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Differences in Spring
 Versus 

Stream Fish Assemblages

Clark Hubbs

Section of  Integrative Biology
The University of  Texas at Austin, Texas 78712

Abstract—Spring habitats often contain an array of  uniquely adapted organisms. Their 
adaptations are correlated with environmental stability of  these systems. Perturbations to these 
habitats may not only undermine biodiversity, but could have legal ramifications relative to the 
Endangered Species Act.

Springs have long been known to have a suite of  environmental conditions that are 
sometimes drastically and sometimes subtly different from downstream habitats. Some 
of  these factors include thermal stability in the springs and runs, differences in pH, 
conductivities, and fish assemblages. Many of  these factors are different even when 
comparing spring versus downstream habitats as close as 100 m apart (Hubbs 2001). 
These differences are often most pronounced in relatively large springs and in these, 
different congeneric species often dominate in either the springs or in downstream 
areas. The spring-adapted species are also often unique to individual springs, having 
adapted to these specialized environments and are unable to compete with their 
downstream congener (Hubbs 2001). Even when unique forms are not present, the 
species composition of  the assemblage inhabiting the spring remains different from 
that found downstream and this appears to be a general phenomenon, found in many 
localities for not only fishes, but other aquatic organisms (Hubbs and Hettler 1964; 
Emery 1967; Howell and Black 1976; Matthews et al. 1985; Robison and Buchanan 1988; 
Bowles and Arsuffi 1993; Chippindale et al. 1993; and summarized in Hubbs 2001).
	 I have worked on the specific differences between spring fishes and stream fishes 
and their physical and chemical environments for the past ten years. A preliminary study 
of  eight spring and downstream riverine habitats (Hubbs 2001) showed this general 
pattern in springs in Texas. The present study expands this analysis to 15 spring systems 
(13 in Texas and 2 in Oklahoma) and further documents the differences between 
the fish assemblages and the environmental conditions found in these contrasting 
environments.
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Methods—The same procedures of  using baited minnow traps at each location 
and taking readings with a Hydrolab Data Sonde instrument (calibrated monthly) at 
several sites within each location that are described in detail in Hubbs (2001) were 
used.  In addition to enumerating the fishes captured in each minnow trap, the physical 
measurements taken were: temperature (oC), dissolved oxygen (mg/L), salinity (ppt), 
turbidity (NTU), pH, ammonia (mg/L NH4), and nitrate (mg/L NO3).  

Localities Sampled—The locations for the Balmorhea springs (Phantom Cave and 
East Sandia springs), Diamond-Y Spring, Spring 4 Big Bend National Park, Anson 
Springs, Clear Creek Springs, San Marcos Springs, and Comal Springs are reported in 
Hubbs (2001).  Subsequently I have samples at additional locations in Independence 
Creek (Chandler and Carolina springs), Devils River (Pecan Springs), San Felipe Creek, 
and Pinto Creek. I have also sampled from two Oklahoma spring systems (Poe and 
Blue River springs) (Fig. 1).

Fig. 1—Collection localities for 13 springs in Texas and 2 in Oklahoma.  See text for locality 
information.
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	 Independence Creek, Terrell County—The samples are from Chandler Springs 
to approximately 100 m downstream and Carolina Springs to approximately 2 km 
downstream.
	 Devils River, Val Verde County—Hubbs (2001) reported data from two springs in 
the Devils River, Finegan and Side Angle springs. In this study, findings are reported 
from the headsprings (Pecan Springs) of the Devils River downstream to Dolan Falls.
	 San Felipe Creek, Val Verde County—The samples are from the headsprings, to 
approximately 5 km downstream.
	 Pinto Creek, Kinney County—The samples are from the headsprings (where the 
federally threatened Dionda diaboli abounds) downstream to south of  US 90 (where 
Cyprinella lutrensis abounds). Specific sites are detailed in Garrett et al. (2004).
	 Oklahoma—Two spring systems were sampled from that state.  Blue River Springs 
from the headsprings downstream in the Blue River to east of  Connerville (Johnston 
County) and Poe Springs from the headsprings in Buckhorn Creek downstream to the 
Wichita River (Murry County).

Results and Discussion—The previous report (Hubbs 2001) includes 515,092 fish 
captures of  40 species, from eight spring systems; this report includes 1,137,289 fish 
of  71 species, from 15 spring systems (Appendices 1 through 3).  Additionally, I have 
more than doubled the number of  Hydrolab water chemistry samples (Appendix 4).
	 Additional sampling at the environments previously reported confirm and 
emphasize the distribution patterns reported earlier.  In each of  these localities, spring 
fish predominate upstream and stream fish dominate downstream. For example at Clear 
Creek, Menard County, Texas, the spring sample has six species (Gambusia heterochir is 
92% and G. affinis is 0.09% of  all fish) and the stream sample 100 m downstream has 
12 species (no G. heterochir and G. affinis is 78% of  all fish)(Appendix 3). The differences 
in fish diversity correlate with stenothermal temperatures in the spring (SD = 0.013°C) 
and eurythermal temperatures downstream (SD = 0.147°C). Three species (including 
G. affinis) are in common and three species (spring) and nine species (downstream) are 
different. In the springs, the temperature does not vary, but downstream it may change 
1°C/hour (Hubbs, 2001). All fish present survive well under both thermal conditions in 
the laboratory, thus it is hypothesized that competitive interactions are responsible for 
the distribution.  In many spring systems, pH is lower in the springs than downstream 
and is associated with temperature variation. Ammonia concentrations (typically lower 
in springs and higher downstream) also may be associated with temperature variation in 
some springs. These differences were consistent even though the average temperatures 
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vary among springs between 15°C (Blue River Springs, Oklahoma) and 35°C (Spring 
4, Big Bend National Park).  Additionally, the variance in the chemical measurements 
was found to be less in spring sources than measurements taken downstream. Of  the 
seven parameters measured, only pH and NO3 had a tendency of  greater variability 
overall in the headsprings than they did in downstream stations (Appendix 4).
	 There was considerable flow variation among springs. In the best two examples 
(Comal Springs and Phantom Cave Spring), the spring endemics were abundant when 
spring flow was high and stream species increased in relative abundance when spring 
flow was low. For example at Phantom Lake, served by Phantom Cave Spring, the spring 
Gambusia (G. nobilis) thrived in 1938 but none were taken from that lake for the last 15 
years until the Phantom Cave Spring outflow recently exceeded the historic outflow 
of  the last 20 years and G. nobilis made up 61% of  the fish captured (Appendix 1). 
Gambusia affinis had dominated Phantom Lake for the past ten years (94% of  all fish) 
but these died when the lake dried, thus could not compete with G. nobilis when the 
spring flows returned (Hubbs, 2001).
	 In the two springs sampled in Independence Creek, G. geiseri, introduced from the 
San Marcos spring-run, was the dominant fish captured (Appendix 2).  Downstream, 
Dionda episcopa and Lepomis macrochirus were the most abundant species encountered, 
neither of  which was abundant at the spring outlets. At the headwaters of  the Devils 
River, G. speciosa accounted for almost all of  the fish captured.  Downstream, many 
more species were captured including a mixture of  species commonly found in 
spring-run habitats as well as more stream-adapted species. The Devils River, in this 
section, contains numerous spring outflows, thus the species compositions reflect 
this circumstance. The San Felipe Springs similarly yielded almost only G. speciosa.  
Downstream, similar to the Devils River, abundance of  other species increased.
	 In the Oklahoma springs examined, a dominant spring species is the darter 
Etheostoma spectabile and the stream darter is Etheostoma radiosum (Appendix 3). Oddly, 
in central Texas E. spectabile is the stream species and Etheostoma lepidum dominates in 
springs. Gambusia affinis was the dominant species in Poe Springs, and was the only 
species captured other than E. spectabile. In Blue River Springs, Campostoma anomalum 
was the dominant spring species and only moderately abundant downstream.
	 The spring samples have less biodiversity than the downstream samples at 12 of  
the spring systems (Appendices 1 through 3). At all but Phantom Cave, East Sandia and 
Diamond-Y, the downstream samples have more species than the spring samples.  These 
three springs are unusual in that they do not drain into rivers or streams, but instead 
they disappear into the desert. They each had five or fewer downstream species (and 
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Gambusia hybrids) whereas most downstream localities had more than ten species.
	 Nevertheless, the spring populations contain the most unique species, and these 
are often federally endangered in this region. The difference in biodiversity is that 
most of  the biota is adapted to changing conditions (primarily temperature) between 
summer and winter. Because springs do not greatly change with the seasons, many of  
these species cannot successfully compete against species which are adapted to these 
conditions.

The following were field assistants on this project: K. Ahrens, A. Alexander, N. Allan, R. Allan, T. Arsuffi, 
C. Badgwell, C. Baker, A. Barkoh, C. Bass, S. Beck, P. Bein, R. Betsill, W. Birkhead, J. Black, D. Blackburn, 
R. Boghici, T. Bonner, D. Bowles, W. Bowles, E. Boyd, K. Bryan, D. Buckmeier, P. Cardenas, S. Castellano, 
T. Castillo, D. Cerda, L. Cinter, B. Citzler, S. Clark, M. Cummings, B. Dawson, G. Dean, D. Dearborn, 
L. Dries, A. A. Echelle, A. F. Echelle, R. Edwards, S. Egan, C. Elmore, R. Engeszer, A. Finch, D. Foster, 
K. Foster, W. Funk, C. Gabor, G. Garrett, K. Gaukler, E. Gilbert, C. Gill, C. Gilpen, A. Gluesekamp, J. 
Goltz, A. Groeger, C. Hargrave, J. Hernandez, J. Hinck, V. Hodges, W. Hodges, W. Holtcamp, M. Horn, 
B. Houck, A. B. Howard, A. R. Howard, C. Hseih, I. Hseih, C. Hubbs, P. Hurd, R. Hurley, K. Hurley, W. 
Jennings, D. Johnson, T. Johnson, R. Jones, J. Karges, T. Kim, L. Kiner, J. Kingston, A. Kodric-Brown, 
J. Krejca, T. Leavy, G. Lentley, J. Lentley, L. Lindsay IV, B. Littwell, L. Lowe, R. Luebke, B. Maguire, Jr., 
J. Maher, D. Mason, R. Mathews, E. Marsh-Matthews, W. Matthews, W. Martin, K. Mayes, M. McCoy, R. 
McCurdy, K. McDermott, S. McWilliams, F. Miller, D. Mollahan, J. Montenegro, D. Mosier, J. Mueller, Z. 
Mueller, T. Newman, C. Norwood, S. Pavlicek, G. Perry, A. Pfluger, T. Poloskey, M. Porter, G. Powell, L. 
Ramakrishnan, J. Rehage, S. Roark, J. Rosenfield, G. Rosenthal, U. Roshan, D. Ross, S. Ross, A. Rowland, 
R. Roy, E. Ryan, L. Ryan, M. Ryan, M. Salmon, C. Sanders, J. Sanders, K. Sands, A. Sansom, W. Schlechte, 
I. Schlupp, M. Scott, L. Scroggins, J. Sharp, Jr., A. Sides, R. Skiles, S. Smith, T. van de Staet, M. Stephens, C. 
Stockwell, T. Strawn, J. Taylor, C. Thomas, M. Thompson, T. Thompson, M. Tobler, B. Tucker, P. Warren, 
J. Watson, J. White, R. Wienecke, J. Wilber, C. Williams, D. Wilson, and K. Witte.
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Appendix 4—continued

 NO3 (mg/L) 

 n spring n downstream 

Phantom Cave Spring 263 11.535 (0.205) 59 21.700 (1.969) 

East Sandia Springs 182 2.244 (0.561) 2 2.3800 (0.036) 

Diamond-Y Spring 145 25.032 (1.537) 365 17.635 (0.683) 

Spring 4, Big Bend 
National Park 

6 6.567 (1.459) 744 4.762 (0.114) 

Anson Springs 27 14.468 (2.825) 202 17.090 (1.355) 

Chandler & Carolina 
Springs 

52 0.146 (0.212) 27 3.012 (2.052) 

Pecan Springs 17 3.959 (0.609) 86 2.000 (0.058) 

San Felipe Springs 54 3.744 (0.177) 169 1.688 (0.037) 

Pinto Springs - - - - 

Clear Creek Springs 558 7.509 (0.318) 296 8.295 (0.002) 

San Marcos Springs 349 4.938 (0.369) 306 6.856 (0.476) 

Comal Springs 197 8.297 (0.599) 230 8.397 (0.477) 

Poe Springs, OK 50 0.823 (0.100) 39 0.348 (0.028) 

Blue River Springs, OK 5 0.739 (0.075) - - 


