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SUMMARY

- GOAL: -

Secure the survival and eventual recovery of the San Marcos
~ gambusia, fountain darter, San Marcos salamander, and Texas:
~‘wildrice through protection of their natural ecosystem, the
'.-San Marcos River.

THREATS.

The San Marcos River ecosystem and the biota comprising the

. system are endangered by a number of threats. The most
serious is cessation of flow of thermally comnstant, clear,
clean water from the San Marcos Springs due to overdrafting :

of groundwater from the Edwards Aquifer., Other threats include -

habitat modification and/or loss from anthropogenic actions

3.

in the river, along the river bank, and on the watershed.

' Exotic specles are becoming increasingly common. The effects
of the exotics cambined with habitat modification may syner-
gistically extirpate species, such as the San Marcos gambusia,
relatively soon.

RECOVERY CRITERIA:

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. :

4.

ACTION NEEDED:

Majbr steps to meeting the recovery criteria include: monitor
populations and habitats, identify requirements, manage the
river for the benefit of the speclies (establish guidelines,

reduce pollution, augment recharge, establish pumping controls),

and establish recreational guidelines. Short~tem "emergency"
actions include bringing the species into protected refugia
and preparations to supplement flows in the river via pumping.
Long—~term actions include working with water managing agencies
to assure flows in the San Marcos River. '



DISCLAIMER

The San Marcos Recovery Plan was developed by the San Marcos Recovery
Team (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 ianterested 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 Saun Marcos salamander, and the Texas wildrice. 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 bellefs. reality. '

.The San Marcos Recovery Team used the best information available for its
%determiuations and has used its collective knowledge and experience

'~‘1n producing this draft recovery plan. Hepefully, the completed plan

T will be utilized by ‘allagencles,; tunstftutions; and-individuals-concerned

with the S5an Marcos gambusia, the San Marcos salamander, the Texas wildrice,
and the fountain darter and the San Marcos River ecosystem in order to
xbetter coordinate conservation activities. As the completed plan 1is

! implemented, and as new information becomes available, revisions will

be necessary.,vImplementation is the task of the managing agencies,
especially the U.S. Fish and Wildlife Service and the Texas Parks and
Wildli fe Department. All management efforts will be accomplished in
cooperation with appropriate 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
officlal positions or approvals of cooperating agencies and it does not

necessarily represent the views of all recovery team members who played
the key role in preparing this plan. This plan is subject to modification

as dictated by new findings and changes in species status and completion
of tasks described in the plan. Goals and objectives will be attained
" and funds expended contingent upon appropriations, priorities and other
budgetary contrainte.

Li;erature citations should read as follows;

U.S. Fish and Wildlife Service. 1984. San Marcos River Recovery Plan.
U S. Fish and w11dlife Service, Albuquerque, New Mexico. pp. v + 109.

Additional copies may be obtained from: Albuquerque Regional Office of
Endangeted Specles, P.0. Box 1306, Albuquerque, New Mexico 87103.

Fish and Wildllfe 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 MéfcﬁsiRiQQf arises in a sefies of spring openings along the
'Baléoﬁes.Fauit.Zohe'ih fhé_Cit§'bf'SAh Marcos, Hays County, Texas. The
’_éecdpd lérgeét.éﬁfingisyétem'ih‘TéXas,'tﬁe springs at San Marcos hiétorféaiiy
have eﬁhiﬁitedvthé greétest flow dependability and environmental stabilify
.'qf any spfiﬁg-éjstemvin;thé southwestern United States. Records indi¢ate.
that the San Météoé Spfiﬁgsvhave;neVer ceased flowing, although the flow
has Va;ied and'is'tiéd td;fldttUatioﬁsyin their source, the Edwards |

 Aquifer undeleing the Balcones Fault Zone. Partly because of the constancy

of ifs waters; the Sah_Marcbé Spfings ecosystem, including its spriﬁgrun;
- 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 léss of

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

"and are limited tb‘the.laréest‘spring system in Texas—-the springs issuing
into thg 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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.:ddnger of losing its unique flora'and fauna. Présently, four San Marcos
Rifer species’aré recogqized by the U.S. Fish and Wildlife Service as
orgaﬁisims threatened with or in dangef of extinctibn;vthe San Marcos

- gambusia (Gambusia geprgei) Hubbs and Peden, the fountain darter (Ethgostdma-

- . fonticola) Jordan and Gilbert, ;he San Marcos salamander,(Eurycea nang)

Bishop, and the Téxas,wildrice (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 firét recovery plan to address the recoveryvof,multiple_

_species through an egosyStem,approach. The importance of conservation

of the entire San MaqFos ecosystem as the only approach for recovery of
these four species was recognized early in the development of this plan,
Anybrecovery plan for the San‘Ma;cos endangered and threatened épecies
that fails to address the continued functioning of the ecosystem,

would fail to achieve the recovery énd downlisting of these species,

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

these listed species are facing and to present a set of actions which
when accomplished should remove the threats to the species and result in

their recovery and delisting.
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Physiogfaphy, Hydrology andeistoty of the San Marcos River

bPh&siography-
‘ .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
‘vPlains-regiqns (Fig; l);. Thése regions corréspond to the Balconian,

Texan and Tamauliéan Biqfic Provinces respectively, of Blair (1950).
The héadwaters of the San.@arcos River issue from several iarge fiésures

and numerous Sxiﬁller solution openings along the .San Marcos Springs

e | fault (Puenfe 1976)}””Ear1yx8panish explorers'esﬁimated that a series

6f 200 spriﬁgs made up the main spring.area (prﬁne 1§81). The springfed
San Marcoé.kiver;fiows primarily'southeastward for approximately 110 km
before joining the Guédalupg River in the vicinity of Gonzales, Gonzales
County, Texasf:;Tﬁe uppéf SanrMarcos River is a iapidl} flowing, unusually
clear springr@n ééme 5~15 m wi&e and up to approximately 4 m deep. For

the firstAfeh kiIOmetets, to near the Blanco River confluence, the river

flows mostly,éver a firm gravel bottom with many shallow riffles alternating
with deep.pools.- The Sééﬁion between the Blanco River confluence and

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

the junctioh of_thé Bianco River with the San Marcos River, approximately
6.4Hkm beloﬁithe1main springs iﬁ San Marcos, three creeks, various‘storm
seweré, and one wastewéte; treatment plant discharge into the river.

Sink Crgek; largest of the'tﬁree creeks,. discharges large quantities of

storm runoff from the north into Spring Lake. Spring lake dambbacks
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i waterlspproximateiy 1.6 kn up Sink Creek. The other two creeks, Willow
,Springs and’ Purgatory Creeks, are normally dry except during perlods of
high rainfall.

» Hydrology

The San Antonio Region of the Balcones Faulfféone’enrenns as a series
of faults and fracture lines. from the vicinity of Brackettville (Kinney
':County) east to San Antonio (Bexar County) and then northeast to near
Kyle (Hays County)f A msjbr aquifer (Edwards Balcones Fault Zone Aquifer)

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

. Springs (Fig. 2). RonoﬁfmfromwtheMsouthernwanoweaste;nwportionswofwthe
Edﬁsrds flateau,recharge-this aquifer through the porous Cretaceous—aged
llimestones 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,
ComallSprings in New Braunfels (Comal County) and San Marcos Springs in

‘San Marcos (Hays County).

The flow of San Marcos Springs has been monitored intermittently
:51nce 1894 (Puente 1976) Average annual spring flow is 4. 46m3/s

(161 0 cfs) (Guyton and Associates 1979) During drooght years much
1ower flows occurred,_especially during the mid;19508 when Comal Springs
&id not.flow for psrr'of one year. ‘The lowest recorded monthly flow
from San 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 n3/s
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' (45.55 cfs). _Maximum déily sbrihg fiowsﬂcén‘be'greater'ﬁhah13;33*ﬁ37é o
(294.13 cfs), especially following periods of high local rainfall and °

tunof £ (Puente 1976).

'The'fhermélly constant water from the Sah Marcos Springé‘has long
ibeen ndte& (Brown:1953) and geﬁerally varies annually by less than 1-2 °C
in the‘heédwaters. Atvthe lower end of the springrun habitat only a
slightly greater tange éf variation in'température gfrOm 25.5 °C in August
to.20.4 C in February) has been regor&ed (USDI 196741971, Beaty 1972).

Waters tend to be alkaline or neutral due to the linestone aquifer.

lhé“Pﬁ“féﬁée-of the San Marcos Springs 15 6.9-7.8 (Texas Water Development:
Board 1968). The stability of this stream, both in terms of flow depend-"
aBility-and thgfmal charactefistics, probably provided the appropriate
ecologiéal conditions necessary to allow the ﬁnusually high degree of

endemism of,the Sah Marcos biota.

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

listed species under consideration»(Ethebstdma fonticola and Eurycea nana)
alsovobcur in the Comal River. A detailed description of the hydrology

of.Coﬁal Springs_apbéars in the species account of Etheostoma fonticola.

History

_A btiefbhistorical overview of the earliest inhabitants and visitors

to the San Matcos.Spriﬁgs is provided by Brune (1975,'1981). Originally
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_éalled "Canocanéyesatetio" (méanihg'"warm wg;er")‘by the Tonkgwas 1i§iﬁg
 near tﬁe_springs; the San Marcos area wasicoloniéed by this tribe and
latet»bf the Comaﬂches. Thé first Europeans to see the springs were
probably members of the Espinosa¥01ivares—Aguirre expedition in lf09. In
1755 the San Xavier misSioné (Milam County) wére moved to San Marcos bﬁt.
‘soon were moved further south to thé Comal Springs area because of lack
of irrigation facilities and a severe drought in 1756. The spfings were
an important stop on El Camino Real from Mexico to Nacogdoches. In 180?,
Mexico‘estabiished the settlement of San Marcos de Neve approﬁimately 6

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

;;causedwitsmabandonmentwinW18121WWEollowing ,,,,, these events, the City of 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 was 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.

zFroﬁA1867 to 1895«the_$prings were a stop on fhe Chisholm Cattle Trail.

In the ‘late 1890s, an early Federal fish hatchery was established near
the springs based on prior suitability studies (Jordan and Gilbert 1886).

_ Spring Lake»(altitdde 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 priyate amusement park featu:ing

glass-bottomed boat rides and a submarine theater.



" The population ofxthe City of San Marcos, Hays County, Texas rose

'lfrom 741 in 1870 to 23 420 in 1980 (U S. Bureau of the Census 1982); no
Aother county along the Balcones Fault Zone had a greater relative growth

”‘:than Hays County for the period 1960-1980. " Continued rapid population

%: --' i: growth of the City of San Marcos and Hays County, including projected

| 'incrcases invenrollment at SouthWesr Texas State Univarsity in thevcity,

is expected.

Species Accounts

Four San Marcos River species are presently recognized as either

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

San Marcos gambusia, Gambusia georgei (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 salamander, Eurycea nana (FR Vol. 45: 47355-47364; July 14, 1980);

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

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

Classifications that various governmental and comnservation 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 a Organization
FUS prpwwmﬂ,VIQESWWWWWWIUCNWWMM@WNW,Www0MHMVQWMu
Gambusia georgeil E E E E
Etheostoma fonticola E E E E
Eurycea nana T pP* T R
Zizania texana E E E \

FWS = U.S. Fish and Wildlife Service

TPWD = Texas Parks and Wildlife Department
TOES = Texas Organization for Endangered Species
iUCN = International Union for Conservation of Nature and Natural Resources
- E = Endangered _ R = Rare
FT = fhreatened | ‘ V - Vulnerable (=Threatened)
P = PrOtecﬁed nongame (P* = P.N.G.)(=Threatened)
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"jsan'MarcongémBUSia'(Cémbuéia georgei)

".Introductionfand"Background: -The San Marcos gambusia-(Gambusia<georgei) L

Was‘firét dégéribédiffom'the biologically-diverse San Margos River system

of Cen;nél TeXéS'in 1969, 'Of the three species of Gambusia native_to.,a 
fhe.San.ﬁarcos_RiVér; g} géorgei apparently always has been much lgss‘:
-abundant“than.éitherithé largespring gambusia (G. geiseri) orithe-mosquitofish

(E} affinis) (HubbéAand Peden 1969).

The San Marcos éémbusia is a member of the Poeciliidae and belongs

to a genus having more that_’,l;_3v0 species of livebearing freshwater fishes -
of Central Aﬁerican origin. The genus Gambusia is well defined and
mature maleé ﬁay ‘be distiﬁguished from related genera by their thickened
upper pectoral fin rays‘(Rosen and Bailey 1963). Only a limited number
of Gambdéia are mnative to the United States and of this subset , g, georgei
has the most'fé§triéte& range. The San Marcos gambusia 1S'p1ain1y~maxkéd

and is subtly different from the mosquitofish (G. affinis). Scales tend

to.be strongly'cr05§hatched'in contrast to the less distinct markings on
thebscales of G. affinis. In addition, G. georgei tend to-ﬁave a .prominent
.dark pigmeht_siripé-éCréss thé distal edges of their dorsal fins. - A
diffﬁse~mid—1éteral stripe extending,pdsteriorly from the base of the
pectoral fih_to_?]e caudal peduncle is also of ten present, especially in

dominént individuals. As in G. affinis, a dark subocular bar is visible -
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During 1953, a»éingle 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 Inéerstate Highway 35 bridge crossing
downstream to tﬁe area surrounding Thompson's Island (Fig. 4). The
gingle e#ception‘to this was a male taken with aﬁ Ekman dredge approximatei&
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

1 km portion of the San Marcos River between Interstate Highway 35 and the
USGS gaging station immediately downstream from Thompson's Island (Fig. 4).
San Marcos gambusia populations are extremely sparse; intensive collections
during 1978 and 1979 yielded'énly 18 G. georgei from 20,199 Gambusia total
(0.09%) (Edwards et al. 1980). Recent (1981/82) collections within the
range of G. georgei_indicate a slight decrease (0.06% of all Gambusia)

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

Habitat Requiréments: The San Marcos gambusia apparently,preferé quiet
waters adjacent to sections of moving water, but seemingly of greatest
importance, thermally constant waters. G. georgel is found mostly over
muddy substrates but generally not silted habitats, and shade from over-
hanging vegetation or bridge étrﬁctures is a factor common to all sités

along the ﬁpper San Marcos River where apparently suitable habitats for




.. State Fish r""\

~15-.

» _ Spring Lake

S TX 12 |
' US 82

MKT RR - |
: » —— Houston St.
1 H 35 |
/S. " &— Thompsea's Tslond /l// ' { IH 35
' County Road

Hatchery
Plant ,_/—/ Blancp R.
San Marcos R.
o i Present Distributicn
[ ! County Road
1 km . . ,

Gambusia georgei = 3=4 -

Etheostoma fonticola Spring Lake-7

Spring Lake-1

Eurvcea nana

1-Sewage Plantc

Zizania texana

TX 1979

Figure 4

-lgzeseznt_: d(:;.strlbutlon in the San Marcos River of San Marcos gambusia (Gambusia georgei),
Wivixg a.un‘(azu"ter_(Etheostoma fonticola), San Marcos salamander (Eurvcea nana), and Texas

: rice izania texana) Numbers refer to collectlon stations of Edwards et al. 1980
f=2 0 10 P Tt ened aa r‘o?‘nv A a¥al+1

A0d Are G5ed aS T reFEYENCY TS E TGN RO range TATETY T butiong T T T e s



pconnor
Typewritten Text

pconnor
Typewritten Text

pconnor
Typewritten Text
and are used as reference locations for range distributions.

pconnor
Typewritten Text


-18-

- Gilbert (1887), in the intended original description, redescribed the

'_.spegiés‘apd 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 Jo;dan and Evermann
(1896). Because the "type” réferred/to by Jordan and Evermann was a lot

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

from the U.S. National Museum collections of Etheostoma fonticola originally

referenced by Gilbert (1887). The remaining three specimens included in

this collection are now paralectotypes (Burr 1978).

E. fonticola is a small species of darter, usually less than
25 mm standérd length (SL), and is mostly reddish brown in 1life,
The scales on the sides are broadly margined behind withvdusky.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 present on the base of the tail and there is a

dark spot on the operqle. 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

with black. The fountain darter exhibits sexual dimorphism in four
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morphologicél ch#racters: banding pattefn, spinous dorsal fin col&ratibn,
genital papillae and pelvic and anal fin nuétiai-tubercles (Jor&an and ,
Gilbert 1886; Gilbert 1887;4Jordanband Evefménn 1896, 1900;-Str#wn 1955, .1956;

Collette 1965; Schenck and Whiteside 1976¢).

Although the fountain darter traditionally was believed to be the most

. advanced (specialized) darter, the baSis“for‘tﬁis was the analysis of

a very limited subset of characteristics which appear to be highly influenced
by environmental factors such as temperature (Bailey and Gosline 1955;

C@llette 1962). The subgenus Microperca, to which E. fonticola belongs,

SR TR S rA

evolutionary history of this group is presumed to involve an early separation
of the presently recognized E. proeliare and E. microperca groups followed

by a later isolation of a subset of an'§3 proeliare-like ancestor. This

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

E. fonticola in only the San Marcos and Comal 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 mats of the filamentous

green alga (Rhizoclonium sp.) over other aquétic plants and is very rarely
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found in areaé lacking vegetation. - Young'fish consistently have been
" collected in heavily vegetated, backwater areas of the San Marcos Rivér,v
where flow is negiigible, whereas adults occur in all suitable habitats

including riffles (Schenck and Whiteside 1976a)..

. In addition to inhabiting the San Marcos River, the fountain darter
also is found in the Comal River, which begins at numerous springs
collectiQely called Comal Springs that originate from the Edwards Aquifer

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

—The Comal River flows east approximately 5 km before emptying into

the Guadalupe River, making it the shortest river in Texas and also the
shortest river in the United States carrying an equivalent amount of
waﬁer (Texas Almanac 1973). Blieders Creek, about 11 km long and dry
except after rains, joins the Comal River at the headsPriﬁgs 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 3/8 (275.4 cfs) (Edwards Underground
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Water District 1974); The maximum recorded diséharge of 15.1m?/s (533.2 cfs)
»oécurred in October 1973.. The springs ceaéed flowing from June until
. November 1956 ﬁhen they began flowingbagain ét_a's1¢w rate (U.S. Arm& Corps
qf Engineers 1964). At that time, all major spfings in the Balcones
Fault Zone had.@eased to flow, with the exception of San Maréos Springs
which had decreased‘their flow substantially; _Discharge from Comal
Springs from March 1973 to February 1975 had a mean gf 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 Watef temperature of Comai

Springs is 23.4 C (George et al.1952).

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) prétection

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

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

Food habits of fountain darters in Spring Lake differ from the food
habits of &arters in the San Marcos River. Casual observations indicate
that the overall invertebrate community in Spring Lake is different from
the communitj in the river, which could explain the observed differences
in food habits of darﬁers in these two areas on the basis of availability

of food items..
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Fountain darters feed primarily during daylight and demonstrate
éelective feeding behavior. Those held in an aquarium feed on moving
aquatic invertebfateé"while disregarding immobile ones, suggesting that
thesé_darters respond to visual cues. They appafently do not chase fobdv
organisms but remaiﬁ stationary until prey iteﬁs 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 speclies are given
in the 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 es;imates of E. fonticola are available for the Comal
River. However, because of low availability of sultable 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 E. fonticola are headwater
darters which breed in the relatively comstant 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 sﬁimming, in part dug to the -reduced
size of thgir swim bladders as in other etheostomatine fishes. Strawn
(1956) also included a photograph of a breeding maie 1n'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 thils 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 beéen artificially hybridized with a number of .

other species including: E. caeruleum, E. chlorosomum, E. euzonum, E. juliae,

E. lepidum, E. spectabile, Percina 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 little milt and 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:femalesuwith o?aries containing at least one mature
o§um'also demonstrate the two anmal spawning peaks. ﬁowévgr, 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 1976¢). -

Most darters spawn Iin the spring or early summer. However, populations

of -E. 1epidum and E. spectabile which live in areas wi;h slight annual
water temperatureAvariation extend their breeding periods comiderébly
(up to 10-12 months)(Hubbs and Strawn 1957b, Hubbs et al. . 1968). The
extension of the breeding season of E. spectabile throughout the summer
is also known for a population inhabiting the Guadalupe River below Canyon
Reservoir where releases from the bottom of the reservoir 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 probabiy 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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E. fonticola provides no parental care to thé ova (Strawn 1955).
Dowden (1968) found fountain darter eggs attached to moss and to

algae'énd 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 WhitesideAi976c)}

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 al.
1952, Hubbs et al. 1953, Hubbs 1954, Kuehne 1955, Strawn 1955, Hubbs
1957, Hubbs and Strawn 1957b, Schenck and Whiteside 1976a). Fountain
darters also have been reported from four other localities, three in
Texas and one in Arkansas. The collection from Dickinson Bayou, Harfis
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. Meﬁn of the Texas Parks and Wildlife Departmeﬁt apparently
mistakenly recorded the presence of E. fonticola in his two most'downstreaﬁ
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. comm. 1983).
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The Washita River, Arkansas, _reportvof E. fonticola (Jordan and Gilbert
1886) ié the only extra-Texas record of fountain darteri's. These specimens,
now lost from the Smithsonian collections, are presumed to be E. proeliare,
which wére misidentified due to the early confusion in the taxonomy and
éystematics of the S\ibgenus Microperca to which both E. proeliare and

E. fonticola belong.

In 1884, Jordan and Gilbert (1886) collected the type specimens of
E. fonticola in the San Marcos River from immedlately below the confluence

of the Blanco River. Fountaln 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) collected 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 Comal River ﬁut collected
no E. fonticola They proposed three possible reasons wﬁy E. fonticola
was absent from the Comal River. First, the Comal River was treated
with 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, pers. comm.). This
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procedure reduced the number of E} fonticola but apparently did not
cause their immediate elimination since this species wés iast collected
in the Comal River in 1954. Second, Cqmal Springs ceased flowing
for five months in 1956, which prdbablﬁ caused drastic temperatﬁre fluc-‘
tuations in the remaining pools of water.. Since E. fontiéoia occupies
areas with constant water temperature, temperature fluctuatibns
possibiy caused the elimination of this species. Third, but less likely,
a flood from Blieders Creek inundated the entire Comal River in thé

spring of 1971 and may have caused their eliminatioﬁ.

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. G. 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 of fspring a short
distance below the headsprings area on June 18, 1976. An established

reproducing population now occupies the upper Comal River (Fig. 5).



28—~

Bliederé Creek

Landa Lake . ,’:( - @ = Eurycea nana
— populations

2. # = Etheostoma fonticola
y , ' population.

N
//1

Comal River

ay, oy
ba"’.?ed

Comal Creek

Guadalupe River

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.
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San Marcos Salamander (Eurycéa nana) - .- -

Introduction and7Ba¢kgr6und: The San Marcos salamander (Eurycea nana) is

a member of the family Plethodontidae (lungless Salamahders). The various

specles of Eurycea are -known as brook salamanders. E. nana is a ﬁeotenic
forﬁ and rétains-its external gills (the la;val condition) throughout

- life. The'sélamandef does not leave the water to metamorphose into a
terrestrial‘fbrm;,bqt'becomes sexuallybmaﬁure'and breeds in the water.
.The specific namejgggg is from the Greek égggg or Latinlggggg,rmeaning .

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

1967).

;nThis salamander is 1isted by the State of Texas as protected nongame
(threatened) and by ‘the U.S. Fish and Wildlife Service as threatened. |
E. nana is restricted to the headwaters of the San Marcds and Comal
Rivers and the potential for these springs to cease flowing periodically

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

Description: On June 22, 1938, C. E. Mohr collected a series of 20 specimens
from San Marcos Springs. The specimens were sent to Sherman C. Bishop
who described E.nana as "a small, slender, neotenic sﬁecies:uniforﬁally

light brown above with a dorsolateral row of pale spots on either gide



of the‘mid—line; yellowish white below; with 16 or 17 costal grooves.
._}:::_. nana differs from E. heot‘ene'sf, the only éther species of» the
'3'genus from the‘genera1‘locality, in its sﬁaller‘éize,-ité uniformly
1igﬁt broﬁn dorsal coloration relieved onlj by a few small light spots,
and in its more slender formzand‘longéf,'ﬁdfe slender toes.” (Bishop

1941).

Prominent external features of the small (up to 59.6 mm total length),
gslender salamander are its mbderately large eyes wifh andarkvring-around.~r
the lens, its well developed and highly pigmented gills, 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 Eurycea from Texas, the San Marcos salamander
is smaller and more slender, has a different colorat‘io‘n, has large_r‘ éyes o
relative to the size of its head, has a greater number of costal grooves,
and has fewer pterygoid and»premaxillary teeth. Detailled morphological

descriptions of this species are found in Bishop (1941, 1943), Baker

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

Davis (1976).

‘Historical Distribution: Baker (1961) listed the springs where E. nana
‘was found as "Comal 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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»f Eurycea nana (modified from Schwotman 1967)
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kéryotypes, he indicated E. nana populations occurred ét the followigg
plagés in_addition to San Marcos Springs: Sabinai,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 iérvery similar to E. nana and is
probably conspecifica‘ Sweet also stated that all of the epigean populétions
- of Eurycea on the Edwards Plateau apart from those in fault-zone springs

should be coﬂéidere& as E. neotenes.

Bogart (1967) ;s the only reference listing E: nana in locations
other than San Marcos Springs and Comal Springs, vBogért's work has not
been publishgd. ‘Therefore, the lack of opporﬁunity for specialists in the
field to review and comment on his findings leave thém open to question.
Sweét (1978). has provided the best information reggr&ing historic distribution.

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

They felt the only stable population of E. nana occurred along the shallow
area adjacent to the northern bank of Spring Lake, especiallyliﬁ the uppermost

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

Present Distributipn: On November 24, 1975, a saﬁpling program was started

on the largest fissures that constitute San Marcos;spiings (Longley,

1978). The sampling involved placing a 500-micrometer mesh net over the
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; Qutlef.frbﬁ Ohé.6f the major'spriﬂgs‘in Spring:Laké dubﬁed»“PipevSpring“
 siﬁce_it had.Beénfdivertedvvié pipe iﬁto;the show area ovaquéféna!gb.,
"ﬁubﬁafiné Théétef.":The.cohCrete ﬁaSe:ovérithéISptihg bﬁening had been
gndéréﬁt'ﬁy‘action of'floéds invreceﬁt»yearS‘and’this allowed material
'from'thg;iakgvbbttdﬁ 1n'the vicinitf of the spfing t6 be sucked into the
outflow fromlﬁhé épring By a venturi. Small organisms such as E. éﬂﬂﬁ
Vcould'workftheif way.betweén'the rocks surrbundihg‘thelsprihg opening
unfil they-were caught in the floﬁ.from.the-spriﬁg‘and'then be carried
into fhe‘net’along with subterranean organiéms."gf nana were found in

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

collected. E. ,Ei“i_'a’ls‘?' was found in most samples taken from "Deep
Spriﬁg",in Spring Lake. The conclusiqn'is that E. Eggg occuré abundantly
in close proximity to the majdr 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.

Habitats énd Requirements: The salamander is'predominantly located in

shallpw spring areas on tﬁe uppermost (nqrthernmost) portion of Spring
Lake on é:iimestone shelf in an‘area immediately in front of Aquarena
Sptings Hqtel (Fiéﬁféiﬁ). The substrate in this area is sand and gravel
intersperseqlwitﬁ'large limestone bouldersa:fConcrete banks in front of

the hotel and boulders in shallow (1-2 m) water support a lush adherent
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‘growth of the aquatic moss Leptodictyium riparium. Interspersed with

the moss and blanketing the shallow. sandy substrate are thick hairy mats
of a coarsé,,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.

Spirogyra sp. and a few other species of larger filamentous green

algae, as well as the carnivorous angiosperm Utricularia gibba, are bresent
in small amounts in the aquatic moss. A wide variety of rooted aquatic

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

‘These macrophytes'1nclude Sagittaria platyphylla, Myriophyllum brasiliense,

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,immediaté vicinity of some

of ;he iarger and much deeper springs in the lake and could be the. source
of séecimens colLected there in recent years. Sandy substrates devoid
,df vegetation and muddy or detritus-laden substrates with or without
vegetation are apparently unsui table habitats for E. nana. Specimens

occasionally are collected from beneath stones in predominantly sand and
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'gravel“aréas;. In view 6ffthg 5bundapce_of«pfedatoré (priﬁérily large;
fish, ﬁut élsé érayfish!vturtles and aéudtiélbipds) in,thegimmediéte o
: Qicinity of the springs, ﬁroteétivé3covér sucﬁ as that afforded by thé'w
mossvand:cyanbphycean:alga'is essential to the gurvival of the.sélamaﬁder.
A plentiful food supply for fhe sélamahdér also is harbored by this

- vegetation.

Flowing»watéi is-app;rently a prerequisite for suitable E. nana
habitat, as no specimens werélﬁound.in still water areas of the lake and
river. The flowing spring wétefs iﬁ the principal habitat are slightly
alkaline~(pﬁ 7+2)5 stenpthermai'(21922“6);”and:c1ear; In the sbrings
area, thg dxygen-content of the waters is about 4 mg/l/or greater, indicating
the_thermally constant waters are about 40-50 percent saturated with:
oxygen, Methyl orange alkalinity (due entirely to bicarbonates) measured
220-232 ﬁg/l and the specific condqctance measured 510-535 micromhos/cm
in the habitat (Tupa and Davis 1976). In captivity, the salamanders

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

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

as compared with 20 or 30°C (Norris et al. 1963).

The headwaters of the San Marcos River at the northernmost end of.
Spring Lake near the hotel tend to be protected from floodwater action.
Protection from scouring by floods undoubtedly contributes to the cbntinued

survivalef.the salamander poﬁulation since the salamander is not a
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strong sﬁimmer-and the loss of protective vegetation and food supply:

tould Be critibal.

To.éummarize, 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 1ittle 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. nana is the fountain

dartér, which displays many ofAthe same feeding and protective concealment
habits of the salamander. They, unlike other fishes in the area but
like the salamanders, are fquﬁd 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 eat amphipods.

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

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

small freslwater shrimp (Palaemonetes spp.), many tendipedid larvae, a
variety of other insect larvae, a very large number (particularly in the

moss) of amphipods (Hyallella azteca), water mites, 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 ;Arggr’aséOCiéted‘species até_predatdr§ aﬁd‘Occﬁrvin4thé
N viciﬁitjvof thé.salAﬁanﬁer habitét,‘inclﬁding.several specieé of sunfishes
and cichlids which f;éd Qﬁ inséctylarvae, amphiﬁods;_te;réstrial ;sopods,b
‘aquafic snails;'ffeshwaferasﬁrimp; fountéin dartérg, aﬁd San Méicos

salamanders. Turtleé such as stinkpots*(StétnofheruB odoratus) occasionally

are présént in the saiama.tider habitat as are bullheads (I'ci:aluru's 8P.)

and largemouth bass (Micropterus salmoidéé).

Introduced swans (Cygnug olor) and domesticated mallard ducks (Anas

platyrhynchos)_in the lake feed on the aquatic moss and Lyngbya sp.-

“These birds roost nightly on the sidewalk alongside the salamanders'

principal habitat (Tupa and Davis 1976).

Food Habits: Salaﬁanders in laboratory aquaria fed on amphipods. Stomach
content analyses of 80 preserved specimens revealed the salamander's
diet in its natural habit:al:'.,inc'luded amphipods and tendipedid (midge °

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

aquatic snailé were found in lesser numbefs. Small amounts of L yngbya

sp. and grains of sand occasionally 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 pdrsué their prey. Salamanders remained

stationary
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until thé prey items were near their head, then abruptly snapped forward while
opening thelr mouth to engﬁlf food items. This suggests they respond

either to visual or vibrational cues from living prey.

Reproductive Characteristics: Male E. nana reach sexual mturity (possess

at least one full dérkiy-pigmented lobe in each 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

Davié 1976); Sperm were féund in the testes of all mature mﬁles collected
_from October toﬁMaykand in the Wolffian ducts of certain ﬁaxes’from

October to June (except for January and March) in an investigation by

Mackay (1952) which did not include the months of July and August.

.Mackay found large numbers of spermatozoa in the Wolffian ducts in November
and the ducts were in a distended condition in June, léading her to

postulate a breeding season in June and possibly another in the fall.

HWWMgéigﬁéhdefgﬂhad foﬁfkéiéééés'6fw6$5”iﬁ“fﬁé‘oviducfs: VeYY small T e
clear ova, small opadue*white ova, small yellow ova, and 1arge'ye110w
ova. Females carrying iarge yellow ova (1.5-2.0 mm in diameter) were
considered 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 portioq
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of thg_largér eggs.  Large yé110w ova were present in some females in

nearly every month of the year (Tupa and Davis 1976).

Céuttship and egg depositionvbyigf nana has not beén teported,.and

© no eggs havé'Been cqllected frdﬁ ﬁhe habitat.~ HoﬁeQer, cdurtship and
ovipoéition Were observed for closely related E. neotenes. Eggs of this
species were déposited on plant materiél, stones, and the-bottom of a glass
'4bow1 aboutv24 hours after courtship. Eggs developedwto hatching in 25

déys (Bbgart'1967). Most, if not all, Eurycea breed in running water of
Epoqks, caves, or springs. In mqst caseé, adherenf eggsbare deposited

singly on the bottom and sides of stones, or on aquatic vegetation.

A_total of seven small juveniles of E. nana still possessing yolk on
the venter were collected in February, May and June 1968. Juveniles of
~ less than 12 mm total léngth were collected from February through October -

v(Tupg and Davis 1976). Bogart (1967) found very small E. nana in September,

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 E. nana population 1is remarkably uniform
throughout the year. In all seasons juvenlile specimeans (snout-vent

.iengths usually less than 15 mm) of undetermined sex represented about
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45 pefcént of the total population. Larger juveniles (about 15—20vmm

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

of the population. Mature males (snOut4vent 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 are prpminéhﬁ”dﬁ"iﬁdividuals.when colléected from the springs,; but
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. nana 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 Wildrice (ZiZaﬁia texana)

Introduction and Background: Texas wildrice (Zizania texana) is of
special interest because of its rarity and its'problematical felgtion3hip

to other species of Zizania.

Z. texana.is restricted 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 et al. 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 Nealley apparently did not suspect it to be different.

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

labelledmsztexana,ﬁépparen;lybbyﬁAfﬁswaiceheoekﬁlonguaﬁterﬂitsweol— c=

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

The discovery and recognition of Z. texana as a distinct species
was by-w. A;,Silveus, an attorney and amateur botanist living in San
Antonio, Texas. Iﬁ 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 ffom 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 subsequeﬁt letter to Mrs. Chase dated 7 quember
1932, Silveus noted that Texas wildrice apparently bloomed from April toi |
November and indicated that local residents said that blooms were presegt_
throughout the year when warm. The distribution of the‘species at thaf

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., Texas (holqtype US 1537174; isotype US 1720531)". It

may be inferred from Silveué' lettet of April 4, 1932, that the type

collection was gathered on April 3, 1932,

The morphology and taxonomy of Z. texana are described by Hitchcock
(1933), Silveus (1933), Correll and Johnston (1970) and Terrell et al.

(1978).

Wildrice Species: In this report, the use of the common name "wildrice,”

follows Correll and Johnston (1970). Dore (1969) accepts as distinct
species southern wildrice (Z. aquatica L.) and northern wildrice (Z.
palustris L.). The former 1is 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



has long’beeh known as an Indian food (it usually has larger grains than
southern wildfice) and recently was brought into cultivation in'Migneosta
an&'Uanada. Anothér related species, Z. latifolia (Griseb.) Turex, ex

Stapf, is native_to eastern_Asia.

- Little was known abouit the faxonomic status of Z. texana. Dore
(1969)Vcalled it a "dubious species” and suggested that its underground

'parts’might have been confused with the rhizomes of_Zizaniopsis-miliacea

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

that-somevyearsbago he requested plants of Zizania texana from a Texas

'correspondent and was sent rhizomes which grew into Zizaniopsis miliacea.

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

University) found Zizaniopsis miliacea along banks of the San Marcos

River and at two sites immersed in the river, with streaming culms and

leaves. One plant was grown to maturity from rhizomes. Emery found

that Zizanidpéis miliacéa may be disting@ished vegetatively from Zizania
by iﬁs blﬁish,colptation,'leaf anatomy, and large rhizomes. Terrell and
Robinson (1974) noted di fferences also in thebarrangement of the stellate
cells in the leaf:sheath,'and after comparing Zizania and Zizaniopsis in
several importanﬁ reproductive and wegetative characters, concluded that

they belonged in separate subtribes.
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The origin of Z. texana poses interésting but difficult problems.
In view. of 1tsvmorphology,.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 Z. aquatica
are in southern Louisiana, about 640 km (400 miles) to the east and are
quitevdifferent morphologically from Z. texana. They are glant grasses
(4 m high), with only their ldwer culms immersed and with leaves 3-5
times broader than those of Z. texana. The nearest populations of Z.

palustris are:several hundred kilometers to the north and northeast in

Missouri, Kansas, and Arkansas.

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

inhabitated by wildrice, associated species include Potamogeton

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

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

the habitat, Texas wildricgm{§ most frequently found. in isolated clumps,

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 abuﬁdange had been reduced drastically. Emery (1967)

found'dnli oﬁe plant in Spring Lake, no plants in the uppermost 0.8 km
of the San Marcos Rivér, and only scattered plants in the next 2.4 km.

In 1970, Emery surveyed the lower reaches of the river by boat but did

“not find ény wildrice.

In 1976, Emery‘(1977) agaln checked on the abundance of wildrice

2 frame to measure the

in the upper river. Utilizing a floating 1 m
area of vegetative dominance, he estimated that wildrice plants covered-:

1,131 mz of river habitat. The highest concentrations were in the

éxtreme upper and lower segments of the 2.4 km length of the river. He

did not find ény wildrice in Spring Lake (Figure 4).

" Plants of Z. texana form large clones or masses firmly rooted in

the gravel bottom of the river. Culms and leaves are completely immersed

-and long-streaming in the swift current. Plants are geniculate and

produce roots from the lower nodes. Silveus' description (1933) and his

photograph accompanying his article indicate that formerly, when there.

was less human diSturbange, culms and panicles projected as much as one

meter above the water. Presently, however, flowering plants

are rarely seen, and when present, do not extend very far above the
surface. Plants often grow in the swiftest currents of the shallow areas
near the middle of the ;iverf Other plants are in water 2-3 m deep, and
the streaming leaves remain below the surface, the clear water allowing

passage of sufficient light for photosynthesis.

To summarize, the Texas wildrice apparently requires: 1) thermally

constant waters, 2) flowing waters, 3) undisturbed stream floor habitats,

'v4) unimpeded inflorescence for sexual reproduction, 5) clear and clean

23

cwmtar. and 6)Y protectinn from flandmyita. o o et e e i
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Observation in Cultivation: Three small clumps of Z. texana collected

Y

from the San Marcos Rivef 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 over the
éoil 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 wasvreplaced at monthly or

bimonthly intervals.

"By December 1973, only one of the three plants had survived. - This
plant, instead of growing immersed as in nature, produced several erect,

aerial culms 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 autumm-winter 1974, these plants

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

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

suspected that the mites were not entirely responsible for the Qii&rice

demise; emviromental factors apparently were not favorable for growth.

- During 1974 about 80 seeds were obtained from self-pollimation of
the plants in the greenhouse. These seeds apparently were of nommal 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 reaching a few gentiuetersvlength. Seedlings grown

in San Marcos River water also died. Further attempts were made in 1975

and 1976 to grow Z. texana in the greenhouse tank at Beltsville, but

4‘;he seedlings died even in the presence of supplemental light. Apparently

‘ Z. texana needed special requirements not adequately met at Beltsville.

In contrast, seedlings of Z. aquatica and Z. palustris were grown to

maturity under these same conditions.

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

to a raceway supplied with constant temperature, artesian well water on the

““campus of Southwest Texas State University in San Marcos, where it was

possible to regulate both the velocity and depth of the water. The four

clones produced vigorous gfowth and abundant foliage. Their growth form

was altered dramatically. The decumbent culms and submerged leaves charac-
teristic of the river clones changed to erect culms with emergent aerial
leaves.  Inflorescences formed and cross fertilization of the numerous

florets produced more than 1,500 seeds during the summer of 1975 (Emery

1977):"A$‘wiggw6ﬁher wildrice specles, freshly harvested sé;aéhéééeared

to have an extended dormant period. When seeds were placed in spring

water and refrigerated at 3 C, 105 days were adequate to break the dormangy;
Germination varied from 60-100 percent. The dormancy of Texas wildrice

appeared related in part to the permeability of the pericarp. Germination

 (usually less than 50 percent) may be obtained soon after harvest by .

[RRTEFIRE £ TR eV ST R

‘either puncturing or scraping the pericarp away from the embryo (Simpson

1966, Woods and Gutek 1974).
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Seeds were germinated in petri dishes filled wiéh well water which
was changed daily. Seven to 10 days after germinafidn the seedlings
Wefe transferred to pots containing river gravel. The pots were kep;

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 Z. 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,

Téxas, Becaﬁéé thé’habitat there wéérsimilar to that in the San Marcos
River. The clones grew well and produced panicles. Unfortunately,

local recreational activities plué periodic removal of aquatic vegetation
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 the transplanted Z. texana clones. On one occasion a

bulldozer was used to clear the creekbed and banks, comple;ely dgg;roying
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 campds of Southwest Texas State University.
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' Eﬁery tr#népianted more than 100 clones of nursery grown wildtice"
‘ during‘the pefiod 1976 t6v1982 to various locations in central Texas,
1nc1udiﬁg the1épringfedeoma1‘River, New Braunfels, Comal Céunt&, énd a
féw other spfingfed sites in the vicinity of San Marcos. Tfansplanting
effotts ﬁefe uﬁéroducti?e and flooding washed away the plants before
they established a firﬁ footing in the stream bed. Transplantings into

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

Fmery's efforts to raise Texas wildrice seedlings were

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

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

Emery transplanted several of his nursery grown wildrice clones in a
selected areé in the upper reaches of the San Marcos River. 1In Septémber
1982 these clones produced panicles and a few seeds. Due to the heavy
recreatibnal.use of this particular portion of the river by swimmers,
"tubers,” and canoceists plus the floating debris from aquatic vegetation

cut in Spring‘Léke, most of the wildrice fruiting heads were knocked

over. Thus viable seeds could not be obtained at that time.
Research in a number of areas 1is needed in order to understand the

factors influencing the survival of Texas wildrice. Such factors are

pooriy kndwn.
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Ecological factorg such as natu;al,graze:s, competition and compa:gyility
with other-native and introdﬁced taxa, natural reproduction‘(sgxual and
asexual) gyclgs, and threats to wildrice habitat are cricicglly needed; ‘

Portions of»this research currently are being coﬁducted for the U.S.
Fish and Wildlife Service by Dr. Paul Fonteyn of Southwest Texas State

University who has initiated an autecological study of the species.

In addition, information is needed on the growth and development of
Texas wildrice in various habitats within its native range, cross fertilization

and hybridization with other species, factors affecting seed germination

and-seedling development and growth, productivity, nutrient require-
ments, and potential economic value. The potential of reintroducing
seedlings in;o natural hébi;ats where Texas wildrice once wasvaund,
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 collec-

tions, seed storage and germination, seedling survival, and development
of survival clomnes to the F, generation through pollenization 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 envirommental and

anthropogenic preasures{
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Actions for Immediate Preservation of the Species: The best means of

prés’érviﬁg the sﬁeciés until more is known aboui: its biology is by preserving
.t'hev native habitat by minimizing human disturbance. Additionally, education
of the~p'ub11c may help in this regard through talks, newspaper reports,

énd articl'es,'such as the one by Beaty (1975). Collection of federally
lis,ted plants is prohibited on Federal lands; Z. texana is found only ‘

on pr:ivéte lands and therefore receives no prote_ci:ion from collecting.

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

‘listed plants with landowners permission. Both of these regulations

need strengthening 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, human population

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, espgcially 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,-ée,veral estimates hawe been made concerning the influence of
increased pumping on the spring flow at San Marcos. Data from the Bureau
of Reclamation (USDI 1972, 1973a, 1974) suggest that demands on the Edwards

Balcones Fault Zone Aquifer, even considering a "low” (and unlikely)



52w
raﬁe of gfowth for this region, will far exceed the recharge to the
aquifer (Longley 13975). Given various schemes of Qéter ﬁsage, the Bureau
~of Reclamation projects that the probability of continous flow froﬁ the
San Marcos Springs by the year 2020 is only 50~75 percent certain.
According to Klemt et al. (1979) and éssuming full projected development
with average hydrologic conditions, the continued flow from the>San Marcos
Springs will cease around ;he year 2010. In other words, all projections
predict that the flow from the San Marcos Springs w;l.ll cease around the
year 2000. This is the most gserious threat to the ;ontinued existence

of the San Marcos River ecosystem.

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 d;yersity and
species numbers in adversely impacted aquatic environments. For these

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

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 the severity of flooding in the
watershed and to slightly incrgase the recharge into the aquifer. This

is expected to have a slight overall benefit to this ecosystem.
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' Anothéf threat to these species is the anticipated increase in storm

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

'_thevriver:at.a point downstream from the essential habitat of these

species.

' »Ufbah polluténts such- as locally applied»peéticides«and herblcides also
‘may be negatively impacting on the San Marcos specles. ' The Texas.
' Highway Deéartment has used a herbicide (Roundup) along the bridge
pilings and econcrete aprons at the IH-35 crossing of the San Marcos

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

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

San Marcos, pers. éomm.) 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 ef fects 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 initiategzwmpther species could also be similarly

affected.

Relatively,constant 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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Additional Threats to the San Marcos Endangered and Threatened Speci.es

San Marcos Gambusia (Gambusia georgei)

Iﬂ 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 Service 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
use-withgg? georgei. Although Poecilia sp. in the San Marcos River exhibit

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

habitat with G. georgei appears especlially great during winter and spring

when thermally moderated, quiet, shallow habitéts 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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Ccmpetition for resources may be one factor which imposes ext:remg
11’mits-oi1 the abundance of G. georgei. In addition to expected high
levels of iﬁterspecific 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 latipit_ma,

P. fbrmosa, Mictopterus dolomieui, Lepomis microlophus, L. auritus,

Ambioplites rupestris, Cichlasoma cyanoguttatum, Sarotherodon mossambicus

and _S_ aureus. Abundances of Poecilia (both species), Lepomis (especially
L. auritus) and the cichlids (all species) are high in the habitats

>wh,er.e G. georgei ai:e found. Interference from these species may inhibit
the ability of G. georgei to recolonize the San Marcos River following

—__perturbations such as flooding.

Studies have shown that many fishes (especially when small) have very
similar food habits (Hubbs et al. 1978). If exotic, or nonnative, species
are édded to agquatic 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
exter_xsive niche overlap with G. georgei is likely to impact thils species

negatively.
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Stability within the San Marcos River system apparently is the key to
survival 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 (Cummingfs Dam) in the area of Jordan and Gilbert's

. (1886) collection site, which changed the habitat and probably eliminated

the species from this area. Water in this segment is fairly deep and
muddy and the river banks are cut sharply. These conditions restrict

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

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

The most common adult nematode was Camallanus sp. and the maximum number

found in any one fish was six. Some fish contalned many latval hematodes.
Five darters each were parasitized by single strigeoid trematodes and two

were hosts to single unidentified leeches (Schenck 1975).

San Marcos Salamander (Eurycea nana)

In addition to the general threats affecting this species, the San
Marcos salamander is thféatened 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 (i.e., duck.fecal droppings poiiuting moss haBitat,
‘ducks feeding on moss and algae, removal of algal mats by Aquarena Springs

,pefSUnnei).

Texas Wildrice (Zizania texana)

The 1oca£ion of Z. texana within the city limits of San Marcos makes
protection difficdlt. Emery (1967) discussed the decline of the wildrice
and mentioned some disturbing factors: (1) the regular mowing of aquatic
vegetation in_Spfing Lake to make the lake more attractive to tourists

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

break off ﬁhe protruding inflorescenses of wildrice, thus intéffefing
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 number 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 existiﬁg clones. More recent field investigations by Emery ahd
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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rThe wildrice appears particularly vulnerable to chemical changes in
its aquatic einronmént. An additigﬁal threat is the évér present possié
bility of accidentai pollution by runnoff of locally applied herbicidéé,
" 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)

'f;~FoﬁrAihdividuals of G. georgei (2 males, 2 females) were raised in
aquarig at the'Universipy of Texas at Austin following their capture on
May. 16, 1979. The individuals, along with theif approximately 30
additional youﬁg, were transferred to the Universit} of Texas Brackenridge
Field Laboratory for outdoor culture during April 1980. Subsequently,
iﬁdividu31$Wfroﬁ‘this outdoor location were trangported-to-Dexter National -
Fish Hatchéry, Dexter, New Mexico, during August 1980 where they were
maintained and propagated. 1In 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 requirements.

An effort also is being made. to secure another sample of G. georgei 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 fonticola)
The major effort in understanding of E. fonticola was the thesis
research of J. R. Schenck (1975), Aquatic Station, Southwest Texas State

University, San‘Marcos, Texas.
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The U.S; Fish and Wildlife Service maintained a stock of E, Fonticola
at the Dexter National Fish Hatchery, Dexter, Neﬁ Mexico, from 1974 until
1981. The stock, suﬁplied by Clark Hubbs in 1974, consisted of 50
individuals'from the San Marcos River. The fountain<dafters»at Dexter
were held to provide fish for reintroduction efforts should a catastrophic

loss of the natural population occur.

Etheostoma fonticola has been successfully reestablished in the

headwaters of the Comal River and the population at Dexter subsequently

has beén eliminated.

San Marcos Salamander (Eurycea nana)

Conservation efforts for the San Marcos salamander primarily have
involved determining basic aspects of its life history, abundance,
habitats, and other factors affecting its survival (Tupa and Davis

1976). Efforts have been made to ensure the cooperation of the owners

of Aquarena Springs Amusement Park in the management of this species
in following management recommendations made by the Texas Parks and

‘Wildlife Department biologists.
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Texas Wildrice (Ziiania texana)

Habitat conservation measurés ére in effect, accomplished through
coopération of the privately pwned amusement park (Aquarena Springs)
‘wi£h mén§gement fegommendations made by Texés Parks and wildlife
ibiolégists.(Floyd Potter, pers. comm.). Efforts have involved
peestabiishing a population of Z. texaﬁa in Sﬁring Lake and in the

upper San Marcos River.
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PART II
.RECOVERY
Action Pian‘

Recovery objective:

The ultimate objective of the San Marcos Recovery Plan is to
secure the continued survival of the four endangered or threatened specles
in their natural ecosystem and to describe the process by which the four

species can be recovered to nonthreatened status.
Stepdown Outline

1.0 Maintain and enhance the San Marcos species in their present habitat.

1.1 Monitor existing populations and habitats.

1.11 Establish monitoring procedures and schedules.

1.12 Recommend monitoring personnel.

1.2 ’Identify individual and population needs and habitat requirements.
1.21 Determine competition levels with exotic (=nonnative, =exogenous,
=nonindigenous) species.
1.22 Determine food habits.
1.23 Identify diseases and parasites.
1.24 Determine reproductive parameters.
1.25 Determiﬁe survivorship patterns.
1.26 Determine effeéts of predation.

1.27 Identify habitat characteristics and requirements (including



1.3

1.28

1.29

flow requirements, temperature requirements, channel gconfor-
mation requirements and other niche parameters).

Determine aquifer characteristics and recharge patterns and
zones which influence flow from San Mar§os Springs.

Determine impacts from recreational use of the river upon the

ecology of protegted>San Marcos specles.

1.210 Determine characteristics of the San Marcos watershed.

1.211 Compile data pertaining to pesticide and herbicide

use on the watershed.

Manage existiﬁg habitats and populations.

1.31

1.32

1.33

1.34

Establish guidelines with approprilate govermment agencies
for the management of the San Marcos River ecosystem.
Establish and maintain captive stogkg at Dexter National Fish
Hatchery and San Marcos National Fish Hatchery.
Reduce pollution load of upper San Marcos River habitats.

Augment recharge of aquifer to ensure continued flow.

© 1.35

1.36
1.37

1.38

- 1.39

Establish controls on groundwaté?wﬁﬁiﬁiﬁéwf;dm aquifer.
Prepare water wells to ensure continued flow in river.
Restore damaged habitats and enhance marginal habitats.

Encourage management through private owners to ensure

stability of the San Marcos River Ecosystem.

Remove exotic¢ (=nonnative) organisms from the San Marcos

River ecosystem.

1.4 Establish guidelines for recreational use of the San Marcos River.
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2.0 Conserve and protect habitat of listed species in the San Marcos River

ecosystem by obtaining habitat management authority along the San Marcos River.

3.0 Law Enforcement
3.1 Inform necessary agencles of sfqtus-and recovery efforts and
confer with agencies with propoééd projects which might affect
the San Marcos species. |

3.2 Enforce law pertaining to endangered and threatened species.

4,0 Public information and education.
4.1 Produce an information package (pamphlet, narrative alideé,
movie, etc.).
4.2 Encourage media releases.

4.3 Encourage public participation in conservation efforts.

5.0 Recommend changes in listed status as appropriate.
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Action Plan Narrat ive

The objective of the San Marcos Recovery Plan is to secure the
survival. and eventual recovery of the four endangered or threatened
species in their natural ecosystem. Protection of the San Marcos River
ecosystem is vital to the survival and recovery of these four species,
Once it is essured that the flow of the San Marcos River will continue
with its natural cycle of variation and that other recovery measures described
in this plan are accomplished, the species may be downlisted. This should
occur through the implementation of this recovery plan. The recovery
plan for the San Marcos River ecosystem is divided into two nonseparable
sectione each with overlapping objectives. For this reason, both "short
tern” threats to each of the species and "long term” threats to the
ecosystem's continued integrity have been addressed. Only by addressing
both types of threats and directing recovery activities toward remedying

both can recovery of the listed species occur,

1.0 Maintain and enhance the San Marcos species in their present habitat.
Recovery of these four specles will require efforts aimed at apecific
aspects of each species' biology in conjunction with efforts addressing
the continued flow from the San Marcos Springs. The only natural
populations of the Texas wildrice, fountain darter, and San Marcos gambusia
inhabit the upper San Marcos River ecosystem. Fountain darters and San
Marcos salamanders inhabit the Comal River in addition to the San Marcos
River; however, the fountain darter population in the Comal River stems
.from a reintroduction of this speclies from stocks obtained at San Marcos

after its extirpation from the Comal River.
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i,l Monitér:existing populations and‘habitats.

In order fo asseés trends in population dynamics of the four listed
species and to assess the effectivéneés of recovery actions, each of the
four species‘must be monitored and their populations censused on a regular
basis; ﬁecause each species is unique with its own pérticular set of
population parameters, the specific protocol involvingAeach épecies must

be unique to the particular pOpulation'ih question.

1.11 Establish monitoringrprocedufes and schedules.

Initially, the populations of the San Marcos g;mbusia and the Texas
wildrice should be monitored at least on a quarterly-baéis during the
initial phases of any tecovery action. The populations of fountain
darters and San Marcos salamanders should be monitored . at least twice
each year, as their populations appear at present more stable thap the
other two San Marcos River protected species. As recovery actions. are
initiafed and objectives reqﬁire evaluation, these schedules will be
modified. in monitoring éach specles, appropriate methods should be

used to minimize interference. This is especially important with regard

extinction.

1.12 Recommend monitoring personnel.

Much of the current monitoring of the four San Marcos species has
been done by members of the recovery team and by contractors with the
U.S. Fish and Wildlife Service. As recovery measures are implemented,
addi tional personnel likely will be involved in the moﬁitoring of the
species. The team recommends that qualified persons with appropriate

training be utilized in carrying out these recovery objectives.
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1.2 Identify individual and population needs and habitat requirements.

The biqlegicel parameters affecting and influencing the survival of
the four San Marcos River protected species are not well understood
although efforts toward a greater understanding of these parameters have
been a ﬁajof thrust of previous research. Only by conducting research
‘en the San Marcos River species in their natural environments can success
in assuring their survival in their natural eéosysteﬁ be accomplished.

1.21 Determine competition levels with exotic (=nonnative,

=exogenous, =nonindigenous) species.

A relatively large number of potential competitors and predators
have beenlintrodqced into the San Marcos River ecosystem by a variety of .
1ndividuals and agencies. It 1s believed that these introduced taxa are
affecting the 1listed San Marcos specles; however, the level of this
interaction is unknown. It is critically imporﬁant to understand the -
ef fect theae exotics are having on the protected epecies so that
potential levels of competitive inhibition may be understood more fully.

It is necessary to obtain 1ife history information on exotics, especially

those parameters such as overlap in habitat ‘use, foods, critical life
stages, and other interactions as may occur with the San Marcos species.

1.22 Determine food habits.

.The food habits of the fountain darter and the San Marcos salamander
have been examined; however, the foods taken by the San Marcos gambusia

and the mitritional needs of the Texas wildrice have not been determined.
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An examination of the food'requiremen;s of thesg_species should be
attemnten with special emphasis on the gelectivity of the species in
obtaining various food.reSOurces and the distribution of preferred
and highly desirable food items on a seasonal basis. The availability‘
of preferred foods or nutrients also should be quantified seasonally,
given the cyclic nature of the San Marcos River ecosystem.

1.23 Identify diseases and parasites.

Little information on diseases and parasites o§ the four listed
species is avallable. The effects of these on popuiation survival can be
adverse. Diseases and parasites need to be studied in advance so that
corrective management strategies might be implemented if a debilitating

parasite infestation or an uncontrolled outbreak of disease occur.

1.24 Determine reproductive‘parameters.
A study of the reproductive cycles and patterns for the species
should be accomplished to better understand the natnfal fecundities
of the species and factors influencing the nmumber of offspring each

species can produce. From this informntion it may be possible to augment

the natural reproductive rates of these species by providing optimum
conditions for reproductive success, thus quickening the recovery of
these species to thelr former levels of abundance.

1.25 Determine survivorship patterns.

The factors inflnencing the survivorship of each of the San Marcos
protected species are inadequately known. Information concerning survivorship
is critically needed as is information on optimal conditions for enhancing
survivorship of these species; Studies should include analyses of such

factors as predation and competition.
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1.26 Determine effects of predation.

The role of predators on the survival of the San Marcos species has

not been studied in detail, although fountain darters have been found in

‘stomach contents of largemouth bass (Micropterus salmoides) takenvduring

" winter months. Studies on predators in the San Marcos River would ptovide'

data on the intensity of predation on the protected species, and knowledge

. of their rate of removal wouid_gontribute to concurrent analyses of

survivorship potential of these populations. -

1.27 Identify habitat characteristics and requireménts

, gingluding,flow requirements, temperature requirements,

channel gqﬁformatidn requirements and other niche parameters).

Relatively few of the controlling niche parameters for any of the

San Marcos specles are well known. Studles must bevgondugtéd to determine

the various aspects of the envirommental parameters influencing the

survival of these species in order to best manage these populations and

to ensure their survival by considering all aspects of their biology.

1.28 Determine aquifer characteristics and recharge patterns

) -

and zones which influence flow from San Marcos Springs.

Because the San Marcos River ecosystem is tied intimately to the
flow of the San Marcos Springs and the springs to the Edwards Balgongs'

Fault Zone Aquifer, inﬁormation detailing the hydrologic charactertics
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‘and trends 6f the aquifer is essential. Numerous agencies, including
the U.S. Geological Survey, Edwards Underground Water District, Edwards
AquifervResearch and Data Center, Texas Department of Water Resources,
FU;S. Army Corps of Engineers, Bureau of‘Reclamation, Soil Conservation
Service, and various other organizations and groups, have conducted aﬁd
are continuing to conduct investigations into the functioning of the
~aquifer. Additional information én the functioning of the aquifer in
the San Marcos region and specifically studies which deal with those
factors which can 1nfiuence the flow from the San Marcos Springs are

' neededvtovevalugte-any‘of the flow-related recovery actioms.

1.29 Determine impacts from recreational use of the river upon

- the ecology of protected San Marcos species.

‘The usage of the San Marcos River by swimmers, “"tubers,” canoeists and
others has increased dramatically in recent years. Their combined effect

on the San Marcos River ecosystem is unknown; however, at least part of

the reproductive di fficulties of the Texas wildriée Btems directly from
human use of the river for recreational activities as emerging seed heads
are knocked over or damaged by recreationists. Recreational use patterns
should be documented, especially with regard to seasonal use patterns
and trends, impacts on the protected San Marcos River ecosystem specles

and potential means to avoid unintentional adverse effects.

1.210 Determine characteristics of the San Marcos watershed.

Even though the San Marcos ecosystem is principally a springrunm,

run—of £ from the surrounding watershed strongly influences the water
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quality and biota of the rivef. Consequehtly s knoﬁledge of the characteristics
of the watershed is necessary for its management. A description of the
watershed. should include the size, topogfaph’y, slope, run of £ patterns,

.»‘ soil types and characteristics, land use patterns and acreages, and climatic

characteristics.

1.211 Compile data pertaining to pesticide and herbicide

use on the San Marcos watershed.

Pesticideé and 'h'efbj.cides, if misused, could negatively impact the
San Marcos ecosystem .biota in degx_'ees of severity ranging from subtle to
c'atastrophic.‘ Information should be compiled pertaining to pesticide
| or herbicide related fish or plant kills and agricultural and non-
agricultural'uses of herbicides and pesticides in the upper San Marcos

watershed.

1.3 Manage existing habitats and populations.

iﬂach of the San Marcos'protecfed spgciés' habitats and populations
should be monitored and nﬁnaged to maximize survival potential for each
bspecies. This is éxtremely important during early recovery efforts
because the populations, especially with respect to the San Marcos gambusia
and Texas wildrice, are low at present and any activity which would

further negatively impact these species numbers should be avoided.
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1.31 Establish guidelines with appropriate government agencies

for the management of the San Marcos River ecosystem,

In order tov restore the San Marcos threatened and endangered species
to a non-threatened status in their ecosystem, a unified set of guidelines
for the management of the San Marcos River .ecosystem should be established.
"Guidelines may néed to be ﬁodified as each of the recovefy objectives is
fuily implemented. Wi.thout the cooperation of all agencies involved
with the flow of the San :Ma.rcos Springs or with the water quality parameters

of the river, recovery of the San Marcos species is remote.

1.32 Establish and maintain captive stocks at Dexter National

Fish Hatchery and San Marcos National Fish Hatchery.

” Because of the limited range of each of the listed San Marcos species,
a catastrophy could be disastrous for each of the species. Stocks of
San Marcos gambusia should be obtained and then cultured at the U.S.
Fish and Wildlife Service facilit:ies at Dexter, New Mexico and San Marcos,
Texas. Because of limited culﬁure success with any of the San Marcos
species at the Dexter facility, additional stocks should be maintained
closer to a source qf San M;arcos Springs' water. A cooperative agreement
with Southwest Texas Stéte University (SWTSU) may also be possible

following negotiation with the appropriate miversity officlals.
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1.33 Reduce pollution load of upper San Marcos River habitats.

Water quality continues to.be a problem in the upper San Marcos
River as urbanizétion of the surroundihg area increases. Catastrophic
single events as well as chronic and persistent pollutioﬁ incidents are
1ncreasingly'likely-to occur. These must be minimized to prdvi&e the San
Marcos species the envirohmental_coﬁditions to which they are adapted
and to properly evaluate recover§ actions. New means of handling wastewater,
street runoff, and other pollutant gources must be found for the City of
San Marcos; stormwater runof £ and occassional spills of sewage from both
- the wastewater treatment plant and from leaky collection systemscurrently
are discharged into the San Marcos River. As the city has become increasingly

urbanized, these problems have increased in frequency and severity.

1.34 Augment recharge of aquifer to ensure continued flow.

A possibility for enhancing the discharge of the San Marcos Springs

is by incréasing the recharge to the springs. Information regarding the

location of suitable areas for recharge would be available with the
completion of objective 1.28. If it is found to be ecologically compatible,
recharge structures could be used to augment the flow of the San Marcos

Springs in order to emulate natural flow regimes.

1.35 Establish controls on groundwatei pumping from aquifef.

A'possible means of maintaining natural flow regimes in the San Marcos

River 1is By imposing controls on the pumping of groundwater. The achievement
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" of this objective will require the cooperation among the many entities

iavolved onv'F‘eder,al,‘St'at'e, apd local levels.

1.36 Pfepare water wells to ensure continued. flow in river.

ﬁells to maintain the natural flow variation regimes bél_ow.- Spring
Lake can be a~ﬁemporary means tb.achieve continual flow in the San._
Marcos River. Discharge from well pumps should be released at a point
suffiéiently downstream from the'spring openings such to prevent recharge
back’info the-aquifer through the spring openings. Pumping would protect
against a catastrophic loss of‘thg.San Marcos species (except Eurycea
nana, which is found only near spring openings) should a.criticél low or
no-flow situation occur. It is recognized that this measure alone will
not constitute a recovery action for the listed species because the

prevention of a pump failure cannot be assured unequivocally.,.

1.37 Restore dani’a"f'ged habitats and enhance marginal habitats.

A goal to increase the numbers of each of the listed taxa could be
realized if damaged habitats were restored and marginal habitats manipulated
for improvement of endangered species survivorship potential. The area
surrounding the San Mércds City Park (downstréam from the dam at Rio
: Vista Park) should be inve_stigated as potential habitat for Texas wildrice.
Restoration of the open substrate but shaded habitat of the San Marcos
gambusia downstream frq’m the IH‘-35"crossing of the San Marcos River also

should be attempted.



1.38 Encourage management through private owners to ensure

stability of the San Marcos River ecosystem.

Many private owners also can impact the San Marcoﬁ River ecosystem
due t§ early water rights and other legal agreements. Every effort must
be xia_dev to gain the cooperatib.n of these users to ’ensvure the integrity
of the San Marcos River ecosystem. Efforts also shbuld be made to gain
the coopération of recreational users of the San Marcos >River since they

have a large influence on the biota of the river.

1.39 Remove exotic (=nonnative) organisms from the San Marcos

River ecosystem.
Exotic organisms, with their realized and potential effects on the
San Marcos species, are not a natural influence on the San Marcos specieé
or their ecosystem. For our discussions we define "exotics™ as species
whiéh are not native to the San Marcos river area. A program of selective

removal should be initiated to insure that only natural interactions

occur among the inhabitants of the San Marcos River.

1.4 Establish guidelines for recreational use .of the San Marcos River.

Guidelines for use of the San Marcos River by recreationists must be
de#elop_ed to protect the listed species and their habitat from uninten-
tional misuse by the public. Methods to partially close sections of the
San Marcos River to recreational use during critical or sensitive periods
in ﬁhe 1ife history of species should be explored. Hopefully, public
cooperation will aid in congervation of the San Marcos Ri;rer specles and

the public will not be inordinately restricted in their use of the river.
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. 2.0 Conserve and protect habitat of listed species in the San Marcos River

ecosyétem by obtaining habitat management authority along the San

Marcos River.

: Consérvation of the San Marcos ecosystem is tied inseparably to
conéervatidn of the s_pécies' habii:at' in the river. By managing the river
bank and access to the.river, many impacts on the habitat can be reduced.
Two entities which exerf_iarge influences on the San Marcos River ecosystem

are the City of San Marcos and Soutlwest Texas State University.

3.0 Law enforcement.

Four San Marcos species (Texas wildrice, San Marcos gambusia, fountain
darter and San Marcos éalamander) are currently protected under U.S. and
Texas laws.: Efforts must be made to provide law enforcement agencies
with current information concerning the identification and ecological

requirements of each of the forms so that negative impact on these species

from individuals or pfojects might be'avoided.

3.1 Inform necessary agencies of status and recovery efforts and

confer with agencies with proposed projects which might affect

the San Marcos species.

Every effort needs to be made to provide current information about
the recovery efforts, status, and needs of the San Marcos specles and
their ecosystem to agencies which could unintentionally negatively impact

these speqies or interfere with ongoing recovery efforts. A systematic
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.procedure of consultation should be vigorously.pursued for any activity -~
involving the Balcones Fault Zone Aquifer and the San Marcos Springs and

River so that negative éffects from any project will be avoided.

3.2 Enforce laws pertaining to endangered and threatened gpecies.

Adequate personnel must be provided such that recovery efforts are
allowed a chance to succeed. Laws enacted to insure the integrity of
these species should be enforced in such a manner as to maximize survival

potential of the San Marcos species.

4,0 Public information and education.

It is imperative that;the public become aware of and sensitive to the
problems surrounding the survival of the San Marcos ecosystem and its
unique flora and fauna. Heans should be developed to inform the public
and'to gather public support for enhancing the status of the San Marcos

endangered and threatened species. Materials produced for this objective

should be directed toward increasihg the public's general awareness of
listed species and their plight, together with actions which would result

in successful recovery.

4,1 Produce an information package (pamphlets, narrative slides,

movies, etc.).

A serles of informational media packages should be prepared detail-
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ing the factors influencing the survival of the San Marcos specles and -

their ecosystem. The use of a multi-media approach such that all segments -

‘and age groups'b‘of the pub‘lié, are aware of and informed on the problems

facing the San Marcos River species. Formats can include inf ormational

brochurés, slide packets (with and without supplementary narrative cassettes),

movies and/or videotaped pres'entétions.

4.2 Encourage media releases.

As recovery objectives are completed and as the San Marcos specles .
respond to recovery efforts, news releases should be
distributed to appropriate media for informing the public.
Also, if the status of any or all of the San Marcos species changes, these

changes should be publicized through the media.

4.3 Encourage public pérticipation in conservation efforts.

 In order for recovery of the San Marcos species to occur, the public

must be involved in recovery activities. Human recreational activities

are among'tho'se factors negatively impacting the San Marcos species

Every effort must be made to allow for public participation in recovery
actions. Support programs for environmentally sensitive activities

agsoclated with the San Marcos River écosyst‘em need to be developed.

These could be of the form of "San Marcos River Awareness” events specifically

-designed to enhance the public's awareness and empathy toward the plight

of the San Marcos species and their ecosystem. A citizens' committee
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also could be e'établished to coordinate local efforts, provide input and
direct citizeh attempts in*'fo_steri_ng awareness for the uhiqueneés of the

San Marcos River ecosystem.

5.0 Recommend changes in listed status as appropriate.

As the recovery actioﬂs are impiemented and there is reasonable
assurance that the 'S:an Marcos River ecosystem will be 't‘,nain‘taiﬁed,v much of
the threat to the S,a.n'Marcos species will be removed. Once this occurs,
’downlist':ing of the four species may be ac.complishe'd following careful
‘review and evaluation of the recovery actions undertaken to that point.

If the natural dynamics of the San Marcos River can be asisuredi and if
f-ollowit_\g_thev evaluation of prior recovery actions it is determined that

the spe;ieé_ have responded positively to the recovery actions, then the

four San Marcos species could ‘be removed from the Federal list of Thl;'eatened
and Endangered species. Upon removal from the Federal list, management

authority for the species would reside with the State of Texas.
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PART III - IMPLEMENTATION SCHIIULE

Priotities 1n column four of the implementation schedule are assigned using

:fEriority‘one a1 - »
Priority two (2) -
Prioriti-three 3) -

'Abbfeviacioné_uSed:

'__the following guidelines:

of those species.
population status.
" of the species.

TDWR -
EUWD -

GENERAL CATEGORIES FOR IMPLEMENTATION SCHEDULES'

Igformation Gathering - I or R (research)

Those actions absolutely necegsary to prevent extinction
Those actions necessary to maintain the speclies' current
All other actions necessary to provide for full recovery

TP&WD - Texas Parks and Wildlife Department
Texas Department of Water Resources:
Edwards Underground Water District.
SWISU —~ Wouthwest Texas State University

Acquisition - A

© Other management

1. Population states 1. Lease
2. . Habitat status. 2. Easement
3. Habitat requirements 3. Management
S 4. Management techniques , agreement
5. Taxonomic studies 4, Exchange
6. Demographic studies - 5. Withdrawal
7. Propagation 6. Fee title
8. -~ Migration 7. Other
9.  Predation
- 10, Competition
11. - Disease _
12." Environmental contaminant
13.  Reintroduction
14. ‘Other information
Management - M Other - O
1. - Propagation 1. Information and
2. Reintroduction ‘ education
3.  Habitat maintenance and manipulation. 2. Law
4. Predator and competitor control , enforcement
5.. Depredation control " '3, Regulationms
" 6.  Disease control 4., Administration.
T
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PART III - IMPLEMENTATION SCHEDULE

*Costs refer to USFWS expenditures only.

| | | I ; -
GENERAL | PLAN TASK | TASK # | PRIORITY # | TASK RESPONSIBLE AGENCY | FISCAL YEAR COSTS COMMENTS
CATEGORY | - | | DURATION [FWS ~JOTHER (EST.) B -
| B | | REG ION| PROGRAM] FY 1] FY 2 | FY
(1) } (2) II (3) |l (4) lI (5) Ir (6) |I |I (N (zs)_lI II |[ (9
M3 {Establish monitoring } 1.11 } 1 { ongoing ‘ 2 %Mgmt }TP&WD%lO oool 7,500 % I
M3 |Recommend monitoring | 1.12 | 2 | ongoing | 2  |Mgmt. | Rec.] 1,000] 1 00} 1,000*% Part of rec.
| I | | | | | | I | I team ann. rev.
I I I I I | | | I | I '
110 |Determine competition | 1.21 | 2 | 5 | 2 |Mgmt. |TP&WD|10,000]10,000}10,000%
|1evels with exotics | | | | | | | | | |
| | | I I | | | | | | ,
13 IDetermine food habits | 1.22 | 2 i 3 | 2  |Mgmt. |TP&WD|10,000]10,000]10,000* Should be done
| | | | | | | | | [ | along with
| | I I I I | | I I | Task #1.21
- ! | | I | | | I | | | : :
11 |1dentify diseases and | 1.23 | 2 | 3 | 2 |Mgmt. |TP&WD| 5,000] 5,000] 5,000] Should be done
‘ | parasites | | | | | | | | | | along with Task
| | ] | | | | | | | #1.21 & 1.22.
| | B | I | | | 1 | |
.16 |Determine reproductive| 1.24 | 2 | 3 | 2 |Mgmt. |TP&WD|10,000}10,000/10,000* Should be done
‘ %parameters } : % } % ’l ' = { } | with 1.21,1.22
16 |Determine surviror- | 1.25 | 2 | 3 | 2 |Mgmt. |TP&WD| 5,000] 5,000| 5,000% Should be done
' | ship patterns | | | I | | | | | - | with Tasks #
| | | | | | | | | | 1.21, 1.22,
| | | I | | | I | ] 1.23 & 1.24
| | | | | | | . P |
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PART III - IMPLEMENTATION SCHEDULE
NERAL PLAN TASK . |TASK PRIORITY TASK RESPONSIBLE AGENCY FISCAL  YEAR COSTS COMMENTS
- 1 # DURATION |FWS ' OTHER | = (est.) . : -
REGION | PROGRAM FYL  |FY2  |FI3 .
(1) (2) (3) (4) (5) (6) ’ €D -(8). (9)
19 Deterﬁine ef fects 1.26 2 3 2 Mgmt. |[TP&WD |10,000 {10,000 l0,000»Should”be:doﬁe .
: of predation : ' |with Tasks #
1.21, 1.22,
1.23, 1,24,
1& 1.25
13 Identify habitat ' 1,27 2 3 2 Mgmt. |TP&WD {10,000 |10,000 10,000 Should be done
requirements : ' - |with Tasks #
10-21?' 1.22',,
1.23, 1.24,
1.25 & 1.26
r2 Determine aquifer 1.28 2 3 2 |Mgmt. [TDWR {25,000 |25,000{25,000% |
‘ characteristics and . Edwards .
recharge patterns '
4 Determine impacts of 1.29. 2 5 2 Mgmt. -City of 5,000 | 5,000 _5,000*
recreational use of San : -
the San Marcos River Marcos
112 Determine characteristics sCS 5,000} 5,000
of the San Marcos 1.210 3 2 2 Mgmt. | TP&WD :
watershed EPA
112 Compile date pertaining 1.211 3 2 2 Mgmt. | SCS 5,000| 5,000|Should .be
: to pesticide and herbicide TP&WD done with
use in the watershed "EPA 1.210
43 Establish management 1.31 2 2 2 Mgmt. | TDWR '
2 guidelines ' o City of 10,000[10,000%
: 1San
Marcos
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;ENERAL | PLAN TASK - ITASK -~ |PRIORITY | TASK I{RESPONSIBLE AGENCY | FISCAL YEAR COSTS | COMMENTS
| | # | # |DURATION |FWS JOTHER | _(est.) |
. | | I I ~ |REGION|PROGRAM| | FY1~ [F¥z  |FY3 | :
(1) | (2) | (3) | (4) | (5 I (6) | L () 1 (8) | | 2 9
| | | [ I | P | | ]
M1 [Maintain captive | 1.32 | 1 | ongoing | 2 |Mgmt. | | 8,000 | 8,000 8,000%
| stocks : | | | | | l | I | |
: I | l l l | | | | l !
M3 |Reduce pollution of | 1.33 | 2 | ongoing | 2  [Mgmt. |EPA | | | |
[San Marcos River | l | | | |ITDWR 15,000 |15,000/15,000% Should be
| | | | | | [City of | | ldone with
| | | ! | | ‘|San | | | [1.31
: | | | : | | | IMarcos | | I
M3 lAugment recharge | 1.34 | 2 | ongoing | 2  |Mgmt. |TDWR [15,000 |15,000}15, 000*Should be
|to aquifer | | | | | |Edwards | | |done with -
| I | | | | |under-| S I |1.28
| | | | | | |ground| | | R
| | l | l | |water | | | |
| I | l l | |District ! ] ]
| | | | | | | I ol P
M3 |Establish controls on | 1.35 | 2 | ongoing | 2 |Mgmt. |TDWR |25,000 |25,000/25,000* Should be
. |groundwater. pumping ; ; { { { :EUWO { { } |done with 1.31
‘M3 |Prepare wells to | 1.36 ] 2 | 3 | 2 [Mgmt. |EUWD {20,000 [20,000]20,000% Should be
‘ |insure contimued flow | | | | | |Aquarena | | |done with
|in river | | | | | [Springs ! | 11.31 & 1.35
I | | | | I [Inc. | | |
| | | | | | | | | I B
M7 [Restore and enhance | 1.37 | 2 | ongoing | 2 |Mgmt. |TDWR {50,000 {50,000]50,000|Should be
- | habitats | | | | | ICity of | | |done with
| | | | | | |san | | B [1.29, 1.31
| | | | | | IMarcos| | | |& 1.36
l | | | | | | | ] '
M7 |Encourage management | 1.38 | 2 | ongoing | 2 |Mgmt. |EUWD | 5,000 | 5,000| 5,000* Should be
. | | | | | | ITowrR | b | |done with
| | | | | | (S | I {1.29, 1.31,
| | | | | | | | I l & 1.37
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PART III - IMPLEMENTATION SCHEDULE

PLAN TASK TASK PRIORITY | TASK RESPONSIBLE AGENCY FISCAL YEAR C0STS COMMENTS
1 # # DURATION |FWS OTHER (est.) ' '
REGLON [ PROGRAM FYL FY2 FY3
. (1 (2) (3) (4) (5) (6) ' (7) (8) ' (9)
14 Remove exotics 1.39 2 3 2 Mgmt. |TP&WD |100,000{100,000 100,000%
‘ TDWR . Sould be
City of done with #
San 131, 1.37,
z . | Marcos & 1.38
M3 Establish quidelines 1.40 2 ongoing 2 Mgmt. [City of ' o
- for recreational use ' 1 San 5,000 | 5,000} 5,000* Should be
of the San Marcos Marcos done with
River SWTSU 1.29, 1.31,
' 1.37, & 1.38
JA3 Congerve and protect 2.0 2 ongoing 2 Mgmt. City of » Should be
g habitat San 75,000 |75,000{75,000*% done with
Marcos o 1.27, 1.29,
1.31, 1.38,
03 Inform state and 3.1 2 ongoing 2 Mgmt. |TP&WD | 5,000 | 5,000[ 5,000%
Federal agency ' ' TDWR
EUWD
03 Enforce laws 3.2 2 .ongoing 2 LE TP&WD {20,000 120,000{20,000%
City of
San
" |Marcos|
01 Information package 4.1 2 ongoling 2 Mgmt. EUWD 5,000 | 5,000/ 5,000%*
SWTSU
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FISCAL YEAR COSTS

COMMENTS

ENERAL PLAN TASK TASK PRIORITY TASK - IRESPONSIBLE AGENCY
T # o DURATION |FWS [OTHER (est.)
‘ REGION|PROGRAM| FY2 FY3 .
(1) (3) (4) (3) (6) KD (9)
. 01 .|Encourage media 4.2 2 ongoing 2 Mgmt. EUWD 5,000 |5,000 | 5,000%
& releases City of : R
i -|San
: Marcos
-, 01 Encourage public 4.3 2 " ongoing 2 Mgmt. {EUWD 5,000{ 5,000%
T participation T City of
o San
Marcos
SWTSU -
Recommend changes in 5.0 3 2 2 Mgmt., 3,000{ 3,000*

listed status
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APPENDIX

' COMMENTS AND RESPONSES

The following comments were received from feviewers of the technical

and agency review draft of the San Marcos Recovery Plan and are listed
alphanumerically, e.g., Al, A2, etc. Responses to comments are also
listed alphanumerically in the same sequence as comments. '

Done.. .

Al3-

Al -
A2 - Done
~ A3 - Done in part.

A4 - No plan exists or is anticipated for translocating any of the
San Marcos listed species to habitats outside of areas described
in this recovery plan, i.e., the San Marcos and Comal Rivers.

A5 - Done

A6 ;'Donék

A7 - The entire plan d_iscus,seé the topic. The San Marcos River is the
habitat for these four species and its continuvation as a natural
habitat will dictate the survival of its endemic species.

A8 - The plan discusses genetic swamping to the fullest extent permitted
by available information.

A9 - Species accounts were made as consistent as possible given the
amount of information avallable on each species. Updates will be
made when additional information becomes available. ‘

A10- Done

All- See A7 aBove. Recommendations for management of the Edwards Plateau
and Aquifer are beyond the scope of this recovery plan.

Al2- Done
Please refer to sections entitled "Stepdown Outline” and "Actiom

Plan Narrative."”

it T4 e o y B0 . B P T . BN ¢
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Al7-

Al8-

-Q4—

— While emphasis has been placed on the rarest of the listed species

in the San Marcos River (wild rice and gambusia), it should be
noted that this is a habitat recovery plan rather than a specles
recovery plan. If the stream is protected, the species will
survive. S '

The recovery plan is intended as a first stage of managing the
organisms, habitats, and factors influencing the ecosystem towards

the goal of recovering the Federally listed components of the ecosystem.
Feasibility of implementation is in the eye of the beholder and unless
we know what should be done to recover the species, we will never
achieve it. :

Done:

Noted

The recovery plan acknowledges the use of Edwards Aquifer water in
excess. of recharge and makes general suggestions regarding regional
use of aquifer water. However, this recovery plan is intended as a
biological document; a thorough discussion of groundwater use would
be inappropriate and would not enhance or emphasize the importance
or urgency of the recovery actions described in the recovery plan.
Long~term survival of the San Marcos River, while noted in the plan,
is left for others to address. .

.—.Al19= The Texas blind salamander (Typhlomolge rathbuni) is a federaily

A20-

listed threatened species. Service listing activities related to

other Edwards Aquifer troglobitic taxa are underway. Consequently,

the subterranean portion of the Edwards Aquifer ecosystem, which is
broader than the San Marcos system, will be addressed more appropriately
in later documents. If San Marcos Spring should fail, its endemic
species will be lost, but those species inhabitating the aquifer

will survive until the aquifer is polluted or rums dry, a much longer
term problem. Also refer to Task 1.28.

The plan conforms to Service policy regarding'recovery plan content
and format.
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A21 - The objective of the plan is to secure the survival of 4 species
in their natural ecosystem. This will be accomplished by providing
habitat that will allow populations to attain carrying capacties.
Historic populations are unknown and are therefore unattainable.

A22 - The San Marcos gambusia has changed its distribution but not its
habitat preference. Distribution of the species' habitat has
changed because changes have occurred in the San Marcos ecosystem
and the fish are following suitable habitat. Also the scarcity
of the species strongly infers that little preferred habitat remains
-anywhere in the specles historic or present range.

A23~ Reports of fountain darters from other than the San Marcos or
Comal Rivers can not substantiated. It seems most likely the’
species is endemic to the aforementioned rivers using biogeographic.
techniques. :

A24 - Any unpublished literature lacks peer review. It is recommended
that the referenced materials be read for content.

A25 - The plan does not suggest "that population growth over the entire
' Edwards Aquifer is the most serious threat to the recovery of the
four species.” Cessation of flow from the San Marcos Springs
is the most serious threat to the San Marcos ecosystem. Nor does
the plan address population control.

A26 - The plan fully addresses the historic range of the species.
Service policy does not allow introductions outside historic range.
Reintroduction of endangered species outside of their historic

range“v.«iswn.otman-._,Op-thiquormlzeeovepyf——By_--»de-f-Lai»eionT-~his'.:oric
range involves those localities in which the species is known
to have existed. :

A27 - The referenced econamic analysis was neither written nor reviewed
by the recovery team and is not part of the recovery plan. The
recovery plan describes the best approach(es) to assuring the
continued survival of the four listed species.

A28 - To suggest that aquatic organisms are becoming extinct because
they are unable to adapt to dry land shows an unusual lack of
understanding for both evolution and the reasons the San Marcos
and Comal Rivers are going dry. The purpose of the Endangered
Species Act is to recognize these problems and prevent the
extinctions.

A29 - The plan attempts to provide for the survival of four threatened
or endangered spectes and the continuation of their critical
habitat. Section 7 of the Endangered Species Act (consultation)
is one method of achieving this objective.

- T . o
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A3l

A2 -

A33 -

A34 -

. A35 -

A36 -
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Done.’

Delisting of the species 1s feasible. The objective was reworded.

Delisting is feasible. The Stepdown Outline and Task 1.37 were
changed. ' ' ' :

Assigning“ quantifiable goals may be possible when tasks related '
to determining the populaton status and habitat requirements are
accomplished. : 3 : :

Agreed.
Done.

Done.
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July 1, 1983

Dr. James E. Johnson

Endangered Species Biologist

U.S. Fish and Wlldllfe Serv1ce

"P.O. Box 1306 ‘
‘Albuquerque, New Mexico 87103

Dear Jim:

Enclosed is the Draft of the San Marcos Recovery Plan with
my comments in red. A few, made late at night, may not be
appropriate, but I believe most of them are worth consideration.
Many of my comments are editorial.

One thing recovery plans have been doing recently is to give
the author of the scientific name when the name is first
mentioned (p. 2). This is standard procedure in many scientific
journals. Also, it is customary to give month, day and year for

>
|

N

status determination of taxa in the Federal Register (p. 7).

I would like to say that this is the most comprehensive and ’
well-written Recovery Plan I have seen and the Team is to be
congratulated.

- Cordially,

bob

Robert R. Miller
Curator of Fishes
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Attention: Larry Thomas “
Office of Endangered Spec1es

Dear Mr. Thomas.'

As requested, we have reviewed the draft Recovery Plan for the
San Marcos River Endang./Threat.Spp. which this Branch received on

6/9/83 . We appreciate the opportunity to comment on ti%
merits of this document and trust that the enclosed comments
will be useful in completlng the final Recovery Plan.

w:L

Raymond W. Matheny
Supervisory Biologist

_Ecological Effects Branch

Hazard Evaluation Division
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' I have reviewed the June 9, 1983 draft of the San Marccjs. Recovéry,l?la‘rjf :
- for the following endangedred and threatened species: | A

1. San Marcus Gambusia (Gambusia georgei)

2. Fountai_n Darter (Etheostoma fonticola)

3. San Marcos Salamander (Eurycea nana)

4. Texas Wildrice (Zizania texana)

The proposed recovery plan recognizes the potential threat of pesticides

to Texas wild rice but makes no mention of the remaining three species. The
Ecolagical Effects Branch (EEB) is charged with the responsibility of assessing
~ the impact of both new and currently registered pesticides on federally protected

_ species. Therefore, we respectfully request that you modify your objective.
' A"3 1.2 to include parameters that would aid our Branch in identifying potential

: "may effect" situations. Examples of the type of information needed to conduct
a site specific hazard assessment are cited below:

1. The nature of the drainage basin involved, including but not limited
to size, topography, slope, and runoff characteristics of the surrounding
watershed.

2. Description of the surrounding soil types, pH, % organic matter,
moisture content, etc. :

3. Acreage and land use patterns (e.g., croplard, rangeland, etc.)
in the surrounding San Marcos Watershed.

4. Climatic factors including annual average temperature and precipitatiqn.

5. Information pertaining to any previous pesticide related fish kills.

6. Information concerning non-argicultural uses of pesticides (e.g.,
rights-of-way, mosquito control, power plants, pesticide manufacturing
or formulating plants, etc).

g A__ 4 Objective 1.31 indicates plans to develop a translocation effort. As

A all of our protection efforts are limited to known locations for federally
protected species, we suggest that translocation plans include a mechanism
for providing EEB with written notice as to the date and location of thege
releases. Such information is considered vital if EEB is expected to pro-
tect new populations from possible adverse exposure to pesticides.

EEB welcames the opportunity to further communicate with the recovery team
staff through OES concerning the exchange of information which could be mutually
helpful in assessing the effects of pesticides on federally protected species.

Charles A. Bowen, II

Fisheries Biologist '
Ecological Effects Branch _
Hazard Evaluation Division (TS~769)
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MEMORANDUM —gﬁéi‘lla____-’
' ~——| SANCHEZ
To: Regional Director, Region 2 (ARD/AFF) '
: Demity Acsnciate F1
From: Director
-Subject: Review of the San Marcos Recovery Plan - Technical Draft

‘We have completed review of the subject plan. The Region should be commended
““on producing a very thorough and comprehensive document. However, the format
is inconsistent with the prescribed format as defined in' the Recovery Guidelines.
Please review the Guidelines and revise accordingly. A generalized format is
attached for additional guidance. Specific comments will be found in the
margins of the attached copy of the text. More general comments are given -
below.

\A-Es 1. Though the recovery team was instrumental in developing this plan, references
, (noted in the margins of the text) to the team's opinions should be deleted.

2. A more detailed map (Figure 4) of the San Marcos area should be included,
especially noting the relationship of the Springs to the overall area. Also,

if there is any connection between the Springs at Comal and those at San Marcos,
the map should indicate this, as well. A similar map indicating historic ‘ L
. distribution should be included, if pertinent. : :

3. There is no discussion in the text describing the availability or extent of
suitable and potential habitat. If habitat is lacking, there should be a
discussion describing the management actions necessary to restore the habitat.

4., The discussion on hybridization (page 12) fails to discuss the importance

of mate competition relative .to reproductive success. .If both G. georgei and _

G. affinis are competing for a limited number of mates (G. georgei , the |
‘abundance of G. affinis may preclude the former species Trom successful :
reproduction. The plan should state whether this and other forms of competition

from exotics are a problem.

5. The species accounts are not consistent in content. ,Such topics as habitat
requirements, assoclated species, protection and research needs are not fully
discussed for all specles.

6. It is not clear in the discussion whether or not the Comal Springs and , .
River are being considered under this plan. If there are viable populations
of E. fonticola and E. nana in the Comal area, their protection and_fecovery RE(?D

should also be dis cussed. kL'DC‘;;I;D EWS- .Region
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7. The majdr problem facing these species seems to result from a reduction in

flow and the effects this would have on the habitat. The importance of maintain-
ing or increasing flows and its relationship to habitat maintenance is not
discussed. Since this is directly related to Tasks 1.33, 1.34, and 1.35, this
should be fully discussed and any problems documented.

8. The section on threats (page 45) is poorly written and should be expanded.
This should include a more thorough discussion of the past, present, and future
threats to these species, including a discussion on how past actions have led
to the present situation. This section should also mention expected changes
to the habitat, describing the impact on the species and its habitat. This
discussion will form the basis for our recovery actions.

9. The text of the document should conclude with a thorough discussion of the
projected management actions that may be taken to protect and manage the species
and habitat. This section should include quantifiable and measurable criteria
for downlisting and delisting, if possible. This section will then logically
lead into the step-down outline. :

10. As written, the step~down outline is too general and vague to be useful.
The discussion in the text leaves the impression that the San Marcos gambusia
and possibly the Texas wild rice (this is unclear) are on the verge of extinc-—
tion. 1If this is the case, the outline should focus its objectives on the
protection of these two species. Recovery efforts on the darter and salamander.
can be delayed and our resources more wisely used on the gambusia and wild rice.
Efforts expended for the protection and recovery of these two species would also
have a positive effect on the salamander and fountain darter.

Secondly, the outline should provide a specific step—~by—-step plan of action for
the management of this area. From the discussion, it appears as though recovery

--ig-not—feasibles - rheEefOfer~1ﬂua~pLanﬁneeds-to~provide“a~feastbie_SEc of

objectives and actions. For example, from the description of expected develop-
ment, it hardly seems realistic to expect Tasks 1.33, 1.34, and 1.35 to be
implemented. If not, what steps can we take? This conflict between management
and recovery should be resolved and the outline rewritten accordingly. If it
is the intent to produce a separate management plan this should be identified.
If the recovery plan is to fill that role, it needs to be more specific.

The outline should also be ranked within and between subgroupings. For instance,
Task 1.3 seems to be the most impottant. It should be stated first. When
completed, the outline should present specific proposals whose objectives and
actions are logical and well defined.

We hope these comments will be helpful in preparing the agency draft. If you
feel that the above comments do not warrant revision of this draft, please
explain in your return cover memo. Please submit five copies of the agency

draft fpr our review.
O\ o %L* \*S://

Roman H. Koenings

Attachment
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July 22, 1983 FILE 5/?7zf/7~

Dr. James E. Johnson " -
Endangered Species Biologist

U.S. Fish and Wildlife Service

P.O. Box 1306

Albuquerque, New Mexico 87103

Dear Jim:

This is a follow-up to my 1 July letter commenting on the Draft of the
San Marcos Recovery Plan.

If I recall correctly no reference was made in the accounts of Texas
- 1 7W11d Rice or the San Marcos Salamander to the IUCN accounts of these two
species. The former appeared in Red Data Book Vol. 5 on Plants, the
latter in Red Data Book Vol. 3 on Amphibia and Reptilia. Copies of these
two accounts are enclosed and the same go to Clark.

The IUCN (International Union for Conservation of Nature and Natural
‘Resources) regarded Texas Wild Rice as "Vulnerable" (=our Threatened

category) and the salamander as Rare.

Best wishes,

Aodls

Robert R. Miller
Curator of Fishes

RRM:cgz
“Enc. (2)
cc: Clark Hubbs

S REG 2
Fggcshﬂaﬂ

cc: Bob Edwards/8-10-83/vah ”me
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: UNIVERSITY OF CALIFORNIA, SANTA BARBARA

BERKELEY * DAVIS * IRVINE * LOS ANGELES * RIVERSIDE * SAN DIECO + SAN FRANCISCO SANTA BARBARA—

Hone

Departmént of Biological Sciences : ) Santa Barbara, Californja 93106 :l:‘adi n
(805) 961-3511 . " SANCHEZ

FLE OMAT

August 4, 193

Mr.J.E. Johnson

Acting Assistant Regional Director

U.S. Fish and Wildlife Service

P.0. Box 1306 : -
Albuquerque, New Mexico 87103

Dear. Mr Johnson:

Enclosed please find the review draft of the San Marcos Recovery.

Plan. I have made comments throughout the text.

I have had considerable field experience with salamanders of the
genera Eurycea and Typhlomolge in central Texas, and am well acquainted
with the geology and Eyarology of the Edwards Plateau. My familiarity
with Etheostoma fonticola, Gambusia georgei and Zizania texana is

slight; thus, I have restricted my comments to points concerning Eurycea
nana and the hydrology of the Balcones Aquifer.

. I have three strong overall impressions of the enclosed draft
Recovery Plan. First, I believe the findings and recommendations it
advances are biologically sound and carefully considered, and that the
ecosystem approach it advocates will be effective in .the short term.

A—18 Second, T am not at all convinced that the long term preservation of the
system and species of concern is adequately a ressed in. this Recovery
Plan. The real problem facing the aquifer is excessive groundwater use
on a regional scale (particularly in the vicinity of San Antonio); the
local measures proposed do recognize the problem, but are not effective
solutions. A1l projections indicate that the aquifer will be reduced to
a critical degree within 25-50 years, and no amount of local relief
efforts will prevent major alteration of San Marcos and Comal Springs.

Third, since this plan advocates and ecosystem approach, I am_

puzzled that little attention is given to the subterranean component of

the aquifer. The problems are common to surface and subterranean environ-

ments, since today's river flow was yesterday's ground-water. The

incredible rich troglobitic fauna of the San Marcos aquifer is at least:

as deserving of conservation efforts as is the surface-dwelling component.
/\"'153 I feel the Recovery Plan should take larger notice of the subterranean

portion of the system, and use this to help strengthen the cdse for an

effective, regional response to the ground-water use crisis which threatens

to destroy the biological uniqueness of the entire aquifer.

FWS REG 2
RECEIVED

MG 12'83



Mr. J.E.'Johnsonl
August 4, 1983
Page 2 .

, I have inclﬁded'some infbrmation'(co]]ectiph data and field noteS)
- on Eurycea nan at Comal Springs to augment the material presented in the
draft Recovery Plan.

Sincerely,

Samue] S. Sweet

Assistant Professor of
Biological Sciences

S$SS:ad
Encl. =
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MEMORANDUM

To: Lisa Hemmer, Esqg.

Wildlife and Marine Resources Division
United States Department of Justice

From:  Matthews & Branscomb, attorneys for
~ Edwards Underground Water District

Date:  September 9, 1983

" Subject: Edwards Underground Water District v. Watt, et

al., W.D. Texas No. SA-80-CA-410

Comments of the Edwards Underground Water
District on the Technical Review Draft of the San
Marcos Recovery Plan and the Economic Analysis of

Recovery Scenarios.

Thomas P. Fox, General Manager, and Russell Masters,
Assistant to the General Manager, of the Edwards Underground
Water District prepared written comments on the Technical Review

-Draft of the San Marcos Recovery Plan and the Economic Analysis

of Recovery Scenarios provided to us by the Defendants in the
referenced suit in accordance with the stipulation.

‘The District officers also solicited comments from
interested officers and staff of certain other public entities-
engaged in water management or other activities related to the
Edwards Aquifer. Written comments were received from three of

these, the Texas Department of Water Resources, the Nueces RivVer
Authority, and the San Antonio River Authority. Summaries of

certain of the comments of the outside respondents have been

A-20

incorporated in this Memorandum, which the District presents as
its official ' comments. For your information, copies of the
comments received from the outside respondents are attached.

Part I. THE TECHNICAL REVIEW DRAFT

The Technical Review Draft of the San Marcos Recovery Plan
(the "Draft Plan") is not fully responsive to the Stipulation nor
to ‘the need to preserve the four species for the following
reasons:

1. Most of the Plan provides technical and historical data
rather than a plan for action. The technical data should be

~attached as an appendix.
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2. ~One objective of the recovery plan is to restore the
historic population of the species. The Draft Plan should

‘'describe the historic population of the species.

3..  The current ‘and historic distribution of the species is an
important component in understanding the problems facing the

- species. Therefore the = following matters should be

A-22

A-23

clarified or explained:

(a) The report states that G. gorgei appears to have
significantly altered its distribution over time. This

means that in less than 100 years 1it ‘has completely changed
its habitat preference.

(b) References to the apparent presence of the fountain
darter in any location other than the fault springs are
dismissed as misidentification or some other mistake of the
observer. No explanation 1is provided about how the

—gonclusion is-reached:

(c) It 1is suggested that Bogart's study of the 1life

A_..24 histories of the Texas Eurycea, in which he reported

A-25

locating E. nana at several places other than San Marcos

. Springs, 1is deemed unreliable. because it is unpublished.
Yet a subsequent reference to Sweet's study regarding
historic distribution, also unpublished, is included without
comment. '

4. The Draft Plan on page 43 suggests that population growth
over the entire Edwards Aquifer is the most serious threat to the
recovery of the four species. Although the Plan does not address
population control directly, it is obvious that the

A-26

recommendation of control of groundwater pumping from the Aquifer
(Action Plan §1.34) is an indirect method of population control.

5. Reintroduction of the species is not sufficiently addressed
in the Draft Plan. The District contends that there must be a
serious effort to examine the possibility of relocation of the
four species to localities 1in which the species could have

‘occurred naturally. There 1s no proof that the locations
‘suggested by the District for relocation are not part of the

A-27

historic range. The possibility of a broader historic range has
been ignored in the Draft Plan.

6. Section 1.3 provides only four direct action recommendations
of real significance: (1) establishment of captive stocks of the
endangered species; (2) augmentatlon of recharge of the Aquifer;
(3) control of groundwater pumping from the Aquifer; and (4) use
of pumps to maintain flow in the San Marcos River. The Economic
Analysis, however, states that neither the recharge of the

' Aquifer nor pumping into the San Marcos River would insure
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species survival. It  also concludes that control - of pumping
- would be complicated and the results inadequate. e

: 7. In general, the Draft Plan sets forth elaborate, extensive,

\ g Costly and restrictive proposals to fulfill “the objective of

A"‘28 protecting four endangered species, which appear to have become

o endangered not so much because of man's actions, but because they

' ‘have been unable to evolve to the point that they can adapt to
their environment. This phenomenon is not unusual in nature.

8. The Draft Plan appears to be an attempt to provide a case

A""'29 for indirect federal control on pumping from the Edwards Aquifer

. 7% by requiring the proposer of any federal activity in the area to
. initiate the consultation process. -
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As we stated in’our July 22, 1983 (see attached memorandum), review of h;ﬁz
the technical draft, the recovery team has produced a well written and SANCHEZ
“thorough document. This plan could serve as an example for others prefdaging

‘recovery plans.
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United States Department of the Interior
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JUN 13 1984

However, some of the concerns we raised in our previous

comments are stili pertinent. Though the court case involving the San

Marcos species has been resolved, the importance of this plan is not
diminished. For example, as stated in the introduction, this plan

represents our first attempt at an ecosystem approach. Also, from all
indications, the survival of at least the gambusia is in question.

Therefore, it seems imperative that the plan address the immediate

protection of this species to assure its survival. Though we will not
reiterate most of our previous comments, this latter statement plus.others'
will be addressed below. '

c;;’)

o

The present threats and conservation efforts affecting these species are
well documented in the plan. However, the discussion in Part I leaves
the impression that the survival of these species may be in question.
Therefore, it is suggested that you consider the following comments:

Include a discussion in Part II that ties together the threats to the
species and habitat, the needs of the species (for example, on page

30 for the salamander), and the capability of the habitat to meet those
needs.

The Introduction (Part I) and Recovery Objective (Part II) specify

the primary objective as delisting; however, this doesn't seem feasible
considering the species status and the present and future threats.

The primary objective should be rephrased to make this clear, if this
is true. Task 1.13 should be omitted or renumbered as Task 5.

If delisting is not feasible, the Stepdown Outline should be modified
to stress management and protection. The need for intensive and
coordinated management is indicated by the discussion. This should
be clarified and Task 1.37 given more importance.

e
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4. If possible, the goals should be quantified for each species with
A—33 estimated timeframes included. ‘ '

. The.out]ine'shou]d be prioritized to present an orderly progression
A ‘1, of recovery tasks. This will facilitate improved decisionmaking
A-3 regarding -allocating funds for recovery actions. '

6. The Implementation Schedule should be rewritten to reflect any changes
made from the above comments. However, regardless of the changes made,
l\"f355 the subtasks from the Stepdown Outline (i.e., Tasks 1.11, 1.22, 1.37,
AN etc.) should also be included in the Implementation Schedule with or
in lieu of the primary tasks (i.e., Tasks 1.0, 1.1, etc.) and given
: appropriate priorities. ‘
A-36 T
- 7.

Also, Part II should begin on a new page.

We appreciate the effort the recovery team has put forth in developing
this plan. If you disagree with our comments, please respond in writing.
Please return five copies of the final plan for the Director's approval
and signature. '

Attachments | _ /><Zi4""££2222 I//;zi:]

/N LR Felding
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