














place or the beach area is lowered, the City of Austin will use a spring water sprinkler 
system to keep the beach area wet during drawdown." 

When the pool is lowered, WPDRD biologists search all exposed areas of 
salamander habitat for stranded salamanders. Stranded salamanders are either 
collected for the captive breeding program or returned to perennial waters in 
salamander habitat areas. The pool is slowly lowered using the new gate system. The 
ability to control the rate of lowering facilitates the movement of salamanders to 
perennial water. Since the beach area was lowered, water is maintained over the 
beach area even when the gates are open and the pool water level is lowered 
approximately four feet. As noted in Measure #7, low pressure hoses have proven to 
be ineffective in removing silt and sediment from habitat areas. High spring flows 
during 2001 have kept the fissures relatively clean of silt and continue to provide 
habitat for salamanders. Use of the spring water sprinkler system was discontinued 
during 2001 since it proved to be ineffective and required a high level of 
maintenance. WPDRD and Aquatics staff experimented with two types of spring 
water distribution systems. Both systems distributed the water unevenly due to the 
topography ofthe fissures area and the gasoline powered pumps proved to be costly 
and required a high level of maintenance. The Service was notified that pumps 
would not be used to spray water over the fissures area and that WPDRD biologists 
would continuously search the exposed fissures area for stranded salamanders. No 
salamanders were found after approximately two hours after the pool was lowered. 

Measure #12 

"The City of Austin will control surface water runoff around Barton Springs Pool, Eliza 
Spring, Old Mill Spring (Sunken Garden), and Upper Barton Spring. During heavy rains, 
stormwater runoff can carry sediment and potential pollutants directly into Barton 
Springs, Eliza Spring, Sunken Garden, and Upper Barton Springs. Plans and schedules 
for the improvements, approved by the Service, will be complete within one year of the 
issuance of this permit. All of this work will be completed within two years of permit 
issuance. The City will also install temporary silt and erosion control measures in order 
to minimize adverse impacts due to surface water runoff. These measures will be in 
place upon issuance of the permit." 

The design of the Phase 2 improvements to mitigate surface water runoff was 
approved by the Service. Temporary silt and erosion control measures were 
installed in compliance with this measure. Construction began in July 2000 and 
work was completed in the spring 2001. However, the elevation of the stone berm 
on the north side of Eliza Spring is not sufficient to control stormwater runoff 
during moderate to heavy rains. Temporary silt and erosion controls will be 
replaced/repaired while design modifications are developed and reviewed. Along the 
perimeter of the Barton Springs Pool south parking lot additional silt and erosion 
control measures were installed in September 2001. South parking lot modifications 
are scheduled for 2002. 



Measure #13 

"The City of Austin will modify Old Mill Spring (Sunken Garden) to restore the natural 
surface spring flow into Barton Creek. The pipe that currently drains the spring will be 
capped. This improvement will be in place within one year of the issue of this permit." 

The underground pipe draining Old Mill Spring has been capped by WPDRD field 
staff in order to maximize surface flow from the spring. This work was completed 
under the direction of WPDRD Endangered Species Biologists in January 2000. 
Additional restoration work is scheduled for 2002. The additional work includes 
complete restoration of surface flow from the spring to lower Barton Creek, the 
installation of a new span bridge along the lower trail, and an evaluation of spring 
water flow that continues to migrate into the capped underground pipe. 

Measure #14 

"The City of Austin, with technical assistance from the Service, will improve the 
efficiency of the Barton Creek bypass. As currently designed, the cleaning grate at the 
upstream end of the bypass quickly becomes clogged during storms. The clogging of the 
grate decreases the efficiency of the bypass and increases the frequency of floods that 
affect Barton Springs Pool. A more efficient system will be in place within one year of 
the issuance of this permit." 

Repair and modification of the bypass grate was coordinated with the Phase 2 
improvements. Calculations provided by the project engineering consultant 
indicate that the main constraint to the efficiency of the bypass is the size of the 
bypass opening and its maximum capacity. Major modifications to the bypass 
opening in the original Phase 2 improvements proposal were determined to provide 
only an incremental increase in the volume of water directed into tbe bypass 
channel and to be less than cost-effective. Therefore, major modifications were 
eliminated from the final proposal. The grate was repaired and modified in March 
2001 by WPDRD and PARD field maintenance staff. In addition, PARD Aquatics 
staff inspect the grate on a daily basis and remove debris as needed to ensure 
maximum flow rates in the bypass tunnel. WPDRD Field Operations staff clean the 
grate and surrounding creek area after major flood events. WPDRD staff removed 
gravel and debris from the area around the bypass grate after the August 26, 2001 
and November 15, 200 I floods. 

Measure #15 

"The City of Austin will implement a program to increase public awareness and 
community support for the salamander and the Barton Springs portion of the Edwards 
Aquifer. The SPLASH! Lnto the Edwards Aquifer Exhibit at Barton Springs Pool will be 
a major focus of this effort." 



The WPDRD Community Education Program and WPDRD biologists coordinate 
with PARD Nature Center staff and SPLASH! Exhibit management and staff to 
promute the exhibit as the major fucus of the public outreach effort at Barton 
Springs Pool. During 2001, 87,824 visitors toured the SPLASH! Exhibit. The 
WPDRD water quality education Earth Camp Program also provided 52] 
elementary school students interpretive tours of Barton Springs and the opportunity 
to tour the exhibit and experience the internal dynamics of the aquifer. The PARD 
Nature Center Education Program provided water quality education and 
interpretive tours of Barton Springs and the exhibit for 661 elementary school 
students. During the past year, WPDRD biologists and staff worked closely with 
exhibit management and staff in the development of new interpretive signs for 
Barton Springs. WPDRD biologists and staff also provided training and work 
sessions for Nature Center staff and vOlunteers who use the SPLASH! Exhibit as 
one of their major educational tools. 

Measure # Iii 

"Access to Eliza Spring and Old Mill Spring (S unken Garden) will be restricted to ensure 
no disturbance of salamander habitat at these spring areas. These sites will be used as 
outdoor ed ucational facilities for the study of the biology and ecology of Central Texas 
springs. These measures will be in place within one year of permit issuance." 

Access to Eliza and Old Mill springs is restricted by metal fencing. Eliza Spring is 
currently used as an outdoor classroom as part of the WPDRD Earth Camp 
Program and Nature Center water quality educational programs. Sunken Garden 
is used only on a limited basis due to its location on the south side of Barton Creek. 
New educational sign age will be installed at both spring sites. 

Measure #17 

"Educational signs (kiosks) will be installed to enhance public awareness of the 
salamander and aquifer. Outdoor educational displays will highlight the biology and 
ecology of the Central Texas springs with emphasis on the Barton Springs salamander. 
These measures will be in place within one year of permit issuance." 

Informational banners have been installed near the parking lot at Barton Springs 
Pool. Additional interpretive signage is currently in the final production stage and 
will be installed at Barton Springs Pool during Spring 2002. The new signage will 
highlight the geology, ecology and biology of the springs and the endangered status 
of the salamander (see Attachment #1). 

Measure #lll 

'The City of Austin will set up a fund for conservation and research efforts for the Barton 
Springs salamander. The City will deposit $45.000 annually (for the term of the permit) 
into this fund from the revenues generated by Barton Springs Pool. This fund will also 



be open to donations from any group or private individual. A conunittee oftechnical 
representatives will decide the allocation of money from this fund. At a minimum, the 
committee will consist of one technical representative from the City and one technical 
representative from the Service. These technical representatives must be experienced in 
salamander biology. Other conunittee members could include State, County, University 
or other qualified biologists and karst aquifer hydro geologists and swinuner/stakeholder 
representatives. The City and the Service would both retain "veto" power in deciding 
how the money is allocated. The funds would be used for study of salamander biology, 
captive breeding and refugia, watershed related research, improved pool cleaning 
techniques, education, and/or land acquisition. The comlnittee will decide how the 
money will best be spent. The funding will be in place within six months of permit 
issuance. " 

The City of Austin is in compliance with the funding of this measure. The City has 
deposited $45,()()0 annually into the conservation and research fund since the 
10(a)(I)(B) permit was issued in October 1998. However, no funds have been spent 
to date. Technical advisory committee members from the University of Texas­
Austin, U.S. Geological Survey, the Service, the City, and citizen groups have met to 
determine the best process for the solicitation of research projects and funding 
proposals. Project proposals will be sOlicited and evaluated in 2002 and funding will 
be provided for the projects selected by the technical advisory committee. The 
current balance in the fund is $156,000 and negotiations are underway between the 
City of Austin and the Austin Community Foundation regarding management of the 
fund. 

Measure #19 

"The City of Austin will deposit $10,000 (in addition to the $45,000 mentioned above) 
into the conservation fund. This will lnitigate for the incidental take that occurred as a 
result of cleaning the pool and operation from May 30, 1997 (listing effective date) to the 
date the permit would be issued. The fund will be set up and the money deposited within 
6 months of pennit issuance." 

The City of Austin is in compliance with the funding of this measure. 

Measure #20 

"The City of Austin will prohibit the use of high-pressure hoses in salamander habitat." 

Use of high pressure hoses is restricted to the non-salamander habitat areas in the 
shallow and deep ends of the pool. High pressure sprayers are used to clean the 
surface bedrock throughout the fissures area. The surface bedrock can become 
extremely slippery and may pose a significant safety l"isk, especially in areas where 
the water is shallow. The practice of using low-pressure hoses and/or wire brushes 
has proven to be ineffective in maintaining this area. Aquatics staff is trained to not 
spray the high pressure water directly into the fissures. WPDRD and Aquatics staff 



are currently conducting a study to evaluate the efficacy and labor requi red to clean 
solid limestone bedrock areas with high-pressure hoses as compared to manual 
scrubbing with wire brushes. Study results will be available by March 2002. 

Measure #2 1 

"The City of Austin may remove woody debris by any methods approved by the Service. 
All debris will be visually inspected for salamanders before and after removal." 

The City of Austin is in compliance with this measure. As needed, WPDRD 
biolugists and PARD Aquatics management use SCUBA equipment and mesh bags 
to manually remove woody debris from the pool. Large quantities of debris can 
build up, especially during floods that occur after extended periods of drought. The 
debris is removed from the pool in mesh bags and spread along the deck area. The 
debris is searched for salamanders, fishes, and other aquatic life. Living organisms 
are returned to the springs and the debris is then taken off-site for composting. 
During 2001, WPDRD biologists and PARD Aquatics staff removed and inspected 
woody debris and trash from Barton Springs Pool after the January 10th flood and 
the November 15 th flood. No salamanders were found in the woody debris on either 
date. 

Measure #22 

" In the event of a fl ash flood or potential fl ash flood, it [may be] necessary to prepare 
Barton Springs Pool area to limit damage. To prepare for such an event, sections of 
fence, trash cans, railings and other items are moved to rug her ground. The Endangered 
Species Biologist for the City of Austin will be notified before Barton Springs Poo l is 
lowered. Barton Springs Pool will not be lowered if the flow is lower than 54 cfs or if the 
City of Austin Endangered Species Bio logist indicates that Barton Springs Pool should 
not be lowered." 

The City of Austin is in compliance with this measure. Prior to a potential flash 
flood, PARD Aquatics staff remove sections of the fencing, railings, trash cans, and 
lifeguard stand equipment that may be damaged. Since the permit was issued in 
October 1998, the pool has not been lowered in preparation fur a flash flood. Many 
local engineers and hydrologists believe that lowering the pool priur to a flood is 
ineffective and may increase potential flood impacts near the main spring outlet. 
However, as noted above, the poul was luwered four times during 2001 for flood 
mitigation. The City of Austin is currently preparing a proposed HCP amendment 
and management plans to be submitted to the Service. Included in the documents 
will be the request to modify Measure #22 to allow for luwering of the pool after 
flooding has occurred to facilitate flood clean-up and remediation. 



Measure #23 

"The City of Aust in may clean sed iment and debri s Ii'o m the adjacent springs s ites using 
low-pressure hoses or other agreed to means on an as needed basis." 

WPDRD biologists manually remove trash and debris from adjacent spring sites. 
Nets may also be used to remove trash, debris, or surface algae. During 2001 , the 
City did not attempt to clean sediment from the adjacent spring sites with low­
pressure hoses or by any other method. 

Measure #24 

"The City of Austin will not allow the introduction of exotic plants or animals in any 
springs in Zilker Park." 

It is impossible to ensure that exotic species are not introduced by third parties into 
the springs. For example, on July 26, 2000, WPDRD biologists fuund two 
introduced exotic fish in Old Mill Spring. The fish were removed with nets by 
WPDRD biologists. The exotic snail Melanoides tuberculata was also collected in 
Old Mill Spring in Fall 2000. WPDRD biologists remuve the exotic snails whenever 
they are found. In 2001, swimmers and biologists also discovered an exotic yellow 
fish Gyrinocheilus aymonieri in Barton Springs Pool. The fish was to be removed 
with assistance from TNRCC and TPWD in late November 20lH but it appears to 
have disappeared during the November 15, 2001 flood. 

Measure #25 

"The City of Austin will no t move salamanders between springs sites. " 

The City is in compliance with this measure. WPDRD biologists do not capture and 
transport salamanders from one spring site to another. 

Measure #26 

"The City of Austin may manually trim aquatic vegetation that reaches the surface of the 
water. " 

The City is in compliance with this measure. If needed, trimming of aquatic 
vegetation is performed by PARD Aquatics staff. 

Measure #27 

"The City of Austin will not allow unauthorized SCUBA in any springs in Zilker Park." 

The City is in compliance with this measure. Salamander and biological inventory 
surveys are conducted by SCUBA certified WPDRD biologists. At times, WPDRD 



biologists may invite SCUBA certified scientists, students, photographers, etc. to 
dive in Barton Springs Pool or participate in scientific research. PARD Aquatics 
staff also dive in Barton Springs Pool for maintenance operations or to fire hose the 
deep end of the pool. Recreational SCUBA diving is not allowed in Barton, Eliza, or 
Old Mill springs. 

Measure #28 

"The City of Austin will prohibit the deliberate disturbance of substrate in the primary 
salamander habitat. This measure will be effective upon the issuance of this permit." 

WPDRD biologists provide in-service training for PARD Aquatics staff. The 
purpose of this training is to educate the staff with respect to salamander habitat 
and the need to discourage swimmers from deliberately disturbing the substrate in 
the primary habitat area. This training was completed on May 24, 2001 in 
conjunctioll with the PARD Aquatics in-service program. Metal fencing is also in 
place at Eliza Spring and Old Mill Spring as a deterrent to unauthorized access. 

Measure #29 

"Sediment and debris that is co llected during routine cleaning of the pool will be 
removed fro m the pool and disposed of properly. This would be accomplished by 
pumping the mater ial into a vacuum truck for disposal, irrigating the lawns or other 
agreed to means. The sediment and debris will not be dumped into Barton Creek as a 
means of disposal. This measure will be effective upon the issuance of this permit." 

Debris collected during routine cleaning is removed to an off-site location for 
composting. Sediment that is collected during the cleaning of the shallow end when 
the pool is lowered is either pumped onto the lawn during dry conditions or mixed 
with City water to dilute the sediment before pumping the material into the deck 
drain. On a weekly basis, the underwater cleaning equipment is used by Aquatics 
staff to remove algae and silt in the shallow end of the pool. Since the underwater 
cleaning equipment requires a high volume of spring water for operation, this 
material is discharged into the deck drains on the north side of the pool. 

Measure #30 

"Since there is a seasonal rate of turnover in the staff involved in the poo l cleaning 
process, the City will have professional supervisors direct and document all cleaning 
procedures at the pooL This measure will be in place upon the issuance of this permit. " 

The City is in compliance with this measure. PARD Aquatics Division currently has 
one full time pool manager and 4 full-time assistant managers assigned to Barton 
Springs Pool. 



Measure # 31 

"The City of Austin will ensure that aU people working at the pool (lifeguards and other 
staff) are knowledgeable about the salamander. Yearly training will be given to teach 
staff about the salamanders and the ecology of Edwards Aquifer springs. This measure 
will be in place upon the issuance of this permit. " 

As noted in Measure # 28, WPDRD biologists provide in-service training to 
Aquatics staff. This training includes the type and location of salamander habitat, 
protection of habitat, aquifer ecology, and spill and response procedures (see 
Attach ment #2). 

Measure # 32 

"The City of Austin will ensure that all people surveying for salamanders are properly 
trained. The survey work should be done under the terms and conditions of a current 
scientific permit issued to the City of Austin. This measure will be in place upon 
issuance of this permit." 

The Cit.y is in compliance with this measure. WPDRD biologists are responsible for 
all salamander surveys at spring sites in Zilker Park. They are also responsible for 
the state and federal scientific permits pertaining to the Barton Springs salamander. 
The current state scientific permit is valid until September 2003 and the federal 
scientific permit is valid through April 2002. The City is in compliance with both 
the state and federal scientific permits. Salamander survey data are compiled 
annually and reported in the Federal Scientific Permit 10(a)(J)(A) annual report. 

Measure #33 

"The City of Austin wiU provide yearly spill and response training for aU that perform 
maintenance activities in and around the springs in Zilker Park. The annual training will 
address spill and response protocols, proper containment techniques, and remediation. 
An annual inventory of necessary containment and remediation equipment will be 
conducted during the training session, and after the use of the equipment in response to 

any spill. This measure will be in effect upon the issuance of this permit." 

The City is in compliance with this measure. A WPDRD biologist and Spill and 
Response Team leader provided training to Aquatics staff in May 2001. The Spill 
and Response Team leader performed an inventory of the on-site containment and 
remediation equipment and recommended the purchase of additional absorbent 
pads and replacement of the older absorbent flexible booms. The additional 
remediat.ion equipment was purchased by PARD Aquatics Division. 



Measure #34 

"Specific areas will be designated for the fue ling and maintenance of equipment and 
vehicles used in maintaining the spr ings and the areas around the springs. These areas 
should be selected away from the springs to avoid the chance of impacts to the spring 
habitats. Absorbent pads will be used during all operations, fueling, and maintenance 
activities. This measure will be in effect upon the issuance of this permit." 

The City is in compliance with this measure. All diesel powered equipment is 
refueled at the Zilker Park maintenance facility near Barton Springs Road. 
Gasoline cans are also refilled at the same location. Gasoline powered pumps and 
high pressure sprayers are refueled on the sidewalk near the equipment storage 
area on the south side of the bathhouse or on the deck area away from the edge of 
the poul. Since gasoline cans are not permitted in the pool area, gasoline powered 
pumps must be removed from the pool and onto the deck area away from the edge 
of the pool for refueling. Absorbent pads and flexible absorbent booms are on-site 
at the refueling locatiuns and during operation of the high pressure sprayers. 

Measure #35 

"The City, with concurrence of the Service, will develop a policy fo r si lt and gravel 
removal in the deep end of the poo l. In the past, silt removal in the deep end has been 
necessary after the pool has been flooded by Barton Creek, but the City does not have a 
policy that outlines when and how the removal of material should occur. The take 
estimate may change due to this policy but would probably be a minor amendment to the 
HCP. The new policy wi ll be in place within one year of the issuance of this permit." 

The City of Austin's silt, gravel and debris removal policy for Barlon Springs Pool 
was submitted to the Service for review and approval in November 2000. In 
addition, WPDRD biologists are working with Javeler Construction of New Iberia, 
LA, tu implement a comprehensive plan for flood mitigation at Barton Springs Poul. 
Javeler Construction specializes in pump and remediation equipment that precludes 
the need for heavy dredging equipment. Currently, sediment and gravel samples are 
being analyzed to determine the most cost-effective method for removal of this 
material from Barton Springs Pool. The revised Silt and Gravel Removal Policy 
document will be submitted to the Service in Spring 2002 along with the proposed 
HCP amendment. 

Measure #36 

"The City wi ll, in concurrence with the Service, develop a catastrophic spill response 
plan for Barton Springs. The new plan wi ll be in place within one year of the 
implementation of this permit. This plan will address spill prevention, containment, 
remediation, and sa lamander resc:ue." 



The City of Austin's spill response strategies document has been submitted to the 
Service for review and approval. In addition, a revised spill response strategies 
document (November 2001) that includes guidelines for salamander rescue will be 
submitted to the Service as an attachment to the proposed HCP amendment. 

Measure #37 

"Structural and habitat restoration will occur at Eliza Spring and Old Mill Spring. 
Habitat restoration will include enhancement of bottom substrate with clean cobble and 
gravel, and the establishment of native species of aquatic plants. Care wiH be taken to 
ensure that non-native invertebrates are not introduced. Old Mill Spring enhancement 
will include the restoration of full surface flow to the stream. All restoration efforts will 
be reviewed and approved by the Service before implementation. This work would be 
completed within two years of the issuance of this permit." 

Structural restoration of Eli7..3 and Old Mill springs will be long-term projects that 
require extensive input from the engineering community, historical community, and 
concerned citizens. During the low aquifer conditions tllat persisted through the 
summer and early fall 2000, the City of Austin presented habitat restoration plans 
for Eli7..3 Spring to the Service. This type of restoration work can only be done 
under low now conditions at the springs. Unfortunately, heavy rains occurred in 
November and December 2000 and significantly raised the water levels at both 
spring sites and the proposed habitat restoration at Eliza Spring has been postponed 
until low aquifer conditions return. At Sunken Garden, the trail culvert and 
stabilizing posts will be removed to restore surface now from the spring to lower 
Barton Creek. Plans for new iron fencing will be submitted for review and approval 
in 2002. 

Measure #38 

"The City of Austin will continue to conduct monthly salamander surveys at an spring 
sites, in compliance with Federal and State Scientific Monitoring Permits." 

WPDRD Endangered Species Biologists are responsible for the monthly salamander 
surveys at Barton Springs and the federal and state scientific permits. WPDRD 
biologists conducted seven regular surveys in Barton Springs Pool in 200!. Survey 
results ranged from six to 15 salamanders with a mean value of 11 salamanders. At 
Eli7..3 Spring, nine surveys were conducted in 2001. Survey results ranged from 7£ro 
to seven with a mean value of four salamanders. At Old Mill Spring, biologists 
conducted ten surveys. Survey results for the Barton Springs salamander ranged 
from 8 to 56 salamanders with a mean value of 28 salamanders. At Old Mill Spring, 
WPDRD biologists also surveyed for the Austin Blind salamander (Eurycea 
waterlooensis). Survey results for the Austin Blind salamander varied from zero to 
37 with a mean value of nine salamanders. WPDRD biologists conducted an 
additional survey in May 200} of the spring-run below Old Mill Spring and the area 
of lower Barton Creek where spring water discharges into the creek. Biologists 
found a total of 13 salamanders. And at Upper Barton Spring, biologists conducted 



ten surveys in 2001. Survey results ranged from zero to 14 with a mean value of six 
salamanders. Several scheduled surveys were cancelled during 20111 due to 
flooding, staff limitations, and human safety concerns at Eli7.a Spring due to a 
sewage spill at the lift station under the Barton Springs Pool parking lot. WPDRD 
biologists are currently analyzing water samples from Eli7.a Spring to determine 
fecal coliform and E. coli levels. 

Measure #39 

"The City will form a Scientific Advisory Committee of local and regional experts that 
will meet at least annually to discuss and refine pool maintenance activities. A variety of 
interests including swimming, biology, and hydrogeology will be represented on this 
conunittee. In addition, this committee will review this HCP and make suggestions for 
needed amendments as deemed necessary. The Advisory Conunittee will also be 
responsible for refming the habitat conservation plan through adaptive management. 
Data collected will be used to adapt management actions. The City of Austin will be 
responsible for implementation of adaptive management changes." 

To date, the City of Austin has not formed a Scientific Advisory Committee of local 
and regional experts. The City of Austin is in the process of recruiting committee 
members for the Scientific Advisory Committee. The committee will review the 
HCP, current management practices, and the Alan Plummer Report, "Barton 
Springs Pool Preliminary Algae Control Plan for City of Austin", December 2000. 

Measure #40 

"The City of Austin must reduce loadings of petroleum hydrocarbons, heavy metals and 
sediments to Barton Springs from current development and other activities located within 
the Barton Springs Zone, within the City lirnits, and subject to the City's jurisdiction. 
This reduction in loadings will be achieved through the measures set out in the Nl'DES 
stormwater permit and its reasonable and prudent measures listed in Appendix A of the 
EA/HCP." 

The NPDES Permit annual report has been submitted to the Service and is available 
through WPDRD. 

Measure #41 

"The City of Austin will maintain a viable captive breeding population of Barton Springs 
salamanders. The City will designate a staff biologist and dedicate a minimum of 
$20,000 annually to the development and maintenance ofthis program. The purpose of 
this program is to provide a contingency plan for the species if a catastrophic event were 
to occur. Funding and design of the new program will be in place within six months of 
the issuance of this permit." 



Highlights of the 200.1 captive breeding prugram include establishing a temporary 
facility at the University of Texas' Animal Resources Center and adding a second 
fUll-time biolugist to the captive breeding staff. Captive breeding biologists have 
been working with University and City staff to identify a permanent location for the 
program and hupe to find a suitable location and begin constructing a facility in 
2002. 

The Austin Blind salamander (Eurycea water[ooensis) is now formally recognized as 
a distinct species and is included in the captive breeding program. The City's 
captive breeding program currently supports 90 salamanders, including 76 Barton 
Springs salamanders and 14 Austin blind salamanders. Four 200l egg-laying events 
occurred in three Barton Springs salamander tanks, producing 37 young. To date, 
no eggs or other signs of reproductive activity have been observed in any wild or 
captive Austin blind salamanders. 

Captive breeding biologists continued tu foster a partnership with the University of 
Texas to promote research un the Barton Springs and Austin blind salamanders. 
An intern from the University assisted with the captive breeding program during 
the spring 2001 semester. Two undergraduate students cunducted a food preference 
study in November 2001 with assistance and guidance frum the captive breeding 
biologists. 

Captive breeding biolugists have produced extensive video footage of salamander 
behavior and activities, including egg-laying and egg development. This footage will 
be edited and presented with the 2002 annual permit report. 

The captive breeding program annual report for 2001 is attached (see Attachment 
#3). 

Conclusions 

During the first three years of the Section lO(a)(\)(B) permit, the City of Austin has 
dedicated extensive resources and funding in compliance with the measures outlined in 
the HCP. However, during this time period the City has not been able to comply fully 
with some of the timelines detailed in the HCP due to extreme climatic conditions 
(extended drought), problems related to the delivery of properly manufactured 
components such as the new adjustable gate system, changes in the compliance terms, or 
unanticipated barriers to projects such as the structural restoration of Eliza and Old Mill 
spring. It is important to point out that any delays in the implementation of these 
measures has not resulted in an increase in the level of incidental take permitted by the 
Service. 

Since the Section IO(a)(l)(B) permit was issued in October 1998, the City of Austin has 
implemented major changes in pool maintenance and operational methods. The 
underwater Cleaning equipment eliminates the need to lower the water level in the pool 



on a weekly basis which has been shown to have a major impact on the salamander and 
the biology of the springs. Areal coverage of aquatic vegetation has also increased in the 
pool and aquifer levels remained above average throughout the year. However, 
salamander survey results at Barton Springs Pool for 2001 are lower than average based 
on the available survey data. Habitat conditions in Eliza Spring remained poor 
throughout 2001 with anoxic sediment and algae covering most of the bottom of Eliza 
Spring. The poor habitat conditions are reflected in the low salamander survey numbers. 
Sunken Garden continues to provide excellent habitat for both the Barton Spring and 
Austill Blind salamanders. Survey results for both species indicate an abundance of 
salamanders with a high percentage of juveniles present. 

As documented in this report, the City of Austin is committed to the protection of the 
salamander and the Edwards Aquifer and compliance with the measures set forth in the 
Section lO(a)(I )(B) Permit. However, the City of Austin has met in informal 
consultation with the Service and will submit an HCP amendment proposal in Spring 
2002 for adaptive management changes to the HCP. The goal of the HCP amendment is 
to improve the maintenance and operation of Barton and adjacent springs and provide the 
maximum protection for the continued survival of the species. 
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Barton Springs Spill & Response Protocols 

Follow these procedures for any spill or other incident in the vicinity of the springs or 
creek that could threaten the water quality or aquatic life of Barton Springs, Eliza Spring, 
Old Mill Spring, Upper Barton Spring, or Barton Creek. This includes any area within 
300 feet of either bank of Barton Creek within Zilker Park. 

I. If a spill occurs, try to identify the type of material spilled to determine its poss ible 
hazard to yo u and others. Immediately notify the Austin Fire Department HazMat 
Unit at 911 if you cannot identify the type of material, if you identify the material as 
hazardous, if public safety is threatened, or the spill is larger than you and your staff 
can easily contain. 
Don't auempt to contain or cleanup spills if you don't know what it is! 

2. If it is safe to do so, attempt to contain the spilled material by building a dike with 
whatever material is inunediately available, e.g., sand, dirt, absorbent pads, etc. 
Make sure that you are wearing proper personal protection during any cleanup work! 

3. Notify the Environmental Hotline at 974-2550. A Spill Response Team member will 
respond quiCkly. 

4. Notify the Zilker Park Manager by digital pager at 802-8267 (monitored 7 days a 
week). 

5. Begin spill cleanup only under the direction of a member of the Watershed Protection 
and Development Review Department Spill Response Team or the Austin Fire 
Department. 

6. If the spill occurs during drawdown of Barton Springs Pool, obtain a release from the 
Spill Response Team member before refilling the pool. 

If poss ible, try to perform steps 2 and 3 simultaneously. One person may be able to 
contain the spill while another staff member notifies the Environmental Hotline. Your 
first priority is to protect yourself and others; your second priority is to protect the 
water quality of the springs and creek by containing the spill, if possible, and seeking 
expert assistance. 

It is critical to notifv the Environmental Hot.line whet.her or not YOIl think t.he spill 
will reach the pool or the creek! 
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Executive Summary 
 
Highlights of the 2001 captive breeding program include establishing a temporary facility at the 
University of Texas’ Animal Resources Center and adding a second full-time biologist to the 
captive breeding staff.  Captive breeding biologists have been working with University, City, and 
U.S. Fish and Wildlife Service staff to identify a permanent location for the program and hope to 
find a suitable location and begin constructing a facility in 2002.   
 
The Austin blind salamander (Eurycea waterlooensis) is now formally recognized as a distinct 
species and is included in the captive breeding program.  The City’s captive breeding program 
currently supports 90 salamanders, including 76 Barton Springs salamanders and 14 Austin blind 
salamanders.  Four 2001 egg-laying events occurred in three Barton Springs salamander tanks, 
producing 37 young.  To date, no eggs or other signs of reproductive activity have been observed 
in any wild or captive Austin blind salamanders. 
 
Captive breeding biologists continued to foster a partnership with the University of Texas to 
promote research on the Barton Springs and Austin blind salamanders.  An intern from the 
University assisted with the captive breeding program during the spring 2001 semester.  Two 
undergraduate students conducted a food preference study in November 2001 with assistance and 
guidance from the captive breeding biologists. 
 
Captive breeding biologists have produced extensive video footage of salamander behavior and 
activities, including egg-laying and egg development.  This footage will be edited and presented 
with the 2002 annual permit report. 
 
The following report focuses on events that occurred in 2001.  Captive breeding biologists are 
currently summarizing information from previous years for presentation in future reports.   
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Purpose 

 
Measure 41 of the City’s section 10(a)(1)(B) permit (PRT-839031), which authorizes incidental 
take of the endangered Barton Springs salamander (Eurycea sosorum) for the operation and 
maintenance of Barton Springs Pool and adjacent springs, states: 
 

“The City of Austin will maintain a viable captive breeding population of Barton Springs 
salamanders.  The City will designate a staff biologist and dedicate a minimum of 
$20,000 annually to the development and maintenance of this program.  The purpose of 
this program is to provide a contingency plan for the species if a catastrophic event were 
to occur.  Funding and design of the new program will be in place within six months of 
the issuance of this permit.”  

 
In addition to complying with the City’s permit, the captive breeding program provides an 
excellent opportunity to form partnerships with academia, environmental organizations, and 
government agencies to learn more about the salamander’s biology, habitat requirements, and 
sensitivity to environmental disturbance and to promote increased awareness of threats to this 
species and the Edwards aquifer. 
 

Ethics 
 
The City’s captive breeding biologists are committed to providing a cruelty-free environment 
and ensuring the well-being of the salamanders.  Our goal is to help promote their long-term 
survival and recovery in the wild through discovery of their biological and ecological 
requirements, share this information with the human community, foster stewardship of these 
unique creatures and the Barton Springs watershed, and provide an additional safety net to 
protect against extinction. 
 

New Species Description 
 
In 2000, captive breeding staff worked with University of Texas professor Dr. David Hillis to 
describe a second species of salamander found in Barton Springs. The formal description for the 
Austin blind salamander (Eurycea waterlooensis) was published in Herpetologica in September 
2001 (Hillis et al. 2001). This salamander species has eyespots rather than eyes with lenses and is 
thought to spend most of its life in the aquifer.  Because the Austin blind salamander is similar in 
appearance and suffers from the same degree of threats as the Barton Springs salamander, the 
City’s captive breeding biologists have included this species in the captive breeding program. 
 

Captive Breeding Facility 
 
In the fall of 2000, captive breeding staff worked with Dr. David Hillis (University of Texas) and 
Dr. Jerry Fineg (Director of the University of Texas Animal Resources Center) to develop a plan 
to temporarily house the captive breeding program at the Animal Resources Center (ARC).  In 
February 2001, the salamanders in the captive breeding program were relocated from an office at 
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Two Commodore Plaza to two 75-square foot rooms at the ARC.  ARC provides high security 
and is equipped for aquatic research projects needed for the start-up phase of the captive 
breeding program.  In addition to the ARC, Barton Springs salamanders are on display at The 
Splash! Into the Edwards Aquifer Educational Exhibit at Barton Springs Pool. 
 
Captive breeding biologists are continuing to look for a larger, permanent facility.  Factors 
considered in selecting a suitable facility include a reliable source of groundwater with water 
quality similar to Barton Springs (ideally, the groundwater source should be independent of the 
Barton Springs watershed, so it is not vulnerable to the same threats), landowner support for 
housing the facility, adequate space and infrastructure, onsite security, cost, and potential to 
conduct research and public outreach.  Since research is critical to develop reliable captive 
breeding techniques for this and other Eurycea salamanders, captive breeding biologists have 
been pursuing a long-term partnership with the University of Texas to promote academic 
research.  Captive breeding biologists have proposed Brackenridge Field Laboratory as a 
possible location for conducting salamander research due to its convenience for University 
faculty and staff, groundwater quality independent from Barton Springs, infrastructure, and 
onsite security.  However, preliminary discussions with University staff indicate that a long-term 
commitment to house the captive breeding program at this site may be problematic.  Captive 
breeding biologists will continue to pursue a partnership with the University to conduct research 
while exploring other sites.  Sites with the greatest potential to house a permanent facility include 
City properties.  Captive breeding biologists hope to locate a suitable location and begin 
constructing a permanent facility in 2002. 
 

Equipment  
 
The City currently maintains two types of aquaria: artificial spring upwellings and 75-gallon 
glass tanks.  Two upwellings were custom-made by the University of Texas Biology and 
Chemistry Machine Shop in spring 2001 based on a design that has been successful in cultivating 
Eurycea salamanders at the Dallas aquarium (Roberts et al. 1995).  Each upwelling consists of a 
36” long 6” interior diameter acrylic tube that is filled with rocks and fitted to the bottom of a 5-
gallon tank.  Water is pumped up through the tube at a flow rate of 1.5 gallons per minute and 
exits through a screened overflow near the top of the aquarium.  The tube is covered with black 
plastic to simulate the darkness of the aquifer. 
 
In addition to the 2 upwellings, the City has 3 commercially manufactured 75-gallon tanks and is 
setting up a fourth.  Each tank is set on a wooden tank stand.  All aquaria are attached to a 1/6 hp 
Delta-star titanium water chiller made by Aqua-Logic.  A Hydrothrustor-Q System 500 pump 
provides a continuous flow rate of 3-7 gallons per minute through each system.  A digital 
temperature controller maintains the water at 69-71oF.  Thermometers are placed in each system 
to verify temperature readings of the controller.  Eheim canister filters provide mechanical, 
biological, and adsorptive filtration.  Bacterial colonies in the filters convert toxic ammonia and 
nitrite into the less harmful nitrate, which is removed with regular water changes.  Tetratec AP 
aquarium air pumps fitted with plastic tubing and airstones help increase circulation, promote 
oxygen exchange, and increase the escape of carbon dioxide in the 75-gallon tanks.  The flow 
regime in the upwellings does not require this additional aeration.  Lighting is provided by full-
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spectrum and flourescent ceiling lights.   
 
In all of the 75-gallon tanks, water cascades into one end through an elevated PVC pipe, 
providing a splash effect to help aerate the water.  Two of the 75-gallon tanks are separated into 
three compartments by 1/16” – 1/8” plexiglass and/or polypropylene partitions.  Multiple holes 
are drilled into each partition to allow water to flow through the entire tank.  A third 75-gallon 
tank (“experiment tank”) is currently set up to house salamanders individually or in pairs in 
separate containers to facilitate experiments such as the food preference study (see “Research”).  
This tank has no dividers.  Captive breeding biologists recently set up a fourth 75-gallon tank 
that has a half-inch hole drilled into the bottom of one end to allow water to flow upward.  This 
tank is intended to simulate aquifer, springflow, and springrun conditions.   
 
To prevent the salamanders from crawling out of the tanks, all but the experiment tank are fitted 
with plexiglass lids.  The experiment tank has a glass lid.  
 

Maintenance 
 
Captive salamanders are separated by species, collection site, and size.  Except for the 
experiment tank, adults are separated into individual compartments and upwellings.  Small (~ 25 
mm or less) salamanders are housed separately from adults in 2-liter plastic containers.  Very 
small (~20 mm or less) salamanders are housed in containers without holes to prevent injury or 
escape.  Larger salamanders are placed in containers with multiple holes drilled along each side 
to allow water to flow through.  Adult salamanders in the experiment tank are also being housed 
individually, in pairs, and small groups in containers with holes.  Each container is covered with 
a tight-fitting plastic lid.  An airstone is placed in each container through a slit cut in the middle 
of each lid.  
 
Austin blind salamanders have been maintained in two compartments in one of the 75-gallon 
tanks.  To maintain a dark environment, black foam board is placed between the bottom of the 
tank and tank stand, and the sides and top of the compartments are covered with black plastic. 
 
The 75-gallon tank with the upwelling will be maintained to simulate aquifer, spring, and 
springrun habitat.  The upwelling end of the tank will be kept dark and has been partitioned off 
from the rest of the tank by a vertical sheet of black plexiglass.  A horizontal sheet of black 
plexiglass with one large hole centered over the upwelling and multiple smaller holes is placed 
over the top of this compartment.  The outside of the compartment is covered with black plastic.    
 
Substrates in the tanks and individual containers vary but include gravel; small, medium, and 
large rocks; plastic plants; and aquatic moss (Amblystegium riparium).  Gravel and rocks are 
obtained from commercial sources and from Barton Creek.  All are washed with tap water and 
allowed to dry before placing them in aquaria.  Plastic plants are rinsed with tap water and spring 
water before use.  Based on observations of wild and captive individuals, both Barton Springs 
and Austin blind salamanders are frequently found in Amblystegium riparium.  This aquatic moss 
is commonly found growing on bare rock at the spring outlets and appears to be an important 
habitat component.  The moss provides cover and harbors a variety and abundance of aquatic 
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invertebrates for the salamanders to feed on.  Captive breeding biologists plan to expand the 
captive breeding program in 2002 to include culturing this moss, other aquatic plants, and 
invertebrates.  Captive-raised plants and invertebrates will be used to supplement salamander 
cover and food and, if needed, assist with habitat restoration efforts at Barton Springs. 
 
All water in the aquaria comes from Barton Springs Pool.  To prevent salamanders from 
climbing out, the water level in each tank is at least several inches from the top.  Tanks are 
cleaned once a week.  Captive breeding biologists siphon and replace about 10% of the water 
from each tank, removing algae and vacuuming the bottom to remove excess food, debris, and 
wastes.  Water changes in individual containers without holes are done every two to three days.  
 
Aquarium lighting is provided by the ceiling lights.  The lights are set on a timer that provides 
lighting patterns intended to simulate day and night. 
 
Salamanders are generally fed every two to three days.  Adults are fed commercially available 
live blackworms (Lumbriculus sp.) and invertebrates collected from Sunken Garden and Eliza 
Spring.  Newly hatched salamanders are fed tiny, wild-caught invertebrates daily or every other 
day.  Larger juveniles are fed wild-caught invertebrates every two to three days.  The 
invertebrates are maintained in clumps of Amblystegium riparium and leaf litter in coolers and 
small aquaria filled with spring water.  An airstone or sponge filter is placed in each container.  
 
Captive breeding biologists check on the salamanders daily to ensure proper functioning of all 
equipment and health of each salamander. 
 

Collections 
 

City biologists collected 32 salamanders (20 Barton Springs and 12 Austin blind) in 2001.  
Combined with previous collections and reproductions, the City is currently housing 90 
salamanders (76 Barton Springs and 14 Austin blind) (Tables 1-3).  Eighty-six salamanders (72 
Barton Springs and 14 Austin blind) are housed among the aquaria at ARC.  The Splash! exhibit 
has 4 Barton Springs salamanders in its display tank.  The combined space at ARC and Splash! is 
nearing maximum capacity, and additional space is needed to further expand the captive 
breeding program.    
 
To minimize impacts on wild populations, generally five or fewer individuals are collected 
during any given visit to a spring site, and collections are spaced a month or more apart (Table 
2).  Captive breeding biologists attempt to maximize variation in color, size, and sex of the 
salamander collections.  Most of the collections are from Barton Springs and Sunken Garden, 
where greater numbers of salamanders are found than at Upper Barton Spring and Eliza Spring.  
Eleven of the 20 (55%) Barton Springs salamanders collected in 2001 were collected from 
Barton Springs Pool following drawdown.  Only one (5%) salamander was collected from 
Barton Springs Pool during a survey.  Seven (35%) were collected from Sunken Garden and one 
(5%) was collected from Eliza Spring.  No individuals were collected from Upper Barton 
Springs in 2001.  The one Eliza Spring individual was collected because it appeared to be dead, 
although its heart was still beating.  Two individuals from Sunken Garden were collected in the 
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same condition on the same day.  All three individuals recovered in captivity that evening.  
 
All 12 of the Austin blind salamanders collected in 2001 were from Sunken Garden (Table 2).  
This species is seldom seen at the other spring sites.  Three or fewer salamanders were collected 
on any given visit. 
 
Salamanders are collected with small aquarium nets and placed in a small plastic container with 
water from the collection site.  The container is sealed with a lid and placed in a cooler 
containing spring water to maintain the temperature.  Salamanders are immediately transported 
to the ARC.  A battery-operated aerator is used to aerate the water in the event of any time delay. 
Once the collected salamander arrives at the ARC, the salamander is acclimated to the tank water 
via small water changes for a period of at least 30 minutes. The collected salamander is placed in 
a container without holes for about 24 hours so any fecal pellets can be siphoned out and 
analyzed for food eaten to determine salamander food items. 
 
The City’s federal permit requires the City to maintain a viable captive breeding population of 
Barton Springs salamanders.  Although the permit does not define “viable,” a general rule of 
thumb commonly obtained from conservation biology literature prescribes a minimum short term 
effective population of 50 individuals to prevent unacceptable inbreeding and a minimum long-
term effective population of 500 to maintain overall genetic diversity (Franklin 1980, Soule 
1980).  Effective population generally refers to individuals that contribute offspring to a 
population.  If only 10% of the individuals in a population reproduce, the 50/500 rule would 
translate to a short-term minimum viable population (MVP) of over 500 individuals.  Other MVP 
estimates from the literature range from 1,000 to 10,000 adults.  MVPs have been the subject of 
considerable debate, and research and population viability analyses would be needed to develop 
better MVP estimates for the Barton Springs and Austin blind salamanders.  Regardless, 
population viability depends on reliable breeding success.  Furthermore, although 500 
individuals provides a target for the captive breeding program, collecting this number of 
salamanders could deplete the wild populations.  Thus, the City is currently focusing on 
conducting research needed to ensure a successful captive breeding program, collecting 
individuals slowly over time, building a larger facility to support larger numbers of salamanders, 
and providing a contingency plan should an emergency situation (such as a catastrophic spill) 
require immediate collection of large numbers of salamanders from the wild.  Captive breeding 
staff are currently developing a long-term captive breeding plan, which will be submitted to the 
U.S. Fish and Wildlife Service for review in 2002. 
 
 

Reproductive Activity   
 
Sexual dimorphism: Obvious signs of sexual dimorphism in Barton Springs salamanders 
include the appearance of eggs, which are visible through the translucent skin covering the 
female’s body cavity.  However, since adult females may reabsorb eggs and have been observed 
courting other females, the sex of salamanders without eggs is difficult to ascertain.  In general, 
large (i.e., greater than 25 mm) salamanders that have not developed eggs in captivity for long 
periods of time (for example, a year or more) and have been observed courting females are 
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assumed to be males.  For all other Barton Springs salamanders without eggs, the sex is treated 
as unknown.  To date, no eggs or other signs of reproductive activity have been observed in any 
wild or captive Austin blind salamanders.  Determining diagnostic characteristics to distinguish 
between sexes, individuals, and development stages is a high priority research need.  Captive 
breeding biologists plan to initiate this research in 2002. 
 
Age at first reproduction: Within the plethodontids (lungless salamanders), species that have 
aquatic larvae generally mature earlier (0.5-4 years for males and 0.5-5 years for females) than 
do those having direct development of terrestrial eggs (Duellman and Trueb 1986).  Seven of the  
wild-caught Barton Springs salamanders have developed eggs in captivity (Table 2).  One F1 
(first generation) and two F2 (second generation) salamanders from clutches laid in January and 
April 1999 (Table 3) are believed to be males based on size, no visible sign of eggs for almost 
three years, and/or observations of courtship behavior with females.  However, the ages at which 
these wild-caught and captive-bred individuals became sexually mature are unknown.  Captive 
breeding biologists are continuing to monitor the captive-bred salamanders for signs of egg 
development.  
 
Courtship: Courtship behavior has been observed between most male and female pairs of 
captive Barton Springs salamanders.  Courtship consists of the tail-straddling walk described by 
Arnold (1977), which is unique to plethodontids. Male salamanders are apparently able to 
distinguish between sexes and species by chemoreception.  When a male identifies a conspecific 
female, he initiates the tail-straddling walk by rubbing his chin across the dorsal area of the 
female’s head.  Although the Barton Springs salamander does not have glands that are visible to 
the human eye, most plethodontids possess premaxillary teeth and well-developed mental glands 
on their chins, which are used to deliver secretions that stimulate the female response.  The 
female responds by rubbing her chin along the dorsal base of his tail.  The male undulates the 
base of his tail laterally and begins walking, with the female continuing her chin-rubbing.  If the 
female breaks this contact, the male may initiate courtship again.  Captive breeding biologists 
have observed pairs engaged in this tail-straddling walk for several minutes to more than an 
hour.  One male was observed slapping his chin on the female’s head.  This “chin-slap” behavior 
has been described by Arnold (1977) as a means of delivering pheromones to the female.  
Female Barton Springs salamanders may also initiate courtship and have been observed rubbing 
their chins on the tails of males and briefly on the tails of other females. 
 
Captive breeding biologists have observed what appears to be sexual interference.  On one 
occasion, a male Barton Springs salamander interrupted a male-female pair engaged in the tail-
straddling.  After delivering a chin-slap to the female, the intruding male replaced the female’s 
position and engaged in the tail-straddle walk with the original male.  Sexual interference has 
been observed in other salamander species, and can be accomplished by stealing a female, 
disrupting the spermatophore deposition of a rival male, covering the spermatophores of rival 
males, or duping rival males into unprofitable spermatophore depositions (Duellman and Trueb 
1986). 
 
Sperm transfer: At some point during the tail-straddling walk, the male deposits a 
spermatophore (sperm packet attached to a glycoprotein base), which is picked up by the female 
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and stored in a specialized portion of her cloaca, known as the spermatheca.  Some species of 
female salamanders are known to store spermatophores for up to 2.5 years before fertilization 
and ovulation occurs (Joly 1960, Duellman and Trueb 1986).  Females may also store more than 
one spermatophore by one or different males (Houck et al. 1985a, 1985b).  To date, captive 
breeding biologists have not observed a spermatophore or any activity indicating sperm transfer. 
 
Fertilization and ovipositions (egg-laying): In most salamanders, fertilization is internal and 
occurs during oviposition, when sperm are released onto eggs as they pass through the female’s 
cloaca (Sever 2000).  The stimuli that influence the timing of oviposition in salamanders are 
unknown.  No obvious patterns that might indicate what factors stimulate ovipositions in captive 
Barton Springs salamanders have been discerned.  The City’s captive breeding staff have 
videotape of an egg-laying event.  Eggs have been laid in both the upwellings and in 
commercially-manufactured glass aquaria.  The eggs are laid individually on various substrates, 
including plastic plants, aquatic moss (Amblystegium riparium), rocks, pre-filters, and on the 
sides of the tank.  Captive breeding biologists have observed that some Barton Springs 
salamanders do not lay all of their eggs, and most quickly redevelop their eggs after oviposition.  
 
During 2001, two wild-caught salamanders laid eggs at ARC and one or two Dallas F1s laid eggs 
in the display tank at Splash! (Table 3).  The first oviposition at ARC occurred in an upwelling 
tank on April 23, 2001.  All 25 eggs were laid on rocks and nylon netting in the upwelling tube.  
This tank was occupied by one female, who was collected with eggs from Barton Springs Pool 
on November 7, 2000.  After the eggs hatched, she was moved to the other upwelling tank.  This 
female still had eggs visible in her abdomen following the egg-laying event.  The second 
oviposition occurred on December 4, 2001, in the middle compartment of a 75-gallon tank.  
Twenty-one eggs were laid in a plastic plant, on moss (Amblystegium riparium), and a plexiglass 
divider tract.  Two males were in the same compartment.  All adults were later moved to a 
different compartment.  These individuals had previously lost and regenerated toes (see 
“Disease/Parasites”).  The female had developed eggs in September 2001 and appeared to lay all 
of her eggs.  Eggs began to be visible again in this female a few weeks after the egg-laying 
event.   
 
The two ovipositions in the Splash! display tank occurred on May 30 and October 7, 2001 (a 
third oviposition occurred in this same tank on January 1, 2002, which will be summarized in the 
next annual report).   Adults (three females and one male) in this tank are sibling F1s that were 
born at the Dallas Aquarium.  The May 30 clutch produced 32 eggs, which were laid on plastic 
plants, moss, and rocks.  The October 7 clutch produced 25 eggs.  It is not known whether these 
eggs were laid by the same or different females. 
 
Egg morphology and development:  Like most amphibian eggs (Duellman and Trueb 1986), 
the salamander egg consists of an ovum surrounded by a series of concentric capsules.  Barton 
Springs salamander ova are white and generally encompassed by three capsules.  These 
protective capsules are semipermeable to allow gas exchange and waste elimination needed for 
embryo development (Duellman and Trueb 1986).   Eggs are generally about 3 mm in diameter.  
Embryos begin to develop some pigmentation during the later stages of development.  Captive 
breeding staff has videotaped egg development, which will be edited for presentation in the 2002 



 11

annual report. 
 
Hatching:  Hatching success for the 4 clutches in 2001 ranged from 0 of 25 eggs to 19 of 21 
eggs (0-90%) (Table 3).  Most clutches usually contain one or more eggs that do not develop.  
None of the eggs from the second oviposition at Splash! developed and were covered with what 
appeared to be fungus several days after they were laid.  To avoid the possibility of predation by 
the adult salamanders in this tank, about half of the eggs had previously been moved to ARC (the 
fungus was later observed at both sites).  Eggs from the previous oviposition at Splash! appeared 
to develop normally.  Reasons for eggs not developing are unknown.  Eggs may not be fertile 
and subsequently develop fungus, fungus may halt development, or some other factor may 
reduce egg development and hatching success.  The length of time from egg deposition to 
hatching for the 3 clutches that produced young in 2001 varied from 16 to 39 days.  
 
Juvenile survival: The City’s captive breeding biologists have generally found the first three 
months following hatching to be a critical period for juvenile survival.  Juvenile survival within 
this time period for 2 of the 3 egg-laying events that produced young in 2001 were 2 juveniles 
from a clutch of 31 eggs (6.5%) and 16 juveniles from a clutch of 25 (64%).  Since the third 
clutch did not hatch until early January 2002, juvenile survival can not be determined at this 
time. 
 

Juvenile Development and Growth Rates 
 

Growth rates of captive Barton Springs salamanders varies considerably.  Individuals from the 
same clutch may be twice as long as their siblings.  Captive breeding biologists have observed 
some siblings that appeared fit and robust while others were small and/or emaciated.  Growth 
rates (total length) from the 2001 captive-raised juveniles are as follows: 
 
  2 months following hatching  14-24 mm 
  3 months following hatching  14-24 mm 
  4 months following hatching  15-30 mm 
  5 months following hatching  25-47 mm 
  6 months following hatching  25-55 mm 
 
Juvenile Austin blind salamanders collected from the wild generally grow rapidly for about 8 
months (until they reach a total length of about 60 mm), after which growth slows to about 1 mm 
per month.  In rare cases, and for unknown reasons, juveniles grow very slowly (i.e., less than 1 
mm over several months).   
 

Mortality 
 
Two Barton Springs salamanders collected in 2001 died due to causes unrelated to captive 
breeding (Table 2).  One individual died following drawdown of Barton Springs Pool.  It was 
near death, covered with sediment, and died shortly after collection.  A second individual from 
Barton Springs Pool was sent to the U.S. Geological Survey National Wildlife Health Center and 
died following the removal of trematodes from lumps near its vent (see “Disease/Parasites”).   
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Five (1 Barton Springs, 4 Austin blind) of the 30 salamanders brought into the captive breeding 
program from the wild in 2001 died due to unknown causes.  A tiny (10 mm) Barton Springs 
salamander, which was one of the smallest individuals found in the wild, died after a couple of 
weeks.  It appeared to have recently hatched, since it still had its yolk sac and its limbs had not 
fully developed.  All 4 of the Austin blind salamanders were less than 20mm.  Very small 
salamanders such as these are often difficult to keep alive.  This is problematic for the Austin 
blind salamander, since almost all of the individuals observed in the wild are small.  Except for 
one Austin blind salamander (died 3 months after collection), mortality occurred within a few 
days or weeks after collection. 
 
In addition to wild-caught salamander mortalities, 1 F1 Barton Springs salamander was found 
dead in May 2001 due to an unknown cause.  One F2 mortality occurred in June 2001 due to 
equipment failure. 
 

Stress 
 
Stress can be a major factor inhibiting reproduction in captive animals (Licht et al. 1983, Moore 
and Miller 1984, Mendonca et al. 1985, Zerani et al. 1991) and may explain the unpredictable 
reproductive success in captive Barton Springs salamanders.  Both Barton Springs and Austin 
blind salamanders appear to be highly sensitive and require very stable environmental 
conditions.  Captive breeding biologists have observed behavioral and physiological anomalies 
in salamanders following changes in their environment.  For example, a common physiological 
response to changes in temperature, flow regimes, and increased physical activity levels is the 
formation of gas bubbles in the throat and body cavity, which impair the salamander’s mobility.  
Affected individuals often float at the surface of the water in a curled position.  This 
phenomenon may be a result of physiological constraints and limited capacity for gas exchange.  
Aquatic salamanders have lower rates of oxygen consumption and metabolism than their lunged 
relatives and thus are not adapted to conditions requiring high metabolic rates, elevated 
temperatures, sustained vigorous activity, and hypoxia (Feder 1983, Duellman and Trueb 1986). 
The absence of lungs appears to restrict these salamanders to well-oxygenated, thermally 
constant, flowing waters.   
 
Only one Barton Springs salamander has been observed with gas bubbles in the wild.  This 
female was found stranded about 1.5 hours following drawdown of Barton Springs Pool in 
August 2001.  She recovered in captivity a few days later.  Although the gas bubble condition 
may not directly cause mortality, the increased bouyancy and impaired mobility may make 
affected salamanders vulnerable to predation, impair feeding, and reduce their chances of 
survival in the wild. 
 
Another common indication of stress in captive salamanders is restlessness, where salamanders 
are constantly moving throughout their environment.  On rare occasions when flow through the 
tanks has been shut off for several hours due to electrical power failures, almost all of the 
salamanders respond by moving continuously, and some develop gas bubbles.  Many also move 
to the top of the water column.  These behaviors may be due to changes in oxygen levels and 
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increased temperatures.  Feder (1983) noted that “without lungs, amphibians could only maintain 
a constant O2 uptake in hypoxic water by swimming continuously in the O2-rich surface layer.”  
Some individuals also exhibit this behavior and/or gas bubble formation without any obvious 
signs of environmental change while other captive salamanders in the same tank appear placid, 
indicating that some individuals may be more sensitive than others. 
 

Disease/Parasites 
 

In June 2001, captive breeding biologists noticed that five salamanders in the same compartment 
(opposite from where the water cascades into the tank) of a 75-gallon tank were missing all or 
parts of digits on the front and back feet.  These salamanders were observed for a month before 
removing them to another temporary aquarium.  The 75-gallon tank was cleaned and scrubbed 
with a 10% bleach solution, rinsed thoroughly, allowed to dry, and rinsed again.  The 
salamanders were placed back in the tank into the first two compartments.  Their toes began 
regenerating and appeared to be normal by the beginning of September.  Cause of the digit loss is 
unknown but may have been due to a bacterial or fungal infection.  One of these individuals 
developed eggs in September and oviposited in December. 
 
One Barton Springs salamander collected on February 26, 2001, was found with external and 
internal lumps near its vent (Table 2).  Captive breeding biologists sent this individual to the 
pathology laboratory at the U.S. Geological Survey National Wildlife Health Center.  The 
veterinary pathologist lanced one lump and removed a live immature trematode of the genus 
Clinostomum, which uses amphibians as intermediate hosts. According to the pathologist, the 
salamander acquired its trematode infection by being in water with infected snails. There is no 
transmission of trematodes of this type between amphibians.  Trematodes have life cycles that 
require at least 2 intermediate hosts.  The salamander died shortly after the trematodes were 
removed. 
 
In January 2001, a gravid salamander was collected with an extra toe on her front left foot. A 
USGS veterinary pathologist suggested that this extra toe was likely the result of a trematode 
infection when the salamander was young. 
 
In October 2001, captive breeding biologists noticed spinal curvature in one of the F1 juveniles 
from the April 2001 clutch.  This individual was removed and is being maintained in a separate 
container for closer observation in the experiment tank.  The individual is constricted and bent at 
the abdomen but appears to feed normally.  Spinal curvature has been observed in other wild and 
captive species of Eurycea and has been found in some cases to be corrected due to changes in 
diet and other environmental conditions.  Although it does not appear to be as pronounced, the 
spinal curvature in the F1 has not corrected itself to date. 
 

Research 
 
Annotated bibliographies: To better understand the salamander’s reproductive biology and 
factors that trigger or inhibit reproduction, captive breeding biologists initiated an extensive 
literature search and review.  Biologists have been compiling annotated bibliographies of this 
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research and information pertinent to enhancing the salamander’s ecosystem.  These works in 
progress are intended to summarize the current state of knowledge relevant to salamander life 
history, reproduction, and ecology; ecology of aquatic plants and invertebrates; and toxicology.  
Since the biologists have spent considerable time retrieving information, annotation is not yet 
complete.  Copies of the bibliographies and annotations that have been completed to date are 
available upon request. 
 
Food preference study: During the fall 2001 semester, two University of Texas undergraduate 
students (Jenny Jenkins and Nora Rudin) from Dr. Tom Wilcox’s aquatic ecology class initiated 
a salamander food preference study.  The study was conducted with oversight and assistance 
from captive breeding staff.  Amphipods and ostracods were collected from Sunken Garden and 
Eliza Spring.  Ten salamanders (five females and five salamanders without eggs) from the City’s 
captive breeding program were used in the experiment.  Each salamander was housed 
individually in 2-liter plastic containers without holes.  Airstones provided aeration for each 
container.  Salamanders were allowed to acclimate to their environment and were not provided 
any food for two days.  After the two-day period, twenty amphipods and twenty ostracods were 
added to each of the 10 containers with salamanders.  To determine the level of error in 
retrieving the invertebrates, 20 amphipods and 20 ostracods were also added to each of two 
containers without salamanders.  After a 24-hour period, salamanders were removed from the 
containers and the water strained to collect the remaining invertebrates.  The first trial was 
conducted November 9, and the second trial was conducted November 21.   
 
The ten salamanders consumed a total of 310 prey items during the two trials, including 171 
(55%) amphipods and 139 (45%) ostracods.  This is very close to a 50/50 probability 
distribution, indicating little preference for either food item.  However, there was considerable 
variation among individuals.  Salamanders tended to eat either very little or almost all of their 
food.  Four out of the 5 known females consumed less than 5 prey items during either of the two 
trials.  The fifth female ate 32 (15 amphipods, 17 ostracods) items in Trial 1 and 20 items (19 
amphipods but only 1 ostracod) in Trial 2.  This female had recently developed eggs, in 
September 2001.  In contrast to the females, the 5 salamanders without eggs shows a more even 
frequency distribution.  Only one of these salamanders, the largest (78 mm total length) of the 10 
salamanders, ate less than 5 prey items during either trial.  Two of the smallest (49-60 mm total 
length) salamanders consumed almost all of the food items during both trials.       
 
An interesting outcome from these preliminary trials is the possibility that mature females may 
be more sensitive to environmental stress than salamanders without eggs.  One of the females 
developed gas bubbles in her throat and upper body cavity, causing her to float at the surface for 
prolonged periods.  Several salamanders showed signs of restlessness throughout the study.  
Additional studies may begin to provide some insight into what environmental factors cause 
stress that may in turn be inhibiting feeding, reproduction, and other normal behaviors.  Research 
is also needed to be able to reliably determine whether large salamanders without eggs are males, 
immature females, or adult females with reabsorbed eggs.  Captive breeding biologists will focus 
on trying to address these questions in 2002.  
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Future research needs:  Captive breeding biologists will continue fostering partnerships with 
biologists from academia, government, and the private sector to conduct research intended to 
elucidate what conditions promote reproduction in captive salamanders.  Captive breeding 
biologists have identified and are pursuing several high priority research and project needs: 
 
· Develop genetic markers to assist in developing a captive breeding program that 

maximizes genetic stability and diversity 
· Culture aquatic plants and invertebrates to support the captive breeding program and 

habitat restoration efforts at Barton Springs 
· Determine diagnostic characteristics that distinguish between sexes, individuals, and 

development stages 
· Explore and characterize the salamander’s subsurface habitat using underwater 

videography and/or other methods 
· Examine extrinsic factors (e.g., tank design, lighting, substrate, flows, temperature, water 

quality) that may influence behavior, including feeding and reproduction 
· Develop marking techniques that are safe and reliable 
· Determine average home range size and movement patterns in the wild 
· Explore spatial associations among individuals (e.g., sex ratios, densities, distribution) 

that may affect reproduction 
· Identify factors that influence mate selection 
· Determine whether one or multiple males sire a given clutch 
· Investigate the influence of hormones on reproductive activities 
· Conduct toxicity tests of contaminants in water and sediments to determine 

concentrations that result in sublethal and lethal effects to the salamander (using 
surrogate species), its prey base, and/or plant species that occur at Barton Springs 

· Conduct bioassays to determine existing levels of contaminants in invertebrate, fish, and 
plant tissues from Barton Springs 

 
Public Outreach  

 
In May 2001, a fourth grade class from Casis Elementary School visited the captive breeding 
program at the ARC to observe salamander eggs that had been laid in one of the upwelling tanks. 
Dr. Jerry Fineg (Director of the ARC) and Dr. David Hillis (UT professor) participated in 
presenting information to the students on the Barton Springs salamander project. 
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Personnel 

 
Captive breeding staff - Dee Ann Chamberlain and Lisa O’Donnell, environmental scientists, 
Watershed Protection and Development Review.  Lisa O’Donnell began working for the City 
full-time in June 2001.  
 
Michael Adair, exhibit specialist, Parks and Recreation Department, maintains the display tank at 
Splash!  His expertise continues to be a great asset to the captive breeding program. 
 
Jennifer Thompson volunteered her services as a University of Texas intern and assisted captive 
breeding staff during the spring 2001 semester.  Jennifer was hired by Watershed Protection and 
Development Review in August 2001.  She has assisted with compiling the annotated 
bibliographies and the food preference study.  She has been particularly instrumental in 
collecting information needed to begin culturing aquatic plants and invertebrates to support 
captive breeding efforts and habitat restoration at Barton Springs. 
 

Budget 
 
Funding for the captive breeding program was provided in the FY 2000-2001 and 2001-2001 
operating and capital budgets of the City of Austin’s Watershed Protection and Development 
Review Department.  In FY 2000-2001, funding for an additional endangered species biologist 
was approved to assist with the captive breeding program.  This position was filled on a part-
time basis in April 2001 and on a full-time basis in June 2001.  The City of Austin provided 
$154,000 for a captive breeding facility from the sustainability fund in FY 2000-2001.   
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Table 1.  Inventory of captive salamanders in the City of Austin’s captive breeding program, as 
of December 31, 2001. 

 
 # Wild-caught  

(Founders) 
# First Captive  

Generation 
(F1s) 

# Second Captive  
Generation 

(F2s) 

TOTAL 

E. sosorum     

Barton Springs Pool 14 ~36* 0 50 

Eliza Pool 1 0 0 1 

Sunken Garden 8 0 0 8 

Upper Barton Spring 2 0 0 2 

Dallas Aquarium 0 11** 4*** 15 

Total 25 47 4 76 

E. waterlooensis     

Barton Springs Pool 1 0 0 1 

Eliza Pool 0 0 0 0 

Sunken Garden 13 0 0 13 

Upper Barton Spring 0 0 0 0 

Total 14 0 0 14 

Grand Total 39 47 4 90 

 
*Survival rate for some of the 2001 F1s has not been determined yet (see Table 3) 
**Founders of the F1s raised at Dallas Aquarium were collected from Barton Springs and 

Sunken  
Garden in 1995.  In  May 1998, the Dallas Aquarium donated the F1s to the Splash! Educational  
Exhibit. 
***From Dallas Aquarium F1 salamander ovipositions at Splash! in 1999 and 2001.  
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Table 2.  Barton Springs and Austin blind salamanders currently housed at ARC and collected in 
2001 for the City of Austin’s captive breeding program. 

 
Species Collection  

Site 
Collection  

Date 
Total Length 

(mm) 
Sex Comments 

E. sosorum Barton Springs Pool 06/21/96 > 25 F Developed eggs in  
captivity (11/97);  
laid eggs 4/99 

 Barton Springs Pool 06/21/96 > 25 M  

 Barton Springs Pool 06/21/96 > 25 M  

 Upper Barton Spring 11/30/00 > 25 F Collected gravid 

 Upper Barton Spring 11/30/00 > 25 F Developed eggs in  
captivity (5/01) 

 Sunken Garden 08/11/00 > 25 U  

 Barton Springs Pool 
(drawdown) 

11/7/00 > 25 F Collected gravid;  
laid eggs 4/23/01 

 Sunken Garden 12/28/00 > 25   

 Barton Springs Pool 
(drawdown) 

1/12/01 65 F Developed eggs in  
captivity 

 Barton Springs Pool 
(drawdown) 

1/12/01 60 F Collected gravid 

 Barton Springs Pool 
(drawdown) 

1/12/01 47 U* 

 Barton Springs Pool 
(drawdown) 

1/12/01 45 U* 

 Barton Springs Pool 
(drawdown) 

1/12/01 35 U* 

*One of these individuals  
later developed eggs in  
captivity 

 Sunken Garden 2/23/01 > 25 U  

 Barton Springs Pool 
(drawdown) 

2/26/01 > 25 F Developed eggs in  
captivity (8/01) 

 Barton Springs Pool 
(drawdown) 

2/26/01 > 25 F Developed eggs in 
captivity (9/01);  
laid eggs 12/4/01 

 Barton Springs Pool 
(drawdown) 

2/26/01 > 25 U  

 Barton Springs Pool 
(drawdown) 

2/26/01 > 25 U Died 2/26/01; found 
stranded, covered with  
sediment 
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 Barton Springs Pool 
(drawdown) 

2/26/01 > 25 U Died 3/16/01; found  
stranded with external  
and internal lumps near  
vent; sent to USGS  
National Wildlife Health  
Center; salamander died  
following removal of 
trematodes from lumps 

 Barton Springs Pool 3/26/01 > 25 U  

 Sunken Garden 5/02/01 42 F Collected gravid 

 Sunken Garden 7/13/01 13 U  

 Sunken Garden 7/13/01 10 U Died 7/27/01, unknown  
cause; yolk sac, 
undeveloped limbs 

 Sunken Garden 8/02/01 > 25 F Found lethargic, ventral  
side up; recovered in  
captivity by 11PM;  
developed eggs in 
captivity (10/01) 

 Sunken Garden 8/02/01 > 25 U Found lethargic, ventral  
side up; recovered in  
captivity by 11PM 

 Eliza 8/02/01 > 25 U Found lethargic, ventral  
side up; recovered in  
captivity by 11PM 

 Sunken Garden 8/10/01 32 U  

 Barton Springs Pool 
(drawdown) 

8/27/01 > 25 U Found with extreme  
gas bloat; recovered in  
captivity a few days later 

E. waterlooensis Sunken Garden 11/19/98 21   

 Sunken Garden 1/22/99 17   

 Barton Springs 
(drawdown) 

1/29/99 15  Found in fissures area;  
found ventral side up;  
recovered later in  
captivity 

 Sunken Garden 8/23/00 19   

 Sunken Garden 12/28/00 66   

 Sunken Garden 12/28/00 30   

 Sunken Garden 2/23/01 17 U Died 3/5/01, unknown 
 cause 

 Sunken Garden 2/23/01 20 U Died 5/31/01, unknown  
cause 

 Sunken Garden 4/30/01 20 U  

 Sunken Garden 5/02/01 16 U  

 Sunken Garden 6/07/01 28 U  
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 Sunken Garden 6/07/01 17 U Died 6/11/01, unknown  
cause 

 Sunken Garden 7/13/01 18 U Died 8/8/01, unknown  
cause 

 Sunken Garden 8/02/01 23 U  

 Sunken Garden 9/21/01 17 U  

 Sunken Garden 9/21/01 24 U  

 Sunken Garden 9/21/01 28 U  

 Sunken Garden 10/26/01 38 U  
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Table 3.  Summary of Barton Springs salamander ovipositions, City of Austin’s captive breeding program. 
 

Female Type of Tank Substrate  
for Eggs 

Other  
Salamanders  

in tank 

Date  
Eggs  
Laid 

# Eggs  
Laid 

# Days  
for eggs  
to hatch 

# Eggs  
Hatched 

# Survived 
(3 months 

post-hatching) 

Comments 

collected  
6/21/96  
Barton  

Springs Pool 

20-gallon tank,  
no chiller 

plastic plants,  
rocks, prefilter,  
plastic tube, glass  
bottom of tank 

3 6/21/96  
BSP males 

4/29/99 28 32-38 2 1 believed to  
be a male 

Dallas  
Aquarium F1 

Splash!  
75-gallon tank 

prefilter, moss 17 F1s 5/29/98 29 eggs did  
not  

develop 

0 0  

Dallas  
Aquarium F1 

Slash!  
75-gallon tank 

prefilter, rocks 9 F1s 1/24/99 26 22-29 8 3 1 died June 2001  
due to equipment  

failure;  
remaining 2 

believed to be  
males 

Dallas  
Aquarium F1 

Splash!  
display tank 

plastic plant, rocks 3 F1s  
(2 females,  

1 male) 

5/30/01 32 24+ 5 2  

Dallas  
Aquarium F1 

Splash!  
display tank 

plastic plant 3 F1s  
(2 females,  

1 male) 

10/7/01 25 eggs did  
not  

develop 

0 0  

collected  
11/17/00  
Barton 

Springs Pool 

upwelling tank rocks and 
nylon netting 
in the upwelling  
tube 

none 4/23/01 25 16-27 16+ 16+ Difficult to count  
(eggs/young can  
be hidden among  
the rocks in the  
upwelling tube) 

collected  
2/26/01 
Barton  

Springs Pool 

75-gallon tank plastic plant,  
plexiglass divider  
tract, moss 

2/26/01 BSP 
3/26/01 BSP 

12/4/01 21 26-39 19 Too soon to tell 
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