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JOB DESCRIPTION

State: Texas Project Number/Grant Number: 90 / (WER49)

Grant Title: Endangered and Threatened Species Conservation

Project Title: Status of the Texas hornshell and native freshwater mussels (Unionoidea)

(Bath States) in the Rio Grande and Pecos River of New Mexico and Texas

Project Title: Survey of abundance, distribution, and genetral hiology of Texas hornshel)

(Texas} (Popenaias popeii) and other unionids in the Rio Grande, Texas

Reporting/Contract Period: i September 1997 to: 31 August 2001

Program Objectives (Both States).

Document the distribution and abundance of Unionoidea of the Pecos River and Rio
Grande of New Mexico and Texas, with special ernphasis on the Texas homshell mussel
(Popenaias popeif; federal Species of Concern), state listed species, and rare native mussels.
Quantify microkabitats and document the life history of Popenaias and other native mussels,
including gametogenesis, brooding periodicity, and glochidial fish host(s). Conduct genetic
analyses (allozymic and mitochondrial DNA) to assess the taxonomic position of Popenaias.

Program Objectives (Texas).

To survey the waters of the Rio Grande, Texas, te detenmmine abundance and distnibuiion
of Texas homshell (Popenaias popei) and other local unionids and gather data on general
biology of these species.

Need and Justification,

Freshwater russels are the most rapidly decliring faunal group in North America,
including within the Rio Grande. Despite their ecologicat importance and economic value, the
current status and basic biology of many unionids is poorly known. Rio Grande musse] fauna n
particutar has received liftle scientific attention. As the Rio Grande border areas eXpenence
development and additional human impacts, knowledge of the status of these organisms has
become increasingly important. Drought and flood conditions over ihe past decade have also
reduced unionid populations in the Rio Grande. Unforiunately resource managers have listle
baseline information on local freshwater mussels relating to distribution, abundance, biology, or
even identification of taxa on which to base management decisions. This study attempied o fili
many of these voids in needed eritical information.



Findings.

The attached report is subrnitted to address the objectives of this stady. It includes{l)a
discussien of prior research, (2) approaches and procedures utilized, (3) a discussion of basic
biology of each species of unionid, and (4) presentation of survey findings, as well as (3)
comments on current status and management implications.

Genetics and reproductive biology of rare and endemic unionids in the Rio Grande were
not addressed in the Texas portion of this study due to a failure to locate living specimens.
Similarly, absence of living specimens also precluded discussion of physicochemical
requirements related to “snap-shot” measurements associated with shells, valves, and fragments
collected. Instead, long-term records of physicochemical measurements were examined to
characterize temporal trends within the system.
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’ ABSTRACT

Freshwater mussels (Family Unianidae} are one of the fastest declining faunal groups in North America due, in
part, 1o their sensitivity to environmental degradation and modification. There has been a neteworthy paucity of
data on union:d assemblages throughout the Rie Grands drainage despite ifs being a unigue region of zoogeographic
overlap between southern and northern faunas. Therefore, selected historic collections, state surveys by TPW 1992-
1997, and federally-funded work by TPW and NMDGF 1998-2001 were reviewed o provide a better understanding
of mussel status in the system.

At least 16 species of unionids oceurred in the Rio Grande drainage of Texas, New Mexica, and Mexico, All
have been dramatically reduced in both sbundance and distribution in recent decades. Onlyv six native species have
been found alive within the past 10 years along with two others that are apparent intreductions, Among taxa
endemis to the Rio Grande, Salina- mucket Potamifus metneckiayi and Mexican fawnsfoot Trumeifla cograta have
not been found alive since 1972 (though recently dead valves of the former colected in the izte 19903 suggest it may
stili survive) and living or recentiy dead Ric Grande monkeyiace Quadrula couchiana was fast documented in 1894,
Texas horashell Popenaias popeii supporis a population in the Black River, New Mexico, and scattered individoals
may exist in the main channel of the Rio Grande upstream of Dryden Crossing, Texas; status in Mexican waters is
unknown. Rio Grande records of false spike Quincuncing mitchalli are generally of fessit and subfossii shells: it is
likely extirpated Iocally. Tampico pearlymussel Cyrionaias tampicoensis, paper pondshell Ukterbackia imbecitlty,
and southemn mapleleal’ Guadrida apiculata are currently maintaining populations in Texas waters, as is introduced
bleufer Potamitus purpuraius. Othes species that are ofien abundant elsewhere, but appear o have been eliminated
from the Rio Grande include yellow sandshel) Lompsilis teres and pondhorn(s) Ustiomerus spip), Giant floater
Pyganodon grandis is present in New Mexico, but may be introduced there. Asian clams Corbicula spp. are widely
distributed and sometimes abundant. Fingemail clams (Family Sphaerifdae) are still present, tut abundance and
distribution remains poorly knowm. Factors contributing to the decline of the unionid fauna in this system include
natural and anthropogenic desertification, water and land management practices, habitat modification, pollution,
siltation, and increased salinity (in some areas). Unfortunately, there is little indication status of unionids in the Bio
Grande will improve in the fumre.
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INTRODUCTION

The Rio Grande of the United States and Mexico is one of the longest rivers in North America and is an area of
overlap for many northemn and southem faunal groups (Neck 1982; Neck and Metcalf 1988). Despite the political,
ecological, and econamic importance of the region, relatively litthe effort has been directed 51 understanding
freshwater mussels {Family Unionidae) of the Rio Grande {MNeck and Metcalf ¥988). Freshwater mussels are also
one of the most rapidly declining faunal groups in North Ametica (Neves 1993; Williams et al. 1993) including
within the Ric Grande (Howells and Garrett 1995; Howells and Ansley 1999). Their sensitivity to environmental
disturbance and degradation in conjunction with development of the region new places them at the pinnacle of
ecological eoncern,

Dal} (1986) and others seported on early border surveys and Strecker (193 1), Neck and Metcalf { 1988}, Tayvlor
(1967, 1997, and Johnson {1998) discussed these and other historic musenm collections from the drainage.
Cockerell (1902) reported finding unionids in New Mexico; Metcalf {1982) discuszed recent, subfossil, and fossil
records; Metcalf {1974) commented oni the Pecos River fauna; Metcalf and Stem {1976} briefly mentioned Rio
Grande fauna; Neck (1984} commented on declining mollusks in Texas; and Neck and Metcalf (1958} addressed
mussels of the lower Rio Grande. Metcalf and Smartt (1972) discussed introduced mollusks. Several studies
examined benthic invertebrates in general (Metcalf, undated, 1966; Bane and Lind 1978; Davis 1980z, b, c).
Nonetheless, data from all these sources on the unienids of the Rio Grande was very limited.

More recently, TPW’s HOH initiated statewide surveys of this group, including sites within the Rio Grande
drainage (Howells 19942, 1994hb, 19053, 1096a, 1986b, 1996¢, 19973, 1997b, 1997¢, 1998a 1998h; Howelis and
Garrett 1995; Howells et al, 1996, 1997). In 1998, federally-funded work {termed present study herein) was joinily
initiated by TPW and NMDGF to further examine the mussel Fauna of the system (Howells 1999, 2000a, 2001a;
Howells and Ansley 1999; Lang 1998, 2000). Johnson (3999) provided the most recent summary of the unionid
tauna of the system, based o his interpretation of museum specimens and published literature. Collactively, from
these sources, a plcture of the unionid faunat composition, abundance, and distrbution has started o em erge.

MATERIALS AND METHODS

Standard mussel sampling protoco]s employed in HOH work were presented in Howells (29953, 1996a).
Counting methods and estimates of shell condition follow Howells (1995a, 1996a), except in a few cases where
specifie authors used other terms (2.g., fresh rather than recently dead). Taxonomy follows Howelis et al. {1996)
and Turgeon ef al, (1998), except for the common name for Discongias canchos presented here. Freshwater mussel
survey work by HOH 1992-1997 generally only documented Asian clams {Corbicula spp.; Family Corbiculidae)
and fingernail clams (Family: Sphasnidag) as present or absent, and did not record numbers. Similarly, the project
title of the present smudy specified focus on “Unienoidea” rather than bivalves in other orders, Therefore, Asian and
fingernail clams were often not identified to species or aumerically counted in HOH work,

Although, the approved propesal for the present study work en the Rio Grande did not include fundin 2 for
examination ef museumn collections, efforts were made to list historic coliection records of specimens from the Rio
Grande and, in some cases, eastern Mexican systems that hold Rio Grande unionid taxa. These data are listed herein
as available. Also listed are published reports of bivalve and benthic invertehrate sampling sites in the drainage
basin. In many cases, historic eollection records were used to indicate where current efforis needed {0 be directed.

Global Positicning System (GPS) coordinates were obtajned where possible during present study fietdwork.
However, most historicat and previous HOH collections lacked this information, Additionally, deep canvons of the
upper Rio Grande Drainage in Texas and ether confounding factors oceasionally prechuded obtaining GFPS readings
in the field. Efforts wers made to obtain missing latimde and longimde datz by plotting points on maps with
Microseft (2000). This was applied even ¢o historical data wherever possible to produce at ieast a “best guess” sef
of coordinates for each collection lncation,



Physicechernical aspects of the Rio Grande within Texas were examined by reviewing selected water quality
records of the 1.5, Geological Survey for water years (October i of the previous year to September 30 of the vear

listed): 1968 (U.S. Geological Servey 1963), 1975 (U S. Geological Survey 1975), 1986 (Buckner et 2). 1986), 1996
(Gandzra et 51, 1996), 1999 (Gandars et al. 1999), and 2000 {Gandara et al. 2001}). Reported data values from these
saurces were averaged by site for all years combined, by vears for 2l sites combined, or both in an effort to identify
temporal and upstream-to-downstream patterns. Precipitation data were obtained from the Texas Office of State
Climatologist, College Station, Texas, and monthiy and yearly iotals were summed and decade {or partial decade)
averages obiainad,

Unless otherwise stated, recent survey work was largely confined to U.S. and oundary waters, Current status
of bivalves in tributaries of the Rio Grande or other drainage basins i Mexico therefore remains unknovwn,

RESULTS AND DISCUSSION

Collection Records and Survey Overview

A review of selected historical samplng sites and collection records in Texas pricy to the initiation of statewide
freshwater mussel surveys by HOH in 1992 included approximately 100 locations (Table 1, Figs. | and 2).
Locations in Texas examined during the 1992- 1997 surveys by HOH involved over 50 additional sites (Tahle 2,
Figs. 3 and 4). During the present study from 1998 into 2001, HOH obtained data on nearly 130} sites (Table 3, Figs
5 and 6).

Selected historic sampling and collection sites from the Rio Grande drainage of northeastern Mexice as well ag
other rivers along the eastemn coast of Mexico included another 45 sites (Table 4, Fig. 7). In 1994, HOH examined
2(t sites on the Rie Cenchos and several adjacent drainages, Chihuahua, Mexico (Table 5, Fig. 8). Finally, historic
and recent unionid collection records from Mew Mexico for 10 sites on the Peces River and another in the upper Rio
Grande drainage are also presented (Fable 6, Fig. 9). 1t should be noted that unpublished specimens and collection
records for specimens new in museum and university collections almost certainly exist and could be added to the
historie data above. Similarly, some “blanks™ in Tables 1, 4, 5, and & where details {e.z., dates, numbers of
specimens, efc.) were unavailable could often be filled by examining actmal museum coliections (again, nor part of
the original abjective of this stedy). Additionaily, work in New Mexico by NMDFG {Lang 1993, 2000} and its
cooperators (Gordon 2000; Smith et al. 2000) provides a much more detailed analysis of sampling sites and
collection data than is presented here, and should be consuited for infermation on that region.

A review of sampling and collection tecords from Mexico and Mew Mexico can be important. Most
frashwater bivalves reported fom the Rio Grande Drainage are not endemic and have other populations in areas to
the north or south. The degree of concern about the status of Rio Grande populatians may be influenced by
knowledge of their total distribution and status elsewhere. For example, although both yellow sandshell and giant
floater have declined in the Rio Grande and native populations may have already been eliminated, bath have other
pepulations in other drainages that are secure, if not abundant, Although it is unfortunate to have apparenthy last
them from the Rie Grande faunal assemblage, neither is in danger of extinetion as a species. Conversely, Salina
mucket Potamilus metnecktayf is not known to eccur elsewhere, so protecting any survivors that may sill remain
may be critical te preventing its extinction. Additienally these data also help provide a sense of change over time
also needed fo put current collection data into perspective.

Past records helped focus present study efforts. For example, Metcalf (unpublished) and Davis {1980a)
examined sites on the Rio Grande from Presidio upstream to El Paso, Texas. These studies provided indicasion tha
there would be littfe value in directing any extensive currest survey efforss to that section of Tiver. Similarly, prior
HOH surveys of Las Meras Cresk, Brackettville, Texas (Howells 19965) found limited evidence of bivalves
remaining in that system and downgraded need for any significant further examination.



Spectes Accounts

At least 16 taxa ef unienids occurred in the Rio Grande drainaze of Texas, New Mexico, and Mexico. Three
species are endemic to this drainage basin, Among the freshwater mussels, owo are appatently recent imtroductions,
as ar¢ Asian clams. Additionally, at least four species of fingemail clams have been reponted in the system, as has
Atlantic rangia Rangia cuneata (Family Maciridae), Descriptions of freshwater mussels given below refer to
conchological features of the shell unless otherwise stated. Species are arranged alphabetically by genus and
species. Ranpe maps presented were developed from data generated by this study, with additional distributional
information from Murray and Leonard (1962}, Brandarer and Wu (1978), Clarke (3381}, Gesch {1984), Cummings
and Mayer {1992), Vidrine (1993}, Howells et al. (1996, 1997), Lang and Mehlhop (£996), Lang {1998, 2000),
Parmalee and Bogan {i998), as well as unpublished data of the author and C.M., Mather {University of Science and
Arts of Oklahoma, Chickasha; pers. comm.), where appropriate,

“Tampico pearlymussel -
Cyrtoraias tampicoensis

(Figs. 10-11)

Other names: Purple sheill musse!, purple mussel, Cencho River pearl mussel (Howells et ab. 1996). Taxonomic
synonyms include Unic berlandierii, U heermanil, U tecomaensis, and possibly L umbrosus and £,
grandensis, Strecker (1931} recognized three forms as subspecies (fampicoensis, berlandierii, and heermaniit
in Texas; however, electrophoretic analysis of Texas populations by BOH failed to find significant differences
regardless of origin or morphological appearance. A Mexican subspecies, C. ¢ fecomatensizs, is listed by ULS.
Fish and Wildlife Service as endangered; Simpson (1914) indicated it oceurred in drainages of southeastetn
Mevice,

Range: The native range of Tampice pearlymussel {Fig. 12} extends from the Brazos River, Texas, (Howells et al.
1996) south to at teast the Rio Papaloapan System, Yera Cruz, Mexico (Jahinson 1992) and possibly Honduras
{Simpson 1914), with unsuccesstul introductions in the upper Trinity and Red rivers, Texas (Howells e al.
1996). Upstream records in the Rio Grande extend to the eastem boundary of Big Bend National Park
{(Howells 1994b), with subfossil and fossil remains in the Pecos River upstream to Chaves and Eddy counties,
New Mexico (Metcalf 1982).

Description: To at least |56 mm shell iengih (sty: oval to subrectangular or subrhomboidal; mederately thick and
solid, occastonally {hinner to very thick: subcompressed to somewhat inflated; beaks elevated above hinge line
and often inflated; beak sculpture cansisting of oniy a few fine lines to absent; posterior ridge rounded, with
other secondary ridges in the posteriar feld poorly defined: disk unscelptared; beak cavity deep;
pseudecardinal teeth (two left and ene right} moderately well developed; lateral teeth {two left 2nd one right)
well developed {31-36% sl) and angled downward; extemnally tan, veltowish-brown, gravish-brown, chiestmt,
dark brown, e black, rayless or with obscure green rays; Nacre often puirple, but may be pink, orange,
lavender. white, or hicalored, but Rio Grande and Nueces-Frin River populations are most frequently white to
pastel rather than the darker hues seen in populations o the north and south {Howells et al. 1996; Howells
2000a).

Reproduction: In Texas, eggs, glochidia, or both were found in marsupia thioughout the year; the smallest gravidg
female found was 30 mm sl {Howells 2000b). Giochidia were described by Howells et al, 19%6). Fish hosts
inchide lengnose gar Lepisostens osseus (Howells 1997d), as well as spotied gar L. ocudatus, golden shiner
Notemigonus erysoleucar, and Rio Grande cichlid Cieklasoma cyawnoguttatus (HOH unpublished data).

Habitat: [t occers en mud, sand, gravel, and accasionally cobble jn streams, rivers, canals, and adapts well to many
impoundments; from very shallow water to depths of at least 15 m; Totic waters 1o moderately swift flows,

Status: It appears to be the most abundant unionid remairing in the Rio Grande. In the 1990z, papulatiogs were
found in Amistad, Faleon, and Casa Blanca reservoirs, and in resacas, canals, oxbows, and reservoirs in
Hidalzo and Cameron counties, Texas. However, the species is now apparently absent frem areas upsream of
Amistad Reservoir and Texas tributaries downstream o Starr County. Brrovzht conditions starting inmid- 1995
and 1996 also eliminated Jargze numbers from Falcos and Awmistad reservoirs when water favels f21i

Comments: Tampico pearlymussel has supported fisheries for gem-quality pearls primarily in the Brazos and

Lad



Colorado Drainage Basins of Texas since Spanish colonizt times {Howells 1993, 1996¢). However, ag similar
tishery appears to have developed in the Rio Grande.

Conchos disk
Disconalas conchos
(Figs. 13-14)

Other pames: None,

Range: This species was first described by Taylor (1997) frem 1969 collections near Jaucillo, Rosetilla, and
Julimes on the Rie Conchos, Chihuahuza, and a 1937 collection at Villa juares on the Rio Sabinas, Coahuila,
Mexico. It is apparently endemic to those systems and not known from the main channe of the Rio Grande or
other tributaries {Fig. 15).

Description: To at least $24 mm sl; elonpate-oval, round-poiated posterio-ventrally in some and blustly fruncaie
postericrly in others (possibly sexvali¥ dimorphic); thick and solid, except thinner in smaller juveniles; beaks
rise above hinge line and are set back from the anterior shell margin about 32% s1,_beak sculpture exfoliated in
existing specimens; posterior ridge broadly rounded: disk unsculptured; beak cavity relatively shallow;
pseudocardinal teeth (two left and one tooth and one dentical right), left pair of tecth strong and almost peg-
like, rizht anterior dentical small and oblique, right tooth much targer and triangular; Tateral teeth ftwo lefi and
one right} shert (22-31 % sl), strong (thinner i small iuveniles}, and sometimes slightly curved, iateral teeth
seen artypically shost for such an elongate shell; extemally reddish-brown in Juveniles to dark browa or black |
in larger specimens; internally nacte white or bluish-white, with 3 faint salmon tint, some sun-bleached and
long-dead valves in the HOH cellections may have had nacre that was purgle or pink In life (Tayior 1997;
present study).

Reproduction: Seasen is unknows. Glochidia are unknown. Hosts are unknowr.

Habitaf; Unknown.

Statns: During desert fishes surveys by the HOH staff in 1994, 10 ynmatched vaives were found in the Rio
Conchos near Julimes, but were listed as unidentified (Howells and Garmrett 1995: Howells 1996a), Among
these, alt were long dead except a single juveniie that was relatively-recently dead. Species status is uncertain,
but the 1994 juvenile is the only supgestion the species may still supvive,

Comments: This species was described from conchological shell feamres. Soft tissue characteristics, glochidial
morpholegy, genetic comparisons to ether unionids needed to cleardy define taxenomic affinities are lackins.

Yellow sandshell
Lampsilis teres

(Fig. 16)

Other names: Thinrhine, ereeper, bank creeper, banana, sandsheli, sand clam, luster shell, tiger tooth: historically
assigned to Unio; L. anodomioides and L. fatlaciosa are now considered L. feres {Howells et al. 1996).

Range: Yeliow sandshell ranges throughout much of the centra} U5, (Fig. 17) and is often cammon elsewhers in
Texas {Howells ef al. 1996). In the Rio Grande drainage, it has been documenied in the Peces River upstream
of the Rio Grande, Val Verde County, Texas (fohnson 1999), downstream to Cameron County, Texas
{Strecker $931), and the Rio Sabinas, Coahuita {Jolinzon 1999}, and Rio Salado near Anahuac, Muevo Leon
{Metcalf 1982), Mexico. Neck and Metcalf (1 U8R} described it as comnon In resacas in the Lower Rio Grande
Valley and second in abundince enly to Tampico pearlymussel.

Description: To at least 145 mm s) in Texas, occasionally larger elsewhere; oblong and elongage; sexually
dimerphic with males pointed posteriorly and females truncate; most maderately thick and solid, but range
from thin to rather thiek; subcompressed to nearly round in cross section, with females inflated posteriorly;
beaks moderately raised above the hinge, but not hich; posterior ridge bread and rounded; disk unscolptured;
beak cavities shallow; pseudocardinal teeth (two lefi and one right, oceasionatly with an anteriar right deniical)
elengate and eompressed; lateral teeth (swo ieft and ene right) fong, lamellar, often slightly curved; externally
hom-yellow:, ofien with darker growth-rest line, occasionally stained darker: intemnally very pearby-white,



semetimes with a slight salmon tint dorsally (Howells et al. 1996). Rio Grande specimens do not appear ¢ be
marphologically distinct from other Texas populations (present study).

Reproductisn: Females were found elsewhere in Texas with glochidia in their marsupia every month of the vear
except February (Howells 2000b). Descriptions of glochidia were summarized by Howells et al. { 1996). At
least 10 species of fishes have been identified as hosts (Watters t994; Howells et al, 1996), many of which
cceur in the Rio Grande,

Habitat: This species tolerates a wide aray of habitats from small to large streams, riveis, lakes, and ressrvoirs and
slow- to fast-flow conditiens and most bottom types, but avoids deep-shifting sand and deep-soft sili; though
often present in shallower waters, it may occnr in deeper situations as well (Howells et al, L9986},

Status: HOH serveys found only (1) one subfossit valve in the Rio Grande downstream of Falcon Dam, Starr
County, 1994 (Howells 1996a); (2) a very-long dead valve in zn oxbow pond, La Coma Tract — Lower Rio
Grande National Wildlife Refuge, Hidalgo County, 1999 (Howells 20002); and a recently dead specimen in
Elm Creck, Eagle Pass, Maverick County, 1997 (Howells 1994a). A Eate Archaic archeological site at Eagle
Pass examined in 1995 (dated to 2,200-1,200 years before present) found yellow sandshell to have been the
most abundant unonid material recovered (Howells 1998¢), Unfortunately, when the Elm Creek site was
reexamined in §996, the stream bottom was found covered over 1 m deep in soft silt that had efiminated all
unicnids {Howelis 1997a).  Despite a history of wide distribution in the systent, the 1992 Elm Creek specimen
was the only suggestion living animals might remain, and none have been located since.

Comments: It is unclear why a species that is often comrmon to abundant elsewhere, tolerates 2 wide array of
environmental conditions, and utilizes a large number of fish species as hosts should have declined so
profoundly in the Rio Grande, even in areas where other snionids stilt occur.

Washboard
Megalonaias nervosa

(Fig. 18)

Other nzmes: Giant washboard, lake board, river board, bald-pate; histerically placed-in the zenera {fwio,
Quadrula, Amblema, and Crenodonta and includes species gigantens, heros, multiplicatus, elghtsi, and in pant
wndilatus (Howells et ab. 1996).

Range: This large waterbody species oceurs throughont the central United States and lower iver reaches in Tex as
from the Red to the Nueces rivers (Howels et al. 1996} {Fig. 19). In the Rio Grrande, fossil shells have been
found as far upstream as Eddy County, New Mexice (Metealf 1982} Records in Texas range ffom a fragment
at Elm Creek, Maverick Connty (Metcalf 1982) and Las Moras Creek, Kinney County (Strecker 1931) to fesh
shells in the Rie Grande at Chapene downstream of Faicon Dam in the mid- 1970s (Meck and Metealf 1988).
Mexican reports include the Rio Sabinas (Johnson 1999} and fossil material from the Ric Salado near
Anahuac, Nuevo Leon, and subfossi} specimens near Villa Juarez, Coshuila (Metcalf 1582).

Drescription: Te lengihs over 250 mm sl, very large and massive; quadrate to thombaoidal er oval; solid, thick,
sometimes thin in small juveniles; beaks narow apd noi much elevated above the hinge line; posterior ridpe
typically obscure; disk sculptured with fong, wavy ridges extending to the posterior margin, also with cross-
hatch patterns in the dorsal anterior and ceniml dish areas (often obscure or exfoliated in large adulis); beak
cavities deep; pseudocardinal teeth (bwo lefi and one right} larce, triangular, rough; Tateral teeth {fwo left and
one right) long and nearly straight; externally light brown to dack brown or black: internally nacre white, rarels
tinted with pink or purple, often with metallic zold markings and dark splotches (Howells et ai. 19%6),

Reproduction: Females with glochidia were found in Texas onty from November throngh lanuary, with
repraduction reported as early as August or September elsewhere (Howells 2000h). DRescriptions of glochidia
were summarized in Howells et al. (1996). Over 15 different fishes have been listed as hosts for washboard
{Watters 1994; Howells et al. $996), many of which oceur in the Rio Grande,

Status: Neck and Metcalf {1988) indicated washboard was rare in the Rio Grande and possibly extincet. Collections
by HOH preduced only a single very-long dead shell near Chapeno. However, D. Kumpe (South Padre Inland,
Texas; pers. comn.) reported being given a fiesh specimen taken from the lower Rio Grande and seeing
washboard shell fragments in dredge spoils at the mouth of the Edinburg Canat, Hidal 20 County, Texas, in the
mid-1590s. Additionaliy, P.D. Harefield (U.3. Fish and Wildlife Service, Jackson, Mississippi; pers. comm.}
interviewed a commercial musseler in the 19905 who was in possession of washboards he elaimed had been
recently collected in the tower Rio Grande Valley of Texas. The collection alse contained Tampico



pearlymussels (that could only have come from Texas or Mexico). HOH collections in Starr, Hidalgo, and
Cameron counties failed to find fresh or living washboards, bt some deepwater areas of the main channel
remain o be examined.

Comments: This is a large and commercialiy valuable species and the Rio Grande appears 1o be its southern range
{imit. ¥t is the Jargest, most massive unfonid in North America and its toss locally woeuld be unfortunate.

Texas hornshell
Popenaias popeii
{Fig. 20)

Other names: Homshell; historically placed in genera including Unia, Margaron, Lampsifis, and Effiptio (Howells
etal. 1996), but apparently L. veraapacis {or verae-pacis) is not syRotymots (Johnson 1999),

- Range: Though sometimes reported as endemic to the Rio Grands (Howells et al. 1997, Texas hornshell
historically ranged south along the Mekican coastal systems at feast 1o the Rio Cazones; Vera Cruz (Johnson
1999) (Fiz. 2t). It has been foind upstream in the Rio Grande to sites Just dovmstream of Big Bend, Brewster
County, Texas (Howells 1999); upstream in the Pecos River to Chaves and Eddy counties, New Mexico
{Metealf 1982); in the Devils River nearly to Pandale, Val Verde County, Texas (Howells 2000a}; as well as
several Mexican tritutaries of the lower Rio Grande (Johnson 1999}, A shell found in the Ltano River in 1971
at Castell, Liano County (Ohie State University Museum collecticn), and another recently dead shell taken in
the South Concho River m 1992 at Cristoval, Tom Green County (N. Strenth, Angelo State University, San
Angelo, Texas; pers. comn.), both in the Colorade River drainage of Texas, are enigmatic; however, numerows
woHections throughout this system have fhiled to find evidence of other specimens,

Description: To at least 108 mm sl, but usually Jess; a repart io 116 mm (Howells et al. 19948) was incorrect;
elongate and trapezoidal; length to height ratic 1.8 or greater; compressed; narrowed anteriotly and centrally,
but wider posteriorly; subsolid; only moderately thick; beaks low and flattened, but sharp; posterior ridge
double, rounded, and fattened; disk ensculptored; beak cavities shallow; pseudocardinal teeth {fwo left and
one right) are small to very small; lateral tecth (two left and one right) are long, low, and curved to nearly
stralght; externally olive-green to dark brown, occasionally faintly rayed when young; intemally nacre white,
biuish-white, purple-gray, often glessy, but sametimes dull {Howells et al. 1996; present stdy).

Reproduction: Studies in New Mexice {Lang 2000; Smith et al. 2000) found gravid females from March throngh
August with all stages of embryos and larvae on every sampling date. Sexes were distinet and no
hetrmaphroditism was noted (Smith et al. 2600). Glochidia were described by Smith etal. (2000). Gordon
(2000) reporied metamorphosed juveniles recovered from 23 fish species including tongnose gar, Mexican
tetra (Astyarax mexicanys), minnows (Cyprinidag), suckers {Catostomidae), freshwater catfishes ([ctaluridae)
killifishes (Cyprinodontidae), westem masqaitofish (Gambisia aqfffnis), Rio Grande cichld, sunfishes
{Cenirarchidae), and greenthroat darter { Efheosioma lepidumy; transforsnation occurred 5-14 days after
infection.

Habitat: Nearly all known habitat information originated from the recent study of the Black River population in
Mew Mexico (LEang 2008, Texas homshell was found at both ends of narrow, shallow runs over badrock, bat
in areas where small-gramed materials collected in crevices, alomg river banks, and at the bases of boulders.
All reports appear to be from riverine areas and the species is not ksown from impoundments,

Statug: The otily records in the past decade of living or recently dead specimens include one recenily dead shell in
1392 from the mouth ef San Francisco Creek, Brewster and Terreli counties, Texas (Howells 1994a3); three
recently dead shells in 1998 found in the Ric Grande between Big Bend and San Francisco Creek, Brewster
County, Texas (Howells 199%); and a living popufation surviving in the Black River (Pecos River tributary),
Eddy County, New Mexico {Lang 1998, 2000). The Black River animals in Wew Mexico and a possible relict
population in the Rie Grande downstream of Big Bend may be the only surviving Texas horshell in the
United States.

Comments: Since the mid-1970s, the only records of living or recently dead Texas hornshells appear to be the

- population in the Black River, Mew Mexico {Lang 2000); four preserved specimens taken in the Rio
Maoctezuma, San Luis Potosi, Mexico {Smith et al, 2000); and recently dead shells found in the Rio Grande
between Big Bend and the San Francisco Creek, Texas (present study). Lang {2000} reported gas and ofl
operations in the Black River drainage were potential threats to that population, as were poor land-use practices
and other environmental perturbations, muskrats Ondatra zibethicns that prey upon this species, and additional

El



factors. In Texas, poor land- and water-use practices { impacts include dewatering, scouring floods, heavy
siltation) and general climatic changes profect a questionable fiunire for BILY surviving specimens.

Salina Mucket
FPotamilus metneckiayi
{Fig. 22)

Other names: Salina sucket has been included under both Disconaias and Potarilus {Howelis et al, 1996).
Tohnsen {1998) redescribed endemic animals from the Rie Grande previonsty referred 10 as 2. or D,
salinasensis as P. meinecktayi and seems to have combined a number of other related species to the south of
the Rio Grande, including “Lampsilis finbriata”, under Discongias disca,

Range: In the Rie Grande, the species has been decumented from just upstream of Boguillas Canyon, Brewster
County, Texas (Howells 1999) and from fossil material from the Pecos River, Eddy County, New Mexico
(Metealf 1982) downriver to below Falcon Dam, Starr County, Texas {Neck and Metcalf $988) and the Rip
Salado of Tamaulipas, Coahuila, and Nugvo Leon, Mexico (fohnson 1999) {Fig. 23},

Description: To at least 135 mm s); elongate-oval, but sexually dimorphic with males more centrally round-pointed
posteriorly and females more blunt; refatively thin (in Juveniles) to only moderately thick; subcompressed o
slightly or mederately inflated; beaks low and sculpture largely facking: posterior ridge low, rosnded, obscure;
beak cavities shaliow; pseudocardinal teeth (two left and one right) thin,, compressed, tiangular; lateral teeth
(two left and one right) relatively long and slightly curved (¢a. 30% s); externally tan to dark brown or black,
some with thin, dark rays postetiorly; internally nacre white or bluish-white; sometimes with a slight salmon
tint {Howells et al. 1996; Iohnson $998; present study),

Reproduction: Season is unknown. Glochidia are unksown, Hosts are unknown.

Habitat: Urknown; but not reparted from reservoirs. .

Stafus: Living specimens were found in 1968 in the lawer Pecos River, Val Verde County, Texas {fohnson 1999)
and {resh shelis were found in the Rio Grande west of Del Rio, Val Verde County, in ¥972 (Meicalf 1982). No
living specimens have been documented since. Two recently dead specimens were found at Dryden Crossing,
Terrell County, Texas, in 1992 (Howelis 1994a); i1 recently dead and two relatively recenily dead shells o
valves were collected in 1998 between Dean Canyon, Brewster County, and 4.4 km downstream of San
Francisco Creek, Terrell County (Howells 1999); and a single relatively recentiy dead valve was found just
upstream of Boquilias Canyon in 1999 {Howells 2000z2). In nearly 30 years, these are the only records to
suggest the Salina mucket is still extant,

Comments: See discussion under Texas homshell in the Rio Grande, Texas.

Blenfer
Potamilus purpuratus

(Fig. 24)

Other names: Bluefer, bluffer, purple shell, purple sheli mussel, pink, purple pocketbook, heelsplitter, blooper,
blue mucket, blue hen; placed in genera Unio, Lampsifis, and Proprerg and currenily includes the species
coloradoensis {Howells et al. 1996). The Central and West Texas populations, including the Rie Grande
specimens, of the coforadoensis form may prove to be taxopomically distinet from East Texas and Mississippi
River Drainage popalations typical of purpuratus (Roe and Lydeard 1998).

Range: The native range of bleufer extends from the Guadalupe-San Antonic Drainage of Texas north and east
{Howells et al, 1996) (Fig. 25). Previous reparts of this species in the Rio Grande represent misidentified
Tampico pearbymussels {Howells 1997¢).  However, shelis and living specimens were found in Amistad
Reservoir, Val Verde County, Texas, in 1994 and 1993 where it appeats to have been Introduced (Howells
1897c). It was documented there apain in 1998 (Howelis EO00Y

Drescription: To at Teast 265 mm: s1; ovate to oblong or rectan gular, but sexually dimorphic with maies round
pointed posteriorly and females more uncate; juveniles and males mare compressed and females more
infiated; cecasionally somewhat alate; moderately thick to thick; solid: beaks elevated above the Rkinge line, but



not high, sculptured with corrugated double ioops, sometimes reduced to 2-5 rows of nodules or facking
entirely; posterior ridge rounded and vsually not well defined, byt typically with 2-3 additional ridges posterio-
dorsatly; disk unsculptured; beak cavity moderately deep; pseudocardinal teeth {two left and one tight) erect,
triangular to quadrate, scmewhat compressed in smaller individuals; lateral teeth {two left and one right) shert
to moderately long (28-38% sl), often slightly curved, angled horizontally or epward but not downward:
externally reddish-brown o biack, oceasionally with vague green rays; intemnally nacre usually purple, but
more toge in Central and West Texas and in the introduced Rio Grande population, rarely orange (Howells et
al. 199%; present study).

Reproduction: Females with glochidia were found from Augnst through May in ‘Texas; the smallest gravid famale
examined was 65 mm sl (Howells 2600b). Descriptions of glochidia are summarized in Howells et al. { 1996).
The only known host is freshwiter dram dpfodineodus grummiens (Surber 1913).

Habitat: Bleufer occurs or mud, sand, gravel, and cobble in streams, rivers, slou ohs, takes, and reservoirs: it i
occasionally found in gravel-filled cracks of bedrock bottoms; in still waters to moderately fast flows; 1o
depths of at least 7 m (Howells et al. 1996). .

Status: In the Rie (Grande drainage, it is known only from Amistad Reservoir where extremne drawdowns in 2000
gnd 200 almost cartainly reduced its numbers. --

Comments: Locally this species is an introduced exotic with limited distribution and abundance.

Giant floater
Pyganoden grandis

(Fig. 26)

Other names: Softshell, stout fioater, slop bucket, hogshelt, papershell; historically placed under Anodonta and a
long list of species names (Howells et al. 1996

Range: Though widely distributed and often common in Texas and elsewhere in the United States (Howells et al.
1996) (Fig. 27), there have been few reposts of giant floater from the Rio Grande. Records include the El
Taro Cement Agency Lake, El Paso County, Texas, 1969 {specimens at the 1.8, Warional Museum and
Fhiladelphia Academy of Science); fossil materiat from Billingslea Draw near Toyah off the Pecas River,
Reeves County, Texas (Metcalf 1982); and Granjeno Lake (Smecker 1931) and canals at Mercedes {Elii= et a),
£930), both Hidalze Cowaty, Texas. None were taken in any HOH surveys conducted since 1992; however, in
2000, Lang (2000) found Hving specimens in the Pecos River upstream of Avalon Reservoir and recently dead
shells downstream of that impoundment, Eddy County, New Mexica,

Deseription: To at least 178 mrm sl in Texas, larger elsewhere; eliptical to subovate, more elongate in some foms
and very rounded in others; mederately to very inflated; thin: beaks often hi eh and inflated:; posterior ridee
broadly rounded; disk unsculpiured, sometimes subglossy: beak cavities deep; pseudocardinal and lateral teeth
absent; externally fan, light brown, greenish-brown, dark brown to black, occasionzlly faindy rayed
posterierly; interiorly nacre white, bluish-white, occasionally with pink er salmon overtones {Howells et al.
1996},

Reproduction: [n Texas, fernales were found carrying eges September-October and clochidia were present in
marsupia October through January, though some may retain esgs and glochidia into April (Howells 2000),
Descriptions of glochidia were summarized by Howells et al. (1996}, Watters (§994) and Howells et &), {1996)
summarized seports of hosts inciuding aver 35 fish species,

Hahitat: Although glant floater may oceur in a wide amray of habitat types, it prefers s0ft botoms in still 2nd stow
flow waters in ponds, takes, reservoirs, canals, rivers, streams, and axbows; it can often survive on softer silts
and muds where heavy-shelled unionids would sink and perish (Howells et al, 1996),

States: Metcalf and Smartt (1972) assumed giant floater to have been introduced a¢ the El Paso site as did Lang of
the New Mexico specimens. The El Paso site has not been reexamined in many years and the status of that
pepulation is endetermined. Other thar the population found recently in New Mexico {possibly non-native
stock), there is ne other recent confirmation of the species in the Rio Grande,

Comments: This species is accasionally so abundant elsewhere in Texas.and throughout the Central U, 5. that it is
sometimes considered a “weed species.” Why in the face of success in other areas it has dechined in the Rio
Grande is enigmatic,



Southern mapleleaf
Ouadrula apiculata
(Fig. 28)

Other names: Greenie, mapleleaf: histerically considered 2 subspecies of mapleleaf . guadrula and with
subspecies apiculaia, speciosa, forsheyi, and asper fospera) (Strecker 1933).

Range: Southem mapleleaf oceurs from Cklahoma south through all major drainages in Texas ang east along the
Gulf Coast 1o Alabama {Howells et al, 1996} (Fig. 293, Inibe Rio Grande, it is known only to occur in Lake
Casa Blanes, Maverick County; Falcon Reservoir, Zapata County: and in the Rio Grande, canals, tesacas,
oxbows, 4nd impoundments in Starr, Hidalge, and Cameron counties, Texas {Meck and Matcalf 1988; Howells
1996a, 1997a, 1999, 2000a),

Description: To at teast 129 mm sl; vsually quadrate, but occasionally subrectangular, ovoid, or produced posteric
ventrally; moderately thick to shick; solid; inflated and globose to subcompressed; beaks elevated abave the
hinge, but not high; beak seuipture chevron-shaped nedular ridges; posterior rounded and obscure to sl ghtly
angular, with an chseure to well-defived sulcus; disk usually sculptored with nemerous fine pitnples (not large
pustules or drop-shaped lunules), juveniles heavily pimpled throughout, but adults with sculpiuring often
restricted o dorsal areas, posterior slope with curvilinear ridges; beak cavity deep; pseudecardinat teeth (two
feft and ome and an anterior dentical right) heavy, massive; Taterat teeth (two left and one right) moderareiy
heavy, straight to slightly curved, moderately long (38-42% s1); externally pale tan, vellow-brown, 1o dark
brown or black, often with altemating dark and Hght growth-rest lines, occasionzlly with obscure green rays;
internally nacre white (Howells et al. 1996; present study), =

Reproduciion: In Texas, eggs and glochidia were present in female marsupia from mid- to late May with glochidia
released by mid-July; occasionally earlier in the lower Rio Grande during early spring warming; the smallest
mature female found was 46 mm si (Howells 2000b). Glochidia were described by Howells et al. {1996). Fish
hosts are also unknown, but many other members of the.zenus utilize catfishes (Howells et al. 1996).

Habitat: Southern mapleleaf occurs on mud, sand, gravel, angd occasionally eobble; in small streams and canals fo
larger rivers: tolerates impoundment welk; lotic waters to moderately swift flows; to depths of at least Tm
(Howells et al. 1996; present stady).

Seatus: Reservoir populations, pasticularly at Falcon Reservoir, were reduced in abundance in the mid- and iate
19503, 2000, and 2001 due to extensive dewatering. Unstable conditions and finctuating water levels,
agricuitural and industrial impacts along with other anthroposenic factors, and exotic macrophytes threaten its
survival in resacas, canals, oxbows, and other areas in the Lower Rie Grapde Valley, Texas,

Comments: Although southern mapleleaf is common throughout most of Texas and other Gulf states (Howells at
al. #9986}, it is absent from the local fossil record (Metcalf 1982), hisrarical, and Mexican collections from the
Ric Grande. Neck and Metcalf (| 938) suggested it may be an introduction. Southem mapleleafs in
populations in the Rio Grande rarely grow large enough to be of interest to commercial shell karvessers.

Rio Grande monkeyface
Chadrala conchiana
{Fig. 30)

Other names: Originally desciibed as Unio, otherwise, none (HoweHs et al, 1924).

Range: This endemic species has been reported as fossil remains as far upsiream as Eddy County, MNew Mexice,
and the Pecos River near the mouth of Hackberry Draw, Ward County, Texas (Metcalf 1982), with other
material from the Devils River (Fohnson 1999) and downstream at Las Moras Creek, Fort Clark {Brackettville),
Kinney County, Texas {Strecker 1931) (Fig. 31). Other subfossil and fossil specimens have been found at sites
in the Rio Szlado, Coahuila and Nuevo Leon, Mexice (Metcal £ F982Y (Fig. 31). A record from the Mueces
River drainage, Zavalla County, Texas, is thought to be spurious {Johnsen 1999), ,

Dreseription: Reported to 58 nim sl {Metealf 1982} subrhomboidal to nearly round or oval; solid; only slightly
inflated; beaks full and elevated above the hinge but not high; posterior tidge usually moderately developed,
suicus rather shallow; disk relatively smooth (sometimes exfoliated) to covered with pustules; beak cavities
deep; psendocardinal teeth (two left and one right) somewhat less massive than many quadeulids; lateral teeth



{two left and one right) nearly straight (va. 43% sl); extemnally ashy-brown: greenish when young; internally
nacre white (Howells ef al. 1996; present study).

Reproduction: Season is unknown. Glochidia are unknown. Hosts are unknown.

Habitat: Unknown.

Status: This species may have been Jast seen alive or recenily dead in the 1898 collections in Las Moras Creek (see
Taylor 1967). Neck (1984) indicated A L. Metealf reported D.W. Taylor had found living specimens in the
Rio Conchos, Chihuahuoa, Mexico; however, no subsequent published record has been presented and nons were
tound there during HOH surveys of this system in the 1990s. Otherwise, only fossil material has been found in
this century and the species may well be extinet.

False spike
Quincuncina mitchelli
{Fig. 32)

Other names: Placed in the genera Urio, Effiptio, Quadrula, and Sphenonaias and the species faumilopanus,
fheringii, and guadalupensis (Howells et al. 1996; Johnson 19909).

Range: This species is knewn only from two disjunct populations, ene in Central Texas and the second in the Rio
Grande Drainage (Howells ef al. 1996) (Fig. 33). Metcalf (1982} documented subfossil and fossil Specimens
from the Pecos River, Eddy County, Mew Mexico; the Pecos River drinage of Reeves and Ward counties,
Texas; and in Mexico in the Rio San Juan of Nuevo Leon, and Rio Salado, Nueve Leon and Coahuila, Mexica.
Johnsen {1999) neted an additiona) collection from the Rin Salado, Tamauvlipas, in the University of Michigan
Museum of Zeclogy, but did not comment on the condition of the specimen.

Description: Reported to 132 mm sl in the Rio Grands (Metcalf 1982), smaller in Central Texas; subthomboidal:

" moderately thick, thinner in smaller specimens; subsolid to solid; beaks elevated above the hinge but not high,
beak sculpturing with double-looped ridges faint anteriorly but more proncunced and forming elon 2ate
chevrons posteriorly; posterior ridge broadly rounded; disk scalptured with paralfal, ripple-like ridzes from the
posterior ridge onto the posterior slope and central region of the disk, other pustules and cross-hatching may
also be present or the disk may be exfoliated; beak cavities moderately deep; pseudocardinal teeth (two lefi and
one tooth and & large denticat right) moderately heavy and triangular {less massive thar most quadroiids);
latera} teeth {fwo Ieft and one right} relatively shost (28-33% sl) and straight; externally tawny-brown, to dark
brown or black, sometimes rayed with olive-yellow or olve-green markings on the posterior slope; inernally
nacre white (Howells et al. 1996; present siudy),

Reproduction: Season is unknown. Glochidia are unknown. Hosts are unknown,

ttabitats: Tts ecological requirements are largely unknown: however, some specimens from Central Texas were
known to inhabit gravel bars (Howells et al, 1996).

Status: Living specimens have not been found in Central Texas since the late 1970s {Howells et at. 1997} and
nearly all records from the Rio Grande are Metcalf's {3982) subfossil and fossi specimens. Surveys by HOH
have failed to find even fossil fragments of false spike in the Rio Grande and the species is likely extinct in the
basin. Fwe recently dead valves found is the lower Guadalupe River Drainage in 2000 (Howells 20012} are
the only suzgestion the Central Texas popuiation has not been lost as well,

Lilliput
Texolasmua parvus
(Fig. 34)

Other names: Lilliput shell, common Idliput; historically placed in Linio, Lampsilis, Eyrynia, and Carunculing
(Howells et al. 1994). Taxonomic confusion among species in this genus has been problematic, particularly
with historic collectians,

Range: Lilliput ocours thronghous most of Texas and much of the United States (Howells et al, 1994) (Fig. 35), but
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in the Rio Grande it is restricted (o the lower reaches where i hias been rather rare, Reports include Deijta
Reservoir, Hidalgo County {H.D. Mumay; collection now at the Phifadelphia Academy of Science) and resacas
of the lower Rio Grande (Neck and Metcalf £938),

Deseription: Reported to 30 mm st (Oesch 1984}, but usually much less; subelliptical to suboval; slightly
compressed to nearly round in cross-section; solid; posterior margin verticaily truncate, not obvicusly sexually
dimorphic; beaks abeve hinge but broad, low, and flattened; posterior ridge broadiy rounded and often nearly
absent; disk vnsculptured, but epidermis with a cloth-like or silky appearance; beak cavities shallow;
pseudocardinal teeth (two left and one right) erect, triangulas to peg-like, corapressed; lateral tzeth (two lefi
and ene righs) moderately long, slightly curved, thin; externally light brown to dark brows or black, sometimes
tinted green posteriorly, rayless; intemnally nacre white, bluish-white, or rarely blue or purple (Howells et al.
£996). Members of this penus possess two finger-like extensions of the manile called caruncles that are used
to lure potentiai fish hosts (Howells et al. 1996).

Reproduction; Only four living specimens taken in April in Falcon Reservoir were found during HOH work and
three contained marsupial eggs (Howells 2000bY; Baker (1928) reported eggs in August and glochidia May
through July efsewhere, Glochidia are undescribed. Five sunfish species have been reported as hosts {Watters
1994; Howells et a}. 19963, - ! -

Habitat: It prefers quist, shallow waters with softer bottont tvpes of mud o mud and sand (Howells ef al. 1996).
Vidtine {1993) characterized it primarily as a small creek species.

Status: During HGH surveys since 1992, coliections included only a single relatively recentiy dead vaive in 1994
from Lake Casa Blanca, Maverick County (Howells 1996a) and four living specimens in 1995 from Falcon
Reservoir, Zapata County {Howells 1996k). Mo others have been documented since and recent dewatering as
Falcon Reservoir was Ekely particularly devastating to shatiow water species like Gillipat,

Comments: This species is widespread in Texas, but nsually much less sbundant than Texas lilliput . fexasiansis.

Texas lilliput
Toxolasma texasiensis
{Fig. 36)

Other names: Historically placed in Unie and Carnnceling and listed as a subspecies of 77 parvas; forms called
bairdignus, bealtl, and haleianus are apparently this species as well (Howells et al. 1998); spelling fevasensis is
incommect.

Range: Texas liltiput ranges from the Rie Grande (Howells et ai. 1996) north to southem Hlinois (Curmnings and
Mayer 1992) and east along the Guif Coast (Vidrine 1993) {Fig. 37). Historic collections from the Rio Grande,
all in Texas, inciude the mouth of the Bevils River, Val Verde County, and Las Moras Creek, Fort Clack
{Brackettville}, Kinney County (Strecker 1931; Taylor 1967).,

Description: To at ieast 75 mm si, but usually less; ellipticat and somewhat efongafe in males; strongly sexvally
dimorphic with males centraly-peinted postetiorly and females obliquely truncate, shorter and deeper bodied
posterioriy; beaks low and flattened, only slightly elevared; posterior ridge broadiy rounded and low; disk
unsculptured, but epidermis often rough and flaky (not cloth-like); beak cavities shallow: psendecardinal teeth
{two left and one right) erect, peg-like to #riapgslar, compressed; ateral teeth (two left and one right} curved or
straight, moderately long (ca. 44% sl); light brown, yellowish-brown, to deep chestmut brown or black, usaally
unrayed; intemally nacre white, but usually with yellow or salmon highlishts (Howells et al, 1995). Females
posseass iwo finger-like extensions of the mantle calted caruncles that are used fo lure potential fish hosts
{(Howells et al. 1996).

Reproduction: In Texas, Howelis (2000b) found females with eges in May and June and others with glochidia
from May threngh July. Reed and Oliver (1953} considered those in the Dallas area to he long-term brooders
with a lapse in July and August; Stem and Felder {1928} reported reproductive activity from February through
May. Glochidia were deseribed by Howels et al. (1996). Two sunfishes have been described as hosts {Stern
and Felder 1578).

Habitaé: Texas lilliput is typicat of sofi bottoms and still and slovw-flow waters in poeds, canals, feeder creeks, and
embayments off reservoirs and lakes. Vidrine {2993) indicated it preferred larger water bodies than lilliput,

Status: Though ofien lecally abundant in much of Texas (Howelis et al. 1996), Texas Hilliput has only rarely been
reported in collections in the Rio Grande drajmage. Texas lilliput was third in abundance in archaeo]ogical
excavations along Eim Creek, Maverick County {Howells 1998¢) where its sexually dimorphic shells were
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often readily appareni. However, it was nat found in HOH strvey sites throughout the basin examined during
the past decade.

Comments: Although Williams et al. (£993) and Turgeon et at. {1998) acknowledged Hiliput, Texas Hiliput, and
western filliput {7, mearasi) as valid species, genetic anaiysis filed to distinguish the latrer as distinct from
Texas lilliput {(Howells 1997b) and Howells et al, (1996} included it under that species,

Mexican fawnsfoot

Truncilly cognatn
{Fig. 38)

Other names: Historically placed in the genera {inio, Margaron, and Plagiola (Howells et al. 1998).

Range: This Rie Grande endemic has been reported from the main channel of the Rio Grande and tower Pecos
River near Del Rio, Val Verde County, Texas (Metcalf 19%2) downstream to Laredo, Webb County, Texas
(C.M. Mather, University of Science mad Ants of Oklahoma, Chickasha; pers. comm.); and in the Rio Salado of
Muevo Leon and Tamaulipas, Mexico {Johnson 1999 (Fig, 39).

Descripfion: To at least 45 mm s, bot usuaily smaller; elliptical, males pointed posteriorly; relatively thin; solid;
only slightly inflated; beaks moderately elevated and narrow: posterior ridge broadly sounded and flattened
marginally; disk unsculptured; beak cavity shallow; pseudocardinal teeth {two left and one right} triangular and
somewhat compressed; lateral teeth (swo left and one #ight} thin, relafively short (26-36% sl); externally
yellowish- or grayish-green, with darker rays, zig-zags, or chevrons, pale; internally nacre white (Howels et al,
¥905; present study).

Repraduction: Season Is unknown. Glochidia are unknown. Hosts are onknown.

Habitat: Unknown, '

Status: This species is known enly from a small number of specimens. Originally described from the Rio Salade,
Nuevo Leon, Mexico in 1860, it has alsa been taken from the same river in Tamanlipas (U.5. Matignal
Museum; Jahnson 1999) and Metcalf (1982) reparted 2 specimen of probably fossil crigin from the Rio
Salado, Nuevo Leon, Metcalf (1982} also noted findmg fresh shells in 1968 in the lower Pecos River and in
1972 in the Rio Grande west of Del Rio, both jn Vel Verde County, Texas. C.M. Mather (University of
Science and Arts of Oklahowa, Chickasha; pers. comm. ) collected a weathered valve in the Rio Grande 72 km
west of Laredo in 1975. A refatively-long dead and deformed valve found in Falcon Reservoir in 1996 and
Initially attributed to this species (Howells 19972} may be & misidentification. None have been otherwise
documented sinee the 1972 Mercalf collection. However, it should be noted that during the present study, the
HOH staff was unable o examine the site near Del Rie where Metcalf found the last-reported specimens.

Comumoents; Johnson {¥995) combined Mexican favmsfoot and Texas fawnsfoot 7. macradon under fawnsfoot T,

. donaciformis. However, this action was based on conchelogical features of a small pumber of Mexican
fawnsfoot specimens and lacked discussions of sofi tissues or genetic comparisons. Given these points, the
geagraphic distance to the nearest Texas fawnsfooi population records in the central Colorado River drainage
(several drainage basins north of the Rie Grande), and the noteworthy morphological differences between
Texas and Mexican fawnsfonts, other authorities have been uninchined to suppart this combination of species
and Mexican fawnsfoot #s retained here as a valid taxon.

Pondhorn(s)
Unigmerus tetralasmus — U, declivis
(Figs. 40-42)

Other names: Pondhomn ot commen pondhors U fetrafesmus and tapered pondhomn L. decfivis ave both presently
acknowledged as valid species; historically they have been associated with Laio, Muargarita, and Elliptio
(Howells ef al. 1996). A pondhom, given as Unfo maribius, was taken in an early border survey at Rio
Agraleguas, Puntiagude, near General Trevino, Nuevo Leon, Mexico, in the 1850s (see photograph in Johnson
1999). Morrison (1976 synonymized Lnio minibur and Uniomerus deciivis, and he and Frierson {1903) both
censidered Uniomerus terralasmus and U declivis to be valid species. Johason (1999} combined them, but
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this has appatently not been widely accepted by unjonid authorities to date . Meck {1%37) considered both the
Rin Agualegnas specimen and others from Bafiin Bay drainage, the next system to the nonh, 1o be (£
tetralagmus. Unfortunately many Texas Eniomerus populations are intermediate between the two species, a3
are both Rio Agralepuas and Baffin Bay examples, and e sffiliation remains unclesr.

Range: Outside the Rio Grande, pondhorn has been documented from the Nueces-Frio System to the Red River
Drainage in northern Texas (Howells et ab. 1996) and ranges northward to Ulingis, Indiana, and Ghio (Vidrine
1993) (Fig. 43). Tapered pondhom has been reported in Texas from the lower Nueces River draina 2a through
much of Central and East Texas and eastward along the Guif Coast at least to Alabama ( Vidrine 1993) (Fig.
44).

Deseription: Both species can slightly exceed 120 mm sl; oblong te oblong-quadrate; relatively thin, but
moderately solid; compressed to moderately mflated; beaks only slightiy elevated; posterior ridge broadty
rounded; disk unsculptured; beak cavity shallow; pseudocardinal teeth (twe ieft and one right) thiv, diverzent,
erect; ateral tecth {two left and one right) moderate in length, thin, straight or slizhtly curved; externally
yellowish-brown ta dark brown or black, rayless, occasionally with aiternating dark and light {growth-rest
lines); internally nacre white, rarely purple in tapered pondborn (Howells et al. 1996). In pendhom, the
posterior margin is obliquely truncate -epidermis is subglossy and intact; and lateral teeth are nearly parallel to
the ventral shell margin; in tapered pondhom, pesterior margin tapers sharply downward, the epidermis is dull
and flaky, and the lateral teeth angle downward (Howells et al. 1996). But again, many Texas poplations are
mtermediate between these two species,

Reproduetion: Pondhorns have been reported gravid from February through Aupust (Uterback t9E5-16; Stern and
Felder 1978; Littleton $975). Tapered pendhom has been found with marsupiat ezgs in June and July and
glochidia in May and July in Texas (Howells 2000b). Pondhomn glochidia were described by Utterback (1913
16) and tapered pondhom glechidia were described in Howells et ak. {1996}, Only golden shiner has been
reported as a host for pondhom (Stern and Feider 1978); hosts utilized by tapered pondhorn are upknown
(Howelis et al. 1998).

Habitat; Both pondhoms are typicat of still apd slow-flow shallow waters with soft bottoms in sireams, canals,
ponds {including farm pends), oxbows and backwater arms off reservoirs and lakes; they reportedly tolerate
dewatering for extended periods {Howells et al. 1996),

Status: Neck (1987} concluded that ne members of this genus were currently known from the lower Rio Grande
Valley. Recent work suppots the canclusion that alt pondhoms of any species appear to have been elimipated
from the system. The decline of these environmentally-tolerant species in the Rio Grande Drainage when they
are still abundant elsewhere in Texas is pasticularly pazzling and perhaps alarming.

Comments: Neck and Metcalf (1988) indicated specimens collected in the 1920s in Cottingham Resaca,
Brownsville, Texas, were present in the Corpus Christi Museum collection; however, this collection could not
be subsequently located for examination.

Paper pondshell
Utterbackia imbecillis
(Fig. 45)

Other names: Smalt floater, paper floater, papershell; historically placed in Anodosta and Lastena, and as [,
oftiensiy and 4. ohfensis; use of imbecilis is incorrect (Howells et al. 1996). :

Range: Paper pondshell is often common in most Texas drainages and eisewhere in the United States (Fig. 46). In
the Rio Grande, it has been documented from Matamaras in the mid-1800s, Tamaulipas, and Rio Salado near
Anahuae, Nueve Leen, Mexico (Tohnson 1999}, Historic sfies in Texas include: Brownsville, Cameron
County {Johnson 1999); San Lerenzo Creek, Webb Coanty {Johnson 1999); Las Moras Creek, Kinney County
{Swecker 1931); Rio Grande upstream of the Ric Conchos in 1979, Presidio County {Metealf, undated); and
Beaver Lake on the upper Devils River, Val Verde County {Strecker 193 V). More recent Texas records
include: an oxbow pond and Sapo Lake, Hidaleo Coupey {Howells 2000z}, Falcon Reservoir, Zapata Counry
{(Howells 19982, 199%%; Lake Casa Blanca, Maverick County (Howells 1994a, 1996z, 1997a); the lower Devils
Eiver, Val Verde County (Howels 19962); and Lake Balimorhea, Reeves County {Howells 1998z, 19994,
Neck (1987} alse reported paper pondshelt from the San Jose River near Sar Rafael, Vatencia County, Mew
Mexice, upstream of El Paso off the main channel of the Rio Grande.

Description: To at teast 90 mm: sl in Texas, reportedly slightly larger elsewhere; oblong, elonpate-oblong, or
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reciangular; pointed or round-pointed posteriorly; slightly compressed to moderately inflated; very thin and
fragile; beaks not elevated above the hinge line; posierior ridge rounded, often with a second or third minor
ridge; disk unsculptured, ofien glossy; beak cavity very shallow; pseudocardinal and Jaterat teeth absent;
externally-off white, tan, lime green, greenish-brown, dark brown, black, sometimes with green or black rays
posteriorly; internally nacre white or bluish-white (Howells e al. 1996).

Reproduction: In Texas, females were found carrying eggs in March-April and September-October and marsupia
contained glochidia in March-April and July-November (Howells 20006). (thers have reporied reproductive
activity Febraary-May (Stern and Felder 1978), winter through spring (Heard 19735), or with multiple broods
(several sources). Deseriptions of glochidia were given in Howells et ab. {996}, Watters (1994) and Howells
et al. (1996} summarized over 2 dozen host fishes reported for this species. Although direct transformatien
from the glochidial to the juvenile stage without a fish host has been su peested for this species, glachidia from
Tesxag specimens that failed te find 2 host did not transform and died (Howells 19974},

Habitat: Paper pondshell is typical of still waters and slow flows with sof to very soft bottoms in ponds, oxbows,
canals, streams, and backwater arms of reservoirs and lakes; it may survive on substrates that are too soft to
support other unionids with heavier shells (Howells et al. 1956).

Status: Smal) populations probably persist-in ponds, impoundments, and backwaters. from-the lower Rio Grande
Valley upstrearn to the tower Devils River and at Balmorbea off the central Pecos River drainage. Status of the
species in Mexico and New Mexico is uncertain.

Comments: Some extremely deep-bodied specimens may be so inflated that the beak actually does project slightly
above the hinge Hne; it is possible these may represent another taxon.

Species Reports of Doubiful Validity

Threeridge (Amblema plicata) (Fig. 47) was reported by Dall (1896}, as Linio unduiaius, trom Kinney County
based on a single “badiy broken, and much wom right valve.” In as much as even fossil specinlens sre offierwise
lacking irom the system, it seems likely the valve was either a misidentified washboard or the collection locality was
incorrect. Round pesrlshell (Glebulz rotundate) (Fig. 48) was listed by Simpson (1914) and Strecker (1931), basad
on an earlier report by Conrad (#833), from the Rio Grande. The species is otherwise not knewn from arveas sonih of
Green Lake at the mouth of the Guadalupe River (Strecker 3931) and reposts of round pearlsheli frem the Rie
Grande are likely misidentified Tampico pearlymussel (Howells et al. 1996), Although it is probably net part of the
Rio Grande assemblage, P.D. Hartfield {U.S. Fish and Wildlife Service, Jackson, Mississipph; pers. comm.) reported
seeing this species among others a commercial musseler clained o have taken from the Rio Grande (a5 discussed
abowve). Nonetheless, recent survey efforts failed to find it.

Freshwater Bivalves In Other Families

Asian clam Corbicula fluminea (Fig. 49, first found near El Paso in the miid-1960s (Metcalf ¥O66), occurs
throughout the drainage basin (Howells et al. 1996) and ranges as far south slong the eastem coast of Mexico as
Lage de Catemaco in southeastern Veracraz (Teomres-Orerco and Revueltas- Valie 1996}, A second possible species
i the penus has been described and has also been reported from the Rio Grande as well {Hillis and Pation 192 i;
Hillis angd Mayden 1985} (Fig. 50%. Asjan clams are often considered an undesirable exotic (Howells et al. 1994).
Their status in the Rie Grande remains largaly undecumented. :

Ameng the fingernail clams (Fig. 51}, several have been documented including: long fingernaiiclam
Musculium transversum, ubiquitons peaclam Pisidium casertonum, striated fingernailclam Sphasrinum striarinum,
and mottled fingernailclam Eupera cubensis (Metealf, undated; Davis 1930a, &, ct. Fingemnail clams are even less
well studied than unionids in the Rio Grande Drainage.

Atlagtic rangia occurs in brackish aveas at the mouth of the Rio Grande and oceasionally at freshwater sites in
Texas {Howells et a}. 1996}, Because itz shells are used extensively as fill material in roads, boat ramps, and other
structures, even recently dead shells are sometimes found in upstream areas even when no local population is
present at that site.
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Possible Reasons for Decline and Current Threats

Commercial Harvest

Freshwater muszels have supported importan: commercial shell fisheries elsewhere in Texas and the 1.5,
(Howells 1993). Historically, the U.S. military harvested local shells for buttons earlier in this century in Cameron
County, Texas (Neck 1990), and a buttan factory operated briefly af Mercedes, Hidalge County, Texas {Garrett
1929). Pear] harvesters that seck Tampico pearlymussel in the Colorado and Brazos draingzes, Texas (Howells
1993, 1996¢) appear not to have focused similar harvest efforts on the Rio Grande. A survey of both resident and
non-resident musse] license holders in Texas (Howells 1993) found no respondents indicating they took mussels
trom the Rie Grande, There is no indication that commercial harvest for shells or pearls is or has ever been
economically important or contributed to the decline of the fauna locally.

Climate, Weather, and Water Flow Patterns

The Rio Grande drainage basin has been evolving from a cooler, more-moist climate to a warmer and drver
situation naturally since the last geclogic epic. Wilkins (1992) deseribed a general climatic trend toward Warming
and <rying since the last Wisconsin glaciation about 18,000 years ago. Smith and Miller {1986} discussed a regional
shift from woodiands to grasslands and deserts from about 11,500 years ago. Loss of species like washbeard from
upriver areas in New Mexico and ifs range reduetion to the lower-most Rio Grande reflects this ongoing elimatic
change. Similarly, Rio Grande monkeyface and false spike may have been in a mode of natural decline prior to
European impact for the same reason.

Recent precipitation pattem. changes may also play a rels in mussel decline, Long-tenm precipitation records
for selected sites in Texas yield L0-year averages demonstrating 2 pattern of increasing rainfall at Brownsville {617
cm in the 19505 (o' 83.0 e in the 1990s) and Laredo (112.0 coo in the 1940s 0 133.6 em in.the 19905) (Fig. 52).
However, this pattern was less evident at Del Rio and was not found at El Paso (Fig. 523, [n addition to increasing
net rainfall in some areas, weather records also indicate a shift to fewer light and moderate showers and more severe
storm events {MICRA $995). Thus, recent decades have experienced more major stovms produciang scouring floods
that directly destroy unionids and altes habitas, with leng periods of insufficient precipitation in between resulting in
dewatering losses. Freshwater mussels need stable conditions to prosper and current precipitation trends are clearly
unfavorabie.

Nonetheless, human impact appears to be the major reasen for the massive reduction i mussel faunal
diversity and abundance in the Rio Grande. Overgrazing, land clearing, construction of impervions surfaces, and
other anthropogenic modifications have contributed to mereased runoff during sterms that causes additional
scouring and riverbed modifications. Increased groundwater pumping, in tum, reduces spring flows and
subsequently river water levels during dry perinds. A% can contribute to negative impacts on unionids.

Flow rates reflect an interrelationship of both precipitatfon and water retention or releases from impoundments,
as well as gther factors. The U.S, National Park Service (NPS 2001 reported 69-86% of the water in the Ric
Grande downstream from Presidio originated from the Rio Conchos, Mexico, and that althou gh a treaty between the
LS. and Mexico defined alletments related to annual flows, the treary did nat specify release schedules for Mexican
rivers. Mean annual flows by site are Ieast at El Paso and Brownsvilie, but greatest between Langtry and Rio
Grande City {Table 7; Fig. 53). Mean annuai flows during the years examined display a pattern of decrease over
time from the Rie Grande downstream of Amistad dam to Brownsville {Table B; Figs. 54-58), Fiows at Larede in
1975 averaged 149 m’/s, but dropped in 2000 to 43.2 in*/s. At Brownsville, flows were 100 m¥s in 1975, but fell to
| m*s in 1999 and 5 m*s in 2000, In 2001, flow downstream of Brownsville stopped and freshwater failed to reach
the Gulf of Mexico at times.  Historic dronghts have slse reduced or eliminated flows in the Rio Grande as in 1952,
1933, 1957, and 1958 when the riverbed was dry at Johnson Ranch, Big Bend Natioral Park (NPS 2061}, Past
dewatering likely reduced or eliminated some unionid populations and the current pattern of flow rate decline poses



an increasing threat again. However, large-valume release below mainstem dams, that may actually occur during
drought conditions, can cause scouring-refated damage to mussels and aguatic habitst at downsTearn sites as well,

Nuirient Loads

Mean annual levels of fotal phosphorus between 1 Paso and Brownsvitie and in the Pecos River at Langtry
were below .5 mg/L, except in the Ric Grande near Langtry (0.9 mg/L) (Table 7: Fig. 57). Smmilarly, sulfate
tanged from 161 to 290 mg/L in the main channel of the Rio Grande (Table 7; Fig. 58}, was low in the Devils River
(9 mg/L) (Table 7; Fig. 39), but averaged over 2,000 mg/L in the upper and central Pecos River of Texas {Table T,
Fig. 59). Interestingly, nitrate concentrations show a significant pattern of dectine over time. in 1968, levels were
very high in the Rio Grande at Langtry (3.2 mg/L), Laredo (3.7 mg/L), and Brownsville (5.0 mg/LY, but decreased 1o
< 1.0 mg/L at these same sites in 2000, with a decline to 0.2 mg/L at Brownsville ( Table 8; Figs, 66). Among all
Yyears combined, nitrate levels averaged below 1.4 mg/L in the main channel and the Pecos River at Langtry, excepl
at Brownsville where it slightly exceeded 1.6 mg/L (Table 7; Figs. 61-62). Although there is little published
information associating nutrient levels and freshwater mussels, it seems uniikely concentrations currently found in
the Rio Grande would be problematic (but with some concern about sulfate and total phosphorus in the upper and
central Pecos River),

Salinity

Chioride concentrations and associated conductivity values may, however, have a more direct impact on
musse] presence or absence at some locations in the basin, Averages among years produce chloride values from EI
Paso to Browasville of 116-181 mg/LL and conductivity vaiues of 959-1,368 uSfem that are fypically greatest at up-
and downstream sites (Table 7; Figs. 63-64). In the Devils River, chloride averaged only 15 mg/L and conductiviey
381 pSfcm (Tabie 7; Figs. 65-66). However, chloride concentrations in the upper (Orla}, centrat (Girvin), and tower
(Langiry} Pecos River were dramaticaliy elevated to 3,477, 5,818, and 777 mg/L, respectively (Table 7; Fizs. 65).
Similarly, conductivity at these same sites was £2,651, 21,585, and 34,551 uSfem, respectively {Table 7; Fig. 66).
Thus the Pecos River is the major seuree of elevated chloride and condustivity values in the system:. Watural sals
seeps and deposits are present in the area, but groundwater pumping that has reduced freshwater input, lon g penicds
of seduced precipitation_ and brines from oil and gas drilling operations likely contribute to current saline conditiens.
Chloride and conductivity levels in the mainstem Rio Grande are probably nof limiting (though vpper lethal Hmits
for most vnionids remain undefined). However, salinity of the upper and central reaches of the Pecos River in Texas
{5 probably snfficiently high as to preclude long-term: mussel survival. At most sites in the Pecos River, Texas, even
disturbance-tolerant Asian clam is not present. [n addition o the dam at Red Rluff Reservoir, this high-salinity
region probably also genetically isolates the Texas hormshelt population in the Black Eiver, New Mexice, from any
survivors in the Rio Grande dewnstream of Big Rend.

Dissolved Solids and Sediment Load

Total dissolved solids averages fiom Ei Paso to Brownsville mnge from 589-863 mg/L, are lower in the Devils
River {214 mg/L) (Vable 7; Fig 67), but dramatically elevated in the Pecos River (2.038-12,953 mg/L) (Table 7; Fig.
68}, Mean suspended sediment levels (mg/L) by location from upstream to downstream in the Rio Grande were 335
{El Paso), 2,683 (Langtry), 5 (Rio Grande downstream of Amistad DPram), 137 (Laredo), 20 (downsiream of Faleon
Dam), and 64 (Brownsville), and were 12 (Pecos River, Langiry) and 22 {Devils River, Comstock} {Table 7; Fig,
69). The increase in suspended sediment agrees with field observations of heavy, recent silt deposition in the Rio
Grande st and upstream of the Pecos River mouth, [ndeed, coraparing annual means indjcates suspetided sedimeni
loads typicat of the system in general in the Bio Grande at Lamgery in 1986 (634 mg/L), but with levels elevating in
the late 1990s to 2,364 {1996), 4,113 (1999}, and 3, 609 mg/L (2000) (Fable §: Fig. 76). U.S. Geological Survey
{Gandarz et a}. 20101} datz from 2 sampling station in the Rio Grande just downstream of the Rie Conchos indicated

" an average sespended sediment load in 2000 of 169 mg/L, lower than location averages elsewhere in the mainstem
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of the Rie Grande. The Rio Conchos, then, appears not to be the main source of the suspended sediments that have
increased between Presidio and Langry. Turbidity measurements follow the same pattern found with suspended
sediments (Table 7; Fig. 71}. Although the primary source of increased sediment is unclear from recent freshwater
mussel survey work, certainly overgrazing, development, and other typical anthropogenic factors coniribute. [t is
noteworthy the only areas in the Rio Grande of Texas where Texas hornshell and Salina mucket may stilt be
surviving are in or just upstream of the major site of silt deposition. Deep soft silts are unacceptable mussel habitat
(Howells et al. 1996). Finally, despite heavy silt loads and deposition at Langtry, Amistad Reservoir appears 1o
block much of this material from progressing downsiream, as does Falcon Reservoir to a Iesser extent downriver.
Although this may benefit mussels still surviving in the river below these dams, it suggests a questionable future for
reservoir populations.

Reservoir Construction and Other Human Impacts

Reserveir construction and resultant impounded waters may eliminate some mussels and their natural habitat
while creating additional habitat for other species (Howells et al. 1996}, Indeed, neither Texas hornshell or any of
the endemic unionids in the Rio Grande are known from reservoirs and may well requite flowing watet situations,
Conversely, Tampico pearlymussel adapts well to reservoirs, despite having evolvad in riverine environments
(Howells 1996c; Howells et al. 1996). Even when unionids are able to survive in impounded waters, water
management practices can still be destructive. Rapidly fluctuating water levels and long perieds of dewatering are
common sources of mussel moalities. These problems were particularly evident in Amistzd and Falcon reserveirs
when water levels began to decline substantially in mid-1995, Reserveirs may also block movement of host fishes
required for parasitic unionid larvae. Host fishes wtilized by Tampico pearlymmussel, yellow sandshell, washboard,
Bleufer, giant fioater, lilliput, Texas liliput, pendhorn spip}., and paper pondshell (Howells 1997d; Howells et al.
1926), as well as Texas homshell (Gordon 2000} are probably not seriously fimited by dams in ihe basin. However,
hosts required by Conches disk, Salina mucker, southern mapleleaf, Rio Grande monkevface, and Mexican
fawnsfoot are unkmown; fhus Rost availability issues cannot be addressed,

Pollution issues and habitat modification associated with human development have probably impacted unionid
tauna of the Rio Grande as they have throughout the country, but documentation locally is Targely lacking.
However, some areas reportedly have a high peteniial for chemical impacts (Kelly and Reed 1998}, Tremendous
human population growth and human development has oceured in the drainage basin over the past 30 vears (Kelly
and Reed §998). The North American Free Trade Agreement {NAFTA)} of recent yvears has no doubt enhanced the
speed and extent of this development. [€ is not apparent, however, that any NAFTA-related development has ever
specifically considered impacts en unionids.

Exoftic Species

During the present study in the Lowet Rio Grande Valley, water hyacinth Eichhoraia crassipes and hydrilla
Hydrilla verticitiata were observed in sufficient abundance at some sites that native unjonids may have been
displaced or eliminated. Mechanival contro? efforts near San Benito, Cameron County, Texas, were themselves
observed to destroy some Tocal mussels. Attempts at chemical controt or with phytephagous grass carp
Crenopharyngodon idella could atso be potentially harm#ul to mussels. Impacis of herbicides on uniepids {a group
sensitive i envirgmmental contaminants) are largely unstudied. Excess removal of macrophyies may shift available
energy in the system to undesirable phytoplankton bleoms or ailow erosion and silt deposition unfavorable to
mussefs. Dense growths of exolic macrophytes can preclude freshwater mussels, but control efforts can also be
problematic,

Asizp clams have frequently been blamed for declines In native mussels, but supporting evidence associated
with such claims is often rather weak {Strayer 19993, Although Asian clams were sometimes locally abundant at
some locations in the Rie Grande of Texas, there was little to suggest they were significantly responsible for
reductions in mussel abundance, diversity, or distribution. More likely, environmental degradation and medification



that negatively impacted freshwater mussels advantaged Astan clams that are often beer adapted to disturbed
environments.

Zebra mussel Dreissena polymorpha and guagga mussel I bugensis are well known for their ability 1o reduce
and eliminate native bivalve populations. Neither speeies is currently known in waters of Texas, Mew Mexico, or
Mexico. Additionally, there is some question whether zebra mussels will be sufficiently heat tolerant to endure
W SUIMET water temperatuies in the Rio Grande drainage (Strayer 1991}, Nonetheless, because of the ability of
zebra mussels to serfously alter freshwater ecosystems, efforts should be made to prevent any introdections of this
genus.

Blue tilapia Oreochromis cureus has been introduced into the Rie Grande and elsewhere in Texas {Howells
2001b}. s digging behavior has been implicated in unionid reproductive failure in Texas reservoirs {Howells
1895b) and potential negative impacts should be considerad wherever it oecurs.

MANAGEMENT RECOMMENDATIONS

State and federal regulatory agencies may wish to resvaluate the threatened-endan gered status of severat of
the unionids found in the Rio Grande. Texas homshell is only known from a short stretch of the Black River, New
Mexico, and possibly from a smalt number of individuals in the Rio Grande downstream fom Big Bend Mational
Fark. A limited number of recently dead shells and valves of Salina mucket from this same area downriver from Big
Bend is the only suggestion this species might survive. Rio Grande monkeyface and false spike appear to be extinct
in the systern, and Mexican fawnfoot has not been documented alive or tecently dead in nearly 30 years. Further
field efforts should be mounted to examine additional sites within the basin, including in Mexican waters, to befter
define the stats of these species.

Seme aquatic organisms in the Rio Grande, particularly in upriver areas, can sometimes be successfully
managed by protecting areas around spring runs and pooels along with maintaining water suppligs to those locations.
Unfortunately, freshwater mussels rarely if ever live in headwater springs. Protecting and maintaining freshwater
mussel habitat involves good land and water use practices throughout large regions of the drainage basin. Multiple
state and naticnal jurisdictions, along with varied wrbag, agriculturai, and industrial demands for water and fand,
make this a formidable task. Water conservation and management practices are among the most imporant elements
of maintaining the remaining enionids in the Rie Grande,

Human development and impacts along the Rio Grande have progressed rapidly in recent years, generally
with Hittle or ne thought of impact on unionids. During surveys in the system by HOH ($992- 1997y and in the
present study (1998-2001), no quality mussel habitat areas were detected that could be the focus of preservation
efforts. At present, even if biologisis in Mew Mexico can successfully culture and produce Texas homshell, no
peime lecations for reintrodection in Texas waters are currently known. Resource managers need to consider
impacts of various activities on freshwater mussels to prevent further environmentat quality degradation wherever
possible,

Regulations and public education related to the introduction of potentially harmful exotic species can afso
be & major facter relating to the future of Rio Grande mussels, Some previous introductions of exotic species have
already proveked conirel efforis during which impacts on unionids shouid be considered.

Finally, public and regulatory anthority education may be the single most important issue celatin Eto
preserving the remaining mussel fauna in the Rio Grande. Few members of the general public or even regulatory
authorities are aware of the status of freshwater mussels in the Rio Grande or how their actions may impact the
future survival of this group. Information is not only important for individuat understanding, but in gaining support
for associated conservation efforts. -



RECOMMENDED FUTURE WORK

During the present sudy, a aumber of factors confounded examining all areas originally plammed. For
example, atypical rainfall upstream in New Mexico prevented accessing several sites in the upsiream reaches of the
Rio Grande in Texas dve to unusval flood conditicns in an otherwise desert environment, Prought conditions on
anpther occasion prompted large-volume releases from Amistad Reservoir that precluded access to a stretch of the
Rio Grande near Del Rio for many months. Failure to secure permission to aceess private lands prevented
examination of some sites and 2 beunty offered by a Mexican national on Border Patrol agents also kept researchers

away from boundary waters for a period of time during this study. Regardless of the reason, a numbet of areas peed
te be examined or reexamined more intensely.

The lower reaches of the Rio Conchos have not been formally reviewed 1o date; however, channelization and
agricottural runoff in the region suggest limited likelihood major mussel populations remain. The Rio Grande at and
immediately downstrearn of the mouth of the Rio Conches has not been surveyed in detail. Downsiream, the area
between Boquillas Crossing and the upper reaches of Boguillas Canyen needs to be examined with greater care {o
confitrn whether any Salina muckets remain,

The stretch of Rio Grande between the lower reaches of Big Bend Nationat Park and Diryiden Crossing
produced recently dead valves of both Texas homsheil and Salina mucket during the present study, Aceessing this
Area requires several days by canoe and is very rigorous. Successful survey efforts also need to be coardinated with
water levels most amiable to successful sampling {often difficult to achieve). Mometheless, this area may contain the
oniy remaining populations of these species in Texas.

The Rio Grande downstream of Amistad Dam and west of Del Rio was not surveyed during the present study
due 1o private land access problems and high volume water releases. This locatiog nroduced the Tast Mexican
fawmsfoot specimens collected, but has not been reexamined since 1972, ’

A stretch of the main channel of Rio Grande berween Del Rio and Laredo and the mouths of assoclated creeks
has razely been incleded in freshwater muossel collection efforis {though all of the major ributaries in Texas were
examined in recent years). Lack of aceess across private lands and ifezal border activities make working in this
area difficult and dangerous, [t seems unlikely this recion harbors large unionid populations, but it stil remains to
be surveyed.

During survey efforts in the Lower Rio Grande Valley, the HOH staff was advised by local residents that
several gravel bars were still present in the Rio Grapnde between Rio Grande City and -La Grulla, Webb County,
Texas. Twa efforts to examine these sites were both impacted by heavy precipitation and subsequent high, fasi-
water canditions that limited sempling suecess. This ares needs to be reexamined ender low-flow conditions.

Deep waters of the Rio Grande i Hidalgo County, Texas, have not been stedied. Rumors of washboards in
this area persist, but limited access, poor water quality {e.g., potentfal comtaminants and EICFOOFEARIsmS that may
make diving unsafe), and other factors make examining this stretch of river difficuit. However, if species fike
washboards are stilt present in the Rio Grande or round pearlshells do indeed pocur in the system, this location could
be z logical place to expect them. This area needs to be examined,

Existing museum and university specimens need to be formally surveyved to better define histarical collection
sites, number of specimens found, and condition of this material.

_ Mexican mibutaries of the Rio Grande and other systems to the south also meed to be surveyed. Vety little
13 known about the status of unienids in Mexican waters and no iocal biologists are cusrently known to be working
with this group n that conntry.

Finally, because freshwater inussels are such important indicators of envirenmental health, research on the
cause of their demise in the Rio Grande can have far-reaching positive impacts on other areas from angling to
human health. Although freshwater mussels appear unimporiant and insignificant te some, conditions that are pood

for umionids are also good for many other arganisms, inciuding peaple.

io
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LM I9ES Feleon Rescrvaly, aribayrnent st Fapate and L5 83 Zapata Lo T T R b Crndrmila spicuiora b+ 1ive = selatively-meceniby  Howells 198Gk
. chead
GHITI995 Faleom Reservoir, embaymeet o Zopata sod US 21 Tapals AV AW Tooolasis paruy Fi . Tom Howe[Ie | 3960
CAHI29E Fatenn Reservoir, embayment of Zapass and LIS 53 Zapata L ERe o VL el Uttarbackia imbeciilis & yin - ety desd Hewells 13960
HATME Fatooty Rescrvoir, embagmeny gt Eapats amd L1 23 Zupaty 1IN HsTrw Carbilewtz e, Howell 199596
GN0LGY  Falion Repervgin, batween Zapats and Armoyps Legn apata ICALETH e 1w Cyrtaniafar lompfooensis wany ead Howeils 19972
19946
OTDI2"  Faleon Reservoir, bebscen Zapakt and Ampa Laon Zaguts IR TH Y EETw Garsdiviler oplufata rany deng Hawelln 1597
19946
OTILY  Falcon Ressrvair, wpatrearn of Antoye dal Tige Zipats NI BT Chrivamian tampicoamats iiny desd Herwalls 13970
19946
DHOI0Y  Fateats Résdruniz, upatream of Aroye Jel Tigre Tapaia IEMETEN S PR Preadrofa gpictdie iHmany 1 Hu, romngy dend Mowells 1997
1995
D002 Feloon Resereair, Arrcyn del Tipre Tapeta AN TN Chrtoitatar fomploaengty T3 5l retivetysrooeniliy cwtd  Howells 1997
1905
0L Futeon Beservodr, Athogs del Tigne Zamin IEUIETH STEIew Duedrciy nploulata 12HL3e]  relntlvelyrecenily dend  Howells | 957
1995 ! .
OF01FY  Falcon Rerervedr, Amaya &l Tigee Zapale FLC b L T L Tokolatme poney ' B5ad melatively-long det Howells 1957y
15%
OTl027  Felom Keservair, cauity mood aqoers upstieam af New Faleen Zapana FEIENETH AW Eyricaming templecensl  140,2x 10 raballvely-rmoenily dosd  Mowells |39
1994
UM Fabean Reserviir, coWey Takd adccss upatcean af Mew Faloon Taputa SIS SR Grutefruta apicelatn 0,50l TelmEvelyseceuy dond  Hawesllt 15570
1706
GHIZN  Faloan Beservoir, st Faboen Siate Park Papaky 260N S0 w Cyrtonaiat tompitaenaly 2405110 lang dend Howelfs 19962
o4
43132}  Falgom Reservnir, ot Faloon Suie Mark Fapalz NN BRI T Cwenidruwla apicularg T 53 mecendly desd Hovwells | 596
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3723 Taloon Reservoir, sl Faloon State Pak Zapata 2G0N. NI Lirobackts tmbecilis | relutively-recenily dend  Bowella 19962
194

OtMA1HS Faleon Reserooir, at Falden Saie Park Zapata SN SR Cyriondim tamplooemsis § iy dead Hawella 19050

QM1F1995 Falcon Reervodr, st Falean 3l Park Zapata 5N ST (uadrula apiculars A2 mletively-recenily desd  Howalls 59960

O HRS  Feloem Brservoir, at Faloan St Patk Zapata 2ETIN 9E T Uteerbaetin imbaeiflls 2 recenly desd Howella 19988

GRG0 Faleon Besdrnin, at Faleon State Park Zapaia 1IN MW Cyrtannias pampicoanris d+0.5x11  wistively-recontly dead  Howells 19970
8.0

OI-02  Fabeam Eeservoir, 1t Fabomn State Pask Tapats  DEUMWTOCN BEMOIATY Crsdrnfe gricelate 1 relativaly-recantly dead  Howellz 1967
1998

130N1¥23 Rio Grands, ixlands batow Faloon Dem Abdyt IFIFOTN M s Carblewla app, Howrlls 1995

DA Rio Urends, Faloon dm bo 24 ks downstneam Starr WFITN TR Corbieswla app. Herwellnr 19952

ISH1EN E01TIW

02223  Rin Onrnde, Fafzon dam bo 24 jom downstream Sarr 26 24N G Cyrtomales fompicoensis 14 nuhbiingl Hewt]ln 15562
i LETHERTN REILIW

052421 Hdo Ciande, Falooe dom 1o 24 km downatmestn Stary 2EAYAAN HEAT W Larmgailis rergr DAx3 tublossil Howells 1996a
1994 IEIHFIEH SOILIMW

0322-337  Rbo Cirunde, Faleom dam in 24 kon downatneam Srar IENVIAYN GERUSATTW Megalamalar nervosa 1 wery-lang dead Haownlbs 1596n
1504 iy S e R

03I Ris Gands, Faboen darn to 24 lon downtiroam Star EIFIAN 0T Prredryle agiculate X 52 kg dead Hawalls 1996
174 I TLIRN ML=y

G2y Mo Geande, Fakion dem to 24 b dowastream Siarr PEFITATH SENAETTW Cprtoula app. Haselln 1958
I3 SN LW -

OrN0%F R Gmade, Falvon dzm to 24 fen desstttrenm Searr IEDILN YT radrvln apfeula 4 verylmg desd Howzlla 19970
L8 TN 9901w

L7048 Rio Grinds, Falcon dam 0 24 kmidewmsixam St IGAFAH H09UTW Liverdrachla imbecifiis 5al very-lomg dend Howelle 1997%
%6 IEIIEN O ITW

070 Rla Grunds, Paboon dam o 24 ki deamstsem Sl 260 T2 ORI Corfifewla spmp. Howells | 997
1996 WIICIETH S

GIZANFL phrlingen City Reservodir Cememon 264N BEH0w Chvieroior fompicpansis soveral recently dead Howells 1994

(01952 Reanca del Banche Vieln, [ane Avs,, Dowmaville Caneten 25%5046™ STITI6MW Chmignales famplieenals numeraun  relahively-hong dead Howelly 1954a

Feoas Rlver Draiage —

1991 Pecrs B, Grandiills CranePecoa 3LMBTN  102%5 126 W Cortaniios iamipleaensie .50 wiibfiggil Howella 1595

924161985 Lake Baltartes, Balmarhes State Park Retves JCETESUN IONIITTW Howelle 19960

G259 Lake Balmorhes, Belmarkes Smane Park Recwes IFITIEN AW Howells 1943y

T201997  Lake Balmarhes, Balmares Stabe Park Reever IFETSITN 10T Uerbackls tmbeciffiy 2 esgemtly dezd Howells 19982

OE/26/1997 Lake Balmarhea, Balmorkes State Park Resver  MPSTS0TN 1034221°W Coedicuta mp. , Howzlls 1 9982

D2BA1995  Son Satoman Springs, rm dowrstreno of Lake Balmarhea KHegves AATIMN 0T \ Howells 17088

Dieils River Cvadtage

OEI1A1395 Devily K, ot Dolen Springs Vel Yerde  J9SIQ9UN NHSIIUW Howells 1 %3th

0719419594 Dewlly k., Sunavs Canyon and Roogh Camyan (gombined) Val Verde  2935N LHPSPIMN Lhrerdrchie Imbaciiie 17 lisn; = verymecently dead [Howetls 19406

G994 Devile AL, Sacsns Canyomamd Rough Canyan {oesivined) Wal Yende  201SHMN O 1Q0PHPMmW Covbicesle spp, Jawelly 1982

1XITE04 Dl B, upemeam of Recroation Rond Val Verde  I0*13904°H 1000385 w Hewelle 19962

01H1/1995  Devika R, upatream of Antisiad Beservalr Val Verde  IFMMH (00°ST0ETW Haowelix 19560
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and ngsocinted watzon of thasa drainnges Texas, 1908:200], ‘Texsa Paris end

Tahle 2. Ereabweter bivalve gurvey sitea ewamnbned during the present study in the Rio Gtande, Pecos Biver. [edils River,
Wildife (TPW] atall wad assisted By LS. Geological Survay and Big Bend Natlanal Fiork pervannel s well as several volunbesty Wi sisisted with collecren eiforts and provided dem. DENP = Rig
Trend Matiopsl Parie; LRGHWR = Lawer Rio Grande Matianal Wildllfs Refuge; CWD = Crmeron Caunty W Diytrict ofice; hotow = dewitreams thave = upsiream, These data have Hso besn
presented i Howella 1999 (for 1992), Hawslly 20008 £1999), and Howslls 2001a {2000},
S
Field ¥ N Daty Lacuifon Couniy Latioede  Lengitude Specier L Cendition
Rin Granda Drairags
TPW-{HH 1 B Rits e, ue te Rio Canchos Presidio piogrd Ml Lo LI T E b T
TEW-00z2 FAR L Riv Grende, ot Alamida Cresk Presidlo Pt Rl b T T A P I T
TEW-03 3 BAiwed Alamido Creck, just upatren of the Rio Grande Preaidio TR 104 1726
TPW004 4 399 Rio Orande upstream of Colomde Crnyan Preaidio EFTTELN 10XAT 0w Mutarlivor frannsersem alive
TEW-HE 4 T R Grande, upstream af Colards Cenan Preaidic I90I2DONN 10405 S5 Cordlonda spp. al{ve
TRVE 5 &1594 R Grarde, ni Colomde Canyon wecess 37 km above Lajiias Preaidia 2921 TITN 1034 2R
TPW-OG & &15% Rbo (ramde, bedern Canyan acecee 17.5-km abose Lajitas Freaidin PFLUFITN 10355 23N
TEw0D? ) BAIS9E Rlo Grande, Crassy Banha nccess 17,4 kv above Lajitax Preaidin PPN 1D
TPWH0E & Bflafge Rio Crande, Suny Elersa wkeout 12,5 Jom abave Crriobon, BENP Brewsics gl T R U L G R T
TEWLH ¢ A Eiv Grande, Santa Ebetia takeaut area, BAMF Erewirzr 20920 102'35"RAW s |
’ Frar R Rl ic o R e
TPWWIE 10 BAe Rin Cimmnde ot Cesinlon eamyp groumds, BBNE Brewatar 29M0ROLH 108531 2
TEwgn 11 BFL408 Ria Grande, Senita Elonn Crosalng, OBNF Brewater IPOTITN 10331 5 Corbicul spp dexd
TPW012 12 Nwep Rlo {rande, USBWE gage downstrearn of Castalen, BEMP Hrewster IPNTOEN D22 10
. - ] b - Ik bk o Y
TP 11 amson Rio Grands, Solis canoa sjoeoyt, BBNP Brewuar I502"3RH 100%6" 1w Corbicule spp. live
TPW-J14 14 gh Riw Grunde, San ¥icente Crosing, BRNP Brewaier IDTHE™ 10 1 W
TEwdls 10 2aae Ric Girapde, Hot Bprings area, BANE Brewatcr ZOTOMETN 10230 30w
TPW1d  §8 20399 REn Granide, below Rie Crande Village purrping station, BENF  Brewiter 20 L0MESN 102ty
w017 1T 3aum3 Blio CGrdnds, gravel bay ¥t Kio Crnde Villags, BENP Bravrtter LN AT Corbicude 1pp, desd
TPWSHE TE 401598 Rie Grande, Aver i Rle Crapde Village, BENF Rreogber 210 0H [GETTILW Carbicula app. desd
TEWAOI? 19 4700158 Rio Grande, gravel bas upstrean) of Boquiltas Crossing, BBMP Browster bl Rl L v L P Carlbicula spp. dexd
TRW.02 20 Aldtn Rin Geande, upatrenm of Boquitlas Canyon, BENF Browster 2PN 108515 W o Eorbionla app, dead
2PN 10X W
THALIE0 20 W99 Rit Grarde, wpstrearn af Bequillan Canyor, BBNF Brewaler IFTEI°N 10FS5' 15" W o Poromitur musaechegel Q5] l'¢1lliwl;r-m:m'lly
- b R - S ko ST dead
TrPW-02 21 20799 Rio Grande, Black fap Wildlifs Managoment Aren Eirswsrer APRISHN I0FUE'08" W o Cordilewla spp, alive;
2PN1SMETN 103 IF W
TPWO22 22 IR Fio Grande, ot La Linda, Ranch Resd 2527 Brewatoy THITOIN MR T
TPWA21 1 2R Rio Grande, ot Horse Canyan Brewaler TR AN LGRS T W
TPWl24 14  22RM02 Flo Grapde, ot Maravillas Brewzicr 2FICTIFN L0 5w
TPWHZE 2% 3DLN2 Plg Qrartde, of Mamvillas Fidge Brewster 2935 2B LOZTE'0] "W
TPW02E 26 301/98 Bla Crratide, ui Bl Sombrero (Cretle Bubies) Biwater 2GS 1042 e
TPYOXT 27 J0LTE Fia Girande, telorer El Sombrem Brawsier 2RA0TETN 102 AW
TPWL28 23 Mouwd Rio Granda, Mexfean side spposite Blagk Oap ¢heliors 19:20 Brawaer AT 1D AW N
TPW«29 28 3098 Rip Grande, at Bl Eacendo Cree'c (hexiea side) Browiier IEATN 02 Cyrianatay iampivoansy 0,5x1 Iong dead
TEWH0 30 3gueg Rio Girande, 2.2 kb sbove Owo Canyon Brewiner IF4SIN 102
TPWAON 31 329K Rig Cirade, 44 Ozo Cunyen {Bear Canyon) Brewater ARG T (02w
TPW032 32 Joase Fia Ciranda, 51 La Yegue Creck iexionn Hde) Bremtter 2SI 1023 W
TFWL3Y 23 oW Rio Grande, hat springs cpponfin Silber Cenyon Brewster 244G N 1022724
TFWLM 34 D198 Bilo tirande, belaw bot Jprings epmesite Silber Canyan Brewster 2PATEETN 103 I
TPW-125 35 2042 Rio Cirande, upatream o Bulliz Gap Brewaler JEMETATN 1PN .
TPW-036 16 30188 b Oramde, wt Bullfs Fold (Dean Canyen) Brewaier b Laet o e VI T TR T Papenaiz popelf 0.5x1 Iy dead
TP®W36 36 30148 Rit Grande, wt Birldfa Fold (Twan Canpron) Brewaier IFSTT ORI Pepenio: popell 1 recenily daagd
TPW016 36 1AW Rig Grands, w1 Bullla Fald (Dean Survond Brewater IETAT LR W Potamiiey matnecknoyd G3xl Igng dezd
TPW036 16 MANE Ria Grande, mt Builin Fald [Dean Canyan) Brauster IFAEATH 1023 06w Poramilus metnackiand retalivalysrecenily

dead



Tahbe 3. Continued,

Hiny

Freld ¥ i) Duiz Laocaticn County Latinrde Laonglrudg Speciza N Candition
TFW-027 37 MEIYS Fin Grunde, 392 km upatheam of Fodeo Rapids Bty 2ME SR IQZ AW
TRW-03 34 30mE Ria Grands, 1.47 km dowmstream af Rodes Rapida Brewater PG ORI Paramifur megorckiael  0.5x1 lomg dend
TPWAORE 33 AHNEE Rin CGrands, | AT m dowmatrean af Bodeo Raqifs Brawaner b3 L0 L ' Foreniler metnockiny (1,511 relativelyrecenily
’ drad
TRFWO0P 35 TR Rin Grands, il Mul Paso Creek (Mexican vide) Brewater IPESTH 02N Fopenaiza popeli 1 recenily daad
TPWJAHD 40 NHDE Rlo Grands, betwastt Lipper ard Lower 3adiran Rapids Brmwitr IFSIGETN I0RILE W )
TP#.041 41 2odmR Rip Grande, dowmatreamm al Lawer Mudln Rapids Brewitar IPAESN 102700054
TPY042 41 30458 Rle Grande, doansitenm ol Faniber Canyen Bawaier BFSPIEN 102 10 A6
TRW-DHY 41 hodms bt Grancde, 2,93 ko sbove San Franerrs Ok Brewater IFSTO0FN 102716'24%W Fotamilies matneckiop 4,520 tong dezd
TRWLAE 41 LTdIBE Ria Grandz, 2.8 kin abave San Frngisen Creck Brgwnitey TEEIOEMN O AW Papettatar popel L recently dend
TPW.M1 4 30drkd Ria Chweds, 2,93 lom shave San Francieen Creek, Brewster IS0 N 10271024 Foiomilcs marneekiay 4 recemlly desd
TEW-0d4 44 3d9E Rin G, Mesican side appoati S3n Foncisco Canyon Birewater TFIVIFH IGTE | A Fotamifus memeeitan  ,5x] eeently dexd
TPALdE 41 1DA0E Rip Grandde, mauth of San Preecisco Canyon Brewsler RFESUASTH IO IW
TEN-HG 45 30598 P Cwarcde, 2.3 krn edoer San Franclses Creck Temail IFSTHN L0 TR
TFWARY 47 3M0STR Rio Grande, 4.4 fon Below Sun Fancisg Creek Temell 15150 10T 1658w Potemiiiur mreimeciiny BRI reenntly derd
TEWLMA 43 I0FoR Rio Grundn, a1 104 Parrms Creck (Mesican slda} Terreht TEREEN 10 TG 41w Fotdmiiur meimecitay  0.5x1 long desd
TFW4E 43 GRSl Rio Girande, 31 Loa Poenes Creck [Meicat tide) ‘Terell 2HUEAET 10 TE Potomiing meireckimd  .9x) recenily dead
TR¥O40 49 JodioE Riv Grande, island off Las Parmas Creck Taerell righr L TR b e Poramilea eiwepkod  .5x1 vEry-lohg dénd
TPW-051 5D WOSisE Rio irande, belaw Lot Paras Cegk Terrell 295N 102N 4w
L B TR T ] Rl Grasmbe, Middle Walering Boach (Moaican side) Terrell 25508 102N ' 2E W
TPWORL 52 oshee Rin Cimnde, we Pago Colarado {hakceu side) Termall 23023 1021w Puopemalar papeid 0.5x) nubifowtil
TPW-U53 51 aRomE Rin Grands, jurt belaw Sandersan Capran Termll Foa e ol i D v Popetiaias popef} 0,511 ehativeby-long
dead
TPADS4 M a9 Rio Cricrde, wt Tirrden Crosalng (Jahn's Marine} Ternelt IRSTIFN 1027001 0%
TEWADS:  i5  hoasg Amdstad Reserveir, o U 277 Wal Verds IPIPIBN 100N 1AW CarMeufs s,
TPHHIES 55 SM0ESR Amirted Bessrvodr, 2l SH 454 enst gide Wl Yerde IFINELN 13T D6 Corbiculn wpp.
TPWO56 56 SA0Gd Amrdsind Resetvair, 11 H 454 cust vide Vil Verde REUNRELH HOCTATOR W Cyriomalas rampiepensis 0,50 reladvaky-niteniiy
deud
TPW058 56 oodms Artigzd Reservair, i SH §3d sast side Val Verde 1T I3 BI'N 10T W Paomilus ppmuratus D,5c2 rEintivERy-recsnihy =
long dead
TRWL05T 51 Sfded Antiaid Resereair, ot 5H 434 weat 4ide Wil Ve 22949 1007 I Cirtilewla cpp, d
TFW-DEE 58 7S99 Tod Clmezs Creek, Rio Grande City, at LIS Cuatares Cifice St Ly P g ot F e
TP 19 TSNS Plp Orande, wr La Crulle scoess Toad Siarr 26" 1555 PARATIR W
TPW-DE0  #0  TOESS Pt Cerde, ot Los Ebanas Croshg: Fliddalze 26T 145N 9RTII W
TPWHE1 B G659 Walker Lake, acuthenat alde of La Joye Hidalge FLyCa by LR Garbicule ipp, wlive
TPW-061 61 BRIS0 Walker Lake, youtheeal side of Lo Joya Hidalge TG 1415 DB 24w Chrtomafad templiooensiz 10 wljveg
TPWOGE] 61 G165 Willer Lake, couthesan slde of La Moyg Hidalgeo Pl b -l P R el qricuiaia i ullve
TEW-062 5% SIS Rla Grande, a1 the intake of ihe Edinburg Canal Hidalgo IFIFIFN PR 6 S W Cordionta ap, wlive
TPWDEE 61 &6 Edinburg Canal, mauth near the Rio Gmnde Hidalgn WITEH AW Corbieuta ipp, wlive
TPWDEd 4 Afldree Edivibarg Canal. sonmie af Zermera S0, Fenilag Hidalgs M ATH FERAIW Corivienla apy, ljue
TP 6d RS Edimburg Canal, cource 3t 2amess 51, Feniten Higalgm 26 LAMTTH MW Cyrranclay tammieoensls 0,531 Telxtivey-bag
dend
TPWJE4 B G190 Edinburg Canal, souseg ot Zamoa 51, Peniis Hidalgo IELT N SRRE AL Cyrtomidar fampicoensly 2 alive
TFWVAGA A6 B0 Edintura Carnl, soumee &1 Zamar 51, Pemilns Hidutge 2EMTHTH R 1Y Crearola opleulora 5] reintively-kong
dead
TH¥-065 465 @R Cremetery Fond, Penlins, SE of Editvhurg Congl, W of AR fracks  Hidalgm TN W Cordleuls app, deed
TPWAHS 81 &I Ceretery Frmd, Penisa, 56 of Bdinburg Canal. M ol ER trecha  Hifelpo 63T GRR26N 31 Cyrtamatar tampicommnis 3+0.5x8 rehtively recenily
el
TPWLES &6 BIAY Benisem Stais Fark Lake, Benten Soeie Park Hidalga TSI 9R" 2324w Corbieuta spp.
TEW-D6G 66 R4S Bentwmn Stane Pask Lake, Benizen Stale Park Hidnlgn FL g L L L B Cyrtonoiar tamplceengiy | relalively-reeenily
: dead
TPWGET &7 TS Rlo Crarde, a1 Chimmey Park boat ramgp Hidalge e TN SERIOMLIW



Tablz 3, Continued.

Site

Field & N Dhate Laoeaticn County Latitide Longitudg Specics N Condition

TPW-42 GF TOSED  RioGrande, overflow site at Anzslduas Park Hidalge 2EETITN SR°IG ISV

TPWLER 69 &80 Pl Grande, Anzalduas Reservoir, upeteam of dam Hidalgo IEOETITH SRS

TPW0TD &8 110l Rin Grande, Anzalduas Ressrvgir, uperesm of dam Hidalgn ZHMBITNH FELYSTW Carbicufa app.

TPW.OTL &% L2601 Rig Grannde, Anzalduns Restrvoir, upsream af damy Hidelgo ZEMETITN SRR .

TPWAT: ™M M Tanal at the narh side af Anzaldes Fadk Hidelga HAOETIETN RT3

TPW.OT3 7T MBS Canal ok the wogt gide of Angalduas Park Hidalgn ORI TRV Cyronafis lampiceensis 2 wlivg

TPW-0T4 Tl TR6AR Canal al the west side of Anzaldvas Park Hidalgo MDETZOH SETIIT Corbleufa spp.

TPW-0T4 71 TS Cangl gl the weat pide of Angaldyas Fark Hidalgo HMETSTN FENILTR Cyrtonaing rampicoensly TH0.5xd mlmivehrecenily
dead

TPWAOTE 72 TAAS KEo Grande, below Anzaldugs Dam Hidalgo HEROSH S TS Carriricfa spp,

TEWE 72 Mo Rio Cirande, below Anzabduas Cam Hidalgo OR0TN LYW Teariicufa spp.

TPW-0a 72 1001 Rio {rande, below Antalduvas Dam Hidalge o RO {readruln apicwicts 0.4l relativelyrecently
dead

TEWATT 1Y &R Cwal zdjacent to the Phare Sehling Baghy Hidalgo TSN IR STW Carbieuia s, alivy

TPWATE T BIHYS Fharr Settling Basin Hidalgo AN TRt Corbicula spp. alire

Ware 15 allsgg Cixbow Pand, Ta Cotna Tract LRGNWER igfalpe o' e N gRfaadew | Carbfenla spp. alive

WO T3 L9 Oxbow Pund, Le Conm Tret LRGHNWER Hidatgo 2EMIISTH ORI AW Cyetanalad fampresensis 0,51 long dend

TPW-07T0 71 LIS COnbow Pond, La Coma Treat LRGNWER Hidalgo 2E0I 16N SAE A Cyrionaia sumpicoensis 2 alfve

TEW-AOT 15 659  Dubow Fond, Le Coma Trect LRGMWR Hidalgo NI NE"H FEO3 49T Ti terer G5x1 very-leng dexd

TPw0e 15 G150 Onabow Pond, La Coma Tract LRONWE, Hidalgo EOFIFN FEOIaSW LArerbackla imbecilitr 050l relelively-meently —
viery bong dead

TPWED 76 &S00 Uy Dxbow Pond, La Coms Traet LRGHWER Hidalge 2EMAIEH RS Cyrtonalas fampicaensls S+0.5x2  long dﬂg

TPWLOE1L 17 BNEED Rio Crande, ¢eowmtstréam.of Retamal Dam Hidelge 26°03°0FN SR Corbleula spp. wive

TPW-082 7% 20l Thiteh at FAd 494 ca 4 ko narth of FM 18 Hidlzgo 262N HLT AW Cordictila tpp.

TPWAEY 79 7NN Sapo Lake Hidnlga WPAN R4 Corbienia spp. .

TPW.083 79 HOSS9 Sapo Lake Hidalgn TEN DAY Cyrionafes famplcosusis | recently deagt

TPW-DBI 7% TS5 Sapo Lake Hidalgs 6*24TLEH SETIATEW Cyrtonrakas igmpiceensts ‘7 aljwe

TPW-3E1 79 MQLeR Sapo Lake Hidalgo I8 AN SN A AT Peadvuly npsicilain 1 alive

Trw-pR3 T TOFSS Soper Lake Hidalgo 260 16T SR AW [Fuedrnda apiculan L reaently dead

TP T9  W0Se% Sapa Lake idalga 26724716 N R4 Lhterbackio imbeeilily 1 recenily dexd

TEW08d 80 [-Tal AL Laka Edinburg Hidalgo 16' 246N 9E°10° LW Corblouls spp, afive

TPWOB BB 61600 L Exfitibusrg Hidalge Pl e R DN R Cyrinnglas tempiccansie 3 alive

TPWelZ4 B0 &1699 Lake Edinburg Hidalga 20N BEUION LW Cyrfonalar ionipizcensis 4+35%1  rocontly depd -

' bl

TPWNEr B &NAG9 Lake Edinburg Hidalgo TGN S8 13w uadrula npiicwlata b1 relatively-recenily -
relativieiy-lang dead

TFW-GBS Bt &1 Dl Laks [Mombe Adwo Reservaoic) Hidelge IE 24N SFST IR Corbfeuln spp. alkve

TPW-DES 8t & E699 iDela Lake (Monte Alte Regervair) Hidniga EHITN ITET2ET Crriamofer inmplegesls 0,.5x10 fong daad

TPW8S 81 &9 Diclta Lake {Mants Alie Beservair) Hidalge 2ETATITTH STEI IR Cyrtanaies tampfoosars 4 alive

TPW-HS 4] G el Like {Maniz Albe Rescrvakr) Hidalgn JCMTFIN ITETIEW ! Gendrada gpiculate 0.5x1 long dead

TPW.a8d 82 TN Llano Grande Lake (Main Floodway Canal) Hidalgn 26%7'5I7H 93T MW !

TEWET 83 7AW Main Floodway Canal, at bercodes Hidalgn 26°08M3YH YTsE YW Carbienla spp.

TPWORE 2 70T Armaya Colarzdo, at Flodde Ave., Mermodes Hidalga 2T AATH STSAN AW Carbietla spp,

TPWORE B4 HOeDd Ameyo Colarzdo, at Flarida Ave,, Mercedes Hidal po 1AM BT AT Cyrronales fampicoennz } receniky dead

TPW.DEE BE W60 Amaya Colorndo, ot Flonda Ave., Mertedes Hidalgo 26NN SR Cyrianatas bampicoenaiz 10 alive

TPW.DBR  BS  HOAG Moon Lake, al Progragsn Lakes Hidrlga IS5 N SRS T AN

TPW-BDD  §6  LOA0D Lice La¥e, at Progresso Lakes Hidalgo 2G04 22N HE"SED0W

TFW-03L BT 7063 Mercedas Sertling Basin Hidalge LRI L

TRW-042 88 W99 Oxbow Loks, a1 LES 28] wast of Sana Maria Hitalza 2ENFQEN FITRIDSTW Carbicula spp.

TPW<) 89 &4%F  La Frria Resorvgic Cameran 0BT 16°N 98402 T
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"Tahbe 3, Continued.

Siw

Fichl & N D F.acalinn Courety Latitude Lomgliude Species ~ Condldon

TPWDd o DA Adams CGurden Reperigdr Ckmeron 20522 FTRTIEETW Corbicula rpg relaiively-lmg dexd

TEWd9s S0 A9 Adems Garden Reservoir Camron FEMETIIH ST Cyrfonoior iompicoentic 405214 relutively-long «

. vary.bmg dustd

TPWHRE 91 &4 Confluence of canal amd Resarvadr 1, Lot ndios CamsTon 269300 ST Y Cordlevlaipp. ive

TPW-095  #1 afamy Lanfluente of cangl and Reseresir 1, Loz Indias Gt TEO DT ST W Cyrtonmiar tempicosasis 1R allve

TPW-(35 91 14 Confluenoe of eanal and Beservair 1, Loa Indiae Cymeron 26TIIRH AT 10y Cyrtomnmios tampionerinis G40, 529 veryaeomily =
vary-long dexd

TPA095 91 W48 Confluznee of canal and Reservabr 1, Las fndles CRrmeron TERIDE BT W Creifrwia npleubata I r:hll\':l;-luﬁ.gdud

TEW00S  §1 Wi ConMuettie of tanal spd Rezeregir |, Lea Indios Cameron JEI0R N ST I Guadiula apiculasn H ulva

TPW086 92 IMIITS  Marh Floodwwy Canal, it US 77 poulth ol Sobacifan Cirneron IR MH STHE IR

TPW-8T 93 &4 Dixiakand Ferervoin, Harlingen Cameran PETH SN ST D W Corbieuls 1pm. allve

TEW-08T 1 saen Trxigfard Béserogir, Hadingen Carion TEDPSEY BT Cytondict iompiopasiz | akive

TPWOOT 93 &N1490  Dixichied Reaervair, Hulingen Camern IEESTH ST Y Cyrtonalas tampleseniis 2 Telativaly-tecenity
e

TRWAT 51 slaee Drnigland Reservoir, Hadingen Cartian TR SETH FTHYD0NY Cruaalrula wpiculstn 1 ahive

TPHOIE M W Harlingen Gity Reservnir, Harlingen Cameion 261 LS4 SN I0W

TPV 2F &8s Reiaea de bot Frenuos, norfheast of Sis Bemilo Cameren PETH AT BTS2 Corbleuld pirp, alivg

THWOH 95 GBI Fewsca da fod Freanor, northeast of San Benlita armrn AT SIS LClrfanaior fomoicasmir 3 kS

TPWAORY 95 G5 Reanca de'for Freanon, nariheast of San Banfa Cameman YN SMAEa Cpriomalad namyleeenus L4055 ] relutively-lang dexd

TPWOH 55 35 Reeaacn do beat Fregiar, donbendd of Sun Benim Camercn 26N FTIENIIW Luadvule apfeulera LI} 11] relulwly-recently
g

TPWORK §6  hwhos Romon del Raneho “igjo, soulheast of Rancho Yiejo Cxmeran 2ERGCN TN W

TFW-101 91 77 Resaca &l Rancho Vicla, 5H 3248, Brownsville Cwmern 15"54"I8YH TUMIEW

TPW-10I % 700 Laboe a1 SH 1732 woest o Qe Cameran GMTETN AT AW

TPW-101 % TN Swteney [akes Caremon 2810702 TR AW

TEW-I04 10 65%  Canal dewnstream of Sweency Lakes ni FML 1347 Comema EDRENTH STVIR W

TEW=105 10l 1599 Rexnes d boa Cuabes, FM 8O3 woath of 5H 100 Cameran JEMEH FTIETW Cewrbiiacds tpp,

TPWLI0S 11 &3 Beseea da bos Cusect, FM A0D nonth of SH 100 Cameron ZEROEL AT 1A Cyrtamalar famyi; 1 me|wtisely-recmhihy
dead

TP I 1599 Bemcwde lor Cuntes, Fid 800 nontfhof 3H 109 Cameron 26MAT3H 9T Chtomator tomplfoamzls many e demd

TPW-186 N2 MOMOE  dndies Lake, eage of FM 807 and Cameon CW D ofiice Crarramon IETSTAH S0 129 Corbiewla pp.

TFW-107 1 O Redaca de bog Cugier, st Cameron Cio, WD oMo Cameran IEVF 9T Cyrianaiar iapiaenyls 0,52 verylang dexd

TPW.108 104 76T Rerace de bos Cumien, FM 1421 wese of LIS TIEY Cormstran TOTHCEARH BT AR .

TPW-10F  HOS  hRded Fesacs nl FM 21 16 kmnorth of Fd 1731 Llarémn EOLIFH PP IE W

TEW-1E0 186 E1509 Latrt Al Lake Cameron IFIPNEH ST s s

TEW-IL] [T 1559 Ria Grande, 1eceas oF 3 & at Bovdet Patred St Cameran 25N STROTREW

TPW-112 108 1124 Rla Creanda, saih - Carneron TEETETH FTOANE" W

Peera Rlver Gralnnge

TPW.I13 I 53040 Deteware River, at Raneh Road 652 west of Ol Culberzen FUBIETH LOIT R

TPW.E14 i S0000 Red Diull Reservairn, voulhwest aide Retves J1'S3 51N 10055 QW

TPW.LIE 111 SA000 Red BIuFF Reservair, southmest side near dam Reeves AIPATH 10154 55w

TPW-116 112 30000 Penos River, bebow Red B ufT Camm Rexvea APSY N 1050w Unldemifled fragmerts 0, 5x whbtoasil

TrW-LIT 113 5000 Pecos River, Ranch Rosd G52 casl ol Crle Rrovs IS LN 100 sS4 N

TPW-LIE 114 70298 Lake Haliwrhved, Balrtrhea Sune Park Resves ADSTREN 10N I Lirerhackis imbeei[lly I alive

P11 I8 52000 Peces River, vt SH 302 weyy of Mentane Lawing IO 3N 1035w

TPW-1Hy 116 TI9F  Peees Rlver, frem U35 150 wpsbeam ca 0.5 km CrecheivPeezs NP5 )TN 101N

TPW-111 1T N2EmE Pegos River, low-water crosaing ca | km below 125 190 CrockettPeoce 153" L8N {0155 21w

TPW-122 118 T8 Feros River, Mwewaler erossing ot Dieor Canyon Read CrockewFPeeos 0T [FM 10075005 Unidentified frapmenis 0,523 Tong dead -

subdosil



Table 3. Conlinued,

Sie

Field & N Chube Location Caunty Latiude  Longiheds Specica ~ Cundition

TPW-123 119 ‘T/IE99 Pecos River, 131 sceesy below TPW-[23 (Sin |18} CopckettPecos 05T 10143 23™W Uitdentificd agments  0.5xd lang dead =
sehlirasil

TPwW-124 110 72800 Pecos River, Ind access below TRW-123 (Site L1E) CrockettPagos 043N 10148 50 :

TPW-125 |21 TRR9S Pecos River, kst lowswaler crossing below 115 290 CrocheidTemell  MMF0I™N 100530021 bnidentified frugmens  0.5x3 sukfissil

TPW-136 122 1¥i699  Peres River, 5.9 km below Pandale Yal ¥erde 10T 2T 101w Fapenaiaz popetf 4 retativehy-lang dead

TPW-127 123 101979 Pedot River, 59,3 kon below Pandule ¥al Verds A7 101N 29T FPhperated popeil T retalively-long dend

TPw.12g 124 (O Pecox River, 63.1 kot bebow Fandele Vel Vende IFETHH 10w Fopcrntas popeii 0.5xl relavively-long dend

Ereulls River Drainoge ’

TPW-129 125 #1200 [wwils River, ca & km abgwa Dolan Springs Val Verde IPPET 36N 10D AW Popenolns poresi 0.5x1 whiassil

TPW-130 126 37798 Devily River, at Baker's Aridge Wl Ve 2FETICN 1041w

TPW-131 127 A7 Devils Rivtr, at Finncgen Springs ¥t Vierde PFELIGH 010" 08w

TEWI32 128 2704 Phillips Creck, upstream of Devils River ¥l Verde IFSTUIN 10106 TW

TPW-133 129 40704 Dolun Creek, upatrearn of Devils River Wl Venfe 29"53NETH 101590
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Tablz 4,  Sclected tampling and cellection lscations of Mreshwater bivalves in Mexican wibutarics of the Rio Grande and pther river systems in eattomn Meaxico. Museurn souace Seronyms
include: LACM = Los Angles Counry Museum, MOZ = Museum of Comparative Zoolagy, ANSF » Acadenty of Nawral Scisnces of Phitadelphin, UMMZ = LUniveraity of
Michigan Muzewm of Zeolagy, USNM = ULS. National Muzeum.
Dam Lanatitm Sz Latitirde Lenginade Specieg [« 5
Fio Grande Drainage
Rlo Canches, 13 km NE of Sawcille Chihuabua ITIHI6"N 10452 8w Dlernoior cometas warn valves LACM 62-140.2; Taylor 1994
Rie Comchod, 1.3 ke NW o7 Reseiblln Lhibwahuw IRUISTIEH IR AW Dircenatar comchoy wum valves LACM 6%4241,1; Taylor 1998
REx Conehoy, 1.2 km E of fubimes Chilushua 2EI505N 10576 | BTW Dtcvaring camcfas LACM 69:232.1: Taylor 1952
Rit Safado, canad eu 3 lom WHW Anshuac Blueva Légn TFAET™ TDGTIE 1M Citerbmakla Decheciilis MEE; lohnzen | 4599
QF=f19TE  Rlo Salado, bank sedimetits, Municipio Vit Jusrez 0.9 om HE Preas don Martin Coahuila TPIMG™N 1036 30w Megolarafer nervean wahiarkl Meteall' 1982
D5-/1876  Elin Salude, bank sediments, Municipio Villadusrez 0.9 kea BE Press don Manin Coatila IPACIDN 10036 100w rerdrula courhimag fublizsil  Mecalf |its
O5.=1376  Fir Sxlade, bank sediments, Municipic Yille Jusres 09 kmNE Presadon Manfn© Cophoiln IPICIEN I35 30w (e lreewmedme mitehelit subfoneil  Metcabf 19852
OH—~13T6  Réo Salade, bank pediments, Municipia ¥illa Juavet 9.9 km ME Press don Madin®~— Coghulis TR g I T T Tt Papenaios popedl wwhfossil  Metealf 1582
/=196 Rip Salada, bank wdiments, Munledpe Vitls fuopez .9 kin NE Presa dom Martin Coahulln TFICWN RSt I0W Cyrtonnlar hempfomensiz wubfearil  Mewcall 1982
CH={1976  Ria Saledo, bk stdiments, Murizipia Vills Juurez B8 km NE Preg don Mastin  Cosbuils IPIUICH I0CEI0W  Poramifus metmecdsayl whioall  Metzall 1097
Rla Sabinas Crwhuifa IS 1GE 1w Clrtamafis tompieeariy MCZ: USNM; lolmon 1998
Rio Salrinsa Coahwila bl L T R T Lampattts feres MIE; fahngan |70
"1E55" Rio Agunbeguas, Puniiaguda, ca 4.3 ke NE of General Treving Micewy Lean AEUENISTN BEIAtAW Lifemenut 1p, MCZ 150447-8; Gould 1853;
Jabhrsemn 1999
OS-A1F16 R Salado, 24 km 3 af Anghusg Huwvn [zgn TR0 HSTIW Mrpalonafas mervwprr Toasif Mewnlf L0
G- 1916  Rio Salado, 24 km % of Anahuas Hueva Leon ITOR TN T i fvadrula copcikiona Fraail Mietcell 1922
GH=19746  Rig Sebado, 24 km § of Anshuwad Huwevn Lecn ITONIH 9T Fopenrloy papeii Fosail Metrall 1942
QL1976 Kha Sabado, 3 km 5 of Anshare Mueva Lo I G TN Lanpills terey firaail Meteall | 98
QHdIPTE Rt Ratade, 24 kom 5 al Anahoae M Lean ITH N 5w Truncia cogreia famil Meteall 1982
B5-F1975  Rio Salwda, 24 kin S of Anehiras Myeun Lean AT I0MN ST a0 Lrutncurcing nrinchetll bazll Muazealf 1582
Bin Salada, Anohuse Nueve Iaem AT A 1000l D Gyriomater iamjlcaenaiz M"Z; Johngon 1999
Ria Zalzdo, Lanqure Hugve Leon Cprivtards tamgicoanris - ANSP £201; Mnhroen 1999
Rio Suluifoy, Lamgrdos HMyevn Lecn Fotamilug smatneektayd AMEF 44200; Inhnyen 15540 .
Bla San Juen, Monigmey Mueve Lean IOV M G0 W Cyricnedas tamplepensly UMMZ; Tohnson 1599
D&faf1976  Rio Gan Jyen, 3,3 km ME of Municiphs Chika Huevo Leqan ISR B0 W Pepeaviat popell Towsil Metcall 1942
Rio Zam Jwan, Chiru Mucva Leon IFUTITH BETW Cyprtanios ivspsomensly Touil Mewsr 1942
Rio San Juan, Chima Busve Leon byt I E L s T Ouirsunictie mirchedl! feuil Hecall 1992
0T34 Pip Son Juan, ol Custilbes Hugus Leon PN M D0 Coviiculn fTrmilrec Hilliz xred Mayden 1984
OL=f1934  Ric San tuan, a0 Caglillas Muewa Laon IFITONH 1LY Corbioufe ap, (putple} Hilliy ynd Mayden 1584
Rio Solzdn Hutywa Lacn LEEEEN TR gy freadtule crechiann LSHM; Johnacn 1999
Rio Sabudo Mugvo Lean g e b Bl T Y Pepenalar papati USNM; fohnsan | 959
Rip Fafadm Eluevn Leim IEIPASN PRETA W Trumciife cogmora LISHA ESO0-halegype:
) Jehaon 1589
Eit Sahing(1) Muevo Lean Megafonaio mervosa LIS BXYS 1 ; Toknasy, 15995
Riw Sablnas, Ville luarex Coahuile TFIEOTN 1000 202w Dificaralar canchos LACH 25117 Tylor 1993
Rt Salzdn, 7.2 km 5 of Mireva Laredo Tarraulipas 2EASEETN I T Princraima miohei LRAMZ: Joknson 1999
R Sulpde, 7.2 ke 3 of Nueso Larede Tammulipae IEMTPETH SR Cyvrammiar. tampleoinsly UIME; Johnson | 990
OF=/152¢  Rla Subide, 7,2 kme 5 of Hugvo lamdo Tamaulipay Pl e D e Potamifir seirgckiod UMM £5593; Jahnson [5040
Rin Salade, near Hieve Larabe Turaudipas IEPREH SITIW Trurclific cogirarns USHM BS004a; Fabnacn LD
Flo Salado, neer Mueve Limda Taraulipas FL R TR L i T Thuteilio copmats LSHM 257 105: Johpran 1099
o San Juan, Camarge Tarraullpas bl € iy T L TR T Cyrignatas tampiegensis USNM: Johnsan 1999
Marmars Tamaulipas ATITIEN 9T 5T Litrer o fmbesi s IFSMM: Jahimson 1994
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Tuble 4, Continued.

Duis L b Stk Laxitesde Longitrde Specis o [Wr = Somee
Rin San Fernurdo Doainage
Uk~/1934  Rip San Fernando = Kib Canchos {gencri) Tamaulipay P Enl g TR b b Hillis amd Mayden 1965
Rig Conchoa (= Rin Fernando) Tormulipus Cyriautins tamgicoemis LSNM; LACM 105851;
Jolmson 1909
Rier Soka In Merina Dvadnagn
Ribo Coronn, 5.8 km B af Quetnes Taraulipas FPopenalas popei UMMZ: Mbnyon 1909
Rl Purificzeion, neas Patilia Tamaulipsa 20TOQITH MRS a8 Papenaiar papeft MECZ: Jahwaon 1999
DU1584  Rio Periflewsien dewmeh of Sots b Marina Tamsullpaz TANATN SESRTTW Hitles emd Mayden 1955
Rlo Sau fa Maripa, 6.4 km W of Padills Tamaulipes R Ll BT ket Popsesier popel] MCZ: Fobmaon 19909
if-A1984  Ria Comne ributary (emnemed), 3 km § af Bio Coronz and Mexkian Hag: 1] Turmulipss ST GRCSTOGTW Larbifesds Tustinea HHIf mmd Mayden 1985
01/={1984  Rip Corona vibutary [unoarmed). 3 &m 5 of Rio Canma ond Mexican Huwy 1411 Tamauhipaa 23O SERETO0W Cordiour 15, (purple) Flillin end Maygen 1985
Rio Corrizd Drainnge
122930 Rde Currizal, cn 42 kom S o Hwy 180 wad 700 Sais Iy Marins Tatsulipes ZITI RGN 9300 W Fepencior popat! 1 recently  Howelbs funpubibiedy
1974 g
/{1982 Rio Cwmrizal, st Mexican Hwy 140 Tamaullpas IF0MEN IR Lorblculn fTuming living Hillin and Muwyden 1385
Bin Tamel Drainage
B Sabinas, & of Gormez Farias Taraulipas 210 IR Fopenaias papeit LMBE: Johmaen 1999
Rin Sabineg, E of Gamez Faring Tamaylipas IIFON SO w Chyregnatas tamplooenrle LIMMZ: Jotison 1549
Reio Gieayaleps, 2006 km EME af Cafdad Mg Turraullpas FXAL U H SR FPopendiot popl! MCZ: Mtmson 1909
Rio Guaysbegn, 1006 kmn BHE ol Cuidad Mante Tardulipas TIMEE ™ DRI A Cyredmaiar tamplecemnply MU fohraon 19949
Rl Qunynlega, near Maglacatzin Tarnalipas Foperalar pepely MCZ; faknscn, 1904
Rio Frig (Ri0 Pattn Syalemy, 4.3 km Fom Resoon BenLils Potosi  Z3GHIN o9 TR Popemmizr poprit MCZ; Joknzon 1959
Vallen Rlver (Rio Panues System), Micos Falla, Micos Jan Lais Potosi JI"ITTI4N 557 (2N Pogemalizs popaii MUE: loknom 1959
Walles River (Rio Fanoos Syatam), beoseen Yalles and Fafal Enn Lui Pateri  NCEE'4UM 402w Fopenatos pope! MOCT: tatmean 15994
¥allea River San Ly Polgsi JXOYOMN SoA030E" W FPapenainr papeit INME 21659
Rlo Fareur'n, Panuco Veoruz T2l 11" SR Liaaw Chwrtanaias ramplooemrts MCZ: Johnaon 1904
Rio Tarmmécs {Fanweo ™ Veraauz ITLY M BTSLEW Cymarmiar taryrlecenyly LUSHM: Jotwdon 1999
GIHPES Bl Motieruma, Temucenchale Sun Tis Potasl  RE"1ETISN ST PAW Popemales posaii 4 tiving Srrdih a1 al. 2000
Rio Coronea Dralhage
Rlo Caxomes, WEW of Poti Rica Veramnz IMEITH TR W Popengiar papeis MCZ; Iohnaon 1090
1
Rin Cowxly Brainape 1
Pir Dedeliin, 16 km 5 of Yemerur e _ Vererur [§ a3l T e T Coronatar ramoleaenis LSNM: Johnson 1999
Rio San Joan Drainage and Lago de Catemass
Bt Tepqmate, mesr Tacnilpan Vereoruz 1F 117N 9510 55w Cyrtomalas smptooenrls LEWM: Johnean 1999
Lage de Cancnsca Veroerug FERZ 1M 9502 00 W Corbiicuio Mimines Tarrta-Oroeto and

Tovcqlms-valle 1996
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TFable 5, Locations sarmpied and bivalves colleeicd during dessn Gishes surveys by Taxss Parks and Wildlife porsoneel in the Rio Conchig snd adjacant drainages, Chihuahua, Mexico,
1934 (Howellz 199464),

= Location Siate Lakitude Longitude Specicy L Canditon

08/03/19%4 Ric Conchas, headwater at Cuchillo de Parada Chihuahuz 2991 26" N HMPSFLSW

0B/Q5 1994 Rio Conchag, downstream of Julimes Chiluahua el | I T T Dizcanaias conchor o 5xil relaijvely-recently —
long dead

08061994 Rie Conchos, near Valle d2 Zarzsgosa Chihuahua 2PITAON IOSP4R'S4W . .

08.04/19%4  Rio Chuviscar, ngar San Dicgo de ilcala Chihuahua 28°350O9N 1051255

08/04/1994  Hal springs, near San Dicgo de Alcala, low-water crossing Chihuahia IFIF0SN 105734123 W

(/190 Mol springs, at San Diege de Alcals, low-water crossing  Chihusghya 2ETIR0SN 105734 23w

QENE1 9 Oje de Talmantes {Rie Flarido mibutary), o1 Bafngario Chifiwahua PN 104759TSTW

OR/G/1994  Rio San Pedro, gouth of Satovo at Highwey 24 Chihuzhua ITENECTN 1060655

080741994  Rio Sania lsabela, upsorcam of Rive Palagip Chihuahira BTN M6UIOSEMW

DEAA994 Ris Sania lgabeln, at Rive Palacio Chihtahyz 2E°I2IETN  LGERI0RW

OBAD19%4 Ojo.del Rey, near Anposiura Chihuahua ICURLEMN LISV

O8/101994  Rio Papagochi, below Matachic Chihuahua JCEESIUN 107N AW Anodania 2p.! 0.5x] long dead

0BA0/1%0  Rio Papegochi, brlow Matachic Chitabue JSDEIN 0TSS5 Sphecriidas scverl glive

084091994  Rio gt Basasezchic Chihuahua

OB/ILF1994  Rio Palangana, at BMata Onix Chihushua WPLIIA™H ETOS T

121-24f  Ojo del Alamo, MW of Ceyame . Chihuahia PRI 105°05'5IMY

1994

10:=/1994  Rio Coyame Chihwahua 290753 0SS W

10/~/1%%4  Hiot springs, al Coyame Chihuahea 2°7T9°N L0505 IS~

104198 0o del Laguna, ndorkeic watcrs N of Ciuded Chikeahua Chihuahua P D I o

1=/19%4  Rio Chuyiscar, headwater fiwo sites cambined) Chituzhua ZEMISITH 15T ITEIW

1041994 Rip Chuviscar, at San Diege de Alcala Chihuahua 2PA151™ 105° 31w

! Possibly Anodonta dejecta
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Table 6. Freshwater mussel collection locations reponied in New Meaxics,

including both historic records and recent data from Now Mexico Department of Game
and Fish obtained in the present stody {Lang 1998, 2000). USNM #1035, National Musenm. ANSP = Academy of Natural Scicnces of Philadelphia.

Dare Location Caumnty Lutitate  Longinnds Species Condition Soutce
Rio Grande Dvainage
“19ET" Son Jose River, near San Rafzel Valench 0™ 10750 35w Litterbackia imbaciilis Meck 1557
Pecos River Dratnage
Rio Felix, 3.2 kon M, 0.8 ken £ of center oF Hagerman, N benk Chuaves IF0FITN LD Crripmates fanpleoersis fubfpasi] Matcalf 1982
Rig Felix, 3.2 km M, 0.8 kon E of canter of Hagetinan, N bank Chavea 0IIFN LI Fopenaiay papeii surfipsgil Melcslf 1982
1502 North Spring River, near Reswefl Chaves IF26°05H L4267 56w Fopenalay papelt fresh Cockerell 1902;
= ISNM 158745;
ANSE R1432
Pacos River, 7.2 fon HE of Rozwell Chaves IF2SIEH 104°23" L0™W Papenaivs popeil Johmaon 19949,
USMM
Pecea River, below MeMillon Rescrvgin, Dam to | km downsiream Eddy IPASIIW LA"210F W 0 Cymionatas templecernsis  Foasil Motcalf 1982
- IFIEETN 104721715
Peeoa River, helow McMillan Reservaly, Cim do 1 km doamstrern Eddy AVFFIITH IG5 W e Megnloratas marvara Toaxil Metcalf {982
I°384TH 10472135
Proos River, befow MeMilkin Eeserveir, D bo 1 km downstregms Eddy AISITH IO W ia  Polamilur rrelneciiayi  foagl} Melcall 1982
ITASNTH 1P 35
Facos River, below McMillan Reaervalr, Damto 1 kan downstream Bady EIVE2ITN TI05TW D Popemalas popedi forsil Meiralf 1982
IFASATN 104210 35W
Pt River, below Meddillen Beservoir, Dura tg 1 bin downsiream Eddy IFAE2IN LU0V Wl (vedrwle rosehions Tossil Meatealf 1952
BES54TN 1215w
Pegqy River, belaw MeMillan Reservoir, Dam bo | km downstrear Eddy JFIFIN 102105 o (rlacnimcims mitchall! fossil MerceIl 19452
LTI 12135
Q2P0 Pecos River, upatream of Avelon Reservoir (site BELOGMO0L) Eddy I 1173 Pyganrwion grandis live Lang 2000
Q22000 Pecos River, below Avaton Dam, <a 4.8 km M of Carlsbed (site BK9G.034)  Eddy IFIIEH 0PI ST Pygonedon grandix recenily desd Lang 2000
1937 Pecos River, Carlshad Eddy PN 104 2stw Fopenalas papeli Tohnzan 1999,
ANSP 1720728
Preos River, quarry ivimediately below Fishing Rock £ of foo bridge Eddy 2'IFOTH 10400 0E W Crriomaiar rampiooensis Tassld Melalf 19%2
Frens River, quamry irmediately below Fighing Reck E of low bridpe Eddy 12130 104T0 05N Mepalonaiax rervora Teasil Mcicalf 192
Pecos River, quarry SE skde of Picroe Crossing E& W of road Eddy 111N 1000583 CyHanaios fampicaensls  foasil Meteall 1982
Pecog River, quarry SE slde of Fierve Crossing B&W of moad Eddy AP 102%Eg I Megalanalas nervesa foail Meical[ 1982
Petes River, quarry SE side of Pierve Crossing ZEW of read Eddy AITITN OATSEIEW Fopenatar popeit foasil Metesif 1982
Pecot River, quarry SE side of Piente Crossing E&W of noad Eddy IFITITH 1053w Puadrda coushiona Tossil Meicalf 1982
Fecas Rivet, quarry SE side of Plerce Crosging E& W of road Eady IPUTITN 103"SE W Duincanneing mitchelli  Tossil Meteall’ 1982
19597 Black River, Blzck River Village Io U3 253 Edschy AP LTS Fapenaiar popeii Liwe Lamg 199,
2000 240N IS A T 2000
1993 Delavare River, Teeas border 1o the Pecos River Eddy JNCAN 10405 4TW e Fopenafar popeii sublioas ik Leng 1958
DTN 10401 24w




Table 7. Mean values for selected physicochemical parameters at locations on the Rio Grande, Pecos River, and
Devils River, Texas, obtained from measurements presented in 1.5, Geological Survey reports for water years
t968 {USGS 1968), 1973 (USGS £575), 1986 (Buckner et a1, 1986), 1996 (Gandara et al. 1996), 1999 {Gandara

et al. 1999), and 2000 (Gandara et al. 2001). Values for Amistad, Fatcon, and Anzalduas dams were actually
taken in the Rio Grande downstream of those structures,

Rio Grande - Main chanpel

RRio  Ancal-
Amistad Faleon Grande duas  Browns-
Parameter ElPaso Langtry Dam Laredo Dam City Dam  ville
Flow rate (m'/s) 222 520 456 831 635 682 346 33.0
Taotat phesphorus (mg/L) 0.4} 0.9 =001 0§33 006 013
Snifate (mgfil) 289 240 214 161 200 2049 233 233
Nitrate (mg/L) 039 135 022  L14 040 - 1.62
Chloride (mg/L) 145 it7 idi iig 16 136 167 131
Conductivity (uS/em) E26E 1,214 1,103 050 o7t LG6sS 1020 5322
Suspended sediments (mg/L) 535 2685 s 137 20 G4
Dissolved solids {me/L) 863 772 663 598 589 G435 F30 Th]
Turbidity (MTL 146 775 i 53 i 7
Pacos River Devils River
Oria  Girvin Eanptry Cemstock
Flow rate (m'/s) 2.1 1.0 9.5 6.4
Total phosphorus {mg/L} c.04
Sulfate (mg/L) 2012 3477 467 g
Nitrate (mg/L} 0.52 0.94
Chleride (mg/L) 3477 58t8 777 L5
Conductivity (pSfem) 12,651 21,585 34,551 kH1 |
Suspended sediments (mg/L) 2 22
Dissolved solids (mz/L) o4z 12955 2038 214
Turbidity (NTLH) 10 5
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Table 8. Annual mean values for flow rate, nitrate concentration, and suspended sediments at locations on the
Rio Grande, Pecos River, and Devils River, Texas, obtained from measurements presented in U5, Geological
Survey reports for water years 1968 {USGS 1968), 1975 (USGS 1975}, 1986 (Buckner et al, 1946), 1996
{Gandara et al. 1996), 1999 {Gandara et al. 1999), and 2000 (Gandara et al, 20013, Values for Amistad,
Falcon, and Anzalduas dams were acwally taken in the Rio Grande downstream: of those souctures,

Year

1968 1975 1986 1996 199% 20600

Flow Rate (m*/s)
Rio Grande - El Paso 272 169 199 2438
Rio Grande — Langtry _ 348 320 352 633 534
Rio Grande - Amistad Dam 804 462 304 255
Ri¢ Grande — Laredo 1489 110.9 468 658 432
Rio Grande - Falcon Dam 984 614 327 615
Rio Grande - Rio Grande City 974 640 566 3549
Rio Grande - Los Ebanos G983 304 417 38
Rio Grande - Anzalduas Dam 39.0 334 348 311
Rio Grande — Brownsville Bl.Lt 995 82 131 1.0 53
Pecos River— Orla 24 26 0.8 2.5
Pecos River — Langtry 0.5 20 7.2 160 06 0.7
Devils River - Comstock &.0 6.9 3.0 4.0

Nitrate (mg/L}
Rio Grande — Langtry 32 15 10 07 08 08
Rio Grande — Laredo 3.7 06 04 0.7 .5
Rio Grande — Brownsville 60 03 09 0.1 0.4 0.2,
Pecos River — Langtry 1.8 06 03 04 09
Devils River — Comstock i2 0.7

Suspended sediments (mg/L)

Rio Grande - Lanptry 654 2364 4113 3,600
Rio Grande - Falcon Dam 122 29 19 20
Rio Grande — Brownsvilte 120 63 47 64
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Figure 9. Selected historic feshwater mussel collection sites and locations reperied by Lang (1994, 2000) in the upper Rio Grande Drain
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Figure 10, Tampico pearlymussel Cyrtonaias tampicoensis: Amistad Reservoir, Val Verde County, Texas, 20 September
19935, 82 mm shell length, Specimen has pale nacre typical of Rio Grande populations. Photo by R.G. Howells

Figurz 11, Tampico pearlymussel Cyrionaias tampicoensis,

Figure 12. Historic distributlion of Tampico pearlymussel
Stillhouse Hollow Reserveir, Bell County, Texas.

Cyrtonaias fampicoensis. Dols represent
7 August 1996, 101 mm shell length. Specimen unsuccessful introductions in the Trinity
has dark nacre typical of Central Texas pepulations, and Red rivers.
Fhoto by R.G. Howells.
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Figure 13, Conchos disk Disconaias conchos: Rio Conchos near Julimes, Chihuahua, Mexico, 6 August 1994, 149 and
115 mm shell length, Photo by R.G. Howells,

Figure 14. Conchos disk Disconaias coneftos: Rio Conchos near Figure 15. Approximate known range of Conchos
Julimes, Chilhuahug, Mexico, 6 August 1994, 75 mum disk Disconaine conchos,
shell length. Photo by B.G. Howells.



Figure 16. Yellow sandshell Lampsilis teres: Lake Corpus Christi, Live Oak County, Texas, July 1396, 82 and 95 mm shell
length., Male bottom left; female top right. Photo by R.G. Howells,

Figure 17. Historic range of yellow sandshell Lampsilis feres.
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Figurc 18, Washboard Megalonaias nervosa: Guadalupe River, Gonzales County, Texas, 22 May 1996, 153 mm shell
length, Pheto by B.G. Howells,

Figure 19. Histonc range of washboard Megalonaias nervosa. Dot represenis an introduction in Nasworthy Reservoir,
Tom Green County, Texas,
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Figure 20, Texas homshell Popenaias popeii: Rio Grande al the mouth of San Francisco Creek, Brewstcr/Terrell
Countics, Texas, 6 January 1992, 108 mm shell length, Photo by R.G. Howells.

Figure 21. Historic range of Texas hornshell Popenaias popeii. Dots represent single-specimen collections on the South
Concho River, Tom Green County, and Llano River, Llano County, Texas.



Figure 22. Salina mucket Potamilus metneckiayi: Rio Grande at Dryden Crossing, Terrell County, Texas, 6 January 1992,
79 and 92 mm shell length. Photo by B.G. Howells,

Fignre 23. Historic range of Salina muckel Potamifus metneckiavi.
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Figure 24. Bleuler Potamitus purpuratus: Amistad Reservoir, Val Verde County, Texas, 21 December 1994, 129 mm
shell length. Nacre color in fresh specimens is more rosy-purple than in the bleached specimen shown. Photo
by R.G. Howells.

Figure 235, Historic range of bleufer Pofamifus purpuratns. Dots represent introductions in Lake Corpus Christi, Live Oak
County, and Amistad Reservoir, Val Verde County, Texas,
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Figure 26. Giant floater Pyganodon grandis: Joe Pool Reservoir, Tarrant County, Texas, 16 September 1998, 125 mm shell
length. Photo by R.G. Howells,

Figure 27, Historic range of giant Noaler Pyvganodon grandis. Dots represent introductions in El Paso, Texas, and in the
upper Pecos and Canadian rivers, New Mexico,



Figure 28. Southern maplelcal Quadrila apiculata: Falcon Reservoir, Zapata County, Texas, 17 April 1995, 65 mm shell
length. Photo by R.G. Howells,

Figurc 24, Historic distribution of southerm mapleleal Quadrila apicslate.  An introduced population in Tennessee is
indicated.

Gl



Figure 3(). Rio Grande monkeyface Quadrula eouchiana: Las Moras Creek, Kinney County, Texas, May 1898, 31 mm
shell length. Photo by B.G. Howells,

Figurer 31. Historic range of Rio Grande monkeyface Quadrula couchiana.
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Figure 32, False spike Quincuncing mitchelli: left center — Leon River, Bell County, Texas, 6 October 1983, 61 mm shell
length (s1); bottom right — Lampasas River, Bell County, Texas, 16 December 1980, 41 mm sl top right (an
clongale, gravel-bar morph) Llano River, Kimble County, Texas, 7 September 1974, 73 mm sl. Photo by R.G.
Howells.

Figure 33. Historic distribution of false spike (hincuncina mitchelli.
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Figure 34, Lilliput Toxolasia parvus. Falcon Reservoir, Zapata County, Texas, 17 April 1995, 27 mm shell length, Photo
by R.G. Howells,

Figure 35. Historic distribution of lilliput Taxolasma parnus,
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Figure 36, Texas hilliput Toxolnsma fexasiensis: Lake Livingsion, Trinity County, Texas, 30 July 1996, 45 and 55 mm shell
length; male above; female below. Photo by R.G. Howells.

Fipure 37. Historic range of Texas lillipul Toxalasma texasiensis,
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Figure 38. Mexican lawnsfoot Truncilln cognata: Rio Grande, Val Verde County, Texas, 10 Junc 1992; 36 mm shell
length. Photo by R.G. Howells,

Figure 39. Hisloric distribution of Mexican fawnsfoot Tewneilln cognaia,
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Figure 40. Pondhorn sp. Uniomerus sp. Agua Dulce Creek. Jim Wells County, Texas, 26 March 2001, 77 mm shell
length. This specimen from the Baflin Bay Drainage immediatcly north of the Rio Grande is similar to material
from the lower Rio Grande Vallcy. Photo by R.G. Howells.

Figure 41. Pondhomn Uniomerus tetralasnrus. Boy Scout Figure 42, Tapered pondhorn Uniomerus declivis: Pond
Lakes, Roberison County, Texas, May 1992, Creck, Falls County, Texas, 10 August 1994,
75 mm shell length. Pholo by B.G. Howells, 102 mm shell length. Photo by B.G. Howells.
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Figure 45. Paper pondshell Ltterbackia imbecillis: San Miguel Creek, Mchullen County, Texas, 26 July 1994, 75 mm
shell length. Photo by R.G. Huwc!ls,

Figure 46, Historic distribution of paper pondshell Litterbackia imbeciliis. Dots represent collections in the upper Rio
Grande and Canadian River drainages, New Mexico,
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Figure 47, Threeridge Amblema plicata
Photo by R

98 mm shell length.

1994

County, Texas, 14 July
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64

G, Howells,

Figure 48. Round pearlshell Glebula rotundata
Photo by R



Figure 4. Asian clam Corbicula fluminea — white morph; Lake Balmorhea, Reeves County, Texas, 17 August 1998, 53

mm shell length, Photo by B_.G. Howells,

Figure 50, Asian clam Carbicula sp. — purple morph:
San Miguel Creelk, McMullen County, Texas,
27 March 1994, 27 and 32 mm shell length.
Photo by B.G. Howells.

Figure 51, Fingernail clam (Sphaeriidae): Ballinger

FLt

City Lake, Runnels County, Texas, August
1993, (-7 mm shell length.
Photo by R.G. Howells.
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Figure 52, Mean 10-year precipitation values from selected focations on the Rie Grande, Texas. Data was obtained from
the Texas Office of State Climatologist, Cellege Station, Texas. Values were created by averaging alt available
data for each site for 2ach decade or partial decade,
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Figure 33. Mean flow rate (cubic metersfsecond, CMS) at selected ipcations on the Rio Grande, Texas, calendated from
data presented in U.5. Geotogicat Survey reports for water years 1968 (USGS 1968), 1975 (USGS 1975), 1986
(Buckner et al. 1986}, 1996 (Gandars et 2], 1996), 1999 (Gandara & al. 1959, and 2000 {Gandara et al. 20017,
Values for Amistad, Faleon, and Anzaludas dams were actually taken in the Rio Grande downstrean of those
sHuctares.
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Figure 54. Mean flow rates (cubic meters/second, CMS) at selected sites on the upper Rio Grande, Texas, calcwlated from
data presepted in U.5. Geelogical Servey reports for water years 1975 (USGS 1975}, 1986 (Buckner et al.
1986}, 19296 (Gandara et al. 1996), 1999 (Gandara et al. £999), and 2060 {Gandara et al. 2001). Valuss for
Amistad Dam were acally taken in the Rio Grande downstream of that structure.
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Figure 55 Mean {low rates (cubic meters/second, UMS) at selected sites on the central Rio Grande, Texas, calculated
from data presented in 115, Geological Survey teports for water years 1975 {USGS 1975), 1986 {Buckner et ak
1986), 1996 {Gandara et al. 1996), 1999 (Gandara et al. 1999}, and 2006 (Gandara e al, 2001). Values for
Faicon Dam were achually taken in the Rio Grande downstream of that structure.
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Figure 56 Mean flow rates (cubic meters/second, CWS) at selected sftes an the central Rio Grande, Texas, caleulated
from data presented in L).3. Geological Survey reports for water years 1968 (USGS 1568}, 1975 (USGS 1975),

1986 (Buckner et al. 1986), 1996 (Gandara et al. 1996), 1999 (Gandara et at. 1999, and 2000 {Gandara et =t.
2001).
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Figure 57. Mean total phosphorus levels (mg/L) at selected sites on the Rio Grande, Texas, calcolated from data
presented in 1.5, Geological Survey reports for water years 1968 (USGS 19683, 1975 (USGS 1975), 1936
(Buckner et al. 1986}, 1596 (Gandara et al. 1996), 1999 (Gandara et al. 1999}, and 2000 {Gandara et al, 200 i)
WValues for Amistad and Falcon dams were actually taken in the Rie Grande downstream of these structures.
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Figure 38. Mean sulfate levels (mg/L) at selected sitas on the Rio Grande, Texas, caleulated from data presented in U.S.
Geolegical Survey reports for water years 1968 (USGS 1968), 1975 {USGS 1973}, 1986 (Buckner et al. 1936),
1996 (Gandara et al. 1996), 1999 {Gandara et al. 1999), and 2000 (Gandara et ai. 2001 ). Valnes for Amistad,
Faleom, and Anzalduas dams were actually taken in the Rio Grande downstream of these-structure: RG City =
Rio Grande City.
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Figure 39, Mean sulfate ievels {mg/L} at Oz, Girvin, and near Langiry on the Peoos River (1968, 1975, 1986, 1996,
1999, 200() and near Comstock on the Bevils River (1988, 1996), Texas, calculated from data presented in U5,
Geological Survey reports for water years 1968 (USGS 19683, 1975 (USGS 1973), 1986 (Buckner et al.1936),
1996 (Gandara et al. 1996}, 1999 (Gandara et al. 1999), and 2000 (Gandara et al. 2004).
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Figure 60. Mean nitrate levels (me/L} near Langiry and at Laredo and Brownsvilie, Rio Grande, Texas, calculated
from data presented in U.S, Geological Survey reponts for water years 1968 (USGS 1968), 1975 {lISGS 1973),
1986 (Buckner et al. 1986), 1996 (Gandara et al. £996), 1999 (Gandara ef al. 1999), and 2000 (Gandara et al.
20013
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Figure 61. Mean nimate levels {zmg/L} in the Pecos River near Langtry and the Devils River near Comstock, Texas,
calculated from data presented in U.8. Geological Survey reports for water years 1973 {USGS 1575), 1986
{Buckner et al. 1986}, 1996 (Gandara et al. 1296}, 1999 (Gandarz ¢t al. 1999), and 2000 (Gandara et al. 200).
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Figure 62. Mean nitrate levels (mg/L) at selected sites on the Rio Grande, Texas, calculated from data presented jn LE S,
Geological Survey reports for water vears 1968 (USGS 1968}, 975 (LISGS 1975), 1986 (Buckner et al. 1936),
1996 (Gandara et al. 1996), 1999 (Gandara et al. 1999}, and 2000 {Gandara et a1, 2001 1. Values for Amistad,

Faicon, and Anzalduas dams were actaally taken in the Rio Grande downstream of those structure: RG City =
Rio Grande City.

76



180 4

153 4

148

12}

100G

MELTER

B Pazo Langhy ks Lad Ry Lorsdr Frlcen, Dam RiE Ciey Ancadduas Dam  Brownsyine
LPSTREAM TO DOWNSTREAM

Figure 63, Mean chioride levels {mg/L} at selected sites on the Rio Grande, Texas, calculated from data presented in U5,
Geological Survey reports for water years 1968 (USGS 1968), 1975 (USGS 575}, 1986 (Buckner et al. 1986},
1996 (Gandara et al. 1996), 199% (Gandara et al. 1999}, and 2000 (Gandara et al. 2001). Values for Amistad,

Falcon, and Analduas dams werz actualiy taken in the Rio Grande downstream of those struciures: RO Cigy =
Rio Grande Ciry.
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Figure 64. Mean conductivity levels (uS/cm) at selected sites on the Rio Grande, Texas, calculated from data presented in
UL5. Geological Survey reports for water years 1968 (USGE 19683, 1975 {USGS 1975), 198G (Buckner et b,
1986}, 1996 (Gandara et al. 1996), 1999 {Gandara et al, 1999), and 2060 (Gandara e al. 2001 1. Values for

Amistad, Falcon, and Anzalduas dams were aciually taken in the Rio Grande downstream of those struciures:
KRG Citvy = Rio Grande City.
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Figure 65. Mean chloride Jevels (mg/L} at Orla, Girvin, and near Langtry on the Pecos River {#968, 1975, 1986, 1994,
1999, 2000} and near Comstock on the Devils River (1986, 1996), Texas, calculated from data presented in L1S,
(Geological Survey reports for water years 1968 {USGS 1%68), 1975 (USGS 1975), 1986 {Buckner et al. 1986),
1996 (Gandara et al. 1996), 1993 (Gandara et al. 1999), and 2000 (Gandara et al. 2001).

Sk

ria Sl Langey Lomioo
UPSTREAN TO DOHVNSTRERM

Figure 66. Mean conductivity levels (uS/em) at Osla, Girvin, and near Langty on the Pecos River (1968, 1975, 1936,
1996, 1999, 2000) and near Comstock on the Devils River (1986, 1996, 2000), Texas, calculated from dats
presented in U.S. Geological Survey Teports for water years 1968 (LISGS 1968), 1975 (USGS L973), 1986
({Buckner et al. 1988), 1996 (Gandara et al, 1996), 1999 {Giandara et ab. 1999, and 2000 (Gandara et al. 20017
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Figure 67. Mean tota} dissolved solids (mg/L} at selected sites on the Rio Grande, Texas, calvolated from data presented in
U.5. Geological Survey reports for water vears 1968 (USGS 1968), 1975 (USGS 1975), 1986 (Buckner et st
1986), 1596 (Gandara et al. 1996), 1999 (Gandara et al. $999), and 2000 {Gandara et al. 2001). Values for
Amistad, Falcon, and Anzalduas dasms were actually taken in the Rio Grande downstream of those structures:
RG City = Rio Grande City.
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Figure 68. Mean totat disselved solids (me/L} at Orlz, Girvin, and near Langiry on the Pecos River {1975, 1986, 1986,
1999, 2000) and near Comstock on the Devils River (1986, 1956}, Texas, calculated from data presented in LS.

Creological Survey reports for water years 1975 (UJSGS 1975}, 1934 {Buckner et al, 1986), 1996 {Gandara et al.
1996), 1995 (Gandara et al. 1999), and 2000 (Gandara et al. 2001}
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Figure 69. Mean suspended sediment levels (mg/L) at salected sites on the Rio Grande, Texas, cafculated from data
presented in U.5. Geological Survey reports for water years 1986 (Buckoer et al. 1986}, 1996 {Gandara et al,
19964, 1999 {(Gandara et al. 1999), and 2000 (Gandara et al, 2004). Values for Amistad and Falcon dams were
actually taken in the Rio Grands downstream of those structures,
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Figure 70. Mean suspended sediment Yevels (mg/L) in the Rio Grande near Langwy, Larede, and Brownsville, Texas,
catculated from data presented in U.S. Geological Survey repows for water vears 986 (Buckner et ), 1936),
1996 (Gandarz et al. 1936}, 1999 (Gandara et al. 1995}, and 2800 (Gandara et al. 2001 J.
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Figure 71. Mean turbidity levels (nephelometric turbidiey wnits, NTU) at selected sites on the Rio Grande, Texas,
calculated from data presented in U.S. Geological Survey repoarts for water years 1975 (USGS 1975), 1986
{Buckner et al. 1936), 1996 ((Gandara et al. 1996), 1999 {(Gandara et al. 1999), and 2004 (Gandara et al. 2401 )
Values for Amistad and Falcen dams were actually taken in the Rio Grande downstream of those struciures,
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