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SUMMARY OF PROGRESS

1. Poputation Estimates: We continued seasonal population estimates for January 2012, April
2012, and August 2032, Curzenily population estimates have been calcnlated for all sample
events . The results for these estimates are detailed befow in the REPORT section.

2. Population Size Structure: During each seasonal population estimate, pictures of ali fish are
taken and individuals are measured in the laboratory using a computer program. | have students

currently processing these pictures. These resuits will be presented in the final report due
Febroary 2013.

3. Gut contents and Diet Gverlap: We preserve ~10 G. nobitlis and C. efegans for gui content
analysis so we can document diet overlap (and potential competition between species). We also
preserve ~20 to 30 individuals of all other non-endangered taxa. All stosnach contents for
January, April and August 2012 are currently being processed. These resuits wiill be presented
in the final report due Febroary 2013,

4. Stable isotopes: In addition to the preserved individeals, we freeze 10 additional individnoals
for stable isotepe analysis of food web structure.  Samples are currently being processed and
will be sent to the University of Arkansas Stable Isotope laboratory in mid-Movember. These
data will be presented n the final report February 2013



SIGNIFICANT DEVIATIONS

No deviations were made from our original plans. We are welt on frack to completing this
project by February 2013,



REPORT

BACKGROUND

Historically, Comanche Springs pupfish (Cyprinidon clegans) and Pecos gambusia (Gamibusia
nobilis) inhabiied two large desert wetland (ciénega) systems separated by approximately 100
km {Hubbs et al. 1981, Hubbs et al. 1983). One sysiem was fed by the Balmorhea springs
complex (Phantom Lake, San Solamon, Giffin, and East Sandia springs), and one by Comanche
Springs. These ciénegas and their associated springs provided valuable habitat for these two
endemic fishes as well as an entire community of interacting organisms (Hendrickson and
Minckley 1984). However, humaa alieration of {he Balmorhea and Comanche spring systems
for agricultusal irrigation destsoyed the associated wetland habitats, and none of these natural
sysiems remain today. This endangered the persisience of Comanche Springs pupfish and Pecos
gambusia (Hubbs et al. 1981, Hubbs et al. 1983).

When the original San Solomon ciénega was modified, and for the most part destroyed,
the only "aquatic habitat" remaining was in concrete irsigation canals. Althongh better than no
habitat at all, the imigation canals, at best, provided a tennons existence for much of the aguatic
biota. The Comanche Springs pupfish and Pecos gambusia managed to survive in the irrigation
canals, but their pumbers were greatly reduced. As a sesult, these species were elevated to
endangered status and conservation eiforis were aimed af preventing their extinciion (Hubbs et
al. 1981, Hubbs et al. 1983).

In ap attempt to conserve these endangered species, the Texas Parks and Wildiife
Deparitment (TPWD) restored a critical desert wetland habiiat by ereating the San Sclomon
Ciénega at Balmorhea State Park in 1996 through a cooperative effort among private, state, and
federal entities. This re-creation of a desert wetland habitat within the boundaries of the original,
natugal ciénega provided critical habitat necessary for survival of desert weiland biofa. Asa
result, the pative fish fauna, including Comanche Springs pupfish and Pecos gambusia, have
flourished, and this location now provides a natural habitat with the largest known concentration
of Comanche Springs pupfish and a viable popuiziion of Pecos gambusia. It is betieved that the
primary benefit of the San Solomon Ciénega 1o the survival of these endangered fishes is the
creation of a “natural” habitat with viable ecosystem-level processes that promote population
stability. However, there have been no conceited moniforing efforts since 2001 and there is no
intormation on the ecosystem dynamics of this system.

Based on the success of the San Solomon Ciénega, TPWD is now in the process of
creating a second ciénega at Balmorhea State Park by replaciag the small, refuge canal with a
new 'nateral’ wetland habitat. This small refuge canal (120 m) was constructed in 1974 at
Balmorhea State Pask in an effort to improve habitat for the endangered species (Echelle and
Hubbs 1978). During a two-year sampling study (Garrett and Price 1993), Comanche Springs
pupfish papulaticn size in the park refuge canal was estimated to be as low as 968 (May 1990)
and as high as 6,480 (September 1990). It is expected that the creation of a second ciénega in
this spring system will further promote the successiul censervation of Comanche Springs pupfish
and Pecos gambusia by doubling the amount of critical habitat and restoring critical ecosysiem-
fevel processes that promote population viability.

With the completion of this second ciénega by autumn of 2009 there now exists a preat
opportunity to docoment the ecological mechanisms driving the population dynamics of fishes in
these desert wetlands. Becawse successful species conservation not only relies on a thotough
understanding of population-dynamics of the species being conserved but also of the ecosystem-
level process driving populations, we have begun to implement a ‘whole ecosysiem' conservation



approach in these ciénega ecosystemns. Our goat is to more fully understanding both ecosystem
and iaxa, so an eificient and effective conservation ptan can be esiablished to promote long-term
viability of these endangered fishes. With the information gained from this study, we can betier
manage the exisiing ciénegas in the $an Solomon spring system and have useful insights into the
development and funciions of the new ciénegas across desert ecosystems.

OVERALL GOALS

Our goal of this mulit-vear project is to (1) to assess the current conservaiion status of the
endangered Comanche Springs pupfish and Pecos gambusia in the ciénegas at Balmorhea State
Park, Texas, (2) 1o assess the value of restored critical habitats for the conservation of these taxa,

and (3} establish ecosystem-based management and conservation strategies for endemic taxa of
desert ciénggas,

METHODS
Density & Population Estimates and Size Structure

We estimated population sizes (N) and associated varianee V(ﬁ) for all fish species in the old
ciénega and refuge canal using the counts on sample plots method

F=
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where A = total population area {the old ciénega or new ciénega), @ = size of the plot, i = the
average number of animals counted per sample plot, and
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where V(R)=T1, ﬁ, ;= number of animals counted in the /” plot, and 5 = number of
plots used.

To capiure fishes for the population estimates, we first blocked off five large sections of
each habitat using five 16.7m x 2m {4.2mm mesh) seines. We repeatedly seined each section
wsing a 7 pass depletion method. We carefully coltect all fishes from the net and, immediately
tellowing capture, we transferred fishes to insulated coolers containing fresh stream water. We
replaced wates repeatedly to reduce stress and promote survival of all fishes, We removed
individual fishes from the coolers with a dip net and transfer them to a small Plexiglas viewing
tank marked with a lom grid. While the fishes are in the viewing tank, we identified and
counted each species, and we took a digital photograph of the viewing tank.

Using this digital image and the lom grid for reference, we measured each individual
using the Image J computer program. From these measurements, we created length frequency
histograms to analyze size structure of each population.

We coltected a random subsample (N = 20) of fishes from each cf the sample plots
described above. This random sample included fish from each sire class in proportion to their
nataral abundance. For example, if 60% of fishes fell in the medium size class, we randomly
selected 12 individuals from that group. From this subsample, we froze 10 individuals for stable
isotope analysis (to be completed not reported herein) and presesved 10 individuals in 10%
formalin for gut content analysis.



Gut content analysis

To evaluate the instantaneous food web struciure ai the time of sampling, we analyzed gut
contents for 10 preserved individuals for each species from both habitats. These data, along with
food availability data (collected for stable isotope analysis), will help indicate diet preference by
each species in both habitats. To evaluate gut contents, we removed the upper portion of the
alimentary tract and spread stomach contenis on a 0.8mm gridded Peiri dish (Hargrave 2006),
We recorded percent atea for each food item, which we assumed is proportional to the volume of

food in the gut. We then calculated trophic overlap among species using a percent similarity
index.

RESULTS

PHYSICAL CHARACTERISTICS OF THE HABITATS

The length of the apen habitat (i.e., not inendated by caitail) in the Old Ciénega was 62 m, the
average width of this habiiat was 7.4m and the average depth was 0.35m. Mud was the
dominate substrate type in the Old Ciénega at 77%, followed by Chara sp. and Chlodophora sp.
{(13% & 10%, respectively). The Jength of the New Ciénega is 52m, the average width is 16.7m
and the average depth is 0.79m. The substrate is composed of mud (36.6%) and Chara sp.
(63.3%). The Chara sp. is covered with epithitic algae. The surface ares of the new ciénega was
80% smaller than the old ciénega and the total volume of the new ciénega was about 60%
smailer than the total volume of the old ciénega. The refuge canal was the smaliest of the

habitats. The ength of the Refuge Canal was 171m, the average width was 3.5m, and the
average depth was 0.35m.

DENSITY & POPULATION ESTIMATES
The Old Cienepa
We estimated density {no.fm”) and population size (N) of ali fishes in the Old ciéneya at i1 time
periods (March 2009, July 2009, December 2009, April 2010, July 2010, December 2010, March
2011, Augusi 2011, January 2012, Apnl 2012 and August 2012).  Cyprinidon elegans density
ranged from 0.3 to 1.6 individuals / m C. elegans density also was stable across sample periods
and averaged 0.9 £ 0.2 individuals / m” across time periods 1n the Old ciénega (Table 1). Afier
exirapolating densities to the entire open habitat in the Old Ciénega, population estimates ranged
from 209 - 825 individuals and averaged 560.8 individuals (Table 1). There sppeared tobea
temporal irend in C. elegans population density and size over time. For example, populations
were smallest during spring samples perieds (March) and largest durmg sumimer and fatl.
Gambusia nobilis density ranged from 0.4 t0 2.3 individuais / m°. G. nobilis density
averaged 1.9 * 0.7 individuals / m* (Table ). The population size of G. nobilis in the Old
ciénega ranged from 325 to 2023 individuals {Table 1) after extrapolation to the eniire open area

in this habitat (see above}. Again, total population size seflected density, averaging ~901
individuals in this habitat.



Table 1. Seasonal density (no./m") and population (N} estimates (£ 95% CI for the four most abundant species in three aquatic habitats at
Balmorhea State Park - Old Ciénega, Refuge Canal, and New Ciénega per description in the wxt.
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The invasive G. geiseri was the most danse species in the Old Ciénega. Densities in this
habitat ranged from 1.9 to 19.2 individuals / m* (Table 1). There appeared 10 be a slight pattern
in the density of (. geiseri in this habitat. In general, G. gefseri densities increase from winter o
spring. They remain high in summer and then appear io decrease again in winter. Alihough
variable thicugh time, average G. geiseri density in the Ol ciénega was ~10 individuals / m”.
Population s:za of (. gefseri reflected patterns of density and ranged from 1218 te 12,567
individuals / m°. Average population size of G. geisers in the Old ciénega was 6673 individoals.

Astyanax mexicanus was the Ieast dense species in the Old ciénega, with densities that
ranged between <0 to 2.5 individuals / m®. There was no pattern in the tempora) vasiation in A
mexicanus density. On average, A. mexicanus density was estimaied at ~0.6 individuals / m°.
The population estimates for A. mexicanus in the Old ciénega reflecied densities and ranged from
0 te 1500 individuals with an average of 396 individuais in this habitat.

The New Ciénega

The New ciénega was filted and stocked with fish from the Refuge Canal around October 2009.
Therefore, we estimated fish densitics and population size for 5 sample periods from this habitai
{December 2002, April 2010, Joly 2010, December 2010, March 2011, Augnst 2011, Jameary
2012, April 2012 and August 2012). In general, density and population estimates for all species
declined from the December 2009 to April 2010 sample periods, but then increased from the
April 2010 to Augusi 2012 samples {Table 1).

Cyprinidon elegans density and population estimates were about 19 times larger on
average to thﬂse estimated from the Old ciénega (Table 1). For example, average density was 9
individuais / m” and average population size was 8516 individuals in this habitat. . nobilis
density and population estimates in the New Ciénepa weve similar to the Old ciénega (Table ).

On average, (. robilis densiiy and population estimates were 2 individuals / m” and 2062
individuals, respectively. Gambusia geiseri density and pepulation estimates in the New ciénepa
were similas io thuse in the Old ciénega (Table 1} For example, density sanged from 0.1 10 17.8
individuals / m” and averaged 7.8 individuals / m*. Total population size of G. geiser: reflected
density with an average of 7375 individuzls in this habitat, Astverax mexicanis density and
population estimates ranged from 0 to 4.5 individuals / m® (average 1.5 + 1.1 individuals / m2)
and () 1o 3654 individuals (average 924 individuals}, respectively.

Conclusions

In general, fish populations were stable in the Old ciénega across sample periods. The
populations of the endangered . nobilis and C. elegans were small compared to the invasive G.
geizerin this habitat. Populations in the New Ciénega changed dramatically across sample
perieds. Populations were extremely small by April 2010, probably because of high winter
mortality. Flow through was not compleie in the New ciénega by April 2010. Therefore,
poputations in this habitat were isolated from the system. of irrigation canals in Balmorhea State
Park. This could have limited immigration and emigration, and zlso affecied variation in water
ternperature of this habitat. These processes could have enhanced death rates throughout winter,
However, by August 2012 afier the New Ciénega was open to the system of irrigation canals, the
populations of all species increased dramatically.
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