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Figure 1.  Meter tape shown alongside of Big Boiling spring. 

 

 

 

 



 

 

Executive Summary  

The Texas Fish and Wildlife Conservation Office (TXFWCO) began systematic 

monitoring at the Salado Spring Complex and the Robertson springs in Bell County under 

federal permit TE676811-9 and state permit SPR-0111-003 on March 24, 2015.  Systematic 

surveys were conducted in March, June, September, and December of 2015.  In addition to 

systematic surveys, opportunistic surveys were conducted to increase documentation of 

salamanders within the system.  The TXFWCO conducted 17 surveys of the springs over the 

course of 2015 (12 systematic and five opportunistic events) to monitor the salamander 

population, resulting in the capture of seven Salado salamanders.  Six of the seven salamanders 

were juveniles ranging in length from 14-17 mm.  One adult salamander was collected at the 

Robertson springs, measuring 50 mm in length.   

A single season occupancy model was populated for Big Boiling spring based on the data 

collected during the April 2015 sampling event.  The model suggests that salamanders are 

present within the spring, however, are very difficult to detect.  Salamanders were captured at 

both Robertson and Anderson springs, but not within the methodology of the systematic 

sampling, and therefore no probability of detection was calculated for those sites.  If probabilities 

of detection were calculated using this capture data, they would be similar to Big Boiling.   

Habitat associations were documented with each salamander captured, and it is suggested 

due to the low sample size that the salamanders associated with cobble and gravel substrates, and 

vegetation types such as Ludwigia sp, filamentous algae and detritus.  Estimates of abundance 

for adults and juveniles within these springs would be low given the lack of individuals captured 

during the sampling events.  There are likely a number of reasons for the theoretical low surface 

population densities.  First, being that this is the northern most edge of the Eurycea sp. 

distribution within the Edwards Plateau, densities may be low due to historical changes in 

temperature and rainfall over the course of the geologic period that have curtailed the species to 

this small range.  Another might be that the available habitat within the spring systems is not 

conducive to life history patterns known from other species along the Edwards Plateau.  Finally, 

that the subterranean ecosystem is sufficient to sustain this population and the need for juveniles 

or adults to migrate within the aquifer looking for food or a mate and eventually being purged 

from the aquifer may not be strong.   



 

 

Goals proposed for 2016 will be: to conduct habitat association surveys for the 

salamanders, explore areas within the creek that may provide available habitat for the 

salamander, and examine the survival of surface salamanders and the migration of subsurface 

salamanders to the surface, in regards to the frequency of salamanders coming to the surface.  

The TXFWCO will continue to explore the possibility of bringing salamanders back to the San 

Marcos Aquatic Resource Center to undergo life history studies and provide a refugium for these 

rare salamanders.   

Introduction  

 The Salado salamander (Eurycea chisholmensis) was first described as a species in 2000 

(Chippendale et al. 2000).  Although the salamander had been discovered earlier and was in a 

collection kept at Baylor University by B.C. Brown, no formal description had been made.  In 

addition, collecting individuals from this population proved to be difficult (Chippendale et al. 

2000).  Due to the limited knowledge about the species (population density, life history patterns), 

potential threats (dewatering and urbanization), and limited geographical range, this species was 

listed as threatened by the U.S. Fish and Wildlife Service on February 21, 2014.  The USFWS 

designated the downtown spring complex, the Robertson estate spring, and a few sites upstream 

in the Salado creek watershed, as critical habitat.       

The Salado salamander is highly restricted geographically and is hypothesized to have a very 

low population within Central Texas (Norris et al. 2012).  It has been proposed recently, that a much 

more streamlined phylogenetic hypothesis may apply to Central Texas Eurycea, (Forstner et al. 

2012) and that the additional Eurycea within the Central Texas area had not been analyzed in context 

with congeners, but that is not the case.  A peer-reviewed publication by Pyron and Weins (2011) 

genetically examined all Spelerpines, a subfamily under the family Plethodontidae, which included 

all Eurycea, including the ones in question at the time (E. chisholmensis, E. naufragia, and E. 

tonkawae), suggest that the phylogenetic analysis by Chippendale et al. (2004) was appropriate and 

that indeed these are distinct species. In addition, a recent study, funded through a section six grant 

(#443022), by Dr. Hillis of the University of Texas, shows the species designation was indeed 

scientifically valid (Hillis et al. 2015).    

Although sporadic sampling for Salado salamander has occurred, no active research or 

monitoring program had been established to gather data about this particular species.  The 



 

 

TXFWCO proposes to conduct long term monitoring of the species within its known 

geographical range.  A long term data set will eventually provide a statistically valid sample size 

to base future management decisions.  In 2015, the TXFWCO sampled and collected data to 

determine distribution and abundance of the salamander within its range and examine the status 

of historical occurrences.   

Methods  

Transect surveys were conducted at Big Boiling, Anderson/ Benedict, and at Robertson 

springs to monitor the Salado salamander within the springs.  Meter tape was used to identify 

transects along the spring runs, which were considered sites (Figure 1). Sampling began by starting 

downstream and moving up towards the spring opening. At each transect the dominant substrate and 

vegetation were recorded. Sampling for salamanders was conducted in two ways in order to 

maximize efforts and minimize the potential for injuring a salamander. First, in areas that are in 

suboptimal habitat (mud/silt or detritus), a ½ meter wide modified dip net was dragged along the 

bottom perpendicular to the edge of the bank collecting substrate and debris, across the entire 

channel, from bank to bank. Material collected in the net was examined either in the net or in a tray 

with a sieve. In optimal habitat (cobble, gravel), a visual survey was conducted along the transect, 

prior to doing sweeps with the dip net. If a salamander was found, the salamander was photographed 

and returned to the area where captured.  All salamanders captured were reported to Texas Parks and 

Wildlife Department in the form of the Texas Natural Diversity Database, so the information is 

available for other researchers or studies.     

Mesohabitat surveys were conducted by the TXFWCO at Little Bubbly, the side spring and 

Critchfield springs.  Here, I define mesohabitat as visually distinct habitat (Pardo and Armitage 

1997) within a system (e.g. riffle, pool, etc).  Available habitat types were identified and then 

searched, using the modified net technique.  Given the smaller size and homogenous nature of the 

habitat of the side spring off of Little Bubbly, the entire area was sampled using smaller aquarium 

nets.   

Passive sampling was also conducted in an attempt to collect salamanders exiting the 

subterranean environment.  This was accomplished using drift nets placed over the spring orifices 

(Figure 2).  When the samples are examined, the entire sample is sorted in the field to look for 

salamanders.  If a salamander was present the salamander was removed, photographed, then returned 

to the area where it was captured.  After this initial search, the entire sample is preserved and stored 



 

 

in 95% EtOH, and taken back to the lab where the sample is sorted and enumerated under a 

compound microscope.  Capture rates for salamanders and prey densities are calculated as x per day.   

 
Figure 2.  Drift nets placed on spring orifices to collect salamanders and examine prey densities 

 

Water quality data was collected at each site during the survey using a Hydrolab compact DS 

5. Water quality measurements are collected from each spring and averaged for each site. Data 

collected included temperature, dissolved oxygen, pH, conductivity, nitrates and total dissolved 

solids.   

The program Presence was used to calculate occupancy models for Big Boiling. Two single 

season models were run in the Presence program. The first model kept detection constant throughout 

the three surveys while the other model allowed the probabilities of detection to vary between 

surveys.  Akaike information criterion (AIC) was used to evaluate the models and select the 

appropriate model.  The AIC scores are a way of selecting a model due to parsimony. Akaike 

information criterion does not show how correct the model is in reality, but demonstrate which model 

has a best fit given the collected data. The model produces three main results:  a naïve occupancy 

(which is a frequency of occurrence for salamanders that site); a calculated occupancy score (which 

is a modified frequency of occurrence considering in the probability of non-detection within that 

sampling event); a probability of detection (stating the chance of collecting a salamander at that site 

with these particular methods).  These scores were calculated for each of the sampling events when 



 

 

possible. Scores will be compared to determine inferences about the sampling technique and the time 

of sampling throughout the year in relation to occupancy and detection. 

Results    

Salamanders 

Big Boiling 

 During the first sampling event (March/April), two salamanders were captured, but only 

one counts for the occupancy model. This is due to the fact that the salamander captured on the 1st of 

April was outside of the transect and captured opportunistically. Therefore, the model was populated 

with only one capture. A 3 X 12 matrix was created to run in the program Presence. Two single 

season models were run in the Presence program. The first model kept detection constant throughout 

the three surveys while the other model allowed the probabilities of detection to vary between 

surveys. Results from the Presence program show AIC scores of 13.14 for the constant model and 

14.88 for the model which allowed detection to vary. The AIC scores are a way of selecting a model 

due to parsimony. Akaike information criterion does not show how correct the model is in reality, but 

demonstrate which model has a best fit given the collected data. In this case, the best fit model is the 

constant model, however, the model allowing detection to vary was still significant due to the close 

range in AIC scores. For Big Boiling, the constant model, the naïve occupancy score was 0.083, with 

a calculated occupancy score of 1.0, and a probability of detection of 0.027. What theses scores refer 

to are the chances of detecting a salamander within Big Boiling during a systematic survey using 

these collection techniques. The naïve occupancy is a frequency of occurrence for that site. The 

occupancy score is stating that the salamander is present within the system, while the probability of 

detection is stating that the chance of collecting a salamander is extremely low.  Other surveys were 

not successful in detecting salamanders within Big Boiling.  

 Another salamander was captured during an opportunistic event on May the 14th, 2015.  This 

salamander was captured within filamentous algae and on substrates of gravel and sand.  All three 

salamanders captured at Big Boiling were juvenile salamanders with lengths of 15 (2) and 17 mm 

(Table 1).  Salamanders were captured at distances of 4, 6, and 10 meters away from the spring 

opening.   

 

 

 

 

 



 

 

Table 1.  Salamanders captured from 2015 sampling events. 

Location 

 

Date 

 

Transect (m) 

 

Size (mm) 

 

Primary 

Substrate 

Secondary 

Substrate 

Vegetation 

 

Big Boiling 4/1/2015 6 15 Cobble Gravel Ludwigia 

Big Boiling 4/8/2015 4 17 Gravel Sand None 

Big Boiling 5/14/2015 10 15 Gravel Sand FA 

Robertson Spring 7/16/2015 Drift Net 0 14 NA NA NA 

Anderson Spring 9/11/2015 46 17 Gravel Cobble FA 

Robertson Spring 10/2/2015 Drift Net 25 15 NA NA NA 

Robertson Spring 10/2/2015 27 50 Silt Gravel Detritus 

 

Little Bubbly 

 Due to the intermittent flow from Little Bubbly, mesohabitat surveys were conducted.  In 

addition bottle traps were placed within the orifices.  No salamanders were detected at this site.   

 

Anderson/Benedict 

 During the third visit to (September 11, 2015) Anderson/Benedict spring site, a 

salamander was collected opportunistically near meter 47.  This is the first detection of a 

salamander at this spring site.  This salamander was opportunistically collected at the orifice of 

Anderson spring in gravel and cobble substrates (Figure 3).  Since the salamander was captured 

outside of the framework for the occupancy study an occupancy score was not calculated.  

However, if a score were to be calculated, it would be very similar to the score calculated for Big 

Boiling, very low.  Passive sampling was conducted using bottle traps at the fissure where 

Benedict begins, but no salamanders were collected. 

 
Figure 3.  Site at Benedict springs where a salamander was collected.  Figure A is the view 

below the water surface, and figure B is the view above the water surface. 
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Critchfield 

 This spring site was sampled using the mesohabitat approach from the area above the 

dam (just above the Benedict fissure) to the spring opening.  No salamanders were detected. 

 

Robertson 

 Systematic sampling at Robertson detected no salamanders.  However, passive sampling 

with drift nets was successful at this site.  Two salamanders were captured from two different 

orifices.  The first salamander captured was from a spring we have been calling beetle spring, 

due to a new species predatory diving beetle found there (Figure 4A).  The second salamander 

was captured in what has been called the middle spring (Figure 4B; right arrow).  The only adult 

salamander (~50 mm) captured was collected at Robertson spring during opportunistic sampling.  

The salamander was captured using an aquarium net almost at the interface of the spring run and 

the terrestrial environment, at the top end of a series of springs in grass and silt with flowing 

water moving through just above the middle spring, where the salamander was captured in the 

drift net at meter 25 (Figure 4B; left arrow).   

 

 
Figure 4.  Photos from Robertson springs.  Figure A is a photograph of beetle spring, where a 

salamander was caught in the drift net.  Figure B is a photograph of middle spring 

where another salamander was captured with a drift net (arrow pointing to the right).  

The other arrow pointing to the left shows where the only adult was captured at 

Robertson. 

 

Habitat Availability 

 Big Boiling and Robertson springs were assessed to determine the percentages of 

available substrates within each site.  Big Boiling was shown to have over 50% gravel 

substrates and cobble being the second most available substrate (Table 2).  Robertson 

spring was initially composed mainly of silt and mud substrates (Figure 5A).  
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However, with the removal of a beaver dam, the substrates have begun to shift in 

proportions (Figure 5B; Table 2).  The Anderson/Benedict site showed changes in 

substrates over time due to the scouring effects of high flow events.  Initially, the 

upper area by the Benedict fissure was covered with an aquatic plant (Figure 6A).  

After rains in June the site became scoured and the vegetation was washed away due 

to the high flows (Figure 6B).   

 

 
Figure 5.  Robertson spring before and a week after the removal of a beaver dam. 

 

 

Table 2.  Habitat availability at selected springs within the study area. 

  Big Boiling Robertson July 2015 Robertson December 2015 

Substrate Number Count Percentage Count Percentage Count Percentage 

Mud/silt  1 1 0.88 149 92.55 130 64.36 

Sand 2 10 8.77 0 0.00 5 2.48 

Gravel 3 65 57.02 8 4.97 12 5.94 

Cobble 4 18 15.79 2 1.24 7 3.47 

Boulder 5 4 3.51 2 1.24 0 0.00 

Bedrock 6 16 14.04 0 0.00 29 14.36 
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