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DI SCLAI MER

Recovery plans delineate reasonable actions that are
believed to be required to 'recover and/or protect listed
species. Because the potential for conplete recovery and
delisting is uncertain, the goal of this plan is
downl i sti ng. Thus, the estimated costs and date of
recovery presented in this plan are for downlisting, not
del i sting.

Pl ans are published by the U S. Fish and Wldlife
Service (USFWS), sonmetines prepared with the assistance of
recovery teams, contractors, State agencies, and others.
bjectives will be attained and any necessary funds made
avail able subject to budgetary and other ‘constraints
affecting the parties involved, as well as the need to
address other priorities. Recovery plans do not
necessarily represent the views nor the official positions
or approval of any individuals or agencies involved in the
plan fornulation, other than the U S. Fish and Wldlife
Service. They represent the official position of the US.
Fish and Wldlife Service only after they have been signed
by the Regional Director or Director as_approved. Approved
recovery plans are subject to nodification as dictated by
new findi ngs, changes in species' st at us, and the
conpl etion of recovery tasks.
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EXECUTI VE SUMWARY OF TEE RECOVERY PLAN FOR ENDANGERED
RARST | NVERTEBRATES IN TRAVIS AND W LLI AMSON COUNTI ES, TEXAS

Current Species' Status: Al seven species (Texella reddelli,
Texella reyesi, Tartarocreagris texana, Neol eptoneta myopica,
Rhadi ne persephone, Texamaurops reddelli, and Batrisodes
texanus) are endanger ed. They spend their entire lives
underground and are endemic to karst formations (caves,
sinkholes, and other subterranean voids) in Travis and
W lianmson counties, Texas. Five of these listed invertebrate
species occur in only four to seven caves, While Rhadine
per sephone and Texella reyesi occupy w der ranges. The total
nunber of individuals is unknown, as are many aspects of their
biology. Mst localities are immnently threatened by |and
devel opnent, pollution, vandalism and/or red inported fire
ants (Sol enopsis invicta).

Habi t at Requirements and Limiting Factors: Al tend to occur
in the dark zone of caves, but occasionally in deep twlight.
Al prefer relative humdities near 100%, but sone may be |ess
sensitive to drying than others. Presumably all are predators
upon small or immature arthropods, or, as in the case of the
ground beetle, possibly cave cricket eggs.

Recovery (bjective: Downlisting.

Recovery (riteria; To be considered for downlisting to
threatened, the following criteria should be nmet for each

speci es:

1. Three karst fauna areas within each karst fauna
region (as defined in the Recovery Strategx} in
each  species' range should be " protected in
perpetuity. [f fewer than three karst fauna areas
exist within a given karst fauna region of a given
species' range, then all karst fauna areas within
that region should be protected. I'f a species’
entire range contains less than three karst fauna
areas, then all karst fauna areas where that
speci es occurs should be protected. At least two
karst fauna areas should exist and be protected for
that species to be considered for downlisting.

2. Criteria 1 should be maintained for at |least 5
consecutive years wth assurances that these areas
wi | remain protected in perpetuity before

downl i sti ng.



Actions Needed: _
1. ldentify, delineate, and protect karst fauna areas
targeted for recovery and determ ne conservati on neasures

necessary to mintain the integrity of the karst
ecosyst ens.

2. Elimnate or control threats from habitat destruction
predation by fire ants, and other factors.

3. Devel op and conduct a programto nonitor each species'
st at us.

4, Devel op educational prograns on biospel eol ogy and kar st
hydr ogeol ogy to train professionals and increase public
awar eness.

Total Estimated Cost of Recovery: (dollars x 1000)
Year Priority 1e Priority 1  Priority 2 Priority 3 Total

t asks t asks t asks t asks
1995 60 160 45 85 350
1996 75 260 100 80 515
1997 60 260 110 50 480
1998-
2014 380 3,920 1, 275 400 5, 975
Total ; 575 4,600 1, 530 615 7,320

Date of Recovery: Current downlisting requirements should be
met by 2014, assunming steady funding and progress toward ful

i mpl ementation of this plan. Since the time required to
downlist each species may vary, each species may be downlisted
separately. More information is needed to determ ne the

potential for conplete recovery and delisting. Therefore, time
of delisting is uncertain.
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[. 1 NTRODUCTI ON AND BACKGROUND

[ Appendi x A contains a glossary of terns used in this
recovery plan. Terns defined in the glossary are indicated
by BOLD face type in the text.]

This recovery plan covers seven species of karst
invertebrates and their ecosystems. The seven species are
Texella reddelli (Bee Creek Cave harvestman), Texella
reyesi (Bone Cave harvestman), Tartarocreagris texana
(Tooth Cave pseudoscorpion), Neol eptoneta myopica (Tooth
Cave spider), Rhadine persephone (Tooth Cave ground

beetl e), Texamaurops reddelli  (Kretschmarr Cave nold
beetle), and Batrisodes texanus (Coffin Cave nold beetle).
Five species (Texella reddelli, Tartarocreagris texana,

Neol ept onet a myopica, Rhadi ne persephone, and Texamaur ops
reddel li) were listed as endangered on Septenber 16, 1988
(53 FR 36029). A refinenent of the taxonony has expanded
this group into seven distinct species (58 FR 43818).
Because Texella reyesi and Batrisodes texanus were
considered to be populations of Texella reddelli and
Texamaurops reddelli, respectively, at the tinme of |isting,
they are also considered to be |isted as endangered under
t he Endangered Species Act (58 FR 43818).

O the seven listed species, three are insects (one
ground beetle and two nold beetles) and four are arachnids
(one pseudoscorpion, one spider, and tw harvestmen). Al
are troglobites, which spend their entire |ives underground
and have small or absent eyes, elongated appendages, and
other adaptations to the subterranean environnent.
Al t hough troglobites nust conplete their life cycles
underground, they are dependent on noisture and nutrient
inputs fromthe surface. Troglobites typically inhabit the

1



dark zone of the cave where tenperature and humdity are
relatively constant. Mt are usually found under rocks.
Al seven species appear to be predators and are found in
relatively small nunbers. Each species may have a
different preferred mcrohabitat and may depend on certain
prey species for survival. Trogl obites tend to be rare
and limted in distribution and are of special interest to
evol utionary biologists, ecologists, biogeographers, and
educat ors. Their limted distributions conmbined with |ow
reproductive rates, ecological specialization, and other
factors, make troglobites especially vulnerable to habitat
destruction, fire ant infestations, pollution, and other
factors.



A Taxonomi ¢ and Legal Cassification, and Description
Note on Comon Nanes and Arthropod Svstenmtics

Few invertebrates have common names. Conmmon nanes are
of ten used for conveni ence sake and may becone standardized
for well-known or commonly studied species. The commmon
names for the karst invertebrates included in this recovery
plan are given in this section (A). However, because there
are no official conmon nanes for these invertebrates,
because taxonony is nost clearly understood in terns of
scientific nanes, and because nost biologists working with
these species refer to themby scientific name, We use
scientific nanes throughout this plan.

Scientific names are sonetinmes changed by scientists
according to the International Code of Zool ogica
Nomencl at ur e. As taxonom sts study certain groups,' they
publ i sh descriptions of new or previously unrecognized
species or assign known species to different groups. For
exanpl e, the spider Leptoneta myopica was reassigned to the
New World genus Neoleptoneta (Brignoli 1977), and
Batri sodes texanus was described from speci nens previously
assigned to Texamaurops reddelli (Chandler 1992). It is
wi dely recognized that nost invertebrate species have yet
to be described and catalogued (May 1992). In the future
some of the invertebrate species discussed in this plan nay
be redescribed to include several distinct species,
especially as DNA studies are increasingly used to
determne the genetic and evolutionary relationship of
different popul ations.

All of the listed species are nenbers of the Phylum
Art hr opoda. Wth sone arthropods, it is inportant to
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obtain mature male specinmens for study. In many cases, as
in the nold beetles and harvestnen, species are identified
based on the structure of the male genitali a. These
structures are highly species-specific and believed to be
under genetic control. Oten a first collection froma
cave contains only inmmature and femal e speci nens. Ot her
species, such as the ground beetles, pseudoscorpions, and
several speci es of spiders (including Neol eptoneta
myopica), can be differentiated based on nale or fenale
structures (such as the ovipositor), as long as an adult
speci men i s obtained.



SPECIES 1 - Scientific nane; Neol eptoneta myopica
(Gertsch), fornmerly Leptoneta myopica Certsch

Common Nanme: Tooth Cave spider

Taxonomni ¢ dassification: d ass Arachni da
(arachnids), Order Araneae (spiders), | nfraorder
Araneonorphae (true spiders), Famly Leptonetidae.
Spi ders and other arachnids are not insects. Unlike
insects, arachnids possess four pairs of |egs,
pedi pal ps, and chelicerae, and |ack antennae. Insects
have three pairs of |egs, mandibles, and antennae.
Leptonetids are mnute spiders with six eyes, conmonly
found in caves and simlar habitats. Some |eptonetid
spiders in Europe and the United States are conpletely
eyel ess, but menbers of this famly typically have
smal | eyes.

Original Description: CGertsch (1974)

Type Speci nen: Mal e hol otype, Tooth Cave, Travis
County, Texas, March 30, 1965. Collected by James R
Reddell. Femal e specimen described but not designated
as paratype. Type specinens are deposited in the
Anerican Miseum of Natural History.

O her Taxonomic Literature: Brignoli (1972) erected
the genus Neol eptoneta for all New World |eptonetid
spiders and reserved the genus Leptoneta for other
regions. In 1977, Brignoli fornmally renoved Leptoneta
myopica t 0 Neol eptoneta. The validity of Neol eptoneta
was further supported by Platnick (1986). Thi's
recovery plan follow these two authorities in using
the name Neol ept onet a.



Sel ected characteristics: A small, whitish, long-
| egged troglobitic spider with six obsol escent eyes.

Eyes medi um sized, wthout dark pignent; front eye row
noder ately recurved; eyes subcontiguous and subequal
in size; posterior eyes subcontiguous, set back from
anterior lateral eyes. First leg in both sexes 6.1
times as |long as carapace. Body length 1.6 mm

carapace 0.7 mmlong and 0.5 nm w de, abdonen 0.9 mm
long and 0.5 nmwide. Tibia of male palpus with thin
retrolateral process set with curved spine.

Intraspecific Variation: Not known.

Distinctiveness: Neol eptoneta myopica is related to
several other troglobites in the Balcones Fault Zone
of Texas: N. anopica (eyeless) from Cobb Caverns,
W liamson County; N. coeca fromtwo caves in Conmal
County; N. concinna froma cave and a mne in Travis
County; N. devia fromone cave in Travis County'; and
N. microps from one cave in Bexar County.
CGeographically, the Neol eptoneta species closest to N
myopica is N. devia from MDonal d Cave (Schulze Cave),
only 2.5 km from Stovepi pe Cave and 4 km from Tooth
Cave, the type locality. Neol ept oneta devia is dull
yellow with a whitish abdonen and the eyes enclose a
dusky field, whereas N. myopica is whitish and has
very reduced eyes that are not set in a dusky field.
Neol ept oneta devia and N. concinna, the other two
species in Travis County, have much shorter |egs.
CGertsch (1974) did not di scuss evol utionary
rel ationships anong the six Texas species of Leptoneta
that he descri bed.

Listed: Endangered; Septenber 16, 1988; 53 FR 36029.



Recovery Prioritv: 2C. According to the U S. Fish
and Wldlife Service's (USFWsS) criteria (48 FR 51985)
this indicates a species with a high degree of
threats, high potential for recovery, and in conflict

with construction or devel opnent projects or other
forms of economc activity.



SPECIES 2 — Scientific name: Tartarocreagris texana
(Michmore), fornmerly Mcrocreagris texana Michnore.

Conmmon Nanme: Tooth Cave pseudoscor pi on

Taxonom ¢ Cassification: Cl ass Arachni da
(arachnids), Order Pseudoscorpiones (pseudoscorpions),
Fam |y Neobisiidae. Pseudoscorpions are quite

distinct from scorpions in lacking a postabdonen
(tail), stinger, and book |ungs. Mst pseudoscor pions
are no nore than a few nmlong.

Oisinal Description: Muchmore (1969).

Type Speci men: Fenal e hol otype, Tooth Cave, Travis
County, Texas, My 16, 1965. Col l ected by Janes R
Reddell. Deposited in American Miseum of Natural
H story. Male known from Anber Cave (Michnore 1992).

Qher Taxonomic Literature: Muchmore (1992)
reassigned Mcrocreagris texana to Tartarocreagris, a
genus described by Curcic (1984), based on the fenale
hol otype of M infernalis from Inner Space Cavern,
Williamson County. After Muchmore exami ned recently
collected males of both species, it becane clear that
M texana al so belonged in Tartarocreagris. Curcic
(1989) had previously reassigned M texana to
Australinocreagris Curcic (1984), which is based on M
grahami from California, but Muchmore (1992) found
that classification to be incorrect based on internal
mal e genitalia. Muchmore (1992) described a new
species of Tartarocreagris, T. Comanche, from New
Comanche Trail Cave 1.8 km sout hwest of Tooth Cave,
and reassigned M reddelli, from MDonald Cave, Travis
County, to Tartarocreagris. | N Muchmore (1992), all
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four Texas Mcrocreagris species were reassigned to
Tartarocreagris. The genus Mcrocreagris is no |onger
believed to occur in the New Wrld. The four species
of Tartarocreagris are extrenely Ilimted in
distribution. Three of the species occur within 4.9
km of each other in the vicinity of the RM 2222 and RM
620 intersection on the central Jollyville Plateau in
travis County, Texas. T. infernalis occurs in Inner
Space Cavern and a few caves, all |ocations no nore
than 1.4 km apart in WIliamson County, Texas.

Sel ected Characteristics: A large (female body |ength

4.1 mm, eyel ess pseudoscorpion with attenuated
appendages. Carapace, chelicerae, and pal ps gol den
brown, body and legs light tan. Carapace about 1/3
| onger than broad. No eyes or eyespots present.
Chel i cera about 2/3 as |long as carapace, 1.95 times as
| ong as broad. Pal ps relatively long and sl ender;

femur 1.5 and chela 2.55 tinmes as |long as carapace.

Intraspecific Variation: Mle very simlar to female
in nost respects — male body length 3.96 nm

Distinctiveness: Tartarocreagris texana can be
di stinguished fromits closest relatives only by
m croscopi ¢ inspection. Tartarocreagris Conanche from
New Comanche Trail Cave has four poorly devel oped eyes
and rel atively robust appendages, whereas the others
are eyel ess and nore slender. Anong the species of
Tartarocreagris there are many mnor differences in
tergal chaetotaxy and in the proportions of the palps.

Confirmation of the species may require dissection and
study of the femal e spermathecae or the nale internal

genitalia.



Listed: Endangered; Septenber 16, 1988; 53 FR 36029.

Recovery Prioritv: 2C
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SPECIES 3 - Scientific nane: Texella reddelli
Goodni ght and Goodni ght

Common _Nane: Bee Creek Cave harvestnan

Taxonom ¢ G assification: d ass Arachnida
(arachni ds), O der Qpi i ones (opilionids, or
har vest nen) , Subor der Lani at or es, Fam |y
Phal angodi dae. Harvestmen are anatomcally and

evolutionarily quite distinct from spiders (Order
Ar aneae) and are not properly referred to as
"spiders". Phal angodi d harvestnen are predaceous.
Qther North American genera are Banksula in California
(to which Texella is nost closely related), Sitalcina,

Cal i ci na, and  Phal angodes. Many harvestnen are
cavernicoles (soil dwellers). Texella is the nost
wi despread genus with 21 species from Texas, New
Mexico, California, and Oregon. Several species
groups, subgroups, and infragroups are recognized.

Original Description: Goodnight and Goodni ght (1967)

Type Specimen: Mle holotype, Bee Creek Cave (= "Pine
Creek cave"), Travis County, Texas, Cctober 2, 1963.
Coll ected by Janes Reddell and David MKenzie.
Deposited in the Anerican Museum of Natural History.
Redescription by Ubick and Briggs (1992) is based on
hol ot ype, femal e paratopotype, and 14 other specinens
deposited in the American Miuseum of Natural History,
Texas Merorial Miseum California Academy of Sciences,
Darrell Ubick collection, and Marie Goodni ght
col I ection.

Qher Taxonomic Literature: Goodnight and Goodni ght
(1942), Ubick and Briggs (1992). The genus Texella

11



was erected by Goodni ght and Goodni ght (1942) on the
basis' of one troglonorphic individual, described as
Texella mulaiki, from Hays County, Texas. Thi s
speci nen probably was from Ezell’s Cave. Ubi ck and
Briggs (1992) revised the genus and recognized 15
species in the nulaiki species group of Central Texas.

Selected Characteristics: Body length 1.90-2.18 nm

scute length 1.21-1.66 mm leg Il length 4.92-7.59 nm

| eg II/scute length 3.81-5.20 mm (N = 16). Col or
orange. Body of medium rugosity. Eye nound broadly
conical, eyes well devel oped. Mal e (holotype) —
Post opercul ar process length 0.44; penis: ventral

plate prong with two dorsal, 10 lateral, and three
ventral setae; apical spine curved, apically pointed;

glans: basal knob slender; mddle |obe present;

parastylar |obes clawlike; stylus spatulate, basal

fold present. Femal e (paratopotype) - Ovipositor
cuticle intricately folded; one pair of apical teeth
present.

Intraspecific Variation: Juveniles are white to
yel lowish-white (as in nost Texella); adults are
orange. The tarsal count (number of tarsoneres) and
the | eg-to-body-length ratio (leg II/scute |length) nay
vary fromthe south to north part of the species

range, W th the |east troglonorphic (cave-adapted)
popul ation being in Cave Y (south of the Col orado
River) and the nost troglonorphic in Jester Estates
Cave (north of the Col orado River). The origin of
this species is not easily explainable in that it is
di stributed on both sides of the Colorado R ver, which
is a mjor barrier to other terrestrial troglobites.
Trogl onorphy in this genus is marked by increased
| eg/ body ratio, greater nunmber of tarsoneres,

12



depi gnentation, reduction of protuberances, and | oss
of retinas followed by |oss of corneas.

Distinctiveness: CGoodni ght and Goodni ght (1942)
descri bed Texella mulai ki from Hays County (probably
Ezell’s Cave), but in 1967 reported it from Cotterel
Cave in Travis County as well as Man-Wth-A- Spear Cave
and Beck's Tin Can Cave (Beck Sewer Cave) in
Wl lianmson County. In 1967 they also described T.
reddelli, but the genitalia were not studied and the
only differences fromT. nulaiki noted were the
shorter legs, the differently-shaped spine on the
genital operculum and a few mnor characteristics,
The authors also reported T. reddelli from Bee Creek
Cave, Tooth Cave, and weldon Cave, Travis County; and
Bone Cave, W /llianson County. Lacking detailed data
and material, they did not note that the distribution
patterns of the two species were incongruously m xed.
Apparently the identifications were based nore on |eg
| ength than other characters. Ubick and Briggs (1992)
exami ned nore specinens from nore caves and epigean
sites and in their revision distinguished T. reddelli
fromT. reyesi (below). They described 18 new species
and transferred one species from Sitalcina to Texella.
Sixteen of the 21 Texella species are cavernicol es and
five are troglobites. Fifteen of the species occur
al ong the Balcones Escarpnent in Central Texas.

T. reddelli can be distinguished in the field
fromits closest relative, T. reyesi by its shorter
legs, its well devel oped eyes (versus extrenmely small
or no eyes in T. reyesi), and its color, which is nore
orange. The species is not "w thout eyes" as noted by
Goodni ght and Goodni ght but has "eye nound broadly
conical, eyes well devel oped" (Ubick and Briggs 1992).

13



Such details can be seen with the naked eye or a hand
lens in the field. However, confirmation of the
species nust be nade mcroscopically by a qualified
systemati st on a preserved, adult specinen.

In their redescription of the Texella species,

Ubi ck and Briggs (1992) state that Texella reddelli
and Texella reyesi "are clearly very closely related
and, using the standards of genitalia distinctness
applied to other Texella species, may even be
consi dered conspecific." However, given that the two
groups can be distinguished, and are considered
separate in the taxonom c description, the USFW
follows Ubick and Briggs and considers the two species
separately.

Li st ed: Endangered; Septenber 16, 1988; 53 FR 36029.

Recovery Prioritv: 2C

14



SPECIES 4 - Scientific name: Texella reyesi Ubick and
Briggs

Conmon  Nane: Bone Cave harvest nan

Taxonom ¢ Cdassification: dass Arachnida (arachnids),
Order Opiliones (opilionids, or harvestmen), Suborder
Lani atores, Fam |y Phal angodi dae.

Oisinal Description: Ubick and Briggs (1992). This
paper describes 18 new species of Texella, with a
total of 21 species in three species groups in Texas,
New Mexico, California, and O egon. The hi ghest
species diversity (15 species) is along the Balcones
Escarpment in Central Texas.

Type Specinmen: Mle hol otype, Bone Cave, WIIlianson
County, Texas, 4 June 1989. Col l ected by WIIliam
Elliott, James Reddell, and Marcelino Reyes. Mal e
paratype, Tooth Cave, and fenule paratopotype, Bone
Cave. Al specinmens are deposited at the California
Acadeny of Sciences.

Qther Taxonomc Literature: Goodnight and Goodni ght

(1942, 1967). The genus Texella was erected
CGoodni ght and Goodnight (1942). |In 1967 they
described Texella reddelli, which at that tine

i ncl uded some popul ations of Texella reyesi.

Sel ected Characteristics: A long-legged, blind, pale
orange harvest nan. Body length 1.41-2. 67 nm scute
length 1.26-1.69 nm leg Il length 6.10-11.79 mm |eg
II/scute length 4.30-8.68 mm (N = 85). Body finely
rugose. Few small tubercles on eye nound; eye nound
broadly conical, retina absent, cornea variable (well

15
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devel oped, reduced, or absent). Penis with ventral
plate prong round apically; two dorsal, 17 lateral,

and four ventral setae; apical spine bent, apically
pointed, length 0.05 nmm d ans with basal knob
narrowly conical; mddle | obe |ong; parastylar |obes
cl awshaped. Stylus long, curved, ventrally carinate,
apically spatulate; basal fold well devel oped.

Intraspecific Variation: Juveniles are white to
yel | owi sh-white. Adults are pal e orange. Elliott
(unpubl i shed data) has observed an adult with a pale
green abdomen in Man-Wth-A-Spear Cave, WIlianson
"County, and an adult with a yellow sh abdonen in
Tenples of Thor Cave, W!Ilianmson County. These
colorations may have been due to eggs in the ovaries.
This species is extrenely pol ynorphic, nost notably in
trogl onorphi ¢ characters, Wwhich increase toward the
northern popul ations. Northern populations tend to be
more trogl onorphic; that is, | onger -1 egged and
smoother, W th reduced or absent corneas.

Distinctiveness: Texella reyesi can be distinguished
fromits closest relative T. reddelli by its |onger
legs, its lack of retinas (versus well devel oped eyes
in Texella reddelli), and its color, which is pale
orange. Such differences can be seen with the naked
eye or a hand lens in the field. However,

confirmation of t he speci es nmust be made
mcroscopically by a qualified systematist on a
preserved adult.

Listed: Because Texella reyesi was considered to be
Texel | a reddel | 'i bef ore Ubi ck and Briggs'
redescription (1992) and five localities (Tooth,
McDonal d, Weldon, Bone, and Root caves) of T. reyesi
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were included with T. reddelli at the time T. reddelli
was listed as endangered on September 16, 1988 (53 FR
36029), T. reyesi is considered to be listed as
endanger ed under the Endangered Species Act. The
USFW5 has reviewed the taxonom c change (Ubick and
Briggs 1992) and other available information on this
species and determned it should remain listed as
endangered (58 FR 43818).

Recovery Prioritvy: 2C
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SPECIES 5 - Scientific nane: Rhadi ne persephone Barr
Common Nane: Tooth Cave ground beetle

Taxonomc dassification: C ass Insecta (insects),

Order Col eoptera (beetles), Suborder Adephaga, Famly
Car abi dae (ground beetles), Tribe Agonini (agonines).

Many troglobitic ground beetles have evolved in Texas
and other parts of the world. The genus Rhadi ne
contains nore than 60 eyed and eyel ess species in the
Geat Plains westward to California and south to
Caxaca, Mexico. Eleven species are troglobites found
mostly in caves of the Balcones Escarpnent of Texas
and are nenbers of the subterranea species group, a
monophyl eti c assenbl age. The subterranea group is
closely related to the perlevis group, which contains
eyed, troglophilic menbers found in caves of the
Edwar ds Pl at eau. The sub terranea species group
contains a "robust", or heavy-bodied, subgroup, 'which
is generally found south of the Colorado River, but
whi ch includes R persephone north of the river. A
"slender" subgroup, including R subterranea, is
wi dely distributed on both sides of the river. At
| east three different species pairs coexist in sone
caves, consisting of a robust species and a slender
speci es in each case. I n nmost situations the robust
species is nore abundant. These data suggest that the
ranges of the various species nay overlap broadly, but
that mnimal niche overlap occurs between robust and
sl ender species, which allows the two species to
coexi st in some caves.

Orisinal Description: Barr (1974a)

Type Specimen: Holotype nale, Tooth Cave, Travis
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County, Texas, May 16, 1965. Col l ected by RW
Mtchell, T.C. Barr, Jr., and WM  Andrews.
Deposited in Anerican Museum of Natural History.

Selected Characteristics: A noderately robust and
convex beetle, nore so than other species of the
subterranea group. Reddish-brown, head and pronotum
shining. Head half as wide as long, neck about 0.57-

0.59 of greatest head width. Eye rudinent l[arger than
in other species of subterranea group. Pronotum about
0.7 as wide as long, wdest in apical three-eighths,

slightly wider than head. Antenna about 0.85 total

body length, attaining apical third of elytra when
laid back. Aedeagus very |arge for subterranea group,

1.24-1.31 mm |l ong, elongate, feebly arcuate, basal

bul b sl ender and set off by slight constriction, keel

prom nent, apex attenuate and slightly produced,

internal sac with proximl patch of numerous scales.

Body length 8.0 nm head 2.17 mmlong by 1.08 nm wi de,

pronotum 1.80 mm long by 1.18 mmwi de, elytra 4.46 nm
long by 2.29 nm wi de, antenna 6.8 nmm | ong. Fifty
paratypes and four specinens from Kretschmarr Cave
wth length 7.2-8.7 nm nmean 7.8.

Intraspecific Vari ation: Not known.

Distinctiveness: Rhadine persephone is distinguished
fromR szzbterranea by its nmore robust build and its
shorter and wi der pronotum (the most distinguishing
characteristic). The two species are about the sane
| engt h. Tenerals (young adult beetles that have
recently emerged) of all Rhadine species are pale
yel l ow but soon darken to reddish brown. Q her
species that can be confused with R persephone
include R austinica (southern Travis County), R
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noctivaga (northern WIllianson County) and R russelli
(Post Oak Ridge area of Burnet, Travis, and WIIianmson

counties). Al'l three of these species are in the
"slender" subgroup. Qther related species occur in
ot her parts of Central Texas. | dentification of

Rhadine species must be confirmed by m croscopic
exam nation of preserved specinmens by a qualified

systemati st.

Li sted: Endangered; Septenber 16, 1988; 53 FR 36029.

Recovery Prioritv: 2C
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SPECIES 6 — Scientific nane: Texanaur ops reddel l'i
Barr and Steeves

Conmmon_Nane: Kretschmarr Cave nold beetle

Taxonomic Cassification: C ass Insecta (insects),
Order Col eoptera (beetles), Suborder Polyphaga, Famly
Psel aphi dae (mold  beetles), Tribe Batrisini.

Psel aphi ds, or short-w nged nold beetles, are a group
of small beetles found under stones and |logs, in
rotting wood, npbss, ant and termte nests, and caves.
The European and North American cave faunas include
many species. The genus Texamaurops was erected for
one species, T. reddelli, fromKretschmarr Cave,
Travis County, by Barr and Steeves in 1963
Texamaurops remains a nonotypic genus found only in a
few Texas caves.

Original Description: Barr and Steeves (1963)

Type Specimen: Female holotype, Kretschmarr Cave,
Travis County, Texas, March 2, 1963. Col l ected by
James R Reddell and David MKenzie. Deposited in the
Field Museum of Natural Hi story, Chicago. Found under
a rock in the second room of the cave, about 10 m from
the entrance.

O her _Taxononic Literature: The first psel aphid
descri bed from a Texas cave Wwas Bat ri sodes

schnei derensis Park (1960), based on a single fenale

from Schnei der Ranch Cave in Kendall County. Bar r
(1974b) classified a male pselaphid from | nner Space
Cavern as Texamaurops reddelli, but the specinmen is

now recognized by Chandler (1992) as Batrisodes
texanus (bel ow).
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Selected Characteristics: A small, long-1egged beetle
with short elytra leaving five abdom nal tergites
exposed; netathoracic w ngs absent. Body |ength 2.72-
3.08 mm  Col or reddish-brown, shiny; pubescent hairs
pale, noderately abundant and partially |laid back;
general body surface sparsely and weakly dotted with

small pits. Ventral surface of head heavily
pubescent . Eyes absent, but represented by snall
knobs wth six vestigial eye facets. Ant ennae 11-

segmented, sinple.

Intraspecific Variation: Chandler (1992) noted that
the hol otype female from Kretschmarr Cave and the male
from St ovepi pe Cave differ fromall other specinens in
having only two basal foveae(pits) on each elytron
whereas the others have three equal foveae. Al l
others features appear to be simlar.

Distinctiveness: Texanmaurops reddelli can only be
di stinguished from other pselaphid beetles by a
qualified systematist upon mcroscopic study. The

species is “"superficially simlar to Batrisodes
texanus by the greatly el ongated antennae and | egs, as
well as body size" (Chandler 1992), but can be
definitively separated from Batrisodes texanus by its
ocul ar knobs and its lack of the pencil of setae on
the netatibia. Chandler (1992) stated that "based on
the form of the aedeagus and antennal characters
Texamaurops is probably best considered a |ineage
derived from Batrisodes that has |ost the netati bial
pencil of setae." |In |ife Texamaurops reddelli is a
tiny, long-legged formthat can be confused with other
speci es such as Tachys ferrugineus, which is an eyed,
short-1egged, shiny, fast-nmoving carabid beetle with
full-length elytra; and Batrisodes uncicornis, an eyed
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speci es occurring in many caves in Central Texas.
O her psel aphids, both blind and eyed, occur in caves
outside the range of this species (Chandler 1992).

Listed: Endangered; Septenmber 16, 1988; 53 FR 36029.

Recovery Prioritv: 1c. Indicates a nonotypic genus
with a high degree of threats, high potential for
recovery, and in conflict wth construction or
devel opnent projects or other forns of economc
activity (48 FR 51985).

23



SPECIES 7 =~ Scientific nane: Batri sodes texanus
Chandl er

Common_Nane: Coffin Cave nmold beetle

Taxonom c Cdassification: Cass Insecta (insects),
Order Col eoptera (beetles), Suborder Polyphaga, Famly
Psel aphi dae (nold beetles), Tribe Batrisini. Mol d
beetles are generally mnute (about 2 or 3 nm | ong)
rounded beetles with short elytra (wing covers), which
expose the posterior half of the abdomnen.

Oisinal Description: Chandler (1992)

Type Specimen: Mle holotype from I nner Space Cavern,
Wl liamson County, Texas, May 23, 1965. Collected by
WIlliamH Russell. Deposited in Field Miseum of
Natural Hi story, Chicago. Fenale paratypes fromInner
Space Cavern and Of Canpus Cave, WIIlianson County
(deposited in Donald S. Chandler collection) and
Coffin Cave, WIIlianmson County (deposited in Texas
Menorial Miseum. The Coffin Cave paratype was the
first collected on Novenber 3, 1963, by Janes Reddell.

Qther Taxonomc Literature: Barr (1974b) classified
a male pselaphid from Inner Space Cavern as
Texamaurops reddel |i, but the specinen is now
recogni zed by Chandler (1992) as Batrisodes texanus.

Selected Characteristics: A small, long-1egged beetle
with short elytra leaving five abdom nal tergites
exposed; metathoracic w ngs absent. Body length 2.60-
2.88 mm Mal e with vague groove across the head
anterior to antennal bases. Sides of head smoothly
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curved and flat with a few granules present where eyes
shoul d be.

Intraspecific Variation; |In females, the transverse
i mpression anterior to the antennal bases is absent,

and the tenth antennal segnent is barely w der and
| onger than the ninth. In nmales the tenth is twce as
wi de as the ninth. No geographical variation has been
not ed.

Distinctiveness: Batrisodes texanus can only be
di stingui shed from other pselaphid beetles by a
qualified systemati st upon mcroscopic study. The
speci es can be definitively separated from Texamaurops
reddel i by its lack of ocular knobs and the presence
of a pencil of setae on the nmetatibia. In life the
beetle is a tiny, long-legged form that can be
confused with other species such as Tachys
ferrugineus, which is an eyed, short-Iegged, shiny,
fast-nmoving carabid beetle with full-length elytra;
and Batrisodes uncicornis, an eyed species occurring
in many caves in Central Texas. G her psel aphi ds,
both blind and eyed, occur in caves outside the range
of this species (Chandler 1992).

Li st ed: Because Batri sodes texanus was considered to

be Texamaur ops reddel |'i bef ore Chandl er's
redescription (1992) and one locality (Coffin Cave) of
B. texanus was included with Texamaurops reddelli at

the time Texamaurops reddelli was |isted as endangered
on Septenber 16, 1988, (53 FR 36029), B. texanus is

considered to be listed as endangered under the
Endangered Species Act. The USFW5 has revi ewed the

speci es description (Chandler 1992) and other
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avai l able information on this species and determ ned
it should remain listed as endangered (58 FR 43818).

Recovery Prioritv: 2C

26



B. D stribution

Popul ation estimates: No popul ation estimates are
currently available for any of the species due to their
secretive habits, rarity, and inaccessibility. Cenerally,
no nore than one or two individuals of each species are
seen on a visit to a cave and often none are observed, even
in caves where they are considered relatively abundant.
Sone of the species, such as the pseudoscorpion and nold
beetles, are so secretive that finding an individual is a

rare event (Elliott, pers. observation). Current mark-
recapture nethods are of little use with such small
popul ati ons.

H storic ranse: Since karst surveys and biospel eol ogi cal
studies in the Austin area were not initiated until the
early 1960’s, there is no information on the species
ranges prior to that time. Further, the status of some of
the caves from which listed species have been collected is
unknown. Sone of these caves nmay have been filled or
destroyed due to | and devel opnent. For exanple, attenpts to
rel ocate Coffin Cave, which contains Batrisodes texanus,
have been unsuccessful (Janes Reddell, Texas Menori al
Miseum pers. conmunication).

Current range: The level of interest and effort in
conducting karst and bi ospel eol ogi cal surveys greatly
increased with the listing of the invertebrate species in
1988. Regional studies were funded by the USFWS, the Texas
Parks and Wldlife Departnment (TPWD), the Texas Depart nent
of Transportation, the Texas Nature Conservancy (TNC), and
the City of Georgetown (Elliott and Reddell 1989, Reddell
1989, Reddell 1991, Reddell and Elliott 1991, Veni &
Associ ates 1988a,b). Additional surveys have been done by
devel opers, financial institutions, and private |andowners.
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These studi es have assisted in clarifying the range and
t axonony of each species. Although additional localities
for each species may still be discovered with continuing
survey efforts, the species' ranges are now fairly well-
defined, particularly for those species that are restricted
to the Jollyville Plateau (Neol eptoneta  myopica,
Tartarocreagri s texana, and Texamaurops reddelli).

Sone specinens collected fromcertain localities have
been tentatively identified as |listed species (Tables 1 and
2) . Positive identification of these specinens is
contingent upon identification by a qualified systemati st
and/or additional collections including well-preserved,
intact adult specinens. The information in these tables
will be revised and updated as positive identifications are
made

Figure 1 shows all the caves in Travis and WIIianson
counties currently knowmn to contain one or nore of the
|isted species or fromwhich tentative identifications have
been nade. Figure 2 shows the seven karst fauna regions
(corresponding to the karst fauna areas in Figure 19 of
Veni & Associates 1992) that support one or nore of the
listed species.. The South Travis County region is included
in the figure even though it is not currently known to have
listed species. It is included in the event that future
surveys locate any listed species in this region. To date,
no listed species have been found in the caves that have
been surveyed in the South Travis County region. However,
| ocal biospel eol ogists believe that portions of the South
Travis County karst fauna region warrant further
Investigation to determ ne whether there are karst features
i nhabited by listed species, particularly along the south
side of Barton Creek. The species nost likely to occur in
this region is Texella reddelli, which occurs in the
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Table 1. Endangered Karst Invertebrate Locations in Travis County, Texas. Compiled by William R. Elliott and James R. Reddell, July 12, 1993.
Cave numbers correspond to numbers in Figure 1 and Figures 3-8. TARTEX = Tartarocreagris texana pseudoscorpion, TEXRED = Texella reddelli
harvestman, TEXREY = Texella reyesi harvestman, NEOMYO = Neoleptoneta myopica spider, RHAPER = Rhadine persephone beetle, TMPRD =
Texamaurops reddelli beetie, BATTEX = Batrisodes texanus beetle. X = present, P = tentative identification. FIREANTS = Solenopsis inwicta imported
fire ant. Fire ant notes have been partially updated since October 1991: blank = unknown, O = no ants seen, 1= ants in entrance only, 2 = moderate
infestation, 3 = severe infestation, X = ants present but severity unknown, R = ants reported but not confirmed, T = treated October 1991. COA
= City of Austin, LLMHCP = Lakeline Mall Habitat Conservation Plan.

CAVENAME PRESERVE STATUS KARST FAUNA REGION TARTEX TEXREO TEXREY NEOMYORHAPER TMPRED BATTEX FIREANTS

1 Broken Arrow Cave Cedar Park X

2 Rolling Rock Cave LLMHCP Cedar ‘Park X

3 McNeil Bat Cave McNeil/Round Rock X

4 Meldon Cave McNeil/Round Rock X

5 Fossil Garden Cave McNeil/Round Rock X 3
6 No Rent Cave McNeil/Round Rock X 0
7 Beer Bottle Cave McNeil/Round Rock X

8 Hole-In-The-Road McNei 1/Round Rock X

9 Cold Cave McNeil/Round Rock X

10 Fossil Cave COA, filled McNeil/Round Rock X

11  McDonald Cave Jollyville Plateau X U
12 Stovepipe Cave Jollyville Plateau P p p X
13 Amber Cave Jollyville Plateau X 1
14 Kretschmarr Double Pit Jollyville Plateau P P P 0
15 Kretschmarr Cave Jol lyvi | le Plateau X 2T
16 Gallifer Cave Jollyville Plateau X P p 2T
17 North Root Cave Jol lyvi 1 le Plateau X 3T
18 Root Cave Jollyville Plateau X X X 3T
19 Tooth Cave Jollyville Plateau X X X X 11
20 Tardus Hole Jollyville Plateau X

(Kretschmarr Fluted Sink)

21 New Comanche Trail Cave Jollyville Plateau X X 3T
22 Spider Cave Jollyville Plateau P P 0
23 Beard Ranch Cave Jollyville Plateau X

24 Jester Estates Cave Protected by owner Jol lyvi lle Plateau 0
25 Cotterell Cave COA Central Austin X 31
26 West Rim Cave Central Austin X

27 Bee Creek Cave Roll ingwood 0
28 Bandit Cave Rollingwood

29 Cave Y Rollingwood X 1
30 Lamm Cave Jollyville
31 Jest John Cave COA Jollyville

32 Little Bee Creek Cave COA Rollingwood

33 Millipede Cave

McNei l/Round Rock
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Table 2. Endangered Karst invertebrate Locations in Williamson County, Texas. Compiled by William R. Elliott and James R. Reddell, July 12, 1993.
Cave numbers correspond to numbers in Figures 1, 6, 7, 9. See legend for Table 1.

CAVE NAME PRESERVE STATUS KARST FAUNA REGION TARTEX TEXRED TEXREY NEOMYO RHAPER TMPRED BATTEX  FIREANTS
1 Coffin Cave North Williamson Co. X
2 Sore-ped Cave North Williamson Co. X 0
3 Texella Cave North Williamson Co. X 3
4 Pussy Cat Cave North Williamson Co. X 0
5 Unemployment Cave North Williamson Co. P
6 Red Crevice LLMHCP North Williamson Co. X X 3
7 Temples of Thor Cave LLHHCP North Williamson Co. X 37
8 Milliams Cave No. 1 North Williamson Co. P 3T
9 Flat Rock Cave North Williamson Co. X 3
10 Waterfall Canyon Cave North Witliamson Co. X 3
11 tLobo’s Lair North Williamson Co. X 1
12 Wolf"s Rattlesnake Cave North Williamson Co. X 0
13 Coon Scat Cave Georgetown X 3
14 Off Campus Cave Georgetown X 0
15 On Campus Cave Georgetown X 1
16 Sierra Vista Cave Georgetown X 1
17 Fence-Line Cave Georgetown P 2
18 Steam Cave Georgetown X
19 Inner Space Cavern commercial cave Georgetown X 0
20 Man-With-A-Spear Cave Georgetown X 37
21 Bone Cave Georgetown X 3T
22 Elm Cave Georgetown P
23 Brown’s Cave Georgetown X
24 Flint Wash Cave McNeil/Round Rock X
25 Easter Cave McNeil/Round Rock P 2
26 Cat Hollow Cave #1 McNeil/Round Rock X 2
27 Cat Hollow Cave #2 McNeil/Round Rock X 3
28 Beck Ranch Cave McNei l/Round Rock X R
29 Beck Sewer Cave McNeit/Round Rock X 2
30 Beck Bat Cave McNeil/Round Rock X
31 Beck Blowing Well McNeil/Round Rock X
32 Beck Horse Cave McNeil/Round Rock X
33 Beck Pride Cave McNeil/Round Rock X
34 Beck Tex-2 Cave McNeil/Round Rock X
35 Marigold Cave Cedar Park X 2
36 Bluewater Cave #2 Cedar Park X 2
37 Boulevard Cave Cedar Park X
38 Cedar EIm Sink Cedar Park X 3R
39 Good Friday Cave Cedar Park X 3T
40 Harvestman Cave Cedar Park p 3
41 Hideaway Cave Cedar Park X R
42 Nelson Ranch Cave Cedar Park X 1
43 T.W.A.S. A Cave Cedar Park X 0
44 Testudo Tube LLMHCP Cedar Park X 0
45 Raccoon Cave Cedar Park X X
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Table 2. Endangered Karst Invertebrate Locations in Williamson County, Texas (Continued)
Cave numbers correspond to numbers in Figures 1, 6, 7, 9. See legend for Table 1.

CAVENAME PRESERVE STANS KARST FAUNA REGION TARTEX TEXRED TEXREY NEOMYO RHAPER TMPRED BATTEX  FIREANTS

46 Underline Cave 7o be filled, LLHHCP Cedar Park X 0
47 Lakeline Cave LLMHCP Cedar Park X X 1T
48 McNeil Quarry Cave McNeil/Round Rock p

49 Well Trap #6(corehole) LLHHCP, Filled Cedar Park X

50 Abused Cave North Williamson Co. X

51 Beck Bridge Cave McNeil/Round Rock X

52 Beck Rattlesnake Cave McNeil/Round Rock X

53 Broken Zipper Cave McNeil/Round Rock X

54 0"Connor Cave McNeil/Round Rock X

55 Stoneuall Cave McNeit/Round Rock X

56 Vault Cave McNeil/Round Rock X

57 Little Lake Cave McNei I/Round Rock X

58 Buttercup Creek Cave Cedar Park X

59 Treehouse Sink Cedar Park X

60 Formation Forest Cave Georgetown X

61 Ominous Entrance Cave Georgetown X

62 Step Down Cave Georgetown X

63 staiagroot Cave North Williamson Co. X

64 Lineament Cave McNeil/Round Rock X

65 Mustard Cave McNeil/Round Rock X

66 Rock Fall Cave McNei l/Round Rock X
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Figure 2. Karst fauna regions in Travis
andWilliamson counties, Texas (adapted

from Fig. 19, Karst fauna areas of the .
Austin region, in Veni & Associates, 1992(),6'/ &
2 2N
5%
fé/cp' ~
e ,/9’00 :
\ O
North Ké“:'

/\ North Fork

5 2 San..Gabri el North.
0 - ,/ ‘. River Williamson
miles County

/ !

\-<Smxth Fork
/ *San Gabriel

. River :é:v, _‘ Ve T
/ \> v i‘ '* 1; o % AL
) e CGEESTE
/ w:hm:m Co,..‘,r' “ )
/ \_/\/Tnvi- Co\) ......

Austin
Colorxado River us

N Y
2 J Aust i
&\Q;:Qo 3:";'_‘}99"' Creek L.L N e

Rollingwood

33



adj acent Rol |l i ngwood karst fauna region. Since this
species' current distribution occurs on both sides of the
Colorado River, it may also occur on both sides of Barton
Creek, which separates the Rollingwood and South Travis
County karst fauna regions.

Two karst fauna regions from veni’s 1992 report, the
McNei | and Round Rock regions, have been conbined for the
purposes of this plan (hereafter referred to as the
McNei | / Round Rock karst fauna region), since they contain
virtually the same species and present no significant
geologic barriers to troglobitic mgration between them
(Veni, in Litt., 1993).

The distribution of each species is as follows:

SPECIES 1 - Neoleptoneta myopica: Known to occur
in tw caves and tentatively identified fromtwo
additional caves within a 4.5 km stretch in the
Jollyville Plateau karst fauna region, Travis
County, Texas (Table 1, Figure 3).

SPECIES 2 - Tartarocreagris texana: Known to
occur-in two caves and tentatively identified
fromtwo additional caves within a 1.3 km radius
in the Jollyville Plateau karst fauna region,
Travis County, Texas (Table 1, Figure 4).

SPECIES 3 - Texella reddelli: Cccurs in three
caves (one positive, t wo tentative
identifications) in the Jollyville Plateau karst
fauna region and four caves (one positive, three
tentative identifications) in the Rollingwood
karst fauna region, Travis County, Texas (Table
1, Figure 5). Previously reported from Tooth,
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McDonal d, weldon, and Root caves, Travis County
' (53 FR 36029), but these popul ati ons have been
redescribed as Texella reyesi (Ubick and Briggs
1992) (58 FR 43818). Kret schmarr Double Pit,
Jest John Cave, and Jester Estates Cave are north
of the Colorado River on the Jollyville Pl ateau.
The other four caves are located in the
Rol | i ngwood karst fauna region, south of the
Col orado R ver. The Cave Y and Bandit Cave
collections do not include the nmale specinens
necessary to confirmthe occurrence of this
species. However, the females are simlar to the
femal es collected from Bee Creek Cave and Jester
Estates Cave. Isolation of this species in caves
on opposite sides of the Colorado R ver and in
different blocks of |imestone nmay be an
indication that the populations are genetically
di stinct.

SPECIES 4 - Texella reyesi: Cccurs in 69 caves
(60 confirmed, 9 tentative identifications) from
northern Travis to northern WIlianson County, a
di stance of 40 km (Tables 1 and 2, Figure 6).

This species occurs in six karst fauna regions
(Jollyville, Central Austi n, Cedar Par K,

McNei | / Round Rock, CGeor get own, and North
Wl liamson County). Wen Goodnight and Goodni ght
(1967) described Texella reddelli they included
four populations, three of which are now
recognized as Texella reyesi (Tooth Cave and
Weldon Cave, Travis County; and Bone Cave,

W I lianson County). The Goodni ght and Goodni ght
(1992) redescription of Texella mulaiki incl uded
four popul ations, three of which are now
recogni zed as Texella reyesi (Cotterell Cave,

38



Travis County; Mn-Wth-A-Spear Cave and Beck's
Tin Can Cave (= Beck Sewer Cave), WIIlianson
County (58 FR 43818)).

SPECI ES 5 - Rhadi ne persephone: Cccurs in ten
caves (8 positive, 2 tentative identifications)

in the Jollyville Plateau karst fauna region
(Travis County) and 17 localities (16 positive,

1 tentative identifications) in the Cedar Park
karst fauna region (Travis and WIIianson
counties) (Tables 1 and 2, Figure 7), with a
total distance of about 14 km between the
northern and southernnmost |ocations. Sympatriec
in at |least four caves with a slender species, R

subt erranea.

SPECIES 6 - Texamaurops reddelli: Known to occur
in four caves within a 2 km radius in the
Jollyville Pl ateau karst fauna region, Travis
County, Texas (Table 1, Figure 8). Previ ously
reported from Coffin Cave, WIlianson County (53
FR 36029), but the Coffin Cave popul ation has
been redescribed as Batrisodes texanus (Chandl er
1992). (58 FR 43818).

SPECIES 7 - Batrisodes texanus: Cccurs in two
caves in the North WIlianson County karst fauna
region (both positive identifications) and three
caves (two positive, one tentative
identification) in the Georgetown karst fauna
region, Wllianson County, Texas (Table 2, Figure
9). Al localities occur wthin a 17 km stretch.
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Figure 6. Distribution of Texella
reyesi. Caves are numbered as
in tables 1 and 2.
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Figure 7. Distribution of \\.\Be”mm
Rhadine persephone. Caves are / "'~ _ /\""’
numbered as in tables 1 and2. / -
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Figure 8. Distribution of \
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Figure 9. D
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O the seven |listed species, Rhadine persephone and
Texella reyesi are the only two known from nore than seven

sites. Rhadi ne persephone appears to be restricted to
sites wthin the Cedar Park and Jollyville Plateau karst
fauna regions (Figure 7). Texel | a reyesi has both the

greatest nunber of sites and the w dest distribution,

occurring in six karst fauna regions (Figure 6). Texella
reddelli is the only species that occurs both north and
south of the Colorado River

Except for Batrisodes texanus, which occurs only in
Wllianmson County, all or portions of the |isted species
ranges include the Jollyville Plateau karst fauna region in
Travis County. Three of the species' ranges (Neoleptoneta
myopica, Tartarocreagris texana, and Texamaurops reddelli)
occur entirely within this region. One cave cluster,
| ocated in the vicinity of the RM 2222 and RM 620
intersection in a proposed residential subdivision, harbors
six of the listed species. This cluster supports one of
the nost diverse, terrestrial, cave-adapted faunas in the
sout hwestern United States. Only the large, integrated
cave systens, such as Manmoth Cave in Kentucky, contain
nore diverse faunas. Tooth Cave occurs in this cave
cluster and contains five of the listed species. Stovepipe
Cave, located to the northeast, also contains five of the
listed species.

Many of the reconnai ssance studi es conducted since
1988 have resulted in the discovery of new localities for
the listed species as well as new endem c species. Because
current nethods of locating karst features are time-
intensive and require on-site inspections, many areas
within each karst fauna regi on have not yet been surveyed.
As surveying efforts continue, new localities may be
di scovered in all karst fauna regions. To date, karst
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fauna regions that have received the |east anount of study
are the South Travis County and northwest portion of the
North WIlianmson County karst fauna regions. The
northwestern part of Cedar Park al so warrants additional
st udy. A large know edge gap al so exists between Round
Rock and Georgetown, where a large quarry exists and access
to the property is limted. The Texas Spel eol ogi ca
Society (TSS), a private, non-profit research group,
recorded numerous caves in that area in 1963, but none have
been investigated recently. Mny of those caves may stil
exi st.

In addition to continuing surveys for new endangered
species localities, nore intensive biospeleological studies
of currently known karst features may also provide
additional information on species distributions. Mre than
700 karst features have been located in Travis and
Wl lianmson counties (Elliott, pers. conmunication), of
whi ch about 100 are known or believed (through tentative
identification of collected specinens) to contain
endangered species (tables 1 and 2). Bi ospel eol ogi ca
surveys of many of the remaining karst features are either
nonexi stent, outdated (e.g. recent surveys have not been
conducted), inconplete, or cursory. Detail ed faunal
surveys of those features that have not been adequately
st udi ed but which could support one or nore of the |isted
species nay lead to the discovery of additional endangered
species localities. Although these surveys may increase

the total nunber of known |ocations for the karst
invertebrates, nost new |locations will occur within the
currently defined range of each species. The overall range
of each species is not expected to increase significantly
beyond what is defined in this plan.
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C. Habi tat, Ecosystem and Ecol ogy

Little is known about the life history, ecology, and
habitat requirements of the |isted species and other karst
fauna in central Texas. Although interest in biospeleol ogy
in Texas has increased in recent years, the research
enphasi s has been on taxonony, biogeography, and a few
behavi oral studies (Barr 1974a,b; Barr and Steeves 1963;
Bull and Mtchell 1972; Christiansen and Cul ver 1969;
Elliott and Mtchell 1973; Elliott 1976, 1978a,b; Gertsch
1974; Goodni ght and Goodni ght 1967; Hol singer 1967; Maguire
1960; Mtchell 1968a,b,c, 1970; Mtchell and Reddell 1971
Muchmore 1969; Reddel | 1965, 1966, 1967, 1970a-c), and nore
recently on geol ogic and hydrol ogic processes of Kkarst

(Veni & Associ ates 1988a,b, 1992). Elliott (1991a-f,
1992b-e) has begun a long-term baseline ecology study of
three caves as part of the LakeLine Mall Habitat

Conservation Plan (see discussion in Section E).

Qisin of Karst Features: "Karst" is a type of terrain
that is formed by the slow dissolution of calcium carbonate
fromlinmestone bedrock by mldly acidic groundwater. This
process creates humerous subterranean voids (caves
si nkhol es, fractures, interconnections, etc.) so that the
bedrock somewhat resembles a honeyconb. The formation of
t hese features depends largely on the solubility of the
bedrock and the rate and direction of groundwater novenent.
Water enters the subsurface through cracks, crevices, and
ot her openings, dissolving away soluble beds of rock as it
noves through the ground, until it discharges downhill at
a spring outlet.

Many of the karst features occupied by the |isted
species were forned at or below the water table, and thus
were once filled with water. As the groundwater table
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| owered through canyon downcutting and regional uplift,
these features dried out and are now air-filled. These
features are referred to as "dry" because they tend to
have small catchnent areas, take very little runoff, and
contain little or no perennially flow ng water. I'n sone
cases, cave and sinkhole entrances were formed as the
groundwater table lowered, resulting in ceiling collapse of
some cavities.

Sone karst features nmay act as recharge structures to
under ground stream systens. For exanple, Buttercup Creek
in the Cedar Park karst fauna region in WIIlianson County,
overlies an inportant karst network conposed of severa
caves such as Buttercup River Cave, |lex Cave, Boul evard
Cave, Wiitewater Cave, and a |large nunber of snall
si nkhol es and caves that nmay contribute to an underground
stream (Russel |l 1993). Testudo Tube is a nore distant
infeeder to the system Avai l able information indicates
that the streamexits either at a spring in Bull Creek to
t he south, which contributes to Austin's water supply, or
feeds into the northern pool of the Edwards Aquifer.

Evolution of Troslobites: Troglobites have been referred
to as "relicts" of surface soil and leaf-litter faunas. A
widely accepted explanation for the evolution of

troglobites is that, during the course of climtic changes
in the Pleistocene epoch (two mllion to ten thousand years
ago), certain creatures retreated into the nore stable cave
environments, While their respective surface relatives
either emgrated or became extinct (Barr 1968, Mtchell and
Reddell 1971, Elliott and Reddell 1989). The troglobitic
species survived and adapted to the cave environnment and
col oni zed the caves and other subterranean voids. Through
faulting and canyon downcutting, the karst terrain along
t he Balcones Fault Zone becane increasingly dissected,
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particularly around the Jollyville Plateau, creating

"islands" of karst and barriers to dispersal. This led to
increasing isolation of troglobitic populations from each
other with subsequent speciation. Sonme groups speciate

very readily, while others appear to speciate nore slowy.
Some species are nore nobile than others and can achieve
| arger ranges. The restricted distribution of troglobitic
speci es makes nmany of them highly susceptible to extinction
(Elliott and Reddell 1989).

Habi t at Requirements - Misture and  Tenperature;
Troglobites require high humdities (nearly 100%), and many
are very susceptible to drying. Generally, areas within
caves that have low humdities are alnost entirely devoid
of cave fauna (Elliott and Reddell1989, Barr 1968). Caves
that are encased with an inner shell of calcite, which can
cut off water and nutrient infiltration, are also nearly
biologically sterile (Elliott, pers. observation).

Water enters the karst ecosystem though groundwater
and surface drainage. Wl | - devel oped pat hways, such as
cave openings, fractures, and solutionally enlarged bedding
planes, rapidly transport water through karst with little
or no purification. Caves are susceptible to pollution
from contam nated water entering the ground because kar st
has little capacity for self-purification. The route that
has the greatest potential to carry water-borne
contam nants into the karst ecosystem is through the
surface and subsurface drai nage basin that supplies water
to the ecosystem Certain activities wthin this
hydrol ogically sensitive area, such as application of
pesticides and fertilizers, |eakage from sewer |ines, and
urban runoff, could contaninate the karst ecosystem  The
potential for contamnants to travel through karst systens
may be increased in sone areas relative to others due to
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| ocal geologic features.

Most troglobites require stable tenperatures. Cold,
dry air entering a cave causes the fauna to retreat to nore
humi d, warmer recesses (Reddell and Elliott 1991). During
these times, some troglobites may be found in small ceiling
pockets where the conditions are presumably warnmer and
danper, rather than on the floor where they are normally
found (Elliott, pers. observation). During hot, dry
periods, cave fauna may retreat into the cave soil or
interstitial spaces where environmental conditions are nore
stable (Howarth 1983).

Habitat Recquirements - lnportance of Surface Communities:
Due to the paucity of light and limted capability for
photosynthesis, karst ecosystems are almost entirely
dependent upon surface plant and animal communities for
nutrient and energy input. Kar st ecosystens receive
nutrients fromthe surface in the formof leaf litter and
other organic debris that have washed or fallen into the
caves, fromtree and other vascular plant roots, or through
the feces, eggs, or dead bodies of troglophiles and
trogoxenes (for exanple, cave crickets, raccoons).

Certain ani mal species, such as cave crickets, daddy
| ongl egs, and raccoons appear to use nost caves, provided
there is sufficient area on the surface with habitat to
support these species and the cave entrance is not blocked.
A study to determine the foraging range and
spatial /tenporal distributions of cave crickets and daddy
longlegs is currently underway as part of the LakeLine Ml
Habi tat Conservation Plan (see discussion in Section E).
Recent research indicates cave crickets may forage nore
than 50 neters from cave entrances (WR Elliott, pers.
comm., 1993).
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Cave crickets (Ceuthophilus spp.) are an especially
i nportant 'conponent of the cave ecosystem because nany
invertebrates are known to feed on their eggs, feces,
nymphs, and dead body parts. Cave crickets typically roost
and lay eggs in caves during the day, then enmerge at night
to feed. They are general predators and scavengers, but
the exact food preferences of Ceuthophilus species in Texas
are still unclear. Daddy longlegs harvest nen (Leibunum
townsendii), which are abundant in many caves, may
simlarly introduce nutrients into the cave ecosystem
Raccoons are also ecologically inportant in many cave
communi ties because their feces provide a rich medium for
the growh of fungi and, subsequently, localized popul ation
bl oons of several species of collembolans. Collenbol ans
are tiny, hopping insects that reproduce rapidly on rich
food sources and may becone prey for sone predatory
trogl obites.

Caves with large bat colonies usually harbor a
community dom nated by guano-feeders and related species.
Some of the small caves of Travis and WIIliamson counties
once harbored small bat colonies, usually cave bats (Myotis
velifer) . This speci es often abandons caves because of
human di sturbance or other factors (Elliott, in press).
However, nost of the caves inhabited by the |isted species
were not significant bat roosts in the past. The exceptions
to this rule follow 1) Tooth Cave apparently harbored a
smal | bat colony at one time, but has not contained bats
for many years (Reddell, pers. comunication); 2) Steam
Cave at Georgetown for many years has continued to harbor
some Myotis velifer individuals, according to numerous
cavers’ reports; 3) On Canpus Cave at Ceorgetown,
apparently a major bat cave at one time, was sealed during
| and devel opnent, then reopened in 1992 (M ke Warton,
geol ogi st, pers. conmunication); 4) Beck Bat, Beck Horse,
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and Beck Ranch caves have had bat colonies at different
times (Elliott, pers. observation). These data suggest
that al though the karst ecosystens containing the listed
speci es may not depend on bats for nutrient input, some of
the listed species can tolerate conditions around small bat
colonies and may benefit fromthe increased nutrients.

Surface plant communities around karst features
supporting the |listed species range from pasture land to
mat ure oak-juni per woodl and. In general, exotic plants and
animals (particularly fire ants) are believed to be
detrinental and may result in conpetition with or predation
upon native species and a decreased overall species
diversity.

In addition to providing nutrients to the karst
ecosystem the surface plant community al so serves to
buffer the karst ecosystem against changes in the
tenperature and noisture regines, pollutants entering from
the surface (Biological Advisory Team 1990, Veni &
Associ ates 1988a), and other factors such as sedinentation
from soil erosion. Protecting native vegetation my also
hel p control certain exotics (such as fire ants) that may
conpete with and/or prey upon the listed species and other

karst fauna. Fire ants are particularly detrinental to
karst ecosystens, although the full extent of their inpact
has not yet been determ ned. Soi | di st ur bance,

i ntroduction of nursery plants and sod containing fire
ants, garbage (potential food source), and electrical

equi pnent are some of the factors contributing to fire ant
I nfestations.

Habi t at Requirements - Use of Interstitial Spaces: The
extent to which the species use small humanly inaccessible
voids, referred to as "interstitial spaces" (such as
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fractures, fissures, cracks, etc.), between or around caves
is not fully known. Use of interstitial spaces by
trogl obites has been observed in Japan, Hawaii, and Europe
(Howarth 1983). At the LakeLine Mall site in WIIianmson
County (see Section E), six boreholes (referred to as
"coreholes" in certain documents) were drilled to determ ne
the presence of interstitial fauna. The two caves on the
site, LakeLine Cave and Underline Cave, both contain listed
speci es (Rhadine persephone and Texella reyesi). Four to
five Rhadi nepersephone beetles and one Rhadine subterranea
beetle were found in one of the four borehol es that
encountered a void (Well Trap #6, Table 2). This void was
| ocated about 600 feet northwest of LakeLine Cave in
W I lianson County. No troglobites were found in the other
five boreholes (Horizon Environnental Services, I nc.
1991a).

Howar t h (1983) refers to these interstitial
conmunities as "crack fauna" and asserts that "caves are
not isolated but connect with other subterranean habitats
to constitute a single functioning system". He argues that
troglobites primarily live in interstitial spaces, where
environnental conditions are nore stable, but will venture
into | arger voids and caves when conditions are suitable.
Sonme troglobites have a lower netabolic rate and are able
to use energy nore efficiently than their surface
relatives, and many have exhibited the ability to wthstand
| ong periods wthout consuming food. Thus, a steady food
supply for these species may not be as limting a factor as
the need for high noisture levels and stable tenperatures.
This may explain the seasonal distribution of the cave
fauna and the apparent paucity of troglobites during
periods of dryness or tenperature extrenes (Howarth 1983).
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Trogl obites occupying interstitial spaces may receive
nutrients through root systems of surface vegetation and
t hrough many small holes and fissures in karst areas where
raccoons, cave crickets, and other surface fauna can enter
the subsurface. Goundwater flow and surface infiltration
are also vehicles for transporting nutrients through
interstitial spaces. Certain strata in the Edwards
Li mestone are nmore prone to devel oping karstic solutiona
openi ngs and thus may be nore penetrable by nutrients than
other strata. The extent of nutrient infiltration into the
interstitium appears to be site-specific and is largely
dependent on the nature of the |inestone strata and the
j uxtaposition of subterranean voids. Thus, sone strata may
receive nutrient input over a large area, while others may
receive input only through caves and sinkhol es.

The distance that the |isted species or other karst
fauna retreat from cave openings is unknown but is probably
dependent upon the presence of contiguous voids |arge
enough for the fauna to occupy, proximty to nutrient
supplies, and the ecological requirements of the species.
For exanple, if the vepikarst" (the surface of the karst)
is extremely honeyconbed, as in the LakeLine Mall area,
then troglobites may be found where there are continuous
passages or open bedding planes. Furthernore, nore nobile
speci es, such as Rhadi nepersephone, may range farther from
cave openings, While nore sedentary species, such as
Neoleptoneta myopica, nmay be physically restricted to
nutrient-rich areas.

Habitat Requirements - Manasenent Consi derations: The
karst features inhabited by these species and the

ecosystens on which they depend have evol ved slowy over

mllions of years and cannot be recreated once they have
been destroyed. Protection of these ecosystens wl |l
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require maintaining moist, humd conditions and stable
tenperatures in the air-filled voids; nmaintaining an
adequate nutrient supply; preventing contam nation of the
water entering the ecosystem preventing or controlling
i nvasi on of exotic species, such as fire ants; and other
actions as deemed necessary. Additional research may help
to develop or refine conservation and nmanagenent practices
necessary to achieve these goals.

I n determ ning appropriate managenment techniques of
surface communities, the ecol ogical requirements of other
species, such as the federally |listed endangered black-
capped vireo (Vireo atricapillus) and gol den- cheeked
war bl er (Dendroica chrysoparia), whose ranges overlap wth
t hose of the |isted invertebrates, will also need to be
consi der ed. Recovery plans for these species have been
prepared (USFWS 1991, 1992).

Ecoloav: Most of the endangered karst invertebrates are
believed to be predators of mcroarthropods, such as
col | enbol ans. Many troglobites also feed on well-
deconposed organic natter. Ot hers, such as the ground
beetle, may consune cave cricket eggs or dead cave cricket
parts. The limted data avail abl e suggest that nost
troglobites are food generalists (Barr 1968), although this
does not preclude the devel opnent of food specialization in
sonme speci es. Since several predator species coexist in
nmost  caves, one can expect some degree of prey
speci alization in these species.

Elliott and Reddell (1989) note that "there is no
direct information on the life cycle of any of these
species. Many surface relatives have a distinct seasona
life cycle, but collections throughout the year indicate
that all of these species have |ost this seasonality...".

54



The follow ng |ist summarizes currently avail able on each
speci es' biol ogy.

Species 1 - Neol eptoneta myopica: This species preys on
m croarthropods and has been described as a "sedentary
aerial spider that hangs froma small tangle or sheet web
on long, thin legs" (Certsch 1974). Mtchell and Reddell
(1971) observed that "in Texas caves, generally, the
spiders are the nost inportant aninmals filling the 'small
predator' niches." Since a cave can contain several
different species of spiders, such as nenbers of the genera
Neol eptoneta, Cicurina, Nesticus, and Eidmanella, slightly
different small predator niches apparently have devel oped
in those comunities. For exanple, in Tooth Cave, Travis
County, there are 11 co-existing, troglobitic, snall
predators (6 spiders, a harvestman, 2 pseudoscorpions, and
2 Rhadine beetles) (Elliott and Reddell 1989).

Species 2 - Tartarocreagris texana: Tartarocreagris texana
is usually found under rocks. Finding individuals of this
species is so rare that little else is known of its habits
(Elliott and Reddell 1989). Al known pseudoscorpions are
predators of mcroarthropods.

Species 3 - Texella reddelli: This species is usually
found under rocks in darkness or in dimtwlight. Al
phal angodi ds have | arge, raptorial pedipalps designed to
seize and hold prey. Elliott (1978b) observed that
Banksul a melones and Banksul a grahami, menbers of the sane
fanily from California, fed upon cave  psocids
(psocopterans) and col | enbol ans placed in small containers,
but preferred the collenbolans, Wwhich were smaller.
Texel la and other small harvestnmen tend to wal k rather
slowmy and deliberately, unlike spiders, which tend to nove
faster. See further remarks on Texella reyesi
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Species 4 - Texella reyesi: This species is especially
sensitive' to drying and requires very noist, hum d
conditions (Elliott 1991a-f and unpublished data). Most
individuals are found wunder large rocks, but are
occasionally seen wal king on noist floors. In Tenpl es of
Thor Cave, individuals are typically found about 30m from
the entrance in total darkness, where humdity is high
t hey sel dom occur farther in the cave where there is |ess
wat er and food. In the hottest part of the summer when
many of the small caves warm up and becone drier
individuals may retreat into the interstitiumor may be
found only in the coolest, danpest spots in the caves.
This species feeds on mcroarthropods. One individual in
LakeLine Cave was observed feeding on fungi growng on a
dead raccoon.

Speci es 5 - Rhadi ne persephone: Rhadi ne persephone is the
| argest, nost visible, and nost active of the species and
Is sonetines visible in strong light froma distance of 5
to 10 m Rhadi ne persephone is usually found under rocks,
al t hough sone individuals have been observed wal ki ng on
damp rocks and silt. The beetle runs rapidly and patrols
the floor area in search of prey, as does R subterranea,
a closely related and synpatric species.

Wi | e feeding behavior has not been observed in R
persephone, Mtchell (1968a, b) observed R subterranea
feedi ng on cave cricket eggs and dead cave cricket parts in
Beck' s Ranch Cave, WIlianmson County. Janes Reddell (pers.
communi cation, in Mtchell 1968b) reported one observation
of a R subterranea beetle carrying a collenbolan. Rhadine
subterranea appears to be restricted to areas of deep,
unconpacted silt, where it digs holes to remove and feed on
eggs deposited into the silt by cave crickets. Mt chel
also found R subterranea larvae in the silt, but he felt
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the food supply was the limting factor in the beetle's
distribution. Rhadine subterranea is not believed to feed

on organic material, fungi, raccoon feces, cricket
droppings, or live cave cricket nynphs, as are sonme ot her
I nvertebrates. Fungi may harbor parasites that result in
beetle nortality. Predati on on cave cricket eggs has

apparently evolved in at least four different genera of
troglobitic carabid beetles in North Anerica (Howarth
1983).

In Tooth Cave, where numerous specimens were collected
in 1965, R persephone are nore abundant than R
subterranea. The high population |evels of R.subterranea
in the Round Rock and Georgetown areas contrast sharply
wth its rarity at the southern margin of its range (for
exanpl e, Tooth Cave), Wwhere population density and perhaps
further range extension may be checked by interspecific
conpetition. Competition due to broad niche overlap
bet ween R persephone and R subterranea may limt the
latter in Tooth and Kretschmarr caves (Barr 1974a).

On one occasion Elliott (1992b) observed Rhadi ne
per sephone in LakeLine Cave to be nore active at night.
This may indicate a residual nocturnal behavior, simlar to
that seen in fully-eyed species of Rhadine beetles observed
in caves on the Edwards Plateau (Elliott, pers.

observations).

Species 6 - Texamaurops reddelli: Texaznaurops reddelli is
found in total darkness under and anobng rocks and buried in
silt (Barr and Steeves 1963, Reddell 1966). All nembers of
the fanmily are believed to be predators. Both Texamaurops
reddel I'i and Batrisodes texanus (bel ow have well-devel oped
mouth parts and are al so believed to be predators (Donald
S. Chandler, Dept. of Entonology, University of New
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Hampshire, in litt., 1993). Psel aphids are found in soil,
mol dy wood, npss, under stones and logs, in caves, or in
termte nests. The term "mold beetle" refers to an old
definition of "mold* as rotting plant material

Species 7 - Ba trisodes texanus: Batrisodes texanus i S

found in total darkness under rocks. In Of Canpus Cave,
it was found on the underside of a rock lightly buried in
silty clay in total darkness (Chandler 1992). | n I nner

Space Cavern in August 1968, Elliott (unpublished data)
collected a female as it ran fromunder a noldy match box
in the Mud Room It is believed to be a predator (see
Texamaurops reddel li, above).
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D. Reasons for Listing and Current Threats

One of the main threats to the listed species is |oss
of habitat due to urban devel opment activities (53 FR

36029). The species occur in an area that is undergoing
conti nued urban expansion at a rapid rate and few caves are
adequat el y protect ed. Most of the species' localities

occur adjacent to or near devel oped areas (residential
subdi vi si ons, schools, golf courses, roads, comercial and
industrial facilities, etc.) or in areas that are proposed
for devel opment. Unless proper protective neasures can be
devi sed, urban devel opnent may lead to the filling in or
col | apse of caves, alteration of drainage patterns,
alteration of surface plant and aninmal comunities, as well
as increased contam nation and human visitation.

One cave cluster in the Jollyville Plateau karst fauna
region occurs in an area that presently supports sone
residential and industrial development and where additional
devel opnment has been proposed. Another cave to the north
of this cave cluster occurs in an area that is undergoing
expansion of a residential community. These two areas
support six of the |listed species and include the entire
ranges of Tartarocreagris texana and Texamaurops reddelli.

Filling in and Collapsing of Caves: Some caves have been
filled, collapsed, or otherwise altered during road
construction and building site preparation (53 FR 36029).
Various construction and devel opment activities over caves
or sinkholes may also result in the collapse of cave
ceilings. There are limted data available on the nunber

of caves that have been filled to date. Elliott and
Reddell (1989) estimate that at |east 10% of the caves in
Travis County are destroyed every 10 years. This trend

wll only accelerate with increasing urban expansion. To
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date, two caves containing Texella reyesi are known to have
been filled (Fossil and Sore-ped caves). Sore-ped Cave was
filled in 1991 by the owner but was reopened after
negotiations with the USFW5. Fossil Cave was filled around
1980 and has not been reopened. Underline Cave and Wl |
Trap #6 will be destroyed as part of the LakeLine Ml l

Section 10(a) (1) (B) permt (see discussion in Section E).

O her caves (such as Coffin Cave which contains Batrisodes
texanus) may already have been filled due to recent
devel oprent. Attenpts to relocate Coffin Cave have been
unsuccessful (53 FR 36029).

Ranching activities may also lead to the filling of
cave entrances. The earliest published reference to |oca
ranchers routinely filling cave entrances was by Vinther

and Jackson (1948), who stated that entrances were cl osed
in WIlliamon County rto elinmnate hiding places for
‘varmnts'- predatory aninmals.” Ranchers sonetines fill
entrances or cover cave entrances by placing "cedar"
(juniper) linbs across entrances to prevent cattle and
goats fromfalling in (Elliott, pers. observations).

Alteration of Drainase Patterns: Because karst ecosystens
depend on air-filled voids with some water infiltration,

diverting water away froma cave could lead to drying and
subsequent nortality of karst fauna, while increasing water
infiltration could lead to flooding and | oss of air-
breathing species. Altering the quantity of water inflow
could also result in changes in the nutrient regine.

Devel opnent activities that result in the alteration
of natural drainage patterns include altering the
topography, increasing inpervious cover, installing water
collecting devices, spray-irrigation systems, and other
activities. Opening too many or too large entrances into
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a cave system during cave exploration may also result in
drying. The extent to which these activities are inpacting
the listed species' localities needs to be determ ned.

| : : : | | Ani ml e Land
devel oprent and other human activities (such as
agriculture) can lead to the |oss of surface plant and
ani mal conmunities on which karst ecosystens depend for
nutrient supplies. Wth urbanization, native vegetation
may be renoved and replaced with inpervious cover, nursery
plants, and/or exotic plants. Subsequent changes in the
animal community include the introduction of exotics, such
as fire ants; loss or reduction of certain animls due to
habitat |oss, conpetition, predation, or other factors; and
overal | declines in species diversity. Many of these
plants and animals (for exanple, cave crickets and daddy
| ongl egs) may be critical to the nutrient reginme of the
karst ecosystem and |oss of these species could lead to
nutrient reduction or depletion within the karst ecosystem
Renoval of the native surface vegetation may lead to
increases 1in tenperature fluctuations, changes in the
noi sture regime, increased potential for contam nation, and
increases in sedinentation in the caves fromsoil erosion
on the surface.

The inpacts that altering surface plant and ani nal
communi ties have on karst ecosystens are not fully
understood and warrant further research. | npor t ant
contributors to the karst ecosystem s nutrient regine need
to be identified, as well as the surface area and other
ecol ogi cal requirements necessary to sustain these nutrient
sources. Some of this information will be gathered as part
of the LakeLine Mal| Habitat Conservation Plan's studies
(see discussion in Section E)
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Cont am nat i on: Because karst is highly susceptible to
gr oundwat er cont am nat i on, ur bani zat i on (including
industrial, residential, road, and commercial devel opnent)
may result in the contam nation of karst ecosystens. Types
of contam nants associated w th urbanization may include
chemcal, sewage, and oil pollution. These pollutants are
derived from urban runoff; broadcasting, spraying, and
fogging pesticides and fertilizers; hazardous materials
spills; pipeline and storage tank |eaks; power transformner
and industrial accidents; |eakage from septic systens,
landfills, and sewer |ines; and other sources.

Primary routes of contaminant entry into karst
ecosystens include the surface and subsurface drainage
basin of a karst ecosystem air (for air-borne
cont am nants); and  dunping of househol d gar bage,
construction debris, notor oil, alkaline batteries (which
contain mercury), pesticides and other materials directly
into cave entrances. Many caves are currently subject to
di sposal of refuse, urban runoff, and contam nation from
pesticides and fertilizers. Several chemcal facilities
are located along RM 2222 in the Jollyville Pl ateau kar st
fauna region near caves known to support six of the listed
speci es. A cave containing Texella reyesi is directly
under an oil pipeline. Provisions for protecting karst
ecosystens from contam nation need to be devel oped.

Buman  Visitation, Vandalism and Dumpin : Ur ban
devel opment near cave entrances is likely to increase hunman
visitation to these caves. Possible inpacts from human

entry into a cave include habitat disturbance or |oss due
to soil conpaction or changes in atnospheric conditions,
abandonnent of the cave by bats or other trogl oxenes, and
direct nortality (e.g., from stepping on karst fauna).
These inpacts may be reduced or avoi ded, depending on the
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caving skills and caution of the person(s) entering the
cave. Vandal i sm may also result in the destruction or
deterioration of the karst ecosystem  Dunping of toxic
trash (such as alkaline  batteries) can lead to
contam nation of the karst ecosystem Di sposal of
househol d and other wastes may also attract fire ants.

Cave gates and fences are often installed to deter
unaut hori zed human visitation and dunping; however, these
devices may inadvertently alter the air flow, noisture, and
nutrient regimes of the karst ecosystem Installation of
a cave gate nmay al so destroy the aesthetics of the cave
openi ng. Furthermore, the soil disturbance generated
during the installation of cave gates and fences may
encourage fire ant infestations in these areas.
Nonet hel ess, carefully constructed and nonitored cave gates
and fences are appropriate in sone situations and should be
considered as an option at heavily visited or vandalized
caves. Caves gates are further discussed in Tasks 4.3 and
7.3.

Fire ants: Fire ant activity in central Texas appears to
have increased dramatically since 1989 (Elliott 1992a).
The fire ant is an aggressive predator, and current
evi dence shows that it has a devastating and | ong-Ilasting
i npact on native ant populations and other arthropod
comunities (Vinson and Sorenson 1986; Porter and Savi gnano
1990). Fire ants have been observed building nests both
within and near cave entrances as well as foraging in
caves, especially during the sunmer.

The relative accessibility of the shallow caves
i nhabited by the listed invertebrates makes them especially
vul nerable to invasion by fire ants and other exotic
species. Fire ants can enter karst ecosystems through the
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cave entrance, or through small holes fromthe surface and
attack karst fauna in areas that humans cannot observe.

Fire ants have been found in nore than 50 percent of the
caves that contain |isted karst invertebrates and have been
observed attacking and preying on several troglobitic
species, as well as scorpions, cave crickets, and other
karst dwellers (Janes Reddeil, Texas Menorial Miseum in
Litt., 1993). Karst fauna that are nost vulnerable to fire
ant predation are the slower-noving adults, nynphs, and
eggs. (Reddell, pers. comunication). Even in the unlikely
event that fire ants do not prey directly upon the |isted
invertebrates, their presence in and around karst areas
could have a drastic detrinental effect on the karst

ecosystem through loss of both surface and subsurface
species that are critical links in the food chain.

Fire ant colonies occur in tw forns: single-queen and
mul ti pl e-queen colonies. Miltiple-queen fire ant colonies
occur in very dense concentrations (about 750-5000 nounds
per acre) and successfully domnate areas previously
occupi ed by the | ess dense (100-200 nounds/acre) single-
queen form (Porter et al. 1991). The nultiple-queen form
Is three tinmes nore abundant in Texas than in other parts
of its range and recent surveys indicate it is spreading.
This forminvaded the Austin area sonetine in the early
1980’s (Porter et al. 1991).

Fire ant studies conducted by Porter et al. (1988) in
Austin indicate that fire ants invade areas in two phases.
In the first phase, fire ant queens invade an area through
| ong-di stance dispersal of w nged queens or are introduced
t hrough inported products such as nursery stock or soi
containing small fire ant col onies. Their invasion is
ai ded by vany disturbance that clears a site of heavy
vegetation and disrupts the native ant community." Severa
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native ants are known to attack and kill founding fire ant

queens. These native ants are especially inportant in
elimnating founding fire ant queens and their col onies
from non-infested areas. Once the fire ant becones

established, they enter the second phase during which the
native ant comunities are gradually elimnated and show
little resurgence as the fire ant slowy expands and
increases in nunber. This phase takes nmany years to
conplete (Porter et al. 1988). These factors should be
consi dered when determ ning short and |ong-term nmethods of
fire ant control.

in arryin blastin ' . There are
several linestone quarries in the Austin area that may
contain suitable habitat for one or nore of the listed
species. Vinther and Jackson (1948) reported three caves
south of Georgetown where a quarry is now |ocated. Reddell
and Finch (1963) reported two other caves in this area that
were destroyed in 1960 and 1963 by quarry activities and at
| east 22 other caves and sinks on ranches that are now part
of or adjacent to that quarry. Both Batrisodes texanus and
Texel la reyesi occur in caves to the north of this quarry.
QO her quarry properties in the area may still contain
caves.
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E. Conservation Measures

This section summarizes the regional karst and
bi ospel eol ogi cal surveys, research, and other conservation
measures that have been conducted to date.

Resional karst and biosoel eol osical surveys: Since the

listing of the endangered species, nunerous surveys have
been conducted to better define the distribution and
t axonony of karst fauna in Travis and WIIlianmson counties.
Many of the studies are proprietary reconnai ssance studies

conducted by environnental consul tants, geol ogi st s,
engi neers, cavers, and biospel eologists to |ocate caves and
si nkhol es on properties proposed for devel opnent. These

studi es have been funded primarily by private |andowners,

financial institutions, school districts, and governnental

agencies and have resulted in the discovery of new
endangered species localities.

In early 1989, the Texas Departnment of Transportation
(formerly known as the Texas Departnent of H ghways and
Public Transportation) sponsored a karst feature survey and
bi ospel eol ogi cal study of karst features along the
right-of-way of-the proposed Austin Quter Parkway (State
H ghway 45) from Comanche Trail to U S. 183 (Reddell 1989).
That sane year, Elliott and Reddell (1989) conpleted a
maj or study of several caves in Travis and WIlianmson
counties to further define the status and range of the
listed species. Elliott and Reddell's surveys were funded
by TPWD and TNC in preparation for a regional endangered
speci es conservation effort involving local and state
governnent and several conservation organizations. The
report also discussed cave ecol ogy, scientific and econom c
val ues of cave faunas, destruction rates of Central Texas
caves, and threats to cave fauna. Acquisition, scientific,
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and nmanagenent reconmendations were al so given, including
| ong-term ecol ogi cal st udi es, stewardship  progranms,

cooperative agreenents, and greenbelts. Through an
Endanger ed Species Act Section 6 cooperative agreenment with
TPWD, USFWS funded continued karst and biospel eol ogi ca

studi es by Reddell and his associates (1991). These
studi es helped further clarify the range of the listed
species and determine areas that warranted additional
study.

From 1990 to 1991, the Gty of Georgetown sponsored an
extensive study of 21 caves and 19 other karst features in
Georgetown's extraterritorial jurisdiction (Reddell and
Elliott 1991). As a result of the study, Tenples of Thor
and Red Crevice caves were discovered and later sold to
Melvin Sinon & Associates, Inc. to becone part of the
LakeLine Mal| Habitat Conservation Pl an. Known cave
| ocations from the Texas Speleological Society files were
mapped onto the Gty of Georgetown' s geographic information
system

Through an Endangered Species  Act Section 6
cooperative agreement with TPWD, the USFWS funded a study
(Veni & Associates 1992) of geologic controls on cave
devel opnent and the distribution of karst fauna in the
vicinity of Travis and WIIliamson counties. This study
significantly inproved the ability to predict where
endangered species' localities mght occur in Travis and

W 1lianson counties. Veni divided Travis, WIIlianson,
Hays, and Burnet counties into 11 areas (referred to as
vkarst fauna regions" in this recovery plan) based on

geol ogi ¢ continuity, hydrology, and the distribution of 38
rare troglobites. By correlating distribution data for the
38 troglobites to the 11 karst fauna regions, Veni observed
that the Jollyville P| ateau, Central Austin, and Post Qak
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Ri dge regions have nore endenmic species than McNeil, Round
Rock, and Cedar Park. For the purposes of this plan, the
McNeil and Round Rock karst fauna regions have been
conbi ned, and areas where |isted species do not occur have
been omitted fromFigure 2, with the exception of South
Travis County (see discussion in Part I.B).

Veni and Associ ates (1992) mapped four zones in Travis
and WIlianmson Counties indicating areas with different
|'i kel i hoods of having extensive cave devel opnent and |isted
species. The boundaries are matched to known outcrops of
cavernous |imestone garnered from numerous geol ogi c maps
and studies and to hydrol ogi ¢ boundaries extrapolated from
the el evations of cave passages conpared to surface water
di vi des. Zone 1 includes areas in the Edwards G oup
l'i mestones that are known to contain |listed species. Zone
2 conprises areas that may contain |isted species or other
endem ¢ fauna. Zone 3 probably does not contain |listed
species or their habitat, and Zone 4 consists of
noncavernous rock and thus does not contain caves or other
karst features. Together, Zones 1 and 2 conprise about
55,000 acres in Travis County and about 100,000 acres in
Wl liamson County (Figure 10).

Fire ant control studs: In 1991, USFWS funded, through a
Section 6 cooperative agreenent with TPWD, a fire ant
control study in and around 12 caves containing listed
species in Travis and WIlianmson counties (Elliott 1992a).
Three types of treatments were used including hot (nearly
boiling) water, and the chemicals Amdro® and Logic@
Addi ti onal research is needed to determne t he
ef fectiveness of the treatnents against fire ants and
effects on the |isted species.
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#1971 Figure 10. Karst geology near Austin, Texas
(adapted from cavernicole faunal distribution

maps in Veni 1992). Black arezs (' Zone1®); .
Stippled areas (‘Zone 2'). Black circles are s
ne 1 areas without hydrogeologic delineation
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Both Logi c@and Amdro® are harnful to arthropods. Use
of Amdro or Logic may result in the nortality of the
endangered speci es through consunmption of the chem cal (s)
or contaninated prey which have ingested the bait. Adverse
i npacts to the species nmay be avoided through strict
control of chemical applications. For exanple, applying
chem cal baits away fromthe cave entrance and outside of
areas used by cave crickets may prevent introduction of the
active ingredients into the food chain. By applying
chemcals in the norning under dry, warm conditions, the
ants may consune nost or all of the chem cals before cave
crickets exit the cave at sundown to forage.

Despite effective initial treatments, sonme areas may
be rapidly re-infested with fire ants from surrounding
areas, as happened at Kretschnarr Cave, and could require
nmore than one treatnent each year. The level and type of
fire ant control necessary for each area will likely be
site-specific, depending on adjacent |and use and severity
of the fire ant infestation.

LakeLine Mal| Habitat Conservation Plan (HCP): On February
13, 1992, the USFW5 issued a Section 10(a) (l)(B) permt

under the Endangered Species Act to Melvin Sinon and
Associates, Inc., to allow the "taking" of sone Rhadine
per sephone and Texella reyesi individuals as a result of
the proposed LakeLine Mal| devel opment.  The Endangered
Speci es Act authorizes the USFW5 to permt the taking of
federally listed species if such taking is "incidental to,
and not the purpose of, the carrying out of an otherw se
lawful activity" (16 U.S.C. Section 1539). Two caves
(LakeLine and Underline) and one bore-hole (Well Trap #6)
were found to contain listed species. Underline Cave
contains T. reyesi , and Well Trap #6 contains R.
persephone, While LakelLine Cave contains both species.
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Both Underline Cave and Well Trap #6 will be destroyed
during mall construction. The initial two to three-acre
fenced preserve around LakeLine Cave will| be reduced to
less than 0.5 acre about two years after conpletion of the
mal |, which may result in loss or degradation of the cave
ecosystem

As part of mtigation for the taking as outlined in
their Habitat Conservation Plan, Melvin Sinon and
Associates, Inc., acquired a total of 232 acres of preserve
land in three separate areas known to support four caves
cont ai ni ng Rhadi ne persephone (Rolling Rock and Testudo
Tube caves) and Texella reyesi (Red Crevice and Tenpl es of
Thor caves). Three of the caves occur in WIIlianmson
County. Roling Rock Cave is in Travis County. Texas-
Parks and Wldlife Departnent is the managenment authority
for the LakeLine HCP.

OQther mtigation nmeasures in the LakeLine HCP incl ude
a lo-year nonitoring program of certain environnental
conditions (such as tenperature, humdity, air novenents,
and rainfall) and karst fauna (including species,
abundance, activity and location wthin the cave) for
LakeLine Cave. _This program will include nonitoring for 5
years before and 5 years after mall conpletion, as well as
during construction. The purpose is to determne the
i npacts of mall devel opnent on the cave ecosystem and the
listed species. Comrensurate five-year studies of
environmental conditions and karst fauna will be done in
Testudo Tube and Tenples of Thor Caves to serve as control
sites to the LakeLine Cave study. Studies will include
food preferences, foraging range, and distribution of cave
crickets and daddy longlegs harvestnen at the above three
caves and fire ant control at all five sites. A kar st
ecosystem exhi bit for public education will be displayed
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within the LakeLine Mall devel opnent project (Horizon
Environmental Services, Inc., 1991b).

Elliott (1991a-£f, 1992c-e) initiated the LakeLine Cave
studies in May 1991 and began investigations of Testudo
Tube and Tenples of Thor caves in May 1992 Mont hl'y
ecological monitoring visits to these caves provide
information on tenperature, humdity, air novenents,
nutrient inputs, fire ants, and the distribution of
nuner ous species in the cave, but may not provide nuch data
on life histories and other aspects of the |isted species'
bi ol ogy. The cave cricket/daddy longlegs study is
provi di ng data on t he f oragi ng behavi or and
spatial /tenporal distributions of these species, which feed
above ground at night. The cave cricket study will help
determine the surface area around the caves needed to
sustain these species. A major goal of this research is to
det ermi ne whether the karst invertebrate commnity in
LakeLine Cave is significantly affected by devel opment of
the shopping mall and to assist in making preserve
recommendati ons for other caves.

In addition to the mtigation outlined above and prior
to the developnent of the HCP, Melvin  Sinmon  and

Associates, Inc. funded research designed to help determ ne
the extent to which karst fauna occur in the interstitial

spaces at the LakeLine Mall site. Six bore-holes were
drilled into the bedrock near a cluster of surface karst
features. Fi ve-foot sections of 4-inch PVC pipe were

installed in each borehole. To prevent surface material
from entering the boreholes, approxinmately 2 feet of pipe
protruded above the surface, and the edges around each pipe
were sealed with rocks and dirt. Each pipe was then seal ed
to prevent noisture |oss.
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Pitfall traps containing a variety of baits, including
nol dy bl ue cheese, banana, peanut butter, and yeast were
pl aced inside each borehole to attract karst fauna. This
met hod was successful in trapping Rhadi nepersephone in one
bor ehol e. No troglobites were found in the other five.
The baits do not attract nmany species, particularly nore
sedentary predatory species such as Neoleptoneta myopica
and the Texella speci es. Baits may attract fire ants, as

may the surface disturbance generated during the drilling
process.
Regional ' ' Hcp): The City of

Austin is proceeding with devel opnent of a regional HCP

al though specific preserve boundaries for the Kkarst
features have not been determned at this tinme. |ndividual
applications for 10(a) (1) (b) permts and associ ated HCP’s
shoul d contribute to achieving recovery plan goals,

particularly in setting aside cave preserves.

Security neasures: To control access to caves where
unaut hori zed human visitation and vandalism present a
serious threat to the karst ecosystens and possible injury
to humans, cave gates have been installed at some cave
entrances. Caves where gates have been installed to date
i ncl ude Toot h, Gllifer, Kret schmarr, Kret schmarr
Sal amander, LakeLine, and Sore-ped caves. Mst of these
cave gates consist of a |ocked door fashioned from an open
steel grid to prevent unauthorized entry. Cave gates
shoul d be designed to pernit normal air flow, water
infiltration, and nutrient input. Since some cave gates
have been known to filter out inportant nutrient sources,
particularly larger aninmals such as raccoons, they should
be closely nonitored and rectified should such probl ens
occur.
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ne alternative to gating that nmay pose less
interference with the nutrient regine and other
environnmental factors (such as air and water novenent) is
the installation of a high fence around a cave preserve.
Chain-link fences have been installed around Kretschmarr
Cave and LakelLine Cave. Since both cave gates and fences
are subject to vandalism they may require frequent
surveillance. The effectiveness of gating and fencing and
their effects on the karst ecosystens should be closely
moni t or ed. Qher alternatives to protecting caves from
human visitation and vandalism such as public education
and routine site patrols, should also be explored.

QO her conservation neasures: In [ate 1988, the USFW5, in
conjunction with two groups of devel opers, sponsored a
hydr ogeol ogi ¢ study of a cave cluster located to the
northwest of the RM 2222 and RM 620 intersection to aid in
determi ning neasures to protect this cluster, Which
supports six of the listed species. The project, conducted
by Veni & Associates (1988a), provided guidelines for
protecting the caves based largely on hydrogeol ogic
factors, but did not involve biological investigations.
The study was used by a group of experts assenbled by USF W5
to prepare guidelines for the protection of the cave
cluster. The group's guidelines were used in discussions
bet ween USFWS and the devel opers about protecting the caves
and cave fauna.

Local caving organizations have been instrunental in
| ocating and nonitoring karst features and maintaining a
dat abase of their findings. Several of these organizations
have published reports of their findings and nmade
conservation and nanagenent reconmmendations that are useful
to the USFWS. O her contributions made by | ocal cavers
include the renoval of trash from cave openings and the
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detection of contam nant spills.

The entrances to Tooth Cave and Kretschmarr Cave have
been under the stewardship of the Texas System of Natural
Laboratories (TSNL) on behal f of the owners since about
1970. This resulted in the discovery of several nore caves
containing troglobites. A smal| area (about 0.6 acres)
around Tooth Cave and a total of about six acres
enconpassi ng Kretschmarr Cave, Kretschmarr Double Pit,
Gallifer Cave, Root Cave, and other sinkholes on the
Jollyville Plateau were deeded by the owner to the TSNL in
1990. However, the preserves around these caves are not
sufficient to counter nutrient depletion and prevent
pol lution should the surrounding areas be devel oped. The
entire area is now infested with fire ants. Furthernore,
some of these caves are under tenporary deed to TSNL and
may be sold at the owners' discretion.
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F. Recovery Strategy

This recovery plan is designed to outline steps for
long-term protection of the listed invertebrate species,
including restoration and enhancenent of the habitat where
necessary. The recovery criteria state that each species
will be considered for downlisting from endangered to
t hreatened when three karst fauna areas (if at |east three
exist) within each karst fauna region in each species'
range are protected in perpetuity (see Section II.A for a
more detailed delineation of the criteria).

The "karst fauna resions" depicted in Figure 2 of this
plan are adapted fromthe karst fauna areas delineated in
Veni & Associates' 1992 report (see discussion in Section

I.B). These regions are delineated based on geol ogic
continuity, hydrology, and the distribution of 38 rare
trogl obitic species. Each karst fauna region can be
further subdivided into karst fauna areas. For the

purposes of this plan, a "karst fauna area" is an area
known to support one or nore |locations of a |isted species
and is distinct in that it acts as a system that is
separated fromother Kkarst fauna areas by geol ogic and
hydrol ogi ¢ features and/or processes that create barriers
to the novenent of water, contam nants, and troglobitic
fauna. Karst fauna areas should be far enough apart so
that if a catastrophic event (for exanple, contam nation of
the water supply, flooding, disease) were to destroy one of
the areas and/or the species in it, that event would not
likely destroy any other. area occupied by that species.

As troglobitic populations become increasingly
| sol ated due to hyrdrogeol ogi c processes, subsequent
speci ation anong the isolated populations may occur. The
recovery criteria are designed to allow these natural
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evol utionary processes to continue for each species. The
recovery criteria aim at protecting populations and

preserving genetic diversity across each species' range.

Ful'l inplenentation of the recovery criteria should
protect against catastrophic loss of the listed species.
Because karst ecosystens can never be recreated once they
are destroyed, an adequate number of karst fauna areas per
karst fauna region should be protected in perpetuity to
ensure the continued survival and conservation of each
speci es. Ideally, at |least three karst fauna areas per
karst fauna region should be protected to provide a nmargin
of safety against extinction if one or nore protected areas
are lost due to an unanticipated catastrophic event. Thi s
is particularly inportant for karst species since their
habi tat can not be recreated. If a given species only
occurs in two karst fauna areas, that species would still
be considered for dawnlisting provided both areas were
adequately protected. Species whose entire range consists
of only one karst fauna area (should one area be destroyed)
will not be considered for downlisting. I f a species
occupi es several karst fauna regions (such as Texella
reyesi), but one or nore of those karst fauna regions
contains less than three karst fauna areas, then all karst
fauna areas within that region nust be protected in order
to meet the recovery objective.

The first step in recovering these species is to
identify the karst fauna areas targeted for recovery.
According to the recovery criteria, all localities
i nhabited by four of the listed species (Neoleptoneta
myopica, Tartarocreagris texana, Texamaurops reddelli, and
Batri sodes texanus) shoul d be provided |ong-term protection

prior to consideration for downlisting. Three of the
listed species, Texella reddelli, Texella reyesi, and
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Rhadi ne persephone, occupy karst fauna regions that contain
nore than three karst fauna areas. Table 3 identifies the
karst fauna regions in which each species occurs, the
approxi mate nunber of karst fauna areas inhabited by each
speci es, and the nunber of karst fauna areas that should be
protected, based on the recovery criteria for downlisting
and current know edge of the species' distributions
(figures 3-9). Conti nui ng surveys for caves and Kkarst
invertebrates may result in an increase in the nunber of
karst fauna areas occupied by sone species.

In selecting karst fauna areas to be targeted for
recovery, priority should be given to those areas that
exhi bit high species diversity and contain other rare or
listed species. This ecosystembased approach to choosing
karst fauna areas for preservation should consider both the
l'isted species and other endem c species and may prevent
the need for listing additional species in the future.
Nunmerous rare species inhabit the same karst terrains in
Travis and WIlianmson counties. For exanple, Travis County
contains at |east 32 rare karst species, 25 of which are
not federally-listed and some of which are undescribed
(EllTott 1992a). Many of those rare species were
t axonomically described in 1992 and sonme nmmy becone
candidates for the endangered species |ist, especially
those found in urbanizing areas.  Therefore, judicious
sel ection of karst areas for preservation wll aid in the
recovery of the listed species, help protect other
important el enments of the karst ecosystemin Travis and
W lianmson counties, and possibly prevent the need to |ist
ot her species in the future.
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Table 3. Apprdxi mate nunber of karst fauna areas to be protected
for each species to be considered for downlisting.
Information is based on currently available infornation on
species' distributions (tables 1 and 2, figures 3-9) and
recovery criteria for downlisting.

APPROX. #
OF | CARST
FAUNA AREAS # OF AREAS

SPECI ES KARST FAUNA REG ON  OCCUPI ED TO PROTECT

Neoleptoneta myopica Jollyville Plateau 3 ALL

Tartarocreagris texana Jollyville Plateau 2 ALL

Texella reddelli Jollyville Plateau 3 ALL

Rol I I ngwood >3 AT LEAST 3

Texella reyesi Jollyville Plateau >3 AT LEAST 3

Cedar Park 1 ALL
Central Austin 1 ALL
McNei | / Round Rock >3 AT LEAST 3
Geor get own >3 AT LEAST 3
N. WIllianson Co. >3 AT LEAST 3
Rhadine persephone Jollyville Plateau >3 AT LEAST 3
Cedar Park >3 AT LEAST 3
Texamaurops reddelli Jollyville Plateau 2 ALL
Batrisodes texanus N. WIlianson Co. 2 ALL
Geor get own 2 ALL
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Wthin each karst fauna region, karst fauna areas that
are targeted for recovery should be |ocated as far apart as
possible, to protect against catastrophic loss and to
preserve genetic diversity within each speci es. Q her
factors to consider when selecting karst fauna areas
include ability to ensure long-term protection, current
| evel of habitat disturbance, past and present |and use,
presence of other rare or candi date species, ease of
protection (landowner cooperation), and, where applicable,
I nportance to the regional groundwater system

VWiere the listed species' ranges overlap, particularly
on the Jollyville Plateau, nore than one of the species my
occur in a given karst fauna area. For exanple, six of the
seven species occur in the Jollyville Plateau karst fauna
region, and three of the species' entire ranges are in the
vicinity of the rRM 2222/RM 620 intersection.

Two areas within the Jollyville Plateau karst 'fauna
region that are already known to be very inportant to the
survival and recovery of several of the |isted species
represent two distinct karst fauna areas and should be
targeted for protection. One of these areas, the Tooth
Cave karst fauna area, harbors six of the seven |isted
speci es and one of the nost diverse cave biotas in the
sout hwestern United States. The other area, the Stovepipe
Cave karst fauna area, contains five of the |isted species.
Preservation of these two karst fauna areas woul d protect
100% of the range of two of the listed invertebrates
(Texamaur ops reddelli and Tartarocreagris texana) and 67%
of the range of Neoleptoneta myopica. A suggested karst
fauna area for the Stovepi pe Cave cluster is presented in
Figure 11.
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Figure 11. Suggested

)

Stovepipe Cave karst

fauna areas.
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The second major step in recovery is to determne the
appropriate size and configuration of each of the karst
fauna areas targeted for recovery. To be consi der ed
"protected", a karst fauna area should contain a large
enough expanse of contiguous karst and surface area to
maintain the integrity of the karst ecosystem on which each
speci es depends. The size and configuration of each karst
fauna area should be adequate to maintain noist, humd
conditions, air flow, and stable tenperatures in the air-
filled voids; maintain an adequate nutrient supply; prevent
contam nation of surface and groundwater entering the
ecosystem prevent or control the invasion of exotic
species, such as fire ants; and allow for novenent of the
karst fauna and nutrients through the interstitium between

karst features.

Several factors should be considered in determ ning
the size and configuration of karst fauna areas, including
the pattern and direction of groundwater novenent,
direction and area of surface and subsurface drainage,
preservation of the surface community above and surrounding
the cave, and the presence of other caves or karst

features. In general, land bounded by the contour interval
at the cave floor is the area within which contam nants
novi ng over the surface or through the karst could nove
toward the cave. Qutside this contour, contam nants would
nmove away from the cave. A hydrogeol ogi c investigation may
be useful in determning the surface and subsurface
drai nage basin of the karst ecosystem |ocal recharge
ar eas, and direction of groundwater novenent. Thi s
informati on woul d be used to determ ne the area necessary
to protect the karst fauna area's water supply. The anount
of surface area necessary to maintain the ecol ogical
processes of the karst ecosystem should also be considered
and may be larger than the surface drainage area of the
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cave. O her nearby karst features, which may affect the
noi sture, air flow, tenperature, and nutrient regimes and
al l ow novenent of karst fauna through the interstitium

shoul d be included in each karst fauna area. Mjor sources
of nutrient input and areas necessary to sustain these
sources should be considered. Recent research as part of
t he LakeLine Mall HCP may provide sone information on the
I mportance of the surface area surrounding karst features
in providing nutrients to the cave ecosystem Wher ever
possible, karst fauna areas should connect to |arger
undevel oped lands that are not slated for future
devel opment, in order to ensure adequate nutrient flow into
the karst ecosystem and to help conbat the fire ant threat.

Setting aside large preserves may help to control fire
ants. Porter et al. (1991) state that control of fire ants
in large areas (>5 hectares) (12 acres) nmay be nore
effective than in smaller areas since multiple queen fire
ant col oni es reproduce primarily by "budding" (Wwhereby
queens and workers branch off fromthe nain colony and form
new sister colonies). Budding is a relatively slow
process, and fire ants may not as quickly reinvade areas
where they have been elinminated with this method. Native
ant communities may also require large, undisturbed areas
to help them conbat the fire ant threat

Research in sone areas, including the fire ant's
native range, indicates that fire ants are associated wth
open habitats disturbed as a result of human activity (such
as old fields, |lawns, roadsides, ponds, and other open
sunny habitats) but are absent or rare in |ate succession
or climax conmunities such as mature forest (Tschinkel
1986). Al though this association is not apparent in all
areas, especially in central Texas (Porter et al. 1988,
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1991), maintaining native vegetation communities may help
sustain native ant populations and further deter fire ant
I nfestations. Chem cal control met hods have sone
effectiveness in controlling fire ants, but the effect of
t hese agents on non-target species (including the listed
invertebrates) is unclear and, if used indiscrimnately,
may also elimnate native ant populations. | deal |y,
intensive fire ant control should be inplenented al ong
di sturbed areas on the periphery of |arge preserves. This
type of fire ant control, conbined with safer but nore
| abor intensive nethods (such as hot water applied mound-
by-mound) in the vicinity of cave entrances, should help
sustain the native ant fauna and reduce the need to
i npl enent intensive control within the preserve.

Due to the multiplicity of factors to consider when
determ ning the size and configuration of the karst fauna
areas, the design of each karst fauna area wll be site-
speci fic. Al t hough many factors (such as the species’
ecol ogi cal requirements, distribution in the interstitium
and the amount of surface area necessary to sustain
nutrient flow) are unknown, the ampunt of tine and
financial expense to acquire this know edge woul d preclude
achieving the recovery objective if karst fauna area
protection were del ayed pendi ng additional research in
t hese areas. To conpensate for this lack of know edge,
del i neation of the karst fauna areas should be based on
protecting the integrity of the karst terrain supporting
the listed species and a conservative interpretation of the
avai |l abl e Dbi ol ogi cal and hydrogeol ogi cal infornation

Anot her step needed to acconplish recovery is to

provide long-term protection for the targeted karst fauna
ar eas. Methods could include land acquisition
conservation easements, and cooperative agreements with
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private | andowners and public entities.

| npl enent ati on of appropriate conservation and
managenent neasures for each targeted karst fauna area is
al so needed for recovery. This may include control of fire
ants and other threats; managenent of surface plant and
animal communities; maintaining surface and groundwater
quality and quantity; preventing vandalism dunping, and
unaut hori zed human visitation; and other actions deened
necessary. Additional studies will be necessary to nonitor
the effects of each managenent program refine managenent
t echni ques as appropriate, and determne any other steps
necessary to fully recover the species.

Regardl ess of whether a |isted species occurs in a
karst ecosystemthat is in or outside of a karst fauna area
targeted for protection, the listed species are stil

protected under the Endangered Species Act (Act) unless
aut horization for incidental "take" has been obtained under

Section 7 or Section 10 of the Act.
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. RECOVERY
A. OBJECTIVE AND CRI TERI A

Objective: The prospects for conplete recovery and
delisting of these species are uncertain. Therefore, the
obj ective of this recovery plan is downlisting of these
invertebrate species to threatened status. Criteria for
downlisting are given bel ow

Citeria: Each  species wll be consi dered for
reclassification from endangered to threatened when:

(1) Three karst fauna areas (if at l[east three exist)
w thin each karst fauna region in each species' range
are protected in perpetuity. |f fewer than three
karst fauna areas exist within a given karst fauna
region, then all karst fauna areas wthin that region
shoul d be protected. |f the entire range of a given
species contains |less than three karst fauna areas,
then all karst fauna areas where that species occurs
shoul d be protected and at |east two karst fauna areas
shoul d exi st and be protected for that species to be
consi dered-for downlisting.

There are seven karst fauna regions (adapted from
the karst fauna areas in Figure 19 of Veni &
Associ ates' 1992 report and reproduced in Figure 2 of
this recovery plan) in Travis and WIlianmson counties
that are known to contain |isted species. These
regions are delineated based on geol ogic continuity,
hydrol ogy, and the distribution of rare troglobites
(see further discussion in Section I.B).
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Karst fauna regions can be further subdivided
into karst fauna areas. For the purposes of this
plan, a "karst fauna area" is an area known to support
one or nore locations of a |isted species and is
distinct in that it acts as a systemthat is separated
from other karst fauna areas by geologic and
hydrol ogi ¢ features and/or processes that create
barriers to the novenent of water, contam nants, and
troglobitic fauna. Karst fauna areas should be far
enough apart so that if a catastrophic event (for
exanpl e, contam nation of the water supply, flooding,
di sease) were to destroy one of the areas, that event
woul d not |ikely destroy any other area occupied by
t hat speci es.

To be considered "protected", a karst fauna area
nmust be sufficiently large to maintain the integrity
of the karst ecosystem on which the species depend(s).
In addition, these areas nust also provide protection
fromthreats such as fire ants, habitat destruction
and cont am nants.

According to this criteria, all localities
inhabited by four of the listed species
(Tartarocreagris texana, Texamaur ops reddel |i,

Neol ept oneta myopica, and Batrisodes texanus) shoul d

be provided long-term protection (refer to figures 3-9
and Table 3 in this plan). For those karst fauna

regi ons inhabitedby Texella reyesi, Texella reddelli,

and Rhadi ne persephone that contain nore than three
karst fauna areas, identification of the karst fauna

areas targeted for protection is included as a
recovery task in this plan
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(2) Criteria (1) has been maintained for at |east
five consecutive years W th assurances that these
areas will remain protected in perpetuity.

This recovery plan is intended to outline steps
necessary for the continued existence of these species and
the karst ecosystens on which they depend. In some cases
this wll require continued human intervention to conbat
the fire ant threat. Wthout this intervention, the
ability of the species to be self-sustaining within these
karst ecosystems is uncertain.

These reclassification criteria are prelimnary and
may be revised based on new information (including research
specified as recovery tasks in this plan). The estimated
date for attaining the objective of this plan (downlisting
to threatened) for all species is the year 2014, assum ng
full inplenmentation of this plan. Since the time required
to downlist each species may vary, each species may be
downl i sted separately. The feasibility of total recovery
and delisting will be exanined as part of this plan. The
plan will be reviewed regularly and revised as necessary to
i ncorporate new objectives and criteria as data becone
avai |l abl e.
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B. RECOVERY QUTLI NE

The followng is an outline of the recovery tasks needed to
attain the objective of this plan. Section C includes nore
detailed information on the tasks.

1. | dentify karst fauna areas needed to neet
recovery criteria

2. Determ ne appropriate size and configuration of
karst fauna areas targeted for recovery

3. Provide | ong-term protection for karst fauna
areas targeted for recovery

3.1 Wbrking cooperatively Wi th private
| andowner s

3.2 Land acquisition, |ease, and conservation
easenents

3.3 Working W th ot her agenci es and
or gani zati ons

3.4 Regul atory

4, | npl ement conservati on nmeasures and nmanage kar st
fauna areas targeted for recovery

4.1 Determne and inplenment appropriate methods
to elimnate or manage fire ant threat

4,11 Short-term fire ant control
4.12 Long-term fire ant control

4,2 ldentify inportant sources of nutrient input
into karst ecosystens and steps necessary to
sustain nutrient flow
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4.3 Determ ne and inplenment appropriate methods
to prevent vandal i sm dunpi ng, and
unaut hori zed human entry

4.4 Qther actions deenmed necessary
Addi tional research and information needs
5.1 Distribution information

5.11 Develop standards for conducting
bi ospel eol ogi cal surveys

5.12 Conduct addi ti onal kar st and
bi ospel eol ogi cal surveys

5.13 Develop and nmaintain a centra
dat abase of survey results

5.2 Hydrogeol ogic studies of karst fauna areas
targeted for recovery

5.3 Additional studies on each species' ecol ogy
Educat i on

6.1 Devel op educational prograns on Kkarst
ecology to raise awareness of the genera
public and encourage protection of Kkarst
ecosyst ens

6.2 Devel op educational programs for private
| andowners to encourage and denonstrate
protection of karst fauna areas targeted for
recovery

6.3 Devel op educational prograns on Karst
ecol ogy and hydrogeol ogy to hel p preserve
manager s, consul tants, and ot her
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professionals identify and protect karst
ecosyst ens

Moni tori ng

7.1 Devel op nonitoring program

7.2 Monitor |isted species and other karst fauna
within karst fauna areas targeted for
recovery

7.3 Monitor threats in karst fauna areas
targeted for recovery
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C.

NARRATI VE OUTLI NE FOR RECOVERY ACTI ONS

1.

ldentifv karst fauna areas needed to neet

recovery criteria. Priority should be given to
those areas that exhibit high species diversity
and presence of other rare or listed species.

QG her factors to consider when selecting karst
fauna areas include ease of protection, past and
present |and use, current |evel of habitat

di st ur bance, ability to ensure long-term
protection, presence of other rare or candidate
species, and, where applicable, inportance to the
regi onal groundwater system Prior to targeting
a karst fauna area for recovery, the species'

presence should be verified (e.g., through
taxonom ¢ confirmation and/or recent surveys),

which is part of Task 5.12.

Two areas within the Jollyville Plateau karst
fauna region that are already known to be very
important to the survival and recovery of severa
of the. listed species, represent two distinct
karst fauna areas and should be targeted for
protection. These areas are the Tooth Cave and
St ovepi pe Cave areas. A suggested karst fauna
area boundary for the Stovepi pe cave area is
presented in Figure 11. Preservation of the
Tooth Cave and Stovepi pe Cave karst fauna areas
woul d protect 100% of the range of Texanaurops
reddel i and Tartarocreagris texana and about 67%
of Neol eptoneta nyopica's range. Sui t abl e
habitat for two endangered songbirds, the golden-
cheeked warbler (Dendroica chrysoparia) and
bl ack-capped vireo (Vireo atricapillus), also
occurs in these areas.
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appropriate_ Si confiquration

karst fauna areas tarseted for recovery. The
size and configuration of each karst fauna area
should be adequate to protect the Kkarst
ecosystenmls noisture, tenperature, and nutrient
regime; prevent contamination of the water
entering the ecosystem prevent or control the
i nvasi on of exotic species, such as fire ants;
and allow for novenent of the karst fauna and
nutrients through the interstitium between karst
features. The exact area necessary to allow for
each of these factors is unknown and will be
site-specific for each karst fauna area
Delineation of the karst fauna areas must be nade
on the best available information and be
conservative to ensure the Iong-term survival of
the species (see Section 1I.F for discussion on
determning the size and configuration of karst
fauna areas).

recove

3.1 Working cooperatively with private
| andowners. Many | andowners have expressed
interest and pride in their caves and should
be encouraged and recognized for their
efforts. CQuidance and assi stance (Task 6)
on how to protect and manage Kkarst
ecosystens shoul d be conveyed to | andowners
t hrough various Federal and State prograns
and extension services such as those of the
USFWS and TPWD. Since nost caves and
surroundi ng karst occur on private |and,
this task should be a mjor part of
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recovery.

3.2 Land acquisition, | ease, and conservati on
easenents. Land acquisition, |ease, and

conservation easements will i kely be
necessary to protect some karst fauna areas

targeted for recovery. USFWS  policy
stipulates the agency will only acquire Iand
fromwlling sellers.

3.3 Workina W th ot her agencies and
orsani zati ons. A few caves containing
|'isted species occur on public |ands. The
USFWS shoul d work cooperatively with these
various agencies and organizations to aid in
the conservation and recovery of the listed
speci es.

3.4 Resulatoryv. Section 9 of the Endangered
Species Act prohibits the r"take" of
endangered animals wthout a pernit.
Enf orcenent of these provisions involves
such things as USFWS |aw enforcenent,
Section 7 consultations wth other Federal
agenci es, and issuance of Section 10
permts.

Implement conservation nmeasures and manage Kkar st
fauna areas tarseted for recoverv. The fol |l ow ng
tasks should be nmonitored (Task 7) to determ ne
their success in protecting populations of the
listed species in the karst fauna areas targeted
for recovery. Depending on the nonitoring
results, existing managenent techni ques shoul d be
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revised as appropriate.

4.1 Determ ne and implement appropriate net hods
to elimnate or manacle fire ant threat.

Control of fire ant infestations wll be
necessary in the karst fauna areas where
fire ants pose a threat. The intensity of
fire ant infestations in each karst fauna
area should be evaluated to determ ne the
appropriate type and | evel of treatnent,
where warranted. Current research regarding
fire ant Dbiology and control methods should
be reviewed and inplenented as appropriate.
Control efforts should be evaluated to
determ ne their effectiveness and their
direct inpact on the listed species, if any.

4.11 Short-termfire ant control. | deal |y,
I ntensive short-term methods of fire
ant control should be selectively
enpl oyed al ong di sturbed areas on the
periphery of a l|arge karst fauna area
to reduce the need to inplenent
I ntensive control near karst features
I nhabited by |isted species. Caution
shoul d be taken to avoid treating non-
target ant species. Any control
met hod used indiscrimnately may al so
elimnate native ant popul ations that
help deter fire ant infestations.

Currently, the USFWS recommends hot
water treatnments as the nost effective
met hod of short-termfire ant control
posing the least threat to karst
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4.12

ecosyst ens. However, this nmethod is
not always feasible, particularly in
renote  areas. The inpacts of
di fferent types of | owtoxicity
chemcal treatnents on karst fauna
will need to be eval uat ed. Strict
controls on any chem cals applied to
areas harboring the |isted species
wll also need to be devel oped. Hot
water  pressure washers may also
significantly reduce labor intensity
required for hot water treatnents and
should be tested. Short-term control
methods wll probably need to be
enployed at least |-2 tines a year
indefinitely for many areas.

Lons-termfire ant control. \ile the
short-term nethods used in Task 4.11
may effectively reduce fire ant
infestations tenporarily, none of the
methods currently enployed provide
l ong-term control. Long-term control
may include biological and |and
managenment  practices that do not
require continued treatnents, such as
reestablishing native ant popul ations,
preventing or mnimzing soil and
pl ant di sturbance, and restoring or
enhancing surface plant and ani nal
comuni ties. Setting aside large
preserve areas (consistent with Task
2) to help conbat the fire ant threat
I's recomended. See Section I.F for
further discussion regarding long-term
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4.2

nmet hods of fire ant control.

ldentifv important sources of nutrient input
into karst ecosystems and steps necessary to
sustain nutrient flow While  karst
ecosystens are alnost entirely dependent
upon surface plant and aninmal conmunities
for nutrient supplies, little is known about
whi ch nutrient sources are critical to the
health of the ecosystem and what ecol ogica

requirenents are necessary to sustain these
sources. Nutrient sources are likely to be
site-specific and may include plants,

animls, decaying organic matter, fungi, and
bacteri a. An attenpt should be made to
determ ne what the primary nutrient sources
are for each karst fauna area and what steps
are necessary to sustain nutrient flow For
exampl e, ongoing cave ecol ogy studies at
LakeLine Cave are providing some data on the
foraging area required by cave crickets.

Types of management actions to sustain
nutrient flow into a karst ecosystem may
include providing a preserve area that is
| arge enough to allow for plant and ani nal
comunities providing nutrient input to
carry out all of their required activities
(Task 2); protecting and, where necessary,
restoring the water quality and quantity
within a karst drai nage basin; control or
rei ntroduction of certain plant and ani nal
species; protecting other karst features
that may affect nutrient flow (Task 2);
preventing vandal i sm dunpi ng, and
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unaut hori zed human entry (Task 4.3); and
other nmeasures necessary to nmaintain
adequate infiltration of nutrients and
prevent soi | erosion  and | oss of
productivity around caves. | n managi ng
surfacecommuni ties, ecological requirenments
of other listed species that occur in the
same area, such as the black-capped vireo
and gol den-cheeked warbl er, should al so be
consi der ed.

4.3 Determ ne and implement appropriate net hods

to  Prevent vandal i sm dumping, and
unaut hori zed human entrv. Wher e human
visitation and vandal i sm present a serious
threat, cave gates and fences nmmy be

installed to protect the karst community.
Cave gates and fences should be
“transparent” in design so as not to alter
or inpede normal air flow or nutrient and
moi sture regines. Soi | disturbance shoul d
al so be prevented to avoid introducing or
i ncreasing fire ant infestations. The
| npacts of cave gates and fences on the
nutrient and noisture regines of kar st
ecosystens need to be evaluated and
rectified if they pose a threat. Cave gate
and fencing designs that avoid disrupting
t he karst ecosystem should be explored. To
avoid harmto the species, the Service
reconmends that cave gate and fence designs
be submtted to the Service for approva
prior to their installation on caves known

to contain |isted species.
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5.

QG her nmeans of protection, such as warning
signs and public education, should be
expl ored as possible alternatives to cave
gating and fencing. Karst fauna areas
shoul d al so be routinely patrolled in areas
where human visitation poses a threat to
hel p deter unauthorized visitations.

4.4 Qher actions deened necessary. Localized

threats that pose serious inpacts to a given
karst community will need to be addressed on
a case-by-case basis. Several karst fauna
areas may lie adjacent to devel oped sites or
ot her areas that have already posed sone
threat to the karst ecosystem such as
altering the natural drainage pattern,
di srupting the native surface plant and/or
ani mal communi ti es, or I ntroduci ng
cont am nants. The effects of these
activities on the karst ecosystenm(s) within
the karst fauna area and possible renedies
shoul d be evaluated and inplenented as
appropri ate.

Addi tional research and infornation needs

5.1

Distribution infornmation.

Addi ti onal kar st and  bi ospel eol ogi ca
surveys are necessary to clearly establish
the ranges of the listed species and to
assist in conpleting Task 1 (ldentify karst
fauna areas needed to neet recovery
criteria).

99



5.11 Develop standards for conducting
i osnel eol osi cal rveys. St andar ds
for conducting these surveys will help
ensure the quality and consistency of
the work perforned. Standards shoul d
i nclude recording biotic and abiotic
information that may be correlated to
the presence or absence of |isted
species as well as indicate which
caves provide suitable habitat for the
listed species and other troglobitic
fauna. This task should al so include
reporting requirements to be used in
Task 5.13.

5.12 Conduct addi ti onal kar st and
[ osnel eol osi cal rveys, St andar ds
devel oped in Task 5.11 should be
followed. The primary purpose of this
task is to locate additional karst
fauna areas for those species that are
currently believed to inhabit |ess
than 3 areas in a given karst fauna
region (refer to Figures 3-9 and Table
3). | deal |y, as many |ocations
inhabited by the |isted species should
be found and inventoried to determ ne
which areas are nobst inportant for
recovery.

Secondary purposes of this task are to
confirmthe identification of l|isted
species in certain caves, survey for
|'isted species in caves that have not
been adequately surveyed or have not
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5.13

been surveyed in recent years, and
determ ne whether |isted species are
present in caves that have not yet
been surveyed. An attenpt should be
made to verify whether certain caves
(such as Coffin Cave) still exist.

Due to linited resources currently
avai l able to detect karst features,

many areas that may contain one or
nore of the |isted species have not
been adequately surveyed. Sone kar st
fauna regions and portions thereof

that have not been adequately surveyed
include parts of South Travis County,

a large area between Round Rock and
Georgetown, and the northwest portions
of North WIIliamson County and Cedar
Par k. Ongoing surveys in other
regi ons may yi el d addi ti onal

| ocalities of one or nore of the
listed species. This may increase the
nunber of karst fauna areas for sone
species fromtw to three or nore in a
given karst fauna region, and/ or
increase the nunber of karst fauna
areas to select from when targeting
areas for recovery.

Develop, and maintain _a centra

dat abase of survev results. Al Kkarst
survey results (including Task 5.11
reporting requirenments, sightings and
col l ections of endangered species and
ot her  karst fauna, and negative
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findi ngs) should be reported for
inclusion in a central database. The
central database should conpile and
routinely updat e information on
speci es’ di stributions and ot her
rel evant information that would assist
in project reviews and recovery and
regul atory activities.

5.2 Hudroseolosic studies of karst fauna areas
tarseted for recovery. A hydrogeol ogic
i nvestigation may be useful to determne the
surface and subsurface drai nage basin of
caves and surroundi ng karst as well as the
general direction of groundwater flow  The
di scovery of listed species in areas
proposed for devel opment has |ed to a number
of hydrogeol ogi ¢ investigations of caves in
the Austin area. OQher factors, including
the amount of surface area needed to
maintain the nutrient, noi st ure, and
tenperature reginmes of the karst ecosystem
and to curtail or elimnate threats should
be considered when delineating karst fauna
areas as well. The results of these studies
shoul d be used to help determ ne the area
needed to protect the water entering the
karst ecosystem Other factors discussed in
Task 2 and in Section I.F will also need to
be considered in determ ning the size and
configuration of the karst fauna areas.

5.3 Additional studies on each species’ ecology.
Very little is known about the |isted
species' ecological requirements, including
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life hi story, habi t at requirenents,

reproductive and foragi ng behavior, inter-
and intraspecific rel ati onshi ps, and
distribution in interstitial spaces. This
informati on woul d be useful in determning
what aspects of the karst ecosystem (in
addition to nutrient input, high humdities,

and stable tenperatures) are criticalto the
survival of the listed species, and what
measures are necessary to nmaintain the
heal th of the ecosystem Because this task
woul d take many years to inplenment and
conplete, it will be used to assist in
managi ng karst fauna areas targeted for
recovery (Task 4) rather than determ ning
their size and configuration (Task 2). The
results of these ecological studies nmay also
help identify the food base required by the
|isted species and ot her karst fauna and
thus assist in determning inportant sources
of nutrient inputs into the karst ecosystem

(Task 4.2).
6. Educat i on.
6.1 Develoo_ _educati anal programg _on __ Kkarst
ecoloqay to ' eneral public
and encouraqge protection _of kar st

ecosystems. This task may be acconplished
t hrough wor kshops and prograns, brochures,
vi deos, and other forms of public outreach
The material should be devel oped for all age
| evel s and include information on karst

hydr ogeol ogy and ecol ogy, the biol ogy of the
listed species, and the inportance of
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preserving karst ecosystens. Field projects
designed to educate as well as help restore
and enhance karst ecosystens shoul d al so be

consi der ed.
6.2 Develop_educational programs for private

landowners to encourage and denobnstrate
protection of karst fauna areas tarseted for
recovery. Establ i sh denonstration areas
where |andowners can observe recovery
efforts. Denonstration areas may be on
private or public [land. Managenent

gui del i nes shoul d al so be devel oped for use
by private |andowners. These guidelines nay
be in the formof brochures, workshops,

and/or other fornms of public outreach. This
task wll be useful in acconplishing Task
3. 1.

6.3 Develop educati onal programs onh Kkarst

ecoloagy_and hvdrogeology t0 help preserve
managers, consul tants, and ot her
ecosystems. The purpose of this task is to
provide training to pronote professional
expertise in identifying and studying karst
ecosystens and hydrogeol ogy. This task may
be acconpl i shed t hr ough I ntegrating
educati onal programs on karst ecol ogy and
hydr ogeol ogy into existing curricula at a
local college or university, or other
institution; through short courses; and/or
t hrough wor kshops and on-site
denmonstrati ons. The  Anmerican Cave
Conservation Association, a non-profit
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organi zation, organizes short courses on
cave nmanagenent training in various
| ocations throughout the country. — Courses
i nclude basic training in karst geol ogy,

hydr ol ogy, ecol ogy, and managenent
techniques, wth an enphasis on local
concerns and consi derati ons. Thi s

organi zation and its program nay be of
assi stance in acconplishing this task.

Monitoring. Mnitoring should occur in allkarst
fauna areas targeted for protection to determne
t he success of conservation and/ or nmanagenent
nmeasures that are inplenented (Task 4) and to
guard against irreversible declines in the
speci es' status.

7.1 _Developmonitoring program. A program for
nmoni toring both karst fauna and threats
should be established using standards
devel oped in Task 5.11. Criteria should be
devel oped for gauging the ecol ogical health
of a karst ecosystem For exanple, the
presence of certain species associations
under certain environmental conditions (such
as tenperature, nmoisture, and nutrients)
could indicate the condition of an
ecosystem Met hods shoul d be designed to
al | ow comparison of results from various
data collection efforts and to reduce
bi ases.

7.2 Monitor listed species_and other karst fauna

within karst fauna areas tarseted for
recovery. Conduct periodic surveys for the
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listed species and other karst fauna on
whi ch the species nmay depend (such as cave
crickets and daddy Ionglegs), usi ng
t echni ques devel oped in Task 7.1. Surveys
shoul d be conducted in such a manner as to
avoid disrupting the karst ecosystem

7.3 Monitor threats in karst fauna areas
t ar get for recovery. The degree of fire
ant infestations should be nonitored to
determine the level of threat and the
benefit of control efforts. Effects of
different types of fire ant control nethods
on the listed species and other karst fauna
on which the listed species may depend (such
as cave crickets and daddy |onglegs) should
al so continue to be nonitored. Routi ne
I nspections should be conducted to ensure
adequate surface and groundwater quality and
quantity and nutrient infiltration into the
karst ecosystens. All gates and fences that
are installed should be nonitored and
modi fied, if necessary, to ensure that
nutrient input, moisture regime, and air
flow remain unaltered. Qher threats that
may be inpacting the karst ecosystem and the
effects of management techniques enployed to
control or elimnate these threats should
al so be nonitored.
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[1l1. RECOVERY PLAN | MPLEMENTATI ON SCHEDULE

The Inplenmentation Schedule that follows outlines
actions and estimated costs for the Travis/WIIianson
counties karst invertebrates recovery program It is a
guide for neeting the objective discussed in Part Il of
this plan. This schedule indicates task priorities, task
nunbers, task descriptions, duration of tasks, responsible
agencies, and estimated costs. These actions, when
compl ete, should acconplish the objectives of this plan.
It should be noted that the estinmated nonetary needs for
all parties involved in recovery are identified for the

first three years only; therefore, Part |Il does not
reflect the total estinmated financial requirenents for the
recovery of this species. The total estimated cost of

recovery, according to each priority, is provided in the
Executive Summary. The USFWS has identified agencies and
other "responsible parties” to help inplenment the recovery

of these species. This plan does not commt any
"responsi bl e party" to actually carry out a particular
recovery task or expend the estimated funds.  Likew se

this schedul e does not preclude or limt other agencies or
parties from participating in the recovery program

Priorities in colum one of the following
I npl ement ation schedul e are assigned using the follow ng
gui del i nes:

Priority 1 - An action that nust be taken to prevent
extinction or to prevent the species from declining
irreversibly in the foreseeable future.

Priority 1 e - An action that by itself will not prevent
extinction, but which is needed to carry out a priority 1
t ask.
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Priority 2 - An action that nust be taken to prevent a
significant decline in species population/habitat quality,
or some other significant negative inpact short of

extinction.

Priority 3 - All other actions necessary to neet the
recovery objectives.

Key to Acronyms USed i n_ Implementation Schedul e

CQA - Gty of Austin

CORR - Gty of Round Rock

EPA - Environnental Protection Agency
FW5 - US Fish and WIldlife Service

ES - Ecol ogi cal Services
LE - Law Enforcenent
LLMHCP - LakelLine Mall Habitat Conservation Plan

NBS - National Biological Survey

NPS - National Park Service

TCVA - Texas Cave Managenent Association
TNC - The Texas Nature Conservancy

TPVWD - Texas Parks and WIdlife Department
TRCO - Travis County

TSA - Texas Spel eol ogi cal Association

TSNL - Texas-System of Natural Laboratories
TSS - Texas Spel eol ogi cal Society

TXDOT - Texas Department of Transportation
USDA - U S. Departnent of Agriculture

uss - University [of Texas] Speleological Society

WICO W1 lianmson County
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KARST INVERTEBRATES (TRAVIS & WILLIAMSON COUNTIES, TX) RECOVERY PLANIMPLEMENTATION SCHEDULE

RESPONSIBLE PARTY

COST ESTIMATES ($000)

configuration of karst fauna
areas targeted for recovery

TASK FWS YEAR 1 YEAR 2 YEAR 3
PRIORITY #|TASK # DURATION OTHER
TASK DESCRIPTION (YRS) REGION | PROGRAM COMMENTS
1 3.1 Work cooperatively with ongoing 2 ES 15 15 15
private Lend ouners TPWD 15 15 15
1 3.2 Land acquisition, lease, and 15 2 ES
conservation agreements . Realty 30 30
LLMHCP
*various 70 70
1 3.3 Work with other agencies and ongoing 2 ES 20 20 20
organizations
1 3.4 Regulatory ongoing 2 ES 10 10 10
LE 10 10 10
1 4.11 Determine and implement short- ongoing 2 ES 30 30 30
term fire ant control in areas *various 50 50 50
targeted for recovery
1 4.3 Determine and implement ongoing 2 ES 5 5 5
methods to prevent vandalism,
dumping, and unauthorized *various 5 5 5
entry
1e 1 Identify karst fauna areas 2 2 ES 5 5
needed to meet recovery
criteria
1e 2 Determine appropriate size and 2 2 ES 10 10

* Various includes EPA, TPWD, TxDOT, TrCo, WiCo, COA, CORR,

TCMA, TSNL, TSA, TSS, USS, TNC, and others
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KARST INVERTEBRATES (TRAVIS & WILLIAMSON COUNTIES, TX) RECOVERY PLAN IMPLEMENTATION SCHEDULE

RESPONSIBLE PARTY COST ESTIMATES ($000)
FWS YEAR 1 YEAR 2 YEAR 3
TASK
PRIORITY # | TASK # DURATION OTNER
TASK DESCRIPTION (YRS) REGION PROGRAM COMMENTS
1e 5.2 Conduct hydrogeologic studies 3 2 ES 10 10
of karst fauna areas targeted *various 30 30
for recovery
1e 6.2 Develop and implement : ongoing 2 ES 10 4 2
educational programs for
private landowners *various 30 6 3
1o 7.3 Monitor threats in karst fauna ongoing 2 ES 7 7
areas targeted for recovery *various 8 8
2 4.2 Identify sources of nutrient 3 2 ES 10 5
input into karst ecosystems LLMHCP 20 5 5
and steps to sustain nutrient TPWD 15 5 5
flow
2 4.4 Implement other conservation ongoing 2 ES This task will depend on
measures necessary in areas *various actions deemed necessary
targeted for recovery for conservation, and
costs are unknown at this
time.
2 6.1 Develop and implement ongoing 2 ES 10
educational programs for the ‘
general public *various 20
2 6.3 Develop and implement ongoing 2 ES 50 5
educational programs for NPS
preserve managers, *various 10
consultants, and other 40 5
professionals

* Various includes EPA, TPWD, TXDOT, TrCo, WiCo, COA, CORR, TCMA, TSNL, TSA, TSS, USS, TNC, and others
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* Various includes EPA, TPW, TxDOT, TrCo, WiCo, COA, CORR, TCMA, TSNL, TSA, TSS, USS, TNC, and others

RESPONSIBLE PARTY COST ESTIMATES ($000)
FWS YEAR 1 YEAR 2 YEAR 3
TASK
PRIORITY #|TASK # DURATION OTHER
TASK DESCRIPTION (YRs) | REGION | PROGRAM COMMENTS
7.1 Develop monitoring program 1 2 ES 10
2 NBS 10
2 7.2 Monitor listed species and ongoing 2 ES 15
other karst fauna within karst LLMCHP 5
fauna areas targeted for *various 15
recovery
3 4.12 Determine and implement long- 15 2 ES This task will depend on
term methods of fire ant NBS control methods used and
control *various costs are unknown at this
time
3 5.11 Develop standards for 1 2 ES 5
conducting biolspeleological
surveys
3 5.12 Conduct additional karst and 2 2 ES 5 5
biospeleological surveys *various 25 25
3 5.13 Develop and maintain a central ongoing 2 ES 10 10
database sofvey results TPWD 10 10
3 5.3 Conduct additional studies on 5 2 ES 25 15 15
each species' ecology *various 25 15 15




Appendi x A. G ossary

Aedeagus — In nale insects, the mating organ which is
everted from the posterior.

Apical — At the tip of a structure (see proximl).

Apophysis - |n arthropods, a chitinous ingrowth of the
exoskel eton for mnuscle insertion.

Attenuated — El ongated, especially appendages, antennae,
etc.

Biospeleology — The study of cave life and its relations to
the surface and subsurface environnent.

Book lungs -~ Primtive breathing organs found in |ower
arachni ds such as scorpions and sone spiders.

Borehole - In this work, a vertical hole drilled in bedrock
for sanpling karst fauna. Referred to as "corehole" in
certain docunents.

Carabid - Gound beetle, including Rhadi ne Perseohone.

Carapace — The upper exoskeleton of the thorax of an
arachni d.

Carinate — Having a carina, or keel, running |engthw se
al ong an appendage.

Cavernicole — A species occurring only in caves, not
necessarily eyel ess and depi gnented.
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Chelae - The pincerlike <claw of a scorpion's or
pseudoscor pi on's pedi pal p.

Chelicerae — The first pair of appendages in an arachnid in
front of the nouth, adapted 'for grasping and cutting up
food; usually clawlike.

Collembolans (springtails) - Mnute insects that have a
forked structure on the abdonmen that enables themto junp.
Usual |y conmon and abundant. Feed on plant naterial, fungi
bacteria, arthropod feces, pollen, algae, and/or other food
sour ces.

Dark zone — The permanently dark zone of the deep cave
envi ronment where no |ight penetrates, as opposed to
twlight zone.

DNA (Deoxyribonucleic acid) - the substance that carries
the cell's genetic code in the nucleus.

Elytra — In beetles, the hardened front w ngs which serve
as covers to protect the delicate hind wi ngs when the
Insect is not flying.

Endenmi sm endemic - Indigenous or native to a restricted
ar ea.

Epi gean -Living on the surface, as opposed to |iving bel ow
the surface (hypogean).

Eye nmound — In harvestnen, the conical projection on the
dorsum (upper side) of the body bearing the two eyes.

Facet — An individual visual organ in the conpound eye of
an insect.
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Feebly arcuate - slightly arched.
Fenmur — The third joint of an arachnid appendage.
Foveae - Small pits on the surface of the arthropod body.

Genital operculum - In harvestnmen, a flap covering the
geni tal openi ng.

Holotype ~— The primary type specinen selected as
representative of a species by a taxonom st who describes
t he speci es. A hol otype nust be housed in a scientific
collection that is available for study by qualified
scientists.

Hydr ogeol ogy — The study of water dynamics in relation to
geology, especially groundwater.

Infragroup - A collection of species within a subgroup (see
bel ow) that share simlar physical and/or genetic traits.
The smallest division in a hierarchical system of grouping
speci es based on degrees of rel atedness.

Karst- A terrain characterized by |andforns and subsurface
features, such as sinkholes and caves, that are produced by
solution of bedrock (usually |inestone or gypsum. Karst
areas commonly have few surface streans; nost water noves
t hrough cavernous openi ngs underground.

Met at horaci ¢ wings — The hind wings of an insect.

Metati bial pencil of setae — A small brush of setae (hairs)
found on the tibia of the third |eg.
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Mcroarthropod — A tiny arthropod, such as a springtail,
mte, etc.

Monophyl etic assenblage — A group of species that has
descended from a comon ancestor.

Niche - The role a species plays within its conmmunity or
ecosystem

bsol escent eyes — Eyes that are nearly absent; only a
smal |l remant may remain.

Ccul ar  knobs - Eye remmants (bunps) that would normally
bear a conpound eye.

Ovipositor cuticle — The surface of the female ovipositor
(an organ for laying eggs in the soil).

Palpal — Pertaining to the pedipal ps.

Parastylar - On either side of the stylus, part of the
harvestman's penis.

Paratopotype — A type specimen selected by a taxonom st as
a representative exanple of a species and which cones from
the original type locality which he/she designates.

Paratype — A secondary type specinen selected by a

taxonom st to represent a species being described; not
necessarily of the sane sex as the holotype or fromthe

type locality.

Pedi pal ps — The second pair of appendages in arachnids, the
bases of which provide a jawlike function; the pedi pal ps
provide a grasping or pinching function for handling food.
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Phal angodi d - Daddy longlegs harvestman, including Texella
reddelli and Texella revesi.

Pol ymorphic — Exhibiting nmuch physical variation anong
I ndi vi dual s.
Post opercul ar process — |In sonme harvestnen, a projection

posterior to the genital opercul um

Pronotum — |In insects, the dorsal (upper) side of the
anterior (front) part of the thorax. |In Rhadine beetl es,
the pronotumis elongated |ike a neck.

Prot uberance - A knob or prom nence.

Proxi mal — At the base of a structure (see apical).

Psel aphid - Short w nged nold beetle, including _Texanmauroos

reddelli and Batrisodes texanus.
Psocid - Small, soft-bodied insect, usually less than 6 mm
| ong.

bPunctulate - Pitted.
Retrol ateral — On the backside of an appendage.

Robust - Rel atively thick-bodied, conpared to others in the
sanme group (opposite of slender, bel ow).

Rugosity -A rough or scaly quality to the exoskel eton.

Scute — An exoskeletal plate on the dorsal (upper) side of
a harvestman's body.
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Setae - Hairs.

Sl ender - Relatively thin-bodied, conpared to others in the
sanme group (opposite of robust, above).

Spatul ate — Flattened |ike a spatula.

Species group - A collection of species that share simlar
physi cal and/or genetic traits. The highest division in a
hi erarchi cal system of grouping species based on degrees of
rel at edness.

Sper mat hecae — Sacs used for the storage of spermin fenale
pseudoscor pi ons and other invertebrates.

Stylus — The long, thin part of a harvestman's penis.
Subcont i guous — Not quite touching.

Subgroup - A collection of species within a species group
(see above) that share simlar physical and/or genetic
traits. An internediate division in a hierarchical system
of grouping species based on degrees of relatedness.

Spel eol ogy — The scientific study and exploration of caves.

Sympatric — Two species within the same genus occurring in
the same pl ace.

Tarsoneres - The segnents at the end of an arthropod |eg.

Taxononmy — The classification and nonenclature of living
things, also referred to as "systematics"®. A taxonom st
publishes species descriptions and/or revisions in
scientific journals, based on studies of the anatony,
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bi ol ogy, or genetics of a certain taxon (group).

Tergal chaetotaxy — The pattern of setae (hair-like
structures) on the dorsal (upper) plates of an arthropod.

Tergite -~ The dorsal (upper) plate of an arthropod' s
abdom nal segment.

Tibia — The fourth joint of an arthropod I eg.

Transverse inpression - A crease that runs fromside to
si de.

Trochanter - In arthropods, the second joint of the |eg.

Troglobite — An animal that conpletes its |ifecycle and
spends its entire life in openings underground (such as
caves) usually with small or absent eyes, attenuated
appendages, and other adaptations to the subsurface
envi ronment.

Trogl onor phy,  trogl onor phi sm trogl omophic — The physi cal
characteristics of a troglobite, typified by eyel essness,
attenuat ed appendages, depignmentation, delicate integunent
or exoskeleton, and greater devel opnent of sone sensory

or gans.

Trogl ophile — An aninmal that spends nost of its life in
openi ngs underground, but may al so be found above ground;
not usually eyel ess or depignented.

Trogl oxene — A cave-dwel ling animal that |eaves the cave on
a regular basis to feed, such as bats and cave crickets.

Tubercle - A small, rounded nodul e or nound.
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Twi light zone — The cave zone in which light fromthe
entrance is still visible.

Vestigial — Having only a vestige, or a remmant, of a
structure left.
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Appendi x B. Individuals and Agencies Providing Conments on
t he Draft Recovery Pl an for Endangered Karst |nvertebrates
in Travis and WIIliamson Counties, Texas.

Al mgui st, Al bert. Private citizen

Chandl er, Donald S. Departnment of Entonol ogy, University
of New Hanpshire

Gai nes, Jimmy. Private |andowner

Hei t z, M chael J. Director, Parks and Recreation
Departnent, City of Austin

Howarth, Frank. Entonol ogist, Bishop Miseum

Jost, Lou. Representative, Sierra Cub Austin Regional
G oup

Krause, Albert A Chairman, National Speleological Society

McFarlane, Donal d A. Assi stant Professor, Chairman of
Nati onal Spel eol ogical Society Fauna Protection Conmittee

McKinney, Larry. Director, Resource Protection D vision,
Texas Parks and WIdlife Departnent

Minton, MarKk. President, The University Spel eol ogi cal
Soci ety

Peck, Marie and Ceral d. Private citizens

Robi nson Ranch
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Rose,  Mark. CGeneral Manager, Lower Colorado River
Aut hority

Russel |, WIIliam Austin Project Mnager, Texas Cave
Managenent Associ ation

Ruhl, J.B. Attorney, Ful bright & Jaworski
Steed, David L. Principal, DLS Associates
Texas Crushed Stone Conpany

Veni, George. (George Veni & Associates

von Rosenburg, Cyde. Chief Planner, Long Range Pl anning,
Gty of CGeorgetown

Warton, M ke. Director, Texas Cave Managenent Association
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Appendi x C. Summary of Comments Received on the Draft
Recovery Plan for Endangered Karst Invertebrates in Travis
and WIlianmson Counties, Texas.

Thi s recovery plan was available for public review and
conment on June 7, 1993. The United States Fish and
WIldlife Service (Service) requested comments by Septenber
7, 1993. The Service distributed 207 copies of the draft
plan to various agencies and individuals and sent 21
letters notifying county judges and |ocal and nationa
organi zations that the plan was available for public review
and conment . Comments were received from 21 individuals,
agenci es, or organizations.

All comments were considered when devel oping the final
pl an. The Service appreciates the time that each of the
‘commenters took to review the draft and to submt their
comment s.

The comments di scussed bel ow represent a conposite of
those received. Comments of a simlar nature are grouped

t oget her. Substantive coments that question approach
met hodol ogy, or financial needs called for in the draft
plan as well as suggested changes to the plan, are

addressed here. Comments received that related to listing
deci sions and general comments about the Endangered Species
Act that did not relate to the recovery planning process
are not discussed here. Commrents regarding sinple
editorial changes or providing additional biological
information were incorporated as appropriate W thout
di scussion here. Favorable, supportive comments were also
recei ved, but are not sunmari zed.

Several agenci es, organi zations, and individuals
expressed interest in cooperating with the Service in
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i npl enenting the recovery program Many have al so nade
val uabl e contributions toward the conservation of these
species, including research and educati on. The Service
w shes to thank these entities for their interest and
achievenents and |ooks forward to a cooperative and
successful effort to achieve the recovery objective.

Al comrents received are retained in the Austin,
Texas, Ecological Services office as part of the
Adm nistrative Record of recovery plan devel opnent.

Conmment : The choice of three karst fauna areas per Kkarst
fauna region is apparently arbitrary and not supported by
quantitative theory or observation. Are three karst fauna
areas per region too few?

Service Response: A nore detailed discussion of how
the recovery criteria were derived is provided in
Section 1I.F (Recovery Strategy). The nunber of karst

fauna areas protected for each species is directly
related to the risk that the species faces should one
karst fauna area be lost; the nore karst fauna areas
that are protected, the smaller the risk that the
species wll go extinct. The plan calls for
protection of at least three karst fauna areas for
each species in each region where three or nore areas
exist. Although the choice of three karst fauna areas
per region is not based on statistical procedures,

di scussi ons anong Service biol ogists and i ndependent
cave and conservation biologists indicate that three
karst fauna areas per region should provide m ninum
adequate protection against catastrophic threats.

Comment: The McNeil and Round Rock karst fauna regions are
bi ol ogi cal Iy indistinguishable and have no significant
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geologic barriers to karst invertebrate faunal mgration
Hence, they should be considered as a single karst fauna
regi on.

Service Response: These two karst fauna regions have
been conbined in the final plan, which is discussed in
Section 1.B (Distribution).

Comment: To minimze the cost of buying or |easing karst
fauna areas targeted for protection, a mnimm nunber of
karst fauna areas should be protected, and the physical
size of the karst fauna areas should be kept to a mnimm
The USFWS5 should provide nore specific guidelines to
determ ne the size and configuration of karst fauna areas.
An interimstandard m ni mum setback, or possibly a range of
set backs that could reasonably be expected under assuned
sets of circunstances should be established. Sever al
comments requested a sanple delineation of karst fauna
ar eas.

Service Response: The Service believes the recovery
criteria present the m ni num nunber of karst fauna
areas necessary to ensure the continued survival of
each species (see Section I.F for discussion of the
recovery criteria). The size and configuration of
each karst fauna area wll necessarily be site-
specific due to the nultiplicity of factors that nust
be considered to ensure adequate protection. The size
and configuration of each karst fauna area nust be
| arge enough to nmaintain the integrity of the karst
ecosystens on which these species depend. The fina
plan discusses factors to consider in determning the
size and configuration of karst fauna areas (see
di scussion in Section I1.F) and gives an exanple of the
size and configuration the Service recomends for one
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of the nost inportant karst fauna areas (Figure 11).

Conmment : Several comments were received regarding the
di stribution and abundance of interstitial space and use of
Interstitial space by the karst invertebrates. Some

supported research to determ ne the extent to which the
karst invertebrates use interstitial spaces while others
felt such research would be too costly and not productive.
Sone  believed the distribution of the interstitial
popul ations is unknown and essentially undeterm nabl e and
that so little is known of the distribution of interstitial
space (and whatever fauna may inhabit this space) that
attenpting to nodify preserve boundaries to benefit the
interstitial fauna does not seem justified.

Service Response: Research indicates that karst fauna
occur in the interstitiumin the vicinity of caves
opening to the surface. The interstitiumin the
vicinity of caves may provide a nore stable
envi r onnment than the larger cave environnent,

particularly during periods of dryness and tenperature
extremes. Thus, the Service believes the interstitium
I's an inportant conponent of the karst ecosystem and
can have an effect on subsurface drai nage patterns
that define the noisture regine of the cave. W
believe the interstitium should be considered as a
conponent of the karst ecosystem along with surface
and subsurface drainage patterns, surface vegetation
comunities, species diversity, and other factors
di scussed in the plan, that should be considered when
delineating the area necessary to preserve karst
invertebrate habitat in a specific cave. [ ncl udi ng
consi deration of the above factors and factors
di scussed in the plan will result in protection of
i nportant segments of the karst ecosystem including
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caves where |isted species occur. Considering species
diversity in deciding which caves to include in a
karst fauna area may preclude the need to |ist
additional karst invertebrates in the future.

The Service agrees that cost and anount of tine
necessary to determne the full extent to which the
karst invertebrates use the interstitium are probably
too prohibitive to be practical. W have nodified the
plan and removed that task and are instead
recommendi ng a "conservative" approach to delineating
karst fauna areas that need to be protected. Al though
the precise extent of the species' use of the
interstitium may never be known, delineation of the
karst fauna areas should be based on the assunption
that the species do inhabit these areas but are
limted by nutrient, noisture, and other physiological
requirenents. The Service believes that the
guidelines for determning the size and configuration
of the karst fauna areas (see Section I.F) should
provi de adequate protection of the karst ecosystens,
including individuals in the interstitium

Coment : The assumption that Rhadi ne persephone eats
cricket eggs may be in error and no efforts should be made
to determ ne preserve areas until the biology of the
speci es is understood.

Service Response: Karst invertebrates are difficult
to study because of their subterranean nature.
Several ecol ogical studies have been done on Rhadine
subterranea indicating that this species feeds on
cricket eggs. Since no studies on the feeding habits
of Rhadine persephone are available, we look to
conparative studies on closely related species. This
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information is considered prelimnary as applied to
Rhadi ne persephone and the recovery strategy will be
nodi fied as new informati on beconmes available if it
proves necessary. As witten, the recovery plan calls
for protection of at |east three karst fauna areas
contai ni ng Rhadine persephone in each karst fauna
region in which the species occurs. | f the karst
ecosystem for each of these areas is protected as a
whol e, then Rhadine persephone’'s specific needs should
be protected as well.

Comment:  The recovery plan area should be linmted only to
t hose karst fauna regions where the species are known to
occur.

Servi ce Response: The recovery criteria are based on
the known |ocalities of the listed species. Figure 2
has been revised to elimnate karst fauna regions
where the |isted species do not occur, wth the
exception of the Southern Travis County karst fauna
region (see discussion in Section 1.B). A survey
effort of the South Travis County karst fauna region
has been identified as part of a priority 2 task
(5.12) in the recovery plan. Should additional survey
efforts indicate that the South Travis County karst
fauna region is not likely to support any of the
listed species, the recovery plan would be revised
accordingly.

Comment : The recovery plan should extend the area of
protection to other Texas counties outside of the known
ranges of the listed species where simlar |inmestone
formati ons occur, since these species' ranges may extend
beyond the areas where they have been found in Travis and
W lianmson counties, Texas.

136



Service Response: The recovery plan is based on the
known ranges of the |isted species, which are limted
to areas wthin Travis and/or WIIlianmson counti es.

Due to the nunerous surveys that have been conducted
to date, the species' ranges are believed to be fairly
wel | defined, particularly those that are endemc to
the Jollyville Plateau, and are not believed to extend
far beyond the current known distributions. For
exanpl e, none of the listed species have been found in
caves located in Coryell or Bexar counties despite
extensive surveys. Since these species cannot trave

above ground, discontinuous |inestone strata, forned
by hydrogeol ogic features and/or processes (such as
canyon downcutting by rivers and creeks) present
barriers to their mgration. Since sone areas on the
periphery of some of the species ranges have not been
adequately surveyed, Task 5.12 identifies the need to
conduct additional surveys in these areas. Should any
of the listed species ranges be found to extend
substantially beyond the currently known range, the
status of that species and the recovery plan would be
revised accordingly, if appropriate.

Comment: Even if the plan protects the listed species it
wi |l not adequately protect the groundwater system and the
“potentially-endangered Buttercup Creek Sal amander."

Service response: The ecosystem approach to
protecting karst features that is outlined in the plan
should provide some incidental protection for
groundwat er . Mai nt ai ni ng undevel oped, natural areas
around karst features containing the |isted species
wll maintain the quality of water passing through the
karst feature and subsequently into the groundwater
supply. However, aquatic organisns have different
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habitat requirenments than the terrestrial species for
which this plan was devel oped. The groundwat er
i nhabited by subterranean aquatic organisns originates
from many sources and a single karst fauna area
delineated to protect habitat for terrestrial karst
invertebrates may not be sufficient to protect
groundwat er quality for aquatic organisns. Sever a

aquatic salamanders in the Buttercup Creek area are
| isted as Category 2 candi date species and their
status is nonitored by the Service.

Comment:  The pl an shoul d maxi m ze the nunber of non-listed
species receiving incidental protection.

Service response: The ecosystem approach to
preserving karst fauna areas shoul d provide protection
for some non-listed karst invertebrates within the
protected karst fauna areas. Species diversity and
the presence of other rare or endemc karst fauna wll
be consi dered when selecting karst fauna areas for
preservation and the text has been changed to reflect

this.
Coment : Positive inpacts of human visitation on karst
ecosystens are not addressed in the plan. Mbst adverse

i npacts discussed in the Background are associated with
unor gani zed groups and not with caving organi zations. The
know edge gai ned from experienced cavers should outweigh
any negative inpacts to the karst ecosystem should any be
incurred. Organi zed cavers provide a valuable service in
| ocat i ng, moni t ori ng, and conserving (eg., through
detecting contam nant spills and renoving trash from cave
entrances) karst features.

Service Response: The Service recognizes and greatly
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appreci ates the valuable contribution cavi ng
organi zations have made toward the conservation of
karst ecosystens. A discussion of the contributions
toward the conservation of karst ecosystens has been
added to Section I.E (Conservation Measures). The
di scussion in Section I1.D (Threats) has been reworded
to state that inpacts from human visitation my be
reduced or avoided, depending on the caving skills and
precautions taken by the person(s) entering the cave.

Comment : Collecting by scientists in the course of
bi ospel eol ogi cal surveys is a cause of nortality to the
karst invertebrates and is clearly disruptive to the
habi tat and m crohabitat of the karst invertebrates.
Col l ecting and surveying should not be considered a
conservation measure.

Service Response: Collecting karst invertebrates for
ecological studies does result in nortality of
i ndividuals of the karst invertebrate species and
m nor disruption of karst invertebrate habitat.
However, any person wi shing to coll ect endangered
karst invertebrates must have the necessary federal
and state permts and the nunber of specinmens that can
be taken is limted by the terns of the permt.
Studies and collections of the endangered Kkar st
invertebrates help to gather information on how best
to protect and recover the species. Few individuals
are permtted by the USFW5 to collect invertebrates in
caves already known to contain endangered speci es.

Comment: The Service has not given enough attention to the
hazards that cave gating nmay pose to karst invertebrates.
More explicit guidelines are needed for gate and fence
design, and enforcenent of these guidelines is also
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necessary. A cave should only be considered "protected®
from unaut hori zed human visitation if it is safely left
ungated, or if the gate is "transparent” to the flow of
nutrients, water, and air into the system

Servi ce Response: Potential hazards of gating and
fencing are discussed nore thoroughly in the final
plan, wWith the recommendati on that fence and gate
designs neet Service approval prior to inplenentation
A specific design has not been included in the
recovery plan in order to take into consideration site
specific features and take advantage of any new
t echnol ogy that becones avail abl e. Task 4.3, which
di scusses the installation of cave gates and fences,
and Task 7.3 (rmonitoring of threats) have been
reworded to state that all gates and fences that are
installed should be nonitored to ensure that nutrient
Input, moisture regine, and air flow are not altered.
Any gates and fences that inpede the normal flow of
nutrients, water, and air into the ecosystem should be
removed and, if necessary, replaced wusing a
“transparent" design.

Comment : The recovery plan lacks ‘a concrete tinetable.
The Service should publish a resource work plan, wth
di screte inplenmenting objectives, projects, and m | estones.

Service Response: Full inplementation of the recovery
t asks depends on the cooperation and invol venent of
sever al agenci es, or gani zat i ons, and private
| andowner s. | mpl ementation wll require flexibility
to accomodate the schedules and funding availability
of all recovery plan participants. The Inplenentation
Schedul e estimates the nunber of years necessary to
conplete the tasks identified in the plan and the year

140



each task should be initiated (Year 1, 2, or 3).
Estimated dates for attaining the recovery objective
(downlisting) are provided in Section II.A.

Conment : The plan should be formally briefed to key
agenci es, organizations, and private [andowners in Travis
and WIlianmson counties to pronote their cooperation and
avoi d unintended harm while studies proceed.

Service Response: Successful inplenentation of the
recovery program is dependent upon wor ki ng
cooperatively with private | andowners (Task 3.1) and
ot her agenci es and organi zati ons (Task 3.31, both of
which are priority 1 tasks. Task 6 (Education) calls
for an initiative to develop public awareness through
a variety of neans.

Comment : It is not clear what the nonitoring tasks are
i ntended to determ ne. Monitoring should determne the
failures or successes of the recovery program and the plan
shoul d be designed to acconmobdate needed changes in
response to nonitoring results.

Service Response: The Service concurs, and has
reworded tasks 4 and 7 to clarify this issue. Another
purpose of nonitoring is to detect popul ation declines
and to prevent an irreversible decline in the species'
st at us.

Comment: The "conservation neasures" proposed in the plan
are based on conjecture. There is no evidence that they
have direct benefit to the species. Assi gnment  of
priorities to the recovery tasks is based on unsupported
assunpti ons. Data relating to threats to the species are
not definitive and there is no proof that threats to the
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species exist.

Service Response: Most conservation efforts
undertaken for the karst invertebrates to date have
focused on refining information on the taxonony,
distribution, and biogeography of the species. These
efforts have enhanced our understanding of the past
and present geol ogy of the areas where the endangered
karst invertebrates are |ocated and the potenti al
boundaries to their distribution. Additional efforts
underway as part of the LakeLine Mall HCP shoul d add
to our understanding of the nore specific habitat
requi rements of the endangered karst invertebrates.
The plan also calls for other research to assist in
determ ning certain conservation neasures needed.

The conservation nmeasures proposed in the plan and the
prioritization ofrecovery tasks are based on basic
principles of conservation biology and ecol ogy as they
relate to the karst invertebrates. Appl ying these
principles to the karst invertebrates necessarily
i ncorporates an elenent of "best professiona

judgement" since the karst invertebrates are small and
subterranean and the details of their individual life
histories are not known. \Wen information on a listed
species is limted, we |look to conparative information
on simlar species to assist in assessing threats to
the karst invertebrates, to deternine measures that
can be taken to ensure their safety, and to set
recovery priorities. Recovery plans are revi ewed
periodically and as information becones avail abl e that
suggests changes in the threats to the species, the
proposed conservation measures, or the recovery
priorities, the plan can be revised accordingly.
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Comment: The data are insufficient on these bugs to even
consi der them endangered, |et alone develop a recovery
pl an.

Service response: The listing of these invertebrates
is discussed in the Eederal Resister at 50 FR 29238,

51 FR 29672, 53 FR 12787, 53 FR 36029, 58 FR 43818,

and 59 FR 11755. These docunents discuss the
taxonomy, biology, ecology, and threats to the
species. Conparative information on simlar species
I's discussed where information is not available on the
i ndi vi dual karst invertebrates. The Service believes
that information contained in these docunents
justifies the species endangered status and that
recovery planning is appropriate.

Comment: The Service should include a table or an appendi x
t hat documents when each species was confirmed present in
each of the caves. Sonme col | ections may have been made
years ago and it would be useful to verify if the subject
popul ations persist at these |ocations. A suggested fornat
for a new table identifying |ocations discovered since 1988
was included with the commrent.

Service Response: Task 1 states that where taxonony
of collected specinmens is in question or where recent
surveys are not available, the presence of I|isted
species should be confirned prior to targeting a karst
fauna area for recovery. Confirmation of the presence
of listed species in caves that have not been
adequately surveyed or have not been surveyed in
recent years is identified in Task 5.12. The Service
believes the tables are understandable and informative
as presented and only mnor changes have been made for
the final report.
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Conment:  The draft points out a "know edge gap" in sites,
but does not indicate the nunber of surveys that have been
done that have found apparently suitable habitat, that were
adequately surveyed for listed species, and that were
unable to find those species. The Service undoubtedly has
this information, since permttees are required to furnish
it anually as a condition of their permts.

Servi ce response: Until March of 1992, the Service
required permttees to provide information only on
where |isted species were found and not on sites that
were surveyed and no listed species were found. Since
there are relatively few individuals requesting

permts for karst surveys, little new information has
been obtained as a result of the new pernit
requirenents. Even when permttees report negative
karst survey results, they rarely provide enough
information on the physi cal and bi ol ogi ca

characterstics of the karst features to determ ne
relative habitat quality. Consequently  and

unfortunately, the Service does not have conplete
information on the nunber and | ocation of surveys that
did not find suitable karst invertebrate habitat. The
new permt requirements were aimed, in part, at
obtaining that information.

Comment: Once the recovery plan is finalized, the proposed
National Biological Survey may be in place. Assignnent of
priorities to research efforts should incorporate the input
fromthis agency.

Service Response: The National Biological Survey
(NBS) is in place and they have been indicated as a
responsible party in the inplementation schedule to
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this plan. In the draft plan, the Service identified
priorities for the tasks in this plan. As a part of
the public review of this plan, we invited conments
from all federal agencies and the public on the
recovery strategy, funding, and priorities. The role
the NBS plays in inplenenting the karst invertebrate
recovery plan will be determned by their funding and
priorities.

Conment : The draft plan allows for only one "widely
accepted explanation...of troglobites, ignoring alternative
explanations. This is nost inportant when the draft plan
advances the 'island" theory which is disputable on severa

points. The draft plan does not docunent any extinction or
cite any data to back up the statement that troglobites are
vul nerabl e to extinction.

Service response: The ‘'island" theory and the
Service's use of the term 'islands' is discussed in
the 90-day finding on the petition to delist the karst

invertebrates (59 FR 11755).  The use of the term
"islands' refers to areas of karst that are isolated
from other areas of karst by downcutting stream
channels or other features.

The original petition to list the karst invertebrtes
requested listing the Tooth Cave blind rove beetle
(Cylindropsis sp.) as an endangered species. On July
1, 1987, the Service published a notice that the

petitioned action was warranted but precluded for all
of the species except the Tooth Cave blind rove
beet |l e. The notice announced that |isting was not
warranted for this species on the grounds that the
singl e known specinmen was in such poor condition that
it could not provide adequate material for taxonomc
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eval uation and that the best scientific information
indicated that the taxon was extinct (53 FR 12787).

Comment : There is new information provided in the plan
regarding taxonomc revision to several of the species for
whi ch conplete references are not provided. It may be
useful to disclose which taxa are still subject to expected
revisions and if these may result in further subdivision of
t he karst fauna areas targeted for protection in accord
with the recovery criteria.

Service Response: Pertinent taxonom c references are

cited and discussed in section |.A Conpl et e
references are provided in Section II.D (References
Cted). In addition, a notice discussing recent

taxonom ¢ changes and the status of the newy
descri bed species was published in the Federal
Resi ster on August 18, 1993.

W are not aware of any taxonomc revisions in
progress at this time, but, future taxonom c research
could result in redescriptions, as happened wth the
harvestmen and the nold beetles. Of the seven
endangered karst invertebrates, Texella reddelli and
Texella reyesi are nost likely to contain popul ations
that may eventually be redescribed as distinct
speci es. Taxonom ¢ revisions are not based on the
nunber of sites at which a species is found, but on
nor phol ogi cal  and/or genetic characteristics and
variation that exists anong individuals. The recovery
criteria aim at preserving genetic diversity across
each species' range (see Section I.F).

Conment : The plan is mstaken that mature adult nmale
specinmens are required for positive identification of the
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mold beetles and the harvestmen. The published
descriptions suggest t hat the invertebrates are
di sti ngui shed using easy keys and clear differences
presented in the descriptions and require no particul ar

expertise beyond the ability to count to 5. The
identifications of the karst invertebrates are based on
obvi ous (al t hough m croscopi c) nor phol ogi cal

characteristics that can be determ ned by anyone with a
m ni mal degree of interest but no advanced degrees.

Service response: The comment is correct in that no
genitalia characteristics were used in Chandler's
(1992) redescription of the pselaphid beetles in Texas
caves. The text has been changed to reflect this.

Ubick and Briggs (1992) use mle genitalia
characteristics extensively in their redescription of
t he genus Texell a. Their analysis is based on 29
characters: 20 male genitalia characters; 2 female
genitalia characters; 3 secondary sexual characters;
and 4 somatic characters. Ubi ck and Briggs explain
that phal angodid harvestmen exhibit  "pronounced
interspecific variation of both somatic and genitalic
characters as well as in the patterns of relationship
whi ch energe upon their analysis." They also nmake
extensive use of scanning electron mcroscopy and
associ ated, technical, specimenpreparationtechni ques
for viewing the characters on which their analysis is
based.

Ubi ck and Briggs present keys for both male and femal e
specimens.  The key for the males is based on all 29
characters while the key for the females is based only
on female genitalia characters, somatic characters,
and secondary sexual characters (nine characters).
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The key for females is useful when an individual is
sufficiently distinct to allow identification on this
smal | nunber of characters al one. G ven the snall
nunber of characters available for identifying females
and the degree of intraspecific variation present,
positive identification of individuals from new
| ocalities may not be reliable based on fenmale
speci nens al one.

Ubick and Briggs (1992) publication does say that
Texella reddelli and Texella reyesi "are clearly very
closely related and, using the standards of genitalic
di stinctness applied to other Texella species, may
even be consi dered conspecific." They rely on somatic
characters to distinguish Texella reddelli and Texella
reyesi since the somatic differences are present in
spite of a geographical overlap in the range of the
speci es.

In his description of cavernicol ous pseudoscorpions
from Texas and New Mexico, Muchmore (1992) discusses
the genital characteristics of Tartarocreagris texana
and ot her species but notes that "little has yet been
recorded _about the genitalia of neobi si oi d
pseudoscor pi ons. " The text has been changed to
reflect this.

The Service acknow edges that several of the karst
I nvertebrates (such as the ground beetle and the nold
beetl es) could be properly identified by know edgeabl e
amat eurs based on the published taxonom c keys.
However, given that intraspecific variation exists in
any species, all of the specinens require mcroscopic
examnation (and sone require use of an electron
m croscope), and that there are relatively few expert
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or amateur entonologists famliar with troglobitic
species, it is advisable to have all specinens
exam ned by a qualified systematist.

Coment: In the description of Tartarocreagris texana, the
concept of "tergal chaetotaxy" is mspresented and contrary
to the definition presented in the glossary.

Service response: The definition of tergal chaetotaxy
presented in the glossary is the correct definition
while the explanation in the text was in error. The
text has been corrected to reflect properly the
concept of tergal chaetotaxy.

Comment: The current ranges of the karst invertebrates are
far in excess of the ranges at the tine of listing and the
Servi ce should not proceed wth finalizing the recovery
plan until a conclusion is reached regarding the petition
to delist the karst invertebrates. Governnent spending
shoul d not be used for expensive plans to save species that
may not even be endanger ed.

Service Response: On March 14, 1994 a "not warranted"
finding on the petition to delist the endangered kar st
invertebrates was published in the Eederal Resjster
(FR 59 11755). A "not warranted" finding indicates
that the Service believes the petition did not present
substantial information indicating that the karst
invertebrates may warrant delisting at this tinme.
This finding includes an eval uation of issues raised
by the petition, including the range expansion, and
di scusses ongoing threats to the karst invertebrates.
The finding determned that, in spite of the increase
in known |ocations for sone of the invertebrates, the
species and their habitats are subject to current and
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potenti al threats t hr ough destruction and/ or
deterioration of habitat by construction, filling of
caves, and |oss of perneable cover; contam nation from
such things as septic effluent, sewer |eaks, run-off,

and pesticides; predation by and conpetition with fire
ants; and vandalism The finding also determ ned that
these threats are present throughout all or a
significant portion of the range of each species in
spite of an increase in nunber of known |ocations.

Comment : If the fire ant threat can be relieved only
t hrough continued human intervention, the species should
remain |isted as endangered. Downlisting from endangered
to threatened inplies that protection of these species is
l ess inportant than it was before.

Service response: The goal of recovery is to restore
listed species to a point where they are viable, self-
sustai ning conponents of their ecosystem to allow
del i sting. The Act requires the Service to devel op
and inplenent recovery plans to acconplish this goal.

However, renoval fromthe list may not be possible for
all endangered and threatened species. |n the case of
t he seven endangered karst invertebrate species, the
possibility of delisting is uncertain since they my
depend on continued human intervention to control the
fire ant threat and may never be self-sustaining

Wi thout this intervention. The criteria for
downlisting (Section II.A) includes protection of
karst fauna areas fromfire ants. This will likely

I nvol ve managenent of the fire ant threat through
human intervention and this nmust be taking place and
be assured of continuing before downlisting would be
consi der ed.
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Al though threatened species face less inmediate threat
than endangered species, they still receive protection
under the Act. If the provisions in the downlisting
criteria are net, the Service believes "threatened"
wll reflect the true status of the species.

Commrent : The Service should consider the "protein bait"
met hod of fire ant control near caves that has been
devel oped by the City of Austin.

Service Response: Fire ants represent a major threat
to the karst invertebrates and the Service is wlling
to explore new methods of fire ant control as they are
devel oped.

Comment: The Service needs to provide nore infornation to
the public to allow identification of the species. The
specific characteristics that define and distinguish the
listed invertebrates need to be detailed and publicized so
that when these species are encountered by the public they
can be protected.

Service Response: The listed species are restricted
solely to caves and other karst features. For safety
purposes, the Service advises that only experienced
cavers or individuals acconpanied by experienced

cavers should enter such features. In addition, a
scientific permt under Section 10(a) (1) (A) of the Act
is required to collect listed species. Posi tive

identification of the karst invertebrate species nust
be confirnmed by an invertebrate specialist, which
often requires nicroscopic examnation (including
el ectron mcroscopy) of preserved specinens.

Comment:  The Service should institute a program of "spot
151



checks" to check the reliability of information provided by
devel oper-hired biological consultants.

Servi ce Response: The party hiring a biol ogical
consultant is responsible for investigating the
qualifications and credentials of the consultant.
Service biologists review information provided to the
Service by biological consultants, and may or nay not
agree with the results and opinions consultants
present. I n addition, any individual conducting
studi es on endangered species is required to have all
necessary state and federal permts and is responsible
for conplying with the ternms of such permts and with
all other aspects of the Endangered Species Act.

Comment:  Most of the karst fauna areas where the species
occur fall on private property. Funds should be budgeted
in the plan to nonetarily conpensate private |andowners for
assisting in the recovery of these species.

Service Response: Working cooperatively with private
| andowners who Wi sh to assist in the recovery of the
endangered invertebrate species is a major part of

this recovery programand is identified as a priority
1task (3.1). Participation by |andowners in recovery
efforts is voluntary. Cooperatively funded projects
(through the Service's Partners for Wldlife program
or other programs) may be possible. Task 3.2 states
that |land acquisition, lease, and easements wll

i kely be necessary as well to protect the karst fauna
areas targeted for recovery and has also been
identified as a priority 1 task. Task 3.2 also states
that the Service will only acquire land fromwlling
sellers. Cost estimates to carry out these tasks are
provided in the Inplenentation Schedul e.
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Comment: The cost to achieve the recovery objective shoul d
be prioritized and mnimzed as nuch as possible. Efficacy
can be gained by elimnating tasks that involve form dable
technical challenges and unrealistic goals and tying
conservation efforts for these species into other ongoing
conservation efforts in the Austin region. In addition
conservation easenents are a cost effective option for
conservation in rural areas |ess threatened by urban
devel opnent and shoul d be encouraged.

Servi ce Response: In an effort to cut costs and
provide a recovery plan with an achi evabl e objective
within the foreseeable future, the Service has
elimnated several tasks fromthe draft plan that were
time and/or cost-prohibitive, such as determning the
extent to which the species use interstitial spaces
and devel opi ng nethods of detecting subsurface voids.
O her tasks were conbined to provide a nore succinct
pl an. To further reduce recovery costs, the Service
has consi dered ot her ongoi ng conservation efforts as
identified in the Inplenentation Schedule.  \Wrking
w th other agencies and organi zati ons, many of which
are listed in the Inplenentation Schedule, is a
priority 1 task in this plan (Task 3.3). One possible
nmethod identified for providing |long-term protection
for karst areas is easenents (Task 3.2). This task
has al so been identified as a priority 1 task.

Comment : Many nonitoring and survey tasks are ideally
suited for skilled volunteers, and caver organizations
should be integrated into the draft plan and invited to
send representatives to planning sessions.

Service Response: The Service recognizes the val uable
contribution that skilled volunteers and experienced
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cavers can nmake toward the recovery of the karst
invertebrates and appreciates the know edge and
assi stance received from such individuals to date.
Several |ocal caving organizations are listed as
"responsible parties" in the Inplementation Schedul e.
To fully inplenent the recovery program the Service
will need to work with these and other parties. The
Service has identified working with agencies and
organi zations as a priority 1 task in the plan (Task
3.3).
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