Section & Report Review
Attachment to letter dated 24 May 2002

Project: Educational Exhibits and Support Components at Aguarena Center, San Marcos,
Texas for the Conservation of the San Marcos Springs Endanpered and Threatened Species,
GGambusia georgia, Eiheostoma fonticola, Ewrveea nana, Zizania texang, and Eurycea

pathbuni.

Final or interim report? _ Final

Job#: WER63

Beviewer's Station: _Awngfin Fish and Wildlife Service Office

Lead station was confacted and concurs with the following comments:
Yes No _X  Not applicable (reviewer is from tead station)

Report: is acceptable as is

is acceptable as is for an interim report, but the following comments are
made for future reference

X needsrevision (listed below)

Commensis: (Note to commenter: If you make comments directly on a copy of the report, write
legibly and dark so comments will reproduce well when photocopied.)

These are a aumber of biclogical and typographical ervors in the signs, fact sheets, and
workbooks that need to be addressed. In last vear’s copumnents on the inferim report for this
project, ransmiited ta TPWD on March 11, 2001, the Service commented that we “... would
tike to coordinate with TPWI} and Aquarena by reviewing the draft curricula, sigaage texy,
and any information sheets prior to the finalization of the educational content of the
project.” Although staff at Aquarena spoke to Service staff last summer in general about this
project, the Service was not given an opportunity to see and offer suggestions on the dyaft
signs and curricuta material.

The pages of the attachment to the final report were not numbered so it is difficult to make
precise references. However, we have attempted to identify specifically where our comments
should be incorporated.

1) If common names are to be used in the Signage Text section on Sign 3, then the National
List (see reference cited below) of common names should be used. Therefore, “Carolina
fanwort” should be used, not “Cabomba”™; “wild celery” should be used, not “eclgrass™;
“vellow cow-lily"” should be used, not “spaiterdock™; and “cormon hornwort” should be
used, not “coontail”.



Reference Cited
Reed, Porter B. 1988. National list of plant species that ocour in wetlands: 1988 Texas.
NERC-88/18.43. U.S. Fish and Wiidlife Service publication.

2} On the first page of the “Life Times Ten” {esson plan, the scientific name for the Texas
blind salamander “Tymphlamloge rathbunii” is spelted incorrectly. The correct spelling is
“Tymphlomolge rathbunii.” In addition, please be aware that the Genns “Tymphlomolge” is
in the process of being changed to “Euryeea”, so you may wani to revise the text to say
“Eurycedq rathbuni” when referring to the Texas blind salamander.

3) On the one page informational sheet for the fountain darter, under the “Distribuiion and

Habitat™ section, it should be noted that in the 3™ sentence, the loss of springflow at Comal

Springs was due to deought and groundwater pamping. In the 6 sentence of the same

section, it should be noted that fountain darters may occur downstream of the confluence of
the San Marcos and Blanco rivers,

in the second paragraph of the “Threats and Reason for Decline” section, there is a
typographic error in the scientific name for the giant ramshom snail; the correct name is
Marisa cornuarictis.

4) On the one page informational sheet for San Marcos gambusia, the description of critical
habitat in Spring Lake is incorrect. The text should be changed to read: “San Marcos River
from Highway 12 bridge downstream o approximately 0.5 mites below Infersiate Highway
35 bridge.”

5) On the one page sheet for Texas blind salamander, you may wang to change the scientiiic
name to Eurveea rathbuni, as described above under comment # 2. In addition, the
.description of critical habitat is incorrect. There is no federally designated crifical habitat for
the Texas blind salamander.

6) Under “The Fountain Darter” section on page 7 of the “Rare! Endangered Species”
Curriculum for Grades 4, 5, & &, it should be noted that not all darters lack swim (gas)
bladders.

7) On page 23 of the “Rare! Endangered Species” Curriculum for Grades 4, 5, & 6, the
description of critical habitat is incorreet. There is no federally designated critical habifat for
the Texas blind salamander.

8) In the “Texas Endangered and Threatened Species” table on page 30 of the “Rare!
Endangered Species”Curticuium for Grades 4, 5, & 6, it is unclear whether the columa
labeled “Siatus” refers to the State of Texas’ list of T&E species or the federal list of T&E
species, or both. The table should advise the reader that the State and federal lists are not the
SAMmeE.

Uinder the “Some Reasons for Rarity”™ columa, the text for the Pecos pupfish should be
changed to “Hybridization with an infroduced sister species”.

Under the “Species™ column, “Toothcave spider” shouid be changed to “Tooth Cave spider™.

9) The Appendix B Texas Threatened and Endangered Species, March 1999 is out of
date and several species” status have changed. For example, on page 3 the status of the
Pecos pupfish should be changed to reflect that it ig no longer proposed as endangered, and
on page 4 under “Spiders” several of the species listed as “PE” shoutd be changed to “LE” to



reflect that they have been federaily listed. |

10) On the 2™ page of “Appendix C Infroduction to the San Marcos Springs Ecosystern®
under the “Flow Characteristics™ paragraph, the text should be revised to state that “The San
Marcos River baseflow provides some stability that decreases as one goes downstream.”
Stability is not lost at the Blanco confluence, as the current text implies.

On the 4™ page under the “Texas wild rice (Zizaniz texana)” section, the distribution as
writien is inaccurate. Texas wild rice does currently occur in Spring Lake

“The Endangered Species Act of 1973 Temms™ section on page 8 of this section needs to be
climinated or eptirely rewritten. The discussion contain errors in vlrmaﬂjf cach term
presented. This page amounis to legal advice and needs serious revision.
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PROJECT THLE: Edu *atmnal Exhibits and Support Components at Aquarena Center,
San Marcos, Texas for the Cunservatmn of the San Marcos Springs Endangered and

Threatened Species, Gambugg georgel, Etheostoma fonticola, Enrveea nana, Zizania
texana and Eurycea rathhunT.

(i) The prublem or; nEed wh:ch prompted the project

The suite of endange:ed aml threatened species of the San Marcos Springs system exdst
atmost solely within the mt}f of 8an Marcos, and thus are impacted by human activity, as
well as affected by human populanun pressures on the Edwards Aquifer throughout the
cemiral Texas area, Becausc of the species dependency on the continued flow of spring
waters, which in tuim are afi'ecteli by gmmg municipal water is¢, education of the
public ta the phght and needs.of these species becomes critical

{ii) Evidence ¢f a rgv!Ew of prior projects and other works-in-progress
related to this project i
o

At the time of the grant submittal, availsble education. materiats on endangered and
threatened species fﬁcﬁsedl on international chasismatic animals. The very good
NatureScope activities ﬂlustrated underlying principles of rarity with a world-wide view.
A more 1ecent project by e National Wildlife Fedsration was Animal Tracks, a fiun
book for conservation educdﬂon at a fourth grade level, which inctuded a chapter on
endangered species. - Soma: of the animals in the activities were panda bears, moas, bald
cagles, and passenger plgml:-ns World Witdlife Fund’s exceilent curricuium on
biodiversity examines the need for endangered species protection as necessary for
maintaining -:iwers;lty for healthy ecosystems. “Going, Going, Almost Gone! Animals in
Danger” was a joint project between HBO and World Wildlife Fund as part of the
Windows on the Witd cumcuhun, with an elementary educators guide for use after

viewmg the video. Agam, tl:us curticutum kas a national scope with ¢m mternationat

amay of species. | | l

Previous use of the Eﬂdaﬂge!red Species trunks from the U.S. Fish and Wildlife Service’s:
Austin office for teachér frhiptng was 2n sxperience in. huge amoimts of resources
without a clear plan on: use' and instruction. Teachers expressed rehuctance for taking
responsibility for valuable artifacts and for cregting lesson plans for their students (ESC,
Region XIII, Regional cnllﬁhuratwe training at Aquarena Center, 1996.)

Texas Parks and Wlld]]fe Department’s resources for the state’s endangered and
threatened spedies at ¢he titne of the grant application were rich with background
information sheets and hstsl. There was & Jeopardy game to reinforce species
information, and a trave]mg display with striking pictures of threatened and endangered




species of Texas. The TR&W office also distributed fun salemander cutouts for creating
headbands. Ann Miller did endangered species training for teachers that included
classroom aciivities, ;Infm'-matiun about the animals and plant species at Spring Lake is
presented In ap afiractive p!ampb_let “Edwards Aquifer Species”, with limited copies

available for djstn'hutian_

(iii} The objectives addressed

OBJECTIVE:

Ta refocus c]assmﬂni and public attention to our own backyard when discussing
threatened unique fragile environments and the needs of threatened and endangered

(T&E) plants and aniiual&

L Segment Objectives:

A. Visitors-view the jntercunnecﬁuus of habitat and species and come to appreciate the
usiqueness of the San Marcos River System and its flora and fauna.

B. Refocus classroom atiention to our own backyard wher discussing threatened unique

fragile environments and

e needs of the endangered species.

{iv} The approach or ptacedures utilized

Approach: 1 Dlelfelnp an exhibit “Life at 100" representing Spring Lake at 100

times magnification,

Objectives met: |The exhibit contains 8’ x 24° murat of life in Spring Lake
magnified ten timed. Visitors see wild rice, salamanders, gambusia and darters,
with prey species and locations in relationship to other lake fauna and flora.
Interactive components include: Passing Gas, which emphasizes the importance
of surface area n I;:-'la.nts for gas and nutrient exchange, a large salamander puppet
under bean bag 5!11}!511&?&, for relative sizes and habitat display, Salamander Maze,

an activity that d

icts the small spaces salamanders move through in the aquifer

and spring openings, mussel puppets and snail vacuums to demonstrate the
diversity of feeding strategies, Water Weight and Jump fn showing loss of
structure needs by plants and animals in buoyant water, Moving Through Water,
exhibiting mownted fish puppets-demonstrating fish shape and jobs of fins, a
Stream Table for water wigglers to mvesiigate moving through water, Surface
Tension, giving visitors a membrane to walk bug models across, and a Life Times
Ten area for magnifying a variety of lake plants and animals for a closer look.

Approach: 2 Write 5 endangered and threatened species of San Marcos Springs

information sheets.

Objectives met: The singfe sheet information sheets support the curriculom

activities, and are n

sed in educating visitors at special programs, such as Scientific

Divers and Great Backyard Bird Couxt.

Approsch: 3 De

velop curriculum with pre and post visit activities.




Objectives met: The curriculum for grades 4,5, and 6 (Rare!Endangered
Species) contains 4 'rpre visit activities, 2 on site activities, and 4 post visit
activities. These are afigned with state content requirements and contain an in
depth explanation :ﬂf the Spring Lake ecosystem for teachers. The eurriculum for
grades 7, 8, and § (1,, asishing! Endangered Species) also contains the same
nurgher of actmtlas

(The Vanishing! 1R sent to U.S. Fish and Wildlife Service’s Pat Conner in
Spring 2001)

Teachers receiving fhe preliminary drafts are listed,

Approach: 4. Install signage replacing duck feeders that emphasize the

uniqueness of the ISIQH Marcos spring system, the food chain, and esseniial

elements of the habiat,

Objectives met: he seven signs follow the take’s shoreline from the glass

bottom boat dock m the overlook at the old Historic fnn, past the headwaters, The

signs meet seviral ub_]ectwes

a.) Discourage pe ::pie from feeding birds and fish and adding addiional nutrients
to the lake; |

b.) Instruct wsﬂnrslm the balance of nature in the lake with the zatural food
chain,

c.) Include vhe enda!ngered and threatened species in the presentation of a
baianced e;:alolg_i_cal system, aird the part they play.

{The signage text Was sent to U.S. Fish and Wildtife Service’s Pat Conner in

Spring 2001) | ! ' '

{v) Discussiaon of the pr::jie-'.':t outcames, related to the objective(s) and the
problem or need. _ !

Both the s:tguage alnd the Life Times Ten exhibit room are visited by thousands
yearly. Approximately 50 E'Irf:. of the visitors read the first 3 panéls near the boat dock as
they wait for their glass bottom boas rides to begin. Questions to the boat drivers during
the touss indicate pmcessmg of the material presented in the sigriage.

All school groups stﬁmg Aqaarena go through the aquarium. Even if they come
without booking a tour, school children-will enter the free endangered species exhibiz.
Cusrently, groups mvestlgate the interactive components on their own, buf programs
based on Life Tiznes Ten are being developed. Especially engaging to children are Water
Weight activities, and the bhppeis apd wind-up swinmmers.

The curricutwm is organized to cover topics required for the classroom, white
incorporating important knowledge for understanding endangered species issues,
Teachers are excited abnut the activities, which increases thé likelihood of classroom
inciusion,

This project b}r Aquarena Center with Section 6 Grant funding is a comprehensive
approach that enriches the pubhc s lmowledge and experiences with rare species in their
own back yards. '
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Refer to numbered copies:
Sign 1

Please don't Break the Foo
It's more important than <

Sign 2

Aquarena Center
601 University Drive
. San Marcos, Texas 78666
' Margaret Russeil
512-245-7557
October 8, 2000

Signage Text

Eudangered Species and Food Chain

s uf srtwork for text placement and order.

d Chain Link
1 think

When animais get uzed to

takmg handouts from people, they become pests.

SPRING LAKE has lots of food for the ducks, turtles, fish and all its animals,
What is on the SPRING LIAKE MENU?
S

[

Pyramid: (Top tayer). FOURTH LINK
{Second layer frori top) THIRD LINK
(Third layer from top) SECOND LINK

Sign 3

THE FIRST LINK
Plants and Alpae

Fhe butk oi'the food m a fc-r.}d chain is green. Planis and algae make their own food.
Some rivers depend on plams growing outside the water, but at Spring Lake, algae and

{Bottom layer)FIRST LINK
. [
|

planis grow well in the clea;_* water. They provide the first link.

Hydrilla
WNon native
Cabomba
Native
Eelgrass
Native
Chara
Mative algae
Spatterdock
Wative




Coontail
Native

Sign 4

P
THE SECOND LINK !é
Grazers .
(Grazers are animals that eat algae growing on plants and rocks, or take bites of leavas and
stems. Grazers think green is great. After filling up on green, the smaller animals make a
tasty snack for the next link.
:

Snails .
Scud
Mayily larvae
Tilapia

Non native
American Wigeon

Migratory Native
Nutria

Non native

Sign 5

THE THIRD LINK
Predators :
Predators come in djﬂ'erent sizes. One-inch long dragonsly larvae will gobble up the

bugs and small fish. Mosguito fish eat mosquito wrigglers, and the salamanders eat
scuds. What i5 the next link on the chain?

Dragonfly larvae

Diving beetle

Mosquito fish _

San Marcos salamander
Threatened

Fountain darter
Endangered

Sunfish

Sign 6

THE FOURTH LINK |
Big Predstors | :
Large predators at Sprmg Lake mclude bass, gar, birds, turtles, mammats and eels. Since

most of these creatuzes start out small, they themselves might be a dinner item early in
life for a predator. ¥y



‘Raccoon B |
Spotted Gar ¥
Large mouth bass
Great Blue Heron y
Double-crested Cormorang

Snapping furtle ;

Sign 7 2

MISSING LINKS B

Filterers, Decomposers, Scavengers, Scrapers, Shredders

There are other finks in the aquatic food chain. Some animals spin nets or bang out
bristles to catch small bits of food passing by. Some only eat dead leaves, or strain
bottom mud. The very smallest, bacteria, tum the dead into a fresh pool of nutrients,
These autrients, in furm, are:used by plants and algae, the first link of the food chain.

Blackfly larvae |
Filterer
Stonefly larvae
Shredder »
Riffte beetle
Detritivore
Crayfish
Scavenger
Case building Caddisfly
Scraper
Net building Caddisfly
Filterer

"Fext mostly left atigned raggad right margins, 28 to 36 points. Headline fout to use is
Industria. Smaller body font €0 have serif and match as close as possiblé to Industria.
Use discrefion in placemm:t_and proportions. Reading distance 18 inches to 28 inches
away. .




LIFE TIMES TEN

RATIONALE

The five small rare asimal’ species in Spring Lake live within crevices and among
vegetation, so their fives aie not visible. The phenomena of flagship species, an animal
ot plant whose charisma ingures sappott by the public, does not usually extend to cold
blooded znimals. Not well known, not easily found, and without immediate appeal,
Spring Lake rare species need to become larger than life for their stories to be heard and

for the public to relate to Gambusia georgei, Eurvcea nana, Tvmphamioge rathbunii,
Etheastoma fonticola, Zifa':ifa texara, and Heterelmis comalensis.

The patterns in life times ten, or life visible under tez power of miagrification, is both
fammliar and bizarre. The fonndation of life cycles, with food chains and predator-prey
relationships is similar on both land and s the water. The struggle of life forms to meet
their needs in a water world, where water moleculs properties especially impact moving
and breathing strafegies at a smaller dimension, bas created bizarre and vnique
adaptations.

Formal educational curriculumn guides for grades K through 6 include requirements for a
basic knowledge strand that identifies components of the natural world, basic needs of an
arganism, how living things depend on each other and their emvizonment, habitats,
competition, inherited traits, adaptations and how adaptations improve survival, an
organism's niche and living things' life processes. The physical aspecis the processes life
depends on, such as watersheds, states of matter, and water cycle, play an imporiant role
in explaining Life Times Ten. '

TARGET AUDIENCE
The exhibit will target children 5 to 12 years old, while reaching families and ali ages. '

OBIJECTIVES

By visiting this exhibit, the andience will:

1.} Look for and recognize ways organisms adapt to living m water.
2.) Compaze life at different scales

3.) Make new connections between prior kuuwladge and experiences of larger land
animazl ecologies with smaller aquatic ecologies.

4.) View rare species of Spring Lake as important components of the ecology.

! Seven Characteristics of Family Friendly Exhibite:
Mulii-sided - family can cluster arosmd exhibit
Multi-user - interacticn allows for several sets of hands o bodies
Accessible - comfortably used by chitdven and adulis
Multi-gutcome - gbservation and imeraction Soster group discussion
Mutti-modal - gppeals to different learning styles and levels of Imowdedge
Readable - text is artanped in easily undersiood sagments
Relevant - providing cognitive links to visitors existing koowledge and experience

Famity Learning in Museums: The PISEC Perspective. Philadelphia/Camden Infermal Stience Bducation
Collaborative, The Franklin Tnstitute, 1998,



LIFE TIMES TEN

'MAIN MESSAGE -
Even the smallest.animals play an important role in Spring Lake.

POTENTIAL EXHIBIT C@W@;WSA@ FISITOR EXPERIENCES

DIVERSITY
There is variety among the life in Spring Lake.

LIVING IN LIQUID
Plants and animals in water differ from land organisms because of where they live,

Buoyaricy... Things weigh less in water. Less suppott is needed in plant
structure because of the water support

Lower an item attached to a spiing scale in and out of water to-compare different weights
Stand on a scaie to determine how nuch you weigh in the water

i

Surface tension... The water surface to small bugs is a physical barrer

*

Lid of thick stretchy film, for visitors te push down on and try to enter dm
Stretchy film o lower bugs down on to push on.

Transfer of gases...Less oxygen and carbon dioxids in water, slower to
diffuse so it is harder to get gases in water. Plant tissue and pills are finely
branched to increase surface ares.

Maze of branching to find “f?liere the air bubble can enter
Measurement of surface srea of gills with magnetic wand and chain inside plexiglass

LAKE LOCOMOTION
Animals have a variety of ways te move.
Moving water is a large force for smail animats.

>

Scraping aleng the bottom done by snails shown with push saail figures
Wind up paddie shapes used in water basin.




\.

LIFE TIMES TEN

" LAKE DINING |
Animals feed in a variety of ways.

Even small animals can be aggressive predators. |

Dragondly larvae's grabbing and killing spparatus in a scoop apparatus.
Compasing dragonfly larvae to Tyranasauras Rex on a reduced scale.

Instead of ¢amivore and herbivore food chains, small animals m the Lake

are sorted info scrapers, shredders, collectors, filkerers, scavengers, and
predators.

Food chain signage along the lake's edge.
Show predators smaller than plant eaters in lake.

NICHES | '
Life magnified fits in specific places in the epvironment of Spring Lake.

TINY PLACES
Aquifers and spring openings provide small places for small animals.

Aquifers are places of cracks, crevices.

Safamander maze with magnetic wand to guide salamander through the crevices.
Burrow through the gravel pit of different sized bean bags.

Aquifers aré places of darkness and no plants.

"Getting rid of extras” animals fving in specific envireaments, such as island birds, lose

unnecessary {raits, such as flight, (or pigtentation and eyes n the darkness)...chose the extras to
lose. B




LIFE TIMES TEN

EXHIBIT RESOURCES

Exhibit Design/Fabricators

Margazret Russell, Educatiui:-n Coordinator, Aquarena Center
Joe Doherty, Director of Exhibits, Austin Children's Museum
Camille Earrey, Bouldm Creek Woodworkers,

Maria Thompson, Murshst

Advizors

Tom Arsuffi, Ph.D.

Aquatic biologist

Southwest Texas State University

Pacla Williamson, Ph.D.

Botanist
Southwest Texas State University
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Signage for the Life Times Ten Exhibit
at Aquarena Center

Station 1 {magnification table)

LIFE TIMES TEN
It's a whole new worid with a closer look.

Life Size Life Times Two Life Times Three  Life Times Four
Life Times Five  Life Times Six Life Times Seven  Life Times Eight
Life Times Nine Life Times Ten

Statiorr 2 {lowering the scale into tank)

LOSE WEIGHT? JUMPIN!
The supporiof water actually reduces the
weight of .objects in-Spring Lake.

Station 3 ( Fitness scale, remarked)

WHATFS YOURWEIGHT UNDER WATER?
People weigh about oneTifth as much in water.
Just as weightless astronauts in space
need less bone for suppont, things in water
need lessinternat structurete support their weight.

Station 4 (streiched film top) i

TOUGH ON TQP
Push down cn the surface.
For smatt bugs like water striders,
water tension is tough. This surface tension
works to walk on, but when it comes time
fo catch dinner, -striders have to break through.



Signage for the Life Times Ten Exhibit
at Aquarena Center

Station 5 ( plastic shapes to trace with chain)

PASSING GAS
Dissolved gases needed by plants and animals
pass by in the movingwater. To gather as much as possible,
animal gitts and plant leaves have

lots of surfaces to come in contact with the water.
Use the chains to trace thé gill and leaf outlines
and see how many places water with dissolved

gases and disschvad nutrients can touch.

Station 6 (water {able)

WATER WIGGLERS
What parts move to push each toy forward?
What parts do you move when you swim?

SOME WAG AND SOME ROW
Lots of animals living in water make an "S" shape to move forward.
Then there are those bugs with [ong car shaped legs
that row through the water.

Station 7 ( snail on a bizzel)
AT A SNAIL'S PACE
With their mouth in their foot, snails can
taste as they travel. Their hard rasp will
scrape up the green film of algas.
Station 8 (Clam puppets)
Slip on for CLAMMY Hands!

Fresh water mussels live in the gravel and mud, They filter
food from passing water with their siphon tubes.



Signage for the Life Times Ten Exhibit
at Aquarena Center

Station 9 (Predator Leven)

SNAPPING JAWS

Dragenfly and damselfly larvae are great hunters.
Their hinged bottom jaws unfold and spring out o
grab other bugs and small fish.

FEARFUL BEASTS
Gomphidae Tvranc-saurlus

Strong jaws, kilis animals 2 times larger  Strong jaws, kills animals 2 times larger
Rapid movement irom jet stream Speeds of up to 45 m.p.h.

Stalks prey Statks prey

Top of Pend invertebrate FOOD CHAIN Top of Cretacecus FOOD CHAIN

TOF OF THE FOOD CHAIN?

Beaver (plant eater)

Tilapia {plant and snail eater}

Cragonfly larvae {predator)

Station 10 (marble maze)

TINY PLACES
The aquifer that holds the water pouring into Spring Lake
is a place of small spaces. San Marcos salamanders and
Texas blind salamanders fi in these tiny spaces
nside the aquifer and at spring openings.



“INGDOM FErLLM DRICER GROJIP ..L%SE FAMILY
Animal Cherdata  Perciformes Fisk Ostaichthyes  Parpidse

rountain Darter
Etheostorna fonticola

IUNC Redlist: Endangerad, listed 1677
Federal Status: Endangerad. listed 1970
Siate Status: Endangered

Crifical Habital: Spring Lake and

San Mareos River |5 mifes beyond [H-35 bridee

Lescription

The fountain darfer is a reddish brown fish with an average size of one inch, and is the smallest darter species. it
displays a senes of dark, honzortal dash lines aleng ifts sides and three dark spots at the base of the tail. Dark bars
appear below, behind and in front of the eyes. Ercedng mates have a conspicuous tanding pattemn on the first dorss

fin. Thizs bandng patfem iz five dstinct bands of tlack, oear, red, clear and black. The foutain darter was first
collected and described in 1384 by Gilbert.

Life Histo

Fourtain grters feed chying the day and rely on movement by prey ito locate ther icod. Some of the invertebrates
found in the stomachs of darters are copepads and insect larvae. Breeding cocirs in aguariums year round, but in the
rairal environment of the nver it appears fo increase dunng August and early spring.  The female attaches eggs o
mosses and algae whers he young emerge in approximataly six days.

Distribution and Habitat
Crvigrally, CHheosforne forticelz codd be found in the San Marcos
LA FEp and Comal Rivers. It was first coftected in the San Marcos River in
LT 1884 by Jordan and Gilbert, and in the Conrwal River by Kendsll and
Evermamn in 1881 The last of the Comal River popudation was
calected in 1854, before the drought of the 1850°s caused Comal
Springs to cease flowing. An exhaustive search in 1973 and 1874
- dd not locate any remaining indnidesls of the Comal popuation,

- {(,;’ Sciertists released fountain darters from the San Marcos system into

o the Comal River in 1875 and 1875 and 1t is befieved all of nday’s
O population odgnated from these released darters. Cusvently, fountiain
4,-.#’5' ‘o carters ara located along he entire length of the Comal River and in

_ the vpper Sapn Marcos River befove the confluence with the Blanco
YIrEaE Blaeeo Fe Fiver. Estimated number &f fourtin darters in the San Marcos River
e was 45,900 {1993), and in 188,000 in the Comal River {1993}, Maost
o of the dariers can be focated in vepgetaion growing cdose to the
subefrate, such az filametous algee. moss, hydilla, and primrose.

Threats and Reason for Declins
Of great concemn o scientists is he introduction of a fuke in @e Comal River whose farval form infests the. gils of

fourtsin darters.  The increased strecses irom the irdactions cause moteased morfality rates and reduced offapring
rumbers.

Higher temperatres, due to drinished stream flow, is alimiting fastor for fourtain darters in the Comal River. For both
dver systems, the struchre of the aguatic ofant communities praviding criical habitat is threatened by invasive exofic
plarts, and a nor-native sesil Madza conaretiz, inroduced in 1983, as well as peopie swimming and fubing in the Aver,

Recovery Efforts

Mirimum flow requirements fof the darter are established and when the spring flow &oos below this level, the Edwards
Agufer Autherity must reduce the amount sumped {from the aquifer by ifs users. Aquatic plant patches have been
suveyed and will be monitored for impacts due b dam repairs and recreational use of the rver,

Where {0 See

Fewntain darters are maintained in captivity 3s a reserve popuation. These pocddsiions are Kept in Uvalde and af the
San Marcas Mafiornal Fizh Hafchery and Technology Center in the event of a cafastrophic event fo the critical habutat.
They are also on dzplay at the Endangered Species Aguanum at Acearsrs Cenler



SINGDON OVISIGHN QEDER GROUF Liadd FAMILY

L .

Flant Magnclicphyta Cyperales Anglosperma  Lillopsids  Foacese

Texas Wild Rice
Zizania fexana

WIMNC Red List Vuinerable

Federal Status: Endangered, iisted 1873
State Siatus:  Endangered, listed 1382
Critical Habitat: Spring Lake and

San Marcos River from the headwalers

o confluence with Blanco River

Deseription
Texas wildries 13 an aquatic grass with shin, dar. elongated Jeaves as long as ene and haif meters, opicatly immersed and
ipng-steaming in fver Surramts. First collected in 1892 bv G.C. Neally, it was comrecly identified as a unique species by
Hitcheock in 1935,

Life History

The plant dowers and sets seeds from April to November,  Seeding plants have become inereasingly rare i the wild.
Profuze seeding has been ohserved in the river recensly, but biologists are uncemain what factors miggered she seeding, The
plant depends on vegetative reproduction from rhizomes, forming Yarge cloness.

Distribudion and Habiiat
This wildrice was once abundant in Spring Lake, the San Marcos River, 2nd in
imigaticr ditches with constant flows. In the 19305 #t was comsidered it a
problem plant that clogged imigation diwhes. Texas wildnce s oumremtly
distritmied slong the upper four miles of the fiver in the city of San Marces, in
o gravel shallews near the middie of the rmver  This plant is adapted to
. fgr-fowing water of high quality and eonsant year-round femperatures as
Ao provided by adequate spring flows.  Siking, distwbemce of the bottom. of
o e mmL—  Slagman water will kil off nlants,

=
Az

Threats and Reasons for Drecline

The major threat to fe San Marcos River haditat is increased pumping of Edwards Aguifer groundwater. Decreased
spring ontflow lowers the water leve] of the mver and exposes the shallows whers Texas wiidrice typically would grow.
Cither threats to wildrice include recreational use of the fiver by fubers and dogs, herhivory by intreduced species, reducad
phatesynthesis from deating vegeiation mats, and competititon by axoric plant species. Racent Iogses of established plants
Tom 3 300 vear foed event and 1 downsirzam dam dilure that lowersd river witer levels has concerned biologiss.
Riverstde construction and bortoraland cuitivation have destroyved planss, altered stream dows and temperatuge, or increasad
siitarion.

Recavery Efforts :

£fores 1o orow Texas wildrice fom 1972 1o 1982 in other stream setfings wer oot successful No new populations
resulted.  Recreational disturbance of wildrice is being reduced with edecational sizpage at the tubing rental location.
During 199%'s partial dam filure that lowered the water levels in wildrice habitat hrelogisis tansplantsd wildrice into
mors opHmal zones. Texas Parks and Wildlife Departroent conducts a vearly monitering survey of the wildtice patches to
measure changes m population size. Ar the keginping of the aew cennury, thers is aporoximately 1,204 square meters of
wildrice in Spring Lake and San Marcos River.

Where to See

Texas wildrice 5 successtully under cultivanton at the San Marcos National Fish Harchery and Technology Centsr with
additional planis w refagives ar the Freeman Bielogy Building at Seuthwest Texas Staie University, and fumure refigium at
the Eady Bird Johnson Wildflower Center.



INGDOR PHYLLIM ORDER SROUP CLASS FAMILY
Animar Chordaia Caudata  Amphibian  Amphibia  Plethondontidae

San Marcos Salamander
Lurvcea nana

IUNC Red List: Rare

Federal Status: Threatened, listed 1380
State Status: Threatened, protected nongame
Critical Habitat: Spring Lake and

' 50 maters of San Marcos River bslow dam

Deseription

The minanire San Marcos salamander is about twe and a half inches long and displays a prominent gill fiinge bebing
the head. It is nectenic, meaning it remains in the amphibian larval fore and will net metamorphisize, There are Ao
external ears, the eyes are large with a dark ring and the limbs are short and slender. This small salamander's specific
name "nana” 15 o the Greek nanes, meaning dwarf,

Life History

The San Marcos safamander breeds and s eggs in dense aguatic vegetation, fom which the larvae emerge in three
and a half weeks. This species is carivorous and feeds on amphipods, insect larvae, and aquatic snails by remaining
stationary until the prey passes closely by, and then snapping. Salamanders, in tumn, are food o sunfish, turtles, bass,
blue tilapia, and catfish.

Distribntion and Habitat

The species’ Tmge exwerids from Spring Lake w sizht below
San .. the two spillways of Burleson dam.

Marc D‘,S,’S pPrings The San Marcos salamander is found in spring epenings among sand
,\":// and pravel substrates where aguatic vegetation is profuse. Flowing
J clear spring water with a consmnt temperatusre negr 21 degrees
i Centigrade is » habitar requirement for San Marcos salamanders,
Y since no individuals are found in sull parts of the lake. Estimated

San pepilation by Nelson in 1993 was 53,200 salamanders.

Morcos

River Threats and Reason for Decline

The satamander i5 threatened by degradation of its very limited
habitat, [ncrease purmping of the aguifer due to msing demand for
water for Homes and agricuimre threarens the salamander by towering
spong fdow. Sikarion of the habitac is also 2 conesrn,

Recovery Efnrts
Breeding of the San Marcos salamander in capsivity is successful in refugium aquariums. A set number of salamanders

are maintaimed in captivity as insurance against habitar dastruction or disease that might imperi) the population in the
wild.

Where te See
San Marcos salamenders are kept in refogium ar the San Marcos National Fish Hatchary and Technology Center, at
Uvalde, and on display at Aquarena Center's Endanpered Speacies exhibit.
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RGO e R¥E N ORDER IRCGUP CLASS Fal !
Animar Chordata  Atherpiformes  Fish Osfsichthyss  Poecilidee

San Marcos Gambusia
Gambusla gqecrgef

IUNC Red List: Endangered, listed 1577
Federal Siatus: Endangered, listed 1980
State Status: Endangered 1977

Critical Habitat: Spring take and

San Marcoes River .5 miles beyond 1H-35 bridge

Fhotagraph byBlob Edwards

Drexeription

Last seen ip 1983, the San Marces gambusia is considersd very likely extinet by aquatic biologisis. [t ranged in fength
Tora 2.3 to 4 centimeters (1 to 1.6 inches), was dark with 2 diuish sheen and had strong crosshatching on the scales. It
closely resernbied the Western mesquito fsh, Gambusia affinis.

Life History

This fish was a livebearer whose eggs, up to sixey, hatched inside the female’s body with the voung emerging alive. It is
assumed this gambusia resembled other siream dwelling zambusia species and fad on insect larvae and other invertebrates
found in the preferred babitat of slow-moving waters shaded by overhanging trees or bridges.

Disiribaticn and Habitat

The gambusia's enrire known range is reswicied o a | kilometer {06 miles) strerch of the San Marcos River below the
neadwaters between the Interstate Highway 35 and Thorpson's {sland. [t was one of three Gambusia species in the siver,
aleng with Gambusia affinis and Gambusia geiseri, 2nd was by far the rarest of the three with the most restricted range.
First described by Hubbs and Peden in 1969, its popufation was estimated at 1.000. When a survey of gambusia species
was done in 1978 and 1979, onjy 18 of the 20,000 netiad gamtbusias were the San Marces gambusia.

The San Marcos gambusia preferred quiet backwaters, adjzcent to the wain tiver currents, with shading and minimal
vegeration.  Hubitat mequiretments by the mwore generalist species of gambusiz in the tiver are shallow edges with dense
vegetation {Gambusio gffinis) and deeper midwater locations with increased flow (Gambusia gefserl.  Gambusia
georgei’s primary habitat requirements appeared o be ¢lem and clear waier of a constant temperawsre. Temperatures in
the river vary by only a few degrees thronghout the year, averaging about 23 degrees Centigrade.

Threats 2nd reason for decline

The onginal tange of Gambusia georgei became a heavily viilized and chanmeled section of the river In the ity of San
Mareos. Alteration of the rver habifat created 2 rwo-part preblem for the endansered species. The change of the muddy
cottoms by siation from increased runodf, the change in sweam flow fom increased aquifer pumping, the change in
engbankment vegetatien by invading exotic 2lephant ear planis {Colocashia escueiate) decreased habitat for Gambusia
georged, and at the game time, ipcreased habiear for the other zambusias. The coliision of gambusiz species with the
resultant genene contammmation of G.georger by imterbreeding with (& affinis was the death knoll for the San Mareos
gambusia,

Recovery Efforts

San Marcos gambusia were captured alive and artificial cuitures established in 1979 and 1930, Bosh of these culinres
were contamiinated by (naffinis in the early 19805 and the last individual taken fiom the wild was captured i 1982,
Drespie considerable collecting sffors o securs this species since then, none have heen ken. '

Where to See
There ate no existing Gambusia zeorgh on displav of o refugium.  The very similar species of cambusziz, Westem
mosquitefish, is common in many watersays.



KINGEONM PHYLUM ORDER GROUP CLASS FANHLY
Animat Chordata Caudata Amphibian Ameinbiz Hafthongontidae

Texas Blind Salamanrder
Tymphlfomolge rathbuni

Federal Stalus: Endangered, listed 1967
State Status: Endangered

Critical Habitat: Edwards Aquifer in Hays County,
23 sguare miles underlying San Marcas

Description
The Texas blind satamander is a sightiess cave-dwelling amphibian that grovis up to 5 inches in length. i is
slender with toothpick-like legs, franslucent white skin and with a fringe of red external gil's. Twe eyespots
mark fhe lacation of vestigial eyes on the flaliened head and snout. The Texas blind salamander was first
collected in 1395, at the Federal Fish Hatchery in San Marcos, Texas where if was expelled from an artesian
well drilled fo supply water fo the hatchery.

Life History

This totally aquatic species feeds on small inveriebrates living in underground waters. Cbservations of the
salamander indicate that it moves through the aquifer by walking aleng ledges underwater and swimming
shait distances before spreading #ts legs and setifing to the hottom. It spends iis Iif2 in complete darkness.
It is believed thai the salamander is sensifive to water temperature changes. Little efse of its natural history
is knewwn because of the hidden nature of its habiat. Pregnant femalss have been ebserved throughout the
year. The species is neofenic; it does nol transform into a lunged adult.

Distiibition and Habitat

Binlogists know of only one population of the Texas blingd
salermander, which aceurs in the Edwards Aguifer beneath San
Marcos. The current populafion is apparently stable, although
of iimited numbers. They have been found in seven locations
in the San Marcoes Springs fault and Purgatory Creek, after
heing ejected irom spring openings. The Texas blind

_____ iy M__' . 1 oy e salamander is endemic te the underground water system of the
T Ve e Imesfone cavems of the Edwards Plateau. It is helieved to
’ W e occupy 25 square miles under the city of San Marcos,

Threat and Reasons for Decline

in the years immedisiely following the drilling of the well, 100 blind salamanders wers recovered from lhe
opening esch year, Mumbers were reduced fo just a few ejecied each year soon afterwards, Survival of this
salamander depends upon the stability and continued purity of the Edwards aquifer spring flaws, which is
threatened by increasing demand for water and pollution of groundwatear,

Recovery Efforts
A large aquiler cavem was purchased by the Nafura Conservancy and is being monitored by a stevsard for
wiater quality in a protected portion of the salamander s hahitat,

Where o See

Texas blind salamanders are kept in refugium al the San Marcos Mational Fish Hatchery and Technology
Center and in Uvalde. Specimens can be seen = the Freeman Siology Building on Southwest Texas State
University campus, when recovered by Edwards Aguifer Research and Data Center, and on display in
aquariums 3t Aquarena Center.
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To: Gareth Rowell

Fax# 12~ 7058

From: Margaret Russell
Aquarena Center
512-835-6657

RE:

GRANT Number E-1-12

GRANT TITLE Endangered and Threatened Species Conservation
PEQIECT NUMBER WERG3

Gareth

The accompanying pages reflect the changes made in response o USFW(@%M{/ "
€omments regarding Item numbers that are not included in the pages are:

#1. Comment regarding the usage of common plant names on signage. The
signs were fabricated in the fall of the first year of the grant, as was noted to
Pat Conner in the summer of 2001, foliowing his request for review. The
common names used to identify the small botanical pictures on the sides of
“The First Link” sign reflect the names in use at this facility and in this ayea.
All commgn names for birds in subsequent signs were verified with Maxshe
Reimer tp follow the standard naming, The cost of redoing this sign would,
exceed $800.00.

# 9. Comment regarding the updating of Texas Endangered and Threatened
Species. These pages are inserts using the TP&W issved list. When the
March 1999 edition is updated and made available by TP&W, it can be
inserted mto thé document.

#10. Comment regarding the Endangered Species Act of 1973 Terms. This
page was eliminated from the document.
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LIFE TIMES TEN

RATIONALE

The five small rars animal species in Spring Lake five within cecvices and among

vegolation, so sheir lives arc sot visible. The phenomena of flagship species, an animal

or plant whose charisma insures support by the public, docs not usually extend to cold

hlooded animals. Net well known, not easily found, and without immediate appeal,

Spring Lake rarc species need fo become target than life for their slorics to be heard and _
for the public to relate to Gambusia georgei, Eurycen nana, Eurycea rathbunii, k'\(_sm o 7

Etheostoma fonticola, Zizania lexang, and Heterelmis comalensis.

The patterns in lifo times ten, or life visible under ten power of magnificution, is both
Samiliar and bizarre. The foundation of life cycles, with food chains and predator-prey
rclationships is similar on both kand and in the water. The stinggle of life forms 1o meet
their neads in & water world, where water molecule properties especially impact moving
and breashing strategies at a smafler dimension, has created bizarre and unique
adaptations.

Forinal educational curriculum guides for grades K through 6 include requirements for a
basic knowledge strand that identifies components of the natural world, basic aeeds of an
organism, how living things depend on each other and thelr environment, habiiats,
competition, inherited traits, adapiations and how adaptations improve survival, an
arganism's niche and living things' life processes. The physical aspects the processes Gfo
depends on, such as watersheds, states of maiter, and water cycle, play an imporiant role
in explaining Lifi: Times Ten.

TARGET AUDIENCE
The exhibi wilk target children 5 to 12 years old, while reaching famities and all ages.'

OBIECTIVES

By visiting this exhibit, the audience will:

1.} Look for ané recognize ways organisms adapt to living in water.

2.} Compare life at different scales

1.) Make new connections between prior knowiedge and experiences of larger land
animal ecologies with smaller aquatic ecologies.

4.} View rare species of Spring Lake as important components of the ecology.

! Seven Characieristics of Farnily Friendly Exhibits:

Melti-sided - family can ¢huster around exhibit

Multi-user - interaction allosws for several sets of hands or bodies

Accessibte - comfortably used by children and adults

Multi-outcome - ohservation and interaction foster group discussion

Multi-modal - sppeals to diffevent learning styles and levels of knowledpe

Readable - text is arranged in easily underetood ssgments

Relevant - providing cognitive links to visitors existing knowledge and experience
Famtly Learning in Museums: The PISEC Perspective. Philadelphia/Camden Informal Science Education
Cotlaborative, The Franklin Institute, 1998,
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KINGDOM PHYLUM  ORDER GROUP  CLASS FAMILY
Animal Chordata  Percfformes  Fleh Ostelchihyes . Percldas

Fountaln Darter )
Etheostomna fonticola

IUNC Red Iiat: Endangered, listed 1977
-Federal Status: Endangerad, listed 1970
State Status: Endangered

Ciritical Habitat: Spring Laks and

§an Marcos River .5 miles beyond IH-35 bridge

appear beiow, behind and tn front of the eyes. Bresding males have a copspiuous banding patism on the first
dorsal fin. This banding patiern I five distinet Bands of black, claar, red, clear and black. The fourtain dartes was
firet collectad and dastibed in 1884 by Gibart.

Lifs Hixtory

Fountain dariers feed Swing tha dsy and rely on movemen by pray to locale ther food, Some of the invertobrates
found in tha stomachs of darters ara copepods and fezect latvae. Breeding oceurs tn aqusriums year round, but in
ihe natural eqdrontment of the river k appears to increase during August and early spring. The female sftachea eggs
10 moasss and aigee where the young emerge In approximately ab days,

" Distribution and Habitat
sartsnSerns Orignally, Etheostorna fonticola could be found In the San Marcos
(A ard Comal Rivera. % was first caltectsd in the San Marcos Rher in
1884 by Jordan and Glbert, and in the Comal River by Kandail and

T Evatmann n 1801, The last of the Comal River populafion was
i collastad in 1954, before drougi and groundwatsr pumping causad

i’ Comal Springs to casse flowing. An axhaustive search Tn 1973 and ;
"} 7 1074 did not locats 8ny remaining indhviduels of the Comal ~HR-

systom Inte the Comal River in 1975 and 1478 and it & bellavad all of
today's populatien originated from these reloazed darters. Currendy,

# L e fountain dasters ara lcaled along the entire length of the Comal
“I.. 35, % San Rmr snﬁ n lhe Lppear 5 AL IV = w tﬂ' ‘thﬁ Wﬂﬂ]&ﬂﬂ “’H‘ th-;_.{
"3y Morees et Blanco River, ghd beyond, SEslFRAalR aF ToLmtain GarETs
REWM ITMZ] the San Marcos-Rivsr waz 45,900 {1883), and in 186,000 i the
2 Y Comal River {$953). Monl of the dariers can be locatad in vagslaton

along the bottern, such as flsmentous algas, moss, and hydrila.
Threats and Raasen for Decllne
Of grest concern 1o sclentists i the inteduction of & fluke In the Comal River whaze larval form feats the glls of
founten darters. The Increased stresses from the hfecBons cause incressed mortality rates and redused offspring
numbers.

Higher tamperatures, due to dimin=hed stream flew, & a Gmitng factor for fountain dartars In the Comal River. For
boty fivar sycteme, the atruchure of the aquetic plant communiies providng crifical hab#al is threatened by Invasive
expdc plants, and a nen-native snal Marisa comuarietfs, introgucad In 1583, as well as people swimming 2nd Wbing

Racovery Efforts

Minknum flow requirements for the dartar ara satablished and when fhe spring flow dropa below this lenve), the
Edwards Aquifar Authority must reduce the amount pumped from the aquifer by s users. Aquafic plant patches
have bean sunmyed and will be imonktorsd for Inpacts due o dem repaks and recreationsal use of the river.

Where to Soe
Fountain darters are maintained in capihily as a resorve popation. These populstions are kept in Uvalde and at the
San Marcas National Fish Hatchary and Technology Contes In the avant of a catastrophle event to tha critical habltat.

population, S<¢kntists released fountsi darters from the San Marsoa hemtz

/
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KINGDOM PHYLUM ORDER GROUP CLASS FAMILY
Animal Chordata Atheriniformes Fish  Ostsichthyes Poecifidse

San Marcos Gambusia
Gambusia georgel

IUNC Red List; Endangered, lIsted 1977
Federal Status: Endangsred, fisted 1980
Siate Status: Endangered 1977

ritical Habitat: San Mareos River from
Hwy 12 bridge to .5 miles beyond |H-35 bridge

See. B FFA

Degeripfion
Last seen in 1983, the San Marcos gamibusia is considered very likely extinct by aquatic biclogists, K ranged in length
from 2.5 to 4 centimeters (1 to 1.6 inches), was dark with a bluish sheen and had strong crosshatching on the scales. Tt
closely resembled the Western mosquito fish, Gambivia affinis.

Fhoaograpd: by Bob Edhvarids

Life History

This fish was a lvebearer whose eggs, up lo sixty, hatched inside the female's body with the young emerging alive. Tt is
assumed this gambusia resembled other stream dwelling gambusia species and fod on insect larvae and other inverichrates
fxmd in the preferced habitat of slow-moving waters shaded by overhanging tiees or bridges.

Distribution and Halitat

The pambusia's entire known range is restrivted to a 1 kitometer (0.6 mifes} stretch of the San Marcos River below the
headwaters between the Interstate Highway 35 and Thompson's Island. Tt was one of three Gambusia species in the river,
along with Gembusia affinis and Gambusia geiseri, and was by far the farcst of the three with the most resiricted raoge.
First desetibed by Hubbs and Peden in 1969, its population was estimated at 1,000, When 3 survey of grmbusia specics
was done in 1978 and 1979, cnly 18 of the 20,000 netted gambrsias were the San Marcos gambusia.

The San Marcos gambusis preferved quict backwatess, adjacent to the main river currents, with ghading and minimal
vegetation.  Habitat requirements by the morc generatist gpecies of gambusia in the river are shallow edges with densc
vegetation (Gambusia affinis) and deeper midwater locations with increased flow {Gambusia geiseri). Gombusla
georgei's primary habitat requiresments appeared 0 be ¢lean and clear water of a comstant temoperature.  Temperatures in the
tiver vary by enly a few degrees throughout the year, averaging ghout 23 degrees Cemtigrade.

Threats and reason for decline

The original range of Gambusia george! became 8 heavily utilized and channeled section of the river in the city of San
Marcos., Alteration of the river habitat creatcd a two-patt peoblem for the endangered species. The change of the nmddy
bottorns by sillation from increzsed runoff, the change in stream flow fom increased aquifer pumping, the change in
embarikment vegclation by invading exotic clephart. car plants (Colocashia escwelata) decreased habitat for Gambusia
georgei, and af the sgme time, increased habitat for the other gambusias, The collision of gambusia specics with the

restitant pesefic contamination of G geosgei by intarbreeding with G.affinis was the death lmoll for the San Marcos
gambusia,

Recovery Efforts

San Marcos gambusia were captured sfive and artificial cultures esteblished in 1979 and 1980. Both of these culbures
were contaminated by Gaffiniz in the carly 19805 and the last individual taken from the wild was captured in 19382,
Despite comsiderable collecting effrts to secure this specics since then, none have been taken

Where to See

Thete are no existing Gamibnisia georgei on display or in refugium.  The very similer species of gambusia, Westarn
mosquitofish, is common in many waterways.
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KINGDOM  PHYLUM  ORDER GROUP  CLASS + FAMILY
Animal Chordats Caudata  Amphibien  Amphibla  Plethondaontidse

Texas Blind Salamander
Eurycea rathbuni ;\

Federal Status: Endangered, [lsted 1987 ]
State Status: Endangered e, TTEM

abtat Range: Edwarde Aquifer In Haye County, 3 &
25 square miles underlying San

=
Deserlption

The Toxas blind satamandet 5 a eightiess cave-dwelling amphibian that grows up to 5 inches In length, It
i slander with toothpick-ike 1ags, transkicent white skin and with a fiinge of red extamal gills. Two

mark the location of vestiglal eves on the flattened head and snowt. The Texas blind satamander
was fitst collected in 1805, at the Federal Fish Hatchery in San Mercos, Texas where it was oxpellod from
an artssian well drilled to supply water to the hatchery.

Life History

This totally aquatic specles fesds on small Invartebrates living in underground waters. Observations of the
salamandar Indlcate that it moves through the aquifer by walling along ledges underwater and swimming
shart distances before spreading Its legs and sattiing to the bottom. it spends fls life in completa darkness,
It Iz bellaved that the salamander iz zensitive to water temperature changes. Liftle else of ite natural history
ia known because of the hidden nature of iz habitat, Pregnant fomales have been observed throughout the
yaar. Ths gpecies is neotenic; it does not transform Into a lunged adult

Distributicn and Habiiat

Biclogists know of only one population of the Texas biind
salamander, which accurs in the Edwards Aquifer beneath San
Marcos. The cument popukafion ls apparantly stable, afthough
of limitad numbars. They have boen found In sevon locations
in the San Marcos Springs fault and Purgatory Creek, after
bolng ejscted frum spiing openings. The Taxas blind
salgmander is endamic to the underground water system of the
limsstona cavams of tha Edwands Plateau. it Is belleved to
pecupy 25 squars miles under the cify of San Marcos,

Threat and Reasans for Decling

In the years immediately following the diiling of the wel, 100 blind salamanders were racovered from tha
apening sach year. Numbers wers reduced to Just a few elacted sach year soon afterwards. Survival of
Ehis salamander depends upon the stabllity and continued purity of the Edwards aquifer spring flows, which
s thrastenad by [ncreasing demand for water and poliution of groundwater,

Recovery Efforts
A largs aquifer cavern was purchased by the Nature Conservancy and I8 being monitorad by a steward for
watar quallty In a protecied portion of the salamander's habitat.

Yhers fo 2

Texas blind salamanders are kept in refugium at the San Marcos Natjonal Fieh Hatchery and Technology
Center and in Uvalde. Spocimans can be seen al the Freeman Blalogy Buiiding on Southwest Texas Siate
Unlversity campus, when recovared by Edwands Aquifer Resdarch and Data Cenler, and on display in
aquarins 2t Aquarena Cantsr.
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Rarel Endangered Species 7

FIT the NICHE

THE SAN MARCOS SALAMANDER

The San Marcos salamander lives in the gravel at spring openings,
or under rocks in Spring Lake and San Marcos River. Becausé it is 50
small, it needs a good place to hunt bugs and stay hidden from bigger
animals that are hungry. Sometimes the salamander comes out into the
open, but it matches the colors of the plants on the bottom.

THE FOUNTAIN DARTER

The fauntain darter, simitar to many darter species, lacks a swim
Bladder and lives on the bottom of the stream. Withouf & flofation device,
the fish must push off the botfom o swim away from predafors. If mostly
depends on remaining stil in vegetation fo stay hidden from those fish that
would eat it.

Fom 6
6.
7.
[+ 3

904

Hand out the FIT the NICHE worksheets or make an overhead to use.
Ask the students to make choices of different structures that woutd wark
best in the niche described for sach animal.

Put together composites of the San Marcos salamander and the fountain
darter. Have students draw the two animals. Next, show them actual
pictures of these animals. Lock onihe website Endangersd species in the
San Marcos River, facts and photos at San Marcos River Foundation
nﬁg:fﬂ.m.sanmgrm:asriver.urg{andangg[,ntm#] _ How closely did their
construcled animals fit the real animals?

Challenge the students to make a FIT the NICHE chaice sheet for anothear
endangered animal. They will first have to learn abaout the animal to
understand what it needs.

Aguarena Centar, 2001, Southwest Texas State University
Draft. Copywrite pending. Do ot copy withoul peimizsion
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Rarel Endangered Species 21

Mapping Reduced and Rare Species

-—3> Home Range
of Texas Blind Salamanders

N Well angd Spring locations of
Seg, Hiew 7 Texas Blind Salamanders ejected from the aguifer.
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Agquarena Center, 2001, Southwest Texas State Universily
Draft. Copywrite pending. Do net copy without permission

04 ' PrbD0SK2IS OH XY4 NI vl 85121 KL 20-1 -0NY:



B0 d

Rare! Endangered Species 30

Texas Endangered and Threatened Species

Species | Statos Location Some Reasons for, Rarity

Greater Lottg Nosed E Trans Fecos Particular feeder

Bat

Texas Kangaroo Rat T Rolling Plains Lass of hahitat, limited range

Atlantic Bottlenosc T Marine Qver harvested, disease

Bolphin

Red Wolf E East Texas Ower harvested
[ Japuarundi E South Texas 1oss of habitat

. brush | 1
[ Whooping Cranc E Guif Coast Projrie | Loss of nesting habitat, migratien dangers,
. himited ofpting

American Peregrine E Centrat znd West | Drop in offspring from DDT

Faleon Tx

Arwarer’s Greater E Gulf Coast Prairie | Loas of habitat, particular aben habitat

Praiyie elricken

Twory hilled E Piney woods Loss of habitat, partiowiar abaut nests
wondpecker _

Golden cheeked E Edwards Plateau | Lass of habitat, particular about nests,

warbler migratory

Kemp's Ridley sea E Marine Migratory, over harvested

turtle
- Texas torteise T Coast and South | Loss of Rabitat, over cellected

Tx
Texas hormed lizard T Adt but piney Loss of preferred food item, habitat degradatios |
woods

Indigo snake T Coast, South x| Loss of habitat, over harvested

San Marcos salamander | T Edwards Platean | Limited range ]
"Fexas blind salamander | E Edwarda Plateau | Limited range

Houstan toad E Prairie and E. T, | Limited fange )

Toothlcss Blind eatfish | T Edwards Plateau | Limited range B

Leon Springs pupfish E Trans Pecos Limited ranpe

Comanche Springs E Trans Pecos Limited rangs
| pupfish i + - -
| Pecos pupfish E Trans Pecos Limited renge, mating with sister species -
| Fountain darter E Edwards Plateau | Limited range

San Marcos panbusia_ | E Edwards Plateat | Limited range
' Big Rend pambusia E Teans Pecos Limited range _

Comal Springs rifile E Edwards Platean | Limited range

beotle

Toolh Cave spider E Edwards Platzqu i Lwmited range
| Tobush fishhook cactus 1E | Edwards Plalcau | Loss of habitat, over harvested

Texas wildrice E Edwards Plateau | Txotic species, loss of habitat

* E = Texas visted Bndangered Specias
+ T = Texas listed Threatened Species

o4R. tewH &

Sop rtem #8

~ Aquarena Center, 2001, Southwest Texas State University
Draft, Copywrite pending. Do not copy without permission
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Rars! Endangered Species

Physical Pararmeters

The unique and diverse assemblage of plants and animals in the river likely
results from long term stable physical and chemical factors of the upper river or
spring run. The headwaters of San Marcos River begins from a series of over
two hundred spring orifices, that issue from the Edward Artesian Aquifer where
the San Marcos Spring Fault intersacts with the Balcones Fault. The river was
impeunded in 1848 forming Spring Lake. From there the river flows through an
urban setting 4.5 miles to its conflience with the Blanco River and then flows
about 75 miles to its confluence with the Guadalupe River. The spring-run is
defined as the upper river to its canfluence with the Blanco River and it 1s here
that physical stability is most evident. The Blanco River provides an interesting
contrast to the spring run as well as defining its downstream limit.

Fiow Characteristics

Discharge of water fram San Marcos Springs has been remarkably stable
over time. The lowest flow ever recorded was 45cfs during the 1856 drought and
the highest recorded was 452cfs in 1992. This is a very natrow range of
discharge for a river. The maximum and minimum discharge for the San Marcos
River and the Upper Blanco River during drought conditions and after substantial
rain has recharged the aguifer will track very closely. Compare this to discharge
in the Bfanco River. The total range, from zero to 19,600¢fs varies considerably
about the mean flows. Flood events of a large magnitude on the Blance River
and all other hill country sivers often scour the channel and substrate and
substantially reduce the biclogical community. Tha upper San Marcos River is
somewhat buffered from the effects of severe flooding and provides a more
stable physical environment. At the confluence of the two rivers, that stability is

reduced. .
S N F= 10

Thermal Characteristics

Water issuing from the springs remains a constant temperature of about 22 °C
(70 °F) year round because of Its lang term contact with stable sub-surface
temperatures. It takes a significant amount of energy to change the temperature
of water and so a large volume of water will remain fairly constant in temperature
for several miles downstream before ambient air temperature and solar radiation
begin to affect it. Cornpara this seasonally stable condition to unstable thermal
characteristics of the upper Blanco River and the area below the confluence of
the two streams. Stable thermal conditicns are limited to the spring-run above
the confluence.

Water Clarity

Water clarity plays an important role in determining the depth to which various
spectra of light can penetrate and therefore, the depth to which photosynthesis
¢an occur, This is called the photic zone. Water clarity is affected by suspended
pariicles, dissoived organic and inorganic compounds, and phytoplankton
production.

Agquarens Center 2001, Southwest Texas State University
Copywite pending. Do not copy without permission.
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Rarel Endangered Species

Stable Ecosystems

Large volume spring systems were described by ecologist Howard T. Odum
as natural laboratories because vanability in certain physical factors
(temperature, flow, chemicat constituents) is greatly reduced compared {o other
types of systems. This does not mean they are superior to othar systems, but
that reduced variability maake it easier for ecologisis to examine the whole
system. In a system (ike the San Marces River where temperature and flow are
fairly constant and primary production is more or tess continuous, seasonal
variation in food resources is greatly reduced and there is less pressure for
timing reproduction to take advantage of changing resources. Many aquatic
organisms in more variable systems, particulary insects, have evolved highly
synchronized life cycles timed to seasonal pressure. Since these pressures are
reduced in the upper San Marcos River, the assortment of organisms here is
quite different than that found in other streams,

Very stable ecosystems that are physically isolated tend to have a higher
number of species that are peculiar to that system,

Rare Species and Spring Systems
An endemic species is one that is limited in its distribution of a specific

geographical area. Itis imporiant to define the spatial fimits of distribution when
talking about endemism because it can be guite Jarge or quite small. The
kangaroo can be said to be endemic to Australia, a continent comprised of
almost 3 mitfion square miles, while certain fish may be endemic to a single
spring comprised of a few square yards. Caves and spring systems are noted for
a high degree of endemism on a very small spatial scale. This prebably results
from the fact that such species have become isolated over tims from theis
ancestral stock and closely related species, and natural selection processes
have caused the evolution of distinct species. All of the protected plants and
animals of the San Marcos River are endemic species with very limited
distributian.

Theeatened and Endangered Species of the San Marcos River

The U.S. Fish and Wildlife Service and Texas Parks and Wildlife Department
presently recognize five endangered species and one threatened species in the
springs and river. A sixth endangered species is a cave dwelling animal that is
not normally found in the surface waters.

Texas wild rice {Zizania (exana}
Texas wild rice is a perennial aquatic grass that occurs on the headwatears of
the San Marcos River. its historica) distribution included much of Spring Lake,
the river below the lake and irrigation ditches. It currently is found in Spring Lake(—\
neaf the dam and spillway and grows downstream about 2.7 miles to a point just S
upstream of the waste water treatment plant. It occuis in small to Jarge clumps in em 11‘5 I
gravel, sand, and silt substrates. An excellent place to view the rice is from the
bridge where Aquarena Springs Drive intersects University Drive.

Aquarena Conter 2601, Southwest Texas State University
Copywrite pending, Do not copy withowi permiission.
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