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ABSTRACT

Methodologies for ranking conservation status of fishes range from a rapid
gualitative method (e.g., expert opinion) commonly used by state agencies-to time
consuming quantitative method (i.e., Species Status Assessment; SSA) currently used by
US Fish andVildlife Service. Purpose of this study was to develop a rapid but
guantitative methodology for ranking conservation status of freshwater fishes. Using
parameters of SSA, redundancy (i.e., occurrence in numbers of independent drainages
and semindependat reaches, occurrences outside of the study area), representation (i.e.,
commonality within reaches), and resiliency (i.e., number of reaches with recently
reported absences) were compiled for 50 species of fishes within the Edwards Plateau,
Chihuahuan Dsgert, and South Texas Plains ecoregions of Texas. The 50 species
represented 12 families of fishes and consisted of narrowly distributed fishes (i.e.,
occurring in one drainage) and widalistributed fishes (i.e., occurring in up to six
drainages) and aong 1 to 50 reaches. Twergix percent (N = 13) of the fishes occur
only within the study area. Parameters were analyzed with multivariate analysis.
Principal component axis | described a redundancy gradient, contrasting narrowly
distributed fishes frorwidely distributed fishes, and principal component axis I
described resiliency and representation gradient, contrasting fishes with greater percent

absence or percent rare from those with fewer percent absences and occasional to
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abundant in relative abdances. Weighted summation of species scores for axes | and Il
were sorted from least (i.e., towards low redundancy, representation, and resiliency) to
greatest (i.e., towards high redundancy, representation, and resiliency), and species were
ranked. Spaes ranks were similar to the list of Texas Species of Greatest Conservation
(SGCN), which were developed from rapid qualitative method, but discrepancies
highlighted limitations of qualitative methods and expert opinion. Most notably,
charismatic and wiestudied fishes with moderate redundancy, representation, and
resiliency were Bted as SGCN, whereas letadiedfishes with lower redundancy,
representation, and resiliency were not listed as SGCN. Among life history traits,
majority of the top 50%anked fishes were smdibdied fishes associated with aquifer
dependent surface waters. Reproductive and trophic guilds were similar between the top

and bottom 50% ranked fishes.



1. INTRODUCTION

TheUnited StatesFish and Wildlife ServicgUSFWS)currentlyuses an
analytical approach, called Species Status Assessments, to guide decisions on listing
species as threatened or endangered under the Endangered Species Act (1973) (USFWS
2016). Species Statéssessments (SSA) include a comprehensive review of historical
and current distributional, ecological, and biological information for candidate species, a
summary of documented and potential threats to species long term viability, a forecast of
a speciesuture with known and potential threats, and peer and public review of the
assessment. Species Status Assessments incorporate the concepisnafyréssl.,
tolerating stochastic disturbangeedundncy (i.e., surviving catastrophic eveniend
representatia (.e.,enduringenvironmental contions) (3Rs; Shaffer and Stein 200as
a framework to identifyevel of speciesmperilment and risk of a species extinction
currently and into the future. Time frano complete a SSA is lengthy armimpleton
of a recent SSA reporbok multiple yeardor the Sharpnose ShinBiotropis
oxyrhynchusand Smalleye Shinéy. bucculaUSFWS 2014

In Texas, Texas Parks and Wildlife Department (TPWD) maintains a list of
Species of Greatest Conservation Need (SGIINYD 2005, 2012, In press). Species of
Greatest Conservation Need include those that@rsideredare, declining, or
vulnerable for the purpose of identifying likely imperiled species and managing the
species to prevent listing under Endangered Spéwe(TPWD 2012). Species are
periodically added to or deleted from SGCN list via stakeholder meetings with natural
resource experts (e.g., agency biologists, academia) and with the use of NatureServ

Expert opinions a common methodology used to assess conservation status of species



(Clark et al. 2006) but susceptible to subjectivity, experiencekamledge breadth of
an organism or thexpert (Clark et al. 2006, Halpren et al. 2007, Donlan et al. 2010).
NatureServeis a ranking system that considéneee facets of imperilment: rarity, threats,
and trend¢Master et al2012) Deternnation of these facets at the national level and,
for some taxonomic groupaspects of rarity, threats, and trends are detexd at the
family level (e.g., cyprinids) (NatureServe 20,1which collectively might be suitable or
not when assesyj rarity, threats, and trends at the state or region.scale

Purposes and processes differ between the USFWS and SGCN lisiohgs, a
therefore represerindpointsaalong a gradient of methodologies to support assessment of
freshwater fish imperilmentOn one end, the USFWS process is time consuming,
comprehensiveand usedor one or a few species at a time, whereas on the other end,
SGON process igess time consumindesscomprehensive, and used for all freshwater
fishesin Texas Severaladditionalmethodologiegxistthat are intermediate in time,
comprehensiveness, and extensupport assessment of fish imperilmedudy et al.
(2008) developed amssessment approach using historical records and current status to
assess sebustaining populations and extirpated populations of Brook Balvelinus
fontinalisby subwatershedGiven and Norton (1993)sed a multmetic approach to
developrankings and priorities fot7 perceived threatengdantspecies based on
multivariate analysis, rather than linear ranking schemes, to lessen collinearity among
metrics. Moyle et al. (2011assessd conservation status of 129tiss in California
using a multimetric approach with metrics estimating current abundance, area occupied,

and certainty of the provided information.



The puposeof this studywasto devebp a quantitative methodolodgr the
assessment of freshwater fish imperilméat usesomponents and approaches of
existing methodologief®r a rapid assessment of SCGahile avoidng limitations of
assessing species status baseelxpert opinion and NatureServe alohbe
methodlogy was intended to be amermediate between current SGCN and SSA in
length of timeto assessespecially since SGCN reviews occur about every fivesyear
Similar to SSA, metrics linketb the 3 Rconceptwereusedwith the added benefit of
assembling data conducive foreusy USFWS if eventually neededh& methodology
should aidn the process of identifying SCGAMut doesnot directlydesignatespecies as
SCGN. In part, hazards and threats to species, whichdd&ional components in listing
imperiled fishes (Moyle et a2011), were noassessed becauskthe lhck in quantitative
information formanyspecies and uncertaindgsociateavith hazardsaand threats.

The methodology was developeasingfreshwatefish communities within ttee
ecaegions of Texas (i.eChihuahuan DeserEdwards Plateau, and South Texas Pjains
Griffith et al. 2007. The three ecoregions were seled¢tedevelopand assess the
feasibility ofthe methodologybecaus¢heseregionsare established as hotspots of fish
endemismandcontain a mix of narrowly distributed and widely distributed fishes
(Conner and Suttkus 1987, Maxwell 2013he methodology is a compilation of
publicly available data, which facilitates application angaatability of the model
elsewhere and facilitates transparency in the methodological process. Components of the
methodologycorrelate with the 3Rs conceptRedundancy is represented by
determination of inland fish occurrences reported within the regppthedelineation of

independent drainages and sentdependat reaches within each dragesimilar to



Hudy et al. (2008andby verification ofoccurrence within drainage and reach using
museum vouchersEstimations of relative abundances were used hecant fish

community surveyfrom published and unpublished data within a réa@ssess
commonality of a species (i.e., representatiorpatential of extirpation (i.e., resiliency).
Components were amnged in a data matrix and analyzed with a multivariate model
generating species scores and a anklar to Given and Norton (1993) and Moyle et al.
(2011) Ranking of species ascompared and contrasted to current federal and state lists
in order to asess model methodology viabilityife history characteristicsuch as body
size, water source, and reproduction and trophic gwildse used to examine ranked

fishes forbiological patterns associated with low redundancy, resiliency and

representation



2. METHODS
Study Ared Chihuahuan DeserEdwards PlateaandSouth Texas Plainscoregions
compose 3% of thesurface area Texas(Griffith et al. 2007 and provide aquatic
habitats for70% (N = 7 of thefederallylisted Texas fishes arii% (N =32) of the
TexasSGCN fishegFigure 1) Chihuahuan Deseetcoregions about 13% of the surface
area in Texas and is bowettby the state boundary with New kleo and the USA
international boundary witNexico in the west to the Pecos River in gast. Stface
and ground water flow are within the Rio Grande basth someendorheiovatersheds
Edwards Plateau ecoregioraisout 11% of the surface area in Teaadis bouncetd by
the Pecos River in the wemtdthe Balcones Escarpment in the e&irfaceand ground
water flow are within the Rio Grande, Nueédiser, Guadalupe River, San Antonio
River, Colorado River, and Brazos River basi@uth Texas Plainscoregions about
8% of the surface area in Texas and is bounded by the Edwards Rlzdeagion in the
north, the Rio Grande in the south, and the lower Rio Grande (i.e., Falcon Reservoir on
the Rio Grade) in the eastSurface and ground water flow are within the Rio Grande
and Nueces River basins.

Designation of independent drainagesl semindependent reachasd
compilation ofspecies occurrences, museum recordsy@ative abundancesere
similar to the methodologies described by Craig elall]). An independent drainage
was defined as a drainagi&thout contemporary conntan with another drainage and
with a coastabr near coastdaerminus (i.e., Gulf of Mexico)Rio Grande, Nueces,

Colorado, and Brazos rivers have separate coastal termini with the Gulf of Mexico.



Guadalupe River and San Antonio River sterear coaat terminus, connecting about
15 km upstream frorBan Antonio Bay.A semkiindependent reach was a named stream
(e.g., San Marcos RiveGuadalupe River drainagea named tributary of stream (e.g.,
Blanco River tributary of the San Marcos Riyeor areach of a named stream (e.g.,
upper San Marcos Riveupstream from confluence with Blanco Riveithin an
independent drainage. Reaches of a named stream were sepagatadjblyconfluence

or bya dam.Museum recordsHishes of Texas Project Databa¥ersion 2;

Hendrickson and Cohet015)and published literature (Hubbs et al. 2008, Thomas et al.
2008) were used to document and verify fish occurrences within drainage and reach.
Specieonsidered extinct or extirpated from the study aresitbr peripheral
occurrencswithin the study areéConner and Suttkus 1987, Maxwell 20%8)re
removedrom further analyses in order daly quantify fishes with primary occurrences
within the study areaRelative abundances of fishes were obtained from the most
recently available published literature and unpublished data within drainage and reach.
Species identified among published and unpubliditex@dturewere accepted as reported,
although some popuians(e.g., Guadalupe Basdicropterus treculij Bean et al. 2013;
and Headwater Catfidistaluruslupus McClureBaker et al. 2010, Bean et al. 2011) are
known to hybridize witmon-nativecongenera Relative abundances weserted into
categoriesAbundant (>75% in relative abundance), Common (50 to 74%), Frequent (25
to 49%), Occasiondb to 24%), and Rare (>t0 4%) ACFOR) scale (Stiers et al. 2011).
Zero relative abundanaeas categorized as absent, which might or might not indicate
extirpation.Fishes in independent drainages and sechependent reachegere excluded

if museum vouchers and recent relative abundances were not available. These two



criteriaensurd that a species occurrence and relative abundance are verifiable.
Consequently, nadll reaches and water bodies with a known occurrence of a species
were included in the analyses.

Species dtatables vere constructednd consisted afolumns thatdentified
occurrencsein independent drainageccurrences isemtindependent drainage, earliest
date of first collection as a museum voucher, relative abundance, date of relative
abundance estimate, ACFOR categatysenceand citation for rost recent relative
abundance Species dta tables were used to develogpaciesnatrix with each row
representing apecies ofish and columns consisting of the number of independent
drainages of occurrence, number of s@amdependent reaches of occurrence, percent of
semtindependent reaches categorized as rare, perceatmindependent reaches
categorized aabsentthe number of independent drainages where a fish occurs in other
ecoregions of Texas, and if the fistcars outside of Texas or not. Specresgrix was
assessed with Principal Components Anal{RBBA). Species scores from PC | and PC
Il axes, which describe the greatest percent of variation explaieeeyeighted by each
axis percent variation explained, and then sw@adtogether. Product of PCA axis Il
score multiplied by proportion of variation explathwas multiplied byl.

Multiplication by-1 was necessary to convert PC axes 1 & 2 gradients into compatible
linear contrasts to distinguish species with low redundancy, representation, and resiliency
from those with high redundancy, representation,rastiency. A single number was
associated with each species of fish. Species numbers were sorted in ascending order

with the lowest number representing the fish with collectively the estimated lowest



redundancy,epresentation, and resiliency and the highest number representing the fish

with collectively the estimated highest redundancy, representation, and resiliency.
Species by rank were compared to current species listed by USFWS and Texas

SGCNand assessed among life history characteriskeshes listed by USFWS were

added between 1970 and 1998 and previous to the SSA prdess SGCN (2012) list

was used although a revised listing is forthcomiAgsociated water source

(groundwater \a aquifer or surface flow via river), body size, reproductive guild, and

trophic guild were obtained from multiple sourcé&®ldstein and Simon 199%homas

et al. 2007, Hubbs et al. 2008, Creigal. 201%. When information wakacking, life

history information was taken fromloselyrelated species. Body s&eelative to species

examined hereiweredetermined usingeportedmaxmum total lengthfor each species

( s mal | : mediand: 7Imih5 mm, large: >15m).



3. RESULTS

A total of 88 native freshwater fistsavas reporteavithin the study areaTwelve
speciewith peripheraloccurrencesvereexcluded(Appendix 1 listed in phylogenetic
orde. Among thaemaining74 species, 15pecieg15%) wereexcluded because of
lack of relative abundance data (eRpcos Pupfisk. pecosens)or lack of musem
and historical records (e.g., Alligator Gar,spatuld (Appendix 3. Among the
remaining 63peciesspecies data tables weronstructed for 50 epies {9%) of the
available fishegAppendix 3. The 50 pecies data tables represented 12 families of
fishes and consisted of narrowly distributed fishes (i.e., occurring in one drainage) and
widely-distributed fishes (i.e., occurring in up to six degges)and among 1o 50
reachesgpecies matrixJTable 1). Twentysix percent (N = 13) of the fishes occur only
within the study area. Among the 74% (N = 37) of fishes with occurrences outside of the
study area2l fishege.g.,Channel Catfishctalurus punctatu$ occur in independent
Texasdrainage®utside the study areand in drainages outside of Texasefish (i.e.,
Texas Logperctrercina carbonarid occurs in independeiiiexasdrainageoutside the
study areanly, and 15 fishege.g.,ChihuahuashinerNotropis chihuahupoccur in
drainages ouide of Texas (e.g., primarily Mexico or New Mexjdaut not in
independentexasdrainage®outsideof the study areaSpecies data tables were not

constucted for 13ishes(21%) (Appendix ). Thel3fishesrepresented widely



distributed species in independent drainages outside of the study area in Texas and
outside of Texas.

Principal component axésnd Il explained 71% of the total variation in the
species data matrix (Figurg. 2PC axis | expleed 49% of the total variation and
describech redundancgradient contrastingharrowly distributed fisheg.e., negative
scores)from widely distributed fishes.é., positive scoreS;able 3. Species with strong
positive scores along PC axis | indkd Western MosquitofisBambusia affinis
Longear Sunfislhhepomis megalotjBluegill L. macrochirusandChannel Catfish
Ictalurus punctatus Species with strong negative scores included Comanche Springs
PupfishCyprinodon elegan<lear Creek Gambust@ambusia heterochiand Fountain
DarterEtheostoma fonticolaPC axis Il explained 22% of the total variation and
described a resiliency and representation gradient, contrasting fishes with greater percent
absence or percent rgjiee., positive scorefjom those with fewer percent absences and
occasional to abundant in relative abundarices negative scoresppecies with strong
positive scores along PC axis Il included Rio Grande ShNo&opis jemezanuys
Longnose Dac®&hinichthys cataractgeandSpeckled ChulMacrhybopsis aestivalis
Species with strong negative scores included Fountain Egtheostoma fonticoleRio
Grande CichlictHerichthys cyanoguttatysnd Largespring Gambusgambusia geiseri

Weighted summation afpeciescores for ges | and Iwere sorted from least
(i.e., towards low redundancy, representation, and resiliency) to greatest (i.e., towards
high redundancy, representation, and resiliency) and ranked (Tal#ea).scores
ranged from1.195 for Comanche Springs Pugbfito 1.735 for Western Mosquitofish.

Comparing to USFWS listed species and current Texas SGCN list, ranks assigned by this

10



study were more similar to the Texas SGCN list than the USFWS list. Amog@d the
fishes listed as Texas SGCN within the study at8alrexas SGCN were ranked 20,
and all 24 Texas SGCN were ranked 38 by this methodology. Among the 6 fishes
listed by USFWS within the study area, all were ranked in the top 20 with this
methodology.Top 50% ranked fishes were associated motie aquifer (64%; N = 16)
than river (36%; N = 9) water sources, whereas bottom 50% ranked fishes were
associated with river &%) than aquifer (36%) (Figurg.3Top 50% ranked fishes
consisted primarily of small body size (52%; N = 13), whereas bot@mranked fishes
consisted primarily of large body size (56%; N = 12). Most frequently occurring
reproductive guild was nonguarder, and most frequently occurring trophic guild was

invertivore for t@ and bottom 50% ranked fishes.
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4. DISCUSSION

The methodlmgy met the intended purpose of providing a rapid quantitative
assessméerand ranking fopotentially 8846 of the fishes found within the study area
based on their distribution, commonality, and potential for extirpation. The ranked list of
fishes is not ranking of mperiled fishes like thaif Moyle et al. (2011), because threats
were not included in the final ranking. Instead, the ranked list provides quantitative
distributional information to assist in imperiled fish identification along with often
gualitative evaluations of threats and economics (Given and Norton 1993).

Ranking of fishes was similar to the current SGCN listings but with some notable
differences. The top 20 ranked fishes are listed as SGCN except for two species: Tex
Mex Gambusidambusia speciosand Spotfin Gambusi@ambusia krumholziTex
Mex Gambusia occurs within the Rio Grande drainage of USA and Mexico and was split
from Western Mosquitofislbambusia affinigRauchenburger 1989). Uncertainty exists
about its natural rangede Miller 2005), and the species account is listed as data
deficient by IUCN (NatureServe 201.7However, this methodology ranked Tigbex
Gambusia as'9 indicating a need for more information. Spotfin Gambusia occurrence
in Texas was first reported 997 but reported as a new species, San Felipe Gambusia
Gambusia clarkhubbgiGarrettand Edwards 2003).dter, San Felipe Gambusia was
determined to be a junior synonym of Spotfin GambGsenbusia krumholZEchelle et
al. 2013). San Felipe Gambusia is listed on the current SGQ[R0ik2)and will be

replaced with SpotfiGGambusia krumholon the revised SGCN ligh press)

12



Four of the fishes ranked 21 to afe listed as SGCN. The remaining Six speci
are highlighted and available for additional discussion by a stakeholder group. Among
the six species, four species (i.e., Spottedl@prsosteus oculatu®©rangespotted
SunfishLepomis humilisRainwater KillifishLucania parvaand Plains Killifish
Fundulus zebrinyshave ubiquitous distributions outside of the study arsmdrickson
and Coher2015 and likely not considered for listing as SGCN. However, two other
species (Largespring GambuSlambusia geiseland Texas Logperdiercina
carbonarig could be assessed for listing as SGOMNsiboth are endemic to drainages
within Texas Largespring Gambusia is thought to be introduced into the Rio Grande
drainage during malaria control efforts in the @@%Raucheberger 1989; Hubbs et al.
2008 andcompeting with endemic congenera (Sanchez et al. 2013), which possibly
prevented its inclusion on previous SCGN lidtiowever,Largespring Gambusia has
relativelylower redundancyi.e., 3 drainages and 10 reaches) when counting native and
non-native populationand therefore ranked 23rdexas Logperchanother endemic fish
to Texas andanked 29has greatethan averageedundancy (i.e., 5 drainages and 21
reaches) but is absent42% of the reaches and rare in 92% of the extathes.

Fishes ranked 32 and 38 are listed as SGCN. Guadalupe Bass, ranked 32, is listed
by SGCN and ranked lower thaight other noft6 GCNfishes. Guadalupe Bass listing
as SGCN includes the qudred threats of introgression with the introduced Smallmouth
BassMicropterus dolomieyBean et al. 2013). Adding known and potential threats to
species ranking can justify listing of species as SGCN with lower ranks than others.
Texas ShineNotropis anabilis has greater than average redundancy and representation.

Its Texas endemistatus was a primary factor in listing as a SGCN species. However,

13



recent work by Craig et al. (2017) indicated higher redundancy and representation, and
therefore suggestddr deletion on the forthcoming SGCN list, especially now that the
measures of redundancy, representationyesitiency for Texas Shiner hagentext

given thatmeasures of the 3sre provided for other fishes within the region.

The methodology wasot applicable tal5% of the fishes (i.e., 1dpecie¥ within
the study area because of the lack of verifiable museum records or lack of relative
abundance data. Lack of information is common in assessment and ranking efforts
(O6Grady et al. 2004, McGeoch et aplete 2012)
data in 33% of their study area when assessing Brook Trout populations by watersheds.
As such, the inability tassesd45% of the species within the study area is likely
acceptable for a methodology to assess imperiled status of species. Regaslless
methodology idetified gaps in knowledge for % of the fishes within the study area,
which can be used to prioritize species fotHar research. In particulaix of the 11
fishes are listed on federal or SGCN lists and likely would be ranksbddyi this
methodology.

Quantification of species distributions and life history traits provide insight into
similarities among the top ranked fishes with the top 50% ranked fishes being primarily
endemic fishes of the arid and seaid regions of southestern USA and northern
Mexico and small to medium in body size. High rates of endemism among fishes within
the study area are related to zoogeographical processes, such as immigration with wet
environments during maximum glacial extent in North Ameaied isolation with arid
environments during interglacial periods (Conner and Suttkus 1986y&l&2013,

others). During the current Holoceimgerglacial peiod, climate in central and west
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Texasis trendng towards greater aridifyvVong et al. 2015¢auwsing reductions isurface

water availability (Sylvia and Galloway 2006n theory, the contemporary fish

community within the study area is a subset of a more diverse fish community at the start
of the Holocene@onner and Suttkus 1986As such, topanked fishes with small body

size and broadcast or livebearing reproductive strategies can either represent fishes more
prone to increasing aridity gradients fishesless susceptible to increases in idyid

given that they have persisted under iasigy aridity during the last 1200 years.
Regardlessanthropogenic uses gfound and surfaceater resources in arid and semi

arid regions will soon be, if not already, unsustainable without propaagement

(Gleick 2010) andhereforea continued thredb fishes endemic to the area.

The methdology developed herein providedveral advantages to the process of
imperiled species consideration. The rapid quantification of fish distribution,
commonality, and potential for extirpation identified three sgsenot previously listed as
SGCN. In addition, species accounts provided a summary of available information,
which can be edited in the future with new information based on new species occurrences
and with changes in relative abundances. Also, updptaies matrix can be reanalyzed
to provide an update on species rankings. The species matrix can be expanded to other
regions. In doing so, fishes across regions (e.g., arid to humid regions of Texas and
outside of the state) can be assessed using e @@eria and providing a relative
ranking of distribution, commonality, and extirpation potential. Currently, all federally
listed fishes and 88% of the SGCN fishes are found in arid regions (i.e., study region
herein and prairie streams of northweskds), which might or might not indicate

oversight of species in m®humid areas of Texas. Ultimatetizismethodology could

15



be expanded tother aquatic organisms.{.,macroinvertebrates, mussels, aquatic
salamande)do provide common and consisteniteria in imperiled species

guantificationacross taxa

16



A

Figure 1. Map othestudy area in Texas. Light shaded areas represe@hihaahuan
Deserf Edwards Plateau, drSouth Texas Plains ecoregions. Dark shaded areas

representhe hydrologic units of the sermdependent reaches within the study area.
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Table 1. Number of drainages and reaches inhabited by each species of fish within the
study area, percent (%) of reaches where species is categorized as rare, percent (%) of
reaches where species were absent from most recent collections, number of independent
dranages inhabited by each species of Texas but outside of study area, and if occurring

or not outside of Texas.

% Rare of % Absent Independent Found
Extant of Total Drainages in Outside of
Species Drainages Reaches Reaches Reaches Texas Texas
Lepisosteusculatus 4 13 100 54 3 1
Dorosoma cepedianum 6 24 100 54 4 1
Campostoma anomalum 6 38 72 16 3 1
Campostoma ornatum 1 0 50 0 1
Cyprinella lepida 2 5 100 20 0 0
Cyprinella lutrensis 6 40 38 40 4 1
Cyprinella proserpina 1 10 20 50 0 0
Cyprinellavenusta 6 41 25 12 3 1
Dionda argentosa 1 9 0 33 0 0
Dionda diaboli 1 4 67 25 0 1
Dionda episcopa 1 7 100 71 0 1
Dionda nigrotaeniata 3 19 86 26 0 0
Dionda serena 1 25 20 0 0
Macrhybopsis aestivalis 1 100 75 0 1
Notropis amabilis 6 34 34 15 0 1
Notropis braytoni 1 10 60 50 0 1
Notropis chalybaeus 1 100 0 2 1
Notropis chihuahua 1 100 33 0 1
Notropis jemezanus 1 100 86 0 1
Notropis stramineus 5 25 82 56 2 1
Pimephales vigilax 6 35 76 51 4 1
Rhinichthys cataractae 1 5 100 80 0 1
Carpiodes carpio 5 25 100 48 4 1
Moxostoma congestum 6 35 100 46 0 1
Astyanax mexicanus 6 36 73 28 2 1
Ameiurus natalis 6 22 100 55 3 1
Ictalurus lupus 3 16 100 56 0 1
Ictalurus punctatus 6 41 100 27 4 1
Fundulus zebrinus 2 12 67 50 2 1
Lucania parva 3 7 80 29 0 1
Gambusia affinis 6 50 49 14 4 1
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Table 1. continued

% Rare of % Absent Independent Found
Extant of Total Drainages in Outside of
Species Drainages Reaches Reaches Reaches Texas Texas
Gambusia geiseri 3 10 25 20 0 0
Gambusia heterochir 1 2 0 50 0 0
Gambusia krumholzi 1 1 100 0 0 0
Gambusia nobilis 1 4 0 25 0 1
Gambusia speciosa 1 4 0 50 0 1
Cyprinodon bovinus 1 1 100 0 0 0
Cyprinodon elegans 1 3 0 67 0 0
Lepomis humilis 3 12 100 75 3 1
Lepomis macrochirus 6 40 86 8 4 1
Lepomis megalotis 6 45 84 4 1
Lepomis miniatus 5 18 100 56 3 1
Micropterus treculii 5 21 100 19 0 0
Etheostoma fonticola 1 0 0 0 0
Etheostoma grahami 1 83 14 0 1
Etheostoma lepidum 4 26 85 23 2 1
Etheostoma spectabile 4 18 80 44 2 1
Percina apristis 1 4 100 50 0 0
Percina carbonaria 5 21 92 43 1 0
Herichthys cyanoguttatus 6 30 96 10 1 1
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Table 2 Results for the PCA used to create the rankings from the data rivaites

represent loadings along PCI and PC Il for variables used in the PCA.

Variable PC I PC Il
Drainages 0.54 -0.17
Reaches 0.53 -0.21
Drainages outside Study Are 0.52 0.02
Found Outside Texas 0.33 0.49
Percent Rare 0.22 0.38
Percent Absent -0.06 0.73
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Table 3. Names, code for genus and specific epithet abbreviations, final score, and ranking @disiMsthods for designation

and definitions of water source, body size, reproductive guilds, and trophic guilds. Abbreviations for trophic guiktisongan

(plank), herbivore (herb), detritivore (detrit), omnivore (omni), invertivore (invert), amivoae (carn).

Species Code g::noarle Rank s\f\éitrire Body gze Repg%?lléctlon T;?ﬁ)lg'c
Cyprinodon elegartg Cyp ele -1.195 1 aquifer small nonguarder  jnvert-herb
Notropis jemezands Not jem -1.100 2 river medium nonguarder  carninvert
Rhinichthys cataractdée  Rhi cat -1.092 3 river large nonguarder invert
Gambusia heterochif Gam het  -1.071 4 aquifer small live bearer invert
Macrhybopsis aestivafs Mac aes  -0.984 5 river small nonguarder invert
Dionda episcopa Dio epi -0.972 6 aquifer medium nonguarder herb
Percina apristig Per apr -0.967 7 aquifer medium nonguarder invert
Campostoma ornatuin Camorn -0.919 8 river medium nonguarder herb
Gambusia speciosa Gamspe -0.919 9 aquifer small live bearer invert
Cyprinellaproserping Cyp pro -0.885 10 river medium nonguarder invert
Dionda argentosa Dio arg -0.774 11 river medium nonguarder herb
Notropis braytorf Not bra -0.752 12 aquifer medium nonguarder invert
Dionda serena Dio ser -0.734 13 aquifer medium nonguarder herb
Notropis chihuahua Not chi -0.734 14 river small nonguarder invert
Gambusia nobilis? Gamnob  -0.704 15 aquifer small live bearer invert
Dionda diabolf? Dio dia -0.663 16 aquifer small nonguarder herb
Etheostoma fonticole Eth fon -0.643 17 aquifer small nonguarder invert
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Table3. continued

Species Code Final Rank Water Body size Reproduction Trophic
Score source guild guild
Gambusia krumholzi Gam kru -0.603 18 aquifer small live bearer invert
Cyprinodon bovinus’ Cyp bov -0.603 19 aquifer small nonguarder  detritinvert
Cyprinella lepid& Cyp lep -0.549 20 aquifer medium nonguarder invert
Etheostoma graharhi Eth gra -0.494 21 aquifer small nonguarder invert
Ictalurus lupu$ Ict lup -0.371 22 aquifer large guarder omni
Gambusia geiseri Gam gei -0.348 23 aquifer small live bearer invert
Lucania parva Luc par -0.347 24 river small nonguarder invert
Fundulus zebrinus Fun zeb -0.254 25 river medium nonguarder herb
Notropis chalybaeis Not cha -0.183 26 aquifer small nonguarder invert
Dionda nigrotaeniata Dio nig -0.166 27 aquifer medium nonguarder herb
Lepomis humilis Lep hum -0.154 28 river large guarder invert
Percina carbonaria Per car 0.168 29 aquifer medium nonguarder invert
Lepisosteus oculatus Lepocu 0.186 30 river large nonguarder carn
Etheostoma spectabile  Eth spe 0.213 31 river small nonguarder invert
Micropterus treculif Mic tre 0.223 32 aquifer large guarder carnrinvert
Notropis stramineus Not str 0.402 33 river medium nonguarder  (etritinvert
Lepomis miniatus Lep min 0.416 34 aquifer large guarder invert
Moxostoma congestum  Mox con 0.544 35 aquifer large nonguarder invert
Etheostoma lepidum Eth lep 0.570 36 aquifer small nonguarder invert
Ameiurus natalis Ame nat 0.650 37 river large guarder carrrinvert
Notropis amabilié Not ama 0.747 38 aquifer small nonguarder  invert-herb
Herichthys cyanoguttatu. Her cya 0.787 39 river large guarder omni
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Table 3. continued

Species Code glcn;le Rank \s/:/)itr?:re Body gze Repg%?lléctlon T;?mr(;lc
Carpiodes carpio Car car 0.792 40 river large nonguarder  detrit-plank
Dorosoma cepedianum  Dor cep 0.858 41 river large nonguarder herb
Astyanax mexicanus Ast mex 1.014 42 aquifer medium nonguarder omni
Pimephalewigilax Pim vig 1.108 43 river medium guarder invertherb
Cyprinella lutrensis Cyp lut 1.288 44 river medium nonguarder invertherb
Campostoma anomalum Cam ano 1.315 45 river large nonguarder herb
Cyprinella venusta Cyp ven 1.386 46 river large nonguarder invert
Ictalurus punctatus Ict pun 1.459 47 river large guarder carrrinvert
Lepomis macrochirus Lep mac 1.591 48 river large guarder invert
Lepomis megalotis Lep meg 1.733 49 river large guarder invert
Gambusia affinis Gam aff 1.735 50 river small live bearer invert

! Listed by US Fish and Wildlife Service as threatened or endangered
2 Listedas Texas Species of Greatest Conservation Need
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Figure 2 Fishes(first three letters of genus and spec#pithets provided; see Table 3
distributed along PC axes | and I, representing fishes with wide distributions (i.e.,
positive along PC 1) and narrow distributions (negative on PC I) and species with
numerous reach extirpations (positive on PC II) and few reach extirpations (negative on

PC Il). Some fish names were jittered to allow readability.
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Figure 3 Summary statistics of life history characteristics of ranked fiskEsnparison
between top and bottom ranked fishes associated with vgateicesbody sizes,
reproductive guilds, anttophic guilds (plank = planktivore, herb = herbivore, detrit =

detritivore, omni = omnivore, invert = invertivore, carn = carnivore).
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APPENDIX SECTION
Appendix 1. List of all the species recorded in Chihuahuan Desert, Edwards Plateau, and South Texas Plains Ecoregions and their current
conservation statuses. USFWS denote species listed as threatened or endangered by United States Fish and Wildlif€ Satgiote SG
species listed as Texas Species of Greatest Conservation Need; IUCN denotes species ranked by the International Quinseivatien of
Nature. Abbreviations for IUCN: extinct (EX), critically endangered (CR), endangered (EN), vulnerabla€dithreatened (NT), least

concern (LC), data deficient (DD), not evaluated (NE). See methods for definitions of species considered or excludédoitoiogye

Current Listed Status Considered for Method Excluded from Method
Study Applicable Information Peripheral Extinct/
Species USFWS SGCN IUCN Subset  Species Deficit Occurrence Extirpated
Atractosteus spatula X NE X
Lepisosteus oculatus NE X
Lepisosteus osseus LC X
Anguilla rostrata X EN X
Dorosomacepedianum LC X
Dorosoma petenense LC X
Campostoma anomalum LC X
Campostoma ornatum X LC X
Cyprinella lepida X EN X
Cyprinella lutrensis LC X
Cyprinella proserpina X VU X
Cyprinella venusta LC X
Dionda argentosa X NT X
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Appendix 1. continued

Current Listed Status

Considered for Method

Excluded from Method

Study Applicable Information Peripheral Extinct/
Species USFWS SGCN IUCN Subset Deficit Occurrence Extirpated
Dionda diaboli X X EN X
Dionda episcopa X LC X
Dionda nigrotaeniata X LC X
Dionda serena X LC X
Gila pandora X LC X
Hybognathus amarus X X EN X
Hybopsis amnis LC
Macrhybopsis aestivalis X LC X
Macrhybopsis hyostoma LC
Macrhybopsis marconis LC
Notemigonus crysoleucas LC
Notropis amabilis X LC X
Notropis braytoni X NE X
Notropis buchanani LC
Notropis chalybaeus X LC X
Notropis chihuahua X NE X
Notropis jemezanus X LC X
Notropis orca EX X
Notropis simus X X EN X
Notropis stramineus LC X
Notropis texanus LC
Notropis volucellus LC
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Appendix 1. continued

Current Listed Status

Considered for Method

Excluded from Method

Study Applicable Information Peripheral Extinct/
Species USFWS SGCN IUCN Subset  Species Deficit Occurrence Extirpated
Opsopoeodus emiliae LC X
Pimephales promelas LC X
Pimephales vigilax LC X
Rhinichthys cataractae X LC X
Carpiodes carpio LC X
Cycleptus elongatus X LC X
Erimyzon sucetta LC X
Ictiobus bubalus LC X
Minytrema melanops LC X
Moxostomaustrinum X NE X
Moxostoma congestum LC X
Astyanax mexicanus LC X
Ameiurus melas LC X
Ameiurus natalis LC X
Ictalurus furcatus LC X
Ictalurus lupus X DD X
Ictalurus punctatus LC X
Noturus gyrinus LC X
Noturus nocturnus LC X
Pylodictis olivaris LC X
Oncorhynchus clarkii X NE X
Agonostomus monticola LC X
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Appendix 1. continued

Current Listed Status

Considered for Method

Excluded from Method

Study  Applicable Information Peripheral Extinct/
Species USFWS SGCN IUCN Subset  Species Deficit Occurrence Extirpated
Menidia beryllina LC X
Fundulus notatus LC X
Fundulus zebrinus LC X
Lucania parva LC X
Gambusia affinis LC X
Gambusia amistadensis EX X
Gambusia gaigei X X VU X
Gambusia geiseri LC X
Gambusia georgei X EX X
Gambusia heterochir X X VU X
Gambusia krumholzi VU X
Gambusia nobilis X EN X
Gambusia senilis X X NT X
Gambusia speciosa DD X
Cyprinodon bovinus X X VU X
Cyprinodon elegans X X EN X
Cyprinodon eximius X NT X
Cyprinodon pecosensis X VU X
Lepomis cyanellus LC X
Lepomishumilis LC X
Lepomis macrochirus LC X
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Appendix 1. continued

Current Listed Status

Considered for Method

Excluded from Method

Study  Applicable Information Peripheral Extinct/
Species USFWS SGCN IUCN Subset  Species Deficit Occurrence Extirpated
Lepomis megalotis LC X
Lepomis microlophus LC X
Lepomis miniatus LC X
Micropterus salmoides LC X
Micropterus treculii X NT X
Etheostoma fonticola X X EN X
Etheostoma gracile LC X
Etheostoma grahami X VU X
Etheostoma lepidum NT X
Etheostoma spectabile LC X
Percina apristis X LC X
Percina carbonaria LC X
Percina macrolepida LC X
Percina sciera LC X
Aplodinotus grunniens LC X
Herichthys cyanoguttatus LC X
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Appendix 21 First records and recent abundances of Spottet&pesosteus oculatusithin Chihuahuan Desert, EdwarBkateau,

and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Brazos Lampasas 1952 5.4 2010 Occasional Labay 2010
San Gabriel 1951 <0.1 2010 Rare Labay 2010
Rocky Creek 1938 43 2010 Frequent Labay 2010

Colorado South Concho 1954 <0.1 1999 Rare Hubbs 2004
Spring Creek 1984 0.6 1990 Rare Linam et al. 2002
Llano Upper Reach 1955 0.7 2012 Rare Curtis 2012
Llano Middle Reach 1972 1.5 2012 Rare Curtis 2012
Llano Lower Reach 1970 0.5 2012 Rare Curtis 2012
North Llano 1931 0.6 2012 Rare Curtis 2012
James River 2009 10 2012 Occasional Curtis 2012
Johnson Fork 1939 0.9 2012 Rare Curtis 2012
Barton Creek 1884 7.8 2008 Occasional Labay et al. 2011
Little Barton Creek 1988 15 1988 Occasional Linam et al. 2002
Onion Creek 1930 28 1988 Frequent Linam et al. 2002
San Saba 1948 2.7 2009 Rare Higgins 2009
Pedernales 1939 0.4 2010 Rare Shattuck 2010
Live Oak Creek 1998 17 2010 Occasional Shattuck 2010
Barons Creek 1998 3.3 2010 Rare Shattuck 2010
North Grape Creek 1970 4.7 2010 Rare Shattuck 2010

Cypress Creek 1976 42 2010 Frequent Shattuck 2010
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Appendix 21 continued

Date of First Relative Date of Relative Abundance

Drainage Reach Collection  Abundances  Abundances Scale Citation

Guadalupe Upper Guadalupe 1938 2.5 2009 Rare Perkin and Bonner 2011
Upper San Marcos 1897 0 2015 Absent  Behen 2013
Blanco 1949 3.5 2007 Rare Bean et al. 2007
Little Blanco 1974 4.9 2007 Rare Bean et al. 2007
Cypress Creek 1955 12 2007 Occasional Bean et al. 2007

San Antonio  Medina 1892 3.7 2014 Rare Ruppel, unpublished data
Upper San Antonio 1999 0.4 2015 Rare Craig et al. 2016

Nueces Nueces 1938 5.1 2015 Rare Craig, unpublishedata
Pulliam Creek 1952 1.1 2015 Rare Craig, unpublished data
Frio 1951 1 2015 Rare Craig, unpublished data
Mill Creek 1953 0.6 2015 Rare Craig, unpublished data
Sabinal 1854 0.3 2015 Rare Craig, unpublished data

Rio Grande  Spring Reach of Pecos 2006 0 2011 Absent  Bonner, unpublished data
Independence Creek 1967 0 2002 Absent  Bonner et al. 2002
Rio Grande Big Bend 1993 0 2011 Absent  Bonner, unpublished data
Rio Grande Downstream 1993 0 2011 Absent  Bonner, unpublished data
Devils River 1948 0 2011 Absent  Kollaus and Bonner 2011
Sycamore Creek 1990 0.2 1989 Rare Garrettet al. 1992.
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Appendix 22 First records and recent abundances of Gizzard Btxasoma cepedianumithin Chihuahuan Desert, Edwards

Plateau, and South TexBfains ecoregions of Texas.

Date of First Relative Date of Relative Abundance
Drainage Reach Collection ~ Abundances  Abundances Scale Citation
Brazos San Gabriel 1999 <0.1 2010 Rare Labay 2010
Colorado South Concho 1987 0 1999 Absent  Hubbs 2004
Llano Upper Reach 1971 0 2012 Absent  Curtis 2012
Llano Middle Reach 1963 0 2012 Absent  Curtis 2012
Llano Lower Reach 1963 0.7 2012 Rare Curtis 2012
North Llano 1963 0.2 2012 Rare Curtis 2012
Onion Creek 1947 0 1988 Absent  Linam et al. 2002
San Saba 1956 0 2009 Absent  Higgins 2009
Pedernales 1952 0.2 2010 Rare Shattuck 2010
Cypress Creek 1955 0 2010 Absent  Shattuck 2010
Guadalupe Upper Guadalupe 1939 1.9 2009 Rare Perkin and Bonner 2011
Upper San Marcos 1961 0 2015 Absent  Scanes 2016
Blanco 1965 0 2007 Absent  Bean et al. 2007
San Antonio  Medina 1953 0 2014 Absent  Ruppel, unpublished data
Upper San Antonio 1978 0.7 2015 Rare Craig et al. 2016
Nueces Nueces 1938 0 2015 Absent  Craig, unpublished data
Frio 1938 0 2015 Absent  Craig,unpublished data
Rio Grande Saline Reach of Pecos 1940 0 2011 Absent Bonner, unpublished data
Spring Reach of Pecos 1963 0.2 2011 Rare Bonner, unpublished data
Independence Creek 1967 <0.1 2002 Rare Bonner et al. 2002
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Appendix 22 continued

Date of First Relative Date of Relative Abundance
Drainage Reach Collection  Abundances  Abundances Scale Citation
Rio Grande Big Bend 1954 2 2011 Rare Bonner, unpublished data
Rio Grande Downstream 1953 0.6 2011 Rare Bonner, unpublished data
Devils River 1948 0 2011 Absent  Kollaus and Bonner 2011
Las Moras 1970 0.8 1989 Rare Garrettet al 1992
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Appendix 23 First records and recent abundances of Central Ston€Zaltepostoma anomalumthin Chihuahuan Desert, Edwards

Plateau, and South TexBfains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Brazos Lampasas 1952 5.4 2010 Occasional Labay 2010
San Gabriel 1951 <0.1 2010 Rare Labay 2010
Rocky Creek 1938 43 2010 Frequent Labay 2010

Colorado South Concho 1954 <0.1 1999 Rare Hubbs 2004
Spring Creek 1984 0.6 1990 Rare Linam et al. 2002
Llano Upper Reach 1955 0.7 2012 Rare Curtis 2012
Llano Middle Reach 1972 1.5 2012 Rare Curtis 2012
Llano Lower Reach 1970 0.5 2012 Rare Curtis 2012
North Llano 1931 0.6 2012 Rare Curtis 2012
James River 2009 10 2012 Occasional Curtis 2012
Johnson Fork 1939 0.9 2012 Rare Curtis 2012
Barton Creek 1884 7.8 2008 Occasional Labay et al. 2011
Little Barton Creek 1988 15 1988 Occasional Linam et al. 2002
Onion Creek 1930 28 1988 Frequent Linam et al. 2002
San Saba 1948 2.7 2009 Rare Higgins 2009
Pedernales 1939 0.4 2010 Rare Shattuck 2010
Live Oak Creek 1998 17 2010 Occasional Shattuck 2010
Barons Creek 1998 3.3 2010 Rare Shattuck 2010
North Grape Creek 1970 4.7 2010 Rare Shattuck 2010

Cypress Creek 1976 42 2010 Frequent Shattuck 2010
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Appendix 23 continued

Date of First Relative Date of Relative Abundance

Drainage Reach Collection  Abundances  Abundances Scale Citation

Guadalupe Upper Guadalupe 1938 2.5 2009 Rare Perkin and Bonner 2011
Upper San Marcos 1897 0 2015 Absent  Behen 2013
Blanco 1949 3.5 2007 Rare Bean et al. 2007
Little Blanco 1974 4.9 2007 Rare Bean et al. 2007
Cypress Creek 1955 12 2007 Occasional Bean et al. 2007

San Antonio  Medina 1892 3.7 2014 Rare Ruppel, unpublished data
Upper San Antonio 1999 0.4 2015 Rare Craig et al. 2016

Nueces Nueces 1938 5.1 2015 Rare Craig, unpublished data
Pulliam Creek 1952 1.1 2015 Rare Craig, unpublished data
Frio 1951 1 2015 Rare Craig, unpublished data
Mill Creek 1953 0.6 2015 Rare Craig, unpublished data
Sabinal 1854 0.3 2015 Rare Craig, unpublished data

Rio Grande  Spring Reach of Pecos 2006 0 2011 Absent  Bonner,unpublished data
Independence Creek 1967 0 2002 Absent  Bonner et al. 2002
Rio Grande Big Bend 1993 0 2011 Absent  Bonner, unpublished data
Rio Grande Downstream 1993 0 2011 Absent Bonner, unpublished data
Devils River 1948 0 2011 Absent  Kollaus andBonner 2011
Sycamore Creek 1990 0.2 1989 Rare Garrettet al. 1992.
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Appendix 24 First records and recent abundances of Mexican StoneZalfepostoma ornatumnithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregiofi®xas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Rio Grande Rio Grande Big Bend 1956 0 2011 Absent  Bonner, unpublished data
Terlingua Creek 1938 6.7 2011 Occasional Miyazono andlaylor 2016
Alamito Creek 1964 97 2011 Abundant Miyazono and Taylor 2016
Tornillo Creek 1998 0 2011 Absent  Miyazono and Taylor 2016
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Appendix 25 First records and recent abundances of Plateau &ypenella lepidawithin Chihuahuan Desert, Edwards Plateau,

and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Guadalupe Upper Guadalupe 1939 0 2009 Absent  Perkinand Bonner 2011

Nueces Nueces 1951 <0.1 2015 Rare Craig, unpublished data
Frio 1858 0.4 2015 Rare Craig, unpublished data
Mill Creek 1953 0.1 2015 Rare Craig, unpublished data
Sabinal 1953 1 2015 Rare Craig, unpublished data
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Appendix 26 First records and recent abundances of Red SGypmella lutrensiswvithin Chihuahuan Desert, Edwards Plateau, and

South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Brazos Lampasas 1891 7.6 2010 Occasional Labay 2010
San Gabriel 1952 59 2010 Common Labay 2010
Rocky Creek 1938 0.5 1988 Rare Linam et al. 2002

Colorado South Concho 1961 0 1999 Absent  Hubbs 2004
Llano Middle Reach 1961 0 2012 Absent  Curtis 2012
Llano Lower Reach 1956 5.9 2012 Occasional Curtis 2012
James River 1956 10 2012 Occasional Curtis 2012
Barton Creek 1993 0.3 2008 Rare Labay et al. 2011
Onion Creek 1930 0 1988 Absent  Linam et al. 2002
San Saba 1952 0 2009 Absent  Higgins 2009
Pedernales 1939 26 2010 Frequent Shattuck 2010
Barons Creek 1998 29 2010 Frequent Shattuck 2010
North Grape Creek 1970 2 2010 Rare Shattuck 2010

Guadalupe Upper Guadalupe 1925 1.1 2009 Rare Perkin and Bonner 2011
Upper SarMarcos 1891 0 2015 Absent  Behen 2013
Comal 1884 0 2015 Absent  Scanes 2015
Blanco 1891 <0.1 2007 Rare Bean et al. 2007
Little Blanco 1974 0 2007 Absent  Bean et al. 2007
Cypress Creek 1952 0 2007 Absent  Bean et al. 2007

San Antonio  Medina 1854 <0.1 2014 Rare Ruppel, unpublished data



oy

Appendix 26 continued

Date of First Relative Date of Relative Abundance
Drainage Reach Collection  Abundances  Abundances Scale Citation
Upper San Antonio 1977 46 2015 Frequent Craig et al. 2016
Nueces Frio 2008 0 2015 Absent  Craig, unpublished data
Sabinal 2008 0 2015 Absent  Craig, unpublished data
Rio Grande Saline Reach of Pecos 1928 0.2 2011 Rare Bonner, unpublished data
Spring Reach of Pecos 1940 10 2011 Occasional Bonner, unpublished data
Delaware River 1968 29.4 2016 Frequent Bonner 2016.
Independence Creek 1949 0.5 2002 Rare Bonner et al. 2002
Live Oak Creek 1954 0 1990 Absent  Linam et al. 2002
Phantom Cave Spring 1929 0 1999 Absent  Hubbs 2004
DiamondY Spring 1965 0 1999 Absent  Hubbs 2004
Rio Grande Big Bend 1938 71 2011 Common Bonner, unpublished data
Terlingua Creek 1938 33 2011 Frequent Miyazono and Taylor 2016
Alamito Creek 1963 0 2011 Absent  Miyazono and Taylor 2016
Tornillo Creek 1967 39 2011 Frequent Miyazono and Taylor 2016
Rio Grande Downstream 1914 29 2011 Frequent Bonner, unpublished data
Devils River 1903 0 2011 Absent  Kollaus and Bonner 2011
Pinto Creek 1938 22 2004 Occasional Garrettet al. 2004
Sycamore Creek 1965 0.5 1989 Rare Garrettet al. 1992
Las MorasCreek 1990 13 1989 Occasional Garrettet al. 1992
San Felipe Creek 1951 0 1989 Absent  Garrettet al. 1992
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Appendix 27 First records and recent abundances of Proserpine Slyipenella proserpinavithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Rio Grande Saline Reach of Pecos 1987 0 2011 Absent Bonner, unpublished data
Spring Reach of Pecos 1952 31 2011 Frequent Bonner, unpublished data
Independence Creek 1961 12 2002 Occasional Bonner et al. 2002
Live Oak Creek 1976 1.2 1990 Rare Linam et al. 2002
Rio Grande Downstream 1954 0 2011 Absent Bonner, unpublished data
Devils River 1851 6.2 2011 Occasional Kollaus and Bonner 2011
Pinto Creek 1851 0 2004 Absent  Garrettet al. 2004
Sycamore Creek 1987 0 1989 Absent  Garrettet al. 1992
Las Moras Creek 1893 0 1989 Absent  Garrettet al. 1992

San Felipe Creek 1951 7.9 1989 Occasional Garrettet al. 1992
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Appendix 28 First records and recent abundances of Blacktail SByeninella venustavithin Chihuahuan Desert, Edwards Plateau,

and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Brazos Lampasas 1928 40 2010 Frequent Labay 2010
San Gabriel 1951 <0.1 2010 Rare Labay 2010
Oatmeal Creek 1988 23 1988 Occasional Linam et al. 2002
Rocky Creek 1938 30 1988 Frequent Linam et al. 2002

Colorado South Concho 1953 0.3 1999 Rare Hubbs 2004
Spring Creek 1984 65 1990 Common Linam et al.2002
Llano Upper Reach 1952 41 2012 Frequent Curtis 2012
Llano Middle Reach 1972 54 2012 Common  Curtis 2012
Llano Lower Reach 1956 60 2012 Common  Curtis 2012
North Llano 1939 42 2012 Frequent Curtis 2012
James River 1956 58 2012 Common  Curtis2012
Johnson Fork 1892 42 2012 Frequent Curtis 2012
Barton Creek 1884 9.4 2008 Occasional Labay etal. 2011
Little Barton Creek 1988 48 1988 Frequent Linam et al. 2002
Onion Creek 1930 39 1988 Frequent Linam et al. 2002
San Saba 1860 50 2009 Frequent Higgins 2009
Clear Creek Downstream 1956 0 1999 Absent  Hubbs 2004
Pedernales 1939 42 2010 Frequent Shattuck 2010
Live Oak Creek 1998 59 2010 Common  Shattuck 2010
North Grape Creek 1970 58 2010 Common  Shattuck 2010
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Appendix 28 continued

Date of First Relative Date of Relative Abundance
Drainage Reach Collection  Abundances  Abundances Scale Citation
Cypress Creek 1951 9.3 2010 Occasional Shattuck 2010
Guadalupe Upper Guadalupe 1938 47 2009 Frequent Perkin and Bonner 2011
Upper SarMarcos 1949 3.6 2015 Rare Behen 2013
Comal 2016 <0.1 2015 Rare Scanes 2015
Blanco 1949 43 2007 Rare Bean et al. 2007
San Antonio  Medina 1950 6.6 2014 Occasional Ruppel, unpublished data
Upper San Antonio 1978 0 2015 Absent  Craig et al. 2016
Nueces Nueces 1938 0.4 2015 Rare Craig, unpublished data
Frio 1853 48 2015 Frequent Craig, unpublished data
Mill Creek 1953 6.6 2015 Occasional Craig, unpublished data
Sabinal 1854 19 2015 Occasional Craig, unpublished data
Rio Grande Saline Reach of Pecos 1965 0 2011 Absent  Bonner, unpublished data
Spring Reach of Pecos 1965 51 2011 Occasional Bonner, unpublished data
Independence Creek 1968 0.2 2002 Rare Bonner et al. 2002
Rio Grande Big Bend 1990 8.1 2011 Occasional Bonner, unpublished data
Rio Grande Downstream 1980 52 2011 Common Bonner, unpublished data
Devils River 1968 4.8 2011 Rare Kollaus and Bonner 2011
Pinto Creek 1990 0 2004 Absent  Garrettet al. 2004
Sycamore Creek 1965 0.7 1989 Rare Garrettet al. 1992
Las Moras Creek 1979 20 1989 Occasional Garrettet al. 1992
San Felipe Creek 1951 0 1989 Absent  Garrettet al. 1992
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Appendix 29 First records and recent abundances of Manantial Roundnose Minosla argentosavithin Chihuahuan Desert,

Edwards Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Rio Grande Saline Reach of Pecos 1987 0 2011 Absent Bonner, unpublished data
Spring Reach of Pecos 1858 8.7 2011 Occasional Bonner, unpublished data
Independence Creek 1949 30 2002 Frequent Bonner et al. 2002
Live Oak Creek 1954 88 1990 Abundant Linam et al. 2002
Rio Grande Downstream 1993 0 2011 Absent Bonner, unpublished data
Devils River 1854 30 2011 Frequent Kollaus and Bonner 2011
Sycamore Creek 1965 24 1989 Occasional Garrettet al. 1992
Las Moras Creek 1893 0 1989 Absent  Garrettet al. 1992
San Felipe Creek 1854 17 1989 Occasional Garrettet al. 1992
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Appendix 210 First records and recent abundances of Devils River Mitnoada diaboliwithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Rio Grande Devils River 1953 5.1 2015 Occasional Kollaus and Bonner 2011
Pinto Creek 2002 2 2015 Rare Schlechte and Fleming 201
Las Moras 1951 0 1989 Absent  Garrettet al. 1992
SanFelipe 1955 <1.0 1989 Rare Garrettet al. 1992




o

Appendix 211 First records and recent abundances of Roundnose MDioowa episcopavithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date ofFirst Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Rio Grande Saline Reach of Pecos 1858 0 2011 Absent Bonner, unpublished data
Phantom Cave Spring 1929 <0.1 1999 Rare Hubbs 2004
East Sandia Spring 1988 0 1999 Absent  Hubbs 2004
DiamondY Spring 1938 0 1999 Absent  Hubbs 2004
Comanche Springs 1854 0 1961 Absent  Brune 1981
Rio Grande Big Bend 1978 <0.1 2011 Rare Bonner, unpublished data
Alamito Creek 1964 0 2011 Absent  Miyazono and Taylor 2016
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Appendix 212 First records and recent abundances of Guadalupe Roundnose Ndiomola nigrotaeniatawithin Chihuahuan

Desert, Edwards Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date ofRelative ~ Abundance
Drainage Reach Collection ~ Abundances  Abundances Scale Citation
Colorado South Concho 1954 0.7 1999 Rare Hubbs 2004
Spring Creek 1986 0 1990 Absent  Linam et al. 2002
Llano Upper Reach 1939 2.1 2012 Rare Curtis 2012
Llano Middle Reach 1939 0.6 2012 Rare Curtis 2012
Llano Lower Reach 1939 <0.1 2012 Rare Curtis 2012
North Llano 1939 1.1 2012 Rare Curtis 2012
Johnson Fork 1939 0.2 2012 Rare Curtis 2012
Clear Creek Upstream 1956 7.4 1999 Occasional Hubbs 2004
Clear Creek Downstream 1957 7.7 1999 Occasional Hubbs2004
Pedernales 1954 0.6 2010 Rare Shattuck 2010
Barons Creek 1998 0 2010 Absent  Shattuck 2010
Cypress Creek 1976 0 2010 Absent  Shattuck 2010
Guadalupe Upper Guadalupe 1931 0.1 2011 Rare Perkin 2011
Upper San Marcos 1898 1.7 2015 Rare Behen 2013
Comal 1884 1.3 2015 Rare Scanes 2015
Little Blanco 1898 1.8 2007 Rare Bean et al. 2007
Cypress Creek 1955 0.4 2007 Rare Bean et al. 2007
San Antonio  Medina 1887 0 2014 Absent  Ruppel, unpublished data
Upper San Antonio 1887 0 2015 Absent  Craig etal. 2016
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Appendix 213 First records and recent abundances of Nueces Roundnose NDiorala serenavithin Chihuahuan Desert,

Edwards Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance
Drainage Reach Collection ~ Abundances  Abundances Scale Citation
Nueces Nueces 1853 57 2015 Common Craig, unpublished data
Pulliam Creek 1982 29 2015 Frequent Craig, unpublished data
Frio 1951 10 2015 Occasional Craig, unpublished data
Mill Creek 1953 1.7 2015 Rare Craig, unpublished data
Sabinal 1954 0 2015 Absent  Craig, unpublished data
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Appendix 214 First records and recent abundances of Speckledaeitybopsis aestivaliwithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Rio Grande Saline Reach of Pecos 1940 0 2011 Absent Bonner, unpublished data
Spring Reach of Pecos 1940 0 2011 Absent  Bonner, unpublished data
Independence Creek 1979 0 2002 Absent  Bonner et al. 2002
Rio Grande Big Bend 1937 1.3 2011 Rare Bonner, unpublished data
Terlingua Creek 1940 0 2011 Absent  Miyazono and Taylor 2016
Alamito Creek 1974 0 2011 Absent  Miyazono and Taylor 2016
Tornillo Creek 1938 0 2011 Absent  Miyazono and Taylor 2016
Rio Grande Downstream 1939 1.1 2011 Rare Bonner, unpublished data




Appendix 215 First records and recent abundances of Texas $titepis amabilisvithin Chihuahuan Desert, Edwards Plateau,

and South Texas Plains ecoregions of Texas.

0S

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Brazos San Gabriel 1963 0 2010 Absent  Labay 2010

Colorado South Concho 1983 12 1999 Occasional Hubbs 2004
Spring Creek 1964 1.3 1990 Rare Linam et al. 2002
Llano Upper Reach 1955 13 2012 Occasional Curtis 2012
LlanoMiddle Reach 1961 7.7 2012 Occasional Curtis 2012
Llano Lower Reach 1968 0.1 2012 Rare Curtis 2012
North Llano 1931 37 2012 Frequent Curtis 2012
Barton Creek 1884 0 2008 Absent  Labay et al. 2011
San Saba 1952 1.7 2009 Rare Higgins 2009
Pedernales 1977 6.8 2010 Occasional Shattuck 2010
Live Oak Creek 1998 0.3 2010 Rare Shattuck 2010
North Grape Creek 1970 0.2 2010 Rare Shattuck 2010
Cypress Creek 1951 10 2010 Occasional Shattuck 2010

Guadalupe Upper Guadalupe 1938 10 2009 Occasional Perkin and Bonner 2011
Upper San Marcos 1891 22 2015 Occasional Behen 2013
Comal 1884 4.9 2015 Rare Scanes 2015
Blanco 1949 11 2007 Occasional Bean et al. 2007
Cypress Creek 1952 22 2007 Occasional Bean et al. 2007

San Antonio  Medina 1939 49 2014 Frequent Ruppel, unpublished data
Upper San Antonio 1891 0 2015 Absent  Craig et al. 2016



TG

Appendix 215 continued

Date of First Relative Date of Relative Abundance

Drainage Reach Collection  Abundances  Abundances Scale Citation

Nueces Nueces 1939 11 2015 Occasional Craig, unpublished data
Pulliam Creek 2008 28 2015 Frequent Craig, unpublished data
Frio 1951 14 2015 Frequent Craig, unpublished data
Mill Creek 1986 81 2015 Abundant Craig, unpublished data
Sabinal 1951 2.5 2015 Rare Craig, unpublished data

Rio Grande Saline Reach of Pecos 1988 0 2011 Absent  Bonner, unpublished data
Spring Reach of Pecos 1968 14 2011 Occasional Bonner, unpublished data
Independence Creek 1963 19 2002 Occasional Bonner et al. 2002
Rio Grande Downstream 1990 0 2011 Absent  Bonner, unpublished data
Devils River 1854 17 2011 Occasional Kollaus and Bonner 2011
Pinto Creek 1939 4.6 2004 Rare Garrettet al. 2004
Sycamore Creek 1977 3.3 1989 Rare Garrettet al. 1992
Las Moras Creek 1893 5.5 1989 Occasional Garrettet al. 1992
San Felipe Creek 1854 0.3 2000 Rare Hubbs 2004




[AS]

Appendix 216 First records and recent abundances of Tamaulipas Slotrepis braytonwithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Rio Grande Spring Reach of Pecos 1940 4.9 2011 Rare Bonner, unpublished data
Independence Creek 1949 0 2002 Absent  Bonner et al. 2002
Rio Grande Big Bend 1938 0.4 2011 Rare Bonner, unpublished data
Terlingua Creek 1940 24 2011 Occasional Miyazono and Taylor 2016
Alamito Creek 1963 0 2011 Absent  Miyazono and Taylor 2016
Tornillo Creek 1938 26 2011 Frequent Miyazono and Taylor 2016
Rio Grande Downstream 1938 0 2011 Absent  Bonner, unpublished data
Devils River 1953 0 2011 Absent  Kollaus and Bonner 2011
Sycamore Creek 1965 1 1989 Rare Garrettet al. 1992
San Felipe Creek 2001 0 2000 Absent  Hubbs 2004
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Appendix 217 First records and recent abundances of Ironcolor SNoteopis chalybaeuwithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance
Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Guadalupe Upper San Marcos 1938 0.6 2010 Rare Behen2013
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Appendix 218 First records and recent abundanceshafiuahueShinerNotropischihuahuawithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Rio Grande Rio Grande Big Bend 1938 <0.1 2011 Rare Bonner, unpublished data
Terlingua Creek 1938 3.3 2011 Rare Miyazono and Taylor 2016
Alamito Creek 1963 0 2011 Absent  Miyazono and Taylor 2016




GG

Appendix 219 First records and recent abundances of Rio Grande Slutrepis jemezanusithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date ofRelative ~ Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Rio Grande Spring Reach of Pecos 1940 0 2011 Absent  Bonner, unpublished data
Rio Grande Big Bend 1937 0 2011 Absent  Bonner, unpublished data
Terlingua Creek 1954 0 2011 Absent  Miyazono and Taylor 2016
Rio Grande Downstream 1938 0.2 2011 Rare Bonner, unpublished data
Rio Grande below Falcon 1932 0 2011 Absent Bonner, unpublished data
Devils River 1954 0 2011 Absent  Kollaus and Bonner 2011
San Felipe Creek 1969 0 1989 Absent  Garrettet al. 1992
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Appendix 220 First records and recent abundances of Sand $taterpis stramineuwithin Chihuahuan Desert, Edwards Plateau,

and South Texas Plains ecoregions of Texas.

Date of First Relative Date ofRelative ~ Abundance
Drainage Reach Collection ~ Abundances  Abundances Scale Citation
Colorado South Concho 1986 0 1999 Absent  Hubbs 2004
Spring Creek 1984 1.6 1990 Rare Linam et al. 2002
Llano Upper Reach 1939 0 2012 Absent  Curtis 2012
Llano Lower Reach 1963 1.7 2012 Rare Curtis 2012
James River 1956 11 2012 Occasional Curtis 2012
Barton Creek 1993 0 2008 Absent  Labay et al. 2011
Onion Creek 2007 0 1988 Absent  Linam et al. 2002
San Saba 1948 11 2009 Occasional Higgins 2009
Pedernales 2001 0.1 2010 Rare Shattuck 2010
Guadalupe Upper Guadalupe 1939 0 2009 Absent  Perkin and Bonner 2011
Upper San Marcos 1970 0 2015 Absent  Behen 2013
Blanco 1950 2.5 2007 Rare Bean et al. 2007
Little Blanco 1988 0 2007 Absent  Bean et al. 2007
San Antonio  Medina 1939 0 2014 Absent  Ruppel,unpublished data
Nueces Nueces 2005 0 2015 Absent  Craig, unpublished data
Frio 1951 0.5 2015 Rare Craig, unpublished data
Mill Creek 2001 0 2015 Absent  Craig, unpublished data
Sabinal 1951 13 2015 Rare Craig, unpublished data
Rio Grande SalineReach of Pecos 1993 0 2011 Absent  Bonner, unpublished data
Spring Reach of Pecos 1967 1.3 2011 Rare Bonner, unpublished data



LS

Appendix 220 continued

Date of First Relative Date of Relative Abundance
Drainage Reach Collection  Abundances  Abundances Scale Citation
Independence Creek 1961 0 2002 Absent  Bonner et al. 2002
Rio Grande Big Bend 1964 0 2011 Absent  Bonner, unpublished data
Devils River 1935 3.6 2011 Rare Kollaus and Bonner 2011
Pinto Creek 2002 0.1 2004 Rare Garrettet al. 2004
SycamoreCreek 1965 0 1989 Absent  Garrettet al. 1992
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Appendix 221 First records and recent abundances of Bullhead Mimephales vigilaxvithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date ofFirst Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Brazos Lampasas 1928 0.2 2010 Rare Labay 2010
San Gabriel 1951 36 2010 Frequent Labay 2010
Rocky Creek 1938 0.2 1988 Rare Linam et al. 2002

Colorado SouthConcho 1987 <0.1 1999 Rare Hubbs 2004
Spring Creek 1993 0 1990 Absent  Linam et al. 2002
Llano Upper Reach 1971 0 2012 Absent  Curtis 2012
Llano Middle Reach 1956 0.3 2012 Rare Curtis 2012
Llano Lower Reach 1963 19 2012 Rare Curtis 2012
North Llano 1963 0 2012 Absent  Curtis 2012
James River 1956 0 2012 Absent  Curtis 2012
Barton Creek 1884 0 2008 Absent  Labay et al. 2011
Onion Creek 1933 0 1988 Absent  Linam et al. 2002
San Saba 1940 1.1 2009 Rare Higgins 2009
Pedernales 1952 3.3 2010 Rare Shattuck 2010
Live Oak Creek 1998 0 2010 Absent  Shattuck 2010
North Grape Creek 1970 0 2010 Absent  Shattuck 2010

Guadalupe Upper Guadalupe 1925 <0.1 2009 Rare Perkin and Bonner 2011
Upper San Marcos 1884 0.1 2015 Rare Behen 2013
Comal 1884 0 2015 Absent  Scanes 2015

Blanco 1949 15 2007 Occasional Bean et al. 2007
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Appendix 221 continued

Date of First Relative Date of Relative Abundance

Drainage Reach Collection  Abundances  Abundances Scale Citation
Cypress Creek 1952 0 2007 Absent  Bean etl. 2007

San Antonio  Medina 1925 0 2014 Absent  Ruppel, unpublished data
Upper San Antonio 1978 10 2015 Occasional Craig et al. 2016

Nueces Nueces 1936 0 2015 Absent  Craig, unpublished data
Frio 1955 0 2015 Absent  Craig, unpublished data
Sabinal 1951 0 2015 Absent  Craig, unpublished data

Rio Grande Saline Reach of Pecos 1979 0 2011 Absent Bonner, unpublished data
Spring Reach of Pecos 1952 7.9 2011 Occasional Bonner, unpublished data
Independence Creek 1966 0 2002 Absent  Bonner et al. 2002
Rio Grande Big Bend 1978 0 2011 Absent  Bonner, unpublished data
Rio Grande Downstream 1940 1.1 2011 Rare Bonner, unpublished data
Devils River 1938 0 2011 Absent  Kollaus and Bonner 2011
Pinto Creek 1938 24 2004 Rare Garrettet al. 2004
SycamoreCreek 1990 0.2 1989 Rare Garrettet al. 1992
Las Moras Creek 1990 0.5 1989 Rare Garrettet al. 1992
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Appendix 222 First records and recent abundances of LongnoseRbagiehthys cataractaeithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Rio Grande Rio Grande Big Bend 1964 0.9 2011 Rare Bonner, unpublished data
Terlingua Creek 2006 0 2011 Absent  Miyazono and Taylor 2016
Alamito Creek 1991 0 2011 Absent  Miyazono and Taylor 2016
Tornillo Creek 1992 0 2011 Absent  Miyazono and Taylor 2016
Rio Grande Downstream 1938 0 2011 Absent Bonner, unpublished data
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Appendix 223 First records and recent abundances of River Carps0akgiodes carpiavithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance
Drainage Reach Collection ~ Abundances  Abundances Scale Citation
Brazos Lampasas 1891 <0.1 2010 Rare Labay 2010
San Gabriel 1952 <0.1 2010 Rare Labay 2010
Colorado South Concho 1984 0 1999 Absent  Hubbs 2004
Llano Upper Reach 1939 0 2012 Absent  Curtis 2012
Llano Middle Reach 1972 0 2012 Absent  Curtis 2012
Llano Lower Reach 1963 0.4 2012 Rare Curtis 2012
North Llano 1963 0 2012 Absent  Curtis 2012
James River 2009 0.4 2012 Rare Curtis 2012
Johnson Fork 1939 0 2012 Absent  Curtis 2012
San Saba 1952 0 2009 Absent  Higgins 2009
Pedernales 1951 <0.1 2010 Rare Shattuck 2010
Guadalupe Upper Guadalupe 1979 <0.1 2009 Rare Perkin and Bonner 2011
Blanco 2006 0 2007 Absent  Bean et al. 2007
Nueces Nueces 1953 0 2015 Absent  Craig, unpublished data
Rio Grande Saline Reach of Pecos 1940 0 2011 Absent  Bonner, unpublished data
Spring Reach of Pecos 1965 <0.1 2011 Rare Bonner, unpublished data
Independence Creek 2000 <0.1 2002 Rare Bonner et al. 2002
Rio Grande Big Bend 1937 3.4 2011 Rare Bonner, unpublished data
Terlingua Creek 1938 0.6 2011 Rare Miyazono and Taylor 2016
Alamito Creek 1963 0 2011 Absent  Miyazono and Taylor 2016



29

Appendix 223 continued

Date of First Relative Date of Relative  Abundance
Drainage Reach Collection  Abundances  Abundances Scale Citation
Tornillo Creek 1998 2.3 2011 Rare Miyazono and Taylor 2016
Rio Grande Downstream 1903 0.1 2011 Rare Bonner, unpublished data
Devils River 1938 0.1 2011 Rare Kollaus and Bonner 2011
Pinto Creek 1938 0 2004 Absent  Garrettet al. 2004
Sycamore Creek 1965 0 1989 Absent  Garrettet al. 1992
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Appendix 224 First records and recent abundances of Gray RedWorsestoma congestumthin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Brazos Lampasas 1938 2.6 2010 Rare Labay 2010
SanGabriel 1962 0 2010 Absent  Labay 2010
Rocky Creek 1938 0 1988 Absent  Linam et al. 2002

Colorado South Concho 1984 0 1999 Absent  Hubbs 2004
Spring Creek 1984 0 1990 Absent  Linam et al. 2002
Llano Upper Reach 1939 0.25 2012 Rare Curtis 2012
Llano Middle Reach 1939 0.35 2012 Rare Curtis 2012
Llano Lower Reach 1939 0.26 2012 Rare Curtis 2012
North Llano 1939 0.64 2012 Rare Curtis 2012
Johnson Fork 1939 0.81 2012 Rare Curtis 2012
Barton Creek 1884 2.8 2008 Rare Labay et al. 2011
Onion Creek 1978 0 1988 Absent  Linam et al. 2002
San Saba 1952 0.13 2009 Rare Higgins 2009
Pedernales 1978 0.14 2010 Rare Shattuck 2010

Guadalupe Upper Guadalupe 1939 1.3 2009 Rare Perkin and Bonner 2011
Upper San Marcos 1884 <0.1 2015 Rare Behen 2013
Comal 1884 0 2015 Absent  Scanes 2015
Blanco 1961 0.27 2007 Rare Bean et al. 2007
Cypress Creek 1951 0.4 2007 Rare Bean et al. 2007

San Antonio  Medina 1978 0 2014 Absent  Ruppel, unpublished data
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Appendix 224 continued

Date of First Relative Date of Relative Abundance

Drainage Reach Collection  Abundances  Abundances Scale Citation
Upper San Antonio 1999 0 2015 Absent  Craig, unpublished data
Nueces Nueces 1938 0 2015 Absent  Craig, unpublished data
Frio 1986 0 2015 Absent  Craig, unpublished data
Sabinal 1934 0 2015 Absent  Craig, unpublished data
Rio Grande Saline Reach of Pecos 2006 0 2011 Absent  Bonner, unpublished data
Spring Reach of Pecos 1928 0.21 2011 Rare Bonner, unpublished data
Independence Creek 1987 0.4 2002 Rare Bonner et al2002
Rio Grande Big Bend 1973 0 2011 Absent  Bonner, unpublished data
Alamito Creek 1971 0 1989 Absent  Linam et al. 2002
Rio Grande Downstream 1893 1.2 2011 Rare Bonner, unpublished data
Devils River 1938 <0.1 2011 Rare Kollaus and Bonner 2011
Pinto Creek 1938 0.01 2004 Rare Garrettet al. 2004
Sycamore Creek 1993 15 1989 Rare Garrettet al. 1992
Las Moras Creek 1893 0 1989 Absent  Garrettet al. 1992

San Felipe Creek 1979 0 1989 Absent  Garrettet al. 1992
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Appendix 225 First records and recent abundances of Mexican Astyanax mexicanwsithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance
Drainage Reach Collection ~ Abundances  Abundances Scale Citation
Brazos Lampasas 1965 0.1 2010 Rare Labay 2010
San Gabriel 1976 0 2010 Absent  Labay 2010
Colorado South Concho 1954 1.7 1999 Rare Hubbs 2004
Barton Creek 1952 1.6 2008 Rare Labay et al. 2011
San Saba 1956 0 2009 Absent  Higgins2009
Clear Creek Upstream 1956 0 1999 Absent  Hubbs 2004
Pedernales 2003 0 2010 Absent  Shattuck 2010
Cypress Creek 1977 0 2010 Absent  Shattuck 2010
Guadalupe Upper Guadalupe 1953 <0.1 2009 Rare Perkin and Bonner 2011
Upper San Marcos 1928 1.7 2015 Rare Behen 2013
Comal 1980 2.3 2015 Rare Scanes 2015
Blanco 1961 0.1 2007 Rare Bean et al. 2007
Cypress Creek 1955 0 2007 Absent  Bean et al. 2007
San Antonio  Medina 1939 0 2014 Absent  Ruppel, unpublished data
Upper San Antonio 1956 1.6 2015 Rare Craig et al. 2016
Nueces Nueces 1938 3.9 2015 Rare Craig, unpublished data
Pulliam Creek 1952 4.5 2015 Rare Craig, unpublished data
Frio 1951 2 2015 Rare Craig, unpublished data
Sabinal 1854 2.8 2015 Rare Craig, unpublished data
Rio Grande SalineReach of Pecos 1929 0 2011 Absent  Bonner, unpublished data
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Appendix 225 continued

Date of First Relative Date of Relative Abundance

Drainage Reach Collection  Abundances  Abundances Scale Citation
Spring Reach of Pecos 1928 1.2 2011 Rare Bonner,unpublished data
Delaware River 1982 54 2016 Common Bonner 2016.
Independence Creek 1941 1.7 2002 Rare Bonner et al. 2002
Live Oak Creek 1954 0.5 1990 Rare Linam et al. 2002
Phantom Cave Spring 1929 11 1999 Occasional Hubbs 2004
Comanche Springs 1938 0 1961 Absent  Brune 1981
Rio Grande Big Bend 1937 1.1 2011 Rare Bonner, unpublished data
Terlingua Creek 1940 1.6 2011 Rare Miyazono and Taylor 2016
Alamito Creek 1963 0 2011 Absent  Miyazono and Taylor 2016
Tornillo Creek 1967 15 2011 Occasional Miyazono and Taylor 2016
Rio Grande Downstream 1914 3.8 2011 Rare Bonner, unpublished data
Devils River 1858 12 2011 Occasional Kollaus and Bonner 2011
Pinto Creek 1975 8.8 2004 Occasional Garrettet al. 2004
Sycamore Creek 1965 1.2 1989 Rare Garrettet al. 1992
Las Moras Creek 1893 8.9 1989 Occasional Garrettet al. 1992
San Felipe Creek 1951 8.5 2000 Occasional Hubbs 2004
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Appendix 226 First records and recent abundances of Yellow BullAeaeiurus natalisvithin Chihuahuan Desert, Edwards Plateau,

and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance
Drainage Reach Collection ~ Abundances  Abundances Scale Citation
Brazos Lampasas 1951 0.1 2010 Rare Labay 2010
SanGabriel 1972 0 2010 Absent  Labay 2010
Colorado South Concho 1983 0 1999 Absent  Hubbs 2004
North Llano 1933 0 2012 Absent  Curtis 2012
Barton Creek 1971 1.3 2008 Rare Labay et al. 2011
Little Barton Creek 2008 0 1988 Absent  Linam et al. 2002
SanSaba 1956 0 2009 Absent  Higgins 2009
North Grape Creek 1970 0 2010 Absent  Shattuck 2010
Guadalupe Upper Guadalupe 1938 <0.1 2009 Rare Perkin and Bonner 2011
Upper San Marcos 1949 0.1 2015 Rare Behen 2013
Comal 1951 0 2015 Absent  Scanes 2015
Blanco 1898 0 2007 Absent  Bean et al. 2007
Cypress Creek 1951 0.2 2007 Rare Bean et al. 2007
San Antonio  Medina 1947 0 2014 Absent  Ruppel, unpublished data
Upper San Antonio 1859 0.1 2015 Rare Craig et al. 2016
Nueces Nueces 1951 0.1 2015 Rare Craig,unpublished data
Pulliam Creek 1952 0 2015 Absent  Craig, unpublished data
Frio 1951 0 2015 Absent  Craig, unpublished data
Mill Creek 1986 0.2 2015 Rare Craig, unpublished data
Sabinal 1951 0 2015 Absent  Craig, unpublished data
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Appendix 226 continued

Date of First Relative Date of Relative Abundance
Drainage Reach Collection  Abundances  Abundances Scale Citation
Rio Grande = Sycamore Creek 1979 1 1989 Rare Garrettet al. 1992
San Felipe Creek 1968 0.5 1989 Rare Garrettet al. 1992
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Appendix 227 First records and recent abundances of Headwater Qatéikihrus lupuswithin Chihuahuan Desert, Edwards Plateau,
and South Texas Plains ecoregions of TeSas. McClureBaker et al(2008) and Bean et al. (2011) for reaches with likely

intergressed populations of Headwater Catfish and Channel Qatisictulatus

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Guadalupe Upper Guadalupe 1938 0.2 2009 Rare Perkin and Bonner 2011
Upper San Marcos 1968 0 2013 Absent  Behen 2013

Nueces Nueces 1966 0 2015 Absent  Craig, unpublished data
Frio 1960 0.2 2015 Rare Craig, unpublished data

Rio Grande Saline Reach dPecos 1940 0 2011 Absent Bonner, unpublished data
Spring Reach of Pecos 1940 <0.1 2011 Rare Bonner, unpublished data
Delaware River 1982 0.6 2016 Rare Bonner 2016
Independence Creek 1952 0.8 2002 Rare Bonner et al. 2002
Phantom Cave Spring 1929 0 1999 Absent  Hubbs 2004
Comanche Springs 1938 0 1961 Absent  Brune 1981
Rio Grande Big Bend 1940 0 2011 Absent  Bonner, unpublished data
Terlingua Creek 1974 0 1989 Absent  Linam et al. 2002
Rio Grande Downstream 1940 0 2011 Absent Bonner, unpublishedata
Devils River 1963 <0.1 2011 Rare Kollaus and Bonner 2011
Pinto Creek 1938 0.3 2004 Rare Garrettet al. 2004

San Felipe 1965 0 1989 Absent  Garrettet al. 1992
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Appendix 228 First records and recent abundances of Channel atafirus punctatusvithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Brazos Lampasas 1891 0.8 2010 Rare Labay 2010
San Gabriel 1972 0.3 2010 Rare Labay 2010

Colorado South Concho River 1984 0 1999 Absent  Hubbs 2004
Spring Creek 1984 0.3 1990 Rare Linam et al. 2002
Llano Upper Reach 1955 1.2 2012 Rare Curtis 2012
Llano Middle Reach 1976 0.4 2012 Rare Curtis 2012
Llano Lower Reach 1956 0.5 2012 Rare Curtis 2012
North Llano 1963 <0.1 2012 Rare Curtis 2012
James River 1956 <0.1 2012 Rare Curtis 2012
Barton Creek 1974 4.7 2008 Rare Labay et al. 2011
Little Barton Creek 2008 0.2 1988 Rare Linam et al. 2002
Onion Creek 1930 1.8 1988 Rare Linam et al. 2002
San Saba 1952 0.4 2009 Rare Higgins 2009
Pedernales 1952 0.9 2010 Rare Shattuck 2010
North Grape Creek 1970 1.2 2010 Rare Shattuck 2010

Guadalupe Upper Guadalupe 1951 1 2009 Rare Perkin and Bonner 2011
Upper San Marcos 1884 0.1 2015 Rare Behen 2013
Comal 1951 0.1 2015 Rare Scanes 2015
Blanco 1898 0.4 2007 Rare Bean et al. 2007
Cypress Creek 1952 0.1 2007 Rare Bean et al. 2007
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Appendix 228 continued

Date of First Relative Date of Relative Abundance

Drainage Reach Collection  Abundances  Abundances Scale Citation

San Antonio  Medina 1925 0.2 2014 Rare Ruppel, unpublished data
Upper San Antonio 1891 0.2 2015 Rare Craig et al. 2016

Nueces Nueces 1937 0 2015 Absent  Craig,unpublished data
Frio 1938 0.2 2015 Rare Craig, unpublished data
Mill Creek 1986 0 2015 Absent  Craig, unpublished data
Sabinal 1854 0.4 2015 Rare Craig, unpublished data

Rio Grande Spring Reach of Pecos 1952 0.3 2011 Rare Bonner, unpublished data
Independence Creek 1966 <0.1 2002 Rare Bonner et al. 2002
Live Oak Creek 1990 2 1990 Rare Linam et al. 2002
Phantom Cave Spring 1993 0 1999 Absent  Hubbs 2004
Comanche Springs 1858 0 1961 Absent  Brune 1981
Rio Grande Big Bend 1951 3.2 2011 Rare Bonner, unpublished data
Terlingua Creek 1963 <0.1 2011 Rare Miyazono and Taylor 2016
Alamito Creek 1972 0 2011 Absent  Miyazono and Taylor 2016
Tornillo Creek 1963 0 2011 Absent  Miyazono and Taylor 2016
Rio Grande Downstream 1954 0.3 2011 Rare Bonner, unpublished data
Devils River 1858 0 2011 Absent  Kollaus and Bonner 2011
Pinto Creek 1858 0 2004 Absent  Garrettet al. 2004
Sycamore Creek 1965 0 1989 Absent  Garrettet al. 1992
Las Moras Creek 1979 13 1989 Rare Garrettet al. 1992
SanFelipe Creek 1951 0 1989 Absent  Garrettet al. 1992
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Appendix 229 First records and recent abundances of Plains Kilkistdulus zebrinuwithin Chihuahuan Desert, Edwards Plateau,

and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Colorado Llano Lower Reach 1958 <0.1 2012 Rare Curtis 2012
Live Oak Creek 1998 0 2010 Absent  Shattuck 2010

Rio Grande Saline Reach of Pecos 1928 0 2011 Absent  Bonner, unpublished data
Spring Reach of Pecos 1947 0 2011 Absent  Bonner, unpublished data
Delaware River 1968 5.7 2016 Occasional Bonner 2016
Independence Creek 1949 0.5 2002 Rare Bonner et al. 2002
Live Oak Creek 1954 0.7 1990 Rare Linamet al. 2002
DiamondY Spring 1965 0 1999 Absent  Hubbs 2004
Rio Grande Big Bend 1963 0 2011 Absent  Bonner, unpublished data
Terlingua Creek 1965 30 2011 Frequent Miyazono and Taylor 2016
Alamito Creek 1988 0 2011 Absent  Miyazono and Taylor 2016
Tornillo Creek 1969 2.3 2011 Rare Miyazono and Taylor 2016
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Appendix 230 First records and recent abundances of Rainwater Killifisania parvawithin Chihuahuan Desert, Edwards Plateau,

and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Colorado Clear Creek Downstream 1986 0.8 1999 Rare Hubbs 2004

San Antonio  Upper San Antonio 1891 0 2015 Absent  Craig et al. 2016

Rio Grande SalineReach of Pecos 1954 47 2011 Frequent Bonner, unpublished data
Spring Reach of Pecos 1947 0.2 2011 Rare Bonner, unpublished data
Independence Creek 1968 0.5 2002 Rare Bonner et al. 2002
Live Oak Creek 1976 0 1990 Absent  Linam et al. 2002
DiamondY Spring 1965 0.4 1999 Rare Hubbs 2004
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Appendix 231 First records and recent abundances of Western MosquiBdisbusia affinisvithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date ofFirst Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Brazos Lampasas 1952 9.7 2010 Occasional Labay 2010
San Gabriel 1951 0.7 2010 Rare Labay 2010
Rocky Creek 1988 8.8 1988 Occasional Linam et al. 2002

Colorado South Concho 1953 0.1 1999 Rare Hubbs 2004
Spring Creek 1984 2.2 1990 Rare Linam et al. 2002
Llano Upper Reach 1936 12 2012 Occasional Curtis 2012
Llano Middle Reach 1961 7.7 2012 Occasional Curtis 2012
Llano Lower Reach 1975 9.1 2012 Occasional Curtis 2012
North Llano 1931 1.1 2012 Rare Curtis 2012
James River 1956 11 2012 Occasional Curtis 2012
Barton Creek 1884 9.7 2008 Occasional Labay et al. 2011
Little Barton Creek 1988 24 1988 Occasional Linam et al. 2002
Onion Creek 1930 9.4 1988 Occasional Linam et al. 2002
San Saba 1952 11 2009 Occasional Higgins 2009
Clear Creek Upstream 1967 0.1 1999 Rare Hubbs 2004
Clear Creek Downstream 1956 78 1999 Abundant Hubbs 2004
Pedernales 1951 6.9 2010 Occasional Shattuck 2010
North Grape Creek 1970 3.9 2010 Rare Shattuck 2010
Cypress Creek 2005 0.14 2010 Rare Shattuck 2010

Guadalupe Upper Guadalupe 1938 3.8 2009 Rare Perkin and Bonner 2011
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Appendix 231 continued

Date of First Relative Date of Relative  Abundance
Drainage Reach Collection  Abundances  Abundances Scale Citation
Upper San Marcos 1884 18.2 2015 Occasional Behen 2013
Comal 1884 3 2015 Rare Scanes 2015
Blanco 1939 8.1 2007 Occasional Bean et al. 2007
Little Blanco 1974 14 2007 Occasional Bean et al. 2007
Cypress Creek 1952 3.8 2007 Rare Bean et al. 2007
San Antonio  Medina 1854 <0.1 2014 Rare Ruppel, unpublished data
Upper San Antonio 1854 4.9 2015 Rare Craig et al. 2016
Nueces Nueces 1938 12 2015 Occasional Craig, unpublished data
Pulliam Creek 1952 3.4 2015 Rare Craig, unpublished data
Frio 1939 3.5 2015 Rare Craig, unpublished data
Mill Creek 1953 0.1 2015 Rare Craig, unpublished data
Sabinal 1858 15 2015 Occasional Craig, unpublished data
Rio Grande Saline Reach of Pecos 1952 2.9 2011 Rare Bonner, unpublished data
Spring Reach of Pecos 1940 5.2 2011 Occasional Bonner, unpublished data
Independence Creek 1961 0 2002 Absent  Bonner et al. 2002
Live Oak Creek 1975 15 1990 Rare Linam et al. 2002
Phantom Cave Spring 1970 <0.1 1999 Rare Hubbs 2004
East Sandia Spring 1988 0.1 1999 Rare Hubbs 2004
DiamondY Spring 1966 8.9 1999 Occasional Hubbs 2004
Comanche Springs 1956 0 1961 Absent  Brune 1981
Rio Grande Big Bend 1954 1.6 2011 Rare Bonner, unpublished data
Terlingua Creek 1998 0 2011 Absent  Miyazono and Taylor 2016
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Appendix 231 continued

Date of First Relative Date of Relative Abundance
Drainage Reach Collection  Abundances  Abundances Scale Citation

Alamito Creek 1964 0 2011 Absent  Miyazono and Taylor 2016
Tornillo Creek 1998 15 2011 Occasional Miyazono and Taylor 2016
Rio Grande Downstream 1914 0.1 2011 Rare Bonner, unpublished data
Devils River 1938 0 2011 Absent  Kollaus and Bonner 2011
Pinto Creek 1938 0 2004 Absent  Garrettet al. 2004
Sycamore Creek 1970 40 1989 Frequent Garrettet al. 1992

Las Moras Creek 1893 30 1989 Frequent Garrettet al. 1992

San Felipe Creek 1951 0 1989 Absent  Garrettet al. 1992
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Appendix 232 First records and recent abundances of Largespring Ganmdamiausia geisewvithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance
Drainage Reach Collection ~ Abundances  Abundances Scale Citation
Colorado South Concho 1953 81 1999 Abundant Hubbs2004
Guadalupe Upper Guadalupe 1956 0 2009 Absent  Perkin and Bonner 2011
Upper San Marcos 1925 31 2015 Frequent Behen 2013
Comal 1933 3.3 2015 Rare Scanes 2015
Rio Grande Independence Creek 1979 29 2002 Frequent Bonner et al. 2002
Phantom Cav&pring 1993 27 1999 Frequent Hubbs 2004
East Sandia Spring 1988 23 1999 Occasional Hubbs 2004
DiamondY Spring 1938 14 1999 Rare Hubbs 2004
Comanche Spring 1938 0 1961 Absent  Brune 1981
Devils River 1953 13 2011 Occasional Kollaus and Bonner 2011
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Appendix 233 First records and recent abundances of Clear Creek Gar@lauskzusia heterochiwvithin Chihuahuan Desert,

Edwards Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation
Colorado Clear Creek Upstream 1953 92 1999 Abundant Hubbs 2004
Clear Creek Downstream 1967 0 1999 Absent  Hubbs 2004
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Appendix 234 First records and recent abundances of Spotfin GanBambusia krumholzvithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance
Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Rio Grande San Felipe Creek 1999 1.2 2000 Rare Hubbs 2004
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Appendix 235 First records and recent abundances of Pecos Gardarmsiausia nobilisvithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Rio Grande Phantom Cave Spring 1929 56 1999 Common Hubbs 2004
East Sandia Spring 1982 77 1999 Abundant Hubbs 2004
DiamondY Spring 1938 89 1999 Abundant Hubbs 2004
Comanchesprings 1858 0 1961 Absent  Brune 1981
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Appendix 236 First records and recent abundances ofMex GambusidSambusia speciosaithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Rio Grande Devils River 1890 0 2011 Absent  Kollaus and Bonner 2011
Pinto Creek 2004 45 2004 Frequent Garrettet al. 2004
Sycamore Creek 1974 0 1989 Absent  Garrettet al. 1992
San Felipe Creek 1951 83 1989 Abundant Hubbs 2004
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Appendix 237 First records and recent abundances of Leon Springs P@gfisimodon bovinusvithin Chihuahuan Desert, Edwards Plateau, and

South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance
Drainage Reach Collection  Abundances  Abundances Scale Citation

Rio Grande DiamondY Spring 1965 0.17 1999 Rare Hubbs2004
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Appendix 238 First records and recent abundances of Comanche Springs Rypiisitodon eleganwithin Chihuahuan Desert,

Edwards Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection  Abundances  Abundances Scale

Rio Grande Phantom Cave Spring 1929 6.1 1999 Occasional Hubbs 2004
DiamondY Spring 1938 0 1999 Absent  Hubbs 2004
Comanche Springs 1938 0 1961 Absent  Brune 1981
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Appendix 239 First records and recent abundances of Orange Spotted Suamtshis humilisvithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance
Drainage Reach Collection ~ Abundances  Abundances Scale Citation
Brazos Lampasas 1952 0 2010 Absent  Labay 2010
San Gabriel 1952 <0.1 2010 Rare Labay 2010
Rocky Creek 1988 0.1 1988 Rare Linam et al. 2002
Colorado South Concho 1984 0 1999 Absent  Hubbs 2004
Spring Creek 1993 0 1990 Absent  Linam et al. 2002
Llano Lower Reach 1963 0 2012 Absent  Curtis 2012
Onion Creek 1947 0 1988 Absent  Linam et al. 2002
San Saba 1986 0 2009 Absent  Higgins 2009
Pedernales 1939 0.3 2010 Rare Shattuck 2010
Guadalupe Upper Guadalupe 1953 0 2009 Absent  Perkin and Bonner 2011
Upper San Marcos 1961 0 2015 Absent  Behen 2013
Blanco 1961 0 2007 Absent  Bean et al. 2007
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Appendix 240 First records and recent abundances of Blueglbmis macrochirugithin Chihuahuan Desert, Edwards Plateau, and

South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Brazos Lampasas 1971 1.3 2010 Rare Labay 2010
SanGabriel 1951 <0.1 2010 Rare Labay 2010
Rocky Creek 1988 2.5 1988 Rare Linam et al. 2004

Colorado South Concho 1957 3 1999 Rare Hubbs 2004
Spring Creek 1984 9.8 1990 Occasional Linam et al. 2004
Llano Upper Reach 1952 0.2 2012 Rare Curtis 2012
Llano Middle Reach 1956 1.3 2012 Rare Curtis 2012
Llano Lower Reach 1963 1.7 2012 Rare Curtis 2012
North Llano 1963 0.2 2012 Rare Curtis 2012
Johnson Fork 1892 2.7 2012 Rare Curtis 2012
Barton Creek 1984 9.7 2008 Occasional Labay etal. 2011
Little Barton Creek 2008 0.7 1988 Rare Linam et al. 2004
Onion Creek 1930 0.4 1988 Rare Linam et al. 2004
San Saba 1952 5.1 2009 Occasional Higgins 2009
Clear Creek Downstream 1957 0.2 1999 Rare Hubbs 2004
Pedernales 1952 1.6 2010 Rare Shattuck2010
North Grape Creek 1970 6.5 2010 Occasional Shattuck 2010
Cypress Creek 1977 1.8 2010 Rare Shattuck 2010

Guadalupe Upper Guadalupe 1939 1.7 2009 Rare Perkin and Bonner 2011
Upper San Marcos 1928 0.1 2015 Rare Behen 2013
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Appendix 240 continued

Date of First Relative Date of Relative Abundance
Drainage Reach Collection  Abundances  Abundances Scale Citation
Comal 1884 0.3 2015 Rare Scanes 2015
Blanco 1853 1.8 2007 Rare Bean et al. 2007
Cypress Creek 1952 0.2 2007 Rare Bean et al. 2007
SanAntonio Medina 1853 0 2014 Absent  Ruppel, unpublished data
Upper San Antonio 1977 5.5 2015 Occasional Craig et al. 2016
Nueces Nueces 1936 0.2 2015 Rare Craig, unpublished data
Frio 1939 0.3 2015 Rare Craig, unpublished data
Mill Creek 1986 3.7 2015 Rare Craig, unpublished data
Sabinal 1934 4.5 2015 Rare Craig, unpublished data
Rio Grande Saline Reach of Pecos 1952 0 2011 Absent  Bonner, unpublished data
Spring Reach of Pecos 1940 0.4 2011 Rare Bonner, unpublished data
Independence Creek 1966 <0.1 2002 Rare Bonner et al. 2002
Rio Grande Big Bend 1956 <0.1 2011 Rare Bonner, unpublished data
Terlingua Creek 1954 0 2011 Absent  Miyazono and Taylor 2016
Rio Grande Downstream 1943 0.3 2011 Rare Bonner, unpublished data
Devils River 1861 0.4 2011 Rare Kollaus and Bonner 2011
Pinto Creek 1938 1.3 2004 Rare Garrettet al. 2004
Sycamore Creek 1979 0.2 1989 Rare Garrettet al. 1992
Las Moras Creek 1893 3.9 1989 Rare Garrettet al. 1992
San Felipe Creek 2001 <0.1 1989 Rare Garrettet al. 1992
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Appendix 241 First records and recent abundances of Longear Siuefisimis megalotiwithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Brazos Lampasas 1951 13 2010 Occasional Labay 2010
San Gabriel 1951 0.2 2010 Rare Labay 2010
Oatmeal Creek 1988 15 1988 Occasional Linam et al. 2002
Rocky Creek 1938 4.7 1988 Rare Linam et al. 2002

Colorado South Concho 1953 0.2 1999 Rare Hubbs 2004
Spring Creek 1984 6 1990 Occasional Linam et al. 2002
Llano Upper Reach 1952 2.1 2012 Rare Curtis 2012
Llano Middle Reach 1972 5.3 2012 Rare Curtis 2012
Llano Lower Reach 1963 0.4 2012 Rare Curtis 2012
North Llano 1963 1 2012 Rare Curtis 2012
James River 2009 0.4 2012 Rare Curtis 2012
Johnson Fork 1955 1.2 2012 Rare Curtis 2012
Barton Creek 1988 8.5 2008 Occasional Labay et al. 2011
Little Barton Creek 1988 4.3 1988 Rare Linam et al. 2002
Onion Creek 1930 4.5 1988 Rare Linam et al. 2002
Clear Creek Upstream 1953 0 1999 Rare Hubbs 2004
Clear Creek Downstream 1956 2.6 1999 Rare Hubbs 2004
Pedernales 1939 4 2010 Rare Shattuck 2010
Live Oak Creek 1998 0.7 2010 Rare Shattuck 2010

Cypress Creek 1955 17 2010 Occasional Shattuck 2010
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Appendix 241 continued

Date of First Relative Date of Relative Abundance

Drainage Reach Collection  Abundances  Abundances Scale Citation

Guadalupe Upper Guadalupe 1938 1.8 2009 Rare Perkin and Bonner 2011
Upper San Marcos 1891 <0.1 2015 Rare Behen 2013
Comal 1884 0.1 2015 Rare Scanes 2015
Blanco 1853 14 2007 Rare Bean et al. 2007
Little Blanco 1974 6 2007 Occasional Bean et al. 2007
Cypress Creek 1952 2.7 2007 Rare Bean et al. 2007

San Antonio  Medina 1853 <0.1 2014 Rare Ruppel, unpublished data
Upper San Antonio 1977 0.5 2015 Rare Craig et al. 2016

Nueces Nueces 1858 1.3 2015 Rare Craig, unpublished data
Pulliam Creek 1952 6.7 2015 Occasional Craig,unpublished data
Frio 1951 3.7 2015 Rare Craig, unpublished data
Mill Creek 1953 1.9 2015 Rare Craig, unpublished data
Sabinal 1854 3.2 2015 Rare Craig, unpublished data

Rio Grande Saline Reach of Pecos 1940 0 2011 Absent  Bonner, unpublished data
Spring Reach of Pecos 1940 1.3 2011 Rare Bonner, unpublished data
Independence Creek 1961 0.5 2002 Rare Bonner et al. 2002
Live Oak Creek 1955 4.7 1990 Rare Linam et al. 2002
Comanche Springs 1938 0 1961 Absent  Brune 1981
Rio Grande Big Bend 1954 <0.1 2011 Rare Bonner, unpublished data
Rio Grande Downstream 1861 0.8 2011 Rare Bonner, unpublished data
Devils River 1903 0.7 2011 Rare Kollaus and Bonner 2011
Pinto Creek 1951 3.3 2004 Rare Garrettet al. 2004



68

Appendix 241 continued

Date of First Relative Date of Relative Abundance
Drainage Reach Collection  Abundances  Abundances Scale Citation
Sycamore Creek 1965 1.8 1989 Rare Garrettet al. 1992
Las Moras Creek 1898 4.7 1989 Rare Garrettet al. 1992
San Felipe Creek 1955 <0.1 1989 Rare Garrettet al. 1992
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Appendix 242 First records and recent abundances of Redspotted Suehisinis miniatusvithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance
Drainage Reach Collection ~ Abundances  Abundances Scale Citation
Colorado South Concho 1953 0 1999 Absent  Hubbs 2004
Llano Upper Reach 1975 0 2012 Absent  Curtis 2012
Barton Creek 1984 3.1 2008 Rare Labay et al. 2011
Onion Creek 1980 0 1988 Absent  Linam et al. 2002
Clear Creek Upstream 1956 0 1999 Absent  Hubbs 2004
Clear Creek Downstream 1957 0.4 1999 Rare Hubbs 2004
Guadalupe Upper Guadalupe 1938 0.7 2009 Rare Perkin and Bonner 2011
Upper San Marcos 1938 1.1 2015 Rare Behen 2013
Comal 1891 15 2015 Rare Scanes 2015
Blanco 1949 0 2007 Absent  Bean et al. 2007
Cypress Creek 1952 0 2007 Absent  Bean et al. 2007
San Antonio  Medina 1951 0 2014 Absent  Ruppel, unpublished data
Upper San Antonio 1891 <0.1 2015 Rare Craig et al. 2016
Nueces Nueces 1955 0.1 2015 Rare Craig, unpublished data
Frio 1960 0 2015 Absent  Craig, unpublished data
Rio Grande Rio Grande Downstream 1990 0 2011 Absent  Bonner, unpublished data
Devils River 1953 0.1 2011 Rare Kollaus and Bonner 2011
PintoCreek 1990 0 2004 Absent  Garrettet al. 2004
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Appendix 243 First records and recent abundances of GuadalupéviBaspterus treculiiwithin Chihuahuan Desert, Edwards

Plateau, and South Tax Plains ecoregions of Tex&Ssee Littrell et al. (2007) and Bean et al. (2013) for reaches with likely

intergressed populations of Guadalupe Bass and SmallmoutiVBdstomieu

First Relative Date of Relative Abundance
Drainage Reach Collection ~ Abundances  Abundances Scale Citation
Brazos Lampasas River 1951 1 2010 Rare Labay 2010
San Gabriel 1961 0 2010 Rare Labay 2010
Colorado South Concho 2001 0 1999 Absent  Hubbs 2004
Llano Upper Reach 1952 1.8 2012 Rare Curtis 2012
Llano Middle Reach 1968 1.2 2012 Rare Curtis2012
Llano Lower Reach 1968 0.8 2012 Rare Curtis 2012
North Llano 1955 6 2012 Rare Curtis 2012
Barton Creek 1977 1.6 2008 Rare Labay et al. 2011
Little Barton Creek 1988 1.1 1988 Rare Linam et al. 2002
Onion Creek 1947 0 1988 Absent  Linam et al.2002
San Saba 1948 0 2009 Absent  Higgins 2009
Pedernales 1951 0.4 2010 Rare Shattuck 2010
North Grape Creek 1970 1.7 2010 Rare Shattuck 2010
Guadalupe Upper Guadalupe 1938 1.4 2000 Rare Perkin 2011
Upper San Marcos River 1949 <0.1 2015 Rare Behen2013
Blanco 1949 <0.1 2007 Rare Bean et al. 2007
Little Blanco 2007 0.1 2007 Rare Bean et al. 2007
San Antonio  Medina 1859 0.2 2014 Rare Ruppel, unpublished data
Nueces Nueces 1955 <0.1 2015 Rare Craig, unpublished data



6

Appendix 243 continued

First Relative Date of Relative Abundance
Drainage Reach Collection  Abundances  Abundances Scale Citation
Frio 1955 0.2 2015 Rare Craig, unpublished data
Sabinal 1854 0 2015 Absent  Craig, unpublished data
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Appendix 244 First records and recent abundances of Fountain [Eheostoma fonticolavithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation
Guadalupe Upper San Marcos River 1884 5.8 2015 Occasional Behen 2013
Comal 1897 36 2015 Frequent Scanes 2015
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Appendix 245 First records and recent abundances of Rio Grande Bé#mmystoma grahamwithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Rio Grande Spring Reach of Pecos 1975 0.6 2011 Rare Bonner, unpublished data
Independence Creek 1961 1.2 2002 Rare Bonner et al. 2002
Rio Grande Downstream 1990 0.4 2011 Rare Bonner, unpublished data
Devils River 1854 1.2 2011 Rare Kollaus and Bonner 2011
Pinto Creek 1854 0 2004 Absent  Garrettet al. 2004
Sycamore Creek 1965 0.5 1989 Rare Garrettet al. 1992
San Felipe Creek 1951 5.9 1989 Occasional Garrettet al. 1992
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Appendix 246 First records and recent abundances of Greenthroat Brearstoma lepidunwithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Colorado South Concho 1984 0.1 1999 Rare Hubbs 2004
Spring Creek 1984 0 1990 Absent  Linam et al. 2002
Llano Upper Reach 1939 1.6 2012 Rare Curtis 2012
Llano Middle Reach 1939 0.4 2012 Rare Curtis 2012
Llano Lower Reach 1939 <0.1 2012 Rare Curtis 2012
North Llano 1939 1.6 2012 Rare Curtis 2012
James River 1956 0.2 2012 Rare Curtis 2012
Johnson Fork 1939 0.5 2012 Rare Curtis 2012
Barton Creek 1884 1.6 2008 Rare Labay et al. 2011
Onion Creek 2007 0 1988 Absent  Linam et al. 2002
San Saba 1952 1.7 2009 Rare Higgins 2009
Clear Creelkpstream 1953 0.2 1999 Rare Hubbs 2004
Clear Creek Downstream 1957 0.3 1999 Rare Hubbs 2004
Pedernales 1951 0.6 2010 Rare Shattuck 2010
Live Oak Creek 1998 8.3 2010 Occasional Shattuck 2010
North Grape Creek 1970 0 2010 Absent  Shattuck 2010

Guadalupe Upper Guadalupe 1925 0.9 2009 Rare Perkin and Bonner 2011
Upper San Marcos 1891 0 2015 Absent  Behen 2013
Comal 1884 4.5 2015 Rare Scanes 2015
Blanco 1971 0 2007 Absent  Bean et al. 2007
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Appendix 246 continued

First Relative Date of Relative Abundance
Drainage Reach Collection  Abundances  Abundances Scale Citation
Cypress Creek 2003 0 2007 Absent  Bean et al. 2007
San Antonio  Medina 1925 0.9 2015 Rare Ruppel, unpublished data
Nueces Nueces 1938 6.8 2015 Occasional Craig,unpublished data
Pulliam Creek 1952 11 2015 Occasional Craig, unpublished data
Frio 1951 0 2015 Rare Craig, unpublished data
Sabinal 1951 0.3 2015 Rare Craig, unpublished data
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Appendix 247 First records and recent abundances of Orangethroat Bdmeastoma spectabiteithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation

Brazos Lampasas 1891 6.9 2010 Occasional Labay 2010
San Gabriel 1951 0 2010 Absent  Labay 2010
Rocky Creek 1938 0.9 1988 Rare Linam et al. 2002

Colorado South Concho 1986 <0.1 1999 Rare Hubbs 2004
Llano UpperReach 1952 0 2012 Absent  Curtis 2012
Llano Middle Reach 1968 0 2012 Absent  Curtis 2012
Llano Lower Reach 1956 0 2012 Absent  Curtis 2012
North Llano 1963 0 2012 Absent  Curtis 2012
James River 1956 0 2012 Absent  Curtis 2012
Onion Creek 1971 0 1988 Absent  Linam et al. 2002
San Saba 1952 1.1 2009 Rare Higgins 2009
Pedernales 1952 0.3 2010 Rare Shattuck 2010

Guadalupe Upper Guadalupe 1938 29 2009 Rare Perkin and Bonner 2011
Upper San Marcos 1884 0.1 2015 Rare Behen 2013
Comal 1891 0 2015 Absent  Scanes 2015
Blanco 1951 1.7 2007 Rare Bean et al. 2007
Cypress Creek 1952 3.6 2007 Rare Bean et al. 2007

San Antonio  Medina 1939 6.8 2014 Occasional Ruppel, unpublished data
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Appendix 248 First records and recent abundances of Guadalupe Bartena apristiswithin Chihuahuan Desert, Edwards Plateau,

and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection  Abundances  Abundances  Scale Citation

Guadalupe Upper Guadalupe 1951 0 2009 Absent Perkin and Bonner 2011
Upper San Marcos 1884 0.5 2015 Rare Behen 2013
Comal 1884 0 2015 Absent Scanes 2015
Blanco 1977 <0.1 2007 Rare Bean et al. 2007
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Appendix 249 First records and recent abundances of Texas LogPercima carbonariavithin Chihuahuan Desert, Edwards

Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance
Drainage Reach Collection ~ Abundances  Abundances Scale Citation
Brazos Lampasas River 1952 0.1 2010 Rare Labay 2010
San Gabriel 1972 0.1 2010 Rare Labay 2010
Colorado South Concho 1984 0 1999 Absent  Hubbs 2004
Llano Upper Reach 1956 4.4 2012 Rare Curtis 2012
Llano Middle Reach 1956 5.3 2012 Occasional Curtis 2012
Llano Lower Reach 1956 0.3 2012 Rare Curtis 2012
North Llano 1956 0.6 2012 Rare Curtis 2012
James River 1956 0 2012 Absent  Curtis 2012
Barton Creek 2008 0.3 2008 Rare Labay et al. 2011
Onion Creek 1961 0 1988 Absent  Linam et al. 2002
San Saba 1948 15 2009 Rare Higgins 2009
Pedernales 1952 11 2009 Rare Shattuck 2010
Live Oak Creek 1998 0 2010 Absent  Shattuck 2010
Guadalupe Upper Guadalupe 1925 1.3 2009 Rare Perkin and Bonner 2011
Upper San Marcos 1949 1.4 2015 Rare Behen 2013
Blanco 1955 0.1 2007 Rare Bean et al. 2007
Cypress Creek 1952 0 2007 Absent  Bean et al. 2007
San Antonio  Medina 1858 0 2014 Absent  Ruppel unpublished 2014
Upper San Antonio 1996 0 2015 Absent  Craig et al. 2016
Nueces Nueces 1967 0 2015 Absent  Craig unpublished 2015
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Appendix 249 continued

First Relative Date of Relative Abundance
Drainage Reach Collection  Abundances  Abundances Scale Citation
Frio 1979 0 2015 Absent  Craig unpublished 2015
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Appendix 250 First records and recent abundances of Rio Grande Gitdriichthys cyanoguttatusithin Chihuahuan Desert,

Edwards Plateau, and South Texas Plains ecoregions of Texas.

Date of First Relative Date of Relative Abundance

Drainage Reach Collection ~ Abundances  Abundances Scale Citation
Brazos San Gabriel 1978 0 2010 Absent  Labay 2010
Colorado South Concho 1970 <0.1 1999 Rare Hubbs 2004
Spring Creek 1990 0.3 1990 Rare Linam et al. 2002
Llano Upper Reach 1952 1.5 2012 Rare Curtis 2012
LlanoMiddle Reach 1961 1.6 2012 Rare Curtis 2012
North Llano 1963 0.2 2012 Rare Curtis 2012
Barton Creek 2004 7.5 2008 Occasional Labay et al. 2011
Onion Creek 1977 0 1988 Absent  Linam et al. 2002
San Saba 1963 0 2009 Absent  Higgins 2009
Pedernales 2003 0.2 2010 Rare Shattuck 2010
Guadalupe Upper Guadalupe 1939 0.3 2009 Rare Perkin and Bonner 2011
Upper San Marcos 1938 0.2 2015 Rare Behen 2013
Comal 1942 0.3 2015 Rare Scanes 2015
Blanco 1949 1.2 2007 Rare Bean et al. 2007
Cypress Creek 1952 3.1 2007 Rare Bean et al. 2007
San Antonio  Medina 1953 0.3 2014 Rare Ruppel, unpublished data
Upper San Antonio 1948 4.1 2015 Rare Craig et al. 2016
Nueces Nueces 1939 0.1 2015 Rare Craig, unpublished data
Frio 1951 0.2 2015 Rare Craig, unpublishedata

Sabinal 1951 0.1 2015 Rare Craig, unpublished data



A0)

Appendix 2.50 continued

First Relative Date of Relative Abundance

Drainage Reach Collection  Abundances  Abundances Scale Citation

Rio Grande Saline Reach of Pecos 1987 0.2 2011 Rare Bonner,unpublished data
Spring Reach of Pecos 1940 0.3 2011 Rare Bonner, unpublished data
Independence Creek 1961 1 2002 Rare Bonner et al. 2002
Live Oak Creek 1955 1.6 1990 Rare Linam et al. 2002
Rio Grande Downstream 1954 0.2 2011 Rare Bonner,unpublished data
Devils River 1858 1.6 2011 Rare Kollaus and Bonner 2011
Pinto Creek 1938 3.2 2004 Rare Garrettet al. 2004
Sycamore Creek 1971 1 1989 Rare Garrettet al. 1992
Las Moras Creek 1893 2.6 1989 Rare Garrettet al. 1992
San FelipeCreek 1951 <0.1 1989 Rare Garrettet al. 1992
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