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SUMMARY 

1 •. GOAL: 

Secure the survival and eventual recovery of the San Marcos 
.. gambusia, f01.nltain darter, San Marcos salamander, and Texas 

wildrice through protection of their natural ecosystem, the 
. San Marcos River. 

2. THREATS: 

The San Marcos River ecosystem and the biota canprising the 
system are endangered by a number of threats. The most 
serious is cessation of flow of thermally constant, clear, 
clean water from the San Marcos Springs due to overdrafting 
of groundwater fran the Edwards Aquifer. Other threats include 
habitat modification and/or loss from anthropogenic actions 
Iii t lie rlv~er~-a:rongtliefrvefMriK ,arid-orithew3 tersned; 
Exotic species are becoming increasingly common. The effects 
of the exotics canbined with habitat modification may syner­
gistically extirpate species, such as the San Marcos gamblsia, 
relatively soon. 

3. RECOVERY CRITERlA: 

The species can be downlisted to "threatened when it is assured 
that flow in the San Marcos River will continue, within its 
natural cycle of variation. Delisting is not addressed in 
this phase of recovery. 

AC!rON NEEDED: 

Major steps to meeting the recovery criteria· include: monitor 
populations and habitats, identify requirements, manage the 
river for the benefit of the species (establish gtiidelines, 
reduce pollution, augment recharge, establish pumping controls), 
and establish recreational guidelines. Short-term "emergency" 
actions include bringing the species into protected refugia 
and preparations to supplement flows in the river via ptmlping. 
Long-term actions include working with water managing agencies 
to assure flows in the San Marcos River. . 
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DISCLAIMER 

The San Marcos Recovery Plan was developed by the San Marcos Recovery 
Te~ (SMRT), an independent group of biologists sponsored by the Albuquerque 
Regional Director of the U.S. FIsh and Wildlife Service. 

The recovery plan is based upon the belief that local, State, and Federal 
agencies, private organizations, and interest~d individuals should make 
every attempt to preserve the upper San Marcos River ecosystem which 
contains among other life forms, the San Marcos 'gambusia, the fountain 
darter, the San Marcos salamander, and the Texas wildrlce. The SMRT 
further believes that these groups also should endeavor to preserve the 
habitat of these species and to restore their populations, as much as 
possible; to their historic status. The objective of the plan is to 
make these beliefs reality. 

The San Marcos Recovery 'ream used the best information available for its 
determinations and has used its collective knowledge and experience 
in producing this draft recovery plan. Hopefully, the completed plan 
wlilbe ut-tliz~d' -byallagenci:es ,i-nsti-tutions-,and-ind-lv-idu4;tsconcerned 
with, the.San Marcosgamb~sia, the San Marcos salamander, the Texas wildrice, 
and the f()untain darter .and !rhe. San Marcos River ecosystem In ()rder to 
better coordinateconser-vation activities. As the completed plan is 
implemented, and as new information becomes availabl~, revisions will 
be necessary •. Implementation is the task of the managing agencies, 
especially the U.S. Fish and Wildlife Service and the Texas Parks and 
Wildlife Department. All management efforts will be accomplished in 
cooperation with appr()priate agencies. 

This is the, completed San Marcos Recovery Plan. It has been approved 
by the U.S. Fish and Wildlife Service. It does not necessarily represent 
official positions or approvals of cooperating agencies arid it does not 
necessarily representtfie views of all recovery team membelS who played 
the key role in preparing this plan. This plan is subject to IOOdificatiort 
as dictated by new findings and changes in species status and completion 
of tasks descri\>ed in the plan. Goals and objectives will be attained 
and funds e:xpencied contingent upon appropriations, priorities, and other 
bu~getary contraints •. 

. . 

Literature ci tatioos should read as fo Hows: '.. ..,- . ~ 

U.S. Fish and wiidlife Se'rvice. 1984. San Marcos Rl"er Recovery Plan. 
U.S. Fish and W~fdlife Service, Albuquerque, New Mexico. pp. v + 109. 

. . 

Additional copies maybe obtained from: Albuquerque Regional Office of 
Endangered Species, P.o. Box 1306, Albuquerque, New Mexico 871tl3. 

Fish and Wildlife Reference Service, 6011 Executive Blvd., Rockville, 
Maryland 20852 Phone: (301) 770-3000; Toll Free 1-800-582-3421 
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PART I 

INTRODUCTION 

The San Marcos River arises in a series of spring openings along t,he 

Balcones Fault Zone in the City of San Marcos, Hays County, Texas. The 

second ,.1,argest spring system in Texas, the springs at San Marcos historically 

, " 

have exhibited the greatest flow dependability and environmental stability 

• l • 

of ariy spring system in' the southwestern United States. Records indicate 

that the San Marcos Springs have' never ceased flowing, although the flow 

, ' 

has varied and is tied to fluctuations in their source, the Edwards 

.... Aqtlifer undeJ:."lying the Balcones Fault Zone. 'J>aXt:],y1:le,~~\l~~ Qfthec()Jl~t!:lJ1CY 

of its waters, the San Marcos Springs ecosystem, including its springrun, 

the San Marcos River, has a greater known diversity of aquatic organisms 

than any other ecosystem in the southwestern United States. 

The biological uniqueness of this system has been known for many years. 

Many of the species found in the San Marcos River ecosystem are found 

nowhere else and are restricted to the first few kilometers or less of 

the San Marcos springrlln. Other forms are nearly as range restricted 

and are limited to the largest spring system in Texas--the springs issuing 

into the Comal River in nearby New Braunfels, Comal County, Texas--in 

addition to the San Marcos River ecosystem. 

Due to a variety of factors, including increased use of the aquifer 

waters for human activities, increased urbanization in the San Marcos 

region resulting in increases in flood intensity, pollution, recreational 

use and alterations of the river, the San Marcos River ecosystem is in 
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. danger of losing its unique flora' and fauna. Presently, four San Marcos 

River species are recognized by the U.S. Fish and Wildlife Service as 

organisims threatened with or in danger of extinction; the San Marcos 

gSllibusia (Gambusia geprgei) Hubbs and Peden, the fountain darter (Ethep,$toma 

fonticola) Jordan and Gilbert, the San Marcos salamander (Eurycea nans) 

Bi$hop, and the 'rexas wlldrice (Zizania texana) Hitchcock. 

Recovery measures to restore these species to their former levels 

of abundance are presented in this recovery plan. This San Marcos Recovery 

Plan is the first recovery plan to addr'ess the recovery of multiple. 

species through an ecosystem approach. The importance of conservation 

of the entire San Ma~cos ecosystem as the only approach for recovery of 

these four species was recognized early in the development of this plan. 

Any recovery plan for the San Marcos endange.red and threatened species 

that fails to address the continued functioning of the ecosystem, 

would fail to achieve the recovery and downlisting of these species. 

The objec~ive of this recovery plan is to document the problems each of 

these listed species are facing and to present a sec-of actiorrs-wlhl+i7"'c-hh,...------------'­

when accomplished should remove the threats to the species and result in 

their recovery and delisting., 
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Physiography, Hydrology and History of the San Marcos River 

Physiography 

The Balcones Fault Zone is the principal geological feature charac­

terizing the San Marcos area. This fault zone separates the Edwards 

Plateau vegetation region from the Blackland. Prairies and. South Texas 

Plains regions (Fig. 1). These regions correspond to the Balconian, 

Texan and Tamaulipan Biotic Provinces respectively ,of Blair (1950). ' 

The headwate,rs of the San :t1arcos River issue from seVeral large fissures 

and numerous smaller solutiQn openings along the San Marcos Springs 

fault (Puente19T6). EarlySparl:i,sli explorers estimated that a series 

of 200 springs made up too main spring area (Brune 1981). The springfed 

San Marcos River, flows primarily southeastward for approximately 110 km 

before joining the Guadaiupe River in the vicinity of Gonzales, Gonzales 

County, Texas.' Tl1e upper San Marcos River is a rapidly flowing, unusually 

clear springrun Some 5~15 m wide and up to approximately 4 m deep. For 

the first ,few kilometers, to near the Blanco River confluence, the river 

flows mostly over a firm gravel bot tom wi th many shallow riffles alternating 

with deep pools. The section between the Blanco River confluence and 

the Guadalupe River has fewer attributes of a springrun. Upstream from 

the junction of the Blanco River with the San Marcos River, approximately 

6.4 km below the main springs in San Marcos, three creeks, various storm 

sewers, and one wastewater treatment plant discharge into the river. 

Sink Creek, largest of the three creeks, discharges large quantities of 

storm runoff from the north into Spring Lake. Spring lake dam backs 
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water approximately 1. 6 klil up Si uk Creek. The other two creeks, Willow 

Springs and Purgatory Creeks, are normally dry except during periods of 

high rainfall. 

Hydrology 

Tli~ San Antonio Region of the Ba1cones Fault' ,Zone ~xtends as a series 

of faults and fracture lines. from the vic~nity of Brackettville (Kinney 

Comity) east to San Antonio (Bexar Count'y},and then northeast to near 

Kyle (Hays County). A major aquifer (Edwards Ba1cones Fault Zone Aquifer) 

underlies this fault zone and is the source of water for San Marcos 

Springs . (Fig.2}. .Runoff from the southern, and eastern portions of the 

Edwards Plateau recharge this aquifer through the por6us Cretaceous-aged 

limestones found in this region. Water from this recharge flows along 

the fault zone from west to east and then northeast. Major springs 

located along this fault system include the two largest springs in Texas, 

Coma1 Springs in New Braunfels (Coma1 County) and San Marcos Springs in 

San Marcos (Hays County). 

The flow of San Marco's Springs has been monitored intermittently 

. since 1894.(Puente 1916). Average annual spring flow is 4.46m3/s 

(161.0 cf.s) (Guyton and Associates 1979). During drought years much 

lower flows occurred, especially during the mid-1950s when Comal Springs 

did not flow for part of one year. The lowest recorded monthly flow 

from Sa~ Marcos Springs was 1.53 m3 /s (54 cfs) during 1956 (Guyton and 

Associates 1979). The lowest measured daily flow rate occurred on 15 

and 16 August 1956 when the San Marcos River flowed at only 1.29 m3/s 
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(45.55 cfs). Maximum daily spring flows can be greater than'8.33:m3js 

(294.13 cfs), esp.eCia11y following periods of high 10ca1rainfat1 and 

runoff (Puente 1976). 

The thermally constant water from the San Marcos Springs has long 

been noted (Brown ,1953) and generally varies annually by less than 1-2 °c 

in the headwaters. At the lower end of the springr~n habitat only a 

slightly greater range of variation in temperature (from 25.5 °c in August 

to 20.4C in February) has ,been recorded (USDI 1967-1971, Beaty 1972). 

Waters tend to be alkaline or neutral due to the limestone aquifer~ 

The -P}ft'an~eof-the- S~Hf-Marc(fSSpringsi s6~9:;;" 7;8\ Tex8sWat-e-rDevel-op-metft 

Board 1968). The stabili ty of this stream, both in terms of flow depend­

ability and thermal characteristics, probably provided the appropriate 

ecological conditions necessary to allow the unusually high degree of 

endemism of the San Marcos biota. 

In addition to their occurrence in the San Marcos River system, two 

listed species under consideration (Etheostoma fonticola and Eurycea nana) 

also occur in 'tre Comal River. A detailed description of tre hydrology 

of Comal Springs. appears in the species account of Etheostoma fontico1a. 

History 

A brief historic.d overview of tre earliest inhabitants and visitors 

to the Sari Ma:rcos Sp,rings is provided by Brune (1975,1981). Originally 



-8-

called "Canocanayesatetio" (meaning "war~ water") by the Tonkawas living 

near the springs, the San Marcos area was colonized by this tribe and 

later by the Comanches. The first Europeans to see the springs were 

probably members of the Espinosa-Olivares-Aguirre expedition in 1709. In 

1755 the San Xavier missions (Milam County) were moved to San Marcos but 

. soon were moved further south to the Comal Springs area because of lack 

of irrigation facilities and a severe drought in 1756. The springs were 

an important stop on El Camino Real from Mexico to Nacogdoches. In 1807, 

Mexico established the settlement of San Marcos de Neve approximately 6 

km downstream from the springhead; however, floods and Indian attacks 

.... caus.ed .i.ts ... abandonment in ... 1812.. .. Following.these.events,,_.the.Ci.ty __ Qf..San .. .... ..... 

Marcos .developed in the more protected area surrounding the headsprings. 

In 1835 settlers from the United States with Mexican land grants 

began to move into the area and water from the. river ~as used for power 

plants and cotton gins as well as corn, saw, and grist mills. An ice fac­

tory later became another user of the water from the San Marcos Springs. 

From 1867 to 1895 the springs Were a stop on the Chisholm Cattle Trail. 

In the late l890s, an early Federal fish hatchery was established near 

the springs based on prior suitability studies (Jordan and Gilbert 1886). 

Spring Lake (altitude 189 m) was created over fifty years ago by the 

damming of the San Marcos River not far downstream from the headsprings. 

The clarity of its water has made Spring Lake the site of a major tourist 

attraction, Aquarena Springs, Inc., a private amusement park featuring 

glass-bottomed boat rides and a submarine theater. 
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I 
The population of [the City of San Marcos, Hays County, Texas rose 

I 
! 

from 741 iit 1870 to 23 ~420 in 1980 (U. S. Bureau of the Census 1982); no 
i 

other county along the :8alcones Fault Zone had a greater relative growth 

than Hays County for the period 1960-1980. Continued rapid population 

growth of the City of San Marcos and Hays County, i~cluding projected 

increases in enrollment at Southwest Texas State University in the city, 

is expected. 

Species Accounts 

Four San Marcos River species are presently recognized as eith~r 

endangered or threatened by the U.S. Department of the Interior: 

San Marcos gambusia, Gambusia ge()rgei (FR Vol. 45: 47355-47364; July 14, 1980); 

Fountain darter, Etheostoma fonticola (FR Vol. 35: 16047; October 13, 1970; 

FR 45:47355-47364; July 14; 1980); 

San Marcos salamande r, Eurycea ~ (FR Vol. 45: 47355-47364; July 14, 1980); 

Texas wildrice, Zizania texana (FR Vol. 43: 17910-17916; April 26, 1978; 

FR Vol. 45:47355-47364; July 14, 1980). 

Classifications that various governmental and conservation groups 

have given to these species appear in Table 1. Note that biological 

conservation groups closely agree on the degree of threat faced by the 

four San Marcos species. 
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Table 1 

Species Organization 

Gambusia georgei 

Etheostoma fontico1a 

Eurycea ~ 

Zizania texana 

FWS = U.S. Fish and Wildlife Service 

E 

E 

T 

E 

TPWD = Texas Parks and Wildlife Departtnent 

E 

E 

p* 

E 

tOES = Texas Organization for Endangered Species 

~TOES~ . .~ ... ~IUCN~ 

E 

E 

T 

E 

E 

E 

R 

V 

IUCN = International Union for Conservation of Nature and Natural Resources 

E = Endangered 

T = Threatened 

P = Protected nongame (p* = P.N.G.)(=Threatened) 

R = Rare 

V - Vulnerable (=Threatened) 
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San Marcos.Ganibusia (Gambusia georgei) 

Introduction and Background: The San Marcos gambusia (Gambusiageorgei) 

was first des.cribed from the biologically diverse San Marcos Riversyst;e1l1 

of central Texas in 1969. Of the three species of Gambusia native. to 

the San Marcos River, G. georgei apparently always has been much less 

abundant than eitrer tre largespring gambusia (G. geiseri) or themosquitofish 

(G. affinis) (Hubbs. and Peden 1969). 

The San Marcos gambusia is a member of the Poeciliidae and' belongs 

of Central American origin. The genus Gambusia is well defined and 

mature males maybe distinguished from related genera by their thickened 

upper pectoral fin rays (Rosen and Bailey 1963). Only a limited number. 

of Gambusia are native to the United States and of this subset, G. georgei 

has the mos t res tricted range. The San Marcos gambusia is plainly ma.rked 

and is subtly different from the mosquitofish (G. affinis). Scalest.end 

to be strongly .crosshatched in contrast to tre less distinct markings on 

the scales of G. affinis. In addition, G. georgei tend to have a,protninent 
.. 

dark pigment stripe across tre distal edges of their dorsal fins. A 

diffuse mid-lateral stripe extending posteriorly from the base of the 

pectoral fin to tre caudal peduncle is also of ten present; esPecially in 

dominant individualS. As in G. affinis ,a dark subocular bar is visible 
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During 1953, a single individual was taken below the low dam at Rio 

Vista Park; however, since that time, nearly every specimen of G. georgei 

has been taken in the vicinity of the Interstate Highway 35 br:l.dge crossing 

downstream to the area surrounding Thompson's Island (Fig. 4). The 

single exception to this was a male taken with an Ekman dredge approximately 

1 km below the outfall of the San Marcos Secondary Sewage Treatment 

Plant in 1974 (Longley 1975). 

Presently, G. georgei apparently is restricted to the approximately 

USGS gaging station immediately downstream from Thompson's Island (Fig. 4). 

San Marcosgambusia populations are extremely sparse; intensive collections 

during 1~78 and 1979 yielded only 18 G. georgei from 20,199 Gambusia total 

(0.09%) (Edwards et al. 1980). Recent (1981/82) collections within the 

range of G. georg~i indicate a slight decrease (0.06% of all Gambusia) 

in relative abunqance of this species (Edwards unpubl. data). 

Habitat Requirements: The San Marcos gambusia apparently prefers quiet I' ' 

waters adjacent to sections of moving water, but seemingly of greatest 

importance, thermally constant waters. G. georgei is found mostly over 

muddy substrates but generally not silted habitats, and shade from over-
f! 
i 

hanging vegetation or bridge structures is a factor common to all sites 

along the upper San Marcos River where apparently suitable habitats for 
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Gilbert (1887), in the intended original description, redescribed t,he 

species and noted its occurrence only in the San Marcos River System. 

Evermann and Kendall (1894) included an illustration of the species 

by E. Copeland which was designated the lectotype by Jordan and Evermann 

(1896). Because the "type" referred to by Jordan and Evermann was a lot 

containing four specimens, Collette and Knapp (1966) selected a lectotype 

referenced by Gilbert (18,87). The remaining three specimens included in 

this collection are now paralectotYpes (Burr 1978). 

!. fonticola is a small species of darter, usually less than 

25 mm standard length (SL), and is mostly reddish brown in life. 

The scales on the sides are broadly margined behind with dusky pigment. 

The dorsal region is dusted with fine specks and has about 8 indistinct 

dusky cross-blotches. A series of horizontal stitch-like dark lines occur 

along the middle of the sides, forming an interrupted lateral streak. 

Three small dark spots are preseqt on the base of the tail and there is a 

dark spot on the opercle. Dark bars appear in front of, below, and behind 

the eye. The lower half of the spinous dorsal fin is jet-black; above 

this appears a broad red band, and above this band the fin is narrOWly edged 

wi th black. The fountain darter exhibits sexual dimorphism in four 

'.~' -.". ,;.: .. , 'Y.' ,_. r:-~--. · ... ,t, .. ;:.~: •• ":;0' : 

-- I 

. .. j' 

f; 
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morphological characters: banding pattern, spinous dorsal fin coloration, 

genital papillae and pelvic alid anal fin nuptial tubercles (Jordan and 

Gilbert 1886; Gilbert 1887; Jordan and Evermann 1896, 1900; Strawn 1955, 1956; 

Collette 1965; Schenck and Whiteside 1976c). 

Although the fountain darter traditionally was believed to be the most 

advanced (specialized) darter, the basis for this was the analysis of 

a very limited subset of characteristics which appe~r to be highly influenced 

by environmental factors such as temperature (Bailey and Gosline 1955; 

Collette 1962). The subgenus Microperca, to which E. fonticola belongs, 

-~ ~i&~stH~1~thought~~to-~be-the-mogt-(le~r1ved~~-subgenUs ~or~ Efneo!ffoma~-- -Tne 
~~-~ --~-

. , ,.\, .. :,.,. 

evolutionary history of this group is presumed to involve an early separation 

of the presently recognized!. proeliare and E. microperca groups followed 

by a later isolation of a subset of anE. proeliare-1ike ancestor. This 

E. proeliare-like ancestor survived and became the presently recognized 

E. fontico1a: in only the San Marcos and C01ila1 Rivers (Bailey and Gosline 

1955; Collette 1962, 1965; Page and Whitt 1972; Collette and Banarescu 

1977,; Page 1974, 1977; and Burr 1978). 

Habitats: In general, E. fonticola prefers vegetated stream-floor habitats 

with a constant water. temperature. The fish prefers ~ts of the filamentous 

green alga (Rhizoc1onium sp.) over other aquatic plants and is very rarely 

.-.: .', .~'>: .. -,'.'.,-. "I""" •• : • 
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found in areas lacking vegetation. Young fish consistently have been 

collected in heavily vegetated, backwater areas of the San Marcos River 

where flow is negligible, whereas adults occur in all suitable habitats 

including riffles (Schenck and Whiteside 19700). 

In addition to inhabiting the San Marcos River, the fountain darter 

also is found in. the Comal River, which begins at numerous springs 

collectively called Comal Springs that originate fro,m the Edwards Aquifer 

within the City of New Braunfels, Comal County, Texas (Fig. 2) • 

.. ~.~ ... ~.~The .. ComaLRbler.flo.w:s~.e.as.t .. .$!PP!"'Q~tm.~.t:.~lY...2~If.IIl.!>~!s>.!'~ .. ~1ll.P.t2'!!l:[~!1'l:t 0 

tbe Guadalupe River, makin.g it the shortest river in Texas and also the 

shortest river in the United States carrying an equival~nt amount of 

water (Texas Almanac 1973). Blieders Creek, about 11 km long and dry 

except after rains, joins the Comal River at the headspr1ngs located 

on the north side of the city. A short distance downstream from the 

headsprings, another tributary, Dry Comal Creek, enters the Comal River 

from the southwest. The upper end of the river has been dammed and 

developed into a municipal recreational area, Landa Park. 

Comal Springs has the greatest mean discharge of any springs in the 

southwestern United States (George et al. 1952). The mean discharge 

during the period 1928-1972 was 7.8m 3/s (275.4 cfs) {Edwards Underground 
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Water District 1974). The maximum recorded discharge of l5.lm3/s (533.2 cfs) 

occurred in October 1973. The springs ceased flowingfro~ June until 

November 1956 when they began flowing again at a slow rate (U.S. Army COrps 

of Engineers 1964). At that time, all major springs in the Balcones 

Fault Zon~ had ceased to flow, with the exception of San Marcos Springs 

which had decreased their flow substantially. Discharge from Comal 

Springs from March 1973 to February 1975 had a mean of 11.6m3/s (409.6 

cfs) and ranged from 9.5m3/s (335.5 cfs) in May 1973 to 15.1 m3/s 

(533.2 cfs) in October 1973. The mean annual water temperature of Comal 

Springs is 23.4 C (George et a1.l952). 

To summarize the fountain darter apparently requires: 1) thermally 

constant waters, 2) undisturbed stream floor habitats with riffles and 

pools, 3) mats of filamentous algae for cover, 4) clear and clean water, 

5) food supply of living organisms, 6) flowing water, and 7) protection 

from severe floods. 

Food and Feeding Habitats: Based on percent frequency of occurrence in 

sampled stomachs, fountain darters < 19.2 mm SL feed primarily on copepods, 

darters between 19.2 and 29.5 mm SL feed mainly on dipteran and ephemeropteran 

larvae, and darters> 29.6 mm SL prefer ephemeropteran larvae. 

Food habi ts of fountain darters in Spring Lake differ fran the food 

habits of darters in the San Marcos River. Casual observations indicate 

that the overall invertebrate community in Spring Lake is different from 

the community in the river, which could explain the observed differences 

in food habits of darters in these two areas on the basis of availability 

of food items. 
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Fountain darters feed primarily during daylight and demonStrate 

selective feeding behavior. Those held in an aquarium feed on moving 

aquatic invertebrates while disregarding immobile ones, suggesting that 

these darters respond to visual cues. They apparently do not chase food 

organisms but remain stationary until prey items move to within approx-

imately 3 cm (Schenck and Whiteside 1976b). 

Population Estimates: Schenck and Whiteside (1976a) estimated the total 

number of E. fonticola in the San Marcos River to be approximately 

103,000. The only other population estimates of this species are given 

in t~ book of rare and endangered wildlife of the United States (U.S. 

Dept. of Interior 1973b). The estimate is approximately 1,000 E. fonticola 

for the San Marcos River, but the method of estimation was not given. 

No popUlation estimates ()f E. fonticola are avail"able for the Comal 

Rive r. Howeve r, because of lowavailabili ty of sui table springrun 

habitat, there are fewer fountain darters in the Comal River than in 

the San Marcos River. 
-------------------- '-----------------

Reproduction: The reproductive activities of fountain darters were first 

described by Strawn (1955, 1956) who noted that !. fonticola are headwater 

darters which breed in the relatively constant temperature of the San 

Marcos River. He further recorded in his publications that fountain 

darters appear to spawn year-round and that the parents, after depositing 
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eggs in vegetation, provided no further care to the young. After 

hatching, the fry were never free swimming, in part due to the reduced 

size of their swim bladders as in other etheostomatine fishes. Strawn 

(1956) also included a photograph of a breeding ma.1ein its nuptial 

coloration in his discussion of the reproduction of this species. Males 

develop nuptial tubercles on their pelvic and anal fins (Collette 1965) 

and the sexes are dimorphic in this respect. Tubercles on darters are 

thought to stimulate gravid females or to assist in maintaining the 

spawning position within the vegetation (Collette 1965). 

Fountain darters have been artificially hybridized with a number of 

other species including: E. caeru1eum, E. ch10rosomum, E. euzonum, E. ju1iae, 

~. 1epidum, E. spectabi1e, P~rcina caprodes and P. sciera. Procedures for 

artificially stripping eggs and milt of fountain darters and a discussion 

of the artificial hybridization and the resulting low survival, of the 

various hybrid combinations appear in Strawn and. Hubbs (1956), Hubbs and 

Strawn (1957a,c), Hubbs (1958, 1959), Hubbs and Laritz (1961), Hubbs 

(1967). and Distler (1968). These studies demonstrated that male fountain 

darters produce 11 ttle milt ani that which is produced tends to be invisible 

(Hubbs and Strawn 1957b, Hubbs 1958). 

Schenck and Whiteside (1976c) reported that natural populations of 

fountain darters have two temporal peaks of ova development, one in 

August and the other in late winter to early spring. Therefore, fountain 

darters apparently have two major spawning periods annually. The monthly 
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. percentages of females with ovaries containing at least one mature 

01J'utn also demons trate the two annual spawning peaks. However, females 

containing at least one mature ovum have been collected throughout the 

year, further suggesting year-round spawning. The ovary weight/body 

weight relationship and the testis width/square root of total length 

relationship also indicate the two peak spawning periods (Schenck and 

Whiteside 1976c). 

Most darters spawn in the spring or early sUllUOOr. However, populations 

of E. lepidum and E. spectabile which live in areas with slight annual 

water temperature variation extend their breeding peri9ds considerably 

(up to 10-12 months)(Hubbs and Strawn 1957b, Hubbs et al •. 1968). The 

extension of the br~eding season of E. spectabile throughout the s,ummer 

is also known for a population inhabiting the Guadalupe River below Canyon 

Reservoir where releases from the bottom of the reservoi,r moderate water 

temperatures, especially during summer months (Marsh 1980). Since E. 

fonticola also lives in a relatively constant temperature environment, 

it is not especially surprising to find that this species spawns throughout 

the year as was originally suggested by Strawn (1956). 

The mean diameter of mature ova (1.10 mm) from E. fonticola apparently 

is not correlated with length of the fish. Based on 74 E. fonticola 

which contained mature ova, the mean fecundity was 19, which is less 

than in other darters. This low fecundity is probably compensated for 

by repeated spawnings of small groups of eggs throughout the year. It 

is not known how many ova are spawned annually by each E. fonticola. 
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~ fonticola provides no parental care to the ova (Strawn 1955). 

Dowden (1968) found fountain darter eggs attached to moss and to 

algae and these eggs hatched in aerated aquaria. 

Sex determination of E. fonticola (325 males and 234 females) revealed 

a sex ratio of 1.39:1 (Schenck and Whiteside 1976c). 

Historical Distribution: The original range of E. fonticola includes the 

San Marcos and Comal Rivers in Texas (Jordan and Gilbert 1886; Gilbert 

1887, Evermann and Kendall 1894, Jordan and Evermann 1896, Ball et ale 

1952, Hubbs et ale 1953, Hubbs 1954, Kuehne 1955, Strawn 1955, Hubbs 

1957, Hubbs and Strawn 1957b, Schenck and Whiteside 19768). Fountain 

darters also have been reported from four other localities, three in 

Texas and one in Arkansas. The collection from Dickinson Bayou, Harris 

County, Texas, reported by Evermann and Kendall {1894} appears to be a 

misidentification (and perhaps a confusion of field locality data) from 

Evermann's 1891 collections in Texas (Hubbs 1982). 

Charles T. Menn of the Texas Parks and Wildlife Department apparently 

mistakenly recorded the presence of E. fonticola in his two most downstream 

stations in the Nueces River near Corpus Christi, Texas (Texas Parks and 

Wildlife Department 1965). The validity of these records apparently was 

questioned in 1965 and the fishes identified as fat sleepers, Dormitator 

maculatus, a common estuarine species (C. Hubbs, University of Texas, 

pers. comma 1983). 
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The Washita River, Arkansas, report of E. fonticola (Jordan and Gilbert 

1886) is the only extra-Texas record of fountain darte1:s. These specimens, 

now lost from the Smithsonian collections, are presumed to be E. proelia:r:e, 

which were misidentified due to the early confusion in the taxonomy and 

sys tematics of the subgenus Microperca to which both E. proeliare and 

E. font.icola belong. 

In 1884 t Jordan and Gilbert (1886) collected the type specimens of 

E. fonticola in the San Marcos River from immediately below the confluence 

of tre Blan<:.o River. Fountain darters have been found sporadically in 

reduced numbers to approximately 3 km below this point. 

Evermann and Kendall (1894) collected 43 specimens of E. fonticola 

in the Comal River in 1891, the first collection record for that locality. 

Hubbs and Strawn (1957a) colle.cted this species from the Comal River in 

1954, the last collection record for that locality of the original population. 

During March 1973 through February 1975 Schenck and Whiteside 

(1976a) spent 300 man-hours sampling the Coma1 River but collected 

no!. fonticola They proposed three possible reasons why E. fonticola 

was absent from the Comal River. Firs t, the Coma1 River was treated 

wi th rotenone in December 1951. Many specimens of desirable fishes, 

including E. fonticola, were seined and held in a protected area until 

the rotenone dissipated (Ball et al. 1952, C. Hubbs, verso comm.). This 
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procedure reduced the number of E. fonticola but apparently did not 

cause their imnediate e11niination since this species was last collected 

in the Comal River in 1954. Second, Comal Springs ceased flowing 

for five months in 1956, which probably caused drastic temperature fluc­

tuations in the remaining pools of water. Since E. fonticola occupies 

areas with constant water temperature,· temperature fluctuations 

possibly caused the elimination of this species. Third,bu~ less likely, 

a flood from Blieders Creek inundated the entire Comal River in the 

spring of 1971 and may have caused their elimination. 

From 1974 until 1981 a stock of E. fonticola taken from the San 

Marcos River near the IH 35 crossing was cultured at the Federal 

facility at Dexter, New Mexico, to ensure against a catastrophic loss 

of this species. 

Present Distribution: The present distribution of E. fonticola in the 

San Marcos River is well documented (e. g., Schenck 1975 and Fig. 4). 

B. Go Whiteside and J. R. Schenck released 457 adult E. fonticola 

into the headsprings area of the Comal River, Landa Park, New Braunsfels, 

Texas, during 1975 and early 1976. They found five offspring a short 

distance below the headsprings area on June 18, 1976. An established 

reproducing popUlation now occupies the upper Comal River (Fig. 5). 
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• = Eurycea ~ 
populations 

~ = Etheostoma fonticola 
population 

FIGURE 5. Map of Comal River, Comal County, Texas. The present known distribution 

of Etheostoma fonticola and Eurycea nana in the Comal River is in the 

headwaters portion (Landa Lake portion) in the northern half of Landa Park. 



San Marcos Salamander (Eutycea nana) 

Introductioll and Backgro-pnd: The San Marcos salamander (Eurycea nana) is 

a member .of the family Plethodontidae (lungless salamanders). Thevarious 

species .of Eurycea<are known as brook salamanders. E. nana is a neotenic 

form and retains its external gills (the larval condition) throughout 

life. The salamander does not leave the water to metamorphose into a 

terrestrialform~ but becomes sexually mature and breeds in the water. 

The specific namenana is from the Greek nanos or Latin nanus, meaning 

dwarf, referring to the small adult size of these salamanders (Brown . 

1967). 

This salamander is listed by the State of Texas ~ protected nongame 

(threatened) and by the U.S. Fish and Wildlife Service as threatened. 

E. nana is restricted to the headwaters of the San Marcos and Comal 

Rivers and the potential for these springs to cease flowing periodically 

or completely is but one factor for listing this species as threatened. 

Description: On June 22, 1938, C. E. Mohr collected a seriel:'l of 20 specimens 

from San Marcos Springs. The specimens were sent to Sherman C. Bishop 

who described E.~ as "a small, slender, neotenic speciesuniformally 

light brown above with a dorsolateral row of pale spots ~~ either side 
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of the mid-line; yellowish white below; with 16 or 17 costal grooves. 

E. nana differs from!. neotenes, the only other species of the 

genus from the general locality, in its smaller si~e; it~ uniformly 

light brown dorsal coloration relieved only by a few small light spots, 

and i11 its more slender form and longer, more slender toes. .. (Bishop 

1941). 

Prominent external features of the small (up to 59.6 mm total length) ~ 

slender salamander are its moderately large eyes with a dark ring around 

the lens, its well developed and highly pigmented gllls, its relatively 

short slender limbs with four toes. on the forefeet and five on the hind 

. feet, and its slender tail with well developed dorsal fin (Figure 6). 

Compared to other neotenic E:urycea from Texas , the San Marcos salamander 

is smaller and more slender, has a different coloration, has larger eyes 

relati ve to the size of its head, has a greater number of costal grooves, 

and has fewer pterygoid and premaxillary teeth. Detailed morphological 

descriptions of this species are found in Bishop (1941, 1943), Ba~r 

(1957, 1961), Mitchell and Redell (1965), Schwetman (1967) and Tupa and 

Davis (1976). 

Historical Distribution: Baker (1961) listed the springs whereE. ~ 

was found as "Coma1 Springs, San Marcos, Hays County, Texas," obviously 

referring to San Marcos SPrings. Bogart (1967) studied the life histories 

and chromosomes of Texas Eurycea on the Edwards Plateau. Based on his 
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karyotypes, he indicated E. ~ populations occurred at the following 

places in addition to San Marcos Springs: Sabinal .River population, 8.9 

km north of Vanderpool, Bandera County; Mountain Home population, headwaters 

of the river feeding into the fish hatchery in Mountain Home, Kerr County; 

and Kerrville population, 8 and 11 km west of Highway 16 beside RR 1273, 

Kerr County. Sweet (1978) indicated that a population of Eurycea which 

inhabits Comal Springs in New Braunfels is very similar to E. ~ and is 

probably conspecific. Sweet also stated that all of the epigean populations 

of Eurycea on the Edwards Plateau apart from those in fault-zone springs 

should be considered as E. neotenes. 

Bogart (1967) is the only reference listing E. nana in locations 

other than San Marcos Springs and Comal Springs. Bog~rt' s work has not 

been published. Therefore, the lack of opportunity for specialists in the 

field to review and comment on his findings leave them open to question. 

Sweet (1978) has provided the best information regarding historic distribution. 

Tupa and Davis (1976) delineated in considerable detail the range of E. ~. 

They felt the only stable population of E. ~ occurred along the shallow 

area adjacent to the northern bank of Spring Lake, especially in the uppermost 

region of the lake in front of the Aquarena Springs Hotel. 

Present Distribution: On November 24, 1975, a sampling program was started 

on the largest fissures that constitute San Marcos Springs (Longley. 

1978). The sampling involved placing a SOO-micrometer mesh net over the 
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outlet froD!. one 6f the major springs in Spring Lake dubbed "Pipe Spring" 

since it had been diverted via pipe into the show area of Aquarena's 

"Submarine Theater." The concretebaae over the spring opening had been 

undercut by action of floods in recent years and this allowed material 

from the iake ,bottom in the vicinity of the spring to be sucked into the 

outflow frOlll ,the spring by a venturi. Small organisms such as E. ~ 

could work their way, between the rocks surrounding the spring opening 

until they were caught in the flow from the spring and then be carried 

into the net along with subterranean organisms. E. nana were found in 

most samples. All sizes were common, but juveniles were most often 

collected. E. nana also was found in most samples taken from "Deep 

Spring" in Spring Lake~ The conclusion is that E. ~ occurs abundantly 

inclose proximity to the major spring openings and also in the dense 

mats of the filamentous alga Lyngbya sp. found along the north side of 

the headwaters in front of the hotel. 

shallow spring areas on the uppermost (northernmost) portion of Spring 

Lake on a limestone shelf in an area immediately in front of Aquarena 

Springs Hotel (F:i,.gure4). The substrate in this area is sand and gravel 

interspersed with large limestone boulders. Concrete banks in front of 

the hotel and boulders in shallow (1-2 m) water support a lush adherent 
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growth ()f the aqua,ticmoss Leptodic~yi1.l1ll ripc:lri.1l~. Interspersed with 

the moss· and blanketing the shallow sandy su.bstrate are thick hairy melts 

of a coarse, filamentous blue-green alga (Lyngbya sp.), the dark reddish-

brown color of which almost perfectly matches the dark dorsal coloration 

of the San Marcos salamander. 

Spirogyrasp. and a fe·wother species of larger filamentous green 

algae, as well as the carnivorous angiosperm lftricularia gibba, are present 

in stnall amounts in the aquatic moss. A wide vAriety of rooted aquatic 
, 

macrophytes occur on the periphery of the salamander habitat at 1-3 m depths. 

These macrophytes include Sagittaria pIAtyphylla., Myriophyllum brasillense, 

Ludwigia repens and Vallisneria americana. In deeper water, Cabomba 

caroliniana and Egeria densa become the dominant macrophytes of the mud 

and detritus-laden benthic region. 

The salamanders are abundant within the wiry mesh of the aquatic 

moss and the hairy mats of Lyngbya sp. in the shallow headwaters area. 

Small mats of Lyngbya sp. occur also in the immediate vicinity of some 

of the larger and much deeper springs in the lake and could be the. source 

of specimens collected there in recent years. Sandy substrates devoid 

of vegetation and muddy or detritus-laden substrates with or without 

vegetation . are. apparently unsul table habitats for !. nana. Specimens 

occasionally are collected from beneath stones in predominantly sand and 
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gravel areas. In view of the abundance of predators (primarily larger 

fish~ but also crayfish, ·turtles and aquaticbi.:r:ds) in, theimnediate 

vicinity of the springs, protective cover such as that afforded by the 

moss a,rid. cyanophycean alga' is essential to the survival of the salamander. 

A plentiful food supply for the salamander also is harbored by this 

vegetation. 

Flowing water is apparently a 'prerequisi te for sui table !. nana 

habitat, . as no specimens were' found in still water areas of the lake and 

river. The flowing spring waters in the principal habitat are slightly 

alkaline (pH 7.2), stenothermal (21-22 Q C), and clear. In the springs 

area,the oxygen content of the waters is about 4 mg/l or greater, indicating 

the thermally constant waters are about40~50 percent saturated with 

oxygen~ Methyl orange alkalinity (due entirely to bicarbonates) measured 

220-232 mg/l and the specific conductance measured 510-535 micromhos/cm 

in t~ habitat (Tupa am Davis 1976). In captivity, the salamanders 

demonstrate an intolerance for temperatures of 30°C or greater. Oxygen 

consumption by t~ species was greatest at water temperatures of 25°C 

as compared with 20 or 30~C(Norris et a1. 1963). 

The headwaters of the San Marcos River at the northernmost end of 

Spring Lake near the hotel t¢nd to be protected from floodwater action. 

Protection from scouring by floods undoubtedly contributes to the continued 

survival of the salamander population since the salamander is not a 
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strong swimmer and the loss of protective vegetation and food supply 

could be critical. 

To summarize, the San Marcos salamander. apparently requires: '(1) 

thermally constant waters; (2) flowing water; (3) clean and clear. water; 

(4) sand, gravel, and rock substrates with little mud or detritus; (5) 

vegetation for cover; (6) food supply of living organisms; and (7) 

protection from floods. 

Associated Species: Occupying the same habitat as E. ~ i.s the fOUntain 

darter, which displays many of the same feeding and protective concealment 

habi ts of tre salamander. They, unlike other fisres in the area but 

like the salamanders, are found within the aquatic moss growths and 

Lyngbya mats, as well as beneath and alongside stones. Like the fountain 

darters, the salamanders in the lake habitat ~at amphipods. 

In association with the salamander and darter in the moss and algal 

vegetation are crayfish (Cambarus sp.) of varying sizes, two species of 

small freshwater shrimp (Pa1aemonetes spp.), many tendipedid larvae, a 

variety of other insect larvae, a very large number (particularly in the 

mos s) of amphipods (Hya11el1a azteca), water mi tes, and many small aquatic . . 

snails. Leeches (Placobdella sp. and others) and planarians (Dugesia 

sp.) are also numerous, especially in samples taken over rocky substrates. 
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Most larger associated species are predators and occur in. the 

vic;l.n.ity of the salamander habitat, including several species of sunfishes 

and cichlids which feed on insect larvae, amphit>ods, terrestrial isopods, 

aquatic snails, fresiwater,shrimp, fountain darters, and San Marcos 

salamat:tdets. Turtles such as stinkpots (Sternotheru8 odoratus) occasionally 

are present in the salamander habitat as are bullheads (Ietalurus sp.) 

and largemouth bass (Micropterus salmoides). 

Introduced swans (Cygnus alor) and domesticated mallard ducks (Anas 

platyrhynchos) in the la~efee4 on the aquatic moss and Lyngbya ap. 

These birds roost nightly on the side,walk alongside the salamanders' 

principal habitat (Tupa and Davis 1976). 

Food Habits: Salamanders in laboratory aquadafed on amphipods. Stomach 

content analyses of 80 preserved specimens revealed the salamander's 

diet in its natural habi tat '. included amphipods and tendipedid (midge 

fly) larvae and pupae; other small insect pupae and naiads and small 

aquatic snails were found in lesser numbers. Small amounts of Lyngbya 

sp. and grains of sand occasio~ally were present, apparently as incidental 

items ingested along with principal food items. Feeding behavior observed 

in the laboratory was similar to that of the fountain darter, in that 

,the salamanders did not actively pursue their prey. Salamanders remained 

stationary 
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until the prey items were near their head, then abruptly snapped forward wl-.lle 

opening their mouth to engulf food items. This suggests they res pond 

either to visual or vibrational cues from living prey. 

Reprodu~tive Chara~teristics: Male E. ~ rea~h sexual maturity (possess 

at least one full darkly-pigmented lobe in ea~h testis) only after attaining 

a snout-vent length of 19 mm (35 mm total length). All males with snout­

vent lengths greater than 23.5 mm (40-45 mm total length) were mature, 

possessing darkly-pigmented testes with one to three lobes (Tupa and 

Davis 1976). Sperm were found in the testes of all mature males ~olle~ted 

from O~tober to May and in the Wolffian ducts of certain males from 

O~tober to June (ex~ept for January and Mar~h) in an investigation by 

Ma~kay (1952) whi~h did not include the months of July and August. 

Mackay found large numbers of spermatozoa in the Wolffian duc;:ts in November 

and the du~ts were in a distended ~ondition in June, leading her to 

postula te a breeding season in June and possibly another in the fall. 

Salamande rs--h-adfou:r-(iiasses 6f- 0 va-to.· tne-ov[au~t s :-ver5F small: 

c;:lear ova, small opaque-white ova, small y.ellow ova, and large yellow 

ova. Females ~arrying large yellow ova (1.5-2.0 mm in diameter) were 

~onsidered gravid and presumably ready for oviposition. Large yellow 

ova were present in females with snout-vent lengths greater than 20.0 mm 

(35 mm total length). Females with a snout-vent length ~ 26 mm carried 1 

to 19 large yellow ova, possibly indicating oviposition of only a portion 
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of the larger eggs. Large yellow ova were present in some females in 

neatly every mOnth of the year (Tupa and Davis 1976). 

Courtship and egg deposition by E. qana has not been reported , and 

nO eggs have been collected frOm the habi tat. However, courtship and 

oviposition were observed for closely related E. neotenes. Eggs of this 

species were deposi ted on plant ma terial, stones, and the bot tom of a glass 

bowl about 24 hours after courtship. Eggs developeq to hatching in 25 

days (Bogart 1967). Most, if not all, Eurycea breed in running water of 

brooks, caves, or springs. In most cases, adherent eggs are deposited 

singly on the· bot tom and sides of stones, or on aquatic vegetation. 

A total of seven small juveniles of E. ~ still possessing yolk on 

the venter were collected in February, May and June 1968. Juveniles of 

less than 12 m:m total length were collected from February through October 

(Tupa and Davis 1916). Bogart (1967) found very small!. ~ in September, 

De cembe r , _ Mar _c!:t_,~t\!?~i_!_~~~ -.1 ~~~-! ___ ~~~_~o t~~~~~~l __ we :!:~ __ ~~s t _ ~~~l!.<>':rt __ !~ _~~E! __ 

late spring and early summer. He postulated that the salamander breeds 

most of the year with a peak in late spring. 

The structure of the!. ~ popula tion is remarkably uniform 

throughout the year. In all seasons juvenile specimens (snout-vent 

lengths usually less than 15 mm) of undetermined sex represented about 
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45 percent of the total population. Larger juveniles (about 15-20 mm 

snout-vent length) of undetermined sex represented about 30-40 percent 

of the population. Mature males (snout-vent lengths 19 mm and greater) 

represented about 10-15 percent and gravid females (snout-vent lengths 

20 mm and greater) about 4 percent of the total (Tupa and Davis 1976). 

To summarize, most evidence suggests breeding occurs throughout the 

year with a possible peak about May and June. 

Other Known Biological Aspects: The San Marcos salamander is capable of 

altering its dorsal coloration between light tan to dark brown in accord 

with the lightness or darkness of the substrate. This color change is 

accomplished by migration of pigment in melanophores, giving them the 

appearance of expanding or shrinking (Schwetman 1967). 

The external gills of the salamander expand and appear bright red from 

increased blood flow in cool water of low oxygen content. The bushy red 

- ... "--~--------.-.----.-------.-~------

gills arepr?mTnellt on- I riaIvrau __ aIS-wllen ccn: Ie ct-ea-r r om:~rne-S1ITtngo,--but-~~---- ~_~_m ____ _ 

they show marked reduction, almost to the point of apparent resorption 

when specimens are kept in well-oxygenated aquaria (Tupa and Davis 1976). 

The number of E. ~ in the uppermost portion of Spring Lake is 

between approximately 17,000 and 21,000 individuals (Tupa and Davis 

1976). 
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Texas Wild rice (Ziza~ia texa~a) 

Introduction and Background: Texas wildrice (Zizania texana) is of 

special interest because of its rarity and its problematical relationship 

to other species of Zizania. 

Z. texana is res tricted to a 2.4 km (1.5-mile) length of the 
. . 

headwaters of the San Marcos River within the city limits of san Marcos. 

Formerly ,the species also occurred at the headwaters of the river in 

Spring Lake (Watkins 1930, Devall 1940, Terrell ~ a1. 1978). 

The first documented collection of Z. texana was by G. C. Nealley 

in August 1892 (U.S. National Herbarium sheet 979361) and was labelled 

Z. aquatica, thus Nea11ey apparently did not suspect it to be different. 

A later collection (US 1611456) by Ena A. Allen on July 10, 1921, was 

tion. Both of these collections came from the San Marcos River. 

The discovery and recognition of !. texana as a distinct species 

was by W. A. Si1veus, an attorney and amateur botanist living in San 

Antonio, Texas. In a letter (preserved with the holotype in the U.S • 

. National Herbarium) dated April 4, 1932, Silveus wrote to Agnes Chase of 

the National Herbarium regarding one of his collecting trips to the San 

Marcos area. He noted that the grass grew in water from 0.3 - 1.2 m 

deep some distance from the stream bank and the flowering part of the 

culm of many plants reached 0.3 - 0.6 m above the water. He further noted 
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that leaves were as much as 1.5 m long~ 8-10 mm wide at the base and 

15-20 mm wide above. In a subsequent letter to Mrs. Chase dated 7 November 

1~32, Silveus noted that Texas wildrice apparently bloomed from April to 

November and indicated that local residents said that blooms were present 

throughout the year when warm. The distribution of the species at that 

time encompassed several acres on Spring Lake and downstream. 

The type collection of Z. texana is in the U.S. National Herbarium: 

"W. A. Silveus 518, April 1932, floating in San Marcos. River near San 

Marcos, Hays Co., 1-'exas (holotype US 1537174; isotype US 1720531)". It 

may be inferred from Silveus' letter of April 4, 1932, that the type 

collection was gathered on April 3, 1932. 

The morphology and taxonomy of ~. texana are described by Hitchcock 

(1933), Silveus (1933), Correll and Johnston (1970) and Terrell et al. 

(1978). 

Wildrice Species: In ~his report, the use of the common name "wildrice," 

follows Correll and Johnston (1970). Dore (1969) accepts as distinct 

species southern wildrice <.~ ... aquatica L.) and northern wildrice (! .. 

palustris L.). The former is concentrated along the Atlantic Coastal 

Plain westward to Louisiana and extends into southern New England and 

westward into Wisconsin. The latter is in New England, eastern Canada, 

and the Great Lakes region westward into Manitoba. Northern wildrice 
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has long been known as an Indian food (it usually has larger grains than 

southern wi1drice) and recently was brought into cultivation in Minneosta 

artdOanada. Another related species, Z. latifolia (Griseb.) Turex, ex 

Stapf, is native to eastern Asia. 

Little was known about the taxonomic status of Z. texana. Dore 

(1969 )caIled it a "dubious species" and suggested that its underground 

parts might have been confused wi th the rhizomes ofZizaniopsismiliacea 

(Michx.) Doell & Aschers. Dore (letter to Terrell, 26 Nov. 1974) explained 

that some years ago he requested plants of Zizania texana frat a Texas 

correspondent and was sent rhizomes Which grew into Zizaniopsis miliacea. 

During a recent study, W. Emery (pers. comm., Soutbiest Texas State 

University) found Zizaniopsis miliacea along banks of the San Marcos 

River and at two sites immersed in the river, with streaniog cu1ms and 

leaves. One plant was grown to maturi ty from rhizomes. Emery found 

___________ ~ltat Zizaniopsis miliacea m~y __ 1:>_~~~I3~i~u_~l3lt!<!vege tative1y from Zizania__ _____ ~ ______ ~ 

by its bluish coloration, leaf anatomy, and large rhizomes. Terrell and 

Robinson (1974) noted differences also in the arrangement of the stellate 

cells in the leaf sheath, and after comparing Zizania and Zizaniopsis in 

several important reproductive and ~getative characters, concluded that 

they belonged in separate subtribes. 
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The origin of ~. texans poses interesting but difficult problems. 

In view of its morphology ,we suppose that Z .• texana evolved its unique 

characteristics over a substantial period of time. It may have evolved 

in geographic isolation, as there are no other natural populations of any 

Zizania taxon in Texas. The nearest natural populations of ~. aquatica 

are in southern Louisiana, about 640 km (400 miles) to the east and are 

quite different morphologically from!. texana. They are giant grasses 

(4 m high), with only their lower culms immersed an<,l with leaves 3-5 

times broader than those of Z •. texana. The neare~tpopulations of ~. 

palustris are several hundred kilometers to the north anci northeast in 

Missouri, Kansas, and Arkansas. 

Associated Species: In the upper 0.4 km of the portion of the river 

inhabitated by wildrice, associated species include ~ot~mogeton 

illinoensis, Vallisneria americana, Sagittaria platyphylla, G. Sm., 

and Hydrilla verticillata. Throughout most of the remaining 2.0 km of 

and competition from other species is apparently of minor importance. 

Ecology and Distribution: At the time of its discovery, Z. texana was 

abundant in the San Marcos River, contiguous irrigation ditches, and 

Spring Lake. Considerable effort was required by the irrigation company 

to keep its luxuriant growth under control (Silveus 1933). Thirty-four 
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years later its abundan~e had been redu~ed drastic;!ally. E112ry (1967) 

found only one plant in Spring Lake, no plants in the uppermost 0.8 km 

of the San Marc;!os River, and only s~attered plants in the next 2.4 km. 

In 1970, Emery surveyed the lower rea~hes of the river ~ boat but did 

not find any wlldri~e. 

In 1976, Emery (1977) again ~he~ked on the abundanc;!e of wildric;!e 

in the upper river. Utilizing a floating 1 m2 fra112 to reasure the 

area of vegetative dOminanc;!e, he estimated that wildric;!e plants c;!overed 

1,131 m2 of river habitat. The highest ~on~entrations were in the 

extreme upper arid lower segments of the 2.4 km length of the river. He 

did not find any wlldric;!e in Spring Lake (Figure 4). 

Plants of Z. texana form large c;!lones or masses firmly rooted in 

the gravel bottom of the river. Culms and leaves are ~ompletely immersed 

and long-streaming in the swift ~rrent. Plants are geniculate and 

produc;!e roots from the lower nodes. Sl1 veus' desc;!ription (1933) and his 

photograph a~c;!ompanying his arti~le indic;!ate that formerly, when there 

was less hunan disturban~e, c;!ulms and pani~les projec;!ted as mu~h as one 

,me ter above the wa ter. Pre~ently, howeve r, flowering plants 

are rarely seen, and when present, do not extend very far above the 

surfa~e. Plants often grow in the swiftest ~rrents of the shallow areas 

near the middle of the river. Other plants are in water 2-3 m deep, and 

the streaming leaves remain below the surfa~e, the c;!lear water allowing 

passage of suffi~ient light for photosynthesis. 

To summarize, the Texas wildri~e apparently requires: 1) thermally 

~onstant waters, 2) flowing waters, 3) undisturbed stream floor habitats, 

4) unimpeded inf1oresc;!en~e for sexual reprodu~tion, 5) clear and ~lean 

',,'; -,: .. 
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Observation in Cultivation: Three small clumps ofZ. texana collected 

fran the San Marcos River were brought to Beltsville, Maryland, by Terrell 

in September 1973 and were transplanted into large plastic pots containing 

potting soil. They were then placed in a 1 X 3 m tank of tap water in a 

greenhouse and were maintained with a few centimeters of water o~r the 

soil surface in the pots. The water in the tank was regulated at a 

constant temperature of approximately 23 C and was kept circulating (but 

not aerated) by an electric pump. Water was replaced at monthly or 

bimonthly interva~s. 

By December 1973, only one of the thre.eplants had survived. This 

plant, instead of growing immersed as in nature, produced several erect, 

aerial cu1ms up to 1 m high. The plant flowered abundantly from January 

1974 through the summer of 1974, but was somewhat less robust. The plant 

eventually was divided into four. In autumn-winter 1974, these plants 

were attacked by two-spotted mites (Tetranychus urticae Koch) and were 

considerably weakened. By January 1975, the plants were dead. It is 

suspected that the mites were not entirely responsible for the wildrice 

demise; enviranental factors apparently were not favorable for growth. 

During 1974 about 80 seeds were obtained from self-pollination of 

the plants in the greenhouse. These seeds apparently were of noma1 size 

compared to others in the herbarium of the Patuxent Wildlife Research 

Center, Laurel, Maryland. Some seeds germinated but consistently failed 
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to survive after rea~ing a few ~entimeters length. Seedlings grown 

in San Mar~os River water also died. Further attempts were made in 1975 

and 1976 to grow z. texana in the greenhoose tank at Beltsville, but 

the seedlings died even in the presen~e of supplemental light. Apparently 

z. texana needed spe~ial requirements not adequately met at Beltsville. 

In ~ontrast, seedlings of z. aquati~a and z. palustris were grown to 

maturi ty under these same ~onditions. 

In 1975, Emery moved four clones of ~. texana from their river habitat 

to a ra~eway supplied with ~onstant temperature, artesian well water on the 

~atnpus of Sou thwest Texas S ta.te University in San Mar~08, where it was 

poss ible to regulate both the velo~i ty and depth of the water. The four 

~lone.s produ~ed vigorous growth and abundant foliage. Their growth form 

wa.s altered dramati~ally. The de~umbent ~ulms and submerged leaves ~hara~-

teristi~ of the river ~lones ~hanged to ere~t ~lms with emergent aerial 

leaves. Inflores~en~es formed and ~ross fertilization of the numeroos 

florets produ~ed lOOre than 1,500 seeds during the summer of 1975 (Emery 

19-77). As with other wildri~e spe~ies, freshly harvested seeds appeared 

to have an extended dormant period. When seeds were pla~ed in spring 

water and refrigerated at 3 C, 105 days were adequate to break the dorman~y. 

Germination varied from 60-100 per~ent. The dorman~y of Texas wildri~e 

appeared related in part to the permeability of the peri~rp.Germl.nation 

(usually less than 50 per~ent) may be obtained soon after harvest by 

either pun~turing or s~raping the peri~arp away from the embryo (Simpson 

1966, Woods and Gutek 1974). 
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Seeds were germinated in petri dishes filled with well water which 

was changed daily. Seven to 10 days after germination the seedlings 

were transferred to pots containing river gravel. The pots were kept 

immersed a few centimeters below the water surface and care was taken to 

prevent currents that would disturb the seedlings. By the end of August 

1976, about 500 sexual clones of Z. texana had been cultured. 

Management Efforts: Clones of ~. texana were transplanted to other locations 

to ascertain if they would grow and produce viable seeds. An effort was 

made by Beaty (1972, 1975) to grow clones in Salado Creek in Bell County, 

Texas, because the habitat there was similar to that in the San Marcos 

River. The clones grew well and produced panicles. Unfortunately, 

local recreational activities plus pe riodic removal of aquatic vegetatio.n 

from the springfed stream destroyed all clones planted. Since the area 

in Salado Creek was open to the public, it was impractical to isolate 

and to protect too transplanted Z. texana clones. On one occasion a 

_________ ~_ bl!114g_~~~was used to clear the creekbed and banks, completely destroying 
..... -. " .. - .. ". __ . __ .. -~- -- -.-------~.--.--.-- ---------_._-_._------ ... ----_ ... --_._-_.,"-_._" _.""- ----.. ~.-------.-.----------.---.--.. -

the transplanted Texas wildrice. The effort to introduce this species 

in Salado Creek was abandoned after several years, since it was impossible 

to protect it from the general public. Most of the clones introduced 

into Salado Creek were from Emery's cultivated plants grown from seeds 

in a special raceway on the campus of Southwest Texas State University. 
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Emery transplanted more than 100 clones of nursery grown wildrice 

during the period 1976 to 1982 to various locations in central Texas, 

including the springfed Comal River, New Braunfels, Comal County, and a 

few other springfed sites in the vicinity of San Marcos. Transplanting 

efforts were unproductive and flooding washed away the plants before 

they established a firm rooting in the stream bed. Transplantings into 

Spring Lake were eaten by nutria, an introduced exotic rodent. 

Emery's efforts to raise Texas wildrice seedlings were 

successful in the raceway. Currently, his efforts have been baIted due 

to major construction underway at the univerSity's Aquatic Station. 

Emery transplanted several of his nursery grown wildrice clones in a 

selected area in the upper reaches of the San Marcos River. In September 

1982 these clones produced panicles and a few seeds. Due to the heavy 

recreational use of this particular portion of the river by swimmers, 

"tubers," and canoeists plus the floating debris from aquatic vegetation 

cut in Spring Lake_, most of the wildrice fruiting heads were k.nocked 
------.. - .... --~ _.- -_._--_._. __ ._._---

over. Thus viable seeds could not be obtained at that time. 

Research in a number of areas is needed in order to understand the 

factors influencing the survival of Texas wildrice. Such factors are 

poorly known. 

';," 
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Ecological factors such as natural grazers, competition and compatability 

with other native and introduced taxa, natural reproduction (sexual and 

asexual) cycles, and threats to wildrice habitat are critically needed. 

Portions of this research c~rrent1y are being conducted for the U.S. 

Fish and Wildlife Service by Dr. Paul Fonteyn of Southwest Texas State 

University who has initiated an autecologica1 study of the species. 

in addition, information is needed on the growth and development of 

Texaswildrice in various habitats within its native range, cross fertilization 

and hybridization with other species, factors affecting seed germination 

and seedling development and growth, productivity, n~t:ri~nt require-

ments, and potential economic value. The potential of reintroducing 

seedlings into natural habitats where Texas wildrice once was found, 

especially in Spring Lake and the upper San Marcos River environments, 

also should be investigated. 

In his work with z. texana, Emery was successful in seed co1l.ec-
- --~ .---.-.---.----.-.-.. ----~-- - .. _-_ ... ------~~---------~.----.~-

tions, seed storage and gei-mfnitlo-n-:-8eedI:lng-iurvIvaT~-an(rdevelopment 

of survival clones to the F2 generation through po1lenization under 

controlled situations. Additionally, he successfully cross-bred Z • ..... 
texana with other species of Zizania. 

Since no recent seedlings have been observed in the native habitat 

in the San Marcos River, it is unknown if Z. texana can reseed itself 

with its present population size under existing environmental and 

anthropogenic pressures. 
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Actions for Immediate Preservation of the Species: The best means of 

preserving the species until more is known about its biology is by preserving 

the native habitat byodnimizing human disturbance. Additionally, education 

of the public may help in this regard through talks, newspaper reports, 

and articles. suCh as the one by Beaty (1975). Collection of federally 

11 sted plants is prohibi ted on Federal lands; !.. texana is found only 

on private lands and therefore receives no protection from collecting. 

Texas rules protecting native plants (§57.402) allows collecting of 

listed plants with landowners permission. Both of these regulations 

needstrengtheniqg in order to protect Z. texana. 

Threats to the San Marcos River Ecosystem 

Because the San Marcos Springs' flow is tied inseparably to water 

usage over the entire Edwards Balcones Fault Zone Aquifer t human population 

growth coupled with increased utilization of groundwater in the region 
-... -"-.----.--.-.-----~-----.---~-----~.--.--- -_ .. _---_ ... _-_ .... -._ .. _ ... _- _..... .._ .. _----------- .~-~.-- ----.- ---"_." .... _ .. _.-.-- -~--.. -----~----.--.---.~.----~-

will decrease flow of water from the San Marcos Springs. Analyses by 

the Texas Department of Water Resources (TDWR 1977) projecting water 

usage from the aquifer through the year 2020 indicate that increased 

usage is expected well into the 21st century, especially in the San 

Antonio region. Because of the anticipated growth in this region of the 

Edwards Balcones Fault Zone Aquifer and the anticipated increased water 

usage, several estimates ha-w been made concerning the influence of 

increased pumpiqg on the spring flow at San Marcos. Data fran the Bureau 

of Reclamation (USDr 1972, 1973a, 1974) sug~st that demands on the Edwards 

Balcones Fault Zone Aquifer, even considering a "low" (and unlikely) 
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rate of growth for this region, will far exceed the recharge to the 

aquifer (Longley 1975). Given various schemes of water usage, the Bureau 

of Reclamation projects that the probability of continous flow from the 

San Marcos Springs by the year 2020 is only 50-75 percent certain. 

According to Klemt et a1. (1979) and assuming full projected development 

with average hydrologic conditions, the continued flow from the San Marcos 

Springs will cease around the year 2010. In other words, all projections 

predict that the flow from the San Marcos Springs will cease around the 

year 2000. This is the most serious threat to the continued existence 

of tre San Marcos Rive r ecosys tem. 

On a local scale, the City of San Marcos is growing rapidly (U.S. 

Bureau of the Census 1982). Edwards (1976) found that increased urban-

ization caused increased flooding and erosion (due to uncontrolled runoff), 

pollution, siltation, and a general decrease in species diversity and 

species numbers in adversely impacted aquatic environments. For these 

reasons, changes in the upper San Marcos watershed must be approached 

with extreme caution to avoid degrading any habitat suitable for these 

endangered and threatened species. A series of five flood retardation 

structures initiated by the Soil Conservation Service (U.S. Dept. 

of Agriculture 1978) on tributary creeks feeding into the San Marcos 

River is expected to decrease too severity of flooding in too 

watershed and to slightly increase the recharge into the aquifer. This 

is expected to have a slight overall benefit to this eco8.ystem. 
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Another threat to these species is the anticipated increase in storm 

water roooff as the city grows. This runoff should be discharged into 

the river at a point downstream from the essential habitat of these 

species. 

Urban pollutants such as locally applied pesticides and herbicides also 

may be negatively impacting on the San Marcos species. The Texas 

Highway Department has used a herbicide (Roundup) along the bridge 

pilings and concrete aprons at the IH-35 crossing of the San Marcos 

River as a part of their highway grounds maintenance program for years 

(D. Chance, Texas Department of Highways and Pueblo Transportation, 

San Marcos, pers. comm.) and a moderate to light rainfall could easily 

wash this compound into the river at the type locality of the San Marcos 

gambusia. Although the effects of this substance on the San 

Marcos species are not known, it may be more than coincidental that no 

G. georgei have been taken at this species' type locality since the 

spraying program was initiated. 

affected. 

Relatively cons tant water temperatures and flows apparently are required 

by these endangered and threatened species. Also , exotic species 

apparently pose a significant threat to the listed species because of 

similarities in habitats and diets. Some of the exotic species 

undoubtedly are predators on the species of concern. 
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Addi tional Threats to the San Marcos Endangered and Threatened Species 

San Marcos Gambusia (Gambusia georgei) 

In addition to spring flow, the San Marcos gambusia also requires 

relatively constant temperature regimes and shading in its habitats. 

Modifications arising from increased urbanization must take these factors 

into account. A secondary portion of the Soil Conservation Servi.ce plan 

is to upgrade recreational facilities in the Rio Vista Park area. Since 

the entire range of G. georgei is immediately downstream from these 

facilities, extreme care must be taken during .the construction phases to 

insure the protection of this species and its extremelY limited.habitat. 

Exotic species pose a significant threat to G. georgei; this is 

especially true with Poecilia, which share many similarities in habitat 

usewithG. georgei. Although Poecilia sp. in the San Marcos River exhibit 

broad thermal tolerances (especially to high temperatures), overlap in 

___ hab~~~t with G~ georgei __ ~~.E~~~l:l~~~cially great during winter and spring 

; . 

. -~-----.. --.--.--.-----.-.-- '---'-"~.---~----.. ---------- ..... ; ~-

when thermally moderated, quiet, shallow habitats are chosen by all of 

these poeciliids. Juvenile centrarchids and cichlids in the San Marcos 

River also appear to share habitat similarities with G. georgei populations. 

In addition, the abundance of the predaceous characin (Astyanax mexicanus) 

may have an additional adverse impact on the abundance of San Marcos 

gambusia. 
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Competition for resources may be one factor which imposes extreme 

limits on the abundance of G. georgei. In addition to expected high 

levels of interspecific competition from other Gambusia, especially G. 

affinis, other less closely related species also have been found associated 

with G. georgei. 

The following species are exotics in the San Marcos River but have 

been taken in G. georgei habitats: Astyanax mexicanus, Poecilia latipinna, 

P. formosa, M!cropterus dolomieui, Lepomis microlophu8, L. auritus, 

Ambloplites rupestris, Cichlasoma cyanoauttatum, Sarotherodon mossambicus 

and S. aureus. Abundances of Poecilia (both species), Lepomis (especially. 

L. auritus) and the cichlids (all species) are high in the habitats 

where G. georgei are found. Interference from these species may inhibit 

the ability of G. georgei to recolonize the San Marcos River following 

Studies have smwn that many fishes (especially when small) have very 

similar food habits (Hubbs et al. 1978). If exotic, or nonnative, species 

are added to aquatic systems, greater competition or overlap among species 

is possible. These exotic species may be able to acquire resources with 

greater efficiency than native species. Also, during the exponential 

population growth phases of recently introduced exotics, even short term 

extensive niche overlap with G. georgeiis likely to impact this species 

negatively. 
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Stabili ty wi thin the San Marcos River system apparently is the key to 

survi.val of that ecosystem. This stability will have the added benefit 

of not only insuring the protection of G. georgei, but conserving the 

other unique elements of the San Marcos aquatic environment as well. 

Fountain Darter (Etheostoma fonticola) 

It is possible that effluent from the sewage treatment plant has 

reduced the distribution of the fountain darter. In the early 1900s, the 

river was dammed (Cumming's Dam) in the area of jordan and Gilbert's 

(1886) collection site~ which changed the habitat an.cl pro'bab1y eliminated 

the species f~om this area. Water in this segment is fairly deep and 

muddy and the river moks are cut sharply. These conditions restrict 

the growth of many types of vegetation which E. fontico1a prefers. 

Nematodes were the most commonly encountered parasites of E. fontico1a. 

The most common adult nematode was Camal1anus sp. and the maximum number 
-~--.--~-----~--.~-------- .. ---.-----.- - -----.. -------.--

found in anyone fish was-sIx~u--SOme-- fish containea-ma-O:YTi!frvaI-nematodes. 

Five darters each were parasitized by single strigeoid trematodes and two 

were hosts to single unidentified leeches (Schenck 1975). 

San Marcos Salamander (Euryceanana) 

In addition to the general threats affecting this species, the San 

Marcos salamander is threatened with (1) an overabundance of predators 

and (2) the removal of vegetation which provides cover and harbors this 
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species' food supply (Le., duck fecal droppings polluting moss habitat, 

ducks feeding on moss and algae, removal of algal mats by Aquarena Springs 

petsonne1). 

Texas Wi1drice (Zizania texana) 

The location of Z. texana within the city limits of San Marcos makes 

protection difficult. Emery (1967) discussed the decline of the wi1drice 

and mentioned some disturbing factors: (1) the regular mowing of aquatic 

vegetation in Spring Lake to make the lake more attractive to tourists 

allows floating masses of cut vegetation .to move downriver and damage or 

break off the protruding inf10rescenses of wildrice, tms interfering 

with its pollination and reproduction by seed; (2) the periodic ploughing 

or harrowing of the river bottom by city workers to rid it of vegetation; 

(3) introduction of a runiber of exotic plant species and commercial 

harvesting of these and native aquatic plants for aquaria; and (4) raw 

sewage discharged into the river whenever the capacity of the city's 

sewage system is exceeded. Ten years later, Emery (1977) reported that 
- ---.... - ... ----.---.-~- -.---- -----.. -.~----- - .... -~---->---------'----------~-~----'--.'----"---'----'---. - -... -------------- --".. -.-"'~-------.--.---.. --.-.. ---.---------------

the impact of these factors had abated significantly, but there still 

had been no reproduction from seed and no significant vegetative spread 

from existing clones. More recent field investigations by Emery and 

others indicate that the Zizania population has declined even more due 

to the above factors plus a 1980 flood which washed out many of the 

clones and further disturbed the habitat by physically changing the 

channel. 
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The wildrice appears particuiarly vulnerable to chemical changes in 

its aquatic environment. An additional threat is the ever present possi­

bility of accidental pollution by runnoff of locally applied herbicides, 

such as those applied to bridge overpass pilings by the Texas Department 

of Highways and Public Transporation, or of other contaminants. 
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Conservation Efforts 

San Marcos Gambusia (Gambusia georgei) 

Four individuals of G. georgei (2 males, 2 females) were raised in 

aquaria at the University of Texas at Austin following their capture on 

May 16, 1979. The individuals, along with their approximately 30 

additional young, were transferred to the University of Texas Brackenridge 

Field Laboratory for outdoor culture during April 1980. Subsequently, 

individuals frotnthis outdoor location were transported to Dexter National 

Fish Hatchery, Dexter, New Mexico, during August 1980 where they were 

maintained and. propagated. In April 1982, those cultures were discovered 

to be contaminated by G. affinis and were subsequently eliminated. 

Studies have continued in an effort to document the presence of the San 

Marcos gambusia in the upper San Marcos River and to further knowledge 

of this rare species' abundance, habitats, and biological requiremen;:s. 
- -- - - .. -' - - ~- ... --~----'-.-.-'-~--.-.-.. -_ .. _---- ~-~.--~-.---------.. -----~--- -- ,--. - -.- .----------------~-----.---

An ef fort also is being made to secure anot her sample of G. geo~gei for 

culture at Dexter National Fish Hatchery; however, the extreme rarity of 

G. georgei in the San Marcos River makes this an extraordinarily difficult 

task. 

Fountain Darter (Etheostoma fontico1a) 

The major effort in understanding of E. fontico1a was the thesis 

research of J. R. Schenck (1975), Aquatic Station, Southwest Texas State 

University, San Marcos, Texas. 






































































































	San Marcos Recovery Plan 1985 Part 1 of 2.pdf
	San Marcos Recovery Plan 1985 Part 2 of 2.pdf



