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United States Department of the Interior

FISH AND WILDLIFE SERVICE
Ecological Services Field Qffice
10711 Burner Road. Suice 200

Haridand Bank Bldg.
Austn, Texas 73750

March 22, 1996

CORRECTI ON' SHEET FOR
SAN MARCOS/COMAL (REVI SED). RECOVERY PLAN

The followi ng corrections should be noted to the San Marcos & Conal
Springs and Associated Aquatic Ecosystens (Revised) Recovery Plan
(U S Fish and Wlidlife Service 1996):

P.iv, the literature citation should read "u.s. Fish and Wldlife
Service. 1996. . . . . ", not 1995.

P.7, colum- 2, second paragraph, line 13: "atchment" shoul d be
"catchment"

33, colum 1, under "Habitat", first paragraph: the list given

‘there should be nunbered |-6.

P. 34, colum 1, lines 4-5: For clarification, the »-» on the end
of line 4 is a negative number sign.

P. 59, task 2.3: for clarification, the reference to task 2.11
actually refers to s'ubtask 2.11 |isted above task 2.3.

P. 64, colum 2, line 7. the sentence beginning "Some nmechanism .

" should read "some nechani smfor assuring adequate aquifer
ievels and springflows is essential to assure success of this plan,
otherwise all the efforts of the involved parties could be offset
bK parties who choose not to participate in the inplenentation of
t he Aquifer Managenent Plan."

P. 114, colum 2, line 14: replace "without" with "which does not
impose"

P. 116, colum 1, 7 lines fromthe bottom %task 2.11" should read
"subtask 2.12",
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DISCLAIMER

Recovery plans delineate reasonable actions that are believed to be required to recover and/or
protect listed species. Plans are published by the U.S. Fish and Wildlife Service, sometimes prepared
with the assistance of recovery teams, contractors, State agencies, and others. Because of furloughs of
Federa employees and ongoing litigation regarding the Edwards Aquifer and species covered by this
plan, there was considerable urgency to finalize this plan. Therefore, the normal critique and input to
the final version of the plan was minimal. The Service does, however, appreciate the Recovery Team's
substantial efforts in completing the earlier drafts of this plan. As is customary, objectives will be
attained and any necessary funds made available subject to budgetary and other constraints affecting
the parties involved, as well as the need to address other priorities.

Recovery plans do not necessarily represent the views nor the official positions or approval of any
individuals or agencies involved in the plan formulation, other than the US. Fish and Wildlife Service.
They represent the official position of the U.S. Fish and Wildlife Service only after they have been
signed by the Regional Director or Director as approved. Approved recovery plans are subject to modifi-
cation as dictated by new findings, changes in species status, and the completion of recovery tasks.

Disclaimer 1



San Marcos & Comal Springs & Associated Aquatic Ecosystems Recovery Plan

LITERATURE CITATIONS

Literature citations should read as follows:

U.S. Fish and Wildlife Service. 1995. San Marcos/Comal (Revised) Recovery Plan. Albuquerque,
New Mexico. pp. x + 93 with 28 pages of appendices.

Additional copies of this plan, when finalized, may be purchased from:

Fish and Wildlife Reference Service:
5430 Grosvenor Lane, Suite 110
Bethesda, Maryland 208 14

(800) 582-3421 or (301) 492-6403

The fee for the plan varies depending on the number of pages of the plan.

Literature Citations
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CURRENT SPECIES’ STATUS

The fountain darter, San Marcos gambusia,
Texas blind salamander, and Texas wild-rice are
endangered. The San Marcos sadlamander is
threatened. Critical habitat is designated for all
except the Texas blind salamander. The fountain
darter occurs in the San Marcos and Comal
systems in central Texas. The Texas blind sala
mander is restricted to the Edwards Aquifer. The
other three species occur in the San Marcos
system. Other species of concern aso occur in
these ecosystems including three that have been
proposed for listing: Peck’s Cave amphipod,
Comal Springs riffle beetle, and the Comal
Springs dryopid beetle.

HABITAT REQUIREMENTS
AND LIMITING FACTORS

All species are aquatic and inhabit ecosys-
tems dependent on the Edwards Aquifer. All but
the subterranean Texas blind salamander occur
in spring-fed systems. Loss of springflows due to
drawdown of the aquifer is one of the primary
threats. Other threats include nonnative species,
recreationa activities, predation, and direct or
indirect habitat destruction or modification by
humans (e.g., dam building, bank stabilization,
and control of aguatic vegetation) and factors
that decrease water quality.

RECOVERY GOALS

The gods of recovery are: 1) to secure the
survival of these species in their native ecosys-
tems; 2) to develop an ecosystem approach using
strategies to address both local, site-specific, and
broad regional issues related to recovery; and 3)
to conserve the integrity and function of the
aquifer and spring-fed ecosystems that these
species inhabit.

Executive  Summary
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RECOVERY CRITERIA

Ddlisting is considered unattainable in
the near future for al five species due to the
potential for extinction from catastrophic events.
Consequently, this plan calls for the establish-
ment and continued maintenance of refugia
capability for al five speciesin case of a cata
strophic event. Downlisting is considered fea
sible for the fountain darter, Texas wild-rice, and
Texas blind salamander and detailed criteria are
given in the plan. The potentia for downlisting
the San Marcos gambusia is problematic. In-
terim objectives are given for that species to
measure progress toward preventing extinction.

ACTIONS NEEDED

1. Assure sufficient water levels in the
Edwards aquifer and flows in Comal and
San Marcos Springs to maintain habitat
for al life stages of the five listed
species and integrity of the ecosystem
upon which they depend.

2. Protect water quality.

3. Establish and maintain populations for al
five listed species in their historic habitats.

4. Conduct biological studies necessary for
successful monitoring, management, and
restoration.

5. Encourage partnerships with landowners
and agencies to develop and implement
conservation strategies.

6. Develop and implement a regiona
Aquifer Management Plan.

7. Develop and implement loca
management and restoration plans to
address multiple threats.

8. Promote public information and
education.



Costs (Dollars x 1000):

San Marcos & Comal Springs &Associated Aquatic Ecosystems Recovery Plan

Priority 1 Priority 1e Priority 2 Priority 3

Year Tasks Tasks Tasks Tasks Total
2 199% 6 506.5 234.5 5.0 1,002.0
2 1993 8 530.5 2335 5.0 1,007.0

1998 205.0 439.5 182.0 5.0 8315

1999-

2025 1,140.0 1,329.5 592.0 - 3,061.5

Tota 1,839.0 2,806.0 1,242.0 15.0 5,902.0

Date of Recovery: If continuous progress is made, downlisting the fountain darter
and Texas wild-rice should be possible by 2025.

Executive  Summary
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OVERVIEW OF THE
RECOVERY PLAN

This plan addresses recovery actions for
the fountain darter, San Marcos salamander,
San Marcos gambusia, Texas blind salamander,
and Texas wild-rice. The recovery goa is to
secure the survival of al five species and the
ecosystem upon which they depend. This plan
provides criteria for downlisting the fountain
darter, Texas wild-rice, and Texas blind sala
mander from endangered to threatened. This
overview summarizes |) the water resource
issues associated with the recovery of these
species and the Edwards aquifer and spring
ecosystems, 2) efforts by individuals, state and
local governments, and private organizations to
resolve these issues; 3) tasks and recommended
actions to achieve recovery; 4) technica evaua
tion and technical assistance needed for plan-
ning; and 5) the process for developing a
regional Habitat Conservation Plan or one or
more smaller regional or loca HCPs that could
contribute to overall aguifer management.

To conserve these species and meet the
objectives of this recovery plan, the ecosystems
upon which these species depend must be
conserved. These ecosystems include the
Edwards aquifer and the systems associated
with Comal and San Marcos Springs (including
spring runs, lakes, rivers, and caves).

The recovery of these species depends on
actions taken at three levels: broad regional issues
of water use and landscape level management that
influence these systems; localized actions taken by
municipalities and landowners that affect these
systems; and species-specific or site-specific
actions that directly affect the species. Current
information about these endangered and threat-
ened species and their habitats is not complete,
and some tasks will only be conducted after
additional research or evauations are completed.
This Recovery Plan includes tasks to deal with
recovery needs at all of these levels and addresses
all identified issues.

Regional resource issues critica to the survival
of the species of concern and their habitat require
maintaining sufficient water in the habitat, and
ensuring that water quality is not degraded to

Overview

levels that compromise the integrity of the
systems and the survival and recovery of the
Species.

Decreased aquifer levels and loss of adequate
springflows are imminent. The recovery plan
identifies the U.S. Fish and Wildlife Service's
preliminary evaluation of the springflow levels
needed at Comal and San Marcos Springs to
prevent “take’ of the listed species. The Service
continues to conduct and fund studies to refine
understanding of what springflow levels are
needed, under varying conditions, to maintain
the species and their habitat. Such studies,
evaluations, and monitoring will be an ongoing
need to evaluate management efforts (see tasks
1.22, 1.23, 1.3, 2.12 and 3.2).

To assure adequate springflows for the long-
term, a mechanism to provide and maintain
aquatic habitat must be in place; eg., conserva
tion measures and management of groundwater
withdrawal. Efforts have been made to achieve
this goal. In 1993, the Texas legidature passed
S.B. 1477 creating an Edwards Aquifer Author-
ity to regulate groundwater withdrawal. The
legidation was challenged over Vaoting Rights Act
concerns, which were resolved by the legidature
in 1995 with amendments (H.B. 3 189). The
legidation was again challenged by the Medina
and Uvalde County Underground Water Dis
tricts and the court ruled that the legidation was
unconstitutional. The Authority’'s ability to
regulate water withdrawal from the aquifer
depends on resolution of these concerns.

A sound overall plan for sharing and manag-
ing groundwater use from the aquifer is needed
(task 2.1). This is a complicated task, considering
the diversity of water users and need for water.
The Recovery Plan cannot determine or dictate
the specific provisions of an Aquifer Management
Plan. State and local involvement in developing
specific strategies is important to ensure consider-
ation of local and regional socio-economic
concerns, provide flexibility in the evolution and
fine-tuning that will be needed to address chang-
ing local and regional needs, and to achieve
compliance with the plan.



Many water management agencies and aquifer
users have begun to address the issues of main-
taining ecosystems and species dependent upon
the Edwards Aquifer. These efforts will be useful
in forging an overall plan. In June 1994, a court
appointed monitor, Joe Moore, Jr., prepared an
emergency withdrawal reduction plan, revised in
March of 1995. In May of 1995, Judge Bunton
formed a committee to develop an alternative
emergency withdrawal reduction plan for 199 5.
The committee developed an ordinance to limit
municipal and industrial water use for 1995,
which has been largely adopted by the city of San
Antonio.

Progress has also been made on developing
and implementing severa other beneficia
practices. For example, New Braunfels, San
Antonio, and San Marcos have water conserva-
tion ordinances. The city of San Antonio has
developed a wastewater re-use plan that promises
conservation of a significant amount of water.
Many municipalities and water conservation
districts are exploring aternative sources of
water.

In August of 1994, the Court Monitor
initiated discussions among the city of San
Antonio, the Uvalde Underground Water Dis
trict, the Medina County Underground Water
District, the Edwards Underground Water Dis-
trict, the San Antonio River Authority, and the
Guadalupe Blanco River Authority about coop-
eratively preparing a regional HCP Following
these discussions, a preliminary issues document
was drafted and discussions regarding an HCP
and a potentia incidental take permit were
initiated with the Service.

Many water users and agencies have con-
ducted studies and evaluations, including com-
puter modding, to determine the aguifer levels
needed to maintain springflow. This has
emerged as a critical issue in efforts to manage
groundwater for the benefit of listed species.
Estimates of aquifer levels needed have been
reported over a large range. One estimate says that
in a drought of record no more than 165,000
acre-feet per year could be pumped from the
Edwards aguifer (Edwards Underground Water
District 19924). In 1989 well discharge was
542,000 acre-feet. Obviously in drought condi-
tions severe reductions in water use will be
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needed. The mechanism to achieve these reduc-
tions will have to be discovered.

The Recovery Plan stresses cooperative
development of a regional Aquifer Management
Plan, primarily by state and local entities, with
the Service lending technical support. It would

be most useful if the Service were involved in the

process from the early stages, providing assis-
tance to plan developers in assessing the plan's
adequacy for protection of affected species and
their habitat (task 2.1 and 2.11).

The Recovery Plan gives some preiminary
guidance for springflow levels (Table 2) and
measures that may be useful and biologicaly
supportable to protect the species (task 2.1 and
2.11). In addition, a comprehensive technical
evaluation of springflows, aguifer levels, and
conservation measures (e.g., pumping limits)
needed for various conditions of rainfall, re-

charge, weather conditions, and groundwater use

is aso needed. This evaluation should consider
voluntary or mandatory water use reductions

and alternative means of providing water region-

wide. The Service believes that to undertake this
evaluation, it will be necessary to convene a
technical team of experts to assist planners in
evaluations of hydrology, geology, biology, and
economics (task 2.12). It is expected that this
evaluation will be modified as more information
becomes available.

All Federa agencies have a role in conserva-
tion of species of concern, under section 7(a)( 1)
and 7(a)(2) of the Endangered Species Act. The
Recovery Plan encourages efforts by Federa
agencies (see task 2.2). Progress has been made in

this area, such as recent water conservation efforts
and development of wastewater irrigation systems

by military bases. An aguifer management plan
that will assure adequate springflows and aguifer
levels is required to recover these species (see
beow and task 2.1). Preparation and implemen-
tation of plans to assure adequate springflows are

best accomplished by state and local agencies. The
Recovery Plan cdls for actions by Federal agencies

to reduce aquifer water withdrawa as much as
possible within their authorities to maintain
habitat for listed species (task 2.3). Severa tasks
cal for a variety of actions, including continuing
to support conservation actions by Federal
agencies (task 2.31) and private entities (2.32).



Task 2.33 calls for aggressive pursuit of Federal
agency compliance with obligations for informal
and formal section 7 consultations. The Service
provided notices of the potential effects, the need
to consult, and has met with Federal agencies
whose actions may directly or indirectly impact
the survival of the listed species or adversdly affect
their critical habitat. The resolution of the prob-
lem of maintaining springflows needed for these
species to survive is so critical that, in the absence
of a regiona Aquifer Management Plan enforced
by state’'and local governments, the Service should
be prepared to initiate legal action required to
maintain springflows at levels that would main-
tain habitat sufficient to prevent jeopardy to listed
species. Task 2.12 requires review of section 10
permit applications, performance and compliance;
and review of compliance with formal section 7
agreements by Federa agencies.

Water quality in the Edwards aquifer and the
San Marcos and Comal ecosystems is aso a mgjor
concern with regiona implications. The Recovery
Plan cdls for a regiona approach that provides
the aquifer with protection from significant
sources of pollution and the effects of chronic
low-level contamination. Tasks 1.24 and 1.28
provide for an assessment of existing provisions,
and task 2.5 recommends the implementation of
measures needed to protect water quality in the
aquifer.

On a more local level, tasks 1.24, 1.25, 1.26,
1.27, and 3.2 evaluate and task 2.8 seeks to
address water quality concerns for the Comal
and San Marcos ecosystems. In addition to water
quality concerns, tasks 2.4, 2.6, and 2.9 address
a variety of local management concerns. Progress
has been made on addressing concerns for these
systems. The Service is working in cooperation
with the city of New Braunfels and others to
develop a Coma Ecosystem Management Plan
(task 2.42). The city of San Marcos and South-
west Texas State University have funded an effort
to develop a similar plan for the San Marcos area
(task 2.41). In addition, Texas Parks and Wildlife
Department has a study currently underway to
examine potential impacts to listed species from
the effluent of the A.E. Wood State Fish Hatch-
ery, and a study is underway to examine some
potential impacts of effluent from the San
Marcos wastewater treatment plant.
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Nonnative species have direct and indirect
impacts on the habitat and surviva of species of
concern. Several nonnative species are presently
of concern, and the Recovery Plan (see task
1.29) calls for research to learn more about
nonnative species impacts and control. Task 2.10
cals for implementation of needed management
techniques. Monitoring will aso be needed to
prevent outbreaks or unacceptable levels of
damage from these nonnatives, and this moni-
toring is included as part of task 3.2. Data on
the incidence of clipping of leaves of Texas wild-
rice by herbivores in Spring Lake are being
collected, and some basic research on ramshorn
snails has been conducted in the Comal Springs
ecosystem.

Certain recreational activities are of concern
because of damage to Texas wild-rice from
recreationists and floating mats of vegetation
(sometimes cut by local owner/managers to
provide better recreational experiences for
visitors and users). Task 1.21 cals for an evaua
tion of the impacts of recreationists to the
integrity of the springs and rivers and to listed
species. Progress is being made in this area. The
Service has recently funded studies examining
recreational impacts on Texas wild-rice, and
discussions have been initiated with operators of
the largest tubing operation in the San Marcos
River to examine management options to reduce
impacts.

In some areas there may be potential for
restoration or enhancement of habitat quality for
one or more species of concern. ldentification
and implementation of habitat restoration and
enhancement opportunities are discussed in the
Recovery Plan (see task 2.9, conducting restora-
tion directly by resource agencies and others, and
task 2.6, working with private landowners to
encourage advantageous management). These
activities are aso supported indirectly through
tasks developing local management plans for the
Comal and San Marcos Systems (tasks 2.4, 2.41
and 2.42). Progress is being made in this area
through development of management plans, and
a proposal for manipulation to improve habitat
for the San Marcos gambusia.

Most of the tasks reviewed above address
general habitat requirements and known threats
to habitat. Implementation of these tasks should



contribute significantly to increasing stability and
maintenance, habitat integrity needed for survival,
and recovery of the listed species.

In some cases, information about the species
of concern is limited and questions about what is
needed to enhance survival and recovery are not
yet answered. For some species the exact habitat
requirements that determine why they occur in
some areas and not others are not well under-
stood, making fine-tuning of habitat manage-
ment difficult. Task 1.15 provides for the identi-
fication of specific habitat characteristics and
requirements. The Service and Texas Parks and
Wildlife Department are conducting instream
flow studies to identify habitat requirements of
aquatic plants and animals in the Comal and San
Marcos systems. Through section 6, the Service
has funded work by Texas Parks and Wildlife
Department to investigate habitat requirements
for Texas wild-rice. Before management can be
implemented for other species, the general life
history, survivorship, and potential unique
problems such as diseases and parasites must be
understood (see tasks 1.11, 1.12, 1.13, 1.14).
Monitoring of individuals and populations of
some species and their habitat is required for
tracking species condition, and the overall
impacts of various threats, as noted in task 3.1.
Monitoring is needed to assure that no signifi-
cant decline in their status occurs and to measure
success of recovery efforts. Periodic monitoring
is taking place for Texas wild-rice and the foun-
tain darter and should continue.

A primary goal of this Recovery Plan is to
reduce threats to the species of concern and
conserve the species in their native ecosystem.
However, in these relatively restricted systems a
catastrophic event could cause severe environ-
mental damage and possibly lead to extinction of
some species. Consequently, protecting the
genetic variation present in existing populations
and developing techniques needed for restora-
tion work are high priority recovery tasks ad-
dressed through tasks 1.4 and 2.11. This recovery
plan requires establishing refugia and captive
populations (task 1.4) for al five listed species.
Although progress is being made, additional work
and research are needed. The Contingency Plan
(task2.11) calls for collection and conservation of
individuals of the species of concern in the event a
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crisis is imminent. The plan will be distributed as
a separate document when completed. Reintro-
duction techniques are fairly well understood for
the fountain darter and are the subject of current
research underway on Texas wild-rice. Informa-
tion is still needed for the salamanders and for
San Marcos gambusia

The Service acting done cannot achieve the
conservation and recovery of these species.
Conservation of these species and their ecosys-
tems will require the support and participation
from a wide variety of people and organizations.
In addition, Service policy directs the Service to
involve parties in implementation of Recovery
Plans. The policy states that implementation
should minimize social and economic impacts as
much as possible. Consequently, public informa
tion, education, and involvement is an impor-
tant component of this Recovery Plan. Task 2.1
cdls for the primary involvement of state and
loca entities in developing an aquifer manage-
ment plan. Task 4.2 provides for active encour-
agement of public involvement in planning and
carrying out conservation efforts. Task 4.1 notes
that educational materials will need to be pro-
duced and distributed for a variety of audiences.
Some progress has been made in this area,
athough more is needed. The Service has a
project underway at present in cooperation with
Texas Parks and Wildlife Department to produce
an information kiosk for the San Marcos River.
Another section 6 educational project undertaken
cooperatively with Texas Parks and Wildlife
Department is producing educational materials on
the listed species and their ecosystem. Aquarena
Springs (now owned and operated by Southwest
Texas State University) installed exhibits that will
be helpful in providing information to the
public. The Edwards Underground Water District
has also produced a variety of educational materi-
als about the aquifer.
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A. THE ECOSYSTEMS

The Comal and San Marcos Springs are the
largest spring systems in Texas. The source of
their flows is the San Antonio Segment of the
Edwards (Balcones Fault Zone) Aquifer, which
will be referred to in the rest of this plan as
simply the Edwards Aquifer. The species covered
by this plan are dependent upon the Edwards
Aquifer and its associated aquatic habitat in the
Comal and San Marcos Springs aress.

Partly because of the constancy of the waters
in temperature and flow, the San Marcos and
Comal ecosystems, including the spring runs
and the San Marcos and Comal Rivers and their
impounded headwaters, have one of the greatest
known diversities of organisms of any aquatic
ecosystem in the southwestern United States.
The unique habitats of these systems provide
relatively isolated, idand-like systems which
support a high degree of endemism. The biologi-
cal uniqueness of these systems has been known
for many years. Many species found in the
Comal and San Marcos ecosystems are not found
elsawhere. Mogt of the unique species are re-
stricted to the headwaters and the first few
kilometers or less of the San Marcos and Comal
Rivers. In the San Marcos River, this includes
the area above the confluence with the Blanco
River, commonly referred to as the upper San
Marcos River. The Edwards Aquifer is known to
contain a great diversity of organisms that live
within it, underground.

These aguatic ecosystems are in danger of
losing their unique fauna and flora. A variety of
factors threaten the listed species. Local threats
to each of the species, as well as broader, regional
threats to the ecosystem’s continued integrity, are
addressed in this plan. Some of the most severe
threats are related to both the quality and quan-
tity of water available in the spring systems and
in the aguifer. Threats include decreased
springflows, impacts resulting from increased
urbanization near the rivers, recreationa use,
pollution, aterations of the rivers, introduction
of nonnative species and other concerns.

Presently, four San Marcos, Comal, and
aquifer species included in this plan are listed as
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endangered: the San Marcos gambusia (Gambusia
georgei), the fountain darter (Etheostoma
fonticola), the Texas blind salamander
(Byphlomolge rathbuni), and the Texas wild-rice
(Zizania texana). In addition, the San Marcos
sdlamander (Eurycea nana) is listed as threat-
ened.

Three species of aguatic invertebrates in the
Comal were proposed for listing by the Service
on June 5, 1995 (60 FR 107:29537). The
species that are proposed are the Pecks cave
amphipod (Stygobromus pecki), Comal Springs
riffle beetle (Heterelmis comaiensis), and the
Comal Springs dryopid beetle (Stygoparnus
comalensis). The final decision regarding the need
to list has not yet been made.

In addition to the listed species, a great
diversity of other unique species occur in these
aguatic ecosystems. Some of these may aso be
threatened with extinction, but insufficient
information is available to fully assess their
status. Some of these species associated with
the Edwards Aquifer include the Texas cave diving
beetle (Haideoporus texanus), San Marcos saddle-
case caddisfly (Protoptila arca), Ezell’s Cave
amphipod (Stygobromus flagellatus), Texas sala-
mander (Eurycea neotenes), Coma blind saa
mander (Eurycea tridentifera), robust (=Blanco)
blind salamander (Zjphlomolge
robusta), widemouth blindcat (Satan eurystomus),
and toothless blindcat (7Trogloglanis pattersons).
Several other invertebrates and vertebrates
may also be endemic (that is, found only in a
particular locality or region) to these aquatic
ecosystems.

This recovery plan covers the five species
listed as threatened or endangered and the
ecosystems upon which they depend, including
the San Marcos and Comal aguatic ecosystems
and the Edwards Aquifer. Both the San Marcos
and Comal Springs and river systems are depen-
dent upon water from the Edwards Aquifer and
thus, represent components of the larger Edwards
Aquifer ecosystem. On a smaller scale, both the
San Marcos and Comal aguatic systems contain
unique flora and/or fauna that do not occur



throughout the Edwards Aquifer ecosystem. For
purposes of this plan, the San Marcos and Comal
systems (including their springs, lakes and rivers)
are considered individual ecosystems with the
understanding that they are connected to, and an
integral part of, the larger Edwards Aquifer
ecosystem. A brief comparison of the Coma and
San Marcos ecosystems is presented in Table 1.
The Edwards Aquifer ecosystem is also important
to the bay and estuary ecosystems along the Texas
coast. Aquifer water exiting at San Marcos and
Comal Springs provides a large proportion of the
base flow of the Guadalupe River, particularly in
times of low rainfall. The Guadalupe River
provides freshwater input to San Antonio Bay on
the Texas Gulf Coast and this freshwater input is
important for maintaining habitat for species
inhabiting the bays and estuaries.

The 1984 San Marcos Recovery Plan was
among the first recovery plans to address
recovery of multiple species through an ecosys-
tem approach. The importance of conserving
the entire spring ecosystem as the only viable
approach for recovery of these species was
recognized early in the development of that plan,
Any recovery plan for these endangered and
threatened species that fails to address the
continued functioning of the ecosystems will fail
to achieve recovery goas set forth for these
listed species. Protection of these ecosystems
should also help conserve many other unique
organisms that reside there, including species
that are candidates for listing. These ecosystems
also provide a great diversity of uses for hu-
mans, from the aquifer and associated streams.
Protection of these systems for listed species
would aso help assure their quality for human
use now and for future generations.

This revised plan has been expanded to
address importance of the Coma ecosystem as
well as the San Marcos ecosystem and to
include the Texas blind sadlamander, a listed
aquifer dwelling species. This recovery plan
discusses problems each of the listed species is
facing and presents a set of actions that, when
accomplished, should aleviate threats to each
species and maximize potential for continued
existence of these species and the ecosystems
they depend on.
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PHYSIOGRAPHY AND
HYDROLOGY

Edwards Aquifer

The Balcones Fault Zone is the principal
geologica feature characterizing the San Marcos
and New Braunfels area. The Fault Zone is a
series of faults and fractures that extend east
from near Dd Rio (Va Verde County) to San
Antonio (Bexar County), where it turns north-
east through the spring zone. Water flows
underground along this fault zone from west to
east and then northeast. The Edwards Aquifer
underlies this fault zone and has a northern
(Barton Springs) and a southern (San Antonio)
segment. The aguifer's San Antonio segment
extends from Brackettville (Kinney County) to
near Kyle (Hays County). This San Antonio
segment is the source of water for many major
springs along the fault zone including the San
Marcos and Coma springs (Figure 1).

Runoff from the southern and eastern por-
tions of the Edwards Plateau flows through an
area of about 12,035 kilometers’ (4,647 miles?)
that is composed of about 9,184 kilometers’
(3,546 miles?)o datchment area (often referred
to as the drainage basin or contributing zone) and
2,85 1.6 kilometers' (1,10 1 miles?) of recharge
zone (Guadalupe-BlancO River Authority 1988).
Water flowing from the catchment area to the
recharge zone recharges the aquifer through the
permeable outcrops of Cretaceous-aged lime-
stones found in Hays, Comal, Bexar, Medina,
Uvade, and Kinney counties. This atchment area
is also sometimes referred to as the contributing
zone or drainage basin. Investigators have esti-
mated that 50-78 percent of the water recharging
the Edwards Aquifer comes from the drainage
basins west of Bexar County (Guyton and
Associates 1979, Wanakule and Anaya 1993,
Edwards Underground Water District 199 1). The
recharge zone is an area of karst terrain where
water enters the aquifer. The water is primarily
stored in the artesian zone, where impermeable
strata overlie the cavernous limestone and trap the
water underground. Water confined in the
artesian zone flows along the fault zone.



Table 1. Summary of features of the Comal and Upper * San Marcos Ecosystems.

C = common
in system

Limnophifa sesszliflora (no common name)

Blue tilapia, C, (Tilapia aurea)

Rio Grande cichlid, C, (Cichlasoma cyanoguttatum)
Common carp, (Cyprinus carpio)

Amazon molly, (Poecilia formosa)

Sailfin molly, C, (Poecilia kztipinna)

Waterfowl (various non-native)

Giant ramshorn snail, C, (Marisa cornuarietis)

Other snails, (Melanoides tuberculata) and (M. granifera)

Asian clam, (Corbicula)
Nutrig, C, (Myocaster coypus)

Comal Upper San Mar
Listed Fountain darter (Etheostoma fonticola) Fountain darter (Etheostoma fonticola)
Species San Marcos salamander (Eurycea nana)
San Marcos gambusia (Gambwiageorge
Texas wild-rice (Zizania texana)
Proposed Comal Springs riffle beetle (Heterelmis comalensis) Comal Springs riffle beetle (1 specimel
Species
Other Guadal upe bass, (Micropterus treculi) (historic only) Guadalupe bass (Micropterus trecul)
gpecies Comal Springs salamander (Euryceasp.)
of Interest San Marcos saddle-case caddisfly (Protc
Dusky darter (Percina sciera apristis)
Non-native Elephant ears, C, (Colocasia esculenta) Elephant ears, C, (Colocasia esculenta)
Species of Elodea, Egeria densa Elodea, (Egeria densa)
Potential Hydrilla, (Hydrilla verticillata) Hydrilla, (Hydrilla verticillata)
Concern Hygrophila polysperma, (no common name) Hygrophila polysperma, (no common n

Parrot feather, C, (Myriophyllum brasil;
Water hyacinth, C,(Eichhornia crassipes
Blue tilapia, C, (Tilapia aurea)

Rio Grande cichlid, C,(Cichlasoma cya
Common carp, (Cyprinus carpio)
Amazon molly, (Poecilia formosa)
Sailfin molly, C, (Poecilia latipinna)
Waterfowl (various non-native)

Giant ramshorn snail, (Marisa cornuari
Other snails, (Melanoides tuberculata) ¢
Asian clam, C, (Corbicula)

Nutria, C, (Myocaster coypus)

* the area commonly referred to as the upper San Marcos River includes the area above the confluence with the Blanco River.



Table 1. Summary of Features of the Comal and Upper* San Marcos Ecosystems (Continued)

|| wuilal upper d>an Marcos

Mean water 23.3 (George 1952) 22 (Guyton and Associates 1979)
temp. (°C)
at Springs

Average annual 284 (1928-1989, Guyton and Associates 1979) 170 (May 1956-Oct 1994, USGS 1995)
springflow

(cfs)

Maximum 666 (Dec 22, 1991; EUWD pers. comm) 451 (Mar 12-15, 1992; EUWD pers. comm)
daily mean
springflow

(cfs)

Minimum 0 (June 13-Nov 4, 1956) 45 (Aug 15 & 16, 1956)
daily mean
springflow

(cfs)

Lake Area Landa Lake: about 21 acres Spring Lake: about 10 acres
(acres)

Riverine about 2 miles (3 km) about 4 miles (6.4 km)
Habitat
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Figure 1. Edwards Aquifer Region (modified from Figure 1 in Maclay and Land, 1988).
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Because of the characteristics of the Edwards
Aquifer (which include relatively rapid flow
through underground caverns), there has been
debate among hydrologists regarding whether it
should be termed an aguifer or an underground
river. This difference in terminology could have
ramifications in terms of water-rights law in
Texas, the right of the State to regulate the water,
and which state agency would have regulatory
authority. Recognizing the volume and flow of
water through the aquifer and its significance as a
natural resource, the Texas Water Commission
declared the Edwards Aquifer an underground
river (TWC Rules, 17 Tex. Reg. 6601-6620) on
September 25, 1992. In May of 1993, Senate Bill
1477 declared the Edwards Aquifer is a distinctive
natural resource in the state, to be a unique
aquifer, but not an underground stream.

Comal

The Coma Spring system is the largest
spring system in Texas. It consists of numerous
spring openings, collectively called Comal
Springs, that originate from the Edwards Aquifer.
These spring openings include Brune's (198 1)
Springs j, k, and 1 (referred to herein as spring
runs 1, 2, and 3, respectively; Figure 2). These
springs provide flow to three short spring runs
that empty into the western end of Landa Lake
in Landa Park, a municipal recreational area
owned by the city of New Braunfels (Comal
County, Texas). Another smaller group of springs
(east of Brune's Springs a, b, and ¢ (Brune
1981), referred to collectively herein as spring
run 4) occurs at the eastern end of Landa Lake
near the confluence with Blieders Creek.
Blieders Creek is about 11 km (6.8 miles) long
and dry except immediately after rains. Numer-
ous small springs and seeps occur in the spring
runs, along the banks of Landa Lake, and
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Works Project Administration and a children’s
pool was built at the lower end of spring run 2
(Gregory and Goff 1993).

Water emerging from the various springs
passes through Landa Lake before flowing into
either the old or new channel of the Comal
River (Figure 2). The old and new channels
merge about 2.5 km (1.6 miles) downstream
from Landa Lake and the Comal River flows
generaly south another 2.5 km (1.6 miles)
before joining the Guadaupe River, making it
the shortest river in Texas and the shortest river
in the United States carrying an equivalent
amount of water (Texas Almanac 1973). A short
distance downstream from the headsprings, Dry
Comal Creek enters the new channel of the
Coma River from the southwest. Dry Comad
Creek is also an intermittent stream, but it does
provide some recharge.

A magjor fault, the Comal Springs Fault, lies
to the west of the Comal Springs tending in a
northeast direction with about 243.9 m (800
feet) of displacement. Edwards Group limestones
outcrop on the west side of the fault, whereas on
the east side, the Edwards has been displaced and
lies about 140.2 m (460 feet) below the surface
(Edwards Underground Water District 1992a).
This outcrop of the karstic water-bearing
Edwards limestone on the west side of the fault
accounts for the presence of the Comal Springs.

The Comal Springs issue from the lime-
stones of the Edwards Group at the base of the
Balcones Escarpment. In the vicinity of the
springs, the Edwards Group crops out in a
continuous escarpment with about 30.5 m (100
ft) of topographic relief that has been created
dong the Comal Springs Fault (Guyton and
Associates 1979). The spring outlets are located
along the base of this escarpment. The three
main outlets of Comal

Springs lie at an elevation of about 190 m
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Figure 2. Coma Aquatic Ecosystem.
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Comal Springs includes a large area of the Ed-
wards Aquifer southwest of Cibolo Creek basin.
Studies of the tritium content of the water
emerging from Comal Springs indicate that the
amount of recharge from local sources is mini-
mal (Guyton and Associates 1979). Maclay and
Land (1988) note that based on their ssimulation
studies it appears that most of the flow of Comal
Springs is sustained by groundwater from the
downthrown side of the Comal Springs fault,
where there is flow of groundwater moving
northeastward toward the springs.

George, Breeding and Hastings (1952)
reported that the mean annual water tempera-
ture of Comal Springs is 23.3°C (74°F) and is
not believed to fluctuate more than about 0.5°C
(1°F).

Flow at Comal Springs has been monitored
since the early 1880s. Comal Springs have the
greatest mean discharge of any springs in the
southwestern United States (George et al. 1952).
The average annual discharge from 1928-1989
was 8.04 cms (284 cfs). Maximum daily
springflows were 18.86 cms (666 cfs) on Decem-
ber 22,1991 (Edwards Underground Water
District, pers. comm.). The highest monthly
flow from Comal Springs was 13.2 cms (467 cfs)
in 1973 (Guyton and Associates 1979).

Much lower flows have been recorded during
drought years, and in dry years flows from
Comal Springs can drop very rapidly. Comal
Springs ceased flowing from June 13 to Novem-
ber 4, 1956, during the most severe drought on
record (U.S. Army Corps of Engineers 1964). At
that time, all major springs in the Balcones Fault
Zone had ceased to flow, with the exception of
San Marcos Springs, which had decreased its
flow substantially (Guyton and Associates 1979).
Some of the higher elevation Comal Springs
ceased flowing in 1984 and 1990 when water
levels in the Bexar County index well (J- 17) in
San Antonio dropped to within twelve feet of the
historic low of 186.7 m (612.5 feet) that oc-
curred in 1956 (Wanakule 1990).

San Marcos

The springs at San Marcos (the second largest
spring system in Texas) historically have exhibited
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the greatest flow dependability and environmental
stability of any spring system in the southwestern
United States. Records indicate that the San
Marcos Springs have never ceased flowing,
although the flow has varied and is tied to fluc-
tuations in their source, the Edwards Aquifer
underlying the Balcones Fault Zone. The headwa-
ters of the San Marcos River issue from several
large fissures and numerous smaller solution
openings along the San Marcos Springs fault
(Puente 1976). It has been reported that prior to
inundation with the formation of Spring Lake,
the largest springs emerged with such force that
they formed a fountain three feet high (Brune
198 1).

Early Spanish explorers estimated that a
series of 200 springs made up the main spring
area (Brune 1981). Spring Lake, elevation 189 m
(620 feet), was created over 50 years ago by the
damming of the San Marcos River not far
downstream from the springs. Spring Lake,
known for the clarity of its water, is the site of a
major tourist attraction, Aquarena Springs, Inc.,
an amusement park featuring glass-bottomed
boat rides and a submarine theater. This resort
was sold to Southwest Texas State University in
1994,

The San Marcos River (Figure 3) flows
primarily southeastward for about 110 km (68.4
miles) before joining the Guadalupe River near
Gonzales, Gonzales County, Texas. The upper
San Marcos River (which includes the river area
above the confluence with the Blanco River) is
rapidly flowing and unusualy clear. The upper
River run is primarily spring-fed and varies from
about 5-15 m (16.4-49.2 feet) wide and up to
about 4 m (13.1 feet) deep. The section between
the Blanco River confluence and the Guadalupe
River has fewer attributes of a spring run.

From its headwaters at the springs to near
its confluence with the Blanco River, a distance
of a few kilometers, the river flows mostly over
gravel or gravel/sand bottom (Crowe 1994),
with many shallow riffles aternating with deep
pools. However, there is variability in the
substrate, and in areas with lower flows, silt/
mud accumulates. Near banks where erosion
has occurred and near stormwater drainage points,
silt dominated substrates are also found.
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Figure 3. San Marcos Aquatic Ecosystem.
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Upstream from the junction of the Blanco
River with the San Marcos River, within about a
6.4 km (4.0 mile) river section below the main
springs in San Marcos, 4 named and various
unnamed creeks, various storm sewers, and one
wastewater treatment plant discharge into the
river (Figure 3). Sink Creek, largest of the
creeks, discharges large quantities of storm
runoff from the north into Spring Lake. Spring
Lake dam backs water about 1.6 km (1.0 mile)
up Sink Creek. Willow Springs and Purgatory
Creek are normally dry except during periods of
high rainfall.

The exact areas contributing recharge to the
San Marcos Springs, and their relative impor-
tance, has not been clearly delineated. Guyton &
Associates (1979) stated that the majority of
recharge for San Marcos Springs is considered to
be from an area of the aquifer southwest of
Comal Springs that flows under the Comal
Springs and is discharged at San Marcos Springs.
These flows are derived primarily from the same
sources as the Coma Springs, which likely
include the recharge area southwest of the
Cibolo Creek basin (including the upper part of
the San Antonio River basin with Helotes, Leon,
and Salado creeks, and the Nueces River basin)
with some contribution from a large part of the
Cibolo Creek basin (Figure 1).

However, tritium content in the San Marcos
Springs water may indicate that some recharge
water also originates from other sources such as
the Dry Comal Creek basin, The flow from San
Marcos Springs also has a component derived
from locd recharge including recharge from the
Blanco River basin, Sink, Purgatory, York, and
Alligator creek basins, the Guadalupe River basin
recharge area east of the river, the upper part of
the Dry Comal Creek basin, and possibly part of
the upper part of the Cibolo Creek basin
(Guyton and Associates, 1979). Puente (1976)
estimated that under normal rainfall conditions
40% of discharge could be derived from loca
recharge. Maclay and Land (1988), through
computer simulation studies, concluded that in

Part |

San Marcos & Comal Springs & Associated Aquatic Ecosystems Recovery Plan

southern Hays County groundwater moves
northeastward along a narrow strip between
Hueco Springs and Comal Springs faults, and
discharges at San Marcos Springs. They state that
discharges at San Marcos Springs aso likely
come from water moving southeastward from the
recharge area in east-central Hays County.

The flow of San Marcos Springs has been
monitored intermittently since 1894 (Puente
1976). Average annua springflow from May
1956- October 1994 was 4.81 cms (170.0 cfs)
(USGS 1995). During drought years much
lower flows occurred, especidly in the mid-
1950s during the drought of record. Part of the
flows recorded in 1956 may be attributed to
water provided by a well near Spring Lake. The
lowest recorded monthly flow from the San
Marcos River was 1.53 cms (54 cfs) during 1956
(Guyton and Associates 1979). The lowest
measured daily flow rate occurred on 15 and 16
August 1956 when the San Marcos River flowed
a only 1.29 cms (45.5 cfs). Maximum daily
springflows can be greater than the 12.72 cms
(45 1 .0 cfs) of 12 March 1992, especialy follow-
ing high loca rainfal and runoff (USGS 1995).

The thermally constant water from the San
Marcos Springs has long been noted. Guyton
and Associates (1979) report an average tempera-
ture in the headwaters area of 22.0 °C (71.6 °F),
and that the temperature generally fluctuates less
than 0.5 °C (1 “F). At the lower end of the
spring run habitat only a dlightly greater range of
variation in temperature (from 255 °C[77.9 “F]
in August to 20.4 °C[68.7 °F] in February) has
been recorded (USGS 1967- 1971, Beaty 1972).

Waters tend to be alkaline or neutral due to
the limestone aquifer. The pH range of the San
Marcos Springs is 6.9 - 7.8 (Texas Water Devdl-
opment Board 1968). The stahility of this
stream, both in terms of flow dependability and
thermal characteristics, provided a unique set of
ecological conditions. The unusualy high degree
of endemism of the San Marcos and Comal biota
may be a result of the relatively constant, island-
like spring habitats.
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B. THREATS TO THE SPECIES
AND THEIR ECOSYSTEMS

WATER QUANTITY

A primary threat to all five of these species
and their ecosystems is loss of springflows.
Springflows a San Marcos and Comal Springs
are tied inseparably to water usage from the
entire Edwards Aquifer, and use of groundwater
in that region decreases flow of water from the
springs. Analyses by the Texas Department of
Water Resources (TDWR 1977), projecting
water usage from the aguifer through the year
2020, indicate that increased groundwater usage
is expected well into the 21st century, especialy
in the San Antonio area. Total withdrawal from
the San Antonio area of the Edwards Aquifer has
been increasing since at least 1934, when total
well discharge was 101,900 acre-feet (EUWD
1989). In 1989, total well discharge was dlightly
more than 542,000 acre-feet (Longley 1991,
EUWD 1992a, 1992b). Municipal water use
accounted for 58% of water use from the Ed-
wards from 1981-1988 (Wanakule 1990). The
population in Bexar, Comal, Hays, Medina, and
Uvalde counties is estimated to increase between
37 and 47% by the year 2010 with a concurrent
increase in water demand (Texas Water Develop-
ment Board 1990, 1992a). Projections of future
San Antonio water use and needs have been
analyzed by the Texas Water Development Board
(1992), Research and Planning Consultants
(1994), and others.

Because of the anticipated growth in this
region of the Edwards aquifer and the concomi-
tant increase in water use, several estimates have
been made concerning the influence of increased
well discharge on springflows at Comal and San
Marcos.

The Texas Water Development Board has
applied its model of the Edwards Aquifer to
determine what pumping level would alow
Comal Springs to continue to flow (Technica
Advisory Panel 1990). The Board found that
during a drought similar to that of the 1950s, the
maximum pumpage from the aquifer that would
allow springflow at Comal Springs to continue is
about 250,000 acre-feet per year (less than half

the current pumping rate). At this pumping levd,
Comal Springs could be expected to maintain
some annual flow athough flows may be inter-
mittent during a recurrence of the drought of
record (Technica Advisory Panel 1990). The
Pandl also predicted that in the year 2000, if
pumping continues to grow at historica rates and
a drought of record were to occur, Coma Springs
would go dry for a number of years (Technica
Advisory Pangl 1990).

Given various schemes of water usage, the
Bureau of Reclamation (U.S. Bureau of Recla
mation 1972, 1973, 1974) projects that the
probability of continuous flow from the San
Marcos Springs by the year 2020 is only 50-75
percent certain. Klemt et al.(1979) project that
assuming full projected development with
average hydrologic conditions, continuous flow
from San Marcos Springs will cease around the
year 2010.

Data from the Bureau of Reclamation (U.S.
Bureau of Reclamation 1972, 1973, 1974) and
others suggest that demands on the Edwards
Aquifer, even considering a low (and unlikely)
rate of growth for this region, will far exceed the
recharge to the aquifer (Longley 1975,
McKinney and Watkins 1993, Research and
Planning Consultants 1994). Wanakule (1990)
states: “The present problem facing the Edwards
Aquifer is the threat of overdrafting of the annua
average recharge rate (1934- 1988) of approxi-
mately 635,500 acre-feet.” A number of recent
studies have modeled springflow at San Marcos
and Comal springs (Thorkildsen and McElhaney
1992, McKinney and Watkins 1993, Wanakule
and Anaya 1993) and found some regulation of
groundwater withdrawa necessary to ensure
continuous flow at San Marcos and Comal
Springs. Refinement of modeling techniques led
to the conclusion, in an updated Texas Water
Development Board report (1992) that a sus-
tained pumping limitation of about 165,000
acre-feet per year would be needed to ensure
springflows during a repetition of a drought of
record. The Edwards Underground Water District
(1992a) had a Technical Data Review Panel



examine potential problems with the methodol-
ogy and assumptions used in making current
projections, and concluded that additional data
would be needed to improve the accuracy of
projections for regulatory purposes.

As part of a February 1, 1993, Judgment (as
amended on May 26, 1993) in the case of Sierra
Club vs. Secretary of the Interior (No. MO-91-
CA-069, U.S. Digt. Ct., W.D. Texas), the Court
ordered the Service to make certain determina-
tions relative to minimum springflows and
aquifer levels necessary for endangered and
threatened species. The purpose of these deter-
minations was to provide guidance to Federal
agencies and pumpers from the aquifer to assist
them in taking appropriate actions to ensure
their activities do not take or jeopardize listed
species or result in adverse modification or
destruction of critical habitat. Take includes “to
harass, harm, pursue, hunt, shoot, wound, Kill,
trap, capture, or collect, or to attempt to engage
in any such conduct.” Take can include signifi-
cant habitat modification or degradation if it
kills or injures wildlife by significantly impairing
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essential behaviors such as breeding, feeding, or
sheltering.

These springflows and aquifer levels were to
be based on available information and the
Service's best professiona judgment. The deter-
minations made by the Service are included in
Table 2. These determinations were based on
conditions at the time and assume there is no
mechanism in place to manage groundwater
withdrawal so that the timing and duration of
flow levels can be influenced. Determinations
also assume there is no effective control mecha
nism for nonnative species such as the giant
ramshorn snail. It may be possible for flow levels
to fall below these levels for short periods of
time, but not for extended periods without
causing take, jeopardy, and/or adverse modifica
tion. In some cases these flow levels may aso be
reduced for short periods if adequate management
for controlling duration and timing of low flows
and management of nonnative species are in place.

Accurately monitoring the discharge of both
Comal and San Marcos Springs is an important
task. A variety of methods have been employed
for the period of record. Many entities use data

Table 2. U.S. Fish and Wildlife Service determination of minimum springflows needed to prevent take,
jeopardy, or adverse modification of critical habitat. All flow rates are given in cubic feet per second (cfs).

Species Take Jeopardy Adv.

M od.
Fountain darter in Comal 200 150 N/A
Fountain darter in San Marcos 100 100 100
San Marcos gambusia 100 100 100
San Marcos salamander 60 60 60
Texas blind salamander 50* 50* N/A

Damage and Destruction

Texas wild-rice 100 100 100

* Refers to San Marcos springflow

Some of these levels could be reduced under certain conditions, such as signifi-
cant control of certain nonnative species and/or implementation of an aguifer
management plan. Significant control of nonnative species would be that which
would eliminate threats from these species, such as loss or alteration of essential
habitat, increased predation, disruption of norma behaviors, or hybridization.
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from a monitoring well in San Antonio known as
J17 to track Edwards Aquifer levels. Several
investigators have examined the relationship
between levelsin J 17 and springflows at the
Comal and San Marcos Springs (Guyton and
Associates 1979, Wanakule 1988). J-17 well
levels do not correspond directly (that is 1. 1) to
springflows, particularly at low flows. The
correlation between J17 well levels and the flow
from Comal Springs appears to be better than the
correlation between J17 well levels and the flow
from San Marcos Springs. Using wells closer to
the springs to estimate spring discharge may be
more accurate than relying on J 17 levels.

However, a more direct and accurate method
of monitoring Comal and San Marcos spring-
flows is desirable to support recovery efforts.
Working cooperatively with the Edwards Under-
ground Water Didtrict, the USGS has established
a San Marcos gage station near the outflow of
Spring Lake at University Drive and has added
additional instrumentation along the Comal as
well. Previously USGS used a monitoring well
off Hunter Road (SW of the City) to estimate
San Marcos springflow. The University Drive
gage measures San Marcos discharge as the sum of
springflow and runoff from Sessom and Sink
Creeks. Similarly, the USGS gage for the Comal
River measures Comal springflow and runoff
from Blieders and Dry Comal Creeks and Panther
Canyon. These new gages will give a better
estimate of springflow and floodflow conditions.
Local wells in Comal and Hays counties that have
been used in the past to monitor aquifer levels
and estimate springflows provide valuable infor-
mation about the relationship between differences
in aquifer levels in the region and their relation-
ship to springflows, and should continue to be
monitored as well.

WATER QUALITY

Water quality declines would likely impact al
five listed species included in this plan as well as
other species. Water quality includes chemical and
physical factors. Some of the chemical constitu-
ents that may be important include dissolved
ions, trace elements, pH, nutrients, dissolved
oxygen, and organic contaminants (e.g., com-
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pounds of petrochemical or pesticide origins).
Some of the physical factors considered impor-
tant include water temperature, air temperature,
light, turbidity, and sedimentation.

Due to its wide ranging influence on many
different biotic and chemical factors (Armour
1991), water temperature is an important
consideration. Rivers like Comal and San
Marcos typicaly have a gradient of increasing
variability in temperature from the headwaters to
the lower reaches. However, human caused
factors can affect Coma and San Marcos aguatic
systems temperatures (such as through discharge
of water at a temperature other than the ambient
water temperature or through decreased aguifer
levels resulting in lowered spring discharges and
associated increases in temperature fluctua
tions).

In 1988, The Texas Water Commission, now
the Texas Natural Resource Conservation
Commission, reported that the San Antonio
segment of the Edwards Aquifer, Bexar, Hays,
and Coma Counties had the greatest number of
land-based oil and chemica spills in central
Texas that affect surface and/or groundwater,
with 28, 6, and 4 spills, respectively (TWC
1989). The potential exists for catastrophic
accidental spills from railroad tank cars, tractor-
trailers, or other motor vehicles crossing the San
Marcos River on railroad bridges, the interstate
highway, or other road crossings. As of July,
1988, Bexar County had between 26 and 50
confirmed leaking underground storage tanks,
Hays County had between 6 and 10, and Comal
County had between 2 and 5 (TWC 1989),
putting these counties among the top five
counties in centra Texas for confirmed under-
ground storage tank leaks. The TWC estimates
that, on average, every leaking underground
storage tank will leak about 500 gallons per year
of contaminants before the leak is detected.
These tanks are considered one of the most
significant sources of groundwater contamina-
tion in the state (TWC 1989).

Decreased water quality could also result from
a reduction in the water level in the aquifer. The
Balcones Fault Zone-San Antonio Region is
bounded on the south and east by a saline water
interface known as the “bad water” line across
which the groundwater quality abruptly deterio-



rates to greater than 1000 mg/L total dissolved
solids (TDS). In other words, crossing the bad
water line, groundwater goes from fresh to saine
or brackish. Lowered water levels due to ground-
water pumpage or decreased recharge may result
in deterioration of water quality by movement of
sdline water into the fresh water section of the
aquifer. Movement of bad water into the aquifer
could have serious impacts on the species of
concern, which depend on fresh water, as well as
to the suitability for use as a human water supply.
Both Coma and San Marcos Springs are very
close to the bad water line (TWC 1989, EUWD
1992b) and, athough the data are inconclusive at
present, both springs could undergo intrusion of
sadline waters at low aguifer levels.

Lower aquifer levels and springflows may
also decrease water quality because of a decreased
dilution ability (i.e., less water to dilute any
pollutants in the system, resulting in higher
pollutant concentrations). This situation would
be compounded during drought.

Other threats to water quality occur as a
result of human activities in the recharge zone
and in the local watersheds. Permitted, non-
permitted, and accidental discharges (such as
saewage leaks) into waterways are a possible threat
that needs to be evaluated and addressed (Emery
1967, Vaughan 1986). Surface runoff, particu-
larly in urban areas, may impact the springs,
lakes, and river systems. Stormwater runoff may
include such things as pesticides and herbi-
cides, fertilizers, soil eroded from construction
activities, silt, suspended solids, garbage,
hydrocarbon and inorganic/metal compounds
from vehicles and machinery, household sol-
vents and paints, and other urban runoff from
point and non-point pollution sources (Urban
Drainage and Flood Control District 1992).

Non-point source runoff and chemica
contamination are potential sources of water
quality degradation. For example, use of an
herbicide along bridge pilings and concrete
aprons at the IH-35 crossing of the San Marcos
River has occurred for years. Moderate to light
rainfall could wash this and other contaminants
into the river at the type locality of the San
Marcos gambusia. Such runoff could impact the
San Marcos gambusia, fountain darter, Texas
wild-rice, or their habitats. Other species, such
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as invertebrate prey species and algae on which
they feed, could also be affected by runoff of
herbicides, pesticides, and other non-point
source pollutants.

A report produced by the Edwards Under-
ground Water District (EUWD 1993) summa-
rizes information on increasing development in
the Edwards Aquifer recharge zone and the effects
of these activities in Bexar, Comal, and Hays
counties. The report concluded there was cause
for concern that the cumulative impact of pollu-
tion resulting from urbanization over the Ed-
wards recharge zone was not being adequately
addressed, and that degradation of Edwards
Aquifer water could be imminent. The Edwards
Underground Water District report aso included
recommendations for steps that could be taken
to prevent pollution of the aquifer.

Rice (1994) examined USGS and State of
Texas data for wells sampled between 1982 and
1992 and found that 54 wells in Bexar County
have reported mercury and chlorinated solvents.
Rice considered the data cause for concern and
presented recommendations for preventing
groundwater contamination. While only a few
wells had contaminant levels above those permit-
ted in drinking water standards, the presence of
these contaminant compounds demonstrates the
risk of aquifer contamination. If not abated,
contamination may increase and threaten the
health of humans as well as plant and animal
species.

HABITAT MODIFICATION

Human modifications (such as bank stabiliza-
tion, dams, and landowner maintenance activities
in waterways and on adjacent tracts of land) have
significantly altered natural configurations and
drainage in the San Marcos and Comal systems.
These dterations, in turn, have changed the
historical magnitude and occurrence of episodic
events such as flooding. Indirect impacts from
surrounding development and urbanization have
also changed these systems. Understanding these
changes and their impacts is important to the
conservation of the ecosystems and their species.

A series of five flood retardation structures
built by the Soil Conservation Service (now



known as the Natural Resource Conservation
Service) on tributary creeks feeding into the San
Marcos River is expected to decrease the severity
of flooding in the watershed and to dightly
increase the recharge into the aquifer (U.S.
Department of Agriculture 1978). However, the
effect of these structures on flushing flows and silt
accumulation is uncertain. Flooding till occurs
and may flush silt and other soft materials from
the river bottom, but may not be adequate to
maintain natural habitats. A large gravel bar has
accumulated below the confluence of Sessom
Creek due to construction in the Sessom Creek
watershed (Longley, in /#., and USFWS obser-
vations). Periodic flooding is a natural event in
the San Marcos (and to a lesser extent in the
Comadl). In addition to silt removal, flooding can
maintain habitats for some species by periodi-
caly removing vegetation from parts of
streambanks and rivers, creating openings in
shoreline emergent vegetation and in some
substrate areas. Flooding aso is known to reduce
abundances of introduced nonnative fishes in
other southwestern streams.

The species composition, distribution, and
density of aguatic vegetation are very important
for many of the listed species. These factors
influence the quality and quantity of available
habitat. Activities that alter aguatic vegetation,
directly or indirectly, need to be carefully evalu-
ated and managed to minimize adverse impacts
and improve species habitat. Cutting and
removing vegetation (algae, mosses, vascular
plants) from Spring Lake may harm or kill San
Marcos salamanders and fountain darters. This is
potentially a serious threat to the San Marcos
salamanders, since the algal mats provide a food
source, cover and protection from predators
(Nelson 1993). Emery (1967), Vaughan (1986),
and Rose and Power (1993) have noted that
cutting of aguatic vegetation in Spring Lake and
other areas threatens Texas wild-rice because
floating mats of cut vegetation released into the
river shade and entangle Texas wild-rice plants
and knock over inflorescences. Vegetation
cutting may aso threaten other species of con-
cern by direct damage or lowering habitat

quality.
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NONNATIVESPECIES

Certain nonnative species (that is, those
introduced to an area outside their norma range
of distribution; including species native to areas
outside the continent often termed exotic spe-
cies) pose a significant threat to the listed
species. Threats occur due to competition over
habitat or diet and/or by modifying habitat,
such as affected by nonnative elephant ears
(Colocasia esculenta) and giant ramshorn snails
(Marisa cornuarietss). In addition, some species
prey on the listed species. Decreased flow may
exacerbate the problem posed by nonnative
Species.

Since introduction of giant ramshorn snails
into the Coma and San Marcos ecosystems
around 1983, aquatic plants in many areas of
Landa Lake have been denuded or grazed to the
bottom (Horne et al. 1992, Linam et a. 1993)
such that they no longer provided cover for the
fountain darter. Giant ramshorn snail popula-
tions appear to increase during low flows. This
snail poses a significant threat to the Comal
aquatic ecosystem. On March 3, 1990, this
species was added to the Texas Parks and
Wildlife Department’s list of “Harmful or
potentidly harmful exotic shelfish.” The giant
ramshorn snail is recognized as a voracious
herbivore, which is why it became unpopular
with aquarists and has been investigated as a
biological control agent for aquatic weeds that
clog ponds, cands, and waterways (Seaman and
Porterfield 1964, Blackburn et al. 1971).
Seaman and Porterfield (1964) found that 150
adult snails required less than one week to com-
pletely consume masses (1360 g wet weight) of
several species of aquatic macrophytes in outdoor
concrete tank. The giant ramshorn snail is
common throughout Landa Lake and the Comal
River and its population has increased dramati-
cally since its introduction around 1983. Giant
ramshorn snails have apparently had a significant
impact on Landa Lake and the Comal River
ecosystem (Horne et a., 1992). On September 1,
1989, the New Braunfels Park Director (David
Whatley) contacted the Service to inform them
that vegetation was disappearing from Landa
Lake. From October 1989 through February
1990 extremely dense populations of adult snails



and large numbers of egg masses were present in
Landa Lake (Linam 1993, and Thomas Arsuffi,
SWTSU, pers. comm.). This coincided with low
springflows. Areas of the lake that had sup-
ported large masses of aguatic macrophytes
were completely denuded, leaving areas of bare
lake bottom criss-crossed with snail track.

Following the giant ramshorn snail popula-
tion increase in 1989-90, the population subse-
quently declined, possibly because it had severely
depleted its own food and habitat requirements
(Thomas Arsuffi, pers. comm.). By April 1990,
very few living adult specimens were collected or
observed, athough a large number of young
snails were present (Thomas Arsuffi, pers.
comm.). From May to June average springflows
dropped below 200 cfs. On July 10, 1990 the
New Braunfels Park Director contacted the
Service to inform them that they were having to
remove dump truck loads of clipped vegetation
from Landa Lake. This second episode of rapid
vegetation loss occurred after a shorter period of
low flows. Snail censuses in July 1993 and
January 1994 during high flow conditions
indicate that adult and juvenile ramshorn snails
and egg masses are ill present in the main body
of Landa Lake. They are also till present,
although less common, in the spring runs
feeding the lake and in the river channd below
the lake.

Currently, few giant ramshorn snails are
known from the San Marcos ecosystem. How-
ever, in the future under low flow conditions
the snails may have an adverse effect on Spring
Lake and the San Marcos River.

Alteration of plant communities by a nonnative
herbivore like the giant ramshorn snail can have a
drastic effect on endemic species, such as the
fountain darter. Additional studies and monitoring
programs for tracking population dynamics and
monitoring the effects of ramshorn snails on
aguatic vegetation communities should be estab-
lished for both the Comal and San Marcos aquatic
ecosystems. Understanding of giant ramshorn snail
life history and demographic characteristics could
prove important in developing a management
scenario for this pest species.

Elephant ears (Colocasia esculenta) are be-
lieved to have been introduced into the San
Marcos area in the early 1900s (Akridge and
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Fonteyn 19813nd now form extensive stands at
the water's edge in the San Marcos and Comal
systems, displacing native species. Elephant ears
are present in the area occupied by the San
Marcos gambusia and may have decreased
habitat suitability and contributed to its decline.
The changes in shoreline conditions may aso
have indirect impacts on other species.

Hydrilla (Hydrilla verticillata), an aquatic
plant introduced from the Old World, is natural-
ized now in many Texas waters. It is abundant in
the San Marcos River and Rose and Power
(1992) note that “Most of the area historically
occupied by wild-rice is now occupied by
Hydrilla . .. >

Many fish species have been introduced into
the San Marcos and Comal ecosystems (e.g.,
tilapia, common carp, rock bass, sailfin mollies),
and some may compete with the fountain darter
and San Marcos gambusia for needed resources
(food, breeding habitat) or prey upon the listed
fish species. Taylor et. al. (1984) note that
introduced fish may also have indirect impacts,
inducing changes in habitat characteristics (for
example, by removal of vegetation or substrate
disturbance) or introducing diseases and para
sites. Tilapia have become so abundant in
Landa Lake and Spring Lake that in terms of
biomass they appear to exceed any of the native
sunfish family (blackbass/sunfish species)
(Patrick Connor, USFWS, pers. obs.).

Nutria (Myocaster coypus), an introduced
mammal native to South America, is also
common in the San Marcos and Comal systems.
Nutria feed on a wide variety of aquatic vegeta-
tion (Burt and Grossenheider 1964) and have
been observed feeding on Texas wild-rice (Emery
1967). Investigators fed nutria may significantly
damage stands of Texas wild-rice (Rose and
Power 1992).

RECREATIONAL ACTIVITIES

The Comal and San Marcos areas are very
popular recreation sites that provide a variety of
recreational opportunities including swimming,
tubing, canoeing, fishing, snorkeling, scuba
diving, and glass-bottomed boat tours. These
activities and their associated support facilities



may directly or indirectly impact the ecosystems
and their species. Texas wild-rice plants may be
physically damaged by water activity, or its
inflorescences may be prevented from emerging
so that the plants cannot successfully produce
seed (Vaughan 1986, Rose and Power 1992,
Bradsby 1994).

Habitat alteration due to recreation activities
occurs from direct impacts such as bottom
disturbance and vegetation control, or indirectly
due to introduction of non-nativebait fish or
streamside influences such as increased compac-
tion, erosion, litter, pollution, and runoff from
parking areas and support facilities.

Recreational impacts should be carefully
evaluated and a comprehensive plan developed
to monitor and manage recreational activities so
that species needs are provided for and adverse
impacts minimized.

OTHER IMPACTS

The New Braunfels and San Marcos areas are
growing rapidly (U.S. Bureau of the Census
1982). Over half of the population of Comal
County resides in New Braunfels, and the
population of New Braunfels has increased from
17,859 in 1970 to 27,334 in 1990 (M. Meek,
New Braunfels Chamber of Commerce, pers.
comm., 1993). The population of the city of San
Marcos, Hays County, Texas rose from 741 in
1870 to 23,420 in 1980 (U.S. Bureau of the
Census 1982); no other county along the
Balcones Fault Zone had a greater relative
growth than Hays County for the period 1960-
1980. Between 1980 and 1990, the population
of Hays County grew 61.6 percent. As of July,
1992 the Texas State Data Center estimated the
population of Hays County at 67,964. The
Bureau of Business Research at the University
of Texas at Austin estimated that the popula
tion of Hays County will reach 83,201 by the
year 2000. As of January 1994, the population
of the city of San Marcos was estimated at
36,464 (Greater San Marcos Economic Devel-
opment Council 1994), and this figure excluded
their student population.

Edwards (1976) found that increased urban-
ization caused increased flooding and erosion
(due to uncontrolled runoff), pollution, silt-
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ation, and a general decrease in species diversity
and species numbers in impacted aguatic envi-
ronments. For these reasons, changes in the
upper San Marcos and Comal watersheds should
be approached with extreme caution to avoid
further degrading of aquatic habitat suitable for
these endangered and threatened species.

Predation is currently believed to be a minor
threat to the San Marcos salamander. However,
fish have been observed preying on salamanders
(Tupa and Davis 1976, Nelson 1993) and are
suspected to be the main predators of saa
manders. Tupa and Davis (1976) suspected that
crayfish, which are often found in the
salamander’s habitat, may also prey on E.nana.
Given diet similarities it is possible that decapod
crustaceans (prawns and crayfish) in genera may
present a predation threat (David Bowles,
TPWD invertebrate biologist, pers. comm.,
1995). However, Nelson (1993) found no
evidence of crayfish predation on salamanders
during her study.

Waterfowl may also present problems for
some aguatic species. Rose and Power (1992)
noted that waterfowl appear to clip off leaf
segments of Texas wild-rice and have significant
impacts on experimental plots that are not
protected from herbivory. They postulate that
waterfowl have increased in numbers and are
now permanent residents in the San Marcos area
(rather than a migratory and transient popula-
tion) due to urbanization of the area. Introduced
swans (Cygnus olor), domesticated mallard duck
(Anas platyr byc 6s :3nd other duck in the lake
feed on the aguatic moss and Lyngbya sp. (Tupa
and Davis 1976). These birds roost nightly on the
sidewalk alongside the San Marcos salamanders
principal habitat. Their fecal droppings are swept
daily into the lake, increasing the nutrient input
into this system. This factor, combined with the
birds feeding activities, could reduce the abun-
dance of the aguatic moss and Lyngbya sp. where
E.nana occurs. A reduced abundance of aguatic
moss along the bank and on large submerged
boulders has been reported by Tupa and Davis
(1976).

Broad regional issues of water use and
landscape level management influence the
systems upon which these species depend. In
addition, more local actions of municipalities



San Marcos & Comal Springs & Associated Aquatic Ecosystems Recovery Plan

and landowners have significant potential impacts
that must be addressed; and there are some site-
specific problems impacting multiple species.
Progress on these regional, local, or site-specific
issues that impact multiple species has been
noteworthy and is discussed below. Progress on
more species-specific problems is discussed under
the individual Species Accounts section.
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C. GENERAL CONSERVATION
MEASURES

WATER QUANTITY

The Service has given preliminary guidance
on the minimum springflow levels that need to
be maintained to protect the species and their
habitat (Table 2). In addition, the Service and
Texas Park and Wildlife Department have
instream flow and habitat requirement studies
underway to help refine habitat requirements
and characteristics in both the Comal and San
Marcos systems.

There has been considerable activity by
many water management agencies and aquifer
users that address water quantity issues in devel-
oping a regiona management plan to ensure
adeguate springflows to protect the five listed
species and ecosystem to which they contribute,
covered by this plan. Numerous agencies have
examined structural and hydrological characteris-
tics and trends of the aquifer and its watersheds,
and there are numerous publications available.
These agencies include the U.S. Geologica
Survey, Edwards Underground Water District,
Edwards Aquifer Research and Data Center, Texas
Natural Resource Conservation Commission,
Texas Water Development Board, U.S. Army
Corps of Engineers, Bureau of Reclamation, and
the Natural Resource Conservation Service. In
addition, land ownership and use along the San
Marcos River has been examined (McCoig and
Cradit 1986, and Pulich et a. 1994).

Progress has also been made on developing
and implementing several other elements or
techniques that can contribute to maintaining
necessary springflows. The Texas State Legida
ture has made a significant contribution to this
effort by enacting legisation (S.B. 1477, as
amended by H.B. 3 189 in 1995) creating the
Edwards Aquifer Authority. According to that
legidation the authority should be able to
regulate and control groundwater pumping from
the Edwards Aquifer, a primary need identified in
the recovery plan. While the implementation of
the authority has been challenged as noted above
and litigation continues, the Service is hopeful
that a State regulatory mechanism will be put in
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place that provides habitat required to recover the
five federally listed species covered by this plan.

New Braunfels, San Antonio, and San
Marcos have water conservation ordinances. The
city of San Antonio has developed a wastewater
re-use plan that may result in conservation of a
significant amount of water. Many municipdi-
ties and water conservation districts are exploring
alternative sources of water.

Federal agencies have also been making a
conscious effort to reduce water needed from the
aquifer. There have been recent efforts by
military bases to conserve water and develop
wastewater irrigation systems. The Department
of Agriculture is conducting a review of the
impact of its programs and practices on irriga-
tion withdrawals.

In addition, many water users and agencies
have conducted studies and evauations (includ-
ing computer modeling) to examine projected
water needs and determine the aguifer levels
needed that will trandate to maintaining
springflow (Longley 1975, McKinney and
Watkins 1993, Research and Planning Consult-
ants 1994, Thorkildsen and McElhaney 1992,
Wanakule and Anaya 1993, Texas Water Devel-
opment Board 1992). This has emerged as a
critica issue in efforts to manage groundwater
for the benefit of listed species, and more work is
needed.

Estimates have fluctuated widely, and one
estimate predicts that in a drought of record no
more than 165,000 acre-feet per year could be
pumped from the Edwards Aquifer (Edwards
Underground Water District 1992a). In 1989
well discharge was 542,000 acre-feet. Immediate
reductions in groundwater use are needed (and in
drought conditions severe reductions in water use
will be needed).

In June 1994, as a part of the lawsuit proceed-
ings in Sierra Club vs. Babbitt, Judge Bunton
ordered court appointed monitor Joe Moore, Jr.,
to prepare an emergency withdrawal reduction
plan by August 1, 1994. The plan was completed
and filed on August 1, and was revised in March
of 1995. In May of 1995 Judge Bunton named a



5-member committee to develop an aternative
voluntary emergency withdrawal reduction plan
for 1995. The committee developed a generic,
representative ordinance to limit municipal and
industrial water use for 1995, which has been
largely adopted by the city of San Antonio.

In August of 1994 discussions were initiated
by the Court Monitor among the city of San
Antonio, the Uvalde Underground Water Dis
trict, the Medina County Underground Water
District, the Edwards Underground Water
District, the San Antonio River Authority, and
the Guadalupe Blanco River Authority about
cooperatively preparing a regional Habitat
Conservation Plan. Numerous public meetings
were held. Following these activities a prelimi-
nary issues document was prepared, and discus-
sions regarding an HCP and a potential inciden-
tal take permit have been initiated with the
Service. The option also exists that concerned
stakeholders may develop and implement one
or more smaller regiona or loca HCPs that
contribute to overall aguifer management.

In addition to strategies for conserving water
and developing sources off the aquifer to serve
projected needs in the area, another approach
that has been suggested is to artificially augment
the aguifer with water from other sources.
McKinney and Sharp (1995) examined five
potential techniques for artificially augmenting
springflows at Coma and San Marcos Springs.
The Service submitted written comments to the
Texas Water Development Board (September 1,
1994 and January 23,1995) indicating that there
were hydrological and biological concerns. The
Service's comments stated that the augmentation
alternatives described involving injection wdlls,
infiltration galleries, aquifer baffles, and direct
addition of water to spring-fed lakes are not
feasible in terms of providing adequate protection
for Federally listed species dependent upon the
Edwards Aquifer. While regiona and local
recharge enhancement opportunities may have
some potential benefit, these recharge alternatives
cannot be adequately evaluated until data on
water quality issues (such as the potential for
contamination or the likelihood that enhanced
recharge waters will equilibrate to normal aguifer
conditions without harm to species) are devel-
oped and analyzed. Further, the redlistic probabil-
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ity that recharge enhancement can provide signifi-
cant water to the aguifer should be evaluated.
Impacts to fish and wildlife at the point of
recharge, from decreased flows in rivers and
streams downstream of recharge, and other
impacts to drainages that will be deprived of
waters normally accruing to them (due to diver-
sion to recharge) must be carefully evaluated as
well.

WATER QUALITY

The Edwards Underground Water District
(1993) and Rice (1994) have examined water
quality threats and existing regulations protect-
ing aquifer water quality and given recommenda-
tions for improvements. In addition, Texas Parks
and Wildlife Department has a study currently
underway to examine potential impacts to listed
species from effluent from the A. E. Wood State
Fish Hatchery, and a study is underway to exam-
ine some potential impacts of effluent from the
San Marcos wastewater treatment plant.

Water quality issues are also included in some
activities underway to address more local impacts
in a comprehensive manner. The Service is
working in cooperation with the city of New
Braunfds and others to develop a Comal ecosys
tem management plan (task 2.42). The city of
San Marcos and Southwest Texas State University
are about to begin developing a similar plan for
the San Marcos area (task 2.41). Texas Park and
Wildlife (Spain et a. 1994) completed a prelimi-
nary overview of significant management issues
for the San Marcos River.

NONNATIVE SPECIES

Progress has been made in some areas. Nutria
control measures have been implemented in some
areas in the past by Animal Damage Control, and
some basic research on giant ramshorn snails has
been conducted in the Coma Springs ecosystem
area. In addition, data on the incidence of clip-
ping of leaves of Texas wild-rice by herbivores in
Spring Lake are now being collected (Power,
Southwest Texas State University, pers. comm.).



RECREATION

The Service has recently funded studies
examining recreational impacts on Texas wild-
rice, and discussions have been initiated with
operators of the largest tubing operation in the
San Marcos River to examine management
options available to reduce impacts from tubing.

HABITAT MAINTENANCE,
RESTORATION,
ANDENHANCEMENT

Progress is being made in this area through
development of local management plans, and a
proposal has been developed for habitat manipu-
lation to improve habitat for the San Marcos
gambusia.

CAPTIVE PROPAGATION AND
CONTINGENCY PLANS

Severa cooperating institutions have con-
ducted investigations of captive breeding tech-
nigues. Techniques are available for the fish and
wild-rice, and some preliminary work has been
done for salamanders. The Texas blind salamander
appears to breed fairly easily in captivity, but for
the San Marcos salamander it has been more
difficult to achieve breeding in captivity.
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Reducing the probability of loss of the species
of concern from catastrophic events led to devel-
opment of a Contingency Plan providing for
collection and captive propagation of individuals
of the species of concern in the event a crisisis
imminent, as well as more long-term general
effort to establish captive populations of the listed
species. The Contingency Plan is currently under
revision. When completed it will be distributed as
a separate document.

EDUCATION AND OUTREACH

The Service has a project underway at present
in cooperation with Texas Park and Wildlife
Department to produce an information kiosk for
the San Marcos River that includes information
on threats from nonnative species. Another
section 6 educational project undertaken coopera-
tively with Texas Park and Wildlife Department
is producing other educational materials on the
species of concern and their ecosystem. Aquarena
Springs (now owned and operated by Southwest
Texas State University) has recently installed
exhibits that will be helpful in education of the
public. The Edwards Underground Water District
has produced a variety of educational materials
about the aguifer and water conservation. The
Edwards Aquifer Research and Data Center has
also developed educational programs about
Edwards Aquifer issues.



San Marcos gambusia (Gambusia georgei) -
endangered
(Federal Register Vol. 45: 47355-47364;
July 14, 1980);

fountain darter (Etheostoma fonticola) - endangered
(Federal Register Vol. 35: 16047;
October 13, 1970; Federal Register 45:
47355-47364; July 14, 1980);

San Marcos salamander (Eurycea nana) -
threatened
(Federal Register Vol. 45; 47355-47364;
July 14, 1980);

Texas wild-rice (Zizania texana) - endangered
(Federal Register Vol. 43: 17910-17916;
April 26, 1978; Federal Register Vol. 45: 47355-
47364; Jduly 14, 1980)

Texas blind salamander (Zjphlomolge rathbuni) -
endangered
(Federal Register Vol. 32: 4001; March 11, 1967)

The recovery priority for al five of these
species is 5C. A 5C priority indicates species
with a high degree of threat, a low recovery
potential, and that are or may be in conflict with
congtruction or development projects or other
forms of economic activity.

SAN MARCOS GAMBUSIA
(GAMBUSIA GEORGEI)

Description

The San Marcos gambusia was described
from the upper San Marcos River system in
1969. Of the three species of Gambusia native to
the San Marcos River, G. george: apparently
always has been much less abundant than either
the largespring gambusia (G. geiserz) or the
western mosquitofish (G. affinis) (Hubbs and
Peden 19609).

The San Marcos gambusia is a member of
the family Poeciliidae and belongs to a genus of
Centra American origin having more than 30
species of livebearing freshwater fishes. The genus
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Gambusia is well defined and mature males may
be distinguished from related genera by their
thickened upper pectoral fin rays (Rosen and
Bailey 1963). Only a limited number of Gambu-
sia are native to the United States and of this
subset, G. george: has one of the most restricted
ranges.

The San Marcos gambusia is subtly different
from the western mosquito&h (G. affinis).
Scales tend to be strongly crosshatched in contrast
to the less distinct markings on the scales of G.
affinis. In addition, G. georgei tend to have a
prominent dark pigment stripe across the distal
edges of their dorsa fins. A diffuse mid-latera
stripe extending posteriorly from the base of the
pectora fin to the caudal peduncle is also often
present, especialy in dominant individuals. As in
G. aﬁ‘inis, a dark subocular bar is visible and is
dicited easily from frightened fish. Compared to
G. affinis, G. georgei has fewer spots and dusky
pigmented regions on the caudd fin. The me-
dian fins (i.e.,, unpaired fins. dorsal, caudal, and
anal fins) of wild-caught specimens of San
Marcos gambusia tend to be lemon yellow under
certain behaviora patterns (when they are not
under stress). In a dominant or high male, this
color can approach a bright yellowish-orange,
especialy around the gonopodium. A bluish
sheen is evident in more darkly pigmented
individuals, especialy near the anterior dorsolat-
eral surfaces of adult females.

Gonopodia structures of males classicaly
have been employed in dealing with Gambusia
systematics. G. george: is unique morphologically
from other species in severa characters, including
the presence of more than five segments in ray 4a
(which are incorporated into the elbow) and also
by the presence of a compound claw on the end
of ray 4p (Hubbs and Peden 1969).

Historic and Present Distribution

The San Marcos gambusia is represented in
collections taken in 1884 by Jordan and Gilbert
during their surveys of Texas stream fishes and in
later collections (as a hybrid) taken in 1925
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Table 3. Historical data for known Gambusia georgei collections. Data taken from Edwards et al.

(1980) and unpublished data.

Year , Numberof | Number of | Number of [Number of G.| % of pure
collections | G. georgei hybrids * | georgei per | G. georgei
collection
1884 1 2 0 2.0 100.0
1925 1 0 1 0.0 0.0
1955 1 1 0 1.0 100.0
1960 2 9 1 4.5 90.0
1961 3 42 1 14.0 97.7
| 19068 8 119 6 | 14.9 95.2 |

| 1974 1 I 1 0 I 1.0 100.0
| 1978-70 16 18 3 11 85.7
1981-83 10 3 17 0.3 15.0
1984 4 0 0 0.0 0.0
1985 2 0 0 0.0 0.0
1989 3 0 0 0.0 0.0
1990-94 6 0 0 0.0 0.0

* hybrids = G. georgei x G. affinis

(Hubbs and Peden 1969). Unfortunately, records
of exact sampling localities are not available for
these earliest collections. Collection localities were
merely listed as “ San Marcos Springs.” These
collections likely were taken at or near the
headsprings area. If true, then G. georgei appears
to have significantly atered its distribution over
time. For the area of the San Marcos River
downstream of the headwaters area, there are few
records of sampling efforts prior to 1950. How-
ever, even in the samples that were taken there are
few collections of San Marcos gambusia

During 1953, a single individual was taken
below the low dam at Rio Vista Park; however,
since that time, nearly every specimen of G.
georgei has been taken in the vicinity of the
Interstate Highway 35 bridge crossing down-
stream to the area surrounding Thompson's
Idand (Figure 3). The single exception to this
was a male taken incidentally with an Ekman
dredge (sediment sampler) about 1 km below the
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outfall of the San Marcos wastewater treatment
plant in 1974 (Longley 1975).

Historically, San Marcos gambusia popula
tions have been extremely sparse; intensive
collections during 1978 and 1979 yielded only
18 G. georgei from 20,199 Gambusia total
(0.09%) (Edwards et al. 1980). Collections made
in 1981 and 1982 within the range of G. george:
indicated a dlight decrease in relative abundance
of this species (0.06% of all Gambusia) and
subsequent sampling has yielded none between
1982 and the present (199 5) (Table 3). Intensive
searches for G. george: were conducted in May,
July, and September of 1990 but were unsuccess-
ful in locating any pure San Marcos gambusia
The searches consisted of a total of 18 hours of
effort (> 180 people-hours) on three separate days
and covered the area from the headwaters at
Spring Lake to the San Marcos wastewater
outfall. Over 15,450 Gambusia were identified
during the searches. One individual collected
during the search was visudly identified as a



possible backcross of G. affinis and G. georgei
(USFWS 1990 permit report). This individual
was an immature fish with plain coloration.

The pattern of San Marcos gambusia abun-
dance strongly suggests a decrease beginning prior
to the mid-l 970s. The increase in hybrid abun-
dance between G. georgei and G. affinis and the
decrease in the proportion of geneticaly pure G.
georgei is considered evidence of its rarity. As
fewer pure individuals encountered each other, the
chances of hybridization with the much more
common G. #ffinis substantially increased. The
subseguent decrease in San Marcos gambusia
abundance aong with their hybrids suggests the
extinction of this species.

Habitat

The San Marcos gambusia apparently prefers
quiet waters adjacent to sections of moving water,
but seemingly of greatest importance, thermally
constant waters. G. george: is found mostly over
muddy substrates but generally not silted habitats,
and shade from over-hanging vegetation or bridge
structures is a factor common to al sites along the
upper San Marcos River where apparently suitable
habitats for this species occur (Hubbs and Peden
1969, Edwards et al. 1980). Introduced elephant
ears have been noted in previously recorded
localities for the species. Although the exact
nature of the relationship between the occurrence
and abundance of elephant ears and the disappear-
ance of G. george: is unknown, some investigators
believe these nonnative plants may have modified
essential aspects of the gambusia’'s habitat.

Compared to G. georgei, G. affinis tends to
show similar preferences for shallow, still waters,
but differs strikingly from G. george: in ability to
colonize environments with greater temperature
fluctuation. These environments include the
partialy isolated doughs, intermittent creeks, and
drainage ditches found in the upper San Marcos
River, and in the nearby Blanco River and lower
San Marcos River, as well.

The San Marcos gambusia apparently re-
quires. 1) thermally constant water; 2) quiet,
shalow, open water adjacent to sections of
moving water; 3) muddy substrates without
appreciable quantities of silt; 4) partial shading; 5)
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clean and clear water; and 6) food supply of
living organisms.

Critical habitat has been designated for the
San Marcos gambusia as “Texas, Hays County;
San Marcos River from Highway 12 bridge
downstream to approximately 0.5 miles below
Interstate Highway 35 bridge” (45 FR 47355).

Life History/Ecology
Food Habits

The food habits of G. george: are un-
known. Presumably, as in other poeciliids,
insect larvae and other invertebrates account for
most of the diet of this species.

Reproduction

There is little information on the repro-
ductive capabilities of G. georgez. Two individu-
as kept in laboratory aguaria produced 12, 30,
and 60 young, athough the largest clutch
appeared to have been aborted and did not
survive (Edwards et al. 1980).

Hybridization

Hybridization between G. george: and G.
affinis was first noted by Hubbs and Peden
(1969) and the production of hybrid individu-
als between them has continued for many years
without obvious introgression of genetic
material into either of the parental species.
Given the history of hybridization between
these two species, this factor was not thought
to be of primary importance in considerations
of the status of G. george:. It was thought that
so long as the proportion of hybrids remained
relatively low compared to the abundance of
pure G. george:, few problems associated with
genetic swamping or introgression would occur
(Hubbs and Peden 1969, Edwards et a. 1980).
However, the series of collections (Edwards,
pers. comm.) taken during 198 1-83 indicate
that hybrid individuals may have become many
times more abundant than the pure G. george:.
It is possible that hybrid individuals may now
be competing with G. georgei, placing an



additional stress on the small native population of
San Marcos gambusia.

Conservation Measures

In 1976, prior to listing, the Service con-
tracted for a status survey to improve our
understanding of the species, particularly its
habitat needs. The Service aso promoted
bringing individuas into captivity for breeding
and study. Many researchers have been involved
and have devoted considerable effort to attempts
to locate and preserve populations.

Captive breeding was attempted. Individuals
taken during the 1976 study were held and bred
at the University of Texas at Austin by Dr. Clark
Hubbs in 1979, and fish from that captive
population were used to establish a captive
population at the Service's Dexter National Fish
Hatchery in 1980. Both captive populations later
became contaminated with another Gambusia
species. The fish hybridized and the pure stocks
were |ost.

Following publication of the status report and
listing of the species in 1980, the Service con-
tracted with Dr. Bob Edwards for examination of
known localities, and collection of fish to estab-
lish captive refugia. In 1981, 1982, 1983, and
1984 Dr. Edwards tried to relocate populations
and reestablish a culture of individuals for captive
refugia. Too few pure San Marcos gambusia and
hybrids were found to establish a culture, a-
though Dr. Edwards attempted to do so with the
few fish available. In the mid 1980s personnel
from the Fish and Wildlife Service National Fish
Hatchery in San Marcos also searched unsuccess-
fully for the species in attempts to locate indi-
viduals to bring into captivity. In 1990 the
Service organized three intensive searches, con-
ducted by Service biologists and volunteers, to
search for the species again. Unfortunately, none
were found.

Academic researchers, Texas Parks and Wild-
life Department scientists, and the Service con-
tinue to search for the gambusia during all
collection and research with fishes that is done on
the San Marcos River.
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FOUNTAIN DARTER
(ETHEOSTOMA FONTICOLA)

Description

Recognition of the fountain darter began with
the inadvertent description of this species as
Alvarius fonticola from specimens collected from
the San Marcos River just below the confluence
of the Blanco River in 1884 (Jordan and Gilbert
1886). The authors noted at that time that the
species was abundant in the river. An additiona
specimen reported from the Washita River
drainage of Arkansas by Jordan and Gilbert was
undoubtedly misidentified (now presumed lost,
and discussed below under “Historical Distribu-
tion”). Gilbert (1887), in the intended original
description, redescribed the species and noted its
occurrence only in the San Marcos River System.

Evermann and Kendall (1894) included an
illustration of the species by E. Copeland which
was designated the lectotype by Jordan and
Evermann (1886). Because the “type’ referred to
by Jordan and Evermann was a lot containing
four specimens, Collette and Knapp (1966)
selected a lectotype from the U.S. Nationd
Museum collections of Etheostoma fonticokz
originaly referenced by Gilbert (1887). The
remaining three specimens included in this
collection are now paralectotypes (Burr 1978).

Etheostoma fonticola (Figure 4) is the smallest
species of darter, usualy less than 25 mm (1 in.)
standard length (SL), and is mostly reddish
brown in life. The scales on the sides are broadly
margined behind with dusky pigment. The dorsal
region is dusted with fine specks and has about
eight indistinct dusky cross-blotches. A series of
horizontal stitch-like dark lines occur aong the
middle of the sides, forming an interrupted latera
streak. Three small dark spots are present on the
base of the tail and there is a dark spot on the
opercle. Dark bars appear in front of, below, and
behind the eye. The lower half of the spinous
dorsal fin is jet-black; above this appears a broad
red band, and above this band the fin is narrowly
edged with black. Male fountain darters differ
from females in four morphological characters:
banding pattern, spinous dorsal fin coloration,
genital papillae, and pelvic and anal fin nuptial
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Figure 4. Adult fountain darters. Drawing by Alice A. Prickettt from Bulletin Alabama Museum
Natural History (Burr 1978).
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tubercles (Jordan and Gilbert 1886; Gilbert
1887; Jordan and Evermann1896, 1900; Strawn
1955, 1956; Collette 1965; Schenck and
Whiteside 1977b, Burr 1978).

Although the fountain darter has been charac-
terized as the most advanced (specialized) darter,
the basis for this was an analysis of a very limited
subset of traits, which appear to be highly influ-
enced by environmental factors, such as tempera-
ture (Bailey and Godline 1955, Collette 1962).
The subgenus Microperca, to which E. fonticola
belongs, is till thought to be the most derived
(specialized) subgenus of Etheostoma. The
evolutionary history of this group is presumed to
involve an early separation of the presently
recognized E. proeliare and E. microperca groups
followed by a later isolation of a subset of an E.
proeliare-like ancestor. This E. proeliare-like
ancestor survived and became the presently
recognized E. fonticokz in only the San Marcos
and Comal Rivers (Bailey and Godline 1955;
Collette 1962, 1965; Page and Whitt 1972;
Collette and Banarescu 1977; Page 1974, 1977,
and Burr 1978).

Historical Distribution

The original range of E. fonticola includes the
San Marcos and Comal Rivers in Texas (Jordan
and Gilbert 1886, Gilbert 1887, Evermann and
Kendall 1894, Jordan and Evermann 1896,
Jurgens 1951, Ball et al. 1952, Hubbs et al. 1953,
Hubbs 1954, Kuehne 1955, Strawn 1955,
Hubbs 1957, Hubbs and Strawn 1957b, Schenck
and Whiteside 1976). In 1884, Jordan and
Gilbert (1886) collected the type specimens of E.
fonticola in the San Marcos River from immedi-
ately below the confluence of the Blanco River.
Fountain darters have been found intermittently
between downstream of Cumming's Dam and
Martindale. A single specimen was taken near
Ottine. Evermann and Kendall (1894) collected
43 specimens of E. fonticokz in the Comal River
in 189 1, the first collection record for that
locality. Jurgens (195 1) collected fountain darters
below the ice house dam, by the old USO pooal,
and below a cotton gin near the State Hatchery.
Hubbs and Strawn (1957a) collected this species
from the Comal River in 1954, the last collection
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record for that locality of the original population,
before its apparent extirpation there and subse-
guent reintroduction into the Comal system.

During March 1973 through February 1975,
Schenck and Whiteside (1976) spent 300 person-
hours sampling the Comal River but collected no
E. fonticoh. They proposed three possible reasons
why E. fonticola was absent from the Comal
River. First, the Comal River was treated with
rotenone in December 195 1. Many specimens of
desirable fishes, including E. fonticola, were seined
and held in a protected area until the rotenone
dissipated (Ball et a. 1952; C. Hubbs, University
of Texas at Austin, pers. comm.). This procedure
reduced the number of E. fonticola but apparently
did not cause their immediate elimination since
this species was last collected in the Comal River
in 1954. Second, the most likely cause, Comal
Springs ceased flowing from June until Novem-
ber, 1956, which probably caused drastic tem-
perature fluctuations in the remaining pools of
water. Since E. fonticoh occupies areas with
constant water temperature, temperature fluctua-
tions (broader due to cessation of Comal Springs)
may have contributed to the loss of this popula
tion. Other factors resultant from reduced
springflow that may have contributed to the
Comal population loss are: decreased habitat/
water quality and increased predation of fountain
darters during low flows. Third, but less likely, a
flood from Blieders Creek inundated the entire
Comal River in the spring of 197 1 and may have
caused their elimination.

A report of E. fonticokz in the Washita River,
Arkansas, (Jordan and Gilbert 1886) is the only
record of fountain darters outside of Texas. These
specimens, now lost from the Smithsonian
collections, are presumed to be E. proeliare, which
were misidentified due to the early confusion in
the taxonomy and systematics of the subgenus
Microperca to which both E. proeliare and E.
fonticola belong.

From 1974 until 198 1 a stock of E. fonticola
taken from the San Marcos River near the I1H-35
crossing was cultured at the Federal facility at
Dexter, New Mexico, to ensure against a cata-
strophic loss of this species. This stock has since
been discontinued; however, a new culture was
established at the San Marcos National Fish



Hatchery and Technology Center, now part of the
National Biological Service, in 1988.

Present Distribution

The present distribution of E. fonticola in the
San Marcos River is from Spring Lake (inclusive)
to an area between the San Marcos wastewater
treatment plant outfall and the confluence with
the Blanco River (Figure 3), (USFWS 1994
permit report; Casey Be&house, NBS, pers.
comm.). The fountain darter is aso found
virtualy throughout the Comal River to its
confluence with the Guadalupe River (USFWS
1994 permit report).

B.G. Whiteside and J.R. Schenck released
457 adult E. fonticola, which were collected from
the San Marcos River (mostly from below Rio
Vista Dam), into the Coma system. During
February 1975 through March 1976 about 400
fish were released into the headsprings area of the
Comal River, Landa Park, New Braunfels, Texas,
and about 50 fish were released into the old
channel area that flows through the golf course.
Schenck and Whiteside (1976) found five off-
spring a short distance below the headsprings area
on June 18, 1976. An established reproducing
population now occupies the entire Comal
aguatic ecosystem from Landa Lake (inclusive) to
the vicinity of the Coma/Guadaupe River
confluence (Figure 2).

Habitat

The fountain darter requires. 1) undisturbed
stream floor habitats (including runs, riffles, and
poals), 2) a mix of submergent vegetation (algae,
mosses, and vascular plants) in part for cover, 3)
clear and clean water, 4) a food supply of living
organisms, 4) constant water temperatures within
the natural and normal river gradients, and 5)
most importantly, adequate springflows.

In generdl, E. fonticola prefers vegetated
stream-floor habitats with a constant water
temperature. Higher densities of the fish are
found in mats of the filamentous green agae
(Rbizoclonium sp.) and the moss Riccia. It is
occasionally found in areas lacking vegetation.
Fountain darters have also been observed among
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leaf litter in the Coma River (Thomas Brandt,
NBS, pers. abs.).

Critical habitat has been designated for the
fountain darter as “Texas, Hays County; Spring
Lake and its outflow, the San Marcos River,
downstream approximately 0.5 miles below
Interstate Highway 35 bridge.” A field identifier
of the downstream boundary is the defunct U.S.
Geological Survey stream gage.

Life History/Ecology

Food and Feeding Habits

Based on percent frequency of occurrence of
food items in fountain darter stomachs sampled
from the San Marcos River, fountain darters
<19.2 mm (0.75 in.) SL feed primarily on
copepods; darters between 19.2 and 29.5 mm
(0.75-1. 15 in.) SL feed mainly on dipteran and
ephemeropteran larvae, and darters >29.6 mm
(.15 in.) SL prefer ephemeropteran larvae. Food
habit studies are currently underway for fountain
darters in the Comal ecosystem.

Food habits of fountain darters in Spring
Lake differ from the food habits of darters in the
San Marcos River. Casua observations indicate
that the overal invertebrate community in
Spring Lake is different from the community in
the river, which could explain the observed
differences in food habits of darters in these two
areas on the basis of availability of food items.

Fountain darters feed primarily during
daylight and demonstrate selective feeding behav-
ior. Those held in an aguarium feed on moving
aquatic invertebrates while disregarding immobile
ones, suggesting that these darters respond to
visual cues. Fountain darter fry raised in captivity
appear to prefer cladocerans when offered a choice
of other microcrustaceans, protozoans, and
rotifers. When the fry reach 8 mm (0.3 in.) in
length they select copepods. Fry up to 13 mm
(0.5 in.) in length consume organisms from 0.2
to 0.4 mm (.008-.016 in.) long.

Population Estimates

Schenck and Whiteside (1976) estimated the
total number of E. fonticola in the San Marcos



River to be about 103,000. L.A. Linam (1993)
estimated the San Marcos River fountain darter
population (excluding Spring Lake) to be 45,900,
with a confidence interval (90%) ranging from -
15,900 to 107,700. This could indicate a real
decrease in fountain darter numbers in the San
Marcos over the past 18 years, or the difference in
the population estimates may just reflect differ-
ences in the methods used to estimate population
size. However, Dr. Bobby Whiteside (Southwest
Texas State University, San Marcos, pers. comm.),
believes that the numbers of fountain darters in
the San Marcos River have decreased over the past
20 years that he has been collecting in this stream
(though he has no quantitative data to demon-
strate this). In 1991, Janet Nelson conducted
scuba-aided underwater surveys in Spring Lake
and estimated at least 16,000 fountain darters at
the springs openings and another 15,000 in the
green algae habitat (Longley 1991).

G. Linam et al. (1993) sampled 7 transects in
Landa Lake and the Comal River in 1990 and
reported a population estimate of about 168,078
darters above Torrey Mill Dam, with a confi-
dence interval (95%) ranging from 114,178-
254,1 10.

Reproduction

The reproductive activities of fountain
darters were first described by Strawn (1955,
1956) who noted that E. fonticola are headwater
darters that breed in the relatively constant
temperature of the San Marcos River. He
further recorded in his publications that foun-
tain darters appear to spawn year-round and
that the parents, after depositing eggs in vegeta
tion, provided no further care to the young.
After hatching, the fry were never free swim-
ming, in part due to the reduced size of their
swim bladders as in other darters. Dowden
(1968) found fountain darter eggs attached to
moss and to algae and these eggs hatched in
aerated aguaria. Strawn (1956) aso included a
photograph of a breeding male in its nuptia
coloration in his discussion of the reproduction
of this species. Males develop nuptial tubercles
on their pelvic and anal fins (Collette 1965) and
the sexes differ in this respect. Tubercles on darters
are thought to stimulate gravid females or to
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assist in maintaining the spawning position
within the vegetation (Collette 1965). Sex deter-
mination of E. fomticola in the wild (325 males
and 234 females) revealed a sex ratio of 1.39: 1
(Schenck and Whiteside 1977b).

Schenck and Whiteside (1977b) reported that
natural populations of fountain darters have two
temporal peaks of ova development, one in
August and the other in late winter to early
spring. Therefore, fountain darters apparently
have two major spawning periods annually. The
monthly percentages of females with ovaries
containing at least one mature ovum also demon-
strate the two annua spawning peaks. However,
females containing at least one mature ovum have
been collected throughout the year, further
suggesting year-round spawning. The ovary
weight/body weight relationship and the testis
width/square root of total length relationship aso
indicate the two peak spawning periods (Schenck
and Whiteside 1977b).

Fountain darters have been artificially hybrid-
ized with a number of other species including: E.
caeruleum, E. chlorosomum, E. euzonum, E. juliae,
E. lepidum, E. spectabile, Percina caprodes, and
sciera. Procedures for artificially stripping eggs and
milt of fountain darters and a discussion of the
artificial hybridization and the resulting low
survival of the various hybrid combinations
appear in Strawn (1956), Hubbs and Strawn
(1957a,c), Hubbs (1958, 1959), Hubbs and
Laritz (1961), Hubbs (1967), and Distler (1968).

Most darters spawn in the spring or early
summer. However, populations of E./lepidum and
E. spectabile, which live in areas with dight
annual water temperature variation, extend their
breeding periods considerably (up to 10-12
months) (Hubbs and Strawn 1957b, Hubbs et
al. 1968). The extension of the breeding season
of E. spectabile throughout the summer is also
known for a population inhabiting the
Guadalupe River below Canyon Reservoir where
releases from the bottom of the reservoir moder-
ate water temperatures, especialy during summer
months (Marsh 1980). Simce E. fonticola aso lives
in a relatively constant temperature environment,
it is not especialy surprising to find that this
species spawns throughout the year as was origi-
nally suggested by Strawn (1956).



The mean diameter of mature ova (1.10 mm
or 0.04 in.) from E. fonticola apparently is not
correlated with length of the fish. Based on 74 E.
fonticola that contained mature ova, the mean
fecundity was 19, which is less than in other
darters. This low fecundity is probably compen-
sated for by repeated spawnings of small groups
of eggs throughout the year. It is not known
how many ova are spawned annualy by each E.
fonticola. Male fountain darters produce little milt
and that which is produced tends to be transparent
(Hubbs and Strawn 1957b, Hubbs 1958).

Culture techniques have been developed for
the fountain darter at the Aquatic Station,
SWTSU, and the San Marcos NFH&TC. The
fountain darter will spawn and produce offspring
when held at temperatures between 6” and 27"

C (42.8-80.6°F). (These offspring were moved
to room temperature after being spawned.) If
photoperiod is held at 12 light and 12 dark, the
fountain darter will spawn year-round. The
number of eggs produced by a single female per
day can vary between 0 and 60. Fountain darters
held at 21°C (69.8°F) reached sexual maturity
about 180 days after hatching. Darters as old as
39 months produced viable offspring. The
critical thermal maximum for fountain darters
was 34.8°C (94.6°F) (Brandt et al. 1993).

Conservation Measures

In 1993, the U.S. Fish and Wildlife Service
and severa cooperators began studies in the
Coma Springs ecosystem designed to study
habitat use and to model instream flow require-
ments for the fountain darter and the Comal
Springs riffle beetle. Results of this study are not
yet available, but are expected to provide addi-
tional population and density estimates for these
two species. In 1994, the USFWS and coopera
tors initiated a similar study in the San Marcos
system.

The U.S. Geologica Survey is in the process
of collecting water temperature, DO, pH, and
specific conductivity (an indicator of sdinity) data
in both Comal and San Marcos aguatic ecosys-
tems. These data will be valuable in modeling
water temperature at various spring and river
discharges.
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A number of other studies and conservation
efforts are underway or have taken place for this
species. Genetic studies of the fountain darter
populations in the San Marcos and Comal
ecosystems are being done by D.C. Morizot at
the University of Texas M.D. Anderson Cancer
Center. These studies are designed to determine
the pattern and extent of genetic variation
within and among fountain darter populations in
the Comal and San Marcos ecosystems and the
experimental fountain darter stock at the San
Marcos NFH&TC. This research will provide
valuable information for culture and conservation
of the fountain darter. An interim progress report
submitted in May 1993, indicated no evidence of
hybridization of fountain darters with greenthroat
(Etheostoma Jlepidum) or orangethroat darters
(Etheostoma spectabile). Of 11 polymorphic loci
examined, no aleles were present in the hatchery
strain that were not also present in wild-caught
darters. However, 46% (19 of 41) of the alleles
detected in the total wild-caught darters were not
present in the hatchery strain. It appears that there
has been some loss of genetic variahility in the
hatchery strain and/or the origina collection did
not adequately represent al the variability in the
wild, producing a founder effect. This is not
particularly surprising as the hatchery strain was
established for preliminary studies of a different
nature and not for use as captive stock for
reintroduction or restoration work. The hatchery
strain was established with twenty or fewer fish
that were not intended as a representative
sample, and was maintained with uncontrolled
breeding. These results do underscore the need
for careful management of the genetic character-
istics of captive populations. Finaly, severa
genetic markers were detected in the Comal
population that were not found in the San
Marcos population sample. There are severa
possible explanations for this result and further
studies should help to clarify this observation.

A preliminary study has been conducted to
determine the toxicity of effluent from the San
Marcos wastewater treatment plant and the
herbicide Rodeo® to fountain darters. A statisti-
cal procedure referred to as the inhibition concen-
tration (IC) provides a point estimate of the
toxicant concentration that would cause a given
percent reduction in a biological measurement of



the test organisms, including reproduction,
growth, fertilization, or mortality. An IC,, for
growth would represent the effluent concentra-
tion at which a 25 percent reduction in growth
occurs. Results indicate that the IC,, of wastewa-
ter plant effluent on growth for fountain darters
is 19.1 percent effluent (Greg Smith, Great Lakes
Environmental Center, Columbus, Ohio, in /tz.,
1993). However, data are available for only one
effluent sample. Further research on the toxic
effects of both pure and complex toxicants on
fountain darters and their symbionts is needed.

SAN MARCOS SALAMANDER
(EURYCEA NANA)

Description
Taxonomy

The San Marcos salamander (Eurycea nana)
is a member of the family Plethodontidae
(lungless salamanders). The various species of
Eurycea are known as brook salamanders. E.
nana is a neotenic form and retains its external
gills (the larval condition) throughout life. The
salamander does not leave the water to meta
morphose into a terrestrial form, but becomes
sexualy mature and breeds in the water. The
specific name nana is from the Greek nanos or
Latin nanus, meaning dwarf, referring to the
small adult size (up to 59.6 mm [2.32 in] total
length) of these salamanders (Brown 1967).

On June 22, 1938, C.E. Mohr collected a

series of 20 specimens from San Marcos Springs. *

The specimens were sent to Sherman C. Bishop
who described E. nana as “a small, slender,
neotenic species uniformly light brown above
with a dorsolateral row of pale spots on either
side of the mid-line; yellowish white below; with
16 or 17 costal grooves. E. nana differs from E.
neotenes, the only other species of the genus from
the general locality, in its smaller size, its uni-
formly light brown dorsal coloration relieved
only by a few small light spots, and in its more
slender form and longer, more slender toes’
(Bishop 1941).

Bogart (1967) studied the life histories and
chromosomes of Texas Eurycea on the Edwards

Part]

San Marcos & Comal Springs & Associated Aquatic Ecosystems Recovery Plan

Plateau. Based on chromosomal studies (karyo-
types), he included in E. nana populations from
the following localities in addition to San
Marcos Springs:. Sabinal River, 8.9 km ( 5.5 mi)
north of Vanderpool, Bandera County; Moun-
tain Home, headwaters of the river feeding into
the fish hatchery in Mountain Home, Kerr
County; and Kerrville, 8 and 11 km (4.9 and 6.8
miles) west of Highway 16 beside RR 1273, Kerr
County.

Sweet (1978) indicated that a population of
Eurycea inhabiting Comal Springs in New
Braunfds is very similar to E. nana and prob-
ably conspecific. However, recent biochemical,
molecular and morphometric studies
(Chippindale et al. 1992, 1993, 1994) indicate
that the salamander at Comal Springs is clearly a
different species than E. nana. The Comal
Springs population is currently included in the
large, diverse, Eurycea neotenes Species group.

Work by Chippindale et al. (1992, 1993,
1994) also provides evidence that populations
of Eurycea on the Edwards Plateau in locations
other than San Marcos are not E. nana. Their
work indicates that these other populations are
geographically and genetically isolated, and
represent distinct taxa, probably distinct spe-
cies. E. nana then, is represented only by the
populations in the San Marcos Springs area.

Morphology

Prominent externa features of the small,
slender salamander are moderately large eyes with
a dark ring around the lens, well developed and
highly pigmented gills, relatively short, dender
limbs with four toes on the forefeet and five on
the hind feet, and a dender tail with well devel-
oped dorsal fin (Figure 5). Compared to other
neotenic Eurycea from Texas, the San Marcos
sdlamander is smaller and more sender, different
in coloration, has larger eyes relative to the size of
its head, a greater number of costal grooves, and
fewer pterygoid and premaxillary teeth. Detailed
morphological descriptions of this species are
found in Bishop (1941, 1943), Baker (1957,
1961), Mitchell and Reddell (1965), Schwetman
(1967) and Tupa and Davis (1976).
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Figure 5. Drawing of Eurycea nana (modified from Schwetman 1967).

Dorsal View

Lateral View
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Historical and Present Distribution

On November 24, 1975, a sampling pro-
gram was started on the largest fissures that
congtitute San Marcos Springs (Longley 1978),
and the sampling was continued in recent years
by Nelson (1993). The sampling involved
placing a 500-micrometer (0.02 in) mesh net over
the outlet from one of the magor springs in
Spring Lake. This outlet was dubbed “Pipe
Spring” since it had been diverted via pipe into
the show area of Aquarena's Submarine Theater.
This outlet is also frequently called Diversion
Spring. The concrete base over the spring opening
had been undercut by action of floods in recent
years and this allowed materia from the lake
bottom near the spring to be drawn into the
outflow from the spring by a venturi (suction).
Small organisms such as E. nana work their way
between the rocks surrounding the spring opening
until they are caught in the flow from the spring
and then carried into the net along with subterra-
nean organisms. In Longley’s (1978) study, E.
nana were found in most samples. All age classes
were common, but juveniles were most often
collected.

Other studies used the above technique to
sample Diversion Spring and other techniques to
sample spring outlets throughout Spring Lake
(Tupa and Davis 1976, Nelson 1993). E. nana
was found in most samples taken from “Deep
Spring” in Spring Lake. Tupa and Davis (1976)
found E. nana in the dense mats of filamentous
alga (Lyngbya sp.) along the shallow area adjacent
to the northern bank of Spring Lake, especialy
in the uppermost region of the lake in front of
the Aquarena Springs Hotel. Nelson (1993)
found the salamanders distributed throughout
Spring Lake among the rocks near spring open-
ings, in the algal mats where Tupa and Davis
found salamanders, and in the rocky areas just
downstream from the dams. Unlike Tupa and
Davis (1976), Nelson (1993) used SCUBA to
observe salamanders in Spring Lake, which may
explain the different distributions seen in these
studies.

The combined results of these three studies
show that E.nara occurs near al the major
spring openings scattered throughout Spring
Lake and is quite abundant at some of these
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springs (Nelson 1993). E. nana is found in the
San Marcos River just below Spring Lake for
about 150 m (492 feet).

Habitat

The San Marcos salamander occurs in Spring
Lake where rocks are associated with spring
openings, and in rocky areas up to 150 m (492
feet) downstream of the dams at Spring Lake
(Longley 1978, Tupa and Davis 1976, Nelson
1993) (Figure 3).

The sdlamander is aso found in shallow
spring areas on the uppermost (horthernmost)
portion of Spring Lake on a limestone shelf in an
area immediately in front of Aquarena Springs
Hotel. The substrate in this area is sand and
gravel interspersed with large limestone boulders.
Concrete banks in front of the hotel and boul-
ders in shalow (I-2 m or 3.3-6.6 feet) water
support a lush growth of an attached aguatic
moss (Leptodictyium riparium). Interspersed with
the moss and blanketing the shallow sandy
substrate are thick filamentous mats of a coarse,
filanentous blue-green alga (Lyngbya sp.), the
dark reddish-brown color of which amost
perfectly matches the dark dorsal coloration of
the San Marcos salamander.

Spirogyra sp. and a few other larger filamen-
tous green algae species, as well as the carnivo-
rous angiosperm known as bladderwort (Utricu-
Laria gibba), are present in small amounts in the
aquatic moss. A wide variety of rooted aquatic
macrophytes occur on the periphery of the
salamander habitat at 1-3 m depths. The macro-
phytes include arrowhead (Sagittaria platyphylla),
parrot’'s feather (Myriophyllum brasiliense), water
primrose (Ludwigia repens), and wild celery
(Vallisneria americana). In deeper water, Carolina
fanwort (Cabomba caroliniana), Hydrilla
(Hydrilla verticillata), and elodea (Egeria densa)
become the dominant macrophytes of the mud
and detritus-laden benthic region.

The salamanders are abundant within the
wiry mesh of the aquatic moss and the filamen-
tous mats of Lyngbya sp. in the shallow headwa-
ters area. Sandy substrates devoid of vegetation
and muddy silt or detritus-laden substrates with
or without vegetation are apparently unsuitable
habitats for E. nana. Specimens occasionaly are



collected from beneath stones in predominantly
sand and gravel areas. In view of the abundance of
predators (primarily larger fish, but also crayfish,
turtles, and aquatic birds) in the immediate
vicinity of the springs, protective cover such as
that afforded by the moss and cyanophycean
bacteria (=blue-green algae) is essential to the
survival of the salamander. This vegetation also
supports a plentiful food supply for the sala
mander.

Flowing water is apparently a prerequisite for
suitable E. nana habitat, as no specimens were
found in till water areas of the lake or river. The
flowing spring waters in the principal habitat are
dightly alkaline (pH 7.2), stenotherma (narrow
range of temperatures) at 21-22°C (69.8-71.6°F),
and clear. Around springs, the oxygen content of
the water is about 4 mg/L or greater (about 40-50
percent saturated with oxygen). Methyl orange
alkalinity in the area where E. nana occurs (due
entirely to bicarbonates) measured 220-232 mg/L
and the specific conductance measured 510-535
micromhos/cm in the habitat (Tupa and Davis
1976). In preliminary observations in captivity,
these salamanders appear to become stressed at
temperatures above 30°C (86°F). Oxygen con-
sumption by E. nana was greatest at water
temperatures of 25°C (77°F) as compared with 20
or 30°C (68 or 86°F) (Norris et al. 1963). Critical
thermal maximum (CTM) investigations by
Berkhouse and Fries (1995) determined that
juveniles had a lower CTM, 35.8°C (96.4°F) than
adults (37.2°C or 99°F).

In summary, the San Marcos salamander
apparently requires. (1) thermally constant
waters; (2) flowing water; (3) clean and clear
water; (4) sand, gravel, and rock substrates with
little mud or detritus; (5) vegetation for cover;
and (6) an adequate food supply.

Critical habitat has been designated for the
San Marcos salamander as. “Texas, Hays County;
Spring Lake and its outflow, the San Marcos
River, downstream approximately 50 m (164
feet) from the Spring Lake Dam.”
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Life History/Ecology

Food Habits

Salamanders in laboratory agquaria feed on
amphipods and young brine shrimp. Stomach
content analyses of 80 preserved specimens
revealed the salamander’s diet in its natural habitat
included amphipods and tendipedid (midge fly)
larvae and pupae; other small insect pupae and
naiads and small aguatic snails were found in
lesser numbers. Small amounts of Lyngbya sp. and
grains of sand occasionally were present, appar-
ently as incidental items ingested along with
principal food items. Feeding behavior observed
in the laboratory indicated that the salamanders
did not actively pursue their prey. Salamanders
remained stationary until the prey items were near
their head, then abruptly snapped forward while
opening their mouths to engulf food items. This
information suggests they respond either to visual
or vibrationa cues from living prey.

Reproductive Characteristics. Mae E. nana
reach sexual maturity (possess at least one full
darkly-pigmented lobe in each testis) after
attaining a snout-vent length of 19 mm (0.741
in) or 35 mm (1.37 in.) tota length. All males
with snout-vent lengths greater than 23.5 mm
(0.92 in.) or 40-45 mm (1.56-1.76 in.) total
length were mature, possessing darkly-pigmented
testes with one to three lobes (Tupa and Davis
1976). In an investigation by Mackay (1952),
sperm were found in the testes of all mature
males collected from October to May and in the
Wolffian ducts of certain males from October to
June (except for January and March). This study
did not include the months of July and August.
Mackay found large numbers of spermatozoa in
the Wolffian ducts in November; ducts were in a
distended condition in June, leading her to
postulate a breeding season in June and possibly
another in the fall.

Salamanders had the following four classes of
ova in the oviducts: very small clear ova, small
opagque-white ova, small yellow ova, and large
yellow ova. Females carrying large yellow ova
(1.5-2.0 mm [0.06-0.08 in.] diameter) were
considered gravid and presumably ready for
oviposition. Large yellow ova were present in



females with snout-vent lengths greater than 20.0
mm (0.78 in.) or 35 mm (1.37 in.) total length).
Females with a snout-vent length > 26 mm (1 .0 1
in.) carried 1 to 19 large yellow ova. Large yellow
ova were present in some females in nearly every
month of the year (Tupa and Davis 1976).

Courtship and egg deposition by E.znana has
not been reported, and no eggs have been col-
lected from the habitat. However, courtship,
oviposition, and hatching have been observed for
the closely related Comal Springs salamander.
Eggs of this species were deposited singly on plant
material, stones, and the bottom of a glass bowl
about 24 hours after courtship. Eggs hatched 18-
23 days later (Bogart 1967, Schleser et al. 1994).
Jordan et al. (1992) were successful in inducing
the Comal Springs salamander to spawn, but
hatching did not occur. The Comal Springs
salamander has reproduced successfully several
time in artificial spring upwellings at the Dallas
Aquarium (Schleser et al. 1994). Most, if not all,
Eurycea breed in running water of brooks, caves,
or springs. In most cases, adherent eggs are
deposited singly on the bottom and sides of
stones, or on aquatic vegetation.

A total of seven small juveniles of E.nana
still possessing yolk on the venter were collected
in February, May, and June 1968. Juveniles of
less than 12 mm (0.47 in.) total length were
collected from February through October (Tupa
and Davis 1976). Bogart (1967) found very
small E.nana in September, December, March,
April, and June, but noted they were most
common in the late spring and early summer. He
postulated that the salamander breeds most of
the year with a peak in late spring.

The structure of the E.nana population is
remarkably uniform throughout the year. In all
seasons juvenile specimens (snout-vent lengths
usually less than 15 mm [0.54 in.]) of undeter-
mined sex represented about 45 percent of the
total population. Larger juveniles (about 15-20
mm [0.59-0.78 in.] snout-vent length) of unde-
termined sex represented about 30-40 percent of
the population. Mature males (snout-vent lengths
19 mm [0.74 in.] and greater) represented about
1 O-1 5 percent and gravid females (snout-vent
lengths 20 mm [0.78 in.] and greater) about 4
percent of the total (Tupa and Davis 1976). Most
evidence suggests reproduction occurs throughout
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the year with a possible peak about May and
June.

Population Estimates

Tupa and Davis (1976) estimated the number
of E.nana in the floating algal mats at the
uppermost portion of Spring Lake to be between
about 17,000 and 2 1,000 individuals. Nelson
(1993) followed the same procedure used by
Tupa and Davis (1976) and estimated that the
mats were inhabited by about 23,000 sala-
manders. Nelson (1993) also searched rocky
substrates around the spring openings throughout
Spring Lake and estimated an additional 25,000
E. nana in this type of habitat. She also estimated
the population below Spring Lake associated with
rocky substrates to be about 5,200 individuals.
These estimates give a combined population total
for Spring Lake of 53,200. Nelson’s population
estimates of the rocky substrate habitat are
believed to be low (Nelson 1993 and Longley, in
lirt.,1994), since salamanders are known to
wriggle down into interstitial spaces in the habitat.
Captive salamanders from Comal springs are
found as far as four feet down in simulated spring
habitats (Longley, in ht., 1994).

Other Known Biological Aspects

The San Marcos salamander is capable of
altering its dorsal coloration from light tan to
dark brown in accord with the lightness or
darkness of the substrate. This color change is
accomplished by migration of pigment in
melanophores, giving them these structures the
appearance of expanding or shrinking
(Schwetman 1967).

The salamander’s external gills expand and
appear bright red from increased blood flow in
cool water of low oxygen content. The bushy
red gills are prominent on individuals when
collected from the springs, but they show marked
reduction, almost to the point of apparent
resorption when specimens are kept in well-
oxygenated aquaria (Tupa and Davis 1976).



Associated Species

Fountain darters occupy some of the same
habitats as E. #nana (Tupa and Davis 1976), and
display many of the same feeding and protective
concealment habits of the salamander. Unlike
other fishes in the area but like the salamanders,
fountain darters are found within the aquatic
moss growths and Lyngbya mats, as well as
beneath and alongside stones. Like the fountain
darters, the salamanders in the lake habitat eat
amphipods (Tupa and Davis 1976).

Associated with the salamander and fountain
darter in the moss and algal vegetation are crayfish
of varying sizes, two species of small freshwater
shrimp (Palaemonetes spp.), many tendipedid
larvae, a variety of other insect larvae, a very large
number (particularly in the moss) of amphipods
(Hyalella azteca), water mites, and many small
aquatic snails. Leeches (Placobdella sp. and others)
and planarians (Dugesia sp.) are also numerous,
especially in samples taken over rocky substrates
(Tupa and Davis 1976).

Most larger associated species are predators
and occur in the vicinity of the salamander
habitat. These include several species of sunfishes
(family Centrarchidae) and cichlids (family
Cichlidae), which feed on insect larvae, amphi-
pods, terrestrial isopods, aquatic snails, freshwa-
ter shrimp, fountain darters, and San Marcos
salamanders. Turtles such as Texas river cooters
(Pseudemys texana) and stinkpots (Sternotherus
odoratus) occasionally are present in the sala-
mander habitat as are yellow bullheads (Ameiurus
natalis) and largemouth bass (Micropterus
salmoides) (Tupa and Davis 1976). Nonnative
blue catfish have been introduced into Spring
Lake and may prey on Eurycea. The exotic blue
tilapia are a common part of the Spring Lake and
San Marcos fish fauna as well. Blue tilapia are
omnivorous and may prey on Eurycea.

Conservation Measures

Experiments are underway at the Dallas
Aquarium to develop captive breeding techniques
for E. nana in the event that the natural popula-
tion at San Marcos Springs is lost, using tech-
niques patterned after those used for breeding the
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Comal salamander. Efforts to induce propagation
at the San Marcos NFH&TC, which also housed
E. nana in simulated spring environments, were
unsuccessful (Brandt et al. 1993).

TEXAS WILD-RICE
(ZIZANIA TEXANA)

Description
Taxonomy

Texas wild-rice was first collected by G.C.
Neally in August 1892 and was originally identi-
fied as Z. aguatica (U.S. National Herbarium
sheet 979361). The next collection was by Ena A.
Allen on July 10, 1921 (U.S. National Her-
barium sheet 1611456). This sheet was labelled as
Z.texana, apparently by A.S. Hitchcock, some
time after its collection. W.A. Silveus, an attorney
and amateur botanist from San Antonio, first
recognized Texas wild-rice as a distinct species.
The type collection (W.A. Silveus 518, both the
holotype and isotype are housed at the U.S.
National Herbarium) was probably made on
April 3, 1932. Silveus sent the specimen along
with a letter to Agnes Chase of the U.S. National
Herbarium on April 4, 1932. The plant was
formally described and named as Z. texana by
Hitchcock (1933). All specimens were collected
from the San Marcos River. (The above informa-
tion was taken from Terrell et al. 1978).

In a monographic work on the genus Zizania,
Dore (1969) labelled Z. texana a “dubious
species.” Dore felt that Texas wild-rice was most
closely related to Z. aquatica var. aquatica. He
attributed the “perennial” nature of Texas wild-
rice to the “constant year-round temperature of
the artesian waters in which it grows,” and the
prostrate habit was due to the force of the cur-
rent. Dore felt that the distinction of Z.texana
from Z. aquatica would require careful field
appraisal.

Dore also noted that collectors might mistake
Zizaniopsis miliacea for Zizania texana, as Dore
was sent rhizomes of the former when requesting
material of the latter (Terrell et al. 1978). How-
ever, these two genera are different in several
reproductive and vegetative characters and are



easily distinguishable. The most diagnostic of
these characters is that Zizaniopsis miliacea does
not have male and female flowers on separate
branches as does Zizania texana (Figure 6).

Terrell et al. (1978) examined the three
American taxa of Zizania, including cultivating
them in common garden conditions (cultivation
side-by-side to be certain differences are intrinsic
and not environmentally induced). They con-
cluded that Z.texana was a distinct species based
on several characters. In addition, neither of the
other North American taxa occur near Texas
wild-rice, so there is little or no chance for
confusion, Northern wild-rice (Z. palustris)
appears several hundred miles to the north and
northeast (Missouri, Kansas, and Arkansas). The
nearest populations of southern wild-rice are in
Louisiana, some 400 miles to the east.

Southern wild-rice is a much more robust
plant than Texas wild-rice, attaining heights up
to 4 m (13 ft.) and having only its lower culms
immersed in water; the rest of the plant is erect
and emergent. In addition, the leaves of southern
wild-rice are 3-5 times as broad as those of Texas
wild-rice. In southern wild-rice the upper
inflorescence branches are long and widely
spreading, while those of Texas wild-rice are
shorter, more erect, and appressed. Southern
wild-rice has lemmas and paleas that are thin and
papery while those of Texas wild-rice are some-
what leathery (Terrell et al. 1978).

Northern wild-rice is somewhat smaller in
stature and more closely resembles Texas wild-
rice. Distinguishing characters are that the
spikclct is generally longer [up to 20 mm (0.8
in.) long in northern wild-rice, while Texas wild-
rice seldom exceeds 12.5 mm (0.5 inch)], the
paleas and lemmas of northern wild-rice are
distinctly leathery, and the lemmas of northern
wild-rice have prickle hairs in lines rather than
randomly scattered as in Texas wild-rice (Terrell
et al. 1978). The northern wild-rice plants are
generally more emergent than Texas wild-rice
under typical growing conditions, though in
some conditions Texas wild-rice will become
more emergent.

The mature caryopses (seeds) of Texas wild-
rice are only 50-70% as long as the lemma and
palea, whereas in both northern and southern
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wild-rice nearly the entire spikelet is filled by the
caryopses at maturity (Terrell et al. 1978).
Morphology: Texas wild-rice is an aquatic,
monoecious, perennial grass. The plant is gener-
ally 1-2 m (3.3-6.6 ft.) long (up to 4 m or 13 ft.)
and usually immersed and prostrate in the swift-
flowing water of the San Marcos River. In slow
water the inflorescence, as well as the upper culms
and leaves, becomes emergent. The culms are long
decumbent, stoloniferous, and root only at the
lower nodes. The leaves are linear, elongate, green,
12-110 cm (4.7 - 43.3 in.)) long, and 5-25 mm
(0.2 -1 .0 in.) wide. The inflorescence is a narrow
panicle, 16-3 1 cm (6.3 - 12.2 in.) long, and I-10
cm (0.4 - 3.9 in.) wide. Flowering occurs prima-
rily in the spring and fall although it may occur
throughout the year in warm weather. The
spreading staminate branches occur below the
appressed pistillate branches. Spikelets consist of
a single naked floret and lack glumcs. The stami-
nate spikelets are 6-1 1 mm (0.24 - 0.43 in.) long,
1.2-2 mm (.05-.08 in.) wide, with white stamens,
and hang down when mature. The pistillate
spikelets are 8-12 mm (0.32 - 0.4 in.) long, 1.2~
1.8 mm (0.05 -.07 in.) wide, erect, and awn-
tipped. The awns are scabrous with scattered
prickle hairs, and 10-35 mm (0.39 - 1.38 in.)
long. The seeds (as obtained from cultivation) are
cylindrical, 4.3-7.6 mm (0.17 - 0.30 in.) long, 1-
1.5 mm (0.04 - 0.06 inch) wide, 1/2to 3/4 as
long as the lemma and palea, and black, brown, or
greenish. The chromosome number is n= 15.
(Compiled from Silveus 1933, Hitchcock 1950,
Correll and Correll 1975, and Terrell et al. 1978).

Past and Present Distribution

When first described in 1933, Texas wild-rice
was abundant in the San Marcos River, including
Spring Lake and its irrigation waterways (Terrell
et al. 1978). By 1967 Emery found only one
plant in Spring Lake, none in the uppermost 0.8
km (0.5 mile) of the San Marcos River, only
scattered plants in the lower 2.4 km (1.5 miles),
and none below this (Emery 1967). Beaty (1975)
reported a coverage of about 240 m? (2,580 ft?).
However, the survey methodology Beaty used is
not known. In 1976 Emery again checked the
abundance (Emery 1977). He found no plants in
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Figure 6. Texas wild-rice. Inflorescence and male and female florets.
and Wildlife Department.
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Spring Lake. Using a floating frame one square
meter to measure the area of vegetative domi-
nance, he calculated 1,131 m? (12,161 ff) of
Texas wild-rice in the San Marcos River, primarily
concentrated in the extreme upper and lower
segments of the area known as the upper San
Marcos River.

Subsequent data were gathered by Vaughan
(1986) for several years using Emery’s measuring
technique. The overall areal coverage in 1986
was 454 m? (4881 ft?), less than half Emery’s
1976 figure.

The Texas Parks and Wildlife Department has
monitored area coverage since June 1989 (Table
4), and coverage has ranged from 1,005.4 m?
(10,823 ft, ) to 1,592.4 m* (17, 142 ft*)(average
1,374.3 m? or 14,794 ft*) (1989-1994). Emery’s
methodology was employed for the first few
plants, but was abandoned due to technical
difficulties. Length and width was measured on the
remaining plants, and percent coverage was
estimated within the resulting rectangle. Areal
cover was equal to L x W x % cover.

Texas Parks and Wildlife studies have estab-
lished that the current distribution of wild rice
extends from the uppermost part of the San
Marcos River just below Spring Lake dam
(where neither Emery nor Vaughan had reported
Texas wild-rice) and throughout the critical
habitat down to an area slightly below the
wastewater treatment plant, except for the river
portion between the Rio Vista railroad bridge
and the dam above Cheatham Street (Figure 3).

Habitat

The plants form large clumps rooted in the
limestone sand and gravel river bottom, which
overlays Crawford black silt and clay (Vaughan
1986). According to Silveus (1933), Texas wild-
rice occurred in Spring Lake and its irrigation
waterways. Silveus also noted that although he
expected originally to find the species growing
along the margins of the stream, he found the
plants occurring in the swiftly flowing currents
some distance from the bank (after Terrell et al.
1978), similar to current conditions. While
exotic elephant ears occupy river margins rather
than the regions with swift current, hydrilla
(which has also been introduced in recent times)
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forms extensive stands in some swift areas of the
river today. The consequences of this to Texas
wild-rice are unknown, but it is possible that
hydrilla is competing with Texas wild-rice or
altering its essential habitat.

Experimental studies (Vaughan 1986) showed
that Texas wild-rice grew poorly in Spring Lake at
water depths greater than 2 m (6.6 ft) due to
decreased light intensity and shading from other
aquatic vegetation. Rose and Power (1992) noted
robust growth at 1.6 m (5.25 ft.) in experimental
reintroduction work. In Vaughan’s experiments,
plants did not survive in moist or alternating wet/
dry experimental conditions, only in constantly
inundated conditions. Plants grown in an artificial
raceway environment (Vaughan 1986) produced
seed at water depths ranging from 20-60 cm (7.9
- 23.6 inches). Other species ofwild-rice require
very shallow water for germination (Vaughan
1986).

Power (1990) found that under experimental
conditions Texas wild-rice seeds germinated
more readily under low oxygen conditions and
that buried seeds (buried in either clay or sand)
germinated more readily than seeds at the
substrate/water interface. Rose and Power (1993,
1992) collected seeds from Texas wild-rice in
culture and conducted experiments on seed
storage and germination. Their studies indicated
that fewer seeds germinate as storage time
increases and, of seeds that germinate, fewer
have successful seedling development (Rose and
Power 1993 and in /zz.).

Critical habitat has been designated for Texas
wild-rice as “Texas, Hays County; Spring Lake
and its outflow, the San Marcos River, down-
stream to its confluence with the Blanco River.”

Life History/Ecology
Associated Species

In the upper portion of the San Marcos River,
Texas wild-rice occurs with pondweed
(Potamogeton #llinoensis), wild celery (Vallisneria
americana), arrowhead (Sagittaria platyphylla),
hydrilla (Hydrilla verticillata), hornwort
(Ceratophyllum demersum), elodea (Egeria densa),
and water primrose (Ludwigia repens) (Terrell et
al. 1978, Vaughan 1986). In the lower portion of



the river, Texas wild-rice is most often found in
isolated clumps (Terrell et al. 1978, Vaughan
1986). Elephant ears (Colocasia esculenta) (el-
ephant ear) has invaded the river edge, and is
narrowing the river and crowding the other
aquatic species in many places. Common tree
species that shade the river, include sycamore
(Platanus occidentalis), pecan (Carya illinoensis),
Populus deltoides (cottonwood), sugar hackberry
(Celtis laevigata), baldcypress ( Taxodium
distichum), black willow (Salix nigra), American
elm (Ulmus americana), Chinese tallow tree
(Sapium sebiferum), and live oak ( Quercus
fusiformis) (Vaughan 1986). Whether or not
survival of Texas wild-rice is influenced by the
degree of shading by the tree canopy is un-
known.

Reproduction

Texas wild-rice produces new plants either via
seeds or stolons. When reproducing sexually the
long rigid decumbant culm (which can reach
lengths of 3.6 - 4 m (12 feet) or more) bends
upward at its nodes, emerges above the current,
and produces a 3.2 to 4.7 cm (8 to 12 inch)
flowering panicle (Beaty 1975). Asexual repro-
duction occurs where shoots arise at the ends of
stolons. While asexual reproduction has been
noted and some plants have produced culms for
inflorescences, plants have not successfully been
producing (or setting) seed in the San Marcos
River (J. Poole, Texas Parks and Wildlife and P.
Power, Southwest Texas State University, pers.
comm.). Emery and Guy (1979) studied repro-
duction in Texas wild-rice and reported the species
is predominantly outbreeding and wind-polli-
nated. They found no indication of apomixis
(sclﬁng) or any reproductive anomaly. Pollen and
megaspore development as well as pollination and
early embryo development appear normal. Pollen
fertility is good (81.6%), and they concluded the
failure of wild-rice to produce seed in the wild is
probably not due to any genetic, cytological, or
embryological problems, but rather to some
extrinsic factor or factors. Plants grown in race-
ways at Southwest Texas State University’s
Aquatic Station successfully bloom and set seed,
and seed have been observed to drop in place and
subsequently germinate (P. Power, pers. comm.).

Part 1

San Marcos & Comal Springs & Associated Aquatic Ecosystems Recovery Plan

45

Conservation and Research Efforts

Texas wild-rice has been cultivated numerous
times with varying results. Terrell et al. (1978)
took three small clumps of Texas wild-rice to
Beltsville, Maryland, in September 1973. The
plants were grown in tap water and kept at a
constant temperature of about 23°C (73.4°F).
Only one of the plants survived. This individual
produced about 80 seeds. The plant later died
from two-spotted mites. Some of the seeds
germinated, but none grew more than a few
centimeters befor