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Executive Summary 
 

In accordance with the 41 measures listed in the City of Austin’s incidental take permit 
(PRT-839031) for the operation and maintenance of Barton Springs Pool and adjacent 
springs (Appendix A), the following annual report summarizes mitigation activities 
conducted during the year 2002.  This report is intended to promote dialogue with and 
feedback from the U.S. Fish and Wildlife Service to ensure compliance with the City’s 
permit, promote the long-term survival and recovery of the Barton Springs salamander 
and Austin blind salamander, and identify high priority goals for 2003 and beyond. 
 
Much of the monitoring efforts in 2002 focused on investigating the cause of sick and 
dying Barton Springs salamanders and other aquatic organisms at Upper Barton Springs.  
Between January 28 and June 26, 2002, 19 juvenile and adult salamanders were found 
bloated with internal and external bubbles throughout the body.  Twelve of the 
salamanders died from this condition and 7 recovered in captivity.  Other species were 
also found with gas bubbles and/or buoyancy problems, including Rio Grande leopard 
frog tadpoles, crayfish, beetle larvae, Mexican tetras, and mosquitofish.  Most of the 
affected animals were found at Upper Barton Springs, although 2 of the 19 salamanders 
were found at Old Mill Springs (Sunken Gardens).  The City, U.S. Fish and Wildlife 
Service, and U.S. Geological Survey have been conducting intensive investigations of 
this unprecedented phenomenon, including a literature search and review, water and 
sediment analyses, monitoring of dissolved gas levels, and pathological analyses.  While 
gas bubble trauma was not observed following flooding events in early July through the 
end of 2002, salamanders and other organisms have been observed with this condition 
again in 2003.   
 
The first salamander egg ever observed in the wild was found at Old Mill Springs in May 
2002.  Because the egg was found detached near a spring orifice, and eggs have never 
been found in the wild before, City biologists believe it had been laid beneath the surface.  
City biologists collected the egg, which later hatched in captivity.  The juvenile is a 
Barton Springs salamander and is still being maintained in the captive breeding program.  
A second egg was found along a fissure in Barton Springs Pool during the December 31, 
2002 survey.  The well-developed larva hatched within minutes in a dip net and swam 
into the fissures area. 
 
City biologists have developed a technique to identify individual salamanders based on 
photographing unique patterns of pigments on the head and body.  In 2002, City 
biologists used this pattern recognition technique to identify individuals in the captive 
breeding program.  The City is exploring the feasibility of using this technique in the 
field in an effort to estimate population size and individual movements in the wild. 
 
Because of the decline in salamander counts at Eliza Springs in recent years, management 
efforts in 2002 focused on improving habitat conditions at this site, including removing 
sediment and filamentous algae, improving flow, and limiting the numbers of potential 
predators.  City staff is working with the Scientific Advisory Committee to develop and 
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implement other short and long-term measures to enhance the ecological integrity of 
Eliza Springs. 
 
Schools of Mexican tetras (about 75-100 individuals), which are not native to the Barton 
Springs ecosystem, were discovered in Old Mill Springs in November 2002.  These 
predatory fish are likely to prey on the salamanders, particularly juvenile Austin blind 
salamanders, which are frequently found in aquatic moss.  City scientists have been 
working to remove the fish and block entry points. 
 
Maintaining sediment levels that promote the growth of aquatic plants (macrophytes) but 
do not embed rock substrates continues to be a management challenge at all four spring 
sites.  Although sediment is an essential part of healthy aquatic ecosystems, too much 
sediment can smother bottom substrates, reducing the amount of available habitat and 
protective cover for the salamander and other bottom-dwelling aquatic species.  Since 
much of the sediment originates from the aquifer, protecting water quality and quantity in 
the Barton Springs watershed remains the most critical factor in improving habitat 
conditions at each of these spring sites. 
 
Deliberate disturbance of the salamanders’ habitat was not a problem in 2002, since most 
areas where salamanders occur are not accessible to the public.  In Barton Springs Pool, 
primary salamander habitat is about 5.5 to 15 feet below the water’s surface.  Eliza 
Springs and Old Mill Springs are fenced, discouraging unauthorized entry.  Upper Barton 
Springs is in an unmarked location off the main trail system. 
 
In August 2002, the City Council approved a resolution authorizing an agreement to 
establish the Barton Springs Salamander Conservation Fund under management of the 
Austin Community Foundation.  The agreement, which should be finalized in 2003, will 
remain in effect for the duration of this permit.  The Barton Springs Salamander 
Conservation Fund balance is now sufficiently large (over $190,000) to provide adequate 
funding for the purposes outlined in this permit.   
 
The water level in Barton Springs Pool was lowered three times in 2002 -- once for the 
spring clean and twice following floods in July and December.  Spring flows were high 
(77 to 100 cfs) during each drawdown. 
 
Activities and observations conducted in the City’s captive breeding program (Measure 
41) are summarized in a separate report (Chamberlain and O’Donnell 2003).
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I.  Research and Monitoring 
(See Permit Measures 1, 2, 32, 38) 

 
Salamander Biologists - The City of Austin (City) employed three Environmental 
Scientists (Dee Ann Chamberlain, Lisa O’Donnell, Jennifer Thompson) during 2002 to 
assist with implementing this permit and other endangered species programs.  Dr. Laurie 
Dries joined this staff in 2003.  All are authorized to conduct salamander monitoring and 
research under state and federal scientific permits.   
 
Daily Monitoring - City biologists inspect Barton Springs Pool, Eliza Springs, Old Mill 
Springs, and Upper Barton Springs 5-7 days a week.  The focus of these daily inspections 
is to identify potential threats and/or anomalies.     
 
Monthly Salamander Counts - City biologists continued to conduct monthly 
salamander surveys with few exceptions (i.e., unsuitable conditions caused by flooding 
and/or high fecal coliform bacteria counts).  Biologists are developing a monitoring plan 
to include habitat characterization and population estimates using mark-recapture 
methods.  Monthly counts of Barton Springs and Austin blind salamanders for 2002 are 
attached (Attachment C).  During 2002, 10 surveys were conducted in Barton Springs 
Pool and Upper Barton Springs, 9 surveys were conducted in Old Mill Springs, and 8 
surveys were conducted in Eliza Springs.  Total salamander counts in Barton Springs 
Pool ranged from 5 to 32, with an annual mean of 22.  The highest numbers of Austin 
blind salamanders are typically found in Old Mill Springs, although individuals are 
occasionally found in Barton Springs Pool and rarely in Eliza Springs.  While Austin 
blind salamanders are believed to be predominantly aquifer dwellers, juveniles found on 
the surface tend to occur in moss (Amblystegium riparium) rather than under rocks and 
thus appear to be especially vulnerable to fish predation.  Survey numbers of Austin blind 
salamanders as well as Barton Springs salamanders declined after schools of Mexican 
tetras (Astyanax mexicanus) were found in Old Mill Springs in November 2002.  After 
finding 18 to 46 salamanders from January through September, only 5 salamanders (4 
Barton Springs, 1 Austin blind) were found on November 20, 2002 (1 Barton Springs 
salamander and no Austin blind salamanders were found on January 2, 2003).  The 
annual mean for Old Mill Springs was 26.  To date, no Austin blind salamanders have 
been found at Upper Barton Springs.  Barton Springs salamander numbers at Upper 
Barton Springs ranged from 0 to 12 (annual mean = 5).  Water has flowed continuously at 
this site since October 2000.  Schools of Mexican tetras were also seen at Upper Barton 
in November and December 2002, but are currently absent.  Eliza Springs continues to 
produce low numbers of salamanders (annual range 2 to 8, annual mean = 5). 
 
The first salamander egg ever observed in the wild was found at Old Mill Springs in May 
2002.  Because the egg was found detached near a spring orifice, and eggs have never 
been found in the wild before, City biologists believe it had been laid beneath the surface.  
City biologists collected the egg, which later hatched in captivity.  The juvenile is a 
Barton Springs salamander and is still being maintained in the captive breeding program.  
A second egg was found along a fissure in Barton Springs Pool during the December 31, 
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2002 survey.  The well-developed larva hatched within minutes in a dip net and swam 
into the fissures area. 
 
Data Analyses – Preliminary analyses of the salamander data collected to date are 
attached (Appendix D).  Because the Austin blind salamander was only recently 
described (Hillis et al. 2001, in Herpetologica 57:266-280) and earlier salamander counts 
did not distinguish between the two species, these data are combined for the analyses.  
Only salamander counts at Eliza Springs show a distinct negative trend (Figure 5), and 
City biologists have been working to improve habitat conditions in an effort to increase 
salamander numbers at this site.  Salamander counts at the other spring sites show 
considerable fluctuations. Statistical analyses show some correlation between counts and 
flow conditions, contaminants, sediment levels, predator-prey abundance, and other 
factors.  City staff will solicit peer review of the data analyses in 2003.  
 
Mark-Recapture – City biologists have developed a technique to identify individual 
salamanders based on photographing unique patterns of melanophores and iridiphores on 
the head and body.  In 2002, City biologists used this pattern recognition technique to 
identify individuals in the captive breeding program.  The ability to recognize individuals 
with little or no disturbance to the salamanders is necessary to develop a mark-recapture 
program in the wild, which would provide better population estimates and allow 
individuals to be tracked through time and space.  The City purchased a digital camera 
and underwater housing to test this technique in the field, and biologists have been taking 
photographs of salamanders during monthly surveys and following drawdown of Barton 
Springs Pool.  City biologists will continue to explore the feasibility of developing a 
mark-recapture program in 2003. 
 
Gas Bubble Trauma – From February through June 2002, City biologists focused on 
investigating mortalities of salamanders and other organisms at Barton Springs from a 
condition known as gas bubble disease or gas bubble trauma.  Between January 28 and 
June 26, 2002, 19 juvenile and adult Barton Springs salamanders were found bloated with 
internal and external bubbles throughout the body.  Twelve of the salamanders died from 
this condition and 7 recovered in captivity.  Other species were also found with gas 
bubbles and/or buoyancy problems, including Rio Grande leopard frog tadpoles (Rana 
berlandieri), crayfish (Procambarus clarkii), beetle larvae (Hydrophilidae), Mexican 
tetras (Astyanax mexicanus), and mosquitofish (Gambusia affinis).  Most of the affected 
animals were found at Upper Barton Springs, although 2 of the 19 salamanders were 
found at Old Mill Springs (to date, no Austin blind salamanders have been found with 
this condition).  In addition, 1 bloated adult salamander was found the preceding August 
27, 2001, in the fissures following drawdown of Barton Springs Pool.  This salamander 
recovered and is still being maintained in captivity.  While gas bubble trauma was not 
observed following flooding events in early July through the end of 2002, salamanders 
and other organisms have been observed with this condition again in 2003. 
 
Gas bubble trauma is a noninfectious condition, resulting from uncompensated 
hyperbaric pressure of total dissolved gases, which produces gas bubbles in tissues, 
primary lesions in blood (emboli) and in tissues (emphysema) and subsequent 
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physiological dysfunctions.  Supersaturation occurs when the partial pressures of the 
dissolved gases exceed their respective partial pressures in the atmosphere.  This 
condition is similar to human decompression sickness (“the bends”) experienced by 
scuba divers.  In animals exposed to supersaturated water, gas bubble trauma results from 
the formation and accumulation of bubbles under the skin and within the vascular system 
reducing and/or blocking blood flow, and potentially leading to hemorrhaging. 
Progressive hemorrhaging may result in large areas of eroded and necrotic skin, making 
the animal more susceptible to other problems. Some factors that may contribute to 
supersaturation of gases in water include hydroelectric and impoundment dams, warm 
water discharges from cooling facilities, algal blooms, and air or gas injection by 
pressurized pumps.  Supersaturation of many wells and springs has also been attributed to 
natural causes.  Supersaturated groundwater may result from high pressures and/or 
increases in temperature as cooler surface waters (cool water contains greater amounts of 
dissolved gasses) recharge and gradually warm in the aquifer (warm water cannot contain 
as much dissolved gas).  However, City biologists have been unable to find any reports of 
gas bubble trauma in organisms that are endemic to naturally occurring supersaturated 
environments.  Although baseline data of total dissolved gases are not available for the 
Barton Springs watershed, City and U.S. Fish and Wildlife Service biologists noted the 
appearance of bubbling or degassing at Upper Barton Springs when the Barton Springs 
salamander was first observed there in April 1997. 
 
The City, U.S. Fish and Wildlife Service, U.S. Geological Survey, and other federal and 
state agencies have been conducting intensive investigations of this apparently 
unprecedented phenomenon, including a search and review of literature pertaining to gas 
bubble trauma, water and sediment analyses, monitoring of dissolved gas levels, and 
pathological analyses.  The literature search has not produced any published account of 
gas bubble trauma affecting amphibians in the wild.  Nor does gas bubble trauma appear 
to affect multiple endemic species from natural causes.  Water and sediment samples 
from Upper Barton Springs taken during the spring of 2002 indicated trace levels of 
nickel, oil and grease, triazine herbicides (atrazine and simazine), and solvents, including 
chloroform.  Other parameters were normal or below detection levels.  No pathogens 
have been identified as the causative agent of gas bubble trauma in any of the animals 
sent for pathological analyses.  The City purchased dissolved gas probes for two 
Hydrolab Datasondes that are deployed at Upper Barton Springs and the main spring in 
Barton Springs Pool as well as a portable dissolved gas monitor.  Total dissolved gas 
readings have been as high as 125% and are highest at Upper Barton Springs and Old 
Mill Springs.  Based on two samples from March 2002, composition of the dissolved 
gases at Barton Springs is about 83% nitrogen, 14% oxygen, 2% carbon dioxide, and 1% 
argon.  Results still pending include analyses of nitrogen isotopes, chloroflourocarbons, 
and a polar organic chemical integrative sampler (POCIS) deployed at Upper Barton 
Springs from March 29 to May 8, 2002.  City biologists are currently focusing on 
gathering data to better understand the composition of dissolved gases over time at 
Barton Springs and in other parts of the Edwards aquifer.  A summary of the 
investigations conducted in 2002 is attached. 
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In November 2002, biologists began noticing schools of Mexican tetras at Upper Barton 
Springs, with some individuals showing physical abnormalities such as bulging eyes 
(exophthalmia) and skin damage.  Thirteen Mexican tetras were sent to a pathologist at 
Texas A&M, who reported that the lesions and exophthalmia were due to a protozoa 
(e.g., Tetrahymena) and not gas bubble trauma.  Gas bubble trauma has since been 
confirmed in mosquitofish and stonerollers (Campostoma anomalum) in early 2003. 
 
Scientific Permits – All salamander surveys, including handling and collection, are 
conducted in accordance with the terms and conditions of state and federal scientific 
permits.  These permits were amended in 2002 to revise the lists of permittees and 
subpermittees.  The City submitted annual reports for the federal scientific permit (TE-
833851) to the U.S. Fish and Wildlife Service in April 2002 and for the state scientific 
permit (SPR-0097-904) to the Texas Parks and Wildlife Department in October 2002.   
 
 

II.  Cleaning, Management, and Restoration 
(See Permit Measures 1, 5, 7b, 7c, 7d, 11, 12, 20, 21, 23, 26, 29, 30, 34, 37) 

 
Barton Springs Pool 
   

Pool Supervisors – The City employs one Program Coordinator and several Program 
Specialists to supervise the cleaning and management of Barton Springs Pool.  

 
New Cleaning Equipment - On March 4, 2002, the City installed a pump system in 
Barton Springs Pool on the north end of the lower dam.  The pump is currently 
designed to provide spring water for cleaning the deep end of the pool.  The pump 
will be operational once final electrical connections are made.  City staff is working 
with the consulting firm that designed the pump system to ensure the pump can be 
used to clean the fissures and shallow end of the pool with spring water.  

 
Equipment Storage - 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.  Since gasoline cans are not allowed in the pool, gasoline powered 
pumps and high-pressure sprayers are refueled by the equipment storage area on the 
south side of the bathhouse or on the deck area away from the edge of the pool.  
Absorbent pads and flexible absorbent booms are on-site at the refueling locations 
and during operation of the high-pressure sprayers. 
 
Weekly Cleaning – City Aquatics staff cleans 3 times a week without lowering the 
pool.  Two times a week, staff cleans for half a day while the pool is open, and every 
Thursday Barton Springs Pool is closed from 9am – 7pm in order for staff to perform 
a more intensive clean.  The clean consists of using an underwater scrubber to 
dislodge algae and silt from the bottom of the shallow end.  A vacuum pump is 
attached to the underwater scrubber and other specialized cleaning equipment so that 
dislodged silt and algae can be vacuumed out of the pool.  Since the scrubber only 
works on hard surfaces and must be completely submerged in the water to work 
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properly, City staff are exploring other methods to remove algae from the shallowest 
part of the pool. 

 
The deep end of Barton Springs Pool is cleaned by using a fire hose to suspend 
sediment and allow the natural current of the springs to carry it out of the pool.  This 
technique is only used in non-habitat areas of the deep end of Barton Springs.  Care is 
also taken to avoid disturbing any plants in the deep end. 

 
 Annual Spring Cleaning – Once a year, Barton Springs Pool is closed for about two 

weeks in order for City staff to conduct a more intensive clean.  The spring clean 
consists of opening gates on the deep (lower) end dam that drops water levels in 
Barton Springs Pool about 4 feet.  A silt fence is installed just above the drop off to 
the diving area.  The shallow end is brushed with the bobcat and the entire shallow 
end is pressure washed over a week period.  After fire hosing off the shallow end and 
pumping the silt and algae out of the pool and into the Barton Creek bypass, the deep 
end is fire hosed using the same technique that is utilized during the weekly clean.  
Stairs and other areas are pressure washed.  All other maintenance activities (e.g., 
painting signs) are performed at this time. 

 
Removal of Woody Debris and Algae - As needed, City staff use SCUBA 
equipment and mesh bags to manually remove woody debris and algae from the pool.  
Large quantities of debris can build up, especially following 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, fish, and other 
aquatic life.  Living organisms are released in the springs and the debris is then taken 
off-site for composting.  In 2002, City staff removed and inspected woody debris and 
trash from Barton Springs Pool after floods and during the spring clean. 
 
Occasionally, filamentous algal blooms occur and necessitate removal.  During the 
spring of 2002, City biologists removed stands of Cladophora growing on the 
“beach” area in the deep end of the pool in response to an algae bloom.  

 
 Main Springs – High spring flows keep the immediate area around the main springs 

relatively sediment-free.  As with the November 2001 flood, the configuration of 
boulders, cobble, and gravel changed considerably around the main spring area 
following the July 2002 flood event.  City biologists are developing techniques to 
document these changes, including bathymetric mapping and underwater 
photography.    

 
 “Fissures” –The “fissures” are located along the south side of the “upper pool mid-

depth area” and “springs area” shown on the map of Barton Springs Pool (Attachment 
E).  High spring flows during 2002 kept areas of the fissures relatively sediment-free.  
However, the slick surface created by algae and diatom communities on the rock 
surface necessitates further evaluation and improvement of cleaning techniques.  This 
will be a high priority for 2003. 
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 “Beach” – Because the “beach” area (see Attachment E for location) was physically 
lowered to 5.5 to 6.5 feet below the water’s surface (see Section X. Completed 
Measures), this area is no longer exposed during drawdowns.  To help mitigate for 
habitat loss, City staff continued efforts to maintain 11,000 square feet of “beach 
habitat” for the salamander in 2002.  Following the November 2001 flood, City staff 
spread 115 cubic yards of gravel and cobble over the “beach” area to provide habitat 
for invertebrates and salamanders.  During the July 2002 flood, portions of substrate 
from the “beach” were washed into the deep end of the pool.  City staff replaced 
washed out areas of the “beach” slope with existing cobble and boulders.  Enough 
substrate remains on the “beach” that additional gravel and cobble is not necessary at 
this time. 
   
Use of low-pressure hoses to clean the “beach” has been tried several times during 
past years, but sediment is suspended temporarily and quickly settles back down.  On 
July 12, 2002, fire hoses were used to remove sediment from the “beach” that had 
been deposited during the July 2002 flood.  The fire hose was sprayed at an angle into 
the water column to move the sediment out of the pool.  Although tedious, this 
method proved effective in removing sediment and debris without significant 
disturbance of the gravel and cobble substrate.  Two City biologists spent an hour 
each surveying the entire “beach” area prior to the July 12 cleaning to ensure that 
salamanders would not be affected by the cleaning.  

 
 Several stands of delta arrowhead (Sagittaria sp.) occur along the “beach” and deep 

end of Barton Springs Pool.  Although the permit authorizes City staff to trim aquatic 
vegetation on an as needed basis, the stands of Sagittaria are short enough that they 
did not require trimming in 2002.   

 
 Revegetating the “beach” area with other aquatic macrophytes native to the Barton 

Springs ecosystem is a high priority for 2003.  City biologists have searched several 
areas along Barton Creek and found that, prior to the November 2001 and subsequent 
floods in 2002, the area immediately above the upper dam of Barton Springs Pool 
supported the most abundant and diverse stands of aquatic macrophytes.  City staff 
had planned to use some of these plants for restoration efforts, but this area has been 
repeatedly scoured by the floods.  Plants from areas other than the Barton Springs 
watershed are not being considered for restoration efforts at this time to avoid the 
possible introduction of exotic species.  City biologists are currently considering ways 
to restore native plants to Barton Springs without depleting stocks along Barton 
Creek.   
 
Erosion Controls - During the November 2001 flooding event, drainage from the 
unpaved south parking lot of Zilker Park was flowing directly into Barton Springs 
Pool.  Prior improvements in drainage from the Barton Hills Drive and Robert E. Lee 
Road areas had been thought to be sufficient to protect the pool; however, more Phase 
II improvements were needed.  The City proceeded with a landscaping design in 
January 2002 to develop more environmentally sensitive flow patterns by building a 
berm on the west and north edge of the parking lot, preventing parking on areas that 
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could affect the berm or create additional erosion, and sodding sloped and disturbed 
areas.  The construction began in May 2002 and was completed in July 2002. 
Examination following recent rains indicates the project was successful. 

 
 
Eliza Springs - Because of the significant decline in salamander numbers in Eliza 
Springs, efforts to improve habitat conditions at this site were a major focus in 2002.  
City staff is working in conjunction with the Scientific Advisory Committee to develop 
and implement short and long-term measures to improve the ecological integrity of Eliza 
Springs.  Goals include improving the flow regime, increasing the diversity of aquatic 
plants, limiting the numbers of potential predators, improving erosion controls, and 
promoting public outreach and education.  This area is fenced and thus not accessible to 
the public. 
 

Removal of Sediment, Algae, and Woody Debris –Occlusion of the drainage 
infrastructure (grate covering a culvert, located at the bottom of the south end of the 
Eliza amphitheater) with woody and other debris is problematic at Eliza Springs 
because it prevents the natural flushing and cleansing of this spring ecosystem.  On 
September 20, 2002, City biologists measured sediment depths ranging from 0.25 to 5 
inches along transects across the bottom of Eliza Springs. Removal of this layer of 
sediment during cleaning efforts exposed an additional layer of embedded gravel and 
cobble (about 1/2 to 1 foot thick).   
 
In September and October 2002, City staff worked to develop and implement a 
vacuum system to remove sediment from Eliza Springs with an emphasis on 
minimizing impacts to the ecosystem.  Crews worked on 5 days (September 23, 25, 
26, 27, October 8, 2002) from about 8:00 to 10:00 a.m. (the procedure did not extend 
beyond 10:00 am due to noise generated by the cleaning equipment and increasing 
pedestrian traffic in the area).  Equipment included two gasoline-powered (5 and 8 
horsepower) pumps, which were operated outside the Eliza amphitheater and 
wrapped with absorbent boom in the event of leakage; two- and three-inch diameter 
hosing; and a PVC drain grate on a rotating PVC head attached to the intake end of 
each hose.  The drain grates prevented larger (about 0.5 inches or greater) objects 
from being removed.  The two vacuum systems allowed two biologists to clean 
simultaneously and thus cover multiple areas of Eliza Springs. 

 
While scuba diving, City biologists looked for salamanders before cleaning small 
areas (about 1-3 square meters).  The biologists avoided areas of dense moss 
(Amblystegium riparium), an indicator of good salamander habitat.  Much of the 
sediment removed was black, indicating anoxic conditions.  After uncovering a top 
layer of flocculent sediment, City biologists used hand rakes to loosen the embedded 
cobble and gravel.  As the biologists slowly cleaned small sections of the bottom of 
Eliza Springs, water and sediment was pumped from the amphitheater into Vactor 
trucks and delivered to other areas in Zilker Park to irrigate trees and grass-covered 
fields. 
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During the cleaning procedure, City biologists also removed a large amount of woody 
material (sticks and branches) from Eliza Springs.  Due to the quantity of material, it 
appeared that much of the debris originated from vines that had been cut from the 
perimeter fencing earlier in 2002.  Several large branches and other debris were 
caught on the grate in front of the culvert that drains Eliza Springs.  When City 
biologists cleaned the grate, sediment was suspended and flushed from the system, 
and the water level dropped over a foot.     

 
City biologists obtained concurrence from the U.S. Fish and Wildlife Service prior to 
initiating the cleaning procedure.  Although about a third of Eliza Springs was 
cleaned, much of these areas are again covered in sediment.  Biologists are working 
to improve drainage to increase the flow from this system. 

 
On October 31, 2002, City staff used an underwater miniature camera to explore the 
area underneath the concrete bottom.  The camera showed about 4 to 5 inches of 
concrete slab, a gap of a few inches between the natural substrate and concrete.  
Sediment was also visible under the slab.  Staff also explored the culvert that drains 
Eliza and found a large occlusion from tree roots, branches, trash, and leaves.  An 
effort was made to remove the roots and debris using a rodding machine, but the high 
flow through the system made it difficult to operate the equipment.  This procedure 
will be repeated during lower flow conditions. 

 
City biologists continue to clean the grate in front of the culvert that drains Eliza 
Springs following each monthly survey.  While filamentous algae cover much of the 
water’s surface in Eliza Springs when the grate is clogged, cleaning the grate has 
virtually eliminated this problem. Efforts to reduce clogging of the grate and allow for 
more natural flow conditions remain a high priority.   

 
Crayfish and Fish – In October 2002, City biologists made a very preliminary and 
cursory estimate of over 200 adult crayfish in Eliza Springs.  In an effort to reduce the 
density, 2 crayfish traps were deployed 3 to 4 times during the spring and summer of 
2002.  About 20 to 24 crayfish were captured during each deployment and transported 
in coolers filled with spring water to the Austin Nature and Science Center.  When the 
water level in Eliza Springs dropped following the cleaning of the drain grate, the top 
bench of the amphitheater was exposed, providing space for crayfish predators 
(raccoons and birds).  Increased flow and less filamentous algae for crayfish to feed 
on in Eliza Springs may also reduce their numbers.  Crayfish numbers appear to have 
diminished considerably (less than 100 adults observed during the November 19, 
2002 and January 2, 2003 surveys) since October 2002. 
 
In addition to crayfish, mosquitofish (Gambusia affinis) are prolific in Eliza Springs.  
This species was not present in the Eliza Springs during the 1996/1997 drought, when 
the water would drain completely following the drawdown of Barton Springs Pool.  
Mosquitofish may have entered Eliza Springs during 1997, when water was pumped 
from Barton Springs Pool to prevent Eliza Springs from drying during drawdown.  
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Mosquitofish were observed chasing an adult salamander in Eliza Springs during the 
November 2002 survey (Jennifer Thompson, pers. obs.).   
 
Mosquitofish and crayfish are known to prey on amphibians (Goodsell and Kats 
1999, Lawler et al. 1999) and may be the cause of local declines of California newt 
(Taricha torosa) in southern California (Gamradt and Kats 1996).  While it is not 
known whether crayfish and mosquitofish actually prey on salamanders in Eliza 
Springs, efforts to limit their numbers and provide clean gravel and cobble substrates 
to allow salamanders to escape potential predators are a high priority. 

 
Erosion Controls – A 25-foot section of silt fencing and berm was replaced along the 
north side of the perimeter fencing around the amphitheater at the beginning of 
October 2002 to prevent surface runoff from entering Eliza Springs.  City staff are 
also evaluating whether the rock berm on the outside of the fencing should be 
elevated to avoid the need for silt fencing and improve the aesthetics of Eliza Springs. 
 
Trash Removal – Trash was removed with nets or by hand almost daily from Eliza 
Springs until the onset of the September 2002 clean.  Hopefully, continued habitat 
enhancement, structural repairs, informational signs, and other aesthetic 
improvements will further curtail this problem by promoting public appreciation and 
awareness.   

 
 
Old Mill Springs - This site has been fenced to protect this sensitive ecological and 
historical site, including protection from trash dumping and deterioration of the rock 
walls that surround Old Mill Springs.  The fencing has generally been successful at 
preventing unauthorized access.  Because of the high density of salamanders at Old Mill 
Springs, City biologists are reluctant to implement any activity that may disturb or disrupt 
the balance of this spring ecosystem.  However, several management challenges exist, 
including: 
 
• Schools of Mexican tetras (about 75-100 individuals), which are not native to the 

Barton Springs ecosystem, began inhabiting Old Mill Springs in November 2002.  
These predatory fish are believed to prey on the salamanders, particularly juvenile 
Austin blind salamanders.  While Austin blind salamanders are believed to be 
predominantly aquifer-dwellers, juveniles that are found on the surface tend to occur 
in aquatic moss rather than under rocks.  City biologists have been working to remove 
these fish, using traps, gill nets, and seines, and prevent them from re-entering this 
spring ecosystem.  Holes that are developing along the inner and outer wall on the 
north side of the springs and erosion of the lower portion of the spring run are the 
most likely points of entry.  The larger holes have been covered with netting, and a 
gill net has been placed across the spring run.  Biologists will continue to work on 
removing the fish and preventing access to this spring system. 

• A layer of sediment covers portions of the gravel and cobble substrate in Old Mill 
Springs, reducing the amount of available habitat and protective cover for the 
salamander and other aquatic organisms.   
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• A footbridge near the end of the spring run collapsed in early 2002, exposing a short 
section of the spring run to pedestrian traffic.  The City recently placed a temporary 
footbridge over this site and is building a permanent one.  Two culverts lie under this 
part of the spring run, and salamanders exiting the pipes may be lost from the 
population.  Removal of these culverts and how that affects the stability of the 
upstream portion of the spring run needs to be evaluated. 

• A concrete pipe that formerly drained from Old Mill Springs continues to divert 
groundwater to Barton Creek, despite capping the intake in January 2000.  The pipe is 
likely cracked in several locations, and tree roots inside the pipe are visible from the 
discharge point.  Salamanders that exit this pipe into the creek are probably lost from 
the population.     
  

City biologists will continue gathering information (historical photos, historic annual 
reports from the Parks and Recreation Department) in 2003 to better understand the 
changes that have occurred at Old Mill Springs prior to undertaking restoration efforts.  
Structural improvements and public outreach and education are also planned.  
 
Upper Barton Springs – While this is the most natural of the spring sites in terms of 
minimal human alteration to the surface habitat, it is also the predominant site of 
salamander mortalities from gas bubble trauma.  Floods appear to influence this system, 
particularly substrate composition and possibly dissolved gas concentrations.  The 
November 2001 floods covered much of the spring run with a layer of sediment, while 
the July 2002 floods deposited thick layers of gravel and cobble.  While dissolved gas 
data were not obtained prior to March 2002, the first evidence of gas bubble trauma was 
observed following the November and December 2001 floods, then dissipated following 
the July 2002 floods.  Salamanders and other organisms have been observed with this 
condition again in 2003.   Biologists continue to monitor conditions at this site very 
closely. 
 
 

III.  Pool Drawdowns 
(See Permit Measures 3, 5, 8, 10, 11, 22) 

 
Drawdown Events:  The water level in Barton Springs Pool was lowered three times in 
2002:  
  
• February 25, 2002 – The water level in Barton Springs Pool was lowered for spring-

cleaning.  Flows averaged 100 cfs.  The pool was refilled on March 8, 2002.   
• July 1, 2002 – The pool was drawn down for flood mitigation.  Following drawdown, 

biologists found 13 Barton Springs salamanders in the fissures area, which were 
released at the main spring, and one adult Austin blind salamander that was collected 
for the captive breeding program.  Flows averaged 77 cfs.  Due to a series of floods 
through July 11, the pool was not refilled again until July 19, 2002.   

• December 10, 2002 – The pool was drawn down following a flood the previous day.  
Flows averaged 99 cfs.  City biologists found 1 dead and 5 live Barton Springs 
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salamanders.  All live salamanders were photographed and released near the main 
spring.  The pool was refilled December 12, 2002. 

 
Flood Preparations - Prior to a potential flash flood, City staff removes sections of the 
fencing, railings, diving board, trashcans, and lifeguard stand equipment that may be 
damaged.  The bypass grate is also kept clean to maximize its efficiency during flooding.  
These precautions were implemented during the July 2002 flood. 
 
Drawdown Procedures - The water level in Barton Springs Pool is slowly lowered using 
the adjustable gate system that was installed in December 2000. The ability to control the 
rate of drawdown facilitates the movement of salamanders to perennial water. Since the 
“beach” area was physically lowered, water is maintained over the “beach” area even 
when all of the gates are fully open and the water level in Barton Springs Pool is drawn 
down approximately four feet.   
 
Salamander Rescue – City biologists search the entire fissures area exposed following 
drawdown searching for stranded salamanders.  Salamanders that are found are collected 
in nets, placed in containers of spring water, and transferred to the main spring or 
collected for the captive breeding program.  During the December 10 drawdown, City 
biologists photographed salamanders found along the fissures area as part of the mark-
recapture effort. 
 
Measure 11 requires the City to maintain water over the fissures area during pool 
drawdown to eliminate the stranding of salamanders.  This technique was initially tried 
following permit issuance but has since been discontinued because the sprinkler system 
makes it difficult for City biologists to find and capture salamanders.  City biologists 
believe that having 2 or more City biologists present for 2 to 4 hours following 
drawdown is the most effective approach to finding and relocating stranded salamanders.   
 
 

IV.  Public Outreach and Education 
(See Permit Measures 15, 17) 

 
Interpretive Signs - In May 2002, interpretive signs on the history, ecology, and 
watershed of Barton Springs Pool were installed at the pool entrance.  In July 2002, the 
City submitted a Texas Preservation Trust Fund grant proposal to the Texas Historical 
Commission to provide historical and ecological interpretation at Eliza Springs and Old 
Mill Springs.  Although the grant funds were not awarded, City staff is developing an 
informational sign for both of these sites. 
 
Splash! Into the Edwards Aquifer Exhibit – Total number of visitors to the Splash! 
exhibit from October 2001 through September 2002 was 89,851.  Staff-led programs 
(Insect and Aquifer Camp) included 16,590 youths and 185 adults.  Splash! staff 
participated in outreach programming, including the Environmental Institute at the 
University of Texas, Karst Day, Blue Thumb Festival, SOS anniversary, and the 
Groundwater Festival. 
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The Splash! exhibit maintains an aquarium with Barton Springs salamanders and 
educational displays on water quality and the Edwards Aquifer.  Staff recently developed 
an interactive computer game for youth to learn about the salamander and other wildlife 
and their habitats in and near Barton Springs Pool. 
 
The gift shop was removed from the entrance of the Barton Springs Bathhouse during 
2002.  Splash! Into the Edwards Aquifer exhibit is using this former retail space to add 
elements appealing to the park’s main audience, families with young children.  These 
elements address living in water, how water enters the aquifer and comes out at springs, 
and what the real rocks of the aquifer look like.  The National Association of 
Interpretation held a certified interpretive planning workshop here during April 18-22, 
2002.  Five teams of planners gave staff over 53 suggestions to reach their mission of 
educating visitors about the aquifer and encouraging stewardship activities, some of 
which have already been implemented (monthly lecture series, purchase of an aquifer 
model to be used by volunteers, a water scene in high ceiling of atrium, salamander game 
for young children, water festival for families, and preschool programming).  Visitor 
surveys were also done in the summer by staff to assess take-home knowledge, and are 
being used to guide development of future elements. 
 
Items to be completed in 2003 include:  Historic Photo Gallery, with replicated photos 
dating back to 1886, and recreated arrow points from prehistoric peoples; Barton Springs 
Memories, a collage of photos contributed by citizens; Austin Past and Present, Zilker 
Park computer program, with historic elements of the park presented through videos, 
graphics and biographies; and 3D Fish Signs at the aquaria.   
 
Outdoor Classroom – In 2002, the City’s Earth Camp program provided over 500 
elementary school students with a tour of Barton Springs and the Splash! exhibit.  The 
Nature Center Education Program also provided water quality education and interpretive 
tours of Barton Springs and the exhibit for over 600 elementary school students.  Both 
programs currently include Eliza Springs as part of the educational tour.   Old Mill 
Springs is visited on a more limited basis due to its location on the opposite side of 
Barton Creek. 

 
 

V.  Barton Springs Salamander Conservation Fund 
(See Permit Measure 18) 

 
The fund balance has accumulated since its creation in 1999, and is now sufficiently large 
($190,000) to provide adequate funding for the purposes outlined in this permit.   
 
After thorough investigation of the City’s constraints and limitations, the Austin 
Community Foundation (ACF) was suggested as an appropriate entity to manage the 
Barton Springs Salamander Conservation Fund.  Regulated by state law, the ACF was 
established as a non-profit organization dedicated to improving the community.  The 
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ACF has served other City departments in a similar way.  Benefits of having ACF 
manage the Barton Springs Conservation Fund include: 
 
• It will provide a single avenue for reviewing proposals. 
• The City will be able to submit proposals. 
• ACF is able to manage any level of grant proposal requests depending on fund 

balance. 
• Due to the nature of the granting procedures, it is estimated that the City will have to 

designate someone full-time to coordinate the fund.  ACF is already experienced in 
this activity, will be able to simplify the process, and will use interest from the fund 
for costs of managing the fund. 

• ACF’s non-profit status will be of benefit to encouraging private donations to the 
fund, as envisioned in this permit. 

 
In August 2002, the City Council approved a resolution to authorize negotiation and 
execution of an agreement with ACF and the U.S. Fish and Wildlife Service and an 
Ordinance (010910-01) amendment to appropriate the funds for ACF to manage the 
Barton Springs Salamander Conservation Fund.  An agreement has been drafted and is 
undergoing review by the City, ACF, and the U.S. Fish and Wildlife Service.  The 
agreement, which should be finalized in early 2003, will remain in effect for the duration 
of this permit.  A technical committee will serve as the Advisory Committee to ACF and 
recommend proposals for funding. 
 
 

VI.  Scientific Advisory Committee 
(See Permit Measure 39) 

 
The City formed a Scientific Advisory Committee and held an annual meeting on August 
14, 2002.  The current Scientific Advisory Committee is focused primarily on improving 
habitat conditions in Eliza Springs in an effort to increase the numbers of salamanders at 
this site.  Several of this year’s advisors were selected for their previous involvement in 
improvements to Eliza Springs.  Following the initial August 14 meeting, an Eliza 
Springs subcommittee continued to meet monthly (August 21, September 4, October 3, 
November 7, December 5) to discuss ecological and structural improvements to this site.  
The subcommittee is working on a habitat and structural improvement plan for Eliza 
Springs and is assisting the City in reviewing and implementing management actions. 
 
 

VII.  Prohibited Activities 
(See Permit Measures 20, 24, 25, 27, 28) 

 
Use of High Pressure Hoses in Habitat (Measure #20) - Generally, use of high-pressure 
hoses is restricted to the non-salamander habitat areas in the shallow and deep ends of the 
pool.  However, fire hoses were used on the “beach” in Barton Springs Pool following 
the December and July floods to remove a layer of  sediment deposited by the flood (see 
Cleaning, Management, and Restoration, Barton Springs Pool, above). 
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Exotic Species (Measure #24) - While it is impossible to ensure that exotic species are 
not introduced by third parties into the springs, City biologists and Aquatics staff make 
every effort to prevent introduction of exotics (fencing of Old Mill Springs and Eliza 
Springs, daily surveillance of all springs, lifeguard presence at Barton Springs Pool) and, 
if found, identify and remove them (see Exotic Species under VIII.  Potential 
Threats/Anomalies, below). 
 
Moving Salamanders Between Spring Sites – In accordance with Measure #25, City 
staff does not move salamanders between spring sites.  All live salamanders collected are 
either immediately released at the same site or taken to the City’s captive breeding 
program, where they are maintained separately by spring site. 
 
Unauthorized SCUBA (Measure #27) SCUBA-certified City biologists listed on federal 
and state scientific permits conduct all salamander and biological inventory surveys.  At 
times, City biologists may accompany other SCUBA-certified scientists, students, and 
photographers to dive in Barton Springs Pool or participate in scientific research.  City 
Aquatics staff also routinely dive in Barton Springs Pool for maintenance operations.  
Recreational SCUBA diving is not allowed at any of the springs.  
 
On October 5, 2002, a segment for a Dairy Queen commercial was filmed in the deep end 
of Barton Springs Pool away from salamander habitat.  City biologists were present 
during the shoot to ensure protection of endangered species habitat.  
 
Habitat Disturbance (Measure #28) - In Barton Springs Pool, primary salamander 
habitat areas include the spring orifices, “beach”, and fissures.  The main springs are 
generally not accessible to swimmers due to depth (about 15 feet), and the “beach” is 5.5 
to 6.5 feet below the water’s surface.  During a semi-annual training session, City 
biologists provide training so that the lifeguard staff is aware of primary habitat areas 
within the pool and understand the importance of protecting these sensitive areas.  With 
lifeguards stationed throughout the pool and above these areas, deliberate disturbance to 
primary habitat areas can be quickly identified and discouraged. 
 
Eliza Springs and Old Mill Springs are fenced, discouraging unauthorized entry.   
 
Upper Barton Springs lies along the south bank of Barton Creek where there is no 
protection from unauthorized access.  While prohibiting deliberate disturbance is not 
possible, the site is unmarked and pedestrian traffic minimal due to the poorly defined 
trail system and dense stands of poison ivy and other vegetation.   
 
 

VIII.  Potential Threats/Anomalies 
(See Permit Measures 2, 24, 35, 36) 

 
Gas Bubble Trauma - The importance of conducting frequent visual inspections to look 
for threats and anomalies at each spring site became most apparent during the gas bubble 
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trauma investigations.  From February through June 2002, the focus of the daily visual 
inspections was primarily on investigating this mysterious phenomenon.  City biologists 
continue to monitor the springs closely for dissolved gases and signs of gas bubble 
trauma. 
 
Sediment Deposition – Although sediment is a natural and essential part of healthy 
aquatic ecosystems, too much sediment can smother bottom substrates, reducing the 
amount of available habitat and protective cover for the salamander and other bottom-
dwelling aquatic species.  Maintaining sediment levels that promote plant growth but do 
not embed rock substrates continues to be a management challenge at all four spring sites 
(see Section II. Cleaning, Management, and Restoration). 
 
The City submitted a draft Silt and Gravel Removal Policy for Barton Springs Pool to the 
U.S. Fish and Wildlife Service for review and approval in November 2000.  In the fall of 
2001, City biologists contacted  Javeler Construction of New Iberia, Louisiana, to inquire 
about low impact sediment removal technologies.  Javeler Construction specializes in 
pump and remediation equipment that precludes the need for heavy equipment.  Follow-
up discussions with Javeler Construction and developing a more comprehensive silt and 
gravel removal policy for Barton Springs Pool are high priorities for 2003. 
 
Algal Blooms – Algal blooms are periodically a problem at all four spring sites and in 
Barton Creek.  Algal composition and abundance appears to change in relation to nutrient 
loads, substrate, flooding, and spring flows.  Barton Creek experienced a Cladophora 
bloom in February and March 2002, and portions of Upper Barton Springs were also 
affected.  Algal blooms on the surface of Eliza Springs were especially problematic  until 
September 2002, when the drain grate was cleaned and flows in the pool increased.  The 
shallow end, fissures, and “beach” area near the lower dam of Barton Springs Pool are 
also sites of recurring algal blooms.  Algal blooms were not a major problem at Old Mill 
Springs in 2002. 
 
Trash and Debris - Trash dumping has been most problematic at Eliza Springs.  City 
biologists removed trash from Eliza Springs (by hand or with nets) almost daily until 
September 2002, when habitat improvements were initiated.  The need for trash removal 
has since subsided. 
 
Exotic Species – City biologists look for exotic species during the daily inspections and 
monthly salamander surveys.  During the March 2002 salamander survey of Barton 
Springs Pool, City biologists observed an exotic yellow fish (Gyrinocheilus aymonieri).  
This is believed to be the same fish that was to be removed in late November 2001 but 
was thought to have disappeared in the November 15, 2001 flood.  The fish has not been 
seen since the March 2002 survey.   
 
On July 17, 2002, a City scientist was told that exotic fish had been dumped in Old Mill 
Springs during the previous week.  While no evidence of this threat was found, the matter 
was taken seriously and reported to Park Police. 
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Mexican tetras have been observed at Upper Barton Springs and Old Mill Springs.  Since 
Mexican tetras are predatory fish that are not native to the Barton Springs ecosystem, 
City biologists have been removing them from this site (see Section II. Cleaning, 
Management, and Restoration).  These efforts will continue in 2003.   
 
An exotic tropical snail (Melanoides tuberculata) has been found in Old Mill Springs in 
recent years.  The snail is a potential carrier of parasites, including a heterophyid 
trematode (tentatively identified as Centrocestus formosanus) that is known to cause gill 
damage in fish.  The trematode has been found in gills of the endangered fountain darter 
(Etheostoma fonticola) in the Comal and San Marcos Rivers and other threatened, 
endangered, and non-listed fish in central and west Texas.  However, the trematode is not 
known to infect the snails found in Old Mill Springs. 
 
Spills and Response -  On July 2, 2002, the lift station in the north parking lot 
overflowed an estimated 800,000 gallons of combined floodwater and wastewater from 
the wet well and five nearby manholes.  The overflow was due to a large amount of 
inflow from a catastrophic flood diverted into open manholes being constructed in the 
Barton Creek basin.  The ensuing floodwaters overcame the capacity of the collection 
system.  The combined floodwater and wastewater mixed with the floodwaters of Barton 
Creek, making remediation efforts impossible.  During this period, the lift station was 
kept functioning, pumping two million gallons to the wastewater treatment plant. 
Additionally, pump trucks were used to transport another 111,000 gallons to the 
downstream collection system.  In December 2002, a portable generator with an 
automatic transfer switch was installed at the lift station to respond to future power 
outages.  To prevent future spills from the lift station, City is currently working on plans 
to replace the lift station with a gravity line. 
 
Barton Springs Pool experienced a minor hydraulic fluid spill on September 5, 2002.  The 
source of the hydraulic fluid was from a malfunctioning pump on the bobcat used during 
regular cleaning practices.  The spill was contained entirely within the upper portion of 
the shallow end with no impact to the salamander or its habitat.  Total estimated volume 
of hydraulic fluid released into the pool was two tablespoons to a half cup.  Cleanup was 
initiated and completed by City staff.   
 
The City submitted a draft catastrophic spill response plan to the U.S. Fish and Wildlife 
Service for review and approval in November 2001.  On August 12, 2002, the Save 
Barton Creek Association requested that a City scientist attend their weekly meeting and 
discuss the status of the spill response plan.  SBCA members expressed concern about the 
possibility of a gasoline pipeline spill and provided preliminary comments on the scope 
of the plan.  Currently, City staff is developing a more comprehensive catastrophic spill 
response plan for the Barton Springs watershed that includes notification and 
coordination of response efforts and a salamander rescue plan in the event of a spill in the 
watershed. 
 
Vandalism - No serious signs of vandalism were observed during 2002.  Nets placed at 
Upper Barton Springs to capture organisms affected with gas bubble trauma were 
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frequently vandalized, especially with the onset of the summer swim season.  Infrequent 
vandalism at Old Mill Springs included graffiti on and removal of signs and trash 
discarded inside the fencing and in the pool itself.  City biologists removed the sign with 
graffiti at the entrance to Old Mill Springs in October 2002.  City staff is updating and 
revising the sign, which is scheduled for replacement in   2003. 
 

 
IX.  Training 

(See Permit Measures 31, 33) 
 
City biologists provide semi-annual training to Aquatics lifeguard staff due to the 
seasonal turnover in staff.  In 2002, training was conducted on February 14 by Eric 
Kaufman (Spills and Response team leader) and Robert Hansen, and on August 8 by Eric 
Kaufman and Jennifer Thompson.  Training focuses on the location of salamander 
habitat, aquifer ecology, and spill and response strategies.  The critical role of Aquatics 
staff in protecting and enhancing salamander habitat is emphasized.  Habitat preferences 
and locations were identified within the pool, promoting awareness of the care to be 
taken in all cleaning and maintenance activities.  In addition, staff is taught how to 
quickly identify and discourage habitat disturbance by swimmers.  Eric Kaufman 
performed a review of spill and response protocols and an inventory of the equipment to 
be utilized in such events.  Emphasis was placed on personnel safety, identification of 
potential threats, and subsequent timely notification to proper authorities.  Instruction 
lasts approximately 30 minutes to one hour including questions from enthusiastic 
lifeguard staff.     

 
 

X.  Completed Measures 
 

Measure #4 - The City hired the PBS&J consulting firm to design prefabricated gates to 
replace the existing gate system in the downstream dam at Barton Springs Pool.  These 
stainless steel adjustable gates were installed in December 2000.  The gate system 
enables the City Aquatics staff to control the water level in the pool and, if needed, only 
partially lower the water level for maintenance and cleaning. 
 
Measure #6 - In May 1999, the City purchased underwater cleaning equipment to 
preclude the need for a water control structure.  The cleaning equipment utilizes an 
underwater rotating scrubber powered by pressurized water to scrub the algae and silt on 
the bottom of the shallow end.  A pump picks up the loosened algae and silt and removes 
it from the pool. 
 
Measure #7a - Portions of the “beach” area were lowered to 6.5 feet in May 1999 as part 
of the Phase 1 improvements.  In some locations, the “beach” was lowered to 5.5 feet due 
to the elevation of the concrete cap of the existing skimmer drain line.  Walkways and 
wading areas were not put in place.  Instead, additional salamander habitat was created 
along the south side of the “beach” area to compensate for modifications to the measure. 
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The “beach” area modifications and additional mitigation for salamander habitat were 
approved by the U.S. Fish and Wildlife Service during the Phase 1 improvements.   
 
Measure #9 - Limestone slabs were placed over fissures in shallow sections of 
salamander habitat in the fissures area during the Phase 1 improvements, and replaced in 
October 2000.  Maintaining these slabs over the fissures for their intended use was 
difficult, since the slabs were either disturbed or removed by swimmers.  Furthermore, 
the slabs inhibited sunlight from penetrating these areas, impeding the growth of 
Amblystegium riparium, an aquatic moss that provides excellent habitat for salamanders 
and the aquatic invertebrates they prey upon. 
 
Measure #13 - City staff capped the intake to underground pipe draining Old Mill 
Springs in January 2000.  However, water continues to flow from the end of the pipe into 
Barton Creek, indicating groundwater migration into fractures somewhere along the pipe.  
City staff will continue to assess other ways of restoring natural surface flow from this 
spring.   
 
Measure #14 - Repair and modification of the Barton Creek bypass grate located on the 
upstream end of Barton Springs Pool 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 the 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.  In addition, City staff cleans the grate on a regular 
basis to ensure maximum flow rates in the bypass tunnel. City staff also clean the 
surrounding creek area as needed for maximum efficiency.  City staff removed large 
boulders, cobble, gravel and debris from the area around the bypass grate after the July 
2002 flood. 
 
Measure #16 - Metal fencing restricts access to Eliza Springs and Old Mill Springs.  The 
City hopes to replace the fences at both sites with more attractive and protective fencing. 
 
Measure #19 – $10,000 has been deposited into the Barton Springs Salamander 
Conservation Fund (see corresponding section, above). 
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Attachment A 

Endangered Species Act Section 10(a)(1)(B) Permit 
for Incidental Take of the 

Barton Springs Salamander (Eurycea Sosorum) 
for the Operation and Maintenance of Barton Springs Pool 

and Adjacent Springs 
 (PRT – 839031) 

 
 
1.  The City of Austin will coordinate the management of salamander habitat areas and be 
responsible for maintaining information and scientific data on the Barton Springs 
salamander.  The City of Austin will also be responsible for the timely transmittal of 
information and data to the Service. The City of Austin will submit an annual report to 
the US Fish and Wildlife Service Austin Ecological Field Services Office, 10711 Burnet 
Road, Suite 200, Austin, Texas 78758.  The annual report will address the status of the 
salamander, analysis of biological data, and a review of pool maintenance and 
management activities during the year.  The City of Austin will be responsible for all 
measures in the HCP.  In the annual report, each point of the HCP will be addressed.  The 
permit and HCP will be for a period of 15 years.  Copies of the annual report will also be 
submitted to the City Manager and City Council. 
  
2.  The City of Austin will make daily visual inspections of all habitat areas (spring sites) 
and note any problem conditions such as vandalism, trash and debris, introduction of 
exotic fish or animals, or disturbance of habitat. 
  
3.  When the pool is lowered for cleaning and maintenance, trained City staff will 
visually inspect all of the exposed areas of the pool for stranded salamanders before 
cleaning and maintenance activities begin.  This visual inspection will also include Eliza 
Spring, Old Mill Spring, (Sunken Garden), and Upper Barton Spring.  Any stranded 
salamanders will be moved to permanent water.  This measure will be in place upon the 
issuance of this permit.  Until the dam or comparable water control device is installed in 
the shallow end of the pool, a minimum of four biologists will be present at drawdown to 
search for stranded salamanders.  After installation of the water control device, a 
minimum of two biologists will be present when the pool is lowered. 
  
4.  The City of Austin will modify the existing gate system for the drawdown of the pool.  
The new gate system will be designed to control the rate of drawdown and the level of 
water in the pool.  The current system is an all or nothing approach that does not allow 
control or manipulation of the drawdown process, which is most critical during low 
aquifer conditions.  The new gate system will be in place within six months of the 
issuance of this permit.  If low aquifer conditions (flows less than 54 cubic feet per 
second) occur during this one-year period, the City of Austin will modify or suspend pool 
maintenance procedures (in consultation with the Service), to minimize and mitigate 
incidental take of salamanders. 
  
5.  The City of Austin will install a pump system to provide spring water for pool 
maintenance.  The pump system will also provide spring water for the fissures areas 
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during pool drawdown.  This pump would use spring water from the main pool.  This 
measure will be in place within six months of permit issuance. 
  
6.  The City of Austin will clean the shallow end of Barton Springs Pool without 
drawdown of the entire pool.  One option is to install a water control structure between 
the shallow and deep ends of the pool to create a permanent barrier between the cleaning 
operations and the main salamander habitat.  The purpose of this water control structure 
is to eliminate the drawdown of the deep end during routine cleaning of the shallow end.  
This measure will be in place within six months of permit issuance.  If the installation of 
the water control structure is not completed within the six month deadline due to 
construction delays or adverse weather conditions, the City of Austin will modify or 
suspend pool maintenance procedures (in consultation with the Service), to minimize and 
mitigate incidental take of salamanders. 
  
7.  The City of Austin will modify the beach area in Barton Springs Pool. Portions of the 
beach area will be replaced with walkways and wading areas made of exposed aggregate 
concrete, limestone or other hardened surface.  The remaining beach area will be lowered 
to a minimum depth of 2 meters (6 1/2 feet) and additional salamander habitat will be 
created to mitigate for the loss of habitat.  This measure will be in place within six 
months of permit issuance. 
  
a)      The City of Austin may clean the walkway on an as needed basis (approx. 1 
cleaning per week) using pressure washers (underwater) or other agreed to means. 
  
b)      The salamander habitat would be cleaned using low-pressure hoses or other agreed 
to means.  This cleaning would be done quarterly or as needed to keep the upper 2-3 
inches of habitat from becoming embedded with sediment. 
  
c)      The City of Austin will maintain 11,000 square feet of “beach habitat” for the 
salamander.  Gravel or cobble of appropriate size will be used to replace sections of the 
habitat that may be washed out. 
 
d)      The City of Austin will clean non-salamander habitat areas in the deep end of the 
pool quarterly or as needed using a combination of high-pressure hoses and a vacuum 
system. 
  
8.  The City of Austin will not drawdown the deep end of the pool if flow in the aquifer is 
lower than 54 cfs.  This measure will minimize the impact of low aquifer levels at the 
adjacent springs sites, as well as conserve water in the aquifer during low flow 
conditions. 
 
9.  The City of Austin will place thin limestone slabs over fissures in the shallow section 
of the fissures area to minimize impacts from recreational use. 
 
10.  The City of Austin will lower the water in the deep end of the pool, if necessary, for 
cleaning only with Service concurrence.  The water in the deep end of the pool will not 
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be lowered when the lowering would cause Eliza Spring to go dry.  This measure will be 
in place after the water control structure is installed or an alternative is implemented. 
 
11.  The City of Austin will maintain water over the fissure area during pool drawdown 
in order to eliminate the stranding of salamanders.  The ability to retain water over the 
fissures will be in place at the time of permit issuance.  The City of Austin will clean the 
fissure area quarterly or as needed, using a combination of low-pressure hoses and wire 
hand brushes or other agreed to means.  In addition, until the water control structure is in 
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. 
 
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. 
 
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. 
 
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. 
 
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! Into the Edwards Aquifer exhibit at Barton Springs Pool will be 
a major focus of this effort. 
 
 16.  Access to Eliza Spring and Old Mill Spring (Sunken Garden) will be restricted to 
ensure no disturbance of salamander habitat at these spring areas.  These sites will be 
used as outdoor educational 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. 
 
17.  Educational signs (kiosks) will be installed to enhance public awareness of the 
salamander and aquifer.  Outdoor educational displays will highlight the biology and 
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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. 
 
18.  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 committee of 
technical 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 committee members could include State, 
County, University or other qualified biologists and karst aquifer hydrogeologists and 
swimmer/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 committee will decide 
how the money will best be spent. The funding will be in place within six months of 
permit issuance. 
 
19.  The City of Austin will deposit $10,000 (in addition to the $45,000 mentioned 
above) into the conservation fund.  This will mitigate 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 permit issuance. 
 
20.  The City of Austin will prohibit the use of high-pressure hoses in salamander habitat. 
 
21.  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. 
  
22.  In the event of a flash flood or potential flash 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 higher ground.  The Endangered 
species biologist for the City of Austin will be notified before Barton Springs Pool 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 biologist indicates that Barton Springs Pool should not 
be lowered. 
 
23.  The City of Austin may clean sediment and debris from the adjacent springs sites 
using low-pressure hoses or other agreed to means on an as needed basis. 
 
24.  The City of Austin will not allow the introduction of exotic plants or animals in any 
springs in Zilker Park. 
 
25.  The City of Austin will not move salamanders between springs sites. 
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26.  The City of Austin may manually trim aquatic vegetation that reaches the surface of 
the water. 
 
27.  The City of Austin will not allow unauthorized SCUBA in any springs in Zilker 
Park. 
 
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. 
  
29.  Sediment and debris that is collected during routine cleaning of the pool will be 
removed from the pool and disposed of properly.  This would be accomplished by 
pumping the material 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. 
 
30.  Since there is a seasonal rate of turnover in the staff involved in the pool 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. 
  
31.  The City of Austin will ensure that all 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. 
  
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. 
 
33.  The City of Austin will provide yearly spill and response training for all 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. 
 
34.  Specific areas will be designated for the fueling and maintenance of equipment and 
vehicles used in maintaining the springs 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. 
 
35.  The City, with concurrence of the Service, will develop a policy for silt and gravel 
removal in the deep end of the pool.  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 
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estimate may change due to this policy but would probably be a minor amendment to the 
HCP. The new policy will be in place within one year of the issuance of this permit. 
 
36.  The City will, in concurrence with the Service, develop a catastrophic spill response 
plan for Barton Springs. The new plan will be in place within one year of the 
implementation of this permit.  This plan will address spill prevention, containment, 
remediation, and salamander rescue. 
 
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 will 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. 
   
38.  The City of Austin will continue to conduct monthly salamander surveys at all spring 
sites, in compliance with Federal and State Scientific Monitoring Permits. 
 
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 committee.  In addition, this committee will review this HCP and make 
suggestions for needed amendments as deemed necessary.  The Advisory Committee will 
also be responsible for refining 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. 
 
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 limits, and subject to the City’s 
jurisdiction.  This reduction in loadings will be achieved through the measures set out in 
the NPDES stormwater permit and its reasonable and prudent measures listed in 
Appendix A of the EA/HCP. 
  
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 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. 
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Chronology of Investigations (January 28 - December 16, 2002)  
Gas Bubble Trauma at Upper Barton Springs 

 
 
• January 28 - During a monthly survey of Upper Barton Springs, a Barton Springs 

salamander was found with blister-like bubbles on the tail. The salamander was 
collected for observation and recovered in captivity. 

 
• February 22 - Three Barton Springs salamanders were found floating on the surface 

of the water and underneath floating algal mats. The salamanders had visible gas 
bubbles in the abdomen, head, limbs, tail, mouth, and throat, including the area 
around the heart. City biologists alerted the U.S. Fish and Wildlife Service (USFWS), 
the United States Geological Service (USGS), and Texas Parks and Wildlife 
Department (TPWD). During the investigation at Upper Barton Springs on this day, a 
City biologist developed a temporary skin rash over areas immersed in the water.  

 
• February 22 - City staff collected water and sediment samples from Upper Barton 

Springs. Samples were analyzed for organochlorine pesticides, organophosphorus 
pesticides, polychlorinated biphenyls (PCBs), semivolatile organics, metals, 
hydrogen sulfide, chlorinated herbicides, ammonia, nitrates, and oil and grease. 
Results indicate low levels of nickel and oil and grease. Other parameters were 
normal or non-detect. 

 
• February 22 and 23 - USGS collected water samples from Upper Barton Springs 

and Barton Springs Pool.  Results indicate trace levels of triazine herbicides (atrazine, 
desethylatrazine, and simazine) (<0.02 ug/L) and several solvents (<0.15 ug/L), 
including chloroform.  

 
• February 25 - Four salamanders (2 live, 2 dead) from Upper Barton Springs were 

sent to Dr. Green, a veterinary pathologist specializing in amphibian diseases in the 
wild, at the USGS National Wildlife Health Center (NWHC).  After completing his 
analysis, Dr. Green stated that he is unable to explain the cause or location of the 
bubbles in the salamanders. In addition, Dr. Green was unaware of any cases of gas 
bubble trauma in amphibians in the wild. 

 
• February 27 - City biologists borrowed a saturometer (dissolved gas meter) from the 

USFWS San Marcos Fish Hatchery & Technology Center to collect data on the total 
dissolved gases at Upper Barton Springs. Results indicated that Upper Barton was 
supersaturated with total dissolved gases. Visible gas bubbles in animals may be an 
indication of gas bubble trauma due to water that is supersaturated with total 
dissolved gases. 

 
• March 1 - City staff investigated an algae bloom in Barton Creek near Upper Barton 

Springs. Water samples were analyzed for bacteria and nutrients. Tests results did not 
indicate a wastewater line leak. 
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• March 6 - USGS collected water samples from Upper Barton Springs, Old Mill 
Springs, and Eliza Springs to be analyzed for pesticides and volatile organic carbons. 
Results indicated trace levels of several pesticides (<0.02ug/L), including atrazine, 
and tetrachloroethylene (< 0.1 ug/L).  

 
• March 6-8 - Two fish with eye problems were collected from Upper Barton and 

Barton Creek near Upper Barton Springs and sent to Dr. Trish Varner at Texas A&M 
Veterinary Medical Diagnostics Lab. A Mexican tetra (Astyanax mexicanus) with 2 
bulging eyes was collected on March 6 in Barton Creek just below Upper Barton 
Springs; the pathology report states that the bulging eyes may have been due to 
infection. A mosquito fish (Gambusia affinis) was collected on March 4 from Upper 
Barton and held in captivity for observation before preservation; the fish had what 
appeared to be a slight eye abnormality. The pathologist found no problem with this 
fish.  

 
• March 7 - The aquatic invertebrate community was sampled; results did not reveal 

anything unusual. 
 
• March 8-March 24 - Hydrolab Corp. loaned a dissolved gas probe, which was 

attached to the Datasonde deployed at Barton Springs. The Datasonde was moved 
every few days to get dissolved gas readings at Upper Barton, Main Spring, Old Mill, 
Eliza, and several points along Barton Creek.  Readings indicate that all of the four 
spring sites are above 100% saturation, with Upper Barton being the highest (above 
120%). 

 
• March 8 - The USFWS San Marcos Fish Hatchery & Technology Center took 

saturation readings at all four spring sites and in Barton Creek just above Upper 
Barton Springs and obtained similar results to the dissolved gas probe -- i.e., each 
spring site is above 100% saturation, with Upper Barton being the highest (125%). 

 
• March 8 - USGS used a gas chromatograph to determine the gas composition, which 

appeared to be mainly nitrogen (14 mg/L), oxygen (5.8-6.5 mg/L), and carbon 
dioxide (38-46 mg/L). 

 
• March 8 - Dr. Steven Harris, the City of Austin/Travis County Health Authority, 

found no evidence of any public health risk in Barton Springs Pool or Upper Barton 
Springs area based on his review of available data. No additional cases of rash or 
other symptoms suggesting a public health risk were reported. 

 
• March 12 - Water samples were collected by USGS to be analyzed for dissolved gas 

composition, nitrogen isotopes, wastewater indicators and glyphosate. Results 
indicated 17-20 mg/L nitrogen, 5.8-7.5 mg/L oxygen, and 33-40 mg/L carbon 
dioxide. Results for wastewater indicators were non-detect. Glyphosate, an herbicide 
known as “Round Up,” was also not detected. 
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• March 20 - Algae samples were collected and identified. Blue-green algae samples 
were sent to Dr. Andy Chapman, an expert in blue-green algae, and none of the 
samples tested positive for toxicity. 

 
• March 24 - Tadpoles were observed for the first time to have visible bubbles and 

buoyancy problems. On March 24, City biologists placed traps in Upper Barton to 
collect tadpoles. 

 
• March 25 - City biologists collected ten tadpoles with buoyancy problems at Upper 

Barton Springs. The tadpoles were floating ventral side up at times. Five of these 
were sent live to Dr. Green at the USGS National Wildlife Health Center and five 
were placed in captivity at the City’s salamander captive breeding lab. In addition, 
two other tadpoles were preserved on-site and sent to Dr. Green. The five tadpoles 
sent to Dr. Green arrived alive and had recovered from buoyancy problems. The 
tadpoles were examined and aerobic and anaerobic bacteria cultures were conducted; 
the pathologist stated that, in his opinion, none of the isolated bacteria are abnormal 
in tadpoles and none are the sole cause of the air bubbles that are being seen. The 
bacteria are possibly secondary infections from gas bubbles that can create wounds. 
The two tadpoles that were preserved on-site had bubbles: one had multiple bubbles 
in the intestinal tract and the second tadpole had a large bubble in the body cavity. 
Dr. Green could not explain the presence or location of the bubbles. 

 
• March 27-28 - City staff presented all current and relevant information on gas bubble 

trauma and the events surrounding Upper Barton Springs at a USFWS/EPA hosted 
technical conference.  The purpose of the conference was to provide technical 
information to help officials assess the impacts of the EPA’s Construction General 
Permit on the salamander. 

 
• March 29 - City staff and USFWS deployed a POCIS (polar organic chemical 

integrative sampler), a synthetic membrane device designed to sequester 
pharmaceuticals and pesticides, at Upper Barton Springs. USGS and City staff pulled 
the device on May 8, 2002. When the sampler was being processed, it was observed 
that the membranes were “ballooned out”. This phenomenon has never been observed 
before in these devices and it is not yet understood how this could occur. Results of 
the analysis are not available yet. 

  
• April 2 - City biologists took a dead tadpole with a large bubble on the right side of 

the head to Dr. Phil Bennett (University of Texas Geology Department) for gas 
extraction and identification.  The gas appeared to be mainly oxygen and nitrogen 
(over 99%).  Less than 1% was methane and CO2, which is presumed to be from the 
onset of decomposition. 

  
• April 4 - One crayfish (Procambarus clarkii) and one beetle larva (Hydrophilidae), 

both with buoyancy problems and visible bubbles, were collected from Upper Barton 
Springs and sent to Dr. Trish Varner at Texas A&M Veterinary Medical Diagnostics 
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Lab. The pathology report states that the histology is consistent with gas bubble 
trauma. 

 
• April 10-15 - City staff measured total dissolved gas at several wells and springs, 

including Barton outlets, with Dr. Allen White of the USFWS. Results indicate that 
supersaturation in the regional karst springs, including Barton Springs [Upper Barton 
(119-125%), main spring (112-113%), Old Mill (115-116%), Eliza (109-111%)], 
Cold Springs (112%), Comal Springs (113%), and San Marcos Springs (102%), as 
well as the Edwards Aquifer is common, at least currently, although Upper Barton 
Springs appears to have the highest dissolved gas levels.  A well in Sunset Valley, 
which is on the flow path to Upper Barton Springs, measured 163% (tonic water 
measured 165%).  All other Edwards Aquifer wells measured 95.5-111% saturation. 

 
• April 24 - City biologists began monitoring the total dissolved gases at all four spring 

sites, with the purchase of a total dissolved gas meter.  Saturation readings are taken 
at least three times a week, and in some cases more frequently.  Upper Barton Springs 
tends to be the most saturated, followed by Old Mill Springs, Barton Springs Pool and 
Eliza Springs. 

 
• April 26 - USGS collected water samples to be analyzed for chlorofluorocarbons 

(CFCs) (to obtain an average age of the water).  Results are not available yet. 
 
• May 3 - A bloated salamander was found at Upper Barton Springs and a City 

biologist developed a temporary rash on parts of the body that were exposed to the 
water. Water samples were collected by USGS and USFWS and analyzed for metals, 
VOCs, and cations.  Results for the metals and cations did not indicate anything 
unusual. The results for the VOCs indicated trace levels of chloroform (E0.09 ug/L) 
and tetrachloroethene (E0.05 ug/L). 

 
• May 7 - A fifth bloated salamander was sent to Dr. Green with the USGS National 

Wildlife Health Center for analysis. Samples were taken from tissues to culture 
bacteria, viruses, and fungi.  Nothing unusual was reported.  

 
• May 14 - A bloated salamander was collected from Old Mill Springs and placed in 

captivity in water from the affected site. Within a couple of days, the salamander 
began to recover.  

 
• May 16 - City biologists collected stonerollers (Campostoma anomalum) from Barton 

Creek and placed them in traps in Upper Barton Springs for observations of potential 
buoyancy and/or eye problems. The traps were vandalized; no data were collected. 

 
• May 31 - City staff deployed 2 Hydrolab Datasondes retrofitted to include total 

dissolved gas sensors in Barton and Upper Barton Springs for long-term regular 
monitoring. On-site monitoring indicates that readings are comparable to the portable 
saturometer and that both springs are still supersaturated with dissolved gases. City 
staff has a nearly continuous record of physical parameters (temperature, pH, 
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turbidity, dissolved oxygen, specific conductance, and depth) from Upper and Main 
Barton Springs. 

 
• June 26, 2002 – During a monthly survey of Upper Barton Springs, a salamander was 

found with a bubble in the lower abdomen. The salamander was under a rock and 
when the rock was lifted, the salamander began to float up into the water column, the 
tail and lower abdomen being the most buoyant. The salamander was collected and 
recovered in captivity. 

 
• June 30, 2002 – Heavy rains began. Discharge at the springs increased and 

flooding occurred at Upper Barton Springs as well as Barton Springs Pool. 
 
• November 20, 2002 – City staff collected 160 Mexican tetras at Upper Barton 

Springs; 13 of these had obvious health problems (bulging eyes, discoloration, etc.). 
These fish were sent to Dr. Trish Varner at the Texas Veterinary Medical Diagnostic 
Laboratory in College Station.  The pathology report stated that the problems were 
due to a parasite and not gas bubble trauma. 

 
• August 2004 – Salamander was found with gas bubble trauma at Upper Barton 

Spring; recovered in captivity. 
 
• January 21, 2005 – Salamander was found with gas bubble trauma at Upper Barton 

Spring; recovered in captivity.  
 
• City biologists have been compiling an annotated bibliography of literature pertaining 

to gas bubble trauma and dissolved gas supersaturation. In addition, City biologists 
have discussed the Upper Barton Springs situation with many other scientists, 
including scientists at the University of Texas at Austin (Dr. David Hillis, Dr. David 
Cannatella, Dr. Dean Hendrikson), Texas Parks and Wildlife (Dr. Andy Price), USGS 
Environmental Center (Doug Hardesty), Southwest Texas State University (Dr. Glen 
Longley), USFWS San Marcos Fish Hatchery (Joe Fries, Dr. Tom Brandt), State Fish 
Hatchery in San Marcos, University of Nevada (Dr. Richard Tracey), Edwards 
Aquifer Research and Data Center (Victor Castillo III), Indiana University Axolotl 
Colony, University of Texas at Arlington (Dr. Paul Chippindale), Lower Colorado 
River Authority, and Environmental Protection Agency. Scientists from several 
agencies have assisted or been consulted on the water quality and supersaturation 
issues, including, the USGS (Dr. Barbara Mahler, Peter Van Metre, Marcus Gary, 
Eric Strom), TNRCC (Jim Davenport, Steve Musick), USFWS (Matt Lechner, 
Krishna Gifford, Allen White), LBG-Guyton and Associates (Dr. Charles Krietler), 
the University of Texas at Austin (Dr. Phil Bennett), and EPA (Phil Jennings). 

 
• City biologists continue to monitor Upper Barton Springs closely. In addition, City 

biologists are working with USGS to begin gathering data on the temporal and spatial 
variation in the composition of dissolved gases at Barton Springs and other parts of 
the Edwards Aquifer.  
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Barton Springs Pool
E. sosorum E. waterlooensis

Date Total Large/Small Large/Small
(small recorded as <1inch total length)

1/29/2002 5 3L/2S
2/20/2002 25 3L/22S
4/4/2002 23 7L/15S 1S also found 2S on beach
5/2/2002 14 5L/9S also found 2L/4S Barton Springs, 1S Austin blind on beach
5/28/2002 23 7L/15S 1S
6/24/2002 15 2L/13S partial survey
8/12/2002 24 24S
10/1/2002 32 5L/27S
12/2/2002 28 7L/21S
12/31/2002 27 19L/7S 1S also found 1 egg in the "fissures" area

Mean 22 (does not include data from 6/24/02 survey)

Eliza Springs

1/30/2002 2 2S
2/22/2002 7 1L/6S
4/3/2002 7 2L/5S
5/3/2002 3 3L
5/29/2002 8 4L/4S
8/7/2002 2 1L 1S
9/20/2002 3 1L/2S
11/19/2002 4 2L/2S

Mean 5

Old Mill Springs
1/29/2002 26 17L/4S 5S
2/24/2002 36 25L/5S 6S
4/5/2002 46 27L/6S 13S two-thirds of spring pool surveyed
5/1/2002 38 20L/7S 2L/9S
5/31/2002 18 9L/4S 1L/4S also found 1 egg near spring outlet; collected
6/25/2002 20 10L/6S 4S
8/13/2002 37 11L/5S 2L/19S
9/24/2002 27 6L/5S 16S
11/20/2002 5 3L/1S 1S

Mean 26 (does not include data from 4/5/02 survey)
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Upper Barton Springs
E. sosorum E. waterlooensis

Date Total Large/Small Large/Small
(small recorded as <1inch total length)

1/28/2002 8 8L* *includes 1L with gas bubble trauma; collected 
2/22/2002 5 5L* *includes 3L with gas bubble trauma; collected 
3/15/2002 3 3L* *includes 1L dead from gas bubble trauma; collected 
4/30/2002 5 2L/3S
6/3/2002 8 4L/4S
6/26/2002 12 7L*/5S *includes 1L with gas bubble trauma; collected 
8/6/2002 2 1L/1S
9/26/2002 5 5L
11/18/2002 2 2L
12/31/2002 0

Mean 5
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Preliminary Analyses of 1993-2003 Salamander Data  
From Barton Springs Pool, Eliza Springs, Old Mill Springs,  

And Upper Barton Springs 
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Executive Summary 
 
Monthly salamanders counts have been taken at Barton Springs Pool since 1993.  Eliza 
and Old Mill Springs counts are available from 1995, and Upper Barton Springs since 
1997.  During those time periods, survey methods were still in development and the 
statistical effects of the different methods have not been examined yet.  Consequently, the 
data analyses presented here should be considered very preliminary and not directly 
predictive of future conditions until additional data are gathered.  In other words, future 
analyses that include additional data may show different relationships than those 
presented here.  The total number of salamanders from the four spring sites combined has 
decreased since 1997.  However, when each spring is considered separately, only Eliza 
experienced a statistically significant decrease in total number of salamanders.  Multiple 
factors potentially related to numbers of salamanders have been considered (e.g., time, 
flow, water and sediment quality); these are by no means an exhaustive list of potential 
effectors and no one single factor alone appears to influence salamander populations. 
 
The relationship between water flow and salamander counts is complex; flow levels have 
a delayed effect on number of salamanders at Barton Springs Pool.  The number of 
salamanders is related to discharge flow level 6 months prior to the survey, though the 
relationship is not statistically strong (R2 = 0.23).  High flow is related to higher counts, 
and low flow (approximately 30 cfs at Barton Springs) is related to low counts, 
particularly at the smaller springs (e.g. Eliza and Upper Barton Springs), which 
sometimes are partially or completely dry. 
 
No water or sediment quality parameters were identified that could be demonstrated to 
have a causal effect on salamander counts.  Some parameters (PAHs, copper, dissolved 
oxygen) that have the potential to affect salamanders in Barton Springs Pool were 
examined and are discussed. 
 
The information provided by the number of large and small salamanders is difficult to 
interpret until a more accurate relationship between age and size in the field is 
established.  Specifically, the categorization used in the surveys (adult > 1”, juvenile ≤ 
1”) does not reflect the size distributions observed in the captive breeding program (see 
Chamberlain and O’Donnell 2002, 2003), where salamanders reach maturity at about 2 
inches total length.  If these observations in captivity reflect maturation in the wild, large 
salamanders (> 1”) recorded in the field include both large juveniles and adult 
salamanders, and small salamanders (≤ 1”) represent small juveniles.  
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Introduction 
 
City staff has been collecting data relative to the Barton Springs salamander since 1993.  
Monthly salamander surveys began in Barton Springs Pool in 1993, in Old Mill and Eliza 
Springs in 1995, and in Upper Barton Springs in 1997.   
 
The U. S. Geological Survey and the City of Austin have been conducting comprehensive 
assessments of water quality and quantity in Barton Springs Pool for many years.  
Sediment from Barton Springs Pool was sampled initially in 1995, and quarterly since 
1999.  Sporadic water quality sampling in Eliza, Old Mill and Upper Barton Springs has 
been conducted only in recent years. 
 
This report provides preliminary analyses of the salamander survey data with respect to 
time, flow, and water and sediment quality (including PAHs, copper, and dissolved 
oxygen).  Candidate relationships were evaluated for statistical significance using 
standard linear regression where appropriate. 
 
1. Counts vs. Time: Individual Springs: Plots and Regression Analyses 
 
Total salamander counts at all four spring sites at Barton Springs from 1993 through 2002 
and a regression analysis are plotted in figures 1 and 2, respectively. 
 
Data are available for all four springs from 1997-2002.  Counts from different springs do 
not show the same pattern.  The number of salamanders counted in Eliza Springs peaked 
in 1997 and declined thereafter (Figure 4).  Regression analyses on the relationship of 
counts and time for all of the springs (figures 2-6) revealed that only Eliza Springs 
experienced a statistically significant decrease in numbers of salamanders.   We suspect 
several potential factors underly this decline, including the appearance of an excessively 
large population of mosquitofish (Gambusia affinis) that are potential salamander 
predators.  The accumulation of sediment and subsequent anoxia is also a potential factor 
because it smothers the habitat of the salamanders and other benthic organisms, including 
its prey base.  Thus, the amount of food available and cover from potential predators was 
likely limited during that time.  While the presence of sediment is a natural and necessary 
part of a healthy aquatic ecosystem (reviewed inWetzl 1975), excess sediment deposition 
or abnormal conditions in the sediment (e.g. no oxygen) that can have detrimental effects 
on habitat quality and thus numbers of salamanders (reviewed in Spellman and Drinan 
2001). 
 
Barton Springs Pool counts (Figure 3) oscillated with very high numbers of small 
salamanders in 1999, and low numbers in 2000 and 2002.  In the initial analysis, small 
salamanders in Barton Springs Pool appeared to have increased significantly.  However 
that significance is a result of only four outlying data points.  It is unclear what factor 
could have caused an unexpected surge in number of small salamanders or whether these 
data are a result of survey error.  Unless we see comparable increases in small 
salamanders in the future, we can expect that regressions will not be statistically 

4 



Attachment D 

significant, and the current analytical result for small salamanders in Barton Springs Pool 
is misleading. 
 
Salamander counts in Old Mill Springs (Figure 5) were high during 1997 and 1998, low 
during 1999 and 2000, then returned to high levels again during 2001 and 2002.  Data 
plots indicate that flow patterns affect the counts; however, the decrease cannot be 
explained by flow alone.  Therefore, other factors likely also played a role in the changes 
in salamander counts (e.g. bias due to survey methods, dissolved gas levels, sediment 
accumulation, abundance of food and predators, etc.). 
 
The numbers of salamanders at Upper Barton Springs (Figure 6) are very closely related 
to decreases in flow because this spring is known to go dry frequently, presumably 
because it is a shallow, free-flowing site that is not impounded, as are the other three 
sites.  However, the recent presence of gas bubble disease indicates dissolved gases and 
water quality are also important factors. 
 
2. Counts vs. Time:  Combined Springs: Plots and Regression Analysis 

 
Percent changes in average total numbers of salamanders from 1997 to 2003 are shown in 
Table 1 below and indicate that declines occurred in both Old Mill and Eliza Springs.  
The expected decreases in total number of salamanders were estimated from the fitted 
regression lines for all four springs combined and Eliza Springs using data of January 
1997 to January 2003 (Figures 2, 4; Table 1).  Expected decreases in counts were not 
estimated for the remaining three individual springs since the slopes of linear regressions 
were not significant.   
 
Table 1.  Percent Change in Total Salamander Counts from 1997 to 2003 for all 
Four Springs Based on Average Counts and Estimated from Regression of Eliza 
Springs Data 
 
Based on Counts at 

Each Site 
1997 count 2003 count % decrease 

 
Eliza Spring 23.6 4.5 81% 

Old Mill Spring 39.8 28.2 29% 
Upper Barton 

Spring 
5 5 0% 

Barton Springs Pool 19.7 22.4 0% (14% increase) 
Estimated from 

Regression of Eliza 
Spring Data 

January 1997 
count 

January 2003 
count 

% decrease 
 

Total Number of 
Salamanders at 

Eliza Spring 

14 1 93% 

Total Number of 
Salamanders at all 

four springs 

88 42 52% 
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3. Counts vs. Water Flow; Flow, Lagged Flow, Average Period flow, 
and Change in Flow: Plots, Regression Analysis, ANOVA 
 
In order to better assess the impacts of spring flow in salamander counts, the time series 
of counts of all springs combined and at each spring were plotted separately and overlain 
with Barton Springs flow data (Figures 7-11).  Flow at Old Mill, Eliza and Upper Barton 
Springs are clearly related to Barton Springs flow; the specificity of that relationship is 
currently under investigation. 
 

Barton Springs Pool 
At Barton Springs Pool, counts appear to lag the changes in flow (Figure 8a).  Counts 
tend to increase as flow decreases until flow is quite low, after which counts decrease.  
Counts do not start to increase until several months after flow increases.  Counts were 
compared to flow 6 months prior to the survey date (Figure 8b) and to average flow 
during the prior 3-month period (Figure 8c).  Regression analysis revealed that the 
relationships between counts and flow on the date of survey and flow 3 months prior 
were not significant.  However, water flow 6 months prior to survey date was 
significantly related to number of salamanders counted (Figure 9).  Given this 
relationship, the increase in number of salamanders during 2001 and 2002 was not as 
high as might be expected.  This is probably due to a variety of factors, but higher than 
normal copper levels in sediment during that time may have played a role (see Section 4). 
 

Eliza, Old Mill, and Upper Barton Springs 
The relationships between water flow at Barton Springs and salamander counts at the 
other three springs appear to coincide (Figure 10) rather than lag as in Barton Springs 
Pool (Figure 8a).  The impact of low flow is particularly obvious; low water flow at 
Barton Springs is typically associated with little or no flow in the smaller springs, and 
thus, no salamanders.  While there are high counts during high flow periods, there are 
also times when flow is high but counts are not.  The number of salamanders at Eliza 
Springs dropped during the 1997-1999 high flow, wet period, continued to decrease 
during the following dry period, and did not increase even during subsequent high flow 
during 2001 and 2002.  Counts at Old Mill Springs are low during dry periods and high 
during some of the wet periods, but not, for example, during the early part of 1999, which 
was wet.  Despite these patterns, regression analysis found a significant positive 
relationship between counts and flow only at Old Mill Spring (Figure 11).  This further 
emphasizes that there are additional factors affecting the number of salamanders at these 
sites. 

 
Changes in Water Flow During the Previous Month 

Counts at Barton Springs Pool were compared to the change in flow during the previous 
month (Figure 12).  Results of analysis of variance indicated that counts were 
significantly higher during periods of decreasing water flow immediately after high 
flows, but not during periods of increasing water flow (Table 2).  However, this effect 
does not imply a causal relationship between decreasing water flow and increasing 
numbers of salamanders and vice versa, but is possibly a reflection of a survey bias; it is 
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much more difficult to survey during periods of very high flows associated with flooding 
and its aftermath. 
 
Table 2. Analysis of Variance to Test for Differences in Total Salamander Counts 

under Increasing and Decreasing Barton Springs Flow 
Salamander 
Size Class 

Mean Count 
Decreasing Flow 

Mean Count 
Increasing Flow

Significant? Pr>F 

Small 13.0 6.4 Yes 0.0058 
Large 15.2 8.0 Yes 0.0004 

All 28.2 14.3 Yes <0.0001 
 
 
4. Counts vs. Water and Sediment Quality 
 
Occasionally Barton Creek will flow over the top of the upstream dam and enter Barton 
Springs Pool.  These floods bring short-term changes to water and sediment quality in the 
pool.  Brief events with minimal water flow into the pool are likely to bring sediment 
from adjacent upstream sections of Barton Creek in the pool.  Floods lasting several days 
may scour the pool instead or deposit sediment from the upper reaches of the watershed.  
Analysis of sediment quality data from Barton Springs Pool identified elevated 
concentrations of PAHs (Polycyclic Aromatic Hydrocarbons) and copper on two and four 
occasions, respectively.  While these transient levels are not of concern for human health 
because of differences in pathways, frequency and duration of exposure, they may have 
been high enough to be detrimental to salamander prey.  Finally, long term declines in 
concentration of dissolved oxygen (DO) in the pool are a potential health problem for the 
salamanders. 

 
PAHs 

Figure 13 shows the salamander counts, flooding events and sediment concentrations of 
total PAHs from 1993 to 2003.  There are two sediment samples that contained levels of 
total PAHs that exceeded the Probable Effects Concentration (22.8mg/kg) for benthic 
macroinvertebrates (MacDonald et al. 2000), and both events occurred following 
flooding.  A single sediment sample was taken between the brief flooding in the fall of 
1994 and the major flood at the end of May 1995.  This sample had a total PAH level of 
66.5mg/kg.  Since this is the only datum for that time period, it is possible PAH 
concentrations were at levels detrimental to salamander prey during the entire time 
period.  Sediment concentrations of these compounds following the May 1995 flood were 
at or near the detection limit (i.e., very low) and salamander counts were higher.  PAH 
concentration could partially explain the low number of salamanders counted during that 
time; however, no causal relationship can be demonstrated with such limited data. 
 
The second occurrence of an elevated level of total PAHs (31.2mg/kg, November 14, 
2000) occurred between two minor flooding events (November 3, 2000 and January 10, 
2001).  Sediment concentrations of total PAHs were at or near the detection limit before 
and after this date of elevated concentration, and there was no detectable change in 
numbers of salamanders before, during and after this date.     
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Copper 
Figure 14 shows the salamander counts, flooding events, and sediment concentrations of 
copper.  There were four instances when copper concentrations were at levels of concern 
for benthic macroinvertebrates (November 19, 1999, February 23, 2000, May 3, 2000, 
and November 14, 2000).  These samples had copper concentrations of 1200, 460, 1010, 
and 310 mg/kg, respectively.  The Probable Effects Concentration is 149 mg/kg 
(MacDonald et al. 2000).  Salamander counts were high prior to November 1999 and 
declined precipitously during the period of elevated copper levels.  However, low water 
flow also occurred during this period and is associated with low salamander counts for 
several months after the lowest flow.  Copper may have had an indirect effect on the 
lower magnitude of the rebound in salamander counts in 2001 following higher flows.  
As with PAHs, a causal relationship between copper levels and effects on salamanders 
cannot be demonstrated with so little data. 

 
Dissolved Oxygen 

Figure 15 shows salamander counts, flooding events, and dissolved oxygen 
concentrations as measured by a Hydrolab Datasonde instrument every 15 minutes in 
Barton Springs Pool.  While no direct relationship between dissolved oxygen and 
salamander counts is immediately obvious, the time series plots suggest that there may be 
a delay in the effects of low oxygen concentrations.  Levels of dissolved oxygen are 
roughly similar to water flow, suggesting that any detrimental effects of low oxygen 
would be manifested 6 months later.  The concentrations of oxygen are of some concern 
because the expected concentration in water at temperatures of Barton Springs in a 
healthy stable stream ecosystem is approximately 9 mg/L (Spellman & Drinan 2001). 
Dissolved oxygen in Barton Springs Pool has been observed at levels below 4mg/L.  The 
fish kill level is 5 mg/L at 10˚C (see Spellman and Drinan 2001), roughly half of the 
maximum amount of dissolved oxygen at that temperature (10.92 mg/l, Truesdale et al. 
1955, reviewed by Wetzl 1975), suggesting levels observed in Barton Springs may be a 
cause for concern, particularly because they are associated with periods of low flow. 

 
Water Quality Among the Four Springs: NO3, SO4, Conductivity 

Only three water quality parameters were significantly different among the four springs.  
Mean nitrate levels in Upper Barton Springs (2.3 mg/l) were significantly higher than 
those in Barton Springs Pool, Old Mill and Eliza Springs (1.4, 1.3, 1.2 mg/l, 
respectively).  Sulfate levels were significantly higher in Old Mill Springs  (mean SO4 = 
50mg/l) than in the other springs (BSP: SO4 = 36mg/l, Eliza: SO4 = 33mg/l, UBS: SO4 = 
30mg/l).  Conductivity showed the same pattern, higher at Old Mill (Mean Cond. = 774 
µS/cm) than the other springs (BSP: Mean Cond. = 645µS/cm, Eliza: Mean Cond. = 
645µS/cm, UBS: Mean Cond. = 648µS/cm).  We will continue to measure these and 
additional water quality parameters in the future.
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Figure 1.  Total Salamander Count vs. Time at Each of the Four Springs 
 

 
 
 

Figure 2.  Total Salamander Counts vs. Time with Regression Line  
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Figure 3.  Total Salamander Counts vs. Time at Barton Springs Pool 
 

 
 
 
 
Figure 4.  Total Salamander Counts vs. Time at Eliza Springs 
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Figure 5.  Total Salamander Counts at vs. Time Old Mill Springs 
 

 
 
 
 

Figure 6.  Total Salamander Counts at vs. Time Upper Barton Springs 
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Figure 7.  Total Salamander Counts and Barton Springs Flow vs. Time 
 

 
 
 
 

13 

Count 
140 

100 

80 

60 

40 

o 

JAN99 JANOO JANIU 

lIow 
lID 

no 

100 

90 

80 

70 

60 

&J 

40 

00 

00 

10 

JAN02 JAN(II 



Attachment D 

Figure 8.  Barton Springs Pool Salamander Counts and Flow vs. Time 
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Figure 9.  Barton Springs Pool Salamander Counts vs. Flow 6 Months Before 
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Figure 10.  Salamander Counts at Eliza, Old Mill, and Upper Barton Springs and 
Barton Springs Flow vs. Time  
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Figure 11.  Large and Small Salamander Counts at Eliza, Old Mill, and Upper 
Barton Springs vs. Barton Springs Flow  
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Figure 11  Continued 
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Figure 12.  Large and Small Salamander Counts at Barton Springs vs. Change in 
Barton Springs Flow since Previous Sampling Date (typically one month) 
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Figure 14.  Copper, Barton Springs Flow, Pool Flooding, and Salamander Counts at Barton Springs Pool vs. Time  
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Figure 15.  Dissolved Oxygen, Barton Springs Flow, Pool Flooding, and Salamander Counts at Barton Springs Pool vs. Time  
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