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PETITIONERS

The Center for Biological Diversity (Center) is a non-profit, public interest environmental
organization dedicated to the protection of native species and their habitats through science,
policy, and environmental law. The Center is supported by more than 990,000 members and
activists throughout the United States. The Center and its members are concerned with the
conservation of endangered species and the effective implementation of the Endangered Species
Act.

The Cahaba Riverkeeper defends the ecological integrity of the Cahaba River, its tributaries and
watershed, to ensure clean water, a healthy aquatic, and the recreational and aesthetic values of
the water. A nonprofit community-based environmental organization, Cahaba Riverkeeper is also
dedicated to the scientific study of the Cahaba and ensuring that current data are available to the
public. The watershed is monitored to identify violations of clean water legislation. If
notification to violators and appropriate authorities fails to produce appropriate action, remedial
and legal action will be pursued to protect Alabama’s natural resources and drinking water

supply.
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Submitted this 21% of June, 2016

Pursuant to Section 4(b) of the Endangered Species Act (ESA), 16 U.S.C. § 1533(b); section
553(e) of the Administrative Procedure Act (APA), 5 U.S.C. § 553(e); and 50 C.F.R. §
424.14(a), the Center for Biological Diversity, Tara Easter, Tierra Curry, and the Cahaba
Riverkeeper, Myra Crawford, David Butler, Peggy Gargis, Shaun Crawford, Paula Fancher and
Stephen L. Sexton hereby petition the Secretary of the Interior, through the U.S. Fish and
Wildlife Service (FWS or Service), to protect the oblong rocksnail (Leptoxis compacta) as a
threatened or endangered species.

FWS has jurisdiction over this petition. This petition sets in motion a specific process, placing
definite response requirements on FWS. Specifically, the Service must issue an initial finding as
to whether the petition “presents substantial scientific or commercial information indicating that
the petitioned action may be warranted.” 16 U.S.C. § 1533(b)(3)(A). FWS must make this initial
finding “[t]o the maximum extent practicable, within 90 days after receiving the petition.” Id.
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EXECUTIVE SUMMARY

The oblong rocksnail (Leptoxis compacta) is small aquatic snail found only in the Cahaba River
in the Mobile River Basin of Alabama. This freshwater gastropod was declared extinct in 2000
and had not been seen since 1933, but in 2011, Dr. Nathan Whelan rediscovered the species. This
snail occurs only in a single population in the Cahaba River and is threatened by point-source
and nonpoint-source pollution from urban and agricultural runoff, human population growth,
climate change, and invasive species. Its vulnerability to these threats is further compounded by
its small population size, limited range, and inability to disperse.

The oblong rocksnail warrants listing as a threatened or endangered species. The Endangered
Species Act states that a species shall be determined to be endangered or threatened based on any
one of five factors (16 U.S.C. 8 1533 (a)(1)). The snail is threatened by three of these factors —
the modification or curtailment of habitat or range, the inadequacy of existing regulatory
mechanisms to ensure its survival, and other factors including invasive species, climate change,
and its limited range.

Il INTRODUCTION

The oblong rocksnail (Leptoxis compacta) is a small, gill-breathing, freshwater snail. It was
considered extinct but was rediscovered in 2011 (Whelan et al. 2012) after having not been seen
for at least 70 years. The oblong rocksnail lives only in the Cahaba River and currently occurs
only in a single population. Its historic decline is assumed to be due to habitat degradation,
pollution from urban and agricultural runoff, sedimentation, and eutrophication (Ibid.). Its single
remaining population is threatened by restricted range, habitat degradation, invasive species, and
climate change. Without Endangered Species Act protection, extinction looms for this endemic
gastropod.

Freshwater snails are diverse and critical components of aquatic ecosystems worldwide (Johnson
et al. 2013, p. 248). In many areas, gastropods dominate benthic stream communities in
abundance and often make up more than half of the invertebrate biomass (Hawkins and Furnish
1987, Johnson and Brown 1997, Brown et al. 2008, Brown and Lydeard 2010, cited in Johnson
et al. 2013, p. 248). Gastropods are important aquatic grazers, and they regulate primary
productivity, playing a crucial role in aquatic food webs and nutrient cycling (Huryn et al. 1995,
Covich et al. 1999, cited in Johnson et al. 2013, p. 248; Stewart and Garcia 2002, p. 177). That
snails, and more specifically, pleurocerid snails such as L. compacta, can be the dominant
invertebrate taxa suggests that they significantly contribute to the overall structure and function
of the stream environment (Tolley-Jordan et al. 2015, p. 236).

North America, and the southeastern United States especially, holds the highest diversity of
freshwater mollusks in the world, including a rich array of gastropod species (Neves et al. 1997,
Bouchet and Rocroi 2005, cited in Johnson et al. 2013, p. 248). There are 703 freshwater
gastropod species in North America (Johnson et al. 2013, p. 258) — 342 of which are gill-
breathers (USFWS 2010, p. 14). Of these species, an assessment by the American Fisheries
Society concluded that 73 are vulnerable, 102 are threatened, 278 are endangered, 67 are extinct
or possibly extinct, and the status of 26 species is unknown (Johnson et al. 2013, p. 258). Almost



half of all known Pleurocidea species in the United States are considered at risk (NatureServe
2007, cited in Brown et al. 2008, p. 484). While the high diversity and 74 percent imperilment
rate of North American snails is astonishing, the Mobile River Basin of Alabama is the epicenter
of molluscan diversity — and extinction events (Williams et al. 2008, Lydeard and Mayden 1995,
Neves et al. 1997, Johnson et al. 2012, cited in Whelan et al. 2012, p. 1).

The Mobile River Basin has the highest levels of freshwater molluscan diversity with a total of
118 gastropod species, including many endemic species (Lévéque et al. 2005, Strong et al. 2008,
cited in Tolley-Jordan et al. 2015, p. 236). Unfortunately, a striking number of these unique
species have been lost due to anthropogenic activities (Whelan et al. 2012, p. 1). At least 47
mollusk species have gone extinct, including 37 gastropods, and many other species have been
locally extirpated (Lydeard and Mayden 1995, Neves et al. 1997, Johnson et al. 2012, O Foighil
et al. 2011, cited in Whelan et al. 2012, p. 1). These extinctions make the Mobile River Basin a
hotspot of the global extinction crisis, the site of one third of all known molluscan extinctions
globally (Regnier et al. 2009, cited in Whelan et al. 2012, p. 1). In fact, the inundation of the
Coosa River alone drove 34 species in at least three genera to extinction and is considered the
single largest modern extinction event in North America (Bogan et al. 1995, Neves et al. 1997,
Lydeard et al. 2004, O Foighil et al. 2011, cited in Johnson et al. 2013, p. 249).

Of the 37 gastropod extinctions, the Pleurocidae family suffered the most, accounting for 29 of
the 37 (Johnson et al. 2012, cited in Whelan et al. 2012, p. 1). Pleurocerids throughout North
America are highly endangered and under-studied (See Table 1; Johnson et al. 2013, p. 253;
Brown et al. 2008, p. 484), but the Cahaba River serves as a globally significant refuge for these
snails (Stein 1976, cited in Tolley-Jordan et al. 2015, p. 236). This basin supports 20 pleurocerid
species, nine of which are endemic (Mirarchi et al. 2004, cited in Tolley-Jordan et al. 2015, p.
236). Of these remaining snails, three are federally listed, seven are considered highest
conservation concern (with the addition of L. compacta), and four others are considered critically
imperiled, imperiled, or vulnerable (USFWS 2010, p. 14).



Table 1: Taxonomic distribution, percent imperiled, and number of extinct Canadian and United States
freshwater gastropods assessed by the American Fisheries Society (Johnson et al. 2013, p. 253, Table 1).

Family Genera Species  Percent Imperiled Number Extinct Officially Listed
Ampullariidae 1 1 0 0 0
Amnicolidae 4 18 61 1 0
Assimineidae 1 2 100 0 1
Cochliopidae 14 48 91 0 6
Hydrobiidae 16 185 92 4 14
Lithoglyphidae 11 73 64 4 2
Pleuroceridae 7 162 79 33 8
Pomatiopsidae 1 6 66 1 0
Semisulcospiridae 1 11 91 1 0
Viviparidae 4 21 24 0 3
Neritidae 1 5 60 0 0
Acroloxidae 1 1 100 0 0
Lymnaeidae 9 61 60 10 3
Physidae 5 47 55 1 3
Planorbidae 16 52 44 10 1
Valvatidae 1 10 50 1 0
Total 93 703 67 23

Despite the critical role that snails play in freshwater ecosystems and their extraordinarily high
rates of extinction, little attention has been given to their habitat requirements, life histories, and
conservation statuses (Johnson et al. 2013, p. 249, 260; Brown et al. 2008, p. 489-490, 484,
Stewart and Garcia 2002, p. 178-179). Species in the Mobile River Basin continue to be
threatened by impoundments, channelization for navigation, pollution from agriculture, mines,
and urban centers, invasive species, and a growing human population destined to compete with
native fauna over water use as watersheds become depleted as a result of climate change
(Whelan et al. 2012, p. 4; Brown et al. 2008, p. 484; USFWS 2009, p. 31121). The oblong
rocksnail has been given a second chance and needs immediate protection under the Endangered
Species Act to prevent its extinction.

. NATURAL HISTORY
A. Taxonomy and Description

The oblong rocksnail, Leptoxis compacta, is a gastropod in the Pleuroceridae family, which
includes gill-breathing, operculate snails found in North America, Asia, and Africa (Lydeard et
al. 1997, p. 117). This family reaches its greatest diversity, however, in the southeastern United
States (Ibid.). Pleurocerids are the second most diverse group of North American freshwater
snails (Johnson et al. 2013, p. 253), comprised of seven genera and approximately 153 species
(Lydeard et al. 1997, p. 117). Pleurocerids are also one of the most imperiled families; almost 80
percent of known species are threatened with extinction (Johnson et al. 2013, p. 253). There are
23 species in the genus Leptoxis, 15 of which occur or occurred in the Mobile River Basin
(Ibid.), where L. compacta is also found (Whelan et al. 2012, p. 1).



Table 2: Oblong rocksnail taxonomy (NatureServe 2015)

Kingdom |Phylum Class Order Family Genus Species

Animalia Mollusca Gastropoda  |Neotaenioglossa | Pleuroceridae Leptoxis compacta

Leptoxis compacta was first described by Anthony (1854, cited in Whelan et al. 2012, p. 3). Its
shells are easily distinguishable from other sympatric species, described below:

Juvenile L. compacta shells possess one distinct carina on the main body whorl, which is
eventually lost as adults (Fig. 1). Individuals with shell pigmentation lines are always
present in three wide bands. Most wild-caught individuals had purple pigmentation on the
columella indentation, but this trait was not observed in juveniles propagated in captivity.
The external tissue pigmentation of L. compacta is yellow, mottled with black and
includes prominent black bands in the middle of the proboscis and on both eyes (Fig. 3).
This pigmentation banding pattern is identical to sympatric L. ampla (not figured).
Pigmentation patterns and the presence of an ocular peduncle are features that distinguish
L. compacta from sympatric Elimia spp. including E. clara (Anthony 1854) (Fig. 3),
which is conchologically most similar to L. compacta (Figs. 1, 2) (Whelan et al. 2012, p.
3).

Figure 1: Growth series of L. compacta (Whelan et al. 2012, p. 3, Fig. 2)



Figure 2: Lectotypes of pleurocerids sympatric with L. compacta. A) L. ampla (MCZ 161803). B) E. ampla (MCZ
161735). C) E. annetae (UMMZ 128908). D) E. cahawbensis (USNM 119055). E) E. clara (MCZ 072329) F) E.
showalteri (ANSP 26881) G) E. variata (USNM 118756). F) P. prasinatum (USNM 122206) (Whelan et al. 2012,
p. 4, Fig. 3)

Figure 3: Photograph of live L. compacta from the Cahaba River, Shelby County, Alabama (left) (Whelan et al.
2012, p. 4, Fig. 4), Photograph of live E. clara from the Cahaba River, Shelby County, Alabama (right) (Id., Fig. 5).

The basal margin of the rachidian tooth is widely convex. The central cusp is blunt and
flanked by 4-5 denticles, with the outermost being weakly developed in most cases (Fig.
4 A, B). The lateral tooth contains one larger rectangular central cusp that is flanked by
4-5 outer denticles and 3—4 inner denticles (Fig. 4 B, C). The inner marginal teeth
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contain 10-12 denticles (Fig. 5 D, E). The number of denticles on the outer marginal
teeth varies from 12-16, within and among individuals, and the outer denticles are often
weakly developed (Fig. 4 D, E) (Whelan et al. 2012, p. 3)
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Figure 4: Scanning electron micrographs of L. compacta radulae collected in May 2011 (A-E) and the radula of
historically collected individual (F). A) Section of anterior radular ribbon. B) Detailed view of rachidian and lateral
teeth. C) View of lateral teeth at 45 degree angle, and slightly rotated counter-clockwise. D-E) Views of marginal

teeth showing variation between individuals. F) Rachidian and lateral teeth removed from individual collected in
1881 (USNM 509539) (Whelan et al. 2012, p. 5, Fig. 6).

B. Life History

Life histories vary widely among species in the Pleuroceridae family (Whelan et al. 2015, p. 1).
Life span varies from two years (for example, Leptoxis carinata) to six years (Elimia species),
semelparity and iteroparity have both been documented, and eggs are laid in different patterns
(Ibid.). Life history variations may have important implications for conservation strategies
(Whelan et al. 2015, p. 1). For example, egg-laying behaviors are important to consider when
making critical habitat designations (Ibid. at 9). Single-egg laying species, such as L. compacta,
seem to reproduce better in faster flowing environments (lbid.). More generally, their slow
growth and prolonged maturation makes this family of snails exceptionally vulnerable to
extinction (Brown and Johnson 2004, cited in Johnson et al. 2013, p. 253).

All pleurocerids are dioecious. Sexual maturity is reached around one or two years of age.
Females fertilize eggs internally, but males lack a penis. Researchers have not yet observed the
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exact mechanism of sperm transfer (Dazo 1965, Strong 2005, cited in Whelan et al. 2015, p. 1).
Leptoxis species lay eggs in one of three observed patterns: circular clutches, single eggs laid in
a random pattern, and linear arrangements of single eggs, and egg-laying patterns do not vary
within species (Whelan et al. 2015, p. 4). Leptoxis compacta lays eggs in a non-random linear
pattern and are not cohesively bound together by mucus or other organic matter (Whelan et al.
2015, p. 6). Eggs are c. 0.3 mm in diameter, and the hatch about 14 days after oviposition (Ibid.,
p. 4). In lab studies, all Leptoxis species laid eggs below the water line (all but L. foremanni) on
the walls of the tanks or on the underside of terracotta tiles, and sometimes on the shells of other
snails (Ibid.). These observations match what one would expect to see in a natural environment;
qualitative studies in the wild have observed eggs on the undersides or vertical sides of clean,
hard substrates (Ibid.).

Oviposition occurs during species-specific time periods in the spring and/or summer (Stimpson
1864, Jones and Branson 1964, Aldridge 1982, Miller-Way and Way 1989, Brown and Johnson
2004, Johnson 2010a, b, cited in Whelan et al. 2015, p. 1). Following the rediscovery and
collection of L. compacta in May 2011, eggs were laid by female L. compacta within three days
of being transferred to captivity, which suggests that these rocksnails were breeding in the wild
when collected (Whelan et al. 2012, p. 3). Oviposition appears to be spurred by temperature for
Leptoxis species, and different temperature cues are correlated with egg-laying patterns (Whelan
et al. 2015, p. 4). L. compacta, along with most other Leptoxis species, only laid eggs in a lab
study when temperatures reached 22° Celsius or greater (Ibid.). Once oviposition began, it
typically continued for 60 to 90 days (Ibid.).

Figure 5: Photograph of two eggs that were laid by captive L.
compacta (Whelan et al. 2012, p. 5, Fig. 7).

More detailed studies are needed to understand Leptoxis diversity, life-history evolution, and
population densities and distributions (Brown et al. 2008, p. 489-490; Whelan et al. 2015, p. 8).

C. Feeding and Ecology

Little is known about the current feeding and ecological characteristics of L. compacta since it
was not seen for over 70 years, and regardless, little is known about pleurocerid life history
overall (USFWS 2009, p. 31116; USFWS 1997, p. 54021-54022). Generally, pleurocerids are
considered to be important aquatic grazers which are adapted for scraping algae and other



microorganisms from hard substrates (Hill et al. 1995, Johnson and Brown 1997, Rosemond et
al. 2000, cited in Stewart and Garcia 2002, p. 177). They use their radulas (a horny band with
minute teeth) to pull periphyton and biofilm detritus off of hard surfaces into their mouths
(Johnson 2004, p. 116, cited in USFWS 2009, p. 31116). These snails structure communities and
regulate energy/nutrient flow pathways by reducing and shifting periphyton biomass and
composition and altering production (Stewart and Garcia 2002, p. 173; Gregory 1983, Lamberti
et al. 1987, 1989, 1995, Hill and Harvey 1990, Hill 1992, Rosemond et al. 1993, Feminella and
Hawkins 1995, Steinman et al. 1987, Tuchman and Stevenson 1991, Feminella and Hawkins
1995, reviewed in Brown 2001, cited in Brown et al. 2008, p. 487).

Indeed, gastropods tend to be the most abundant invertebrate grazers in the southeastern United
States, but more research is needed on pleurocerid genera other than Elimia to understand
species specific preferences, interspecific competition, and periphyton production and regulation
(Brown et al. 2008, p. 487, 491). Studies on Elimia show that they consume algae, bacteria,
periphyton and detritus, similar to most other gastropods (Morales and Ward 2000b, Mulholland
et al. 2000, Brown 2001, cited in Brown et al. 2008, p. 487). Food availability seems to be an
important driver of pleurocerid growth across genera (Brown et al. 2008, p. 486, 488).

D. Habitat Requirements

Freshwater Pleuroceridae, including L. compacta, are fluvial specialists that require clean,
flowing water (Dazo 1965, Harman 1968, cited in Tolley-Jordan et al. 2015, p. 236). Rocksnails
live in shoals, riffles and reefs of rivers and attach themselves to bedrocks, boulders, cobbles,
and gravel where they feed on periphyton and detritus and lay eggs (USFWS 2009, p. 31116;
USFWS 1997, p. 54021-54022). Despite the high diversity of pleurocerids in North America and
their critical roles in the ecosystem, little is known about more specific factors influencing their
distribution and abundance (Stewart and Garcia 2002, p. 178-179). Overall, if food availability,
substrate composition, water velocity and snail size are important components in determining
habitat suitability and influence the movement patterns of snails (USFWS 2009, p. 31116;
Stewart and Garcia 2002, entire; Huryn and Denny 1997, p. 482).

Leptoxis spp. typically select for large substratum particles such as boulders and cobble, and they
are rarely found in fine particles and sediment (Houp 1970, Krieger and Burbanck 1976, Ross
and Ultsch 1980, cited in Stewart and Garcia 2002, p. 177). Stewart and Garcia (2002) found
Leptoxis carinata density and total biomass increased with topographic complexity created by
boulders and cobble (p. 177). Similarly, Harman (1972) collected L. carinata only in cobble
substrata and never found this snail in silty habitats (cited in Stewart and Garcia 2002, p. 177).
Boulders and cobble provide sites for attachment and egg deposition (Krieger and Burbanck
1976, Stiven and Kreisler 1994, cited in Stewart and Garcia 2002, p. 177), provide a refuge from
hydrologic disturbances (Johnson and Brown 1997, cited in Stewart and Garcia 2002, p. 177),
and harbor algae and bacteria for feeding (Hill et al. 1995, Johnson and Brown 1997, Rosemond
et al. 2000, cited in Stewart and Garcia 2002, p. 177).

Depth and flow velocity also impact pleurocerid distribution and abundance. Ross and Ulstch
(1980) found that two pleurocerid taxa in Alabama preferred waters with depths and velocities
less that 30 cm and 0.25 m/s, respectively (cited in Stewart and Garcia 2002, p. 178). Similarly,



Johnson and Brown (1997) found that pleurocerids (Elimia semicarinata) aggregated in flow
refuges created by rocks when current velocities were high (0.35 m/s, cited in Stewart and Garcia
2002, p. 177). Snails are at risk of being dislodged and washed downstream in periods of high
flow rates such as floods and are limited by slow adult dispersal rates (Brown et al. 2008, p.
484), so they select for shallow, rocky substrate where they can maintain their position on the
downstream side of a rock and reduce bioenergetic costs of foraging and moving (Hill 1992,
Johnson and Brown 1997, cited in Stewart and Garcia 2002, p. 177).

I11. RANGE AND STATUS

The oblong rocksnail historically ranged from Centreville in Bibb County, Alabama upriver into
lower Buck Creek in the Valley and Ridge physiographic province of the southern Appalachian
Mountains (Whelan et al. 2012, p. 2). It was most abundant in the central section of the Cahaba
River —a 180-mile long river flowing from Birmingham to the Alabama River west of Selma —
at Lily Shoals in Bibb County, Alabama (Goodrich 1941, Goodrich 1922, cited in Whelan et al.
2012, p. 1).

Birmingham

M Historical localities

Lilly Shoals @ Site of rediscovery

haba Rivg
\\tle c:ff—\k/f\l '~

Pratt’s Ferry

Centreville
0 10 20 Kilometers
L 1 L | L 1 |
Figure 6: Map of the Cahaba River and select tributaries. Historical collections sites were sampled in August 2011,
but L. compacta was found only at the site of re-discovery (Whelan et al. 2012, p. 2, Fig. 1).
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By 1935, the species was already declining in abundance and range (Goodrich 1941, cited in
Whelan et al. 2012, p. 1). The oblong rocksnail was declared extinct in 2000 (Neves et al. 1997,
cited in Whelan et al. 2012, p. 1) after surveys for the species in 1992 (Bogan and Pierson 1993,
cited in Whelan et al. 2012, p. 1), 2005 (Johnson et al. 2006, cited in Whelan et al. 2012, p. 1),
and 2008 (Tolley-Jordan 2008, cited in Whelan et al. 2012, p. 1) failed to locate a single
individual, though it had not been collected for at least 70 years prior (Whelan et al. 2012, p. 1).
It was the only pleurocerid endemic to the Cahaba River declared extinct (Ibid.).

The oblong rocksnail was rediscovered in May 2011 on an unnamed shoal upstream of the
Cahaba River and Shades Creek confluence in Shelby County, Alabama (33.1786°N,
87.0174°W; Whelan et al. 2012, p. 2), but was not found at other historical sites that were
sampled (Ibid.).

The oblong rocksnail is now classified as Critically Imperiled by NatureServe (2015), but is still
listed as extinct by the International Union for Conservation of Nature (Bogan 2000).

IV. THREATS

There can be no reasonable doubt that the oblong rocksnail (Leptoxis compacta) warrants
protection as an endangered species. The Endangered Species Act states that a species shall be
determined to be endangered or threatened based on any one of five factors (16 U.S.C. § 1533

@(1):

(A) The present or threatened destruction, modification, or curtailment of its habitat or range
(B) Overutilization for commercial, recreational, scientific, or educational purposes;

(C) Disease or predation;

(D) The inadequacy of existing regulatory mechanisms;

(E) Other natural or manmade factors affecting its continued existence.

The oblong rocksnail was thought to be extinct until its recent rediscovery in 2011 (Whelan et al.
2012, entire). Exact reasons for its decline are unknown, but scientists agree that it was likely the
result of its naturally small range, pollution from mines in the area, effluent from the
Birmingham metropolitan area, impoundments, nonpoint source agricultural pollution, and
introduced species (Shepard et al. 1994, cited in Whelan et al. 2012, p. 1; Neves et al. 1997,
Bogan 1998, cited in Brown et al. 2008, p. 484; Tolley-Jordan et al. 2015, p. 236). The continued
existence of L. compacta continues to be threatened by these factors, and it is at risk of extinction
due to factors A, D, and E.

A. Modification or Curtailment of Habitat or Range

Freshwater habitats are among the most threatened ecosystems on the continent, plagued with
impoundments, siltation, eutrophication, pollution, and over-use (Master et al. 2000, Heinz
Center Report 2002, Burkhead 2012b, cited in Johnson et al. 2013, p. 260). The Mobile River
Basin (MRB) harbors extraordinary molluscan diversity (Williams et al. 2008, Lydeard and
Mayden 1995, Neves et al. 1997, Johnson et al. 2012, cited in Whelan et al. 2012, p. 1; Tolley-
Jordan et al. 2015, p. 236), but it is also the site of the most extreme extinction events in modern
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history (Lydeard and Mayden 1995, Neves et al. 1997, Johnson et al. 2012, O Foighil et al. 2011,
Régnier et al. 2009, cited in Whelan et al. 2012, p. 1). Urbanization, pollution, and
impoundments were all factors in these extinctions, and they continue to threaten L. compacta’s
only remaining population (USFWS 2005, p. 15-16; Whelan et al. 2012, p. 4).

Land Use and Population Growth

Alterations in the landscape as a result of human population growth and land use have a range of
negative impacts on stream morphology, water chemistry, siltation, nutrient dynamics, and
hydrology (Paul and Meyer 2001, cited in Tolley-Jordan et al. 2015, p. 236; Johnson et al. 2002,
p. 32). In the southeastern United States, forest cover was lost to agricultural lands before the
1940s, and to urban development since the 1950s (Alig et al. 2000, Brown et al. 2005, cited in
Tolley-Jordan et al. 2015, p. 236). Land-use maps are not available from the late 1800s to early
1900s, but historical accounts from the Cahaba River Basin of pollution caused by mining,
sewage, agriculture, or other industrial developments are correlated with the historical decline of
snail species’ richness, including the decline of L. compacta populations (Goodrich 1941,
Baldwin 1973, cited in Tolley-Jordan et al. 2015, p. 245-246; ADCNR 2005, cited in Thom et al.
2013, p. 2). This indicates that pleurocerids are sensitive to habitat alteration from human land
use (Tolley-Jordan et al. 2015, p. 246-247).

While much of the lower Cahaba Basin was being converted for agricultural use and timber
harvest (Goodrich 1941, cited in Tolley-Jordan et al. 2015, p. 237), Birmingham served as an
industrial hub for ore mining and steel production (Ibid.). As a result, the Cahaba River’s water
quality was severely degraded by point-source inputs, releases of wastewater treatment plants,
and diffuse fertilizer inputs from agricultural practices (El-Kaddah and Carey 2004, Shepard et
al. 1994, O’Neil and Shepard 1999, cited in Tolley-Jordan et al. 2015, p. 237). Unfortunately,
many polluting practices continue today, alongside rapidly expanding urban and sub-urban
sprawl (Alig et al. 2000, cited in Tolley-Jordan et al. 2015, p. 242). Urban areas in the southeast
United State are expected to double or triple in size, leading to greater amounts of urban run-off,
increased urban warming, and habitat fragmentation (Terando et al. 2014, p. 6). This expansion
will also create a greater need for rural and urban infrastructure, such as hydroelectric dams,
irrigation systems, and wastewater treatment plants, to support a larger human population (Ibid.).

While silviculture threatens future degradation of instream habitat in the lower Cahaba basin
(Murray et al. 2001, cited in Tolley-Jordan et al. 2015, p. 246), the expansion of development
around the city of Birmingham is of particular concern for rare snails such as L. compacta in the
upper basin (Buckner et al. 2002, cited in Tolley-Jordan et al. 2015, p. 243). In the upper Cahaba
basin, land conversion was historically minimal, but the area has been one of the most rapidly
developed areas in Alabama and currently has about 12 percent urban cover (Tolley-Jordan et al.
2015, p. 243; ADEM, undated p. 11). The local extirpations of closely related snail species such
as: Elimia cahawbensis, Elimia carinifera, Elimia carinocostata, Leptoxis ampla, and
Pleurocera vestita have been directly correlated with an increase in developed land cover in the
upper zone of the Cahaba from 1992 to 2006, likely as a result of altered hydrology,
geomorphology, and water quality (Tolley-Jordan et al. 2015, p. 243). The removal of riparian
zones, increased impervious surfaces, pollution runoff — both point source such as sewage-
treatment effluent and nonpoint-source such as sediment and chemicals from paved surfaces and
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golf courses — and increased likelihood of local flooding are likely to prevent the persistence of
L. compacta and other snail species (Ibid.; Johnson et al. 2002, p. 32).

Habitat degradation resulting from dramatic land use changes, both historically and currently, as
seen in the Mobile River Basin and Cahaba River, specifically, threaten the survival of the
basin’s many imperiled snails, including L. compacta (Tolley-Jordan et al. 2015, p. 247).

Pollution and Sedimentation

Water pollution was likely a significant factor in the extinction of numerous freshwater species
in the Mobile River Basin prior to the passage of the Clean Water Act and the adoption of state
water quality criteria (USFWS 2005, p. 15). Still, pollution and water quality degradation remain
significant threats to oblong rocksnails, compounded by their isolation and small population size
(Ibid.; Johnson et al. 2002, p. 32; ADEM 2006, p. 8; Whelan et al. 2012, p. 4).

As described earlier, pollution and urban runoff from the expanding Birmingham metropolitan
area threatens the water quality of the Cahaba River and the survival of L. compacta (Whelan et
al. 2012, p. 4). The Cahaba River Basin is considered highly impaired, and this impairment is
comparable to the Mobile River Basin in general (Johnson et al. 2002, p. 42, 46). The causes of
this impairment are point source discharges and nonpoint source runoff that lead to nitrification,
decreased dissolved oxygen levels, increased acidity and conductivity, and other changes in
water chemistry that have detrimental impacts on freshwater snails (USFWS 2005, p. 15-16;
Johnson et al. 2002, p. 32, 42, 46).

The primary sources of this impairment are urban (Johnson et al. 2002, p. 46; O’Neil 2002, EPA
2003, cited in ADEM 2006, p. 8). Indeed, downstream of Birmingham, snails are chronically
impacted by low dissolved oxygen levels, excessive ammonia, chlorine, phosphorous, and
nitrogen as a result of runoff from more than 30 wastewater treatment plants and more than 100
industrial discharge permits in the upper basin (Thom et al. 2013, p. 2; Shepard et al. 1996, cited
in USFWS 2005, p. 16-17). A single historical locality of L. compacta has three wastewater
discharge points (ADEM 2009, Howard et al. 2002, cited in Whelan et al. 2012, p. 4).

Nonpoint-source pollution of pesticides and fertilizers also originates from urban areas, often in
higher concentrations than from agricultural lands because lawns, golf courses, parks, and
gardens are less regulated and subject to intense pesticide application (USGS 1999, cited in
Johnson et al. 2002, p. 34). Pesticides are frequently detected in urban areas at toxic levels for
aquatic life (Ibid.) in addition to agricultural areas where they remain a concern for the Cahaba
River (USGS 1999, cited in Johnson et al. 2002, p. 34).

Sedimentation and eutrophication are more widespread and possibly the most concerning forms
of pollution in the Cahaba system and occur throughout the upper, middle, and lower portions
from a variety of rural and urban sources (Tolley-Jordan et al. 2015, p. 237; USFWS 2005, p. 16-
17; ADEM 2006, p. 8; Thom et al. 2013, p. 61). Sediment is likely the most abundant pollutant
produced in the Mobile River Basin and comes from many forms of land use or alteration
(ADEM 1989, cited in USFWS 2005, p. 16; Johnson et al. 2002, p. 42, 46). Snails which require
hard, clean surfaces for attaching, feeding, and reproducing, such as L. compacta, are harmed by
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sedimentation (See Habitat Requirements; USFWS 2005, p. 16). Excessive nutrients from urban
runoff as well as agricultural sources — which are more widespread in lower reaches of the
Cahaba Basin (Tolley-Jordan et al. 2015, p. 237; Thom et al. 2013, p. 61) — cause periodically
low dissolved oxygen levels detrimental to aquatic snails and also promote heavy algal growth
that may cover and eliminate rock surfaces snails utilize for feeding and reproducing (Atkins et
al. 2004, Hynes 1970, cited in USFWS 2005, p. 16). Further exacerbating this issue is the
synergistic effects of eutrophication and sedimentation acting together to threaten freshwater
snails and their habitats (Waters 1995, cited in USFWS 2005, p. 16).

Dams

More than 30 dams regulate flow in the Mobile River Basin impounding more than 1,100 miles
of river channels (Johnson et al. 2002, p. 814; USFWS 2005, p. 15), which has resulted in
changing this system from a continuum of free-flowing riverine habitats into a series of
impoundments connected only by short, free-flowing reaches (USFWS 2005, p. 15). By
eliminating or reducing currents, allowing sediment to accumulate, altering water chemistry and
lowering dissolved oxygen levels, dams and impoundments negatively impact river snails’
ability to feed, respire, and reproduce (ADEM 1994, 1996, cited in USFWS 2005, p. 15; Brown
et al. 2008, p. 486). As a result, numerous freshwater species have gone extinct or have been
locally extirpated, including 38 gastropod species, and at least 71 more are on the brink of
extinction (Neves et al. 1997, cited in Pringle et al. 2000, p. 814). In fact, the construction of a
series of dams on the Coosa River resulted in the loss of 26 endemic gastropod species and is
referred to as “one of the greatest known extinction episodes in the first half of the twentieth
century” (Folkerts 1997, cited in Pringle et al. 2000, p. 814).

The Cahaba River — where the only population of L. compacta occurs — is somewhat unique,
however, in that it is currently the only free-flowing river in the basin (Benke and Cushing 2005,
cited in Tolley-Jordan et al. 2015, p. 237). Its discharge is mostly unregulated by dams and
impoundments except for one impoundment, the Lake Purdy dam (Tolley-Jordan et al. 2015, p.
237; Johnson et al. 2002, p. 26). The Cahaba River was not always free-flowing, though. A small
dam called the Marvel Slab was constructed on the Cahaba in the 1960s and disrupted the river’s
hydrology and obstructed the migration of aquatic fauna until it was removed in 2004 (Bennet
and Howell, undated, p. 34).

Given the increasing human population and demand for freshwater in the Southeast, and
especially in conjunction with increased drought, a higher demand for water and power may lead
to the construction of new impoundments, such as the proposed dams on tributaries to the
Pascagoula in Mississippi.! As the region moves away from coal and other fossil fuels, the
demand for hydropower will also likely increase Though not currently a threat, it is important to
acknowledge the role dams have played in the extinction of the region’s species and the potential
they have to become a threat again in the face of climate change. Maintaining the Cahaba as a
free-flowing river is essential to the oblong rocksnail’s survival.

! See http://www.sam.usace.army.mil/Portals/46/docs/OC/Environmental%20Assessment.pdf
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B. Overutilization
This species of rocksnail is not known to be threatened by overutilization.
C. Disease and Predation

Leptoxis compacta is not known to be threatened by disease, though the subject is poorly
researched for freshwater mollusks (USFWS 2009, p. 31120).

Oblong rocksnails are not currently known to be threatened by predation, but given their single
population and restricted range, the species is highly vulnerable to natural or introduced
predators (USFWS 2009, p. 31120). Freshwater mollusks are naturally consumed by a variety of
fish, mammals and birds (Ibid.). Darters were observed switching to prey on Elimia spp. when
abundance was high in spring and summer, while other fish such as species in the families
Centrarchidae, Catostomidae, and Ictaluridae (Haag and Warren 2006, cited in Brown et al.
2008, p. 488) may prey on pleurocerids as well. These fish as well as crayfish may impact the
survival rates of juvenile pleurocerids, but more work is needed to understand the potential role
of predators in regulating pleurocerid populations (Brown et al. 2008, p. 488, 491).

Additionally, the potential invasion of non-native black carp (Mylopharyngodon piceus), a
mussel-eating fish widespread in other U.S. river basins, threatens oblong rocksnails and other
snail species in the Cahaba River (See Other Factors: Invasive Species; USFWS 2009, p. 31120).
Invasive mollusks also potentially threaten L.compacta via competition for resources.

D. Inadequacy of Existing Regulatory Mechanisms

Oblong rocksnails are listed by Alabama’s Department of Conservation and Natural Resources
as a “Priority 1 - Highest Conservation Concern” species (Alabama Department of Conservation
and Natural Resources, undated website). This listing describes the status of L. compacta as
“critically imperiled and at risk of extinction/extirpation because of extreme rarity, restricted
distribution, decreasing population trend/viability problems, and specialized habitat needs due to
natural or human-caused factors and immediate research and conservation action is required”
(Rainer 2012, PDF p. 1). While this listing identifies the status of the oblong rocksnail and
highlights its need for conservation efforts, it affords the species no legal protection at the state
or federal level (USFWS 2009, p. 31120). Propagation efforts are already underway at the
Alabama Aquatic Biodiversity Center for the oblong rocksnail, but it is unknown whether or not
those efforts have yet been successful (University of Alabama, undated fact sheet).

The oblong rocksnail declined to near extinction in the last century due to habitat degradation
and pollution (Shepard et al. 1994, cited in Whelan et al. 2012, p. 1; Neves et al. 1997, Bogan
1998, cited in Brown et al. 2008, p. 484; Tolley-Jordan et al. 2015, p. 236). State and federal
pollution regulations are assumed to provide protection for freshwater mollusks, but some
species may be more sensitive to toxins and sediment than species commonly used in bioassays
(USFWS 2009, p. 31120). Existing regulatory laws such as the Clean Water Act and its
requirements under 8303(d) are not adequately protective to safeguard sensitive freshwater
organisms.
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The Alabama Department of Environmental Management (ADEM) has designated the water use
classification of most of the Cahaba River as an “Outstanding Alabama Water;” however, 185
miles of streams in the Cahaba River watershed do not support their designated uses (Thom et al.
2013, p. 64). As such, the EPA has placed 106 miles of the Cahaba River on the §303(d) list,
meaning that these waters do not meet state water quality standards (Ibid. at 63). These waters
are impaired due to nutrient over-enrichment, compounded by concurrent effects of excess
sedimentation and extremes in prevailing hydrologic patterns, as well as elevated levels of
pathogens, turbidity, and siltation (ADEM 2006, cited in Thom et al. 2013, p. 64).

Global climate change will exacerbate water quality problems for the oblong rocksnail, and there
are no existing regulatory mechanisms at the state or federal level that address the urgent need to
curb greenhouse gas emissions and curtail the worst projected impacts of climate change.
Adverse effects of rising water temperatures on aquatic invertebrates are already being
documented, and freshwater ecosystems are projected to be particularly sensitive to climate
change as they are increasingly stressed by other factors (Ganser et al. 2013, p. 1168).

Despite the progress made in improving the water quality in the Cahaba Basin and efforts to
reintroduce L. compacta populations, water quality degradation and lack of state and federal
species protection continues to threaten the survival of oblong rocksnails.

E. Other Factors
Small Population Size and Restricted Range

Sensitive species with small population sizes are naturally more vulnerable to extinction (Pimm
et al. 2006, cited in Johnson et al. 2013, p. 249). Freshwater gastropods exhibit exceptional
endemism, which has come at a cost. More than 92 percent of aquatic snail extinctions have been
of narrow endemic species with highly restricted ranges, often occurring in a single river, spring,
or lake (Johnson et al. 2013, p. 249). This pattern is not restricted to snail species; the loss of rare
and localized endemic species appears to be a common factor in most modern extinctions (Pimm
et al. 1995, Burkhead 2012b, cited in Johnson et al. 2013, p. 249).

Leptoxis compacta is a recently rediscovered species that only occurs in one location in the
Cahaba River. Given its small body size and range, freshwater snails, including L. compacta, are
exceptionally susceptible to extirpation from a single pollution or siltation event (Whelan et al.
2012, p. 4; Brown et al. 2008, p. 484), progressive habitat degradation, floods, or drought
(USFWS 2009, p. 31121). Its vulnerability is exacerbated by limited gene flow, reduced genetic
diversity, and likelihood of inbreeding depression (Lynch 1996, p. 493-494, cited in USFWS
2009, p. 31121). Should a catastrophic event occur, the last remaining population of L. compacta
would likely be eradicated. If it managed to survive, human assistance would be necessary to
protect the population and ensure its successful introduction to other areas of suitable habitat
given the limited ability for adult snails to disperse on their own (USFWS 2009, p. 31121;
Brown et al. 2008, p. 484; Whelan et al. 2012, p. 4).
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Climate Change

Ecological processes essential to the survival of L. compacta are critically threatened by changes
in temperature and water availability expected as the result of climate change (Poff et al. 2002, p.
4, 7). Scientists have already observed unequivocal warming as a result of human-induced
climate change since the 1950s, and many of the changes are unprecedented over decades to
millennia (IPCC 2014, p. 2). Rising water temperatures and changes in geographic ranges or
phenology of freshwater animals (See Strayer and Dudgeon 2010, p. 350) already provide
evidence for human-induced climate change in freshwater ecosystems.

Climate models project continued warming across the southeast (Carter et al. 2014, p. 399).
Warmer water temperatures may alter egg-laying behaviors and timing in Pleurocerids and
research is needed to determine their upper thermal limits (Whelan et al. 2015, p. 9). Leptoxis
species may be particularly vulnerable to thermal stress, as many of them initiate egg-laying at
higher temperatures (Ibid.). Climate models also project increase in the frequency and severity of
floods and droughts (Carter et al. 2014, p. 405; Strayer and Dudgeon 2010, p. 350; Hoerling and
Kumar 2003, cited in Golladay et al. 2004, p. 504). This will produce large hydrological changes
for riverine ecosystems, including increased water stress, with consequent impacts to freshwater
fauna (Ibid.). The increased likelihood of severe droughts and floods combined with increased
human population growth and demand for freshwater threaten the survival of limited range
freshwater species like the oblong rocksnail. (VOrésmarty et al. 2000, cited in Dudgeon et al.
2006, p. 166). Climate change will exacerbate flow modifications during periods of drought,
leaving freshwater fauna stranded — particularly mollusks which have limited ability to disperse
(USFWS 2009, p. 31121).

The effects of climate change are already being observed in the southeast. During an extreme
drought in 2007 and 2008, stream flow for the Conasauga River in the Coosa River watershed in
Alabama in September 2007 was the lowest recorded for any month in almost 70 years (USGS
2007, cited in USFWS 2009, p. 31121). Nearly all of the flow of the Cahaba River is removed
during periods of drought to supply water to Birmingham (Howard et al. 2002, cited in Thom et
al. 2013, p. 2). Only a small portion is returned to the basin as treated wastewater (Id.). Declines
of mollusks as a direct result of drought have already been documented (See Golladay et al.
2004, p. 504; Haag and Warren 2008, p. 1174), and the threat to freshwater snails posed by
drought is magnified both by climate change and by human population growth (Terando et al.
2014, p. 7). Human response strategies to decreased water availability will likely include the
construction of more dams and greater water withdrawals to sustain agriculture and urban
facilities (Strayer and Dudgeon 2010, p. 351; Golladay et al. 2004, p. 504; USFWS 2009, p.
31121).

Sudden flooding will also negatively impact oblong rocksnails (Brown et al. 2008, p. 486).
Physical disturbance from floods can be a major determinant of benthic communities in rivers
(Bunn and Arthington 2002, p. 495). This is well documented through research on the impacts of
dams where sudden increases in flow have caused catastrophic downstream drift resulting in the
loss of up to 14 percent of the benthic biota in a single event (Ibid.). Snails are especially at risk
of being dislodged and washed downstream in periods of high flow rates and are limited by slow
adult dispersal rates (Brown et al. 2008, p. 484). Indeed, large numbers of pleurocerids have been
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stranded and killed during winter floods (Diamond 1982, Huryn et al. 1995, cited in Stewart and
Garcia 2002, p. 178).

Many species of freshwater invertebrates are likely to go extinct due to climate change (Strayer
2006, p. 280). Freshwater mussels and snails are capable of moving only short distances and are
unlikely to be able to adjust their ranges in response to climactic shifts (USFWS 2009, p. 31121).
For these reasons, L. compacta is threatened by climate change.

Invasive Species

Introduced species have the potential to threaten L. compacta’s only population and prevent
successful reintroductions. Many other pleurocerids have suffered dramatic reductions as a result
of introduced species (Neves et al. 1997, Bogan 1998, cited in Brown et al. 2008, p. 484), and
snails in the Mobile River Basin are not impervious to this threat (USFWS 2005, p. 17).

Introduced species negatively impact native fauna through predation and competition for
resources. At least 16 exotic fishes have been introduced to the MRB, and very little attention
has been given to other exotic species (Pringle et al. 2000, p. 815; Brown et al. 2008, p. 491). It
is possible for the black carp (Mylopharyngodon piceus) to establish itself in Alabama through
aquaculture facilities in Mississippi (USFWS 2005, p. 17). Black carp are nonselective snail
eating fish that have wreaked havoc on native fauna in the rest of the United States, and it would
surely cause the further decline of freshwater snails in the MRB (Ibid.). The establishment of
zebra mussels represents another looming threat; if that were to occur, most native mollusks
would be outcompeted for space and food, including L. compacta (Neves et al. 1997, Bogan
1998, Strayer 1999, cited in Stewart and Garcia 2002, p. 172; Pringle et al. 2000, p. 815; Brown
et al. 2008, p. 489). Exotic snails, such as apple snails (Pomacea spp.) have also been detrimental
to native snail communities in the United States, but they have received much less attention,
despite the documentation of 37 nonnative freshwater gastropod species in North America
(NatureServe 2007, cited in Brown et al. 2008, p. 489, 491). The extremely limited range of the
oblong rocksnail makes it exceedingly vulnerable to impacts from invasive species.

V. REQUEST FOR CRITICAL HABITAT DESIGNATION

Petitioners request that the Service designate critical habitat for Leptoxis compacta concurrently
with listing.

VI. CONCLUSION

Until its rediscovery in 2011, the oblong rocksnail had not been detected since 1933 and was
thought to be extinct. The fortunate redetection of a species that was thought to be lost for all
time provides the opportunity to ensure that this unique piece of our national freshwater heritage
does survive for future generations. The rocksnail only persists in a quarter mile section of the
Cahaba River and is exceedingly vulnerable to extinction. This small mollusk is threatened by
pollution, habitat alteration, invasive species, climate change, small population size, limited
range, and extreme vulnerability to catastrophic events. It is not adequately protected by any
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state or federal laws. Based on the best available scientific information, oblong rocksnails are in
danger of extinction and qualify for protection under the Endangered Species Act.

On behalf of all parties,

T s Ao~

Tara Easter

Scientist

Center for Biological Diversity
PO Box 11374

Portland, OR 97211
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