildlife species consider home.  

Ecological resources

Ecological Index.  

31 Species included in the assessment 
Micropterus treculii) and the following 

Atractosteus 
spatula Anguilla rostrata
amnis
( Dionda 

(
Marcos Gambusia ( Etheostoma 

(Percina shumardi).

economic importance. The dataset for this work was based on a 

for this species.87
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Common Name
Edwards 
Plateau

Western Gulf 
Coastal Plain Savannah Prairie
X

X
X X

Seaside Sparrow X
Grasshopper Sparrow X
Northern Pintail X

X
Houston toad X X

X X
X

X
X
X

X X
X X

Gray Hawk X
X

Texas Scarlet Snake X
Glowworm beetle X
Piping Plover X

X
X X X X

Hog-nosed Skunk X
X X

Scarab beetle X X X
X X

X
X

Monarch X
Golden-cheeked Warbler X
Texas Indigo Snake X
Pileated Woodpecker X

X X
Glossy wolfsnail X

X
Peregrine Falcon X

x
X

X
CaglesMapTurtle X X
Whooping Crane X
Western hognosed snake X X

X

Mussel Priority Areas 

spike (Fusconaia mitchelli), Guadalupe 
orb ( ), and Guadalupe 
fatmucket (

priority areas were included because of the 
vital ecological role mussels play in streams 

keep water clear and provide an important 

of many Texas freshwater mussels are 

88  

 was 
created by the TPWD, who assessed and 
assigned a score for various habitat areas 
based on the range and known habitat 
preferences of focal wildlife species in 
each of the four ecoregions.  The Edwards 

Prairie includes 25 focal species, Post 

and Coastal Prairie Includes 45 focal 
species. For a full list of focal species in the 
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Common Name
Edwards 
Plateau

Western Gulf 
Coastal Plain Savannah Prairie
X X
X
X X X
X
X

northern cat-eyed snake X
X X X
X

X X
X

Diamondback Terrapin X
Wild Turkey X

X
X

Chachalaca X
X
X X

X X
Summer Tanager X X X
Comanche harvester ant X X
Prothonotary Warbler X X

X
X
X

X
X

Texas Emerald X X
X X

Dickcissel X X
Field Sparrow X X
Eastern Meadowlark X X

X
X

X
Texas Garter Snake X X X
Greater Prairie-Chicken X
Scissor-tailed Flycatcher X X

X
X
X
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areas along with the total amount of each resource within the study area. 

Total Amount 
of Resource 
in Study Area

Amount of 
Resource in Top 
priority areas 
(% of total)

To
ta

l 380,630

Number of Parcels 876

435

W
at

er

8,402 2,209 (26%)

934,782 112,622 (12%)

382,052 64,253 (17%)

Public Water Supply Surface Intakes (acres) 414,842 131,987 (32%)

787,486 137,427 (17%)

15,025 3,258 (22%)
Cu

ltu
ra

l 231 76 (33%)

41,488 9,342 (23%)

Development Corridors (acres) 1,106,671 178,156 (16%)

Prime Farmland Soils (acres) 1,133,323 130,512 (12%)

Ec
ol

og
ic

al

2,975,987 369,655 (12%)

8,274 3,936 (48%)

119,259 44,065 (37%)

High Terrestrial Fauna Ecological Index 
(acres) 389,621 64,249 (16%)

FINDINGS

approximately 37% of the value in the model, while cultural and ecological 
resources each contributed approximately 32% and 31% of the value 

acreage of each resource within the study area, and the percentage of each 
resource found within the top priority areas. Water resources contained in 
the top priority areas ranged from 12% to 32% of total resource acreage 

amount of these resources within the study area. 

Development Corridors and 12% of Prime Farmland Soils. The largest Parcel 

33



to 48%, were most strongly represented in the 

priority areas captured 48% of the areas with 

percentages of the areas with high Terrestrial 

(12%) are captured in the top priority areas. For 

covered by the resource within the study area 
(nearly 3 million acres). 

are evident across the basin due to the varied 

UPPER BASIN 

top priority areas (Figure 14). These areas are 

areas also fall within the Development Corridor.

top priority areas are large with moderate or 
high Terrestrial Fauna Ecological Index scores. 
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of the top priority areas. There is a cluster of top priority areas around 

Terrestrial Fauna Ecological Index scores. Much of this land also occurs 
within the Development Corridor. 

CENTRAL BASIN 

which is split between 18,121 acres in Comal County and 13,154 acres 

Water Supply Surface Intakes, areas with high Terrestrial Fauna Ecological 
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region. It does, however, add to their overall 

of the 25,116 acres of top priority areas in San 
Marcos, nearly 60% (14,100 acres) of these lands 
contain Prime Farmland Soils. 

The Development Corridor that runs between 

LOWER BASIN 

40,564 acres within the Western Gulf Coastal 
Plains ecoregion. Top priority areas follow the 

2019 
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reasons. First, these areas lie largely within the Development Corridor 

more rural, stretches. This proximity to the river also results in high scores 

Terrestrial Fauna Ecological Index.      

Notably, there are few top priority areas situated away from rivers in this 
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Potential conservation 
efforts in Comal County 
could be further enhanced 
through the use of a green 
infrastructure framework, 
where rural and urban 
interests can be combined 
to realize the multifaceted 
value of open space, not 
only for recreation but 
for enhanced ecosystem 
services as well.

DISCUSSION & CONCLUSIONS

This imminent development will take many 
forms, much of which will be detrimental to the 

and natural features, which are vital to its 

providing raw materials for industry, high-

1

stewards can expediently conserve these vital 

top priority areas with known history, current 

discovered. 

If the goal is to maintain a healthy region, the 

under high risk of development, but there is also 

access to clean and abundant water. Two of the 

lie along the I-35 corridor. These intakes provide 

waters, stewards can help ensure a healthy 

therefore, be increased to enhance the 

expanding this work will not only bring new 

could be further enhanced through the use of a 
green infrastructure framework, 
where rural and urban interests can be combined 

ecosystem services as well.

should also include terrestrial resources. 
Flooding is of great concern in the Central 

Wimberley.89

50 
Conserving prime agricultural farmland in areas 

to achieve this. The health of these lands is not 

(which will become increasingly important as 

percentage of the 30,515 acres of top priority 

and support waterwise resource planning. 

This work is vital because there is not a great 
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These areas would create 
a far larger complex 
of conservation lands, 
further safeguarding 
the headwaters of the 
Guadalupe River and 
delivering compounding 
positive ecological effects 
throughout the basin. 

from impermeable surfaces to soak into the 
ground. For example, of the 25,116 acres of top 
priority area in San Marcos, nearly 60% (14,100 

established goal of conserving environmentally 

stewards can take advantage of an opportunity 

resources. Stewarding larger areas is important, 

habitat while reducing management costs. This 

and territorial behavior. Expanding refuges in 

could protect an even broader array of endemic 

noteworthy example highlighted by this analysis 

These areas would create a far larger complex 

headwaters to the Gulf of Mexico, they are 

several features that can be leveraged to greatly 
increase its cultural, ecological, and economic 

top priority areas contain prime farmland soils, 
which provides an opportunity to partner 
with local agricultural groups and farmers to 

management regimes of these farms. 

This includes 40,564 acres of top priority areas 
in the Western Gulf Coastal Plains ecoregion. 

work is vitally important, because it will help 
protect the precarious Whooping Crane breeding 
grounds along the coast, along with countless 

of the numerous ways that this analysis can be 

are devised, stewards can then address the 

needed to move this process forward. This 
work can be achieved through development 

workshop framework has proven to be successful 
in other basins and has resulted in research, 
invasive species removal, wildlife habitat 

acreage that provides ecosystem services.90

and landowner engagement can all be leveraged 

4 is a prime example of Texas 

There, rural landowners are working with 

upon which they all depend. Through their 

2019 



The results of active 
conservation aligned with 

here will be a landscape 
composed of working land, 

robust habitats that support 
community success for 
generations to come.

areas have been protected in perpetuity. 

years. 

San Marcos, and Pedernales Watersheds, 

document, to strategically assemble a network 

do share common interests associated with 
clean drinking water sources, development, 

watersheds to complement this work. 

funding and support, the current interests of 
landowners in the area can be harnessed to 

as they form partnerships with landowners, 

groups, and land trusts. In doing so, they will 
bolster the ecosystem services this basin has to 

1 The 

and robust habitats that support community 
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