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April 20, 2010

TO: Mr. Ken Salazar
Secretary of the Interior
18th and "C" Street, N.W.
Washington, D.C. 20240

Mr. Gary Locke

Secretary of Commerce

1401 Constitution Avenue, N.W.
Washington, DC 20230

Cynthia Dohner, Regional Director

U.S. Fish and Wildlise Service, Southeast Region
1875 Century Blvd., Suite 400

Atlanta, GA 30345

Dear Secretary Salazar and Secretary Locke:

Pursuant to Section 4(b) of the Endangered Species Act (“ESA”), 16 U.S.C. §1533(b), Section 553(3) of
the Administrative Procedures Act, 5 U.S.C. § 553(¢), and 50 C.F.R. §424.14(a), the Center for
Biological Diversity, Alabama Rivers Alliance, Clinch Coalition, Dogwood Alliance, Gulf Restoration
Network, Tennessee Forests Council, West Virginia Highlands Conservancy, Tierra Curry and Noah
Greenwald hereby formally petition the Secretaries of Interior and Commerce to list 404 aquatic,
riparian and wetland species from the southeastern U.S. as Threatened or Endangered species and to
designate critical habitat concurrent with listing.

Petitioners file this petition under the Endangered Species Act, 16 U.S.C. sections 1531-
1543 (1982). This petition is filed under 5 U.S.C. section 553(e), and 50 C.F.R. part
424.14 (1990), which grants interested parties the right to petition for issuance of a rule
from the Assistant Secretary of the Interior. The petitioners request that Critical Habitat
be designated as required by 16 U.S.C. 1533(b)(6)(C) and 50 CFR 424.12, and pursuant
to the Administrative Procedures Act (5 U.S.C. 553). Petitioners realize this petition sets
in motion a specific process placing definite response requirements on the FWS and very
specific time constraints upon those responses.

The U.S. Fish and Wildlife Service (FWS) has long recognized the benefit of providing
protection for multiple species for improving efficiency of listing and recovery and
ultimately protection of ecosystems. In 1976, for instance, the FWS issued several
proposed rules to list multiple species based on common threats, ecosystems, habitats,
taxonomy, or other factors (e.g., USDI FWS 1976). In 1992, the FWS itself stated in a
legal Settlement Agreement (1992) that:

Defendants [FWS] recognize that a multi-species, ecosystem approach to their listing
responsibilities under the ESA will assist them in better analyzing the common nature and
magnitude of threats facing ecosystems, help them in understanding the relationships among
imperiled species in ecosystems, and be more cost-effective than a species-by-species approach to
listing responsibilities.
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In 1994, the FWS (1994) specifically stated its policy to undertake “Group listing decisions on a
geographic, taxonomic, or ecosystem basis where possible” (p. 34724). In

furtherance of this policy, the FWS (1994) developed listing guidance that specifically
encourages ‘“Multi-species listings...when several species have common threats, habitat,
distribution, landowners, or features that would group the species and provide more

efficient listing and subsequent recovery” (p. iv). Accordingly, we hereby petition for 404
aquatic, riparian and wetland species under the Endangered Species Act.

PETITIONERS:

The Center for Biological Diversity is a nonprofit conservation organization with
255,000 members and online activists dedicated to the protection of endangered
species and wild places. http://www.biologicaldiversity.org

The Alabama Rivers Alliance seeks to protect Alabama's rivers through water quality and quantity
policy advocacy, grassroots organizing, and the providing of information to citizens in order to achieve
clean and healthy watershed ecosystems, healthy people, strong economies, and a functioning
democratic system of government in Alabama.

The Clinch Coalition is a grassroots organization located in Southwest Virginia committed to the
protection and preservation of the forest, wildlife, and watersheds in our National Forest and
surrounding communities for present and future generations.

Dogwood Alliance works to protect the forests and communities of the Southern United States by
building diverse support to end destructive industrial forestry practices.

The Gulf Restoration Network, headquartered in New Orleans, works to unite and empower people to
protect and restore the natural resources of the Gulf of Mexico for future generations. Founded in 1994,
the Network has successfully established a unique regional alliance with over 40 group and thousands of
individual members across the Gulf and established itself as a major participant in the debate over the
environment of the region.

Tennessee Forests Council is a unification of citizens, environmental, conservation and grassroots
organizations representing over 12,000 Tennesseans. These organizations have come together for the common
purpose of protecting the forests of Tennessee through progressive forest policy reform that brings forest
extraction methods and rates into balance with ecological integrity. TFC bases its positions on sound forest
science and economic principles.

The West Virginia Highlands Conservancy was the first membership organization devoted to protecting the
natural environment of the Mountain State. Since 1965, the Highlands Conservancy has worked to secure
wilderness areas and special places on the Monongahela National Forest, and it has been has been a leader in the
fight to rein in the worst practices of the coal industry. Protecting clean air, clean water, forests, streams,
mountains, and the health and welfare of the people who live here is what the Highlands Conservancy is all about.
It publishes a Hiking Guide and a monthly newspaper, The Highlands Voice.

Cover Photo: Holiday darter (Etheostoma brevirostrum) from Shoal Creek by Noel Burkhead.

Southeast Aquatic Species Petition 3



TABLE OF CONTENTS

INTRODUGCTION.. ...t s sersesnssesssesssssse s sssssesssessssssessss s s ssss s s ss s sss s sesssssass 5
IMETHODS ... ses s s s s s s s 6
THREATS ...ttt ssn s s sss s s ss s s s 6
PRESENT OR THREATENED DESTRUCTION, MODIFICATION, OR
CURTAILMENT OF HABITAT OR RANGE. ... ssessssenens 6
OVERUTILIZATION, .......orienesseeressnssenssesssesssssssssssssssssssss s s sssssssssesssssssssseas 21
DISEASE AND PREDATION. ..o sersersnsssessesssss s sssssss s sessssssssssssssessens 23
INADEQUACY OF EXISTING REGULATORY MECHANISMS,........coooiveiveeeeseens 25
OTHER NATURAL OR HUMAN CAUSED FACTORS,..........ccoomrenenrrsensisssesenns 33
REQUEST FOR CRITICAL HABITAT .. ...t ssssssssesssssssssssens 44
LITERATURE CITED..........ooirer s ssssssssssss s s ssssssss s s ssssssessens 45
SPECIES ACCOUNTS 67-1145

Southeast Aquatic Species Petition 4



INTRODUCTION

North American freshwater ecosystems and the many species they support are one of the most
threatened ecosystems on the planet. During the Twentieth Century, at least 123 species of freshwater
fishes, mollusks, crayfishes, and amphibians went extinct in North America, and hundreds more aquatic
species are now imperiled (Ricciardi and Rasmussen 1999, Williams et al. 1992). Based on current
trends, Ricciardi and Rasmussen (1999) model a future extinction rate of four percent per decade for
North American freshwater fauna, stating, “North American freshwater biodiversity is diminishing as
rapidly as that of some of the most stressed terrestrial ecosystems on the planet” (Ricciardi and
Rasmussen 1999, p. 1221). The projected extinction rate for U.S. freshwater animals is five times that of
terrestrial animals, and is comparable to the extinction rate for tropical rainforests (Herrig and Shute
2002). Nowhere is this extinction crisis more apparent than in the southeastern United States where the
combination of an incredibly rich fauna, pervasive threats and few existing protections are leading to the
demise of hundreds of aquatic species.

In North America and indeed the world, the southeastern United States is a hotspot for aquatic biological
diversity, containing an unparalleled diversity of fauna (Folkerts 1997, Neves et al. 1997, Stein et al.
2000). The southeast, for example, harbors 493 species of fish, which is 62 percent of all U.S. species,
at least 269 species of mussel, which is 91 percent of all U.S. species, and 241 species of dragonflies and
damselflies, which is 48 percent of all North American species (Folkerts 1997, Morse et al. 1997, Neves
et al. 1997, Warren et al. 1997). The southeast also harbors over two-thirds of North America’s 405
species and subspecies of crayfish, more aquatic reptiles than any other region with 30 species of aquatic
turtle and 17 species of aquatic snake, and more amphibian species than any other region with 178
recognized species and new species continuing to be described (Buhlmann and Gibbons 1997, Dodd
1997, Taylor et al. 2007, Camp et al. 2009).

Unfortunately, much of the rich aquatic fauna of the southeast is threatened. Greater than 70 percent of
mussels, 48 percent of crayfishes and 28 percent of fishes are considered endangered, threatened or of
special concern by the American Fisheries Society (Williams et al. 1992, Taylor et al. 2007, Jelks et al.
2008). The major factors in this high degree of imperilment include dams, logging, urban sprawl,
mining, poor agricultural practices, pollution, and invasive species (e.g. Folkerts 1997, Neves et al.
1997, Williams et al. 2008). The Coosa River in Georgia and Alabama, for example, is believed by
scientists to “hold the dubious distinction of having more recent extirpations and extinctions of aquatic
organisms than any other equally-sized river system in the United States,” with the loss of 38 species of
endemic aquatic snails and a number of fish species mostly caused by a series of large impoundments,
pollution, and logging (Burkhead et al. 1997).

Despite the high rate of imperilment and imminent and growing threats to aquatic ecosystems in the
southeast, the majority of southeastern aquatic species recognized to be imperiled are not afforded
protection under the Endangered Species Act or other laws or regulations. To remedy this situation,
provide greater protection to southeastern aquatic ecosystems and stave off a looming extinction crisis,
the Center for Biological Diversity hereby petitions the U.S. Fish and Wildlife Service to list 404
southeastern aquatic, riparian and wetland species as threatened or endangered under the Endangered
Species Act.

The U.S. Fish and Wildlife Service (FWS) has long recognized the benefit of protecting multiple species

in a package for improving efficiency of listing and recovery and ultimately, protection of ecosystems.
In 1994, the Service specifically stated its policy to undertake “Group listing decisions on a geographic,
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taxonomic, or ecosystem basis where possible” and developed listing guidance that specifically
encourages “Multi-species listings...when several species have common threats, habitat, distribution,
landowners, or features that would group the species and provide more efficient listing and subsequent
recovery.” This petition is consistent with this policy and we encourage the Service to group and
process these species in any way that will further efficiency and timely protection.

METHODS

We identified species for petitioning based on an iterative process utilizing information from available
databases and literature cataloging information on species’ habitat preferences, status and threats,
including NatureServe, [UCN and various American Fisheries Society (AFS) publications (Williams et
al. 1992, Williams et al. 1993, Taylor et al. 2007, Jelks et al. 2008, NatureServe 2008). We formed an
initial list by searching NatureServe for species that occur in the twelve states typically considered the
southeast, occur in aquatic, riparian or wetland habitats and appeared to be imperiled.

We considered species imperiled if they were classified as G1 or G2 by NatureServe, near threatened or
worse by IUCN, or a species of concern, threatened or endangered by AFS. Once we had an initial list,
we searched for information on threats to species and only included those species where there was some
information demonstrating threats to the species. We avoided species that have yet to be fully described.

Once we developed an initial list of species for inclusion in the petition, we consulted with numerous
scientific experts specializing in various taxonomic groups, including fish, mollusks, insects, crayfish
and plants, to obtain their feedback and whether listing of the species may be warranted. We removed
many species based on expert advice.

Once species were identified for the petition, we created a database structured for entering the basic
information necessary to show that listing of the species may be warranted, including fields on
taxonomy, habitat, range, status, abundance, population trend and the five factors under the Endangered
Species Act for determining whether a species is threatened or endangered. 16 U.S.C. § 1533(a)(1). We
then searched available literature on the species and created the individual species accounts contained in
this petition.

THREATS

The globally significant aquatic biota of the southeastern United States is threatened by a variety of
factors. Habitat loss and degradation is the primary cause of extinction globally and for the petitioned
species. Southeastern aquatic biota are also threatened by numerous other factors including pollution,
global climate change, the spread of invasive species, overutilization, disease, predation, and the
inadequacy of existing regulatory mechanisms to protect imperiled species and their habitats (Benz and
Collins 1997, Ricciardi and Rasmussen 1999, Strayer 2006).

I. Present or threatened destruction, modification, or curtailment of habitat or range

The southeast has been identified as one of the regions in the United States where ecosystem losses have
been most pronounced (Noss et al. 1995). Aquatic and riparian habitats in the southeast have been
extensively degraded by direct alteration of waterways such as impoundment, diversion, dredging and
channelization, and draining of wetlands, and by land-use activities such as development, agriculture,
logging, and mining (Benz and Collins 1997, Shute et al. 1997). The degradation of aquatic habitats is a
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primary cause for the loss of biodiversity in streams and rivers (Allan and Flecker 1993). More than one-
third of the petitioned species have experienced drastic range reductions, upwards of 90 percent range
loss for many of the petitioned mussels and snails (Pyne and Durham 1993, Neves et al. 1997,
NatureServe 2008). Because many of the aquatic species in the Southeast are very narrow endemics or
have experienced dramatic range reductions, remaining populations are now susceptible to extinction
from even relatively minor habitat losses (Herrig and Shute 2002).

Habitat loss and degradation is known to be causing the decline of southeastern biota, and threatens 98
percent of the petitioned species. Habitat degradation has been a contributing factor in nearly three-
quarters of freshwater fish extinctions in North America (Miller et al. 1989). In the southeast,
decreasing habitat area and increasing fragmentation are strongly correlated with regional loss of fish
diversity, and Warren et al. (1997) cite “the engine of imperilment” for Southeastern freshwater fishes as
the “pervasive, complex degradation of fish habitats across Southeastern drainages.” Habitat loss is also
driving the decline of reptiles, mollusks, and other aquatic taxa. Buhlmann and Gibbons (1997) found
that 36 percent of analyzed imperiled aquatic reptiles are threatened because of the “continuing,
cumulative abuse sustained by river systems,” and that at least 22 Southeastern reptile taxa have
declined due to degradation of rivers and streams (Buhlmann and Gibbons 1997). Habitat degradation is
also the primary cause of imperilment for southeastern mollusks (Neves et al. 1997, Lysne et al. 2008),
mammals (Harvey and Clark 1997), and plants (Stein et al. 2000).

Physical Alteration of Aquatic Habitats

In the southeast, nearly all of the major river and stream systems have been impounded, drained,
channelized, or altered in some way (Schuster 1997). Concerning the challenges facing freshwater
species conservation, Strayer (2006) declares, “It is difficult to overstate the extent to which humans
have changed freshwater habitats” (p. 278). Forty-four percent of U.S. river miles are classified as
impaired, primarily due to hydrologic modifications and agricultural runoff (EPA 2004).

Impoundment

Impoundment is a primary threat to aquatic species in the southeast (Benz and Collins 1997, Buckner et
al. 2002, Herrig and Shute 2002). Nearly half of all the petitioned species are threatened by
impoundment, including 83 percent of the fishes and 67 percent of the mollusks. Dams modify habitat
conditions and aquatic communities both upstream and downstream of the impoundment (Winston et al.
1991, Mulholland and Lenat 1992, Soballe et al. 1992). Upstream of dams, habitat is flooded and in-
channel conditions change from flowing to still water, with increased depth, decreased levels of
dissolved oxygen, and increased sedimentation. Sedimentation alters substrate conditions by filling in
interstitial spaces between rocks which provide habitat for many species (Neves et al. 1997).
Downstream of dams, flow regime fluctuates with resulting fluctuations in water temperature and
dissolved oxygen levels, the substrate is scoured, and downstream tributaries are eroded (Schuster 1997,
Buckner et al. 2002). Negative “tailwater” effects on habitat extend many kilometers downstream
(Neves et al. 1997). Dams fragment habitat for aquatic species by blocking corridors for migration and
dispersal, resulting in population isolation and heightened susceptibility to extinction (Neves et al.
1997). Dams also preclude the ability of aquatic organisms to escape from polluted waters and
accidental spills (Buckner et al. 2002).
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Fig. 1 Impaired Waters of the Southeast. Aquatic species are threatened by extensive impoundment and pollution.

There are few major rivers in the southeastern United States which haven’t been impounded (Shute et al.
1997). Medium-sized rivers in particular have been heavily impounded (Etnier 1997). Impoundments
have been constructed throughout the region by the Army Corps of Engineers, the Tennessee Valley
Authority, electrical power companies, and municipalities (Morse et al. 1997, Buckner et al. 2002). As
of the early 1990’s, there were 144 major reservoirs in the southeast, including 26 in Tennessee, 19 each
in Alabama and North Carolina, and 17 in Kentucky (Soballe et al. 1992). There are 36 dams on the
mainstem and major tributaries of the Tennessee River (Neves et al. 1997), resulting in the
impoundment of more than 20 percent of the Tennessee River and its major tributaries (Shute et al.
1997). The Tennessee and Cumberland River drainages have approximately 70 major dams and
reservoirs (Buckner et al. 2002). Waterways in Alabama have also been extensively impounded, with 16
major lock and dam structures on six rivers, 21 hydroelectric power dams, and over 20 public water
supply impoundments (Buckner et al. 2002). The Coosa and Tallapoosa rivers in Georgia and Alabama
have been ranked among the most imperiled rivers in the nation due to damming (Buckner et al. 2002).

Although damming projects have been curtailed in many areas of the county, construction of
impoundments is ongoing in the southeast (Folkerts 1997, Buckner et al. 2002). Folkerts (1997) states:
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“Proof of the Third World status of the Southeast lies in the fact that the damming era is not yet
over in the area, as it essentially is in the rest of the nation. Plans to dam many of the remaining

free-flowing rivers or reaches are in various stages of development even though not highly
publicized” (p. 11).

In addition to rivers, damming of streams and springs is also extensive throughout the southeast (Etnier
1997, Morse et al. 1997, Shute et al. 1997). Shute et al. (1997) report that “few Southeastern streams are
spared from impoundment” (p. 458). Noss et al. (1995) report that practically every stream in the
Mississippi Alluvial Plain has been channelized, levied, or hydrologically altered. Morse et al. (1997)
report that many streams have both small ponds in their headwaters and large reservoirs in their lower
reaches. Small streams on private lands are regularly dammed to create ponds for cattle, irrigation,
recreation, and fishing, with significant ecological effects due to the sheer abundance of these structures
(Morse et al. 1997). Buckner et al. (2002) report that small headwater streams are increasingly being
dammed in the southeast to supply water for municipalities. Etnier (1997) reports that many
southeastern springs have also been impounded.

Dams are known to have caused the extirpation and extinction of many southeastern species, and
existing and proposed dams pose an ongoing threat to many of the petitioned species (Folkerts 1997,
Neves et al. 1997, FWS 2000, Buckner et al. 2002, Herrig and Shute 2002). Dams are a primary cause of
imperilment for freshwater fish. Etnier (1997) found that impoundment and alteration of flow regime is
responsible for 32 percent of fish imperilment in the southeast. The construction of ten lock and dam
structures on the Tennessee-Tombigbee Waterway, which artificially connects the Tennessee River to
the Gulf of Mexico, led to the extirpation of many species from the main river channel, including the
Frecklebelly Madtom (Noturus munitus) (Bennet et al. 2008). The Frecklebelly Madtom was also
extirpated from the Alabama River due to impoundments, and because this species is dependent on
large-river gravel shoal habitat, it is “vulnerable to river modifications that will likely continue into the
foreseeable future” (Bennett et al. 2008). In Florida and other Atlantic states, impoundment of large
coastal tributaries has severely curtailed fish spawning runs (Gilbert 1992). Impoundment blocks
migratory routes for fish and covers spawning areas with silt (Etnier 1997). Dams and resultant substrate
changes have led to the disproportionately high imperilment of benthic fishes (Warren et al. 1997).

Even small dams negatively affect aquatic fauna. In Oklahoma, populations of four species of cyprinids
were extirpated when a small dam was constructed on the North Fork of the Red River (Winston et al.
1991).

Impoundments are one of the primary causes for the reduction in diversity and abundance of freshwater
mussels in the southeast (Williams et al. 1993, Neves et al. 1997). Impoundments threaten freshwater
mollusks via both direct and indirect mechanisms. Changes in the fish community jeopardize the
survival of mussels because mussels are dependent on host fish to successfully reproduce, with some
species of mussels being dependent on specific species of fish (Bogan 1993, 1996). If the fish species
upon which a mussel is dependent to host its larvae goes extinct, then the mussel becomes “functionally
extinct,” even when there are surviving long-lived individuals (Bogan 1993). Impoundments can also
separate mussel populations from host fish populations, resulting in the eventual extinction of the mussel
species (Bogan 1993, 1996). Layzer et al. (1993) and Williams et al. (1992) report instances of 30 to 60
percent of the mussel fauna being lost as the result of dam construction. The loss of mussels can in turn
negatively affect fish, because some species of fish use empty mussel shells as nest sites (Bennett et al.
2008).
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Impoundment and the resultant loss of shoal habitat has caused range reduction or extinction for many
species of Southeastern freshwater snails (Neves et al. 1997). Many snail species now exist primarily as
“relict populations” which only survive immediately below dam sites (Neves et al. 1997). Impoundment
is also one of the primary causes for the imperilment of crustaceans in the southeast (Schuster 1997).
Dams have also destroyed habitat for many species of aquatic insects, with remaining populations being
genetically isolated due to limited dispersal abilities (Herrig and Shute 2002). Impoundment has also
contributed to the decline of forest-associated bird species in the southeast, particularly for species with
narrow niches and low tolerance to disturbance (Dickson 1997).

Dredging and Channelization

Dredging and channelization have led to “incalculable loss of aquatic habitat in the Southeast” (Warren
Jr. et al. 1997). Dredging and channelization projects are extensive throughout the region for flood
control, navigation, sand and gravel mining, and conversion of wetlands into croplands (Neves et al.
1997, Herrig and Shute 2002). Many rivers are continually dredged to maintain a channel for shipping
traffic (Abell et al. 2002). Dredging and channelization modify and destroy habitat for aquatic species
by destabilizing the substrate, increasing erosion and siltation, removing woody debris, decreasing
habitat heterogeneity, and stirring up contaminants which settle onto the substrate (Hart and Fuller 1974,
Williams et al. 1993, Buckner et al. 2002, Bennett et al. 2008). Channelization can also lead to
headcutting, which causes further erosion and sedimentation (Hartfield 1993b). Channel modification is
one of the primary contributors to the decline of freshwater mollusks because of substrate instability,
headcutting, sedimentation, and actual removal of mussels from their beds during dredging operations
(Hart and Fuller 1974, Williams et al. 1993). Neves et al. (1997) describe dredging as “a perpetual
problem for sedentary mollusks that are displaced and killed in dredge spoils,” stating, “Endangered
mussels of big rivers . . . have been under siege for decades by navigational dredging mostly by the U.S.
Army Corps of Engineers. Even the presence of federally endangered species does not prevent the
modification of habitats where these animals reside” (p. 71).

Dredging and channelization also threaten imperiled fishes, reptiles, crustaceans, and other species.
Dredging removes woody debris which provides cover and nest locations for fish such as the
Frecklebelly Madtom (Bennet et al. 2008). Flood control projects and channel maintenance operations in
Mississippi threaten aquatic species in the Yazoo Basin (Jackson et al. 1993), including the petitioned
Yazoo crayfish. Channelization is known to be a primary cause of imperilment for southeastern
crustaceans (Schuster 1997). Dredging and channelization are also contributing to the decline of
southeastern turtles (Buhlmann and Gibbons 1997). Many of the petitioned turtle species, including the
highly imperiled map turtles, are threatened by the removal of woody debris on which they depend for
basking.

Water Development and Diversion and Decreased Water Availability

The diminishing availability of freshwater poses a present and increasing threat to aquatic species
globally and in the southeastern United States (Benz and Collins 1997, Buckner et al. 2002, Herrig and
Shute 2002, Hutson et al. 2005, Lysne et al. 2008). Human population growth and increasing demand
for freshwater resources has placed and will continue to place many aquatic species at risk (Jackson et
al. 2001, Postel 2000, Gleick 2003, Strayer 2006). In the southeast, demands for freshwater for
electricity production, irrigation, agriculture, and industrial and residential development are increasing
(Herrig and Shute 2002, Hutson et al. 2005, Lysne et al. 2008). Limited water supply is already an area
of conflict in Tennessee, Alabama, and Georgia in particular where rapidly growing metropolitan areas
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such as Atlanta, Birmingham, and Nashville have drastically increased the demand for freshwater for
residential and industrial uses (Buckner et al. 2002). In the agricultural sector, the construction of
numerous large Confined Animal Feeding Operations throughout the southeast has led to an increased
demand for inter-basin water transfers (Buckner et al. 2002). Increasing drought due to global climate
change is expected to exacerbate the threat of limited water availability to aquatic and riparian species in
southeastern states (Karl et al. 2009).

Demand for freshwater for use in electricity production is also increasing in the southeast. Freshwater is
used extensively in electrical power generation for emission scrubbing and cooling (DOE 2006). In the
year 2000, thermoelectric power generation accounted for 39 percent of all U.S. freshwater withdrawals
(Hutson et al. 2004). Existing and proposed coal-fired power plants in the southeast require and will
continue to require significant amounts of water to operate. For example, the proposed East Kentucky
Power Cooperative Smith coal-fired power plant will require 1,495 gallons of water per minute from the
Kentucky River to control nitrous oxide emissions (Gilpin Group 2007). Water demands have also
increased in the southeast to support the construction of gas-fired steam plants for electricity generation,
which require millions of gallons of water per day, and which return only roughly a fifth of water back
into waterways (Buckner et al. 2002). Water which is returned to the waterbody from which it is
pumped tends to be thermally polluted and may be inadequate to meet the dissolved oxygen needs of
aquatic species (Buckner et al. 2002).

Surface diversion of streams also threatens southeastern aquatic species (Etnier 1997, Abell et al. 2000,
Buckner et al. 2002, Herrig and Shute 2002). An increasing threat for Southeastern species is the
growing practice of damming small headwater streams to supply water for municipalities (Buckner et al.
2002). In addition to impoundment effects, water withdrawals reduce base flows and decrease habitat
availability for aquatic species (Abell et al. 2000, Herrig and Shute 2002). Reduced water volume also
increases the concentration of pollutants, posing another threat to species (Abell et al. 2000, Herrig and
Shute 2002).

In addition to rivers and streams, many Southeastern springs have been drastically altered to supply
water for human uses (Etnier 1997). Spring development and diversion can alter flow regime and water
quality parameters, lead to substrate disturbance and erosion, and alter the structure and composition of
vegetative cover with resultant effects on freshwater fauna (Shepard 1993, Frest and Johannes 1995,
Frest 2002). In terms of the effects of spring diversion on aquatic species, Frest (2002) states, “[Spring]
development can completely extirpate the native freshwater mollusks as well as reduce diversity in other
animal and plant groups.” An additional threat to southeastern species is groundwater overdraft, which
threatens spring flow and species which are dependent on consistent spring flow conditions (Strayer
2006). The dewatering of groundwater systems in the southeast threatens rare species of isopods,
amphipods, fish, crayfish, and amphibians which are dependent on stable spring and cave environments
(Herrig and Shute 2002).

Loss of Wetlands

In the continental United States, over half of wetlands have been lost or severely degraded, and many
southeastern states have lost the vast majority of their wetlands (Dahl 1990, Noss et al. 1995). More than
80 percent of the wetlands in Kentucky have been destroyed, as have more than 70 percent of Arkansas
wetlands, nearly 60 percent of Tennessee and Mississippi wetlands, and half of Florida and Alabama
wetlands (Dahl 1990). Arkansas, Florida, Georgia, Louisiana, Mississippi, and North and South Carolina
have each lost more than 100,000 acres of palustrine forested wetlands (Dahl and Johnson 1991).
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Through the mid-1980°, wetlands were lost in the southeast at a rate of over 385,000 acres per year
(Hefner and Brown 1984). In Florida alone, over nine million acres of wetlands have been lost (Cerulean
1991). In Arkansas, six million acres of Mississippi Delta wetlands had been converted to agricultural
use by the mid-1980’s (Smith et al. 1984). In the Lower Mississippi Valley region, over one-third of
existing wetlands were destroyed from 1950-1970 (Mitsch and Gosselink 1986), with over 165,000
acres of wetlands continuing to be lost annually through the mid-1980’s in this region (Tiner 1984). In
Tennessee, up to 90 percent of upland wetlands on the Highland Rim have been destroyed, as have more
than 90 percent of Appalachian bogs in the Blue Ridge Province (Pyne and Durham 1993). The
destruction of pocosins (evergreen shrub bogs) has been extensive throughout the southeast, with greater
than 90 percent loss in Virginia, nearly 70 percent loss in North Carolina, and nearly 70 percent loss on
the Southeastern Coastal Plain (Noss et al. 1995).

Loss, degradation, and fragmentation of wetland habitat have negatively affected numerous southeastern
freshwater species, and natural wetland habitats continue to be lost, placing more species at risk (Dodd
1990, Benz and Collins 1997, Semlitsch and Bodie 1998, Herrig and Shute 2002). Vegetated permanent
wetlands are among the most jeopardized habitats in the southeast, causing fish families that are
dependent on these wetland habitats, such as pygmy sunfishes, to have a disproportionately high level of
imperilment (Etnier and Starnes 1991, Cubbage and Flather 1993, Dickson and Warren 1994, Warren et
al.1997). Wetland destruction has also destroyed habitat for many bird species (Dickson 1997). Aquatic
reptile species that depend on standing water habitats have been negatively affected by wetland loss and
alteration, loss of beaver ponds, and removal of habitat features such as basking logs (Herrig and Shute
2002). Buhlmann and Gibbons (1997) found that 55 percent of imperiled aquatic reptile species in the
southeast are declining due to loss of wetland habitats, including 34 taxa of aquatic snakes and turtles.
For example, Dodd (1990) found that wetland fragmentation contributed to the decline of the flattened
musk turtle. Wetland loss also threatens southeastern amphibians (LaClaire 1997). Habitat for the
petitioned salamander, the Gulf Hammock Dwarf Siren, has been lost as wetlands have been drained for
residential, agricultural, and silvicultural development (AmphibiaWeb 2009).

Many reptile and amphibian populations exist as metapopulations that rely on habitat connectivity to
maintain genetic structure and provide recolonization opportunities in the event of localized extirpation
(Buhlmann and Gibbons 1997, Semlitsch and Bodie 1998).

Habitat fragmentation and wetland isolation thus threaten the regional persistence of southeastern
wetland herptile populations by cutting off opportunities for migration and dispersal and magnifying the
likelihood of inbreeding depression and reproductive failure due to random environmental perturbation
(Buhlmann and Gibbons 1997, Semlitsch and Bodie 1998). Small wetlands continue to be lost, and even
the loss of small wetlands can have negative effects on the persistence of metapopulations (Semlitsch
and Bodie 1998).

Land Use Activities that Decrease Watershed Integrity
Overview

Southeastern aquatic biota are threatened not only by direct physical alteration of waterways, but also by
activities in the watershed that directly or indirectly degrade aquatic habitats such as residential,
commercial, and industrial development, agriculture, logging, mining, alteration of natural fire regime,
and recreation. Land-use activities can alter water chemistry, flow, temperature, and nutrient and
sediment transport, and can interfere with normal watershed functioning (Folkerts 1997). Cavefishes, for
example, have a disproportionately high level of imperilment due to habitat degradation because their
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food base is derived from surface inputs which are degraded by a variety of activities (Warren et al.
1997). The Service has acknowledged that the habitat needs of species extend beyond the water channel
and include riparian and floodplain habitats which are integral to maintaining channel geomorphology,
providing nutrient input, and buffering sediments and pollution (FWS 2004). Thus, when identifying
habitat threats to aquatic species, entire watersheds must be considered and not just localized sites where
species occur (Shute et al. 1997, Strayer 2006).

Residential and Industrial Development and Human Population Growth

Southeastern aquatic and riparian species are threatened by habitat loss and degradation from increased
development and resource consumption to support rapidly growing human population in the region.
Development threatens two-thirds of the petitioned species. The only known location of the petitioned
Florida fairy shrimp was destroyed by development (Rogers 2002), and unless this species is discovered
in new areas, it may already be extinct. The primary threat to the petitioned dragonfly, the purple
skimmer, is lakeshore development. The Waccamaw fatmucket, a petitioned mussel, is threatened
primarily by increasing development in its watershed. The Carolina pygmy sunfish, Chauga Crayfish,
and many other petitioned species are also threatened primarily by development.

Human population nearly doubled in the southeast from 1970-2000 (Folkerts 1997). From 1990-2000,
the population of Georgia increased by 26 percent, North Carolina by 21 percent, Tennessee by 17
percent, and the population of Virginia increased by 14 percent (Buckner et al. 2002). Southeastern
states continued to experience significant human population growth from 2000-2007, with the
population of Georgia increasing by 17 percent, Florida by 14 percent, North Carolina by 13 percent,
South Carolina by 10 percent, Virginia by 9 percent, and the population of Tennessee increasing by 8
percent (U.S. Census Bureau 2009). Metropolitan areas in the southeast are among the fastest growing in
the nation (Dodd 1997). The human population of Raleigh, NC, expanded by 31 percent from 2000-
2007, with other metropolitan areas also experiencing significant population growth: Atlanta 24 percent,
Charlotte 24 percent, Jacksonville 16 percent, Nashville 16 percent, Tampa 14 percent, Richmond 11
percent, Miami 8 percent, Louisville 6 percent, Memphis 6 percent, and Birmingham 5 percent (U.S.
Census Bureau 2009). Population in the southeast is expected to increase to 78.2 million people by the
year 2020, representing a nearly 30 percent population increase over a 25-year period (Tennessen 1997).

Population growth threatens biodiversity due to increased demand for land, water, and other resources.
Southeastern metropolitan areas are adding urbanized land at an even faster rate than population is
increasing, with developed land increasing by 47 percent from 1982-1997 (Buckner et al. 2002). The
area of urbanized land in Nashville, TN, more than doubled during this 15-year period, representing
nearly an acre of newly developed land per new resident (Buckner et al. 2002). Similarly, the area of
developed land in Alabama increased by 19 percent from 1982-1992 (Buckner et al. 2002). The strong
geographic focus of development around fresh waters concentrates human ecological impacts on
freshwater ecosystems more than on any other part of the landscape (Strayer 2006). Throughout the
southeast, increased development is creating water supply problems, stressing available water resources,
and polluting aquatic habitats (Seager et al. 2009). For example, population growth in Birmingham is
pushing development into the upper Cahaba River watershed where runoff, wastewater discharges, and
water withdrawals directly threaten aquatic species (Buckner et al. 2002). During the dry season, the
Cahaba River’s entire flow may now be diverted for domestic use (Buckner et al. 2002). Global climate
change is expected to lead to fluctuating water supplies in the southeast, and in conjunction with
increasing human demand for freshwater, to place many aquatic species at heightened risk of extinction
(Karl et al. 2009).
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Fig. 2. Major Roads of the Southeast. Increasing development poses a major threat to Southeastern aquatic species.

Urbanization and residential, commercial, and industrial development threaten aquatic species in both
direct and indirect ways. Habitat is directly lost and fragmented through land conversion and through
water withdrawal and diversion (Benz and Collins 1997). Predation increases as populations of pets and
synanthropic species increase (Marzluff et al. 2001). Point-source pollution from industry and runoff
from parking lots, roofs, roads, and lawns degrade water quality and have lethal and sub-lethal effects on
aquatic species. Urban runoff is associated with declines in macroinvertebrate diversity and with
decreased mussel growth rates, and urban land use classes are associated with impairment of fish and
macroinvertebrate communities (Soucek et al. 2003, Carlisle et al. 2008, see also petition section “Other
Factors, Pollution). Amphibians and reptiles are particularly threatened by development. Siltation and
leachate from road runoff can be lethal for larval amphibians and other aquatic organisms (Dodd 1997).
The construction of roads increases mortality and leads to population isolation and the disruption of the
metacommunity structure on which the long term population persistence of many herptile species
depends (Buhlmann and Gibbons 1997). Noise and light from roads and developments can interfere
with behavior patterns and disrupt breeding and feeding activities, particularly for amphibians (Dodd
1997). Amphibian species richness is lower in urbanized areas, as many species cannot persist in
urbanized sites (Delis 1993, Herrig and Shute 2002).
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Habitat loss and degradation due to development is generally permanent and poses an increasing threat
to southeastern aquatic species. Folkerts (1997) reports that in the southeast in particular, development
threatens aquatic species more than in other areas due to lax enforcement of environmental laws in the
region.

Recreation

Increasing human population is increasing the demand for recreational developments and activities. The
development of smaller towns for retirement communities and recreational areas is increasing in the
southeast and is threatening freshwater biodiversity. Housing developments, strip malls, and resorts are
being constructed in very rural areas, and small towns are now burgeoning in previously undeveloped
areas including the Knoxville-Chattanooga suburban corridor, on the Cumberland Plateau, in the Cahaba
River headwaters outside Birmingham, and in the Mobile-Tensaw Delta (Buckner et al. 2002). Many
rapidly developing small communities are constructing dams on headwater streams, often in areas that
were recently remote and inaccessible, with resultant impacts on aquatic species (Buckner et. al 2002).
The development of housing and recreational facilities on lakeshores and in riparian areas results in the
degradation of water quality and aquatic habitat (Tennessen 1997). For instance, Morse et al. (1997)
report the loss of rare stonefly species in a stream in North Carolina following the development of
summer homes.

Recreational developments and activities threaten aquatic species for many reasons. Recreational
developments foster air and water pollution, litter, and potentially high densities of recreationists
(Houston 1971, White and Bratton 1980). Recreation can cause trampling of organisms and vegetation
(Liddle 1975). The petitioned plant species Plagiochila aspleniformis, for example, is threatened by
recreational use of its state park habitat (NatureServe 2008). Local habitat changes caused by trampling
include simplification of vegetation and soil compaction which can result in overall loss of habitat
diversity (Speight 1973, Liddle 1975). An egregious example of the potential impacts of recreation on
aquatic species is off-road vehicle use. Off-road vehicle use can lead to severe degradation of aquatic
and riparian habitats, the effects of which are well documented and include trampling of organisms,
destruction of vegetation, erosion, and degraded water quality (Wuerthner 2007). Off-road vehicle use
threatens imperiled mussels due to habitat degradation from riding in streams and along stream banks
(Hanlon and Levine 2004). The riding of off-road vehicles near water can destroy the nests of egg-
laying reptiles and can trample adults and young (Herrig and Shute 2002). Southeastern aquatic species
are also threatened by other forms of motorized recreation, such as the use of motorized boats and jet-
skis, which cause oil and gas contamination and bank erosion (Buckner et al. 2002). Poaching is also a
threat to species in recreational areas. For instance, Garber and Burger (1995) document the extirpation
of a turtle population in a protected area due to occasional removal of adults by recreational users.

Decreased water quality, trampling, or other recreational impacts threaten 22 percent of the petitioned
species including the Bigcheek cave crayfish, Blue Spring hydrobe snail, and small-flower meadow-
beauty.

Logging
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Southeastern aquatic and riparian species are threatened by the loss of forests and the negative effects on
water quality and aquatic habitats which result from logging activities and canopy removal. More than
95 percent of the original forest in the 48 conterminous states has been lost (Noss et al. 1995), including
99 percent of eastern deciduous forest (Allen and Jackson 1992). By the late 1920’s, the majority of
forested land in the southeast had already been logged (Neves et al. 1997). By the 1960’s, clearcutting
had became standard practice on southeastern forests and continues to the present (Morse et al. 1997). A
region-wide cut is currently underway across the southeast, and the region now supplies nearly 70
percent of the nation’s pulp and paper products (Buckner et al. 2002). The rate of deforestation in the
southeast now exceeds that of any tropical area of comparable size (Folkerts 1997). The Tennessee,
Cumberland, and Mobile basins have experienced a drastic increase in large clearcutting operations and
chip mills, with 1.2 million acres of forest being cut annually to supply 150 regional chip mills, two-
thirds of which have been built since the late 1980s (Buckner et al. 2002). In the area surrounding Great
Smoky Mountain National Park, the rate of logging doubled from 1980-1990 (Folkerts 1997). Of the 70
million acres of longleaf pine forest which once covered over 40 percent of the Southeastern Coastal
Plain, only one to two percent remains, and the remnant acreage is fragmented and “poorly-managed”
(Noss et al. 1995, Dodd 1997). Clearcutting on the Coastal Plain has affected “virtually every aquatic
habitat in the area” (Folkerts 1997, p. 11). Much forested land in the southeast is in private ownership,
where “best management practices” to control erosion and protect aquatic habitats are not necessarily
followed, which amplifies water quality degradation and threatens aquatic species (Morse et al. 1997).

Logging has multiple direct and indirect negative effects on aquatic biota, across taxa. Erosion from
poor forestry practices degrades water quality (Williams et al. 1993). Increased sedimentation from
logging can suffocate aquatic snails and their eggs, preclude their ability to feed, and extirpate
populations: “As most (freshwater snails) are obligate perilithon grazers and require stable substrate,
siltation, such as that resulting from clear-cutting, generally means loss of habitat and at least local
extirpation” (Frest and Johannes 1993). Increased sedimentation is also harmful for freshwater mussels
(Neves et al. 1997). Clearcutting and conversion of deciduous forest to pine plantations increases
sedimentation and reduces the input of large woody debris and leaf litter into streams which are
necessary to provide microhabitat and food for aquatic organisms (Morse et al. 1997, Herrig and Shute
2002). Clearcutting can lead to the disappearance of caddisflies and mayflies, with ramifications at
higher levels of the food web (Morse et al. 1997). Amphibian diversity and abundance is reduced by
clearcutting and the conversion of deciduous forests to pine plantations (Dodd 1997, Herrig and Shute
2002). Aquatic-breeding amphibians which depend on ephemeral ponds and/or which are dependent on
forested habitats to complete their life cycle are particularly threatened by logging activities (Dodd
1997). Herbicides used after timber harvests also negatively affect amphibians and other aquatic
organisms (Dodd 1997, Herrig and Shute 2002).

Fifty-one percent of the petitioned species are threatened by logging. Logging is the primary threat to
the newly discovered patch-nosed salamander, and to many of the petitioned crayfishes including the
Irons Fork Burrowing Crayfish, Kisatchie painted crayfish, and pristine crayfish. Logging also threatens
the petitioned dragonflies including Westfall’s clubtail and the Ozark emerald.

Agriculture and Aquaculture
Southeastern aquatic species are threatened by the loss and degradation of habitat due to poor
agricultural practices. Agriculture is the most widely reported source of pollution in southeastern rivers

(EPA 2004). Intensive agriculture began in the southeast in the 1930’s, and agriculture continues to
extensively impact southeastern aquatic ecosystems (Neves et al. 1997). Agriculture in the southeast has
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a tremendous impact on aquatic habitats both due to the extent of farmland and to farming practices
(Buckner et al. 2002, Herrig and Shute 2002). In the Tennessee, Cumberland, and Mobile River basins,
for example, farms cover nearly half the landscape. Throughout the southeast, fields are commonly
plowed to the edges of waterways, causing sedimentation and bank collapse and facilitating the runoff of
fertilizers and pesticides (Buckner et al. 2002). Both traditional farming practices and confined animal
feeding operations contribute to water quality degradation and the imperilment of indigenous biota in the
southeast through erosion, sedimentation, and chemical and nutrient pollution from point and non-point
sources (Patrick 1992, Morse et al. 1997, Neves et al. 1997, Herrig and Shute 2002).

Fifty percent of the petitioned species are threatened by conversion of their habitat to agricultural use or
by agricultural runoff including the striated darter, Logan's agarodes caddisfly, the Sevier snowfly, and
the Tennessee clubtail dragonfly. Agriculture is known to be a major stressor for aquatic animals
(Richter et al. 1997). In a biological assessment of Appalachian streams, Carlisle et al. (2008) found that
agricultural land uses were associated with impairment of fish and macroinvertebrate communities.
Agriculture is known to be contributing to the decline of sensitive fish species (Herrig and Shute 2002).
Freshwater mollusks are threatened by silt loading and destabilized stream bottoms from agricultural
runoff (Williams et al. 1993, Neves et al. 1997). Agricultural activities on the Atlantic and Gulf Coastal
Plains threaten imperiled amphibians which are dependent on ephemeral pond habitats that are being
lost to agricultural development (Herrig and Shute 2002).
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Fig. 3. Agricultural Lands of the Southeast. Half of the petitioned species are threatened by agricultural impacts.
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Many of the petitioned species are specifically threatened by pollution from Confined Animal Feeding
Operations (CAFOs), including the Carolina madtom fish, corpulent hornsnail, Neuse River waterdog
salamander, and Ouachita creekshell mussel. CAFOs and feedlots have caused extensive degradation of
southeastern aquatic ecosystems (Neves et al. 1997, Buckner et al. 2002, Mallin and Cahoon 2003). The
number of CAFOs in the southeast has increased drastically since 1990 as livestock production has
undergone extensive industrialization (Buckner et al. 2002, Mallin and Cahoon 2003). Alabama and
Arkansas are now the nation’s leading poultry producers, with Florida, Georgia, and Kentucky also
ranking among the top ten states for poultry production (U.S. Census Bureau 2009). Poultry CAFOs are
also abundant in North Carolina, Mississippi, and Virginia (Mallin and Cahoon 2003). There are
extensive swine CAFOs on the North Carolina Coastal Plain, and North Carolina is now the nation’s
second largest pork producer (Mallin and Cahoon 2003, U.S. Census Bureau 2009). CAFOs threaten
aquatic species both due to the vast amounts of freshwater necessary to support their operation and due
to pollution (Buckner et al. 2002). CAFOs hold tens of thousands of animals and produce a large amount
of waste which enters the environment either by being discharged directly into streams or constructed
ditches, stored in open lagoons, or applied to fields in wet or dry form (Buckner et al. 2002, Mallin and
Cahoon 2003, Orlando et al. 2004). CAFO wastes contain nutrients, pharmaceuticals, and hormones,
and cause eutrophication of waterways, toxic blooms of algae and dinoflagellates, and endocrine
disruption in downstream wildlife (Mallin and Cahoon 2003, Orlando et al. 2004, see also petition
section “Other Factors, Pollution”).

Both livestock holding lots and landscape grazing degrade aquatic habitats in the southeast (Buckner et
al. 2002, Herrig and Shute 2002). Several southeastern states, including Tennessee, Kentucky, Alabama,
and Florida, produce large amounts of cattle and horses both via grazing and holding lots (Buckner et al.
2002, U.S. Census Bureau 2009). Livestock are generally allowed to wade directly into streams,
trampling habitat, and causing erosion and nutrient contamination (Buckner et al. 2002). A survey of
peer-reviewed studies on the effects of livestock grazing on stream and riparian ecosystems found that
grazing negatively affects water quality and quantity, channel morphology, hydrology, soils, instream
and streambank vegetation, and aquatic and riparian wildlife (Belsky et al. 1999). Frest (2002) identifies
livestock grazing as a primary factor in the extirpation of freshwater snail populations. Snails and their
habitats are harmed via direct trampling, soil compaction, erosion, water siltation and pollution, and
drying up of springs and seeps (Frest 2002). The Piedmont Pondsnail, Stagnicola neopalustris, which
was known only from a single pond in Virginia, may have been driven to extinction due to cattle grazing
(Herrig and Shute 2002, NatureServe 2009). Grazing threatens 14 percent of the petitioned species
including the Virginia stone stonefly, Barrens darter fish, Cherokee clubtail dragonfly, Choctaw bean
mussel, and many plants including the eared coneflower.

Aquaculture poses another threat for aquatic species in the southeast. The largest aquacultural enterprise
in the United States is catfish (Ictalurus punctatus) farming, with 95 percent of production occurring in
Alabama, Arkansas, Louisiana, and Mississippi (Tucker and Hargreaves 2003). Crayfish farming in
Louisiana is the nation’s second largest aquacultural enterprise, with the state holding over 49,000
hectares of crayfish ponds (Holdich 1993). Aquacultural operations can consist of constructed ponds or
tanks, dammed waterways, enclosures in natural water bodies, or land-based tanks with flow-through of
natural waters (Tacon and Forster 2003). Aquaculture threatens aquatic habitats due to habitat
conversion, the withdrawal, diversion, or impoundment of natural waterways to support operations, and
the release of effluent into waterbodies (Naylor et al. 2001). Trout farming, for example, requires large
amounts of cold water and operations are generally constructed on “outstanding resource waterways”
(Morse et al. 1997). Water-quality degradation from fish farms threatens southeastern aquatic insect
populations (Herrig and Shute 2002). As discussed previously, impoundments and diversions alter water
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chemistry and flow and can be detrimental for native mollusks and fishes (Morse et al. 1997, Neves et
al. 1997). The construction of shrimp farms in wetlands and estuaries also destroys and degrades habitat
for native aquatic species (Hopkins et al. 1995).

Mining and Oil and Gas Development

Mining for coal, gravel, limestone, phosphate, iron, and other raw materials poses a dire threat to many
aquatic species in the southeast (Dodd 1997, Buckner 2002). Past and present mining activities have
caused extensive degradation of aquatic and terrestrial habitats and extirpation of aquatic populations
(Neves et al. 1997). Twenty-nine percent of the petitioned species are threatened by mining and oil and
gas development.

Extensive strip mining for coal is conducted in West Virginia, Kentucky, Virginia, Tennessee, and
Alabama (Dodd 1997). As of 2004, more than 1.1 million acres of land in Appalachia were undergoing
active mining operations (Loveland et al. 2003). The EPA projects that from 1992-2013, 761,000 acres
of Appalachian forest will be lost to surface coal mining (Pomponio 2009). This figure does not include
the forest lost prior to 1992. Nearly 7 percent of the forest that still existed in 1992 will be lost to coal
mining by 2013 (Pomponio 2009). Mining has fragmented remaining forests, with resultant negative
ecosystem effects (EPA 2005). Studies have shown that biodiversity and water quality are negatively
affected when greater than 10 percent of the surface area of a watershed has been altered (Yaun and
Norton 2003, Allan 2004, Morgan and Cushman 2005), yet up to 23 percent of the land area of some
counties in Kentucky and West Virginia has been permitted for surface coal mining (U.S. Government
Accountability Office 2009). Mining increases the potential for extreme flooding events, and
reclamation does not restore pre-mining hydrologic characteristics or ecological functions (Townsend et
al. 2009).

Mining often occurs directly through streams or ponds, and mine wastes are pushed directly into streams
and rivers (Dodd 1997, EPA 2005). By 1973, it was estimated that over 18,000 miles of streams in
Appalachia had already been degraded by underground coal mining (Ahmad 1973, Neves et al. 1997).
From 1992-2002, more than 1200 miles of Appalachian streams were buried or degraded by
mountaintop removal coal mining (EPA 2005). At this rate, by the end of 2010, over 2160 miles of
stream will have been destroyed by mountaintop removal. This figure does not incorporate the
thousands of miles of downstream reaches that have been substantially degraded by sedimentation and
chemical pollution from coal mining (Palmer and Bernhardt 2009, Pomponio 2009, Palmer et al. 2010).
In the Clinch and Powell watersheds in southwestern Virginia, where the highest concentration of
imperiled species in the continental United States occurs (Stein et al. 2000), there were 287 active coal-
mining point-source discharges as of 2002 (Diamond et al. 2002), which have been shown to be
degrading habitat conditions for imperiled species (Ahlstedt et al. 2005). In the Laurel Creek watershed of
the Big Coal River in West Virginia, nearly one-third of total stream length has been buried beneath valley
fills or impacted by surface mines (Palmer and Bernhardt 2009). Thirty of the petitioned species are
specifically threatened by mountaintop removal.

Coal mining negatively impacts aquatic species through direct habitat destruction, decreased water
availability, variations in flow and thermal gradients, and chronic and acute pollution of surface and
ground water (FWS 1996, Neves et al. 1997, Houp 1993, Pond et al. 2008, Palmer and Bernhardt 2009,
Pomponio 2009, Wood 2009, Palmer et al. 2010). Pollution from mining negatively impacts
invertebrates and vertebrates and leads to less diverse and more pollution-tolerant species (Naimo 1995,
Cherry et al. 2001, EPA 2005, Lemly 2009, Pomponio 2009, see also petition section “Other Factors,
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Pollution”). Surface coal mining and associated road-building increase human access to imperiled
species which can lead to poaching and contribute to the spread of invasive species (FWS 1996).
Surface coal mining also causes long-term changes in land use and local ecology, and threatens the long-
term viability of populations due to habitat fragmentation (FWS 1996).

Numerous scientific studies have reported declines in the diversity and abundance of aquatic organisms
resulting from coal mining (Branson and Batch 1972, Vaughan 1979, Matter and Ney 1981, Dodd 1997,
Folkerts 1997, Soucek et al. 2003). Diatom and macroinvertebrate communities are seriously degraded
in mining tributaries (Serveiss 2001, Locke et al. 2006, Carlisle et al. 2008, Pond et al. 2008).
Concerning the extirpation of macroinvertebrates due to surface mining, Wood (2009) states:

“We now have clear evidence that in some streams that drain mountaintop coal quarry valley
fills, the entire order Ephemeroptera (mayflies) has been extirpated, not just certain genera of
this order. We also have evidence that some streams no longer support the order Plecoptera
(stoneflies). . . The loss of an order of insects from a stream is taxonomically equivalent to the
loss of all primates (including humans) from a given area. The loss of two insect orders is
taxonomically equivalent to killing all primates and all rodents through toxic chemicals. Such
adverse ecological impacts are most certainly significant, and they prevent affected streams from
meeting their designated aquatic life uses.”

The loss of macroinvertebrates directly and indirectly impacts stream ecology. Soucek et al. (2003)
found a significant association between decreased abundance of indicator insect species and decreased
growth rates of mussels. Locke et al. (2006) suggest that mining-influenced tributaries are negatively
affecting downstream mussels. Field and laboratory studies implicate sedimentation from mining in the
decline of mussels and snails (Aldridge et al. 1987, Neves et al. 1997). Neves et al. (1997) state, “Many
species of mollusks have been extirpated from headwater streams where mining has been most intense”
(p- 69). Numerous studies have attributed the decline in diversity and abundance of mussels to habitat
loss and degradation resulting from coal mining (Neel and Allen 1964, Stansberry 1969, Ahlstedt and
Brown 1979, Neves et al. 1980, Branson et al. 1984, Anderson 1989, Houp 1993, McCann and Neves
1992, Wolcott and Neves 1994, Naimo 1995, Ahlstedt and Tuberville 1997, Neves et al. 1997, Cherry et
al. 2001, Ahlstedt et al. 2005, Warren and Haag 2005, Locke et al. 2006).

Amphibian diversity and abundance is lower on lands that have been mined (EPA 2005).

Wood (2009) reports that salamanders in headwater stream ecosystems have been significantly
negatively impacted by mountaintop removal coal mining. Concerning the concentration of endemic
salamanders and mussels in coal mining areas, Palmer and Bernhardt (2009) state:

"Where mining activities destroy stream habitat and degrade stream water quality, many of these taxa
become locally extinct, and for species with small geographic distributions, mining activities will
contribute to their global extinction."

Diamond and Serveiss (2001) found that proximity to mining had the greatest impact on the index of
fish biotic integrity. They conclude, “Results may indicate that mining has a profound negative effect on
fish communities.” Lemly (2009) reports that selenium contamination from coal mining can eliminate
entire communities of fish and cause reproductive failure in aquatic birds (Lemly 1985, Ohlendorf
1989). Recovery of aquatic life in mining-waste impacted streams has not been documented, effects are
“pervasive

and irreversible,” and “mitigation cannot compensate for losses” (Palmer et al. 2010).
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Other forms of mining and oil and gas development are also known to be causing severe degradation of
aquatic habitats. In-stream gravel mining and rock removal fragment and destroy habitat for aquatic
insects, mussels, crayfish, and fish (Buckner et al. 2002). Sand and gravel mining have been associated
with both on and off-site mussel extirpation (Hartfield 1993) and with decreased downstream mussel
growth rates (Yokley 1976). Many petitioned species are threatened by sand and gravel mining
including the cobblestone tiger beetle, bluestripe darter, hellbender salamander, and many mussels and
snails. As early as the 1920’s, it was reported that phosphate and iron mines were causing a precipitous
decline in mussel populations (Ortmann 1924). Mining of industrial minerals such as kaolin, mica, and
feldspar also causes loss and degradation of habitat for aquatic species (Tennessee Valley Authority
1971, U.S. EPA 1977, Duda and Penrose 1980). Kaolin mining threatens the petitioned mussel, the
Alabama spike, and the fish, the robust redhorse. Oil and gas development threaten many of the
petitioned mussels.

In sum, many factors are causing the loss and degradation of aquatic habitats in the southeast including
logging, mining, agriculture, development, and recreation. Habitat loss is the leading cause of extinction
globally and poses a dire threat to almost all of the petitioned species.

OVERUTILIZATION FOR COMMERCIAL, RECREATIONAL, SCIENTIFIC, OR
EDUCATIONAL PURPOSES

Overutilization pushes imperiled species towards extinction, especially in conjunction with other threats.
Thirty eight of the petitioned species are threatened by overutilization for commercial, recreational,
scientific, or educational purposes. Overutilization is the primary threat for seven of the petitioned plants
and for many of the petitioned turtles, particularly the map turtles. It is also a primary threat to the
hellbender salamander, which is commonly killed by fishermen. Collection for the pet trade threatens a
few of the petitioned fishes, crayfishes, and amphibians. Historical overuse greatly threatened many of
the petitioned mussels, fishes, and the Florida sandhill crane.

Throughout the southeast reptiles are exploited for use as pets or food, or are killed forthright for
recreational purposes, all which may cause significant population declines (Salzberg 1995, Williams
1995, Buhlmann and Gibbons 1997, Gibbons et al. 2001, Herrig and Shute 2002, Means 2009). Many
southeastern turtle species, such as the Florida red-bellied turtle (Pseudemys nelsoni), are threatened by
overcollection because they are commonly harvested for food (NatureServe 2008). Several southeastern
freshwater turtle species are being driven to extinction by unregulated commercial harvest. The states of
Arkansas, Kentucky, Georgia, Louisiana, and Tennessee allow unlimited harvest of freshwater turtles.
The international trade in turtles for use as food, pets, or in traditional medicine is extensive and largely
unregulated (Buhlmann and Gibbons 1997, Sharma 1999). Over the last decade conservation biologists
have cautioned state wildlife agencies that freshwater turtles in North America are being increasingly
targeted to supply food markets in Asia, particularly China, due to depletion of wild populations of
Asian turtles (Behler 1997). Because the trade in turtles is not regulated, few records have been kept, but
existing records indicate that the trade in live turtles from the United States to China is thousands of tons
per year (Mockenhaupt 1999). According to the U.S. Law Enforcement Management Information
System, from November 2002 to November 2005, nearly 733,000 wild-caught freshwater turtles were
declared as exports from U.S. ports. This number likely underestimates the actual harvest because it
includes only exports and does not include unreported collection. The Tennessee Wildlife Resources
Agency reports that more than 25,000 turtles were reported as harvested in Tennessee from 2006-2007.
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Overutilization of imperiled turtle species is especially problematic because the reproductive success of
long-lived reptile species is dependent on high adult survivorship, and population declines occur when
adults are harvested (Brooks et al. 1991, Heppell 1998, Pough et al. 1998, Congdon et al. 1993, 1994).
Reed et al. (2002) found that the removal of as few as two female adult alligator snapping turtles could
halve a population of 200 turtles within 50 years. Congdon et al. (1994) found that the removal of as few
as 10 percent of the adults above 15 years of age could halve a snapping turtle population in 15 years.
Garber and Burger (1995) documented the extirpation of a wood turtle (Glyptemys insculpta) population
due to the occasional removal of adults by recreational users.

In the southeastern United States, shooting and/or harvesting have contributed to the decline of map
turtles, musk turtles, snapping turtles, and pond turtles (Buhlmann and Gibbons 1997). The alligator
snapping turtle (Macroclemys temminckii) has declined as the direct result of overharvest (Sloan and
Lovich 1995). Map turtles in particular are threatened by commercial collection, with adults valuing
hundreds of dollars each on the web (Center for Biological Diversity 2008). Herpetologists from the
Tennessee Aquarium who have conducted map turtle surveys in Florida and Georgia for decades report
drastic population depletion and even extirpation of most southern map turtle species, primarily
attributable to overcollection for the pet trade (George, G.A. pers. comm. 2007). Barbour’s map turtle
(Graptemys barbouri) has declined due to human consumption and collection for the pet trade
(NatureServe 2008). The Pascagoula map turtle (Graptemys gibbonsi) has declined due to commercial
collection and recreational shooting (NatureServe 2008). The black-knobbed map turtle (Graptemys
nigrinoda) is threatened by target shooting and exploitation for the pet trade (NatureServe 2008). The
Escambia map turtle (Graptemys ernsti) is also threatened by shooting, trapping, and commercial
collection (NatureServe 2008).

Overcollection and recreational killing are also a problem for some Southeastern snake and lizard
species (Gibbons et al. 2000, Herrig and Shute 2002). The Apalachicola kingsnake (Lampropeltis getula
pop. 1), Kirtland’s snake (Clonophis kirtlandii), and the Florida Keys mole skink (Eumeces egregius
egregious) are all threatened by overcollection (NatureServe 2008).

Southeastern mussels are also threatened by overutilization, though to a lesser extent than in the past
(Neves et al. 1997). The harvest of southeastern mussel species for commercial purposes is well
documented (Anthony and Downing 2001, Williams et al. 2008). Mussels are collected by humans for
their pearls, meat, and shells, and many populations of mussels have been depleted by harvest in the last
200 years (Strayer 2006). In a single year in the mid-1910’s, more than 13 million kg of mussel shells
were harvested in the state of Illinois alone, and more than 100 million mussels were removed from a
single 73-hectare bed on the Mississippi River (Claassen 1994, Carlander 1954). In 1960, more than
6,700 tons of shells were harvested from Tennessee Valley Authority reservoirs in northern Alabama
(Williams et al. 2008). Although mussel fisheries targeted abundant species, the historical bycatch of
rare species was likely substantial (Strayer 2006). Mussel collection declined by mid-century, but
resurgence in the commercial harvest of native mussels has occurred since the 1960’s to supply nucleus
beads for the cultured pearl trade (Ward 1985, Williams et al. 1993). Wild U.S. populations are the
preferred source for nucleus beads for the Japanese pearl industry, which has increased harvest pressure
on southeastern mussel populations (Williams et al. 1993, Jenkinson and Todd 1997). In 1991 and 1992,
570 tons of shells were harvested from the Wheeler Reservoir on the Tennessee River (Williams et al.
2008). The cultured pearl industry is very unpredictable and cycles with fluctuating market demand
(Williams et al. 2008). The spike in raw shell prices in the early 1990’s resulted in up to 100 commercial
boats simultaneously harvesting single reservoirs (Williams et al. 1993). Most harvested mussels are
common species, but bycatch remains a threat to native mussels. Imperiled native mussels are threatened
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not only by the amount of harvest, but also by the method used to collect shells, which when conducted
non-selectively, can result in substantial bycatch of non-target species and juveniles (Williams et al.
1993). Although unwanted mussels are thrown back, Sickel (1989) found that mortality of undersized
mussels which are thrown back may be as high as 50 percent. Mussels are threatened not only by
commercial collection, but also by collection from shell collectors and biologists. Very rare species are
particularly threatened by overcollection. Overutlization for biological collections may have contributed
significantly to the decline of the Suwannee Moccasinshell (Medionidus walkeri), for example
(NatureServe 2008).

Other southeastern taxa are also threatened by overexploitation, including amphibians, fish, crayfish,
butterflies, and plants. Amphibians are threatened by overcollection for use as food, for the pet trade,
and for the biological and medicinal supply markets (Dodd 1997, AmphibiaWeb 2009). Southeastern
fishes and crayfishes are vulnerable to overutilization. Crayfishes are threatened by collection for use as
bait or food (Herrig and Shute 2002). The Carolina pygmy sunfish (Elassoma boehlkei) is threatened by
overcollection for the pet trade (NatureServe 2008). The lake sturgeon (Acipenser fulvescens) remains
vulnerable to harvest due to historical overuse (NatureServe 2008). Collection of invertebrates for bait
or the pet trade can deplete populations (Strayer 2006). Collection of the Mitchell's satyr (Neonympha
mitchellii) has contributed substantially to the decline of this rare butterfly (NatureServe 2008).
Collection also threatens the rare skipper (Problema bulenta) (NatureServe 2008). White et al. (1992)
document the removal of an entire population of Panhandle lily (Lilium iridollae) from the Conecuh
National Forest by horticultural collectors.

Overutilization is a threat not just for rare species, but for some species which are currently abundant
due to the magnitude of collection pressure. Buhlmann and Gibbons (1997) state that even presently
abundant southeastern reptile species are of concern because of the vast numbers being removed from
the wild for export.

Rare species which are not currently threatened by overutilization may become threatened at any time as
their perceived value increases. In the proposed rule to list three rare mollusk species, FWS (2009)
states:

“While collection is not considered a current threat, the desirability of these species in scientific
and commercial collections may increase as their existence and rarity becomes known, and their
localized distributions and small population sizes leaves them vulnerable to overzealous
recreational or scientific collecting” (74 FR 31114, p. 8).

The impacts of overutilization compound the threats facing imperiled southeastern species whose
populations have already been reduced due to habitat loss and other factors. Overutilization may drive
species which are already struggling to survive to extinction.

DISEASE AND PREDATION

Disease

Thirty six of the petitioned species are threatened by disease or predation. The spread of disease has
contributed to the decline of aquatic species globally and in the southeastern United States (Daszak et al.

1999, Corser 2000, Gibbons et al. 2000, Cunningham et al. 2003). Amphibians in particular have been
decimated by the spread of disease (Kiesecker et al. 2004). Numerous diseases are contributing to
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amphibian declines including infections of fungi (Batrachochytrium dendrobatidis ““chytrid”;
Saprolegnia ferax), ranaviruses, iridoviruses, mesomycetozoae, protozoae, helminthes, and undescribed
diseases (Dodd 1997, Daszak et al. 1999, Briggs et al. 2005, Davis et al. 2007, Peterson et al. 2007). The
most infamous of these, chytrid fungus, affects not only frogs but has also now been reported in both
aquatic and terrestrial salamanders (Davidson et al. 2003, Cummer et al. 2005, Padgett-Flohr and
Longcore 2007). In Alabama, Byrne et al. (2008) recently detected chytrid fungus in the southern two-
lined salamander (Eurycea cirrigera). The decline of map turtles, musk turtles, snapping turtles, and
pond turtles is partially attributable to disease (Dodd 1988, Buhlmann and Gibbons 1997). For instance,
populations of Barbour's map turtle (Graptemys barbouri) have been afflicted by bacterial disease
(Jacobson et al. 1989) and by a fatal disease of unknown etiology (NatureServe 2008). Southeastern
freshwater fishes are also threatened by diseases, which are being spread by aquacultural operations and
in shipments between fish hatcheries (Kautsky et al. 2000, Naylor et al. 2001, Strayer 2006, Green and
Dodd 2007).

Other threats exacerbate the vulnerability of southeastern aquatic fauna to disease and population
decline. The hellbender, which is direly threatened by both habitat loss and overuse, is also threatened
by disease. Reptile declines have also been attributed to disease (Diemer Berish et al. 2000, Gibbons et
al. 2000). In freshwater fishes, stress-related diseases are prevalent in polluted rivers where chronic, sub-
lethal pollution has increased the susceptibility of organisms to infection (Moyle and Leidy 1992).

Predation

Predation threatens several of the petitioned species. Even natural levels of predation can push imperiled
species towards extinction, especially in conjunction with other threats such as reduced habitat or stress
from factors such as climate change and disease.

Predation threatens the petitioned species across taxa, including reptiles, birds, plants, amphibians,
fishes, crayfishes, and mollusks. Browne and Hecnar (2007) report that heavy predation on turtle nests
from raccoons can be a primary factor limiting recruitment of imperiled turtle populations. For example,
effects of predation can be severe on populations of Florida red-bellied turtle (Pseudemys nelsoni), the
juveniles and eggs of which are preyed upon by raccoons, fish, and corvids (NatureServe 2008).
Drought magnifies the effects of predation on this species due to increased exposure resulting from
reduced water levels (NatureServe 2008). At least two of the petitioned bird species are threatened by
predation. The seaside sparrow (Ammodramus maritimus macgillivraii) is threatened by predation by
rice rats (Post and Greenlaw 1994). The black rail is threatened by predation from various species during
high tides when the rails are forced away from cover (Evens and Page 1986). Two of the petitioned plant
species are known to be threatened by predation. Hall's bulrush (Schoenoplectus hallii) is threatened by
predation from mute swans and Canada geese (McKenzie et al. 2007). The Panhandle Lily (Lilium
iridollae) is threatened by cattle grazing and potentially by insect herbivory (Barrows 1989).
Southeastern amphibians, fishes, and crayfishes are threatened by predation from native and non-native
crayfishes and fishes (NatureServe 2008). The Lake Sturgeon (Acipenser fulvescens) is threatened by
predation of eggs by round gobies (Hay-Chmielewski and Whelan 1997). The streamside salamander is
threatened by predation from fish, flatworms, and water snakes (Petranka 1983, AmphibiaWeb 2009).
Predation can contribute heavily to the decline of imperiled mussels because of their restricted
distributions and small population sizes (NatureServe 2008, Rock Pocketbook species account).
Imperiled southeastern mussels are threatened by predation from fishes, muskrats, racoons, otter, mink,
turtles, and some birds (Neves and Odom 1989, Parmalee 1967, Snyder and Snyder 1969). A number of
fish species, including catfishes (Ictalurus spp. and Amieurus spp.) and freshwater drum (Aplodinotus
grunniens) consume large numbers of unionid mussels at certain life stages (NatureServe 2008).
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Domestic and wild hogs tear up mussel beds by rooting (Meek and Clark 1912). As populations of
imperiled mussels continue to shrink, predation becomes an increasing threat. For example, the only
viable population of the Savannah lilliput (Toxolasma pullus) in North Carolina is threatened by
predation from raccoons (Hanlon and Levine 2004). The petitioned fish, the barrens topminnow, is
threatened by predation from introduced mosquitofish.

Disease and predation, alone and in conjunction with other factors, pose serious threats to the survival of
many of the petitioned species. The risks posed by disease and predation are magnified by other
environmental stressors such as habitat loss, pollution, invasive species, and climate change (Gibbons et
al. 2000, Pounds et al. 2006).

INADEQUACY OF EXISTING REGULATORY MECHANISMS

There are no existing regulatory mechanisms at the federal, state, or regional levels that adequately
protect the petitioned species, all of which are at risk of extinction.

Inadequacy of Existing Federal Regulatory Mechanisms
The Clean Water Act

Pollution and habitat loss are two of the largest threats facing the petitioned species, all of which are
dependent on healthy riparian and aquatic habitat for survival. The federal Clean Water Act provides a
basic level of water quality protection for imperiled southeastern species, but is inadequate to ensure
their continued survival without the addition of Endangered Species Act protection and Critical Habitat
designation. The provisions of the Clean Water Act are inadequate to protect the petitioned species
because pollution from point and non-point sources is causing ongoing degradation of water quality,
current water quality standards are not effectively protecting sensitive species or sensitive
developmental stages of species, and loss of stream and wetland habitat continues.

The Environmental Protection Agency and individual states regulate point sources of pollution under the
National Pollution Discharge Elimination System (NPDES), under which point sources are licensed and
maximum pollutant discharge concentrations are set. The NPDES system is not adequate to protect the
petitioned species from the negative effects of pollution because permits may be issued with few
restrictions, cumulative effects of all the point sources within a watershed are not taken into
consideration when permits are issued, and state governments often lack the resources or political will to
monitor and enforce permits (Buckner et al. 2002). Concerning the failure of the current permitting
system to protect aquatic habitats, Morse et al. (1997) state:

“Industrial effluent provides point sources of pollution that can harm streams. Reducing or
stopping these problems is often complicated by legal, political, and economic circumstances,
with regulators, private citizens, lawmakers, employers, and employees often at odds. The
wheels are turning very slowly to rectify existing legal uncertainties associated with industrial
effluent” (p. 24).

In the Southeast in particular, adequate regulatory mechanisms to protect aquatic habitats from pollution
are lacking due to jurisdictional issues and conflicting priorities:
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“Federal-state and intra- and interstate coordination is confounded within southeastern states
primarily because jurisdiction over water, waterways, and the aquatic fauna is fragmented among
agencies with different and often contradictory regulatory mandates (e.g., providing drinking
water versus recreational fishing versus waste disposal)” (Warren et al. 1997, p. 124).

The southeast also has a history of lax enforcement of environmental laws:

“In many ways, the southeastern United States has been treated as a Third World country by the
rest of the nation, or, perhaps more accurately, by industrial interests throughout the world.
Industrial sitings in the region have often been based on the same criteria used to site plants in
Latin American countries, i.e., lower salaries can be paid, tax rates on industries are lower, and
perhaps most importantly, pollution laws and other measures to preserve environmental integrity
are poorly enforced and easily circumvented by using political pressure” (Folkerts 1997, p. 11).

The socioeconomic setting in the southeast is such that when conflicts arise between economic
development and species protection, economic development generally prevails (FWS 1997).

Even if existing laws were strictly enforced, current water quality standards are not sufficient to protect
sensitive species or sensitive life-stages of species. Water-quality standards are not based on toxicity
testing of rare species, and some aquatic organisms are more sensitive to pollutants than the organisms
which are used to establish the standards (Herrig and Shute 2002). Permitted activities may thus
negatively affect rare aquatic species. Most species of mollusks are intolerant of chronic exposure to
polluted water (Neves et al. 1997). Neves et al. (1997) state, “As judged by the decline and degree of
rarity of mollusks in southeastern rivers, criteria to protect this faunal group are urgently needed” (p.
68). The glochidia of mussels may be more sensitive to pollution than adult forms (Neves et al. 1997).
Further, current standards are for surface water quality, and because sediments store and accumulate
toxins, benthic species are not adequately protected by existing criteria.

FWS has been aware for more than a decade that existing regulations are not adequately protecting
imperiled mollusks. In a 1994 proposed rule to protect five species of southeastern mussels under the
Endangered Species Act, FWS stated:

“Existing authorities available to protect aquatic systems, such as the Clean Water Act,
administered by the Environmental Protection Agency (EPA) and the Army Corps of Engineers,
have not been fully utilized and may have led to the degradation of aquatic environments in the
Southeast Region, thus resulting in a decline of aquatic species” (59 FR 35901).

In the 1997 final rule, responding to an EPA request for clarification concerning the above statement,
FWS wrote:

“Through EPA’s implementation of the CWA, water quality has been improved and mussel
populations have benefited. However, in spite of general water quality

improvements, numerous freshwater mussel populations in the southeastern

United States are continuing to decline even in areas that appear to have suitable physical habitat.
The Service believes that it is likely that some insidious environmental factor(s), possibly
contaminants, may be adversely affecting the growth, reproduction, or survival of these
populations. Of all the potential impacts to mussels, less is known about the potential effects of
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contaminants on these species. The Service believes that EPA could, through the CWA, play a
more active role in identifying potential contaminant impacts to mussels” (62 FR 1647, p. 1653).

In 2009 in the proposed rule to list three imperiled southeastern mollusks, FWS acknowledged that
water quality criteria and enforcement are still inadequate to protect sensitive aquatic species:

“Current State and Federal regulations regarding pollutants are assumed to be protective of
freshwater mollusks; however, these species may be more susceptible to some pollutants than
test organisms commonly used in bioassays. For example, several recent studies have suggested
that U.S. Environmental Protection Agency’s (EPA) criteria for ammonia may not be protective
of freshwater mussels (Augspurger et al. 2003, p. 2571; Augspurger et al. 2007, p. 2026; Newton
et al. 2003, pp. 2559—- 2560; Newton and Bartsch 2007, p 2057; Ward et al. 2007, p. 2075). In a
review of the effects of eutrophication on mussels, Patzner and Muller (2001, p. 329) noted that
stenoecious (narrowly tolerant) species disappear as waters become more eutrophic. They also
refer to studies that associate increased levels of nitrate with the decline and absence of juvenile
mussels (Patzner and Muller 2001, pp. 330-333). Other studies have also suggested that early
life stages of mussels are more sensitive to metals and such inorganic chemicals as chlorine and
ammonia than are common bioassay test organisms (Keller and Zam 1991, pp. 543-545;
Goudreau et al. 1993, p. 221; Naimo 1995, pp. 354-355). Therefore, it appears that inadequate
research and data prevent existing regulations, such as the Clean Water Act (administered by the
EPA and the U.S. Army Corps of Engineers), from being fully utilized or effective in the
management and protection of these species” (74 FR 31120).

Existing regulations are also inadequate to protect aquatic species from nonpoint sources of pollution
such as agricultural, residential, and urban runoff, which are generally approached in a non-regulated,
voluntary manner. Agricultural runoff accounts for over 70 percent of impaired U.S. river kilometers,
yet is largely exempt from permitting requirements (Neves et al. 1997). Some Confined Animal Feeding
Operations are considered to be non-point sources of discharge, with regulations varying from state to
state which allows gross amounts of pollution to enter waterways (Mallin and Cahoon 2003). Lack of
effective regulatory mechanisms to control non-point source pollution poses a dire threat to aquatic
species:

“Still lacking are the legislative means to significantly reduce nonpoint runoff from agricultural
and urban areas. . . nonpoint problems . . . continue to degrade water quality and jeopardize all
aquatic biodiversity in southeastern streams” (Neves et al. 1997, p. 66).

Existing regulations are also inadequate to protect Southeastern aquatic species from accidental spills
from retention ponds which are used to store wastes from agriculture, coal-fired power plants, coal
mining, and other activities (Herrig and Shute 2002).

Further, the Clean Water Act is not effective at preventing activities within a watershed which
negatively impact water quality, and the health of aquatic systems needs to be evaluated and regulated
on a watershed-wide scale:

“Voluminous research and management experience have clearly documented the
interdependence of terrestrial and aquatic ecosystems for the overall health of biota (Pajak et al.
1994). However, the implementation of this knowledge through effective and comprehensive
policy change has been egregiously slow” (Neves et al. 1997, p. 66).
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Under the Clean Water Act, loss of stream and wetland habitat is ongoing. In Appalachia, from 1992-
2002 the EPA permitted the filling of more than 1200 miles of headwater streams for surface coal
mining activities (EPA 2005). Headwater streams harbor unique aquatic species, diverse invertebrate
assemblages, and provide nutrients that are critical for fish and other downstream organisms (EPA
2005). The permitted filling of streams for surface coal mining is causing permanent downstream
pollution and loss of biodiversity (Neves et al. 1997, Pond et al. 2008, Pomponio 2009, Wood 2009,
Palmer et al. 2010).

The permitted filling of wetlands is also ongoing. Section 404 of the Clean Water Act sets as a goal no
net loss of wetlands, but this is not a required outcome of permit decisions (Connolly et al. 2005). In
fiscal year 2003, the Army Corps of Engineers issued 4,035 permits for the destruction of natural
wetlands, while denying only 299 permits (Connolly et al. 2005). Lost wetlands are required to be
replaced by mitigation wetlands, but mitigation wetlands often differ in structure, function, and
community composition from the natural wetlands which are destroyed (Holland et al. 1995). Mitigation
requirements are also not strictly enforced. Mitigation “represents a promise that the permittees will
perform the mitigation in the future. Unfortunately, permittees are often unable or unwilling to comply
with compensatory mitigation requirements” (Connolly et al. 2005, p. 262). Mitigation is rarely effective
in preserving biodiversity (Cabbage et al. 1993; Water Environment Federation 1993). Moreover, small,
isolated wetlands which provide essential habitat for many species of amphibians and reptiles are not
adequately protected under the Clean Water Act and continue to be lost:

“[S]mall wetlands are extremely valuable for maintaining biodiversity . . . the loss of small
wetlands will cause a direct reduction in the connectance among remaining species populations,
and . . . both existing and recently proposed legislation are inadequate for maintaining the
biodiversity of wetland flora and fauna” (Semlitsch and Bodie 1998).

Many species of amphibians, reptiles, and insects require both wetland and upland habitat to complete
their life cycles, and wetland protection criteria don’t protect the upland habitats these species need to
survive (Dodd 1997). For instance, Burke and Gibbons (1995) documented turtles nesting and wintering
in forested upland habitats outside the boundaries of federal wetland delineation lines.

In sum, the Clean Water Act is not adequate to protect the petitioned species from the threats of habitat
loss and degradation and pollution.

The Surface Mining Control and Reclamation Act

The Surface Mining Control and Reclamation Act of 1977 (SMCRA) is intended to prevent the
degradation of aquatic habitats from coal mining activities. Due to increased demand for coal, lax
enforcement of environmental law, and deference to economic development over species’ protection,
SMCRA is not adequately protecting aquatic species. For example, neither SMCRA nor the Clean Water
Act have been effective in preventing the continued decline of the Black Warrior waterdog, a petitioned
amphibian (Dodd et al. 1986, Mettee et al. 1989, Hartfield 1990, Bailey and Guyer 1998, U.S. Fish and
Wildlife Service 1998). Further, sedimentation from active mines is a primary contributor to the decline
of mollusks due to water quality degradation, shell erosion, and reproductive failure (Anderson 1989,
Houp 1993, Neves et al. 1997). FWS has acknowledged that mining activities continue to be permitted
even when imperiled species are placed at risk:
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“[1]t has been the Service’s experience, after dealing with hundreds of mining projects, that in
nearly all cases where there is a conflict between endangered species and a mining project, the
project is permitted with only minor modifications” (FWS 1997, p. 1651).

Reclamation required under SMCRA is not rigorously enforced (Ward 2009). Even when reclamation is
conducted, it has not resulted in the restoration of pre-mining hydrologic characteristics or ecological
functions (Townsend et al. 2009). Concerning the failure of the reclamation requirements of SMCRA to
protect biodiversity or stream health, Palmer et al. (2010) state:

“Current mitigation strategies are meant to compensate for lost stream habitat and functions but
do not; water-quality degradation caused by mining activities is neither prevented nor corrected
during reclamation or mitigation. Clearly, current attempts to regulate mountaintop
mining/valley fill practices are inadequate. Mining permits are being issued despite the
preponderance of scientific evidence that impacts are pervasive and irreversible and that
mitigation cannot compensate for losses” (p. 149).

National Wildlife Refuges

Several of the petitioned species occur on National Wildlife Refuges. The species that occur on refuges
enjoy some degree of habitat protection because refuges are managed by FWS primarily to conserve
fish, wildlife, and plant resources. However, these species are still threatened with extinction for several
reasons. Management priority is generally given to more charismatic species and conservation actions
are limited by available funding and staffing. Refuges are managed under conservation plans that
provide guidance for planning and management decisions but they do not constitute a commitment for
staffing or funding, and refuge budget and staffing levels are usually inadequate to implement preferred
management actions. Due to lack of fiscal resources, the implementation of conservation actions is thus
uncertain. Species that occur on refuges also face threats from historical habitat degradation, climate
change, invasive species, recreation, and poaching.

National Recreation Areas

National Recreation Areas are managed under broad guidelines which provide theoretical protections for
species which occur within their boundaries, but their management plans are not focused on species’
protection. The implementation and effectiveness of actual protections for imperiled species is uncertain.

National Forests

Several of the petitioned species occur on National Forests. National Forest management plans provide
guidelines for species’ protection, but these guidelines are generally discretionary. National forests are
mandated to produce a specified amount of timber, which gives preference to resource extraction over
species’ protection. Species which occur on National Forests are at heightened risk of habitat loss and
degradation from timber harvest and recreation.

The Wild and Scenic Rivers Act
The Wild and Scenic Rivers Act of 1968 protects selected rivers in free-flowing condition and protects

their immediate environments to safeguard water quality and to fulfill national conservation purposes.
Wild and Scenic designation provides some protection for the species which occur within these reaches.
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It does not adequately protect the petitioned species, however, because there are very few designated
Wild and Scenic stretches in the southeast, they do not provide habitat protection beyond a narrow
corridor, and because many of the areas of highest aquatic biodiversity are not included in the system
(Neves et al. 1997).

Inadequacy of Existing State Regulatory Mechanisms
State Fish and Wildlife Departments

Some of the petitioned species are listed as threatened or endangered by state fish, wildlife, and game
departments, but state endangered and threatened species designations generally do not provide species
with meaningful regulatory protection or with any habitat protection. Many of the species are classified
as Species of Conservation Priority or Species of Greatest Conservation Need under state Wildlife
Action Plans or Wildlife Conservation Strategies. These documents provide a framework for
conservation, but are not regulatory documents and do not contain mandatory or enforceable provisions
to protect species or their habitat. Further, the implementation of conservation strategies is dependent on
the cooperation of resource managers and stakeholders, making their implementation and effectiveness
uncertain. Partner involvement in recommended conservation actions is voluntary, and is limited by the
statutory requirements and permitted degree of discretion of partner agencies.

State conservation priorities and initiatives are also sharply limited by funding, with charismatic and
game species generally receiving the majority of resources. Warren et al. (1997) state:

“[M]any state-based programs for non-game fishes are left to languish on “soft” money, are
underemphasized, and lack the force of institutional will or statutory authority, short of federal
mandate, to effect change” (p. 123).

The focus of conservation strategies is also generally on vertebrates, making them inadequate to protect
imperiled invertebrate species:

“Conservation of freshwater invertebrates has been hampered by the severity of human impacts
to fresh waters and their inhabitants, the very limited resources (money, scientific effort) that
have been applied to conservation problems, frequent adherence to a conservation approach that
was developed largely for terrestrial birds and mammals, and an overly reactive approach, in
which conservation activities often have been reactions to acute threats rather than actions
designed to enhance long-term population viability. Consequently, conservation activities have
been and will continue to be inadequate to protect freshwater invertebrate populations and
species” (Strayer 2006, p. 272).

Concerning the lack of funding to protect imperiled southeastern mollusks, Neves et al. (1997) state:
“With such an underfunded effort by regulatory agencies to maintain the biological diversity and
integrity of rivers in this region, it is little wonder that the extirpation and extinction of mollusks
is occurring at an accelerated pace” (p. 76).

Some states have regulations to protect some wildlife species from direct take, but these regulations are

not comprehensive, are generally poorly enforced, and are not adequate to protect wildlife from other
threats (FWS 1997). Even though states often prohibit the take of fish and wildlife without a collecting
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permit, permit enforcement is difficult (FWS 1997). Invertebrates are sometimes protected by harvest
regulations such as bag limits, size regulations, and seasonal closures, but these regulations are
challenging to enforce, and enforcement efforts are dependent on available funding.

Natural Heritage Programs

State Natural Heritage Programs maintain an inventory and database on the conservation status of
species and biological communities and participate in and contribute to various conservation strategies.
Natural Heritage Programs, however, lack regulatory authority. While their designations call attention to
the plight of imperiled species, they do not convey any regulatory protection.

Other Regulatory Mechanisms and Protections
Convention on International Trade in Endangered Species

The Convention on International Trade in Endangered Species (CITES) is an international agreement
between governments that aims to ensure that the international trade of wild animals and plants does not
threaten their survival. CITES listing conveys some degree of protection to a few of the petitioned
species, but is inadequate to ensure their continued survival. For example, highly sought after species,
such as rare map turtles, are threatened by the international pet trade despite being protected under
CITES (NatureServe 2008).

Inadequacy of Habitat Preserves

Habitat protection is an essential component of species’ preservation. Habitat preserves alone, however,
are insufficient to protect imperiled species due to threats from a host of other factors including climate
change, poaching, pollution, and genetic isolation due to lack of habitat connectivity. The survival of
species within refuges depends on the level of protection in the refuge as well as on a variety of external
factors that influence habitat conditions. Browne and Hecnar (2007) document the decline of turtles in
protected habitat due to low-level recreational collection. They conclude, “Our study illustrates that
habitat protection provides no guarantee for species persistence when multiple threats exist.” All
activities within the watershed influence the quality of aquatic habitats in protected areas. As FWS
acknowledged in the Mobile Basin Recovery Plan (2000), “stream and river refugia can only be
maintained by appropriate land and water stewardship within their respective watersheds.” For example,
pollution entering protected areas from activities being conducted outside their boundaries threatens
otherwise protected species. Neves et al. (1997) report that hazardous wastes and toxic chemicals are
jeopardizing imperiled mussels at a state-designated mussel sanctuary at the confluence of the
Tennessee and Ohio Rivers. As Folkerts (1997) surmises, “[I]t is clear that isolated preserves are not a
long-term answer to the maintenance of aquatic biodiversity” (p. 12).
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Fig. 4. Federal Lands of the Southeast. The majority of land in the Southeast is privately owned.
Land Ownership Patterns

The vast majority of land in the southeast is privately owned. In the Tennessee, Cumberland, and Mobile
River basins, for example, more than 87 percent of land is privately owned (Buckner et al. 2002).
Private land use is either not regulated or only loosely regulated throughout much of the region (Buckner
et al. 2002). A great deal of the habitat for rare aquatic species in the southeast is not controlled by
federal or state governments, and protection of the most biologically valuable watersheds is not
available through governmental ownership (Neves et al. 1997). Most southeastern forests are in private
ownership, including 70 percent of Alabama’s forests and more than 80 percent of forests in the
Tennessee and Cumberland basins (Buckner et al. 2002). Forestry “best management practices” to
control erosion and protect aquatic species are not mandated or voluntarily followed in the majority of
southeastern forests, and extensive clearcutting and poor logging practices threaten aquatic species due
to sedimentation, landslides, and degraded water quality (Buckner et al. 2002). There are no existing
regulatory mechanisms that protect imperiled species on private lands in the southeast.

In sum, existing regulatory mechanisms are not adequate to protect the petitioned species. Without the
effective protection of the Endangered Species Act, these species are likely to become extinct.
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OTHER NATURAL OR HUMAN CAUSED FACTORS

Southeastern aquatic and riparian species are threatened by multiple other natural and human-caused
factors including pollution, global climate change, drought, invasive species, and synergies between
multiple threats.

POLLUTION

Pollution threatens two-thirds of the petitioned species, including 81 percent of the animals. Throughout
North America, the imperilment of freshwater fauna has been linked to extensive habitat degradation
caused by pollution (Ricciardi and Rasmussen 1999). Southeastern waterways are degraded by point and
non-point source pollution from a variety of sources including agriculture, forestry, urban and suburban
development, coal mining, and coal combustion wastes. Non-point source pollution, or runoff, is
difficult to document, but its impact on aquatic species is both pervasive and persistent (Schuster 1997).
Neves et al. (1997) call non-point source pollution an “insidious factor in aquatic ecosystem
degradation.” Non-point source pollution is the most common factor adversely impacting the nation’s
fish communities, with more than 80 percent of fish being negatively affected (Judy et al. 1982). The
Service has acknowledged that southeastern aquatic habitats are threatened by cumulative, progressive
degradation from unregulated, non-point source pollution, the effects of which are contributing to the
extirpation of aquatic species:

“In many cases, it is small, everyday, nonregulated activities considered “insignificant” by most
of us that will ultimately cause continued decline and extinction of the (Mobile) Basin’s aquatic
species. . . While the detrimental effect of any one source or land use activity may be
insignificant by itself, the combined effects of land use runoff within a watershed may result in
gradual and cumulative

adverse impacts to isolated populations and their habitats” (FWS 2000).

Both non-point and point source pollution are pushing southeastern aquatic species towards extinction
by carrying sediments, contaminants, nutrients, and other pollutants into waterways.

Sedimentation, Contamination, and Nutrient Loading

Sedimentation is one of the primary causes of habitat degradation in southeastern waterways (Neves et
al. 1997). Sedimentation and siltation result from a variety of activities including agriculture, forestry,
development, and mining, with silt reaching waterways during both ground-disturbing activities and
storm events (FWS 2000). Suspended sediment threatens the entire aquatic community, from fish to
invertebrates to birds. Richter et al. (1997) identify sedimentation as the major stressor affecting the
ability of aquatic animals to recover from declines.

In the southeast, sedimentation is responsible for nearly 40 percent of fish imperilment problems (Etnier
1997). Sedimentation has both direct and indirect negative effects on fish. Suspended sediments cut and
clog gills and interfere with respiration. Sedimentation blocks light penetration, which interferes with
feeding for species like minnows and darters which feed by sight (Etnier and Starnes 1993). For species
which feed by flipping over rocks and consuming the disturbed insects, sedimentation increases the
embededness of rocks, making them more difficult to move and decreasing habitat suitability for aquatic
invertebrate prey (Etnier and Starnes 1993). Sedimentation also interferes with feeding behavior for
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nocturnal feeders like catfish and imperiled madtoms which catch aquatic insects by relying on the
sensitivity of their barbels and on chemoreception, both of which are negatively affected by
sedimentation (Todd 1973, Buckner et al. 2002). Benthic species require specific substrate conditions
for spawning, feeding, and cover, all of which are degraded by sedimentation (Etnier and Starnes 1993,
Warren et al. 1997).When sedimentation fills in the crevices between and beneath rocks, it decreases the
availability of cover for resting and predator evasion (Herrig and Shute 2002). Madtoms, darters,
suckers, and some minnows deposit their eggs on or near the substrate, and sedimentation interferes with
their reproduction both by decreasing habitat suitability and by directly smothering eggs. Benthic fishes
are also negatively affected by toxins which are stored in sediments (Reice and Wohlenberg 1993).
Ultimately, excessive sedimentation can eliminate fish species from an area by rendering their habitat
unsuitable (FWS 2000).

Likewise, excessive sedimentation has strong, persistent negative effects on freshwater invertebrates
(Strayer 2006). Siltation is one of the primary factors implicated in the decline of freshwater mollusks
(Williams et al. 1993). Neves et al. (1997) state, “[P]eriodic additions of sediment have profound effects
on the long-term sustainability of mollusk populations™ (p. 68). Suspended sediments have both direct
and indirect negative affects on mollusks. Sedimentation clogs the gills of mussels and snails and can
cause suffocation (FWS 2000). Sedimentation reduces feeding efficiency both by interfering with
respiration for filter feeders and by coating the algae which snails scrape from rocks (FWS 2000).
Decreased visibility due to sedimentation can interfere with mussel reproduction by making it difficult
for host fishes to detect glochidia (Neves et al. 1997). Sedimentation also reduces substrate suitability
(Herrig and Shute 2002).

Aquatic insects are also threatened by excessive sediment levels. Stoneflies (Plecoptera) and mayflies
(Ephemeroptera) are intolerant of siltation and disappear from impacted streams (Morse et al. 1997).
Increased siltation impacts the ability of dragonflies and damselflies to survive (Morse et al. 1997).
Caddisflies, which require spaces among rocks for shelter and stable surfaces for grazing, are also
negatively impacted by siltation (Morse et al. 1997). Sedimentation and other pollutants from
mountaintop removal coal mining operations are completely extirpating aquatic macroinvertebrate
communities. In some streams that drain mountaintop removal operations, the entire orders of
Plecoptera and Ephemeroptera have been extirpated (Wood 2009). Sedimentation is also negatively
impacting rare ground-water inhabiting species of isopods and amphipods (Herrig and Shute 2002).

In addition to sediments, contaminants, such as heavy metals, pesticides, and persistent organic
pollutants, threaten aquatic species. In a nationwide assessment of streambed sediment contaminants, the
EPA found that 43 percent of sediments are probably associated with harmful effects on aquatic life or
human health, and that six to 12 percent of streambed sediment is sufficiently contaminated to cause
significant lethality to benthic organisms (EPA 2004b). Southeastern rivers are laden with a variety of
toxic chemicals, with the lower Mississippi receiving contaminants from half the continent (Folkerts
1997). Atlanta was recently named the most toxic city in America (Levy 2009). Contaminants have both
lethal and sub-lethal negative effects on aquatic species and may interfere with immunity, growth, and
reproduction (Colborn et al. 1993, Gibbons et al. 2000). Selenium contamination from surface coal
mining is causing teratogenic deformities in larval fish (Palmer et al. 2010). Many contaminants have
negative effects that will persist for centuries (Folkerts 1997).

Aquatic species are threatened both by chronic low-level contaminant pollution and acute exposure from

accidental spills. For instance, in October 2009, a wastewater spill from a coal mine on the West
Virginia-Pennsylvania border killed all the fish, salamanders, and mussels in 35 miles of 38-mile- long
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Dunkard Creek (Hopey 2009). Endemic species in particular are at high risk from accidental spills.
Because many aquatic species exist only in small, isolated populations, a single spill event could drive a
species to extinction. Even in otherwise protected habitats, the survival of freshwater species is
threatened by acute and chronic exposure to contaminants.

Contaminants threaten aquatic species across taxa. Declines in many fish species are attributed to
chronic, sub-lethal pollution, which causes reduced growth, reduced reproductive success and increased
risk of death from stress-related diseases (Moyle and Leidy 1992). Cavefishes and other species that are
directly dependent on groundwater levels are disproportionately threatened by contaminants, which
become concentrated if a drop in groundwater levels reduces the volume of springflow (Herrig and
Shute 2002). Chemoreception in blind cavefishes can be disrupted by contaminants from surface aquifer
recharge areas (Herrig and Shute 2002). Chronic low-level exposure to contaminants may be preventing
the recovery of imperiled species of mollusks (FWS 1997). Juvenile mussels in particular are sensitive
to heavy metals and other pollutants (Naimo 1995, Neves et al. 1997). Amphibians may be
disproportionately threatened by contaminants. All life stages of many amphibian species are sensitive
to toxins (AmphibiaWeb 2009). Many substances can be toxic for amphibians, including heavy metals,
pesticides, phenols, fertilizers, roadsalt, mining waste, and chemicals in runoff (Dodd 1997). Changes in
pH can adversely affect amphibian eggs and larvae, and can inhibit growth and feeding in adults (Dodd
1997). Amphibians are threatened by accidental and intentional pesticide treatments. For instance, in
October 2009, a pesticide treatment intended to kill lampreys in the Lamoille River caused a large-scale
die-off of mudpuppies (Johnson 2009).

Contaminants negatively impact aquatic species at the level of individuals, populations, and species.
Fish, turtles, and other aquatic animals assimilate pesticides, heavy metals, and other persistent
pollutants into their tissues (Buhlmann and Gibbons 1997, de Solla and Fernie 2004). Animals at higher
levels of the food web can accumulate considerable levels of toxins. Significant concentrations of
numerous contaminants have been detected in southeastern freshwater turtles including pesticides such
as aldrin, chlordane, DDT, dieldrin, endrin, mirex, nonachlor, and toxaphene, and metals such as
aluminum, barium, cadmium, chromium, cobalt, copper, iron, lead, mercury, molybdenum, nickel,
strontium, and zinc (Meyers-Schone and Walton 1994). Contaminant exposure can disrupt normal
endocrine functioning, thus threatening survival and reproduction (Colborn et al. 1993). Turtles exposed
to PCBs have exhibited sex reversal and abnormal gonadal development, and alligators exposed to
various contaminants have shown altered testosterone levels and gonadal abnormalities (Guillette et al.
1994, 1995). Water snakes in wetlands that have been contaminated by coal ash exhibit altered
metabolic activity (Hopkins et al. 1999). Endocrine disruption caused by contaminants can lead to
demographic shifts in aquatic reptile populations (Gibbons et al. 2000). Bioaccumulation of
contaminants has contributed to the decline of map turtles, musk turtles, snapping turtles, and pond
turtles (Buhlmann and Gibbons 1997).

Nutrient loading also threatens southeastern aquatic species. Excessive nitrates and phosphates entering
waterways from point and non-point sources can lead to algal blooms, eutrophication, and depleted
dissolved oxygen, which can be lethal for aquatic organisms (Mallin and Cahoon 2003). Some algal
blooms are toxic, and can cause direct mortality. The toxic dinoflagellates Pfiesteria piscicida and P.
shumwayae have bloomed downstream of Confined Animal Feeding Operations in the Neuse, New, and
Pamlico River estuaries in North Carolina (Mallin and Cahoon 2003). Even at sub-lethal levels, nutrient
loading threatens aquatic species via many mechanisms. For example, excessive phosphate levels,
especially in combination with the herbicide atrazine, have been shown to increase trematode infections
in amphibians, leading to amphibian deformities (Johnson and Sutherland 2003, Rohr et al. 2008).
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Nutrients, contaminants, sediments, and other pollutants reach southeastern waterways from a variety of
sources, discussed below.

Agriculture

Non-point source pollution from agriculture is the leading source of water quality impairment in lakes
and rivers in the United States, and is also a major contributor to groundwater contamination and
wetlands degradation (EPA 2009). Agricultural pollution carries sediment, pesticides, fertilizers, animal
wastes, pathogens, salts, and petroleum particles into waterways (Morse et al. 1997, EPA 2009). In the
southeast, agricultural fields are commonly plowed to the edges of rivers and streams, which causes
erosion and stream bank collapse and deposits tons of soil into waterways annually (Buckner et al.
2002).

Pesticide contamination is pervasive in agricultural areas, and the most commonly detected pesticide in
U.S. waters is atrazine. In a U.S. Geological Survey study of agricultural areas, 75 percent of stream
water samples nationwide contained atrazine (Gilliom et al. 2006). Based on Ecological Monitoring
Program data from the U.S. Environmental Protection Agency, surface waters of the southern United
States are pervasively contaminated with atrazine, with the chemical being detected in every watershed
sampled (U.S. EPA 2007, Wu et al. 2009). In 63 percent of watersheds, atrazine was present at average
levels greater than one part per billion (ppb), which is the level at which primary productivity of aquatic
nonvascular plants is known to be reduced (Ibid.). In Kentucky, atrazine was detected in 69 and 97
percent of surface water in the two sampled watersheds, at average concentrations of 0.66 parts per
billion (ppb) and 2.08 ppb, and maximum concentrations of 19 and 22 ppb, which is many times above
the threshold for negative affects in aquatic biota (U.S. EPA 2007, Wu et al. 2009). Atrazine was also
detected at high frequencies and levels in surface water in Tennessee and in drinking water in Louisiana
(Ibid.). Atrazine contamination threatens southeastern aquatic species, with the toxic and endocrine
disrupting effects of atrazine being well established (Wu et al. 2009). Detrimental reproductive effects
have been detected in amphibians and mammals at very low exposure levels-- concentrations as low as
0.1 ppb are known to cause endocrine disruption in amphibians (Hayes et al. 2002). Moreover,
developmental timing of exposure can increase susceptibility to adverse effects, as can synergistic
interactions with other contaminants (Colborn et al. 1993, Colborn 2004, 2006, Wu et al. 2009).

Animal holding lots and confined animal feeding operations (CAFOs) are a major source of pollution in
the southeast (Neves et al. 1997). Animal wastes may be discharged directly into streams, applied to
fields, or stored in lagoons (Buckner et al. 2002). CAFOs produce enormous amounts of nitrogen and
phosphorus. On the Coastal Plain of North Carolina, CAFOs produce 124,000 metric tons of nitrogen
and 29,000 metric tons of phosphorus on an annual basis (Mallin and Cahoon 2003). In 1998, 41,000
metric tons of nitrogen and 16,000 metric tons of phosphorus entered the Neuse River watershed from
CAFOs (Glasgow and Burkholder 2000). These nutrients enter the environment and contribute to the
eutrophication of waterbodies via runoff, volatilization of ammonia, or by percolating intro groundwater
(Mallin and Cahoon 2003). CAFOs cause both chronic and acute pollution. Extreme weather events, lax
management, and lagoon ruptures have led to acute pollution events from CAFOs. In 1995, lagoon
ruptures spilled millions of gallons of swine and poultry wastes into the New River and Cape Fear River
basins in North Carolina, causing fish kills and algal blooms (Mallin and Cahoon 2003). Decaying
animal carcasses are also a significant source of nutrient pollution from CAFOS, especially following
extreme weather events (Mallin and Cahoon 2003). Within the area flooded by Hurricane Floyd in 1999,
there were 241 CAFOs and numerous livestock were drowned and their carcasses entered the
environment via floodwaters (Wing et al. 2002). In addition to nutrient loading, CAFOs release
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pharmaceuticals and hormones into aquatic habitats (Orlando et al. 2004). Significant amounts of
estrogens and androgens have been detected in waterways that receive runoff from fields where animal
wastes are applied (Finlay-Moore et al. 2000). Growth promoters and antibiotics have been detected in
both surface and groundwater in agricultural areas (Peterson et al. 2000).

Pollution from agriculture has profound negative effects on water quality and aquatic species (Patrick
1992). Sediments and contaminants from agricultural runoff are contributing to the decline of sensitive
fish and mussels (Neves et al. 1997, Herrig and Shute 2002). Algal blooms and lower dissolved oxygen
concentrations due to nutrient loading can kill sessile benthic organisms such as mollusks and can create
zones in which fish cannot survive (Mallin and Cahoon 2003). Chemicals in the effluent from CAFOs
and feedlots can disrupt the endocrine and reproductive systems of wild species. Orlando et al. (2004)
documented significant alterations in the reproductive biology of wild minnows (Pimephales promelas)
exposed to feedlot effluent, including demasculinization of males and defeminization of females.
Hormones in ponds below cattle holding facilities have been associated with endocrine disruption in
female turtles (Irwin et al. 2001).

Aquacultural operations also contribute significant amounts of pollution to southeastern aquatic habitats.
Wastewaters from aquacultural operations contain sediments, nutrients, pharmaceuticals, and pathogens,
all of which threaten native aquatic biota (Tacon and Forster 2003). Catfish farms, the biggest
aquacultural enterprise in the nation, release effluents into the environment during heavy rainfall events
and during pond draining (Tucker and Hargreaves 2003). Trout farms generate large amounts of nutrient
pollution and are generally built on outstanding resource waterways (Morse et al. 1997).

Louisiana is the world’s largest producer of farm-raised crayfish, with crayfish ponds being drained
annually releasing effluent into the environment (Holdich 1993).

Shrimp pond effluent leads to hypernutrification of estuaries (Hopkins et al. 1995).

Forestry

Pollution from logging poses a dire threat to southeastern species. The Alabama Department of
Environment Management cites sediment from silviculture as one of the major contributors to water
quality impairment in the Mobile Basin. Logging contributes sediments and herbicides to waterways,
degrading habitat for aquatic organisms. Erosion from deforestation and poor forestry practices
increases silt loading and makes stream bottoms unstable, both of which threaten mollusks and other
aquatic organisms (Williams et al. 1993). Herbicides used to kill hardwoods and herbaceous vegetation
may be harmful to amphibians and other species (Dodd 1997). Some herbicides used in forestry
operations are toxic to algae and interfere with aquatic ecology (Austin et al. 1991). Effluent from pulp
mills where logging products are processed also threatens southeastern aquatic species (Folkerts 1997).

Urban and Industrial Development

Pollution from urban, suburban, and industrial development is a major threat to aquatic species in the
southeastern United States. Point source pollution from manufacturing sites, power plants, and sewage
treatment plants is a major cause of aquatic habitat degradation (Morse et al. 1997). In southeastern
watersheds, point sources of pollution are “remarkably dense and coincide heavily with critical
conservation areas identified at expert workshops” (Buckner et al. 2002). Non-point source pollution
from urban and industrial areas contributes sediment, contaminants, nutrients, and other pollutants to
waterways. Runoff from urban and suburban areas includes many substances which are harmful for
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aquatic organisms including petroleum particles, highway salts, silt, fertilizers, pesticides, surfactants,
and pet wastes (Neves et al. 1997, Buckner et al. 2002).

Many municipalities have inadequate sewage treatment systems which can release raw sewage into
waterways during heavy rainfall events (Buckner at al. 2002). Chemicals in both raw and untreated
sewage can negatively affect aquatic organisms. Many waterbodies are now known to be polluted with
pharmaceuticals such as caffeine, pain killers, antibiotics, antihistamines, antidepressants, and oral
contraceptives, the effects of which on aquatic wildlife are poorly understood (Kolpin et al. 2002). In an
EPA pilot study of the occurrence of pharmaceuticals and personal care products in wild fish,
antidepressants, antihistamines, and fragrances were all detected in fish tissues (EPA 2009b). Many
common chemicals are now known to cause endocrine disruption in wildlife (Colborn et al. 1993).
Endocrine mimics can cause thyroid dysfunction, metabolic aberrations, lowered fertility, birth defects,
decreased immunity, and abnormal sexual development (Dodd 1997). Pharmaceutical estrogens in
sewage effluent have been shown to negatively affect fish development and reproductive activity
(Orlando et al. 1999).

Coal Mining and Processing

Coal mining and coal processing is a major source of water pollution in West Virginia, Kentucky,
Tennessee, Virginia, Alabama, and Georgia. Contaminants from coal mining and processing operations
include sediments, metals, hydraulic fluids, frothing agents, modifying reagents, pH regulators,
dispersing agents, flocculants, and media separators (Ahlstedt et al. 2005). Coal mining and processing
degrades water quality and results in lasting impairments to aquatic biota (Carlisle et al. 2008, Pond et
al. 2008, Pomponio 2009, Wood 2009). Sediments, heavy metals, and other pollutants from mining are one
of the causal factors in mussel declines (Houp 1993, Neves et al. 1997, Locke et al. 2006). Ahlstedt et al.
(2005) report that the permitted and illegal discharge of coal fines is polluting some of the best
remaining mussel habitat in the Clinch River, which is a global hotspot for mussel diversity.

Coal mining and processing release heavy metals into the environment including aluminum, cadmium,
copper, iron, manganese, mercury, selenium, sulfate, and zinc, which act as metabolic poisons in
freshwater species (Earle and Callaghan 1998). Mussels exposed to high concentrations of metals in the
laboratory exhibited mortality, weight loss, altered enzyme activity and filtration rate, and behavioral
modifications (Naimo 1995). The effects of metals on mussel feeding, growth, and reproduction can
have significant consequences for mussel populations (Naimo 1995). Naimo (1995) concludes that the
widespread decline in species diversity and population density of U.S. freshwater mussels is partially
attributable to chronic, low-level exposure to toxic metals.

Selenium pollution from coal mining is causing deformities and reproductive failure in aquatic species
and leading to less diverse and more pollution-tolerant species assemblages (Lemly 2009, Pomponio
2009). Lemly (2009) states:

“Once in the aquatic environment, waterborne selenium can enter the food chain and reach levels
that are toxic to fish and wildlife. Impacts may be rapid and severe, eliminating entire
communities of fish and causing reproductive failure in aquatic birds.”

Effluent from a mountaintop removal mine in West Virginia was found to contain as much as 82 ug/L

selenium, which is over fifteen times the threshold for toxic bioaccumulation, and which caused elevated
levels of selenium in fish tissues in the Mud River with associated deformities and other toxic effects
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(Lemly 2009). Selenium and other pollutants from surface coal mining operations pose a persistent toxic
hazard for aquatic species (Palmer et al. 2010).

Pollution from abandoned mined lands is also a major threat for southeastern aquatic species. Sediments,
metals, acids, and other pollutants in mine drainage negatively impact aquatic species in a variety of
ways from acute toxicity to physical impacts from solid precipitates (Cherry et al. 2001, Soucek et al.
2003). Surface waters receiving mine discharge commonly have extremely low pH levels, below 3.0,
with toxic impacts extending several miles downstream (Soucek et al. 2003). Acid mine drainage has a
major negative influence on aquatic communities that are directly impacted by low-pH waters. Acid
mine runoff from abandoned mines has completely destroyed stream biotas in many areas (Folkerts
1997).

Coal Combustion

Pollutants from coal-fired power plants threaten aquatic species nationwide and in the southeast. Coal
combustion produces nitric and sulfuric acids, mercury, and coal ash, all of which negatively impact
aquatic species (Fleischer et al. 1993). Nitric and sulfuric acids released from coal-fired power plants
cause acidification of water bodies. Streams and lakes in Great Smoky Mountain National Park and
elsewhere have been degraded by acid precipitation (Morse et al. 1997). Acid precipitation and
deposition directly threaten aquatic organisms (Strayer 2006). Phytoplankton are negatively affected by
acidification, which has ramifications throughout the food web (Dodd 1997). Acid precipitation harms
caddisflies and stoneflies (Morse et al. 1997). Several of the petitioned insects are threatened by acid
deposition including the Smokies snowfly and Smokies needlefly. Acidity in aquatic habitats can cause
direct amphibian mortality, and plays a major role in limiting amphibian distribution (Dodd 1997).

Coal combustion also releases mercury into the environment. The U.S. Geological Survey examined
mercury in fish, sediment, and water drawn from 291 rivers and streams between 1998 and 2005 and
found detectable mercury contamination in every single fish sampled (Scudder et al. 2009). The study
found that 25 percent of fish are contaminated with mercury at levels above the safe standard for human
consumption (0.3 parts per million wet weight). Atmospheric deposition of mercury is responsible for
the contamination of most waterways. Wetlands, forests and organic soils can enhance the conversion of
mercury to highly toxic methylmercury which accumulates in the food web. The highest concentrations
among all sampled sites occurred in fish from blackwater coastal-plain streams draining forested land or
wetlands in Louisiana, Georgia, Florida, and North and South Carolina, and from basins in the West
with gold mines and/or mercury mines. Total mercury concentrations greater than 0.2 micrograms per
gram wet weight were detected in game fish in every southeastern state, with total concentrations greater
than 0.3 micrograms/gram being detected in Tennessee, Virginia, North and South Carolina, Georgia,
Alabama, Mississippi, Louisiana, and Florida. Mercury concentrations in fish at over 70 percent of the
sites exceeded the value that is of concern for the protection of fish-eating mammals. Negative
physiological effects of mercury on aquatic species have been demonstrated at low concentrations, with
elevated concentrations being detected at the top of the food web due to bioaccumulation (Scudder et al.
2009).

Coal combustion waste, or coal ash, poses an acute and chronic threat to aquatic species in areas where
wastes are stored. The combustion of coal produces over 129 million tons of solid waste annually
(Eilperin 2009). Coal ash contains concentrated levels of

chlorine, zinc, copper, arsenic, lead, selenium, mercury, and other toxic contaminants, and improper
storage of coal combustion waste has caused pollution of ground and surface waters (EPA 2007b). The
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EPA reports that there are at least 584 coal ash dumps across the country, including many in Alabama,
Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi, North and South Carolina, Tennessee,
Virginia, and West Virginia (EPA 2009c¢). Indiana and Kentucky have the most coal ash ponds, 53 and
44 respectively. The New York Times reports that there are more than 1,300 coal ash dumps across the
country, most of which are unregulated and unmonitored (Dewan 2009). Many coal ash ponds were
constructed without the guidance of trained engineers and are aging and at high risk of leaking (EPA
2009c).

Coal combustion wastes threaten aquatic communities. Most coal ash storage sites are on waterways, so
that they can take in and release water (Dewan 2009). In some areas, entire fish populations have been
lost due to pollution from coal combustion wastes (Cherry 1999). Fish consumption advisories have
been issued for areas where waterbodies are contaminated with selenium from coal ash disposal sites
(Skorupa 1998). Hopkins et al. (1999) reported behavioral, developmental, and metabolic abnormalities
in amphibians and reptiles in wetlands that have been contaminated with coal combustion waste in
South Carolina. Aquatic communities downstream of coal combustion storage sites are at high risk from
accidental spills. In December 2008, a coal ash pond in Kingston, Tennessee ruptured and released over
a billion gallons of toxic-laden sludge into the Emory River (Dewan 2009b). Sampling of the spill has
shown heavy metal contamination in aquatic habitats, including arsenic, lead, thallium, cadmium,
chromium, barium, and nickel (Smith 2009). Another coal ash spill occurred in January 2009 near
Stevenson, Alabama.

In sum, southeastern aquatic species are threatened by acute and chronic pollution from a variety of

sources. Pollution can undermine efforts to protect species and can drive species to extinction (Neves et
al. 1997, FWS 1997).

Global Climate Change and Drought

As aquatic and riparian species, global climate change threatens all of the petitioned species. Climate
models project both continued warming in all seasons across the southeast, and an increase in the rate of
warming (Karl et al. 2009). The warming in air and water temperatures projected for the southeast will
create heat-related stress for fish and wildlife. Increasing water temperatures and declining dissolved
oxygen levels in stream, lakes, and shallow aquatic habitats will lead to fish kills and loss of aquatic
species diversity (Folkerts 1997, Karl et al. 2009). Climate change will alter the distribution of native
plants and animals and will lead to the local loss of imperiled species and the displacement of native
species by invasives (Karl et al. 2009). Concerning the effects climate change is expected to have on
southeastern environments, Karl et al. (2009) state, “Ecological thresholds are expected to be crossed
throughout the region, causing major disruptions to ecosystems and to the benefits they provide to
people.”

Climate change will increase the incidence and severity of both drought and major storm events in the
southeast (Karl et al. 2009). The percentage of the southeast region experiencing moderate to severe
drought has already increased over the past three decades. Since the mid- 1970s, the area of moderate to
severe spring and summer drought has increased by 12 percent and 14 percent, respectively. Fall
precipitation tended to increase in most of the southeast, but the extent of region-wide drought still
increased by 9 percent (Karl et al. 2009). For example, from 2007-2008, the Coosa River watershed in
Alabama and Georgia experienced severe drought, and streamflow in the Conasauga River was the
lowest recorded in nearly 70 years (U.S. Geological Survey 2007). The threat to aquatic ecosystems
posed by drought is magnified both by climate change and by human population growth. A drought in

Southeast Aquatic Species Petition 40



the southeast from 2005-2006 caused more than a billion dollars in lost crops and “placed massive strain
on the water supply system of the affected states, pitting state against state and user against user . ..”
(Seager et al. 2009). Decreased water availability coupled with human population growth will further
stress natural systems. Human response strategies to decreased water availability will likely include the
construction of more dams, which threatens wildlife species which are negatively affected by
impoundment, and increased groundwater pumping, which threatens spring and cave obligate species
(Karl et al. 2009). Drought, and increased evaporation and evapotranspiration due to warmer
temperatures will lead to decreased groundwater recharge and potential saltwater intrusion in shallow
aquifers in many parts of the southeast, further exacerbating threats to aquatic organisms (Karl et al.

2009).

Drought inexorably threatens aquatic species. Intense droughts and increasing temperatures resulting
from climate change will cause the drying of waterbodies and the local or global extinction of riparian
and aquatic species (Karl et al. 2009). Declines of mollusks as a direct result of drought have already
been documented (Golladay et al. 2004, Haag and Warren 2008). Populations of amphibians which are
dependent on consistent rainfall patterns for breeding, such as those that breed in temporary ponds,
could be extirpated by drought (Dodd 1997). Amphibian declines are already linked to climate change
globally (Pounds et al. 2006) and in the southeastern United States (Daszak et al. 2005).

The warming climate will likely cause ecological zones to shift upward in latitude and

altitude and species’ persistence will depend upon, among other factors, their ability to

disperse to suitable habitat (Peters and Darling 1985). Human modifications to waterways, such as
dams, and changes to the landscape including extensive development, will make species’ dispersal to
more suitable habitat difficult to impossible (Strayer 2006, Buhlmann and Gibbons 1997, FWS 2009).
Many species of freshwater invertebrates are likely to go extinct due to climate change (Strayer 2006).
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 (FWS 2009). For example, populations of wetland
species must be able to disperse if their habitat becomes unsuitable, but wetland habitats are increasingly
isolated and surrounded by a hostile landscape matrix (Buhlmann and Gibbons 1997). Deteriorating
habitat conditions and obstacles to dispersal place all of the petitioned species at risk of extinction due to
global climate change.

Several of the coastal petitioned species are threatened by sea-level rise and increased storm intensity
resulting from global climate change including the Florida Keys mole skink, MacGillivray's seaside
sparrow, and Louisiana eyed silkmoth.

Invasive Species

Invasive species are a major threat to native aquatic plants and animals in the southeast, and are a known
threat for 96 of the petitioned species (24 percent). The spread of invasive species has been identified as
a primary factor in the imperilment of freshwater fauna and the loss of aquatic biodiversity (Allan and
Flecker 1993, Ricciardi and Rasmussen 1999). Invasive species negatively affect native species through
competition, predation, and disease introduction. In the southeast, the rate of invasion by exotic species
is increasing and placing native freshwater fauna at risk (Folkerts 1997).

Aquaculture is a leading vector of aquatic invasive species including fishes, invertebrates, and plants
(Naylor et al. 2001). Introduced Asian carp, which are used to control trematodes in catfish ponds, have
become established in rivers throughout the Mississippi Basin where they consume native mollusks and
compete for resources with native fishes (Naylor et al. 2001). There are at least 30 species of invasive
fish in the Tennessee and Cumberland river basins, including carp, alewife, rainbow and brown trouts,
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striped bass, yellow perch, and non-native forms of muskellunge and walleye (Etnier 1997). Nonnative
mosquitofish (Gambusia holbrooki) have been widely introduced for vector control and now compete
with native species for resources (Buckner et al. 2002). Gamefish such as trout and bass have been
widely introduced and prey on native fish, invertebrates, and amphibians (Herrig and Shute 2002, Kats
and Ferrer 2003, Strayer 2006). Native fish fauna in southern Florida have been displaced by tropical
species (Folkerts 1997). Further, more than 60 indigenous southeastern fish species have been
introduced to drainages where they are not native (Warren Jr. et al. 1997).

Freshwater mollusks are threatened both by invasive fish and by invasive mollusks. The introduction of
nonnative fishes such as the round goby (Neogobius melanostomus) has indirect negative affects on
native mussels due to negative impacts on their host fishes (NatureServe 2009). The invasion of
nonindigenous mollusks is one of the primary reasons for the decline of freshwater mussels (Williams et
al. 93). Invasive mussels can reach densities of thousands per square meter, outcompeting and literally
covering native species (Williams et al. 1993).

The infamous zebra mussel (Dreissena polymorpha) uses both rivers and creeks and has been detected
in Alabama, Arkansas, Kentucky, Louisiana, Mississippi, Tennessee, Virginia, and West Virginia
(NatureServe 2009). Zebra mussels now infest most major Mississippi River tributaries, including the
Ohio, Tennessee, Cumberland, and Arkansas Rivers (NatureServe 2009). Zebra mussels are expected to
eventually spread to all the navigable rivers in the southeast as well to tributary reservoirs and smaller
streams (Jenkinson and Todd 1997). Zebra mussels, and other invasive mollusks, compete with native
mussels for food and space, attach to native mussels and weaken or kill them, and alter the suitability of
the substrate for native species (Herrig and Shute 2002). Where zebra mussels establish large
populations, they are likely to destroy native mussel and snail populations (Jenkinson and Todd 1997).
Williams et al. (1993) state that the spread of nonnative mollusks appears “poised to decimate many of
the remaining native mussel populations.” Concerning the risk posed to native mussels by the spread of
zebra mussels, Neves et al. (1997) state:

“It is almost inevitable that zebra mussel-infested waters will occur in nearly all southeastern
states, and that some level of effect will occur to native mollusks. The zebra mussel will
probably be the final nail in the coffin of several federally protected mussels that succumb to
infestations in large rivers. Other commercial and rare mussels may require endangered species
status if the zebra mussel infestations extirpate river and reservoir populations and drastically
reduce the ranges of one-time widespread big-river species. The urgency of protection and
conservation of native mussels cannot be overemphasized. Natural resource agencies in the
southeast must be proactive in efforts to prevent the wholesale extinction of mussels in the direct
path of the zebra mussel invasion” (p. 73).

Native southeastern mollusks are also threatened by the invasion of Asian clams (Corbicula fluminea).
Asian clams spread rapidly throughout every major drainage in the southern United States following
their introduction in the 1960’s. Asian clams threaten native mussels due to competition for space and
food. Neves et al. (1997) caution that juvenile native mussels “may become victims of stress from the
highly mobile and abundant young Asian clams” (p. 72).

In addition to fish and mollusks, other southeastern taxa are also known to be threatened by the spread
of invasive species. Native crayfishes are threatened by invasive mussels, which can attach to their
exoskeletons, and by invasive species of crayfishes and fishes which compete with and prey on native
crayfish species (Schuster 1997). Nonnative crayfishes are commonly introduced via “bait-buckets” and
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are contributing to the decline of native species (Taylor et al. 1996). Several species of nonnative snails
have also invaded the southeast (Neves et al. 1997). Native amphibians are threatened by invasive fish
and invasive amphibians which can act as predators, competitors, and disease vectors (Dodd 1997).
Additionally, exotic cattle egrets, armadillos, and wild hogs can “exact a substantial toll” on amphibian
populations (Dodd 1997). Fire ants also threaten amphibians, as they have been reported to kill
metamorphosing individuals (Freed and Neitman 1988).

Many invasive plant species are wreaking havoc on aquatic habitats in the southeast.

Species such as Eurasian watermilfoil (Myriophyllum spicatum), alligatorweed (Alternanthera
philoxeroides), hydrilla (Hydrilla verticillata), and water hyacinth (Eichhornia crassipies) are thriving
in aquatic and wetland habitats and negatively impacting native species (Folkerts 1997, Buckner et al.
2002). Invasive plants displace native plants, alter substrate availability for aquatic invertebrates, and
interfere with the food web (Folkerts 1997). Invasive plants threaten several of the petitioned plants
including Apalachicola wild indigo, Carolina bishopweed, and Harper’s heartleaf.

Outbreaks of both invasive and native forest-destroying insects have weakened and killed trees in
riparian areas and reduced nutrient inputs to aquatic systems (Morse et al. 2007). The petitioned
Carolina hemlock is threatened by hemlock woolly adelgid (Adelges tsugae). Streamside habitat
degradation due to exotic pests also threatens aquatic insect populations in the Southeast due to altered
microhabitat conditions (Herrig and Shute 2002).

Invasive species currently pose a critical threat to native aquatic species in the southeast, and this threat
is expected to increase in the future as the climate warms and as habitat availability shrinks. Even taxa
which are not currently threatened by invasive species are expected to disappear due to future biological
invasions as species adjust their ranges and humans continue to accidentally and intentionally transport
nonnative species (Ricciardi and Rasmussen 1998).

Inherent Vulnerability of Small Isolated Populations

Two hundred and twenty-four of the petitioned species (55 percent) now exist primarily in small,
isolated populations which heightens their risk of extinction. Small, isolated populations are vulnerable
to extirpation due to limited gene flow, reduced genetic diversity, and inbreeding depression (Lynch
1996). Population isolation also increases the risk of extinction from stochastic genetic and
environmental events including drought, flooding, and toxic spills (FWS 2009). Habitat modification
and cumulative habitat degradation from non-point source pollution are also major threats for species
which exist in isolated populations. Due to blocked avenues of dispersal or limited dispersal ability,
isolated populations “gradually and quietly perish” as habitat conditions deteriorate (FWS 2000).

Synergies and Multiple Causes

The risk of extinction for the petitioned species is heightened by synergies between threats as most
species face multiple threats and these threats interact and magnify each other. For example, as habitat
availability shrinks, species become more vulnerable to threats from invasive species, pollution, climate
change, disease, and other factors. Across taxa, interactions among threats place southeastern aquatic
biota at increased risk of extinction. Reptiles are threatened by habitat loss and degradation, invasive
species, pollution, disease and parasitism, unsustainable use, global climate change, and synergies
between these factors (Gibbons et al. 2000). Freshwater snails are threatened by the combined effects of
habitat loss, pollution, drought, and invasive species (Lydeard et al. 2004). Likewise, amphibians are
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imperiled by multiple, interacting threats. Stress from the effects of increased UV-b radiation, pollution,
and climate change has made amphibians more vulnerable to the spread of disease (Gendron et al. 2003,
Pounds et al. 2006). The interaction between climate change and compromised immunity due to various
stressors threatens both amphibian populations and entire species (Green and Dodd 2007). Similarly,
threats to freshwater fish are “many, cumulative, and interactive” (Herrig and Shute 2002), and fish
extirpation is “nearly always attributable to multiple human impacts’ (Warren et al. 1997). Any factor
which causes the decline of the host-fishes on which mussels depend for reproduction also threatens the
mussels, which themselves face multiple threats including impoundment, pollution, and invasive species
(Neves et al. 1997). In addition to overarching threats, species are threatened by the combination of
“relatively minor but cumulative factors” (Shute et al. 1997). Because of the multifaceted ecological
relationships among species, the extirpation of a species can have effects that cascade throughout the
community. For example, the decline of bats due to disease, habitat loss, and pollution has cut off the
nutrient supply on which many other cave organisms depend, and the decline of mollusks has eliminated
a primary food source for freshwater turtles. Shute et al. (1997) state that there has been ““a collapse of
the complex interactions between the diverse organisms that coevolved in southeastern riverine
ecosystems” (Shute et al. 1997, p. 446). The loss of a single species can imperil associated species,
highlighting the need to protect entire communities of species simultaneously.

CONCLUSION

The aquatic and riparian species of the Southeastern United States are of global biodiversity
significance. Unfortunately, these species face numerous and interactive threats including habitat loss,
pollution, climate change, disease, predation, overuse, and the spread of invasive species. Existing
regulatory mechanisms are inadequate to prevent the extinction of the hundreds of unique Southeastern
species presented in this petition. They merit immediate Endangered Species Act protection to ensure
their survival and recovery.

REQUEST FOR CRITICAL HABITAT DESIGNATION

We request and strongly recommend that all known locations for all petitioned species be designated as
critical habitat concurrent with species’ listing. Because the survival of the petitioned species is
dependent on healthy aquatic and riparian habitat, critical habitat designation should include terrestrial
areas within watersheds which are critical to maintaining integral aquatic environments and also water
rights to ensure continued surface flows in light of diminishing water resources.

As required by the Endangered Species Act, the Secretary shall designate critical habitat concurrent with
determination that a species is endangered or threatened (16 U.S.C. 1533(a)(3A)). Critical habitat is
defined by Section 3 of the ESA as:

(1) the specific areas within the geographical area occupied by the species,

at the time it is listed in accordance with the provisions of section 1533 of this title, on which are found
those physical or biological features (I) essential to the conservation of the species and (II) which may
require special management considerations or protection; and

(i1) specific areas outside the geographical area occupied by the species at the time it is listed in

accordance with the provisions of section 1533 of this title, upon a determination by the Secretary that
such areas are essential for the conservation of the species.16 U.S.C. §1532(5).
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SPECIES ACCOUNTS

Scientific Name:
Acroneuria kosztarabi
Common Name:
Virginia Stone

G Rank:

Gl

Range:
This stonefly occurs in Lawrence County, Kentucky and Tazewell County, Virginia (NatureServe
2008).

Populations:
This species is known from two counties. Total range is less than 100 square km. This species is
known from five specimens.

Status:
NatureServe (2008) ranks this stonefly as critically imperiled in Virginia and Kentucky. It is a
Special Concern Species in Kentucky.

Habitat destruction:

This species is threatened by heavy grazing by beef cattle (NatureServe 2008). It also occurs in an
area with extensive surface coal mining (EPA 2005) and could be threatened by coal mine runoff.

Acroneuria kosztarabi and its habitat will be adversely impacted by the implementation of projects
under the Jefferson National Forest plan (USFS 2008).

Inadequacy of existing regulatory mechanisms:

This species occurs on the Jefferson National Forest, where it is a Regional Forester Sensitive
Species (USFS 2008), but this designation conveys only discretionary protection. This stonefly is
a species of concern in Kentucky, but this designation provides no habitat protection.
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Scientific Name:
Aeschynomene pratensis
Common Name:
Meadow Joint-vetch

G Rank:
Gl

Range:

In the United States, this species occurs only in Collier, Dade, and Munroe counties, Florida
(Wunderlin 1998). It is also present in parts of the Caribbean and South America (NatureServe
2008)

Habitat:
This plant is found in pine rocklands, marl prairies, cypress domes, and swales (Wunderlin 1998).

Populations:
There are only 11 known occurrences of this species in the United States, and most of these are
composed of just a few individuals (NatureServe 2008).

Population Trends:
NatureServe (2008) reports that the species seems to be stable in the short-term, but long-term
population trends are not known.

Status:

This rare species is endemic to a very small range within Florida, and exhibits narrow habitat
preferences. Its preferred habitat is extremely vulnerable to degradation. Only 11 occurrences are
known as of May 2000, and all populations are small. NatureServe (2008) ranks the meadow
joint-vetch as critically imperiled in Florida, where it is also state-listed as endangered.

Habitat destruction:
This plant is threatened by drainage and conversion of wetlands, particluarly for development
(NatureServe 2008).

Inadequacy of existing regulatory mechanisms:

Though it is listed as endangered in the state of Florida, this designation offers this species no
substantial regulatory protections; no existing regulatory mechanisms adequately protect the
meadow joint-vetch or its habitat.

Other factors:
Meadow joint-vetch is potentially threatened by invasive exotic species (NatureServe 2008).

References:
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Scientific Name:
Agarodes logani
Common Name:
A Caddisfly

G Rank:
Gl

Range:

NatureServe (2008) estimates the range of this species is less than 100 square km (less than
about 40 square miles). It appears to be restricted to one stream in Gadsden County, Florida
(Rasmussen 2004).

Populations:

This caddisfly was described from specimens collected from a ravine within the Florida A&M
University Farm Stream, northeast Florida panhandle (NatureServe 2008). The ravine was
revisited by Rasmussen (2004) who surveyed throughout the entire panhandle and only found five
specimens in the FAMU Farm Stream.

Status:
Agarodes logani is only known from one stream in Gadsden County, Florida, on an active farm
(Rasmussen 2004). It is critically imperiled (NatureServe 2008).

Habitat destruction:

This species occurs in a single stream on a university farm where it is subject to agricultural
impacts. Any activity that adversely affects water quality, such as pollution or siltation, could
extirpate this species.

Inadequacy of existing regulatory mechanisms:
The lone occurrence of this species is not appropriately protected (NatureServe 2008).
References:
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Scientific Name:
Alasmidonta arcula
Common Name:
Altamaha Arcmussel

G Rank: AFS Status: IUCN Status:
G2 Threatened EN - Endangered
Range:

The Altamaha Arcmussel is endemic to the Altamaha River system including the Ocmulgee, Little
Ocmulgee, Ohoopee, and Altamaha rivers (Heard 1975), and as of 2000 was reported as extant in
the Altamaha, Ocmulgee, and Little Ocmulgee Rivers (Gene Keferl, Coastal Georgia Community
College pers. comm., 2000 in NatureServe 2008).

Habitat:

The Altamaha Arcmussel inhabits sandy mud below sand bars in eddies and slow waters (Johnson
1970), sand bars in mid-channel areas in shallow water (less than 1 m) (Clarke 1981), and
backwaters of mainstem rivers in silty sand and detritus (J. Brim Box, pers. obs. in NatureServe

2008).

Populations:

There are an estimated 6-20 populations of Altamaha Arcmussel (NatureServe 2008). This
species is known from one river system in Georgia where it occurs on three tributaries-- two sites
on the Ocmulgee, three sites on the Altamaha, and one site on the Ohopee. This mussel is known
from approximately 12 historical occurrences in the Ocmulgee, Little Ocmulgee, Ohoopee, and
Altamaha Rivers of Georgia (Clarke 1981). In a 1990s survey of 276 sites throughout the
Altamaha River drainage, this mussel was detected at 17 sites (Gene Keferl, Coastal Georgia
Community College, pers. comm. 2000 cited in NatureServe 2008). Triannual Unionid Report
(1995) reports this species at 43 of 131 stations (33 percent) surveyed in the Altamaha River
system.

Historical information on abundance is lacking, but this mussel is known to be rare. NatureServe
(2008) states: "Heard (1975) reported Alasmidonta arcula as very rare and only known from a few
sites. Johnson (1970) also commented on the rarity of this species, and noted that "not more than
a few specimens have ever been collected at any station in this century save for a series of
twenty-two specimens collected by H. D. Athearn in 1962 in the Ocmulgee River, below Lumber
City, Telfair Co., Georgia." Gene Keferl, Coastal Georgia Community College (pers comm., 2000
cited in NatureServe 2008), reported that about 170 specimens (1.1 percent of all living mussels)
were collected from a total of 276 sites surveyed from 1993 to 1997 in the Altamaha River
system. In 1996, 26 A. arcula were collected from a single site on the main stem of the Altamaha
River in about 45 minutes. In a survey of 131 stations (93 Altamaha River, 19 Ocmulgee River, 5
Oconee River, 4 Ohoopee River, 10 Little Ocmulgee River), 126 specimens were found at 43
stations (anonymous, 1995)."

This mussel may be undersampled because it occurs it backwater sloughs which can be difficult to
access.
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Population Trends:
The Altamaha Arcmussel is declining (decline of 10-30 percent) in the short-term and has

Status:

The Altmaha Arcmussel is imperiled in Georgia (NatureServe 2008).This species is endemic to
only three rivers in the Altamaha River drainage, was historically somewhat rare, and has
experienced substantial long-term decline. It was ranked as threatened by the American Fisheries
Society (Williams et al. 1993), but its status is being changed to vulnerable (2010 draft, in
review). It is classified as endangered by the [TUCN.

Habitat destruction:

Loss and degradation of habitat is an imminent and ongoing threat to the Altamaha Arcmussel.
There is less than 500 km length of river system which supports this mussel, and adjacent land is
being cleared for agriculture. Excessive sedimentation from agriculture, poor land practices, and
bank and streambed destabilitzation threaten the survival of this species. This mussel is also
threatened by pollution, eutrophication, and extremely low water levels (NatureServe 2008).

The Georgia Dept. of Natural Resources (Wisniewski 2008) cites excessive sedimentation due to
inadequate riparian buffer zones as a threat to this mussel, as sedimentation both covers suitable
habitat and potentially suffocates mussels.

Inadequacy of existing regulatory mechanisms:

There are no existing regulatory mechanisms to protect the Altamaha Arcmussel, and no
occurences are appropriately protected and managed (NatureServe 2008). This mussel is listed as
Threatened in the state of Georgia, but this designation does not confer substantial regulatory
protection.

Other factors:

Any factor which reduces water quality or negatively affects host fish populations threatens the
Altamaha Arcmussel. NatureServe (2008) states that deterioration in water quality and pollution
threaten this mussel. This species is also potentially threatened by the invasive Asian clam,
Corbicula fluminea, which is present in some streams which support this species (NatureServe
2008). The Georgia Dept. of Natural Resources (Wisniewski 2008) reports that direct and indirect
competition from the introduced flathead catfish may be reducing native mussel populations
through direct consumption of mussels and their host fishes. This species is also particularly
vulnerable to extinction due to rarity.
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Scientific Name:
Alasmidonta triangulata
Common Name:
Southern Elktoe

G Rank:
Gl

Range:

The range of the Southern Elktoe covers 250-1000 square km in the Apalachicola Basin
(NatureServe 2008). This mussel is found in the Chattachoochee River system in Alabama and
Georgia, the Flint River sytem in Georgia (Athearn 1998), and the Apalachicola and lower Chipola
rivers in Florida (43 historic records) (Brim Box and Williams 2000). It is likely extirpated from
the main channel of the Apalachicola and Chattahoochee Rivers (Brim Box and Williams 2000).
In Alabama, it is still extant in Lee and Russel counties in Uchee and Little Uchee creeks
(Mirarchi et al. 2004).

Habitat:

This species' habitat includes larger creeks and rivers in moderate currents in sand substrate in the
vicinity of rocks (Heard 1979, Clench and Turner 1956). In Chattahoochee River tributaries, this
mussel was detected in sand bars, but was not detected in muddy sediments or near rocks. It has
also been detected in sand and silt substrate (Brim Box and Williams 2000).

Ecology:
Mirarchi et al. (2004) report that the Southern Elktoe is a long-term brooder with glochidia
present year round. Glochidial hosts are unknown.

Populations:

There are less than five extant populations of Southern Elktoe, and these populations are very
small. Historically this species was known from 29 sites in the four major rivers of the
Appalachicola basin of Florida, Alabama, and Georgia. It still exists at only 3 or 4 sites, at one of
which, Lake Blackshear, there are only dead shells (Brim Box and Williams 2000, Battle et al.
2003, NatureServe 2008).

Total population size for the Southern Elktoe is estimated at 50 - 1000 individuals, but this is
likely an overestimate, as only 14 individuals have been recently reported. This rare species was
not historically abundant (Clench and Turner 1956). There are no remaining populations with
significant numbers. Brim Box and Williams (2000) only detected two live specimens from a
single location in Potato Creek, a tributary of the Flint River in Alabama. Battle et al. (2003)
report that nine individuals were found in a survey of six sites in the Elmodel Wildlife
Management Area in Ichawaynochaway Creek in southwest Georgia. Only two other specimens
have been reported from the Flint River basin since 1991 (Battle et al. 2003). A single live
mussel was also detected in Uchee Creek, Alabama, in 1994 (Brim Box and Williams 2000).

Population Trends:

This mussel has "suffered severe declines across its limited range" (NatureServe 2008). It has
severely declined in the short term (decline of more than 70 percent in population, range, area
occupied, and/or number or condition of occurrences), and has experienced a long-term decline
of 75 to 90 percent (NatureServe 2008). Of 29 known sites, this mussel is now only extant at
three, and in very low numbers.
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Status:

The Southern Elktoe is critically imperiled in Alabama and Georgia (S1), and is not ranked in FL
(SNR), where only one live individual has been detected in the past 20 years (NatureServe 2008).
It is being ranked as endangered by the American Fisheries Society (2010 draft, in review).

Habitat destruction:

The habitat of the Southern Elktoe is known to be degraded and fragmented (Brim Box and
Williams 2000). This species is threatened by dredging activities in the Apalachicola River (Brim
Box and Williams 2000). In Georgia, this mussel is threatened by drought and water withdrawals
(Battle et al. 2003). The Georgia Dept. of Natural Resources (Wisniewski 2008) reports that this
mussel is threatened by habitat fragmentation, population isolation, impoundments, water
withdrawals, drought, and sedimentation, stating, "Excessive water withdrawals in the lower Flint
River basin coupled with severe drought could cause this species to become extirpated from
Georgia." Other potential threats include activities that degrade water quality (NatureServe 2008).

Inadequacy of existing regulatory mechanisms:

There are no existing regulatory mechanisms to protect this species, and no sites are appropriately
protected and managed. This mussel is Endangered in Georgia, and is a Priority 1 Species of
Greatest Conservation Need in Alabama, but these designations do not provide substantial
regulatory protection. This species has been detected on the Elmodel Wildlife Management Area
in Georgia (NatureServe 2008).

Other factors:
This mussel is threatened by any activity which degrades water quality. It is now inherently
vulnerable to extinction due to rarity and drastically reduced range and population size.
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Scientific Name:
Alasmidonta varicosa
Common Name:

Brook Floater

G Rank: AFS Status: IUCN Status:

G3 Threatened DD - Data deficient
Range:

The brook floater is historically known from Connecticut, Delaware, Washington, D.C., Georgia,
Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York, North Carolina,
Pennsylvania, Rhode Island, South Carolina, Vermont, Virginia, and West Virginia (NatureServe
2008). Currently, populations are known in Maine’s Aroostook, Cumberland, Hancock,
Kennebec, Knox, Lincoln, Penobscot, Piscataquis, Somerset, Waldo, and Washington Counties,
but this species is extirpated from the Dennys and Presumpscot Rivers (Nedeau et al. 2000). In
Massachusetts, populations are reported from the Connecticut River, and possibly the Merrimack
drainage, though this species has been extirpated from the Charles River drainage (Smith 2000).
In Vermont, the brook floater is present in the lower reaches of the West River, and was
historically known in the Connecticut River (Fichtel and Smith 1995, Johnson 1915). In
Connecticut, it is known in a few streams in the Connecticut and Thames River watersheds
(Nedeau and Victoria 2003, pers. obs. as cited in NatureServe 2008). It is known in
Pennsylvania’s Potomac, Susquehanna, and Delaware River basins (Bogan 1993). In the Delaware
River basin, the brook floater has been observe in the Middle Delaware-Mongaup-Broadhead
drainage that runs from New York to the Pennsylvania border (Strayer and Ralley 1991). In New
Jersey, it is reported from the Stony Brook, Musconetcong, Raritan, Lamington, and upper
Delaware Rivers. In Maryland, the North Branch of the Potomac, Upper Potomac, Middle
Potomac, and Washington Metro drainages support populations of the brook floater (Bogan and
Proch 1995). In Virginia, it is present in the middle James-Willis, the North Fork of the
Shenandoah, and parts of the Potomac River, but has been extirpated from the Middle Potomac-
Anacostia-Occoquan, the South Fork of the Shenandoah, and the Shenandoah drainages (VA NHP
2007 as cited in NatureServe 2008). West Virginia’s Patterson Creek (part of the North Branch
Potomac drainage) and Cacapon Town drainages support populations of the brook floater (Clayton
et al. 2001, Taylor 1985, WV NHP as cited in NatureServe 2008). Four populations in South
Carolina are known in the Beaverdam, Stevens, Turkey, and Mountain Creeks (Alderman 1998);
the brook floater is extirpated from the Cooper Santee River basin (Bogan and Alderman 2004).
North Carolina hosts 12 populations: the Roanoke, Neuse, Cape Fear, Pee Dee, and Catawba River
basins are known to contain the brook floater (Bogan 2002), as are Anson, Burke, Caldwell,
Chatham, Forsyth, Granville, Moore, Orange, Randolph, Surry, and Yadkin Counties (LeGrand et
al. 2006). This mussel is found rarely at the southernmost edge of its range in the Savannah River
basin on the border between South Carolina and Georgia (GA NHP as cited in NatureServe 2008).
A fairly large population (less than 1,000 individuals) was recently located in the Suncook River
of New Hampshire (Conaboy 2006).

There are fewer than 15 populations of the brook floater in Canada: it is found in parts of New
Brunswick’s Bay of Fundy drainage (Athearn 1961, 1963) and in few locations in Nova Scotia.
This species is considered rare in Canada and listed under COSEWIC as a species of special
concern (NatureServe 2008).
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Habitat:
A. varicosa inhabits creeks and small rivers, prefers the stable bank conditions afforded by gravel

substrates or sandy shoals, and is generally found in riffles and moderate rapids (Nedeau et al.
2000, Clark and Berg 1959, Strayer and Ralley 1993).

Ecology:

Brooding period is approximately May-August, but the length of time required for glochidia to
complete metamorphosis to juvenile form is unknown. Species known to host glochidia include
the long-nose dace (Rhinichthys cataractae), golden shiner (Notemigonus crysoleucas),
pumpkinseed (Lepomis gibbosus), marginated madtom (Noturus insignis), yellow perch (Perca
flavescens), blacknosed dace (Rhinichthys atratulus), and slimy sculpin (Cottus cognatus) (Schulz
and Marbain 1998). Juveniles disperse via host fish vectors (lodged in gills), and adults are
sessile, though passive movement by water currents may occur (NatureServe 2008).

Populations:

Approximately 150 historic occurrences are known, 60 - 80 of which have been extirpated. It is
believed that more populations have been destroyed than will be discovered in the future
(NatureServe 2008). Global population size is unknown (NatureServe 2008). Though the brook
floater occurs over a wide geographic range, populations are sparsely distributed, generally small,
and of dubious viability.

Population Trends:

The brook floater has disappeared from up to 80 sites across its range, and remaining populations
are experiencing steep declines (NatureServe 2008). NatureServe (2008) reports that the brook
floater has experienced substantial decline of up to 75 percent.

The brook floater is exirpated in Rhode Island (Raithel and Hartenstein 2006). Only a few
populations of this species remain in Connecticut, and they are small and show little evidence of
successful reproduction (Connecticut Department of Environmental Protection 2003). It is
extirpated in the Cooper-Santee and Pee Dee River basins in South Carolina (Bogan and Alderman
2004). Reproductive success in the Potomac River is reportedly negligible.

This mussel has declined drastically in New Hampshire. The New Hampshire Fish and Game
Department (2006) states: "Based on evidence of recruitment and abundance observed during
CPUE surveys in 1993 and 1995, the Blackwater, Suncook, Soucook, and the North Branch Sugar
River populations appear the most robust. Nevertheless the North Branch Sugar River population
is small and insular and therefore at risk of harm from pollution and habitat degradation. Mussel
populations end abruptly at the North Branch and Sugar River confluence where water quality is
low (von Oettingen, USFWS, personal communication). Long-term monitoring of the Piscataquog
River Henry Bridge population shows a decline in mussel density from 0.4 per meter squared in
1996 to 0.02 in 1999 (Wicklow, Saint Anselm College, unpublished data). A mussel bed on the
South Branch of the Piscataquog River, monitored periodically since 1993, has been nearly
extirpated. The coastal watershed populations are at high risk of extirpation."

This species is nearly extirpated in New York. The New York Natural Heritage Program states:
"Formerly widespread in southeastern New York, this species has disappeared from many sites
since the 1950's and is now extremely rare in the state. Populations in the Housatonic and Passaic
basins have apparently disappeared and surveys of nearly a dozen historical populations
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throughout the Susquehanna River watershed in 1991 turned up only 1 living animal. Populations
in the Shawangunk Kill and Delaware River basins (Lellis 2001) are sparse and limited in extent.
Only the Neversink River population currently appears healthy although it also apparently declined
by an estimated 38,000 individuals during the mid-1990's (Strayer and Jirka 1997)."

There are only four remaining populations of this species in Massachusetts, and their viability is
questionable. The Massachusetts Division of Fisheries and Wildlife (2009) states: "Recent
studies indicate that the extant populations in Massachusetts are significantly fragmented, low in
density, and prone to mortality due to old age and poor condition. A few patches of brook floaters
with densities high enough to be considered viable exist, however, they exhibit a high degree of
spatial clustering and are significantly isolated from one another. There is growing concern that
some populations have dwindled to the point where reproduction is unlikely and persistence
beyond the life span of the remaining individuals is improbable."

Status:

NatureServe (2008) lists the brook floater as critically imperiled in Connecticut, Maryland,
Massachusetts, New Hampshire, New Jersey, New York, North Carolina, Vermont, Virginia, and
West Virginia, imperiled in Georgia, and Pennsylvania, vulnerable in Maine, and extirpated from
Delaware. It is not ranked or currently under review in Washington, D.C. and South Carolina. It is
state-listed as endangered in Connecticut, Delaware, Maryland, North Carolina, New Hampshire,
New Jersey, and Virginia, and as threatened in Maine, New York, and Vermont. It is ranked as
threatened by the American Fisheries Society (Williams et al. 1993, 2010 draft, in review).

Habitat destruction:

Across its range, habitat degradation from impoundments, channel alteration, logging, mining,
agriculture, and development is a primary threat to this species and has already resulted in the
extirpation of many populations (New Hampshire Fish and Game Department 2006,
Massachusetts Division of Fisheries and Wildlife 2009, New York Natural Heritage Program
2009, Virginia Department of Game and Inland Fisheries 2010). Habitat fragmentation further
threatens the brook floater. Long-term studies indicate that stream fragmentation disrupts
Alasmidonta life cycles, prevents host fish migration, blocks gene flow, and prohibits
recolonization, resulting in reduced recruitment rates, decreased population densities, and a
higher probability of extirpations (Wicklow 2004).

Overutilization:

Collection of local populations for biological supply or other purposes may be a localized threat
to this species (NatureServe 2008). The population in the Penobscot River in Maine is thought to
have been harvested in 1993 (NatureServe 2008).

Inadequacy of existing regulatory mechanisms:

No occurrences are known to be adequately protected at this time (NatureServe 2008). Some
populations in North and South Carolina occur on unmanaged Forest Service land, and one
Maryland population is located within the Sideling Hill Creek Bioreserve managed by the Nature
Conservancy (NatureServe 2008). Though the brook floater is listed as threatened or endangered
in several states, these designations afford it no substantial regulatory protection.
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Other factors:

Pollution is a primary threat to the brook floater because it appears to be highly sensitive to low
dissolved oxygen levels, pollution, and siltation (Connecticut Department of Environmental
Protection 2003). Toxic releases from wastewater treatment plants, poultry and hog processing
plants, and siltation and pesticide runoff from a variety of sources threaten this species' survival
(Virginia Department of Game and Inland Fisheries 2010). Displacement by the Asiatic clam,
Corbicula fluminea, and the zebra mussel, Dreissena polymorpha, may also threaten this species
(Clarke 1984, Connecticut Department of Environmental Protection 2003). Remaining
populations of A. varicosa are generally small and isolated and thus may be vulnerable to
extirpation by local stochastic events or inbreeding depression. The Massachusetts Division of
Fisheries and Wildlife (2009) states: "The persistence of brook floaters in Massachusetts seems
to be closely tied to its survival and reproduction within isolated areas that are highly vulnerable to
random events such as mortality related to floods, droughts, predators, poorly planned
development or disturbance, pollution, or even trampling." The darter and sculpin host fishes of
this species are also sensitive to water quality, and the floater is threatened by any factor which
threatens the fish populations on which it depends for reproduction. In New York, this species is
threatened by hybridization with A. marginata; many intermediate individuals, not assignable to
either species, were found in the Susquehanna River basin in the mid 1990's (Strayer and
Fetterman 1999).
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Scientific Name:
Allocapnia brooksi
Common Name:
Sevier Snowfly

G Rank:
G2

Range:
This species is known from four occurrences in Hawkins Co., Sevier Co., and Sullivan Co.,
Tennessee (NatureServe 2008).

Populations:
There are four occurrences of this stonefly. Population information is not available.

Status:
NatureServe (2008) ranks this species as imperiled.

Habitat destruction:
All populations of this species are experiencing severe impacts from poor agricultural practices
and development (Kondratieff and Kirchner 1999).

According to Kirchner et al (2002), "all the areas in Tennessee where the above species [including
A. brooksi] have been collected are highly impacted by past and current agricultural practices and
other disturbances. These species are, no doubt, imperiled throughout their ranges, and it is
strongly suggested that potential listing should be considered."

Inadequacy of existing regulatory mechanisms:
This species is not protected by any existing regulatory mechanisms.
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Scientific Name:
Allocapnia cunninghami
Common Name:

Karst Snowfly

G Rank:
Gl

Range:

Allocapnia cunninghami is known from three occurrences in Sumner Co., Tennessee, one in
Cumberland Co., Kentucky, and more recently it was found in Adair, Allen, Metcalfe, and Monroe
counties, Kentucky.

Habitat:
According to Kirchner et al. (2002), "Allocapnia cunninghami has been taken only in spring-fed
streams."

Populations:

Population information is not available for this species. It is now known from six counties.
Population Trends:

Trend is unknown.

Status:

NatureServe (2008) ranks A. cunninghami as critically imperiled in Kentucky and Tennessee.
According to Kirchner et al. (2002), "all the areas in Tennessee where the above species
[including A. cunninghami] have been collected are highly impacted by past and current
agricultural practices and other disturbances. These species are, no doubt, imperiled throughout
their ranges, and it is strongly suggested that potential listing should be considered."

Habitat destruction:

This snowfly is threatened across its narrow range. All known sites for this species are
experiencing severe impacts from poor agricultural practices and development (Kirchner et al.
2002, NatureServe 2008).

Inadequacy of existing regulatory mechanisms:
There are no existing regulatory mechanisms which protect this species.
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Scientific Name:
Allocapnia fumosa
Common Name:
Smokies Snowfly

G Rank:
G2

Range:

According to NatureServe (2008), Allocapnia fumosa is known from high elevation rheocrenes of
the Mt. Rogers National Recreation Area (Grayson Co., Smyth Co.), Virginia and Great Smoky
Mountain National Park (Haywood Co., Macon Co., North Carolina; Sevier Co., Tennessee).

Habitat:
This stonefly is restricted to high elevation springs that flow directly from the ground.

Populations:
NatureServe (2008) inidcates that the Smokies Snowfly is known from less than 20 occurrences
in high elevations in VA, NC and TN.

Status:
NatureServe (2008) ranks A. fumosa as critically imperiled in Virginia and vulnerable (S3?) in
Tennessee. It is not ranked in North Carolina.

Habitat destruction:
The habitat for A. fumusa is threatened by logging and acid deposition (NatureServe 2008).

Inadequacy of existing regulatory mechanisms:

A. fumosa occurs in the Great Smoky Mountains National Park (Parker et al. 2007). Occurrences
outside the park are not protected, and even within the park the species is threatened by acid
deposition.
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Scientific Name:
Alnus maritima
Common Name:

Seaside Alder

G Rank: IUCN Status:

G3 NT - Near threatened
Range:

The seaside alder is native to the southeastern United States, and is present across a disjunct range
in small areas of Oklahoma, southwestern Delaware, eastern Maryland, and one location in
Georgia. The largest populations occur along the Nanticoke River in Delaware and eastern
Maryland, and others are known elsewhere on the Delmarva Peninsula (NatureServe 2008).
Natural heritage records indicate this species is present in Delaware’s Kent and Sussex Counties,
in Georgia’s Bartow County, in Maryland’s Dorchester, Wicomico, and Worcester Counties, and
in Oklahoma’s Johnston and Pontotoc Counties. Though formerly present there, it is reportedly
extirpated from Maryland’s Cecil County (NatureServe 2008).

Habitat:
It is found along streambanks and pond edges, often in standing water (NatureServe 2008).

Ecology:
This species often reproduces clonally: a single occurrence may be comprised of hundreds of
individuals originating from the same root system (NatureServe 2008).

Populations:
It is believed that there are approximately 50 occurrences across this species’ range, but
determining total population size is difficult due to clonal reproduction (NatureServe 2008).

Population Trends:
Population trends are not reported.

Status:

Though this species is locally abundant in some small areas, including parts of the Nanticoke
River, there are few occurrences overall. NatureServe (2008) reports that the seaside alder is
critically imperiled in Georgia, imperiled in Oklahoma, and vulnerable in Maryland and Delaware.
It is categorized as near threatened by the [UCN.

Habitat destruction:

This tree species is highly sensitive to the impacts of channelization, damming, drainage of
marshy and riparian areas, and to the effects of residential, industrial, and agricultural
development on the semi-aquatic habitat that it requires. NatureServe (2008) reports that it is
resilient to some environmental change if suitable habitat remains, but if significant alterations to
habitat occur, it is susceptible to exclusion by changed successional patterns.

Inadequacy of existing regulatory mechanisms:
No existing regulatory mechanisms adequately protect the seaside alder.
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Scientific Name:
Alosa alabamae
Common Name:

Alabama Shad

G Rank: AFS Status: IUCN Status:
G3 Threatened EN - Endangered
Range:

The shad is an anadromous species that occurs in Alabama, Arkansas, Florida, Georgia, Illinois,
Kentucky, Louisiana, Missouri, Mississippi and Oklahoma. It used to occur in lowa and
Tennessee (NatureServe 2008). NatureServe (2008) lists historical range as including the Gulf
Coast from the Suwannee River, Florida, to the Mississippi River, westward in the Ouachita River
system to eastern Oklahoma. Remaining populations occur in the Apalachicola River system
below Jim Woodruff Lock and Dam, in the Pascagoula River drainage of Mississippi, in the
Conecuh and Choctawhatchee rivers in southcentral and southeastern Alabama, and the Mobile
River drainage of Alabama (Robison and Buchanan 1988, Mettee et al. 1996, Ross 2001,
Boschung and Mayden 2004, Mettee 2004, NatureServe 2008). The species has undergone major
range contraction with records in Mobile Bay and the Alabama River limited to single adults
(Mettee et al. 1996). The shad used to occur as far north as Keokuk, lowa in the Missssippi, at
Louisville in the Ohio River, and in eastern Oklahoma (Evermann 1902, Coker 1930, Moore
1957, Miller and Robison 2004). Today, spawning populations of the shad are believed to still
occur in the Apalachicola, Choctawhachee, Conecuh, Pasgacoulah, Ouachita, Missouri,
Gasconade, Osage, and Meramec Rivers (NMFS 2008).

Habitat:
This species migrates from the ocean to medium to large coastal rivers to spawn (Etnier 1997).
In Florida, spawning occurred at 19-22 C over coarse sand and gravel in moderate current

(Laurence and Yerger 1966, Mills 1972). Young have been observed in swift water over rocky
shoals (NatureServe 2008).

Populations:

NatureServe (2008) estimates only six to 20 populations. Mettee et al. (1996) observed that
there are only two known extant spawning runs in the Mississippi River System with other
spawning runs occurring in the Florida Panhandle and southern Alabama. Populations are small
and the species is considered very rare in large portions of its historic range (Lee et al. 1980,
Robison and Buchanan 1988, Etnier and Starnes 1993, Pflieger 1997, NatureServe 2008). Based
on their own and others surveys, Mettee and O'Neil (2003) concluded that spawning populations
of shad are "relatively small."

Population Trends:

NatureServe (2008) lists decline in short-term trend of as much as 30 percent, further noting that
the shad is probably declining in number of populations and population size at an unknown rate.
The shad has likely experienced dramtic long-term declines (see below in status).

Status:

The Alabama shad was once an abundant species that supported commercial fisheries in Alabama,
Arkansas, Kentucky, Indiana and Iowa (NMFS 2008). The species has declined dramatically because of
habitat loss and degradation caused by impoundments, pollution, dredging and other factors
(NatureServe 2008, NMFS 2008). It is considered severely depleted in the Mississippi River System
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with small numbers of fish found sporadically and is likely limited to only two spawning runs (Meramec
River, Missouri, and Ouachita River, Arkansas) (Lee et al. 1980, Page and Burr 1991, Pflieger 1997,
NatureServe 2008). Surveys in Arkansas in both the Arkansas and Mississippi Rivers did not yield any
specimens (Buchanan 1976, Sanders et al. 1985, Carter 1984; Pennington et al. 1980, 1983; Beckett and
Pennington 1986). It is likely extirpated in Oklahoma, Tennessee, lowa and Louisiana, and severely
reduced in Alabama, where it may be extirpated from the upper Tombigbee, Cahaba, Coosa, and upper
Alabama rivers (Etnier and Starnes 1993, Ross 2001, Metee and O'Neil 2003, Miller and Robison 2004,
Mirarchi et al. 2004). Mettee (2004) classify this fish as a "high conservation concern taxa." It is
categorized by the IUCN as endangered, and by the American Fisheries Society (Jelks 2008) as
threatened due to habitat loss and overutilization. In a meeting between the Southeastern Fishes Council
and the Center for Biological Diversity, there was a unanimous consensus that the shad should be listed
as threatened (SFC and CBD 2010).

AFS (2008) lists as threatened because of threats to habitat and over-exploitation.

NatureServe (2008) ranks this species as critically imperiled in Arkansas, Georgia, Kentucky, Lousiana,
and Mississippi, imperiled in Alabama, Missouri, and Oklahoma, historical or extirpated in lowa,
Indiana, and Tennessee, and not rated in Florida or Illinois.

Habitat destruction:

The Alabama shad has experienced widespread declines because of loss of habitat to dams, rapid
urbanization, pollution and other factors (Mettee and O'Neil 2003, Mirarchi et al. 2004, NMFS
2008). The shad has been cut-off from many historical spawning areas by dams and locks
(Robison and Buchanan 1988, Etnier 1997, Mirarchi et al. 2004). For example, dams on the
lower Tombigbee and Alabama Rivers built in the 1960's resulted in steep declines in shad
populations in the Mobile River Basin due to loss of spawning areas (Barkuloo et al. 1993,
Mettee and O'Neil 2003, NMFS 2008, NatureServe 2008). Mettee (2004) list agricultural
operations, dredging, and possible reservoir construction for water supply on major tributaries as
major threats to remaining populations in Alabama. Similarly, Metee and O'Neil (2003) list
construction of locks and dams and dredging as causes of decreasing shad populations. These
threats likely apply throughout the species' range. Jelks et al. (2008) lists the Alabama shad as
threatened because of the present or threatened destruction, modification or reduction of habitat
and range.

There are currently new reservoirs proposed on Murder Creek, the Little Choctawhatchee and on
smaller tribs that further threaten the shad (SFC and CBD 2010).

Overutilization:

NatureServe (2008) notes that commercial fishing in the Ohio River was a threat historically, but
with the crash in fish numbers, there is no longer a commercial fishery. Jelks et al. (2008)
describe this species as threatened in part because of over-exploitation for commercial,
recreational, scientific, or educational purposes including intentional eradication or indirect
impacts of fishing.

Inadequacy of existing regulatory mechanisms:

NatureServe (2008) states that it is unknown whether any occurrences of Alabama shad are
appropriately protected and notes that a "primary management need is the creation of fishways so that
shad can migrate through or around locks and dams."
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Mississippi lists the shad as a tier 1 "species of greatest conservation need." Tier 1 species are those
"that are in need of immediate conservation action and/or research because of extreme rarity, restricted
distribution, unknown or decreasing population trends, specialized habitat needs and/or habitat
vulnerability. Some species may be considered critically imperiled and at risk of extinction/extirpation."
This designation, however, provides no regulatory protection for the shad.

Alabama also lists as a "species of greatest conservation need" with a priority of 2. Although the state of
Alabama has developed a "comprehensive wildlife comprehensive strategy," this strategy is entirely
voluntary and provides no regulatory protection for the shad (see
http://www.outdooralabama.com/research-mgmt/cwcs/outline.cfm; accessed March 12, 2009). There is
also no evidence that it will ensure the survival and recovery of the shad and indeed, the strategy does
not provide any specific protections for the shad.

The shad is also listed as a species of special concern by the state of Georgia and the National Marine
Fisheries Service. As above, these designations do not provide any regulatory protection.

Other factors:

The Alabama shad is threatened by pollution from a variety of sources and by drought. Mettee
(2004) list increased sedimentation, pesticide runoff from agricultural operations, and prolonged
drought as major threats to remaining populations in Alabama. Similarly, Metee and O'Neil (2003)
list siltation and water pollution as causes of decreasing shad populations.
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Scientific Name:
Amblyopsis spelaea
Common Name:

Northern Cavefish

G Rank: AFS Status: IUCN Status:
G4 Threatened VU - Vulnerable
Range:

The northern cavefish occurs in underground waters of the Pennyroyal and Mitchell plateaus,
from the Mammoth Cave karst ecosystem in Kentucky north into southern Indiana (Pearson and
Boston 1994). This fish is not known to occur in caves north of the East Fork of the White River
in Indiana or in caves south or west of the Mammoth Cave system (Keith 1988). The species
occurs across its historic range, but has been lost from many sites (FWS 2003).

Habitat:
This fish occurs in cave streams, springs, and spring basins (Keith 1988).

Populations:

Pearson and Boston (1994) documented this fish in just over 100 caves, and estimate total
population size as at least 5600 individuals. This estimate is considered to be conservative based
on limited underground habitat accessibility. Population sizes are small, and typically range from
1-23, and at some sites up to 220 individuals (Keith 1988, NatureServe 2008).

Population Trends:

Trend information is unavailable for this species. Pearson and Boston (1994) report that two
populations have been lost. Culver and Pipan (2009) report the extirpation of this fish at a site in
Indiana that was destroyed by quarrying. FWS (2003) report that 49 historical sites have been lost.

Status:

Within this species' very limited range, many historical sites have been extirpated. NatureServe
(2008) ranks the northern cavefish as critically imperiled in Indiana and vulnerable in Kentucky.
This fish is classified as threatened by the American Fisheries Society (Jelks et al. 2008) due to
habitat degradation and narrow range. It is listed as endangered by the state of Indiana.

Habitat destruction:

This species’ highly restricted habitat is located at or near local base level and is vulnerable to
virtually any natural or anthropogenic disturbance (Keith 1988). Threats to karst ecosystems,
including the Mammoth Cave Karst Aquifer, come from a variety of agricultural, urban, and
transportation landuse practices.Clearcuts and logging roads threaten this fish due to
sedimentation and reduced liter input (Pearson and Boston 1994). Mining is a known threat to this
fish. Zink Cave, Indiana, was almost completely quarried away, resulting in the extirpation of a
population of this species (Culver and Pipan 2009). The northern cavefish is threatened by
impoundment. The construction of dams on the Green River in Kentucky raised the water level in
Mammoth Cave which increased silt deposition and reduced the input of particulate organic
matter, a major food supply in the aquatic environment (Proudlove 2001). Threats to this species
from habitat loss and degradation are ongoing. The Blue River basin in Indiana and the Kentucky
Karst have been identified as “very endangered” ecosystems by the Karst Waters Institute (in
Proudlove 2001). Jelks et al. (2008) list habitat loss as a threat to this species.
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Overutilization:
Collection is a documented threat to this species (Keith 1988).

Inadequacy of existing regulatory mechanisms:

There are no existing regulatory mechanisms which protect this species. This fish occurs in
Mammoth Cave National Park, which provides some degree of habitat protection but leaves the
fish vulnerable to recreational impacts. Occurrence in a National Park also does not provide
protection from water quality degradation, the primary threat to this species. This fish is listed as
endangered by the state of Indiana, but this designation does not provide substantial protection for
the species' habitat. It is a special concern species in Kentucky.

Indiana and Kentucky both have cave protection laws that prohibit a number of activities in caves,
including dumping or burning in caves and removing, killing, harming, or otherwise disturbing
naturally occurring cave dwelling organisms (IC 35-43-1-3 "The Indiana Cave Protection Law"; Ky.
Acts ch. 168, sec. 7, effective July 15, 1988). These laws do provide some protection for the
northern cavefish. They do not, howerver, prohibit the many activities that occur outside caves, but
severely affect the cave environment, including impoundment, logging, agricuture and other
activities.

Other factors:

The northern cavefish is highly threatened by water pollution. Karst aquifers are unique in that
runoff enters the aquifer with little or no infiltration through sinkholes, springs, and underground
streams. Karst groundwater travels at very high velocities, comparable to surface streams which
can cause re-entrainment of cave sediments. Karst groundwater may also permeate bedrock
features which can act as storage reservoirs, keeping contaminants stagnant for long periods of
time. Due to these features, groundwater found in karst is highly susceptible to contamination
(Webster et al. 2003). This fish is threatened by urban and suburban development and road runoff,
sedimentation from logging, mining, impoundments, and other activities, and alteration of surface
runoff patterns (Keith 1988, Pearson and Boston 1994). Pollution from municipal sewage
treatment plants, confined animal feeding operations, and pesticides from agriculture and lawns
also threaten this species (Keith and Poulson 1981, Aley and Aley 1997). Keith and Poulson
(1981) identified pesticides as the cause of “broken back syndrome” in a population of this fish.

A looming and severe threat to the northern cavefish is a recently discovered disease called "white-
nose syndrome," which has decimated bat populations in caves across the Northeast and is rapidly
spreading south and west (see http://www.srs.fs.usda.gov/news/443). White-nose syndrome has
already been documented in Tennessee and is expected to reach Kentucky in the near future (Ibid.)
Because bats are a primary source of nutrients to cave ecosystems their loss could have wide
ranging consequences for many if not all other cave residents, including the northern cavefish.
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Scientific Name:
Amblyscirtes linda
Common Name:
Linda's Roadside-skipper

G Rank:
G2

Range:

Linda's Roadside skipper is endemic to a small area of the lower Midwest, centered in and near
the Ozarks. This butterfly is found in the southern 60 percent or so of Missouri and immediately
adjacent parts of Illinois, Kentucky, Tennessee, Arkansas and Oklahoma (NatureServe 2008).

Habitat:

This butterfly is found only along streams in undisturbed hardwood forests in and near the Ozark
region. Populations are extremely localized and individuals usually stay near the foodplant, Indian
woodoats (Chasmanthium latifolium).

Ecology:
All stages of this species' lifecycle are above ground. Presumably immatures have some
adaptation to withstanding periodic short term flooding (NatureServe 2008).

Populations:

There are an unknown number of occurrences of this species, which is rare and localized within
its very limited range. Most of its range is in the Missouri Ozarks, and the Missouri NHP reports
there is little chance it has over 100 viable metapopulations and a good chance it has fewer than
20.

Population Trends:
Population data are not available for this species. It is expected to decline precipitously due to
escalating gypsy moth eradication efforts.

Status:

This taxon has a very limited range and is rare within it, so much so that its status is unknown. The
Missouri Natural Heritage Program ranks this species as "imperiled?"(S2?), which forms the basis
of its imperiled global rank. It is ranked as imperiled in Tennessee and as S1S3 in Arkansas
(critically imperiled to vulnerable). It is not ranked in other states. NatureServe (2008) states,
"This taxon is not secure, and may be imperiled." Illinois’ Department of Natural Resources rates
it as a Conservation Priority Invertebrate in the state’s Comprehensive Wildlife Conservation
Plan. In Kansas it is rated a Species of Greatest Conservation Need.

Habitat destruction:

Because this rare butterfly is a habitat specialist which occurs only in riparian areas of
undisturbed hardwood forests in the Ozarks, it is highly vulnerable to habitat loss and degradation
from logging and fire.

According to Vaughan and Shepherd (2005), A. linda “requires fairly undisturbed stream side
habitat in deciduous forests and its major threats are from forest management operations,
especially logging and spraying... It is likely that with the spread of gypsy moth, Btk spraying will
become a particular threat. There is also concern about the impacts on larvae of pollen drifting
from adjacent fields planted with Bt corn. Because this butterfly occurs in small, isolated
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populations, it is probably more susceptible to habitat disturbance and fragmentation.”

Other factors:
NatureServe (2008) reportst that this butterfly will probably become highly threatened by gypsy
moth spraying in another 20 or 30 years.

Because of its rarity and limited distribution, it is vulnerable to stochastic events and natural
disturbances. Fires may threaten some occurrences, and floods may also pose a threat to some
populations but many skipper larvae seem to tolerate some flooding (NatureServe 2008).

This butterfly is also threatened by gypsy moth eradication efforts and by drift of Bt pesticides
used in agriculture (NatureServe 2008).

References:

Heitzman, J. Richard and Joan E. Heitzman, 1987. Butterflies and Moths of Missouri. Missouri
Dept. of Conservation, Jefferson City, MO. 385pp.

Opler, P. A., and A. D. Warren. 2002. Butterflies of North America. 2. Scientific Names List for
Butterfly Species of North America, north of Mexico. C.P Gillette Museum of Arthropod
Diversity, Department of Bioagricultural Sciences and Pest Management, Colorado State
University, Fort Collins, Colorado. 79 pp.

Opler, P.A. and V. Malikul. 1992. Eastern Butterflies (Peterson Field Guide). Houghton Mifflin
Company, Boston, Massachusetts. 396 pp. + color plates.

Scott, J. A. 1986. The Butterflies of North America: A Natural History and Field Guide. Stanford
University Press, Stanford CA. 583 pp.

Vaughan, D. M., and M. D. Shepherd. 2005. Species Profile: Amblyscirtes linda. Available online
at http://www .xerces.org/wp-content/uploads/2008/09/amblyscirtes_linda.pdf. Last accessed
February 16, 2010.

Southeast Aquatic Species Petition 98



Scientific Name:
Ambystoma barbouri
Common Name:
Streamside Salamander

G Rank: IUCN Status:
G4 NT - Near threatened
Range:

The Streamside Salamander occurs in Indiana, Ohio, Kentucky, Tennessee, and West Virginia. The
core of this salamander's range occurs in north-central Kentucky, southeastern Indiana, and
southwestern Ohio. Disjunct populations occur in western Kentucky, westernmost West Virginia,
and central Tennessee on the Inner Nashville Basin subregion of the Interior Plateau (Scott et al.
1997, Watson and Pauley 2005, Niemiller et al. 2006, NatureServe 2008). The range of the

species is further described in Kraus and Petranka (1989) and Kraus (1996).

Habitat:

The Streamside Salamander is found in upland forests in close proximity to streams (Conant and
Collins 1998). It occurs in regions of rolling topography, largely in areas with limestone bedrock,
but has also been found in areas with sandstone and shale (Kraus and Petranka 1989). Adult
Streamside Salamanders use underground burrows and above ground cover objects such as rocks,
downed wood, and leafy debris for cover and to stay moist. Breeding occurs most often in first
and second-order streams with limestone substrate. Breeding can also occur in ponds. In one
study, larval abundance was highest in stream pools with filamentous green algae (Cladophora sp.)
which provides both cover from predators and microhabitat for prey (Holomuzki 1989).

Ecology:

In autumn, the Salamander migrates from deciduous forests to breeding streams where the
prolonged breeding season extends from December to April regardless of precipitation (Conant
and Collins 1998). The Streamside Salamander generally breeds in first and second-order streams
with limestone bedrock, and females deposit eggs singly as opposed to similar species which
breed in streams and ditches and lay eggs in clumps (Conant and Collins 1998). Streamside
Salamanders also deposit fewer eggs and larvae are larger than similar species. Eggs are deposited
on the underside of flat rocks, most often in pools but occasionally in runs. The Streamside
Salamander selects breeding sites that reduce exposure of larvae to predatory fish (Kats and Sih
1992). Reproductive success is higher in ephemeral streams with natural barriers to block fish
(Kraus and Petranka 1989).

Populations:

More than 80 sites were mapped of this species by Kraus (1996), but not alll of these may
represent distinct occurrences, and there may be more sites for this species (NatureServe 2008).
Some Ambystoma barbouri populations may have been misidentified as A. texanum (Watson and
Pauley 2005). Total population size is unknown for this salamander. NatureServe (2008)
estimates that adult population likely exceeds 10,000 salamanders.

Population Trends:

NatureServe (2008) reports the short term trend for this species as declining to stable, and the
long term trend as moderately declining to relatively stable. The species appears to be declining in
Tennessee. Niemiller et al. (2006) found Streamside Salamanders at only four of six known
breeding locations, and at only 5 of 40 surveyed sites in southern Rutherford, northern Bedford,
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and northeastern Marshall counties (NatureServe 2008).

Status:

The Streamside Salamander is critically imperiled in West Virginia, imperiled in Tennessee,
vulnerable in Indiana, apparently secure in Kentucky, and unassessed in Ohio (NatureServe 2008).
It has experienced widespread habitat loss and degradation over its relatively small extent of
occurrence (NatureServe 2008). It is categorized as Near Threatened by the [UCN.

Habitat destruction:

The Streamside Salamander has declined due to the loss of native forests for agriculture and urban
development (Petranka 1998, NatureServe 2008, AmphibiaWeb 2009). This salamander's habitat
in Kentucky is undergoing rapid development (Petranka 1998), and one of the two known
populations in West Virginia was lost due to urbanization (Watson and Pauley 2005). In
Tennessee, what is possibly the last remaining population in the state is imminently threatened by
development (Niemiller et al. 2006). Deforestation is also a threat to this species. Where
surrounding land has been logged, this salamander is usually not detected (Petranka 1984). Dodd
(1997) lists silation as a threat to the Streamside Salamander. The Ohio Division of Wildlife
reports that the Streamside Salamander is threatened by logging, urbanization, pollution of stream
habitats by acid mine drainage, pesticides, and the channelization and scouring of streams
(http://www.ohioamphibians.com/salamanders/Streamside Salamander.html).

There has been widespread destruction, degradation, and fragmentation of imperiled amphibian
habitats in the Southeast (Vial and Saylor 1993, Pechmann and Wilbur 1994 in LaClaire 1997, p.
314). Dodd (1997) states: “The integrity of both aquatic and terrestrial habitats is important to
amphibian survival, even among species that never venture beyond a single habitat type.
Furthermore, the various life history stages (eggs, larvae, young, adults) may be differentially
susceptible or sensitive to environmental perturbations . . . Although vast areas have been cleared
in the Southeast for agriculture, industry, and urban use, there is virtually no assessment of the
landscape effects of land conversion on amphibian populations. It seems evident, however, that
habitat changes (see papers in Hackney et al. 1992, Boyce and Martin 1993), and with them
changes in aquatic amphibian populations, have been enormous” (p. 177-8).

Habitat loss and degradation obviously negatively affects amphibian populations. LaClaire (1997)
states: “There is a growing body of work documenting (amphibian) population declines on sites
where habitats have been degraded or destroyed (Vickers et al. 1985, Enge and Marion 1986, Ash
1988, Dodd 1991, Raymond and Hardy 1991, Petranka et al. 1993, Phelps and Lancia 1995,
Means et al. 1996). . . Clearly, when the habitat of a given population is destroyed, that population
has gone or will shortly go extinct. Many species may be unable to recolonize areas after local
extinctions, especially when unsuitable habitat exists between the extinct population and extant
populations” (p. 325-326).

Habitat fragmentation can lead to amphibian population extirpation by disrupting metapopulation
dynamics and preventing dispersal and rescue between source and sink habitat. Dodd (1997)
states: “Land use patterns resulting in fragmentation can influence amphibian population genetic
structure . . . if populations become overly fragmented, emigration and immigration may be
inhibited or stopped, thus preventing recolonization from source populations. . . Small isolated
populations are particularly susceptible to environmental perturbations and to stochastic variation
in demography that can lead to extinction even without external perturbations. Isolation by habitat
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fragmentation thus becomes a threat to the regional persistence of species” (p. 178).

Logging is detrimental for both aquatic and terrestrial amphibian habitat because it eliminates
shade, increases soil and water temperature, alters stream flow, increases sedimentation, reduces
the input of coarse woody debris and organic matter into streams, reduces forest floor litter
(especially if litter is piled and burned), reduces soil moisture, reduces and eliminates burrows
and hiding places, and destroys wetlands. Logging also frequently involves the use of herbicides
which can be detrimental for amphibians (see http://amphibiaweb.org/declines/ChemCon.html).
Logging is known to decrease amphibian abundance and reproductive success (Dodd 1997,
LaClaire 1997). LaClaire (1997) states: “Habitat destruction and degradation resulting from
timbering operations may create problems for long-term survival of imperiled amphibians
(Kramer et al. 1993, Petranka et al. 1993)” (p. 327).

Aquatic amphibian populations are threatened by habitat destruction and water pollution from coal
mining activities in Alabama, Georgia, Kentucky, Tennessee, Virginia, and West Virginia, and by
phosphate mining in Florida (Wallace et al. 1992, LaClaire 2007). Dodd (1997) states: “In many
instances, mining occurs directly through small streams or ponds, and mine tailings are pushed
into the larger rivers. . . Mining not only destroys aquatic amphibian habitats outright, it also
results in toxic pollution, decreased pH, and siltation of streams and rivers” (p. 180). Gore (1983)
showed that low pH and high conductivity due to mining negatively affect the distribution of
larval Desmognathus salamanders in streams on the Cumberland Plateau (in Dodd 1997).

Road construction and repair and traffic degrade amphibian habitat. Roads can divide breeding
locations from overwintering sites and increase mortality for migrating adults and dispersing
juveniles, and can disrupt metapopulation dynamics and lead to population isolation, and light and
noise from roads can disrupt breeding and feeding behaviors (Dodd 1997). Dodd (1997) states:
“Transportation corridors, especially roads, can have serious deleterious effects on amphibian
populations (Langton 1989). Road construction can lead to habitat destruction in both terrestrial
and aquatic environments, and can negatively alter breeding habitats through increased siltation.
Increased siltation can lead to increased amphibian mortality because of its own secondary
effects. For example, nearly all aquatic life was eliminated downstream after U.S. HWY 441 was
rebuilt in 1963 in the Great Smoky Mountains National Park™ (p. 180).

Overutilization:

Amphibians are collected from the wild for use as food, pets, and for the biological and medicinal
supply markets (AmphibiaWeb 2009: http://amphibiaweb.org/declines/exploitation.html). Dodd
(1997) states: “Collecting specimens for the pet trade or biological laboratories probably has had
some impact on local (Southeast) amphibian populations, but few data are available” (p. 183).

Disease or predation:

Petranka (1984) identifies predation as a significant source of mortality for Streamside
Salamander populations. Fish predation may restrict this species to upper portions of breeding
streams (Petranka 1983). Sih et al. (1992) report that of the 30-40 percent of larvae which drifted
into pools with fish, that only 6-8% survived to drift out. Flatworms and water snakes are also
known to prey on Streamside Salamander larvae (Kats 1986, Petranka et al. 1987, Sih and Moore
1993 in AmphibiaWeb 2009). In conjunction with other threats, natural predation could
increasingly threaten this species.
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Native amphibians in the Southeast potentially face predation pressures from introduced species
of fishes and from cattle egrets, armadillos, and wild hogs (Dodd 1997). Amphibian populations
can also be negatively affected by increases in populations of native predators such as raccoons
(Dodd 1997) and corvids (Liebezeit 2002).

New diseases and increased susceptibility of amphibians to existing diseases are known to be
contributing to amphibian population declines (Blaustein et al. 1994, Laurance et al. 1996, Berger
et al. 1998, Daszak 2000, Kiesecker et al. 2001, reviewed in AmphibiaWeb 2009:
(http://amphibiaweb.org/declines/diseases.html). Stress from factors such as habitat loss and
fragmentation, chemical pollution, climate change, invasion of exotic species, increased UV-B
radiation, and natural population fluctuations may increase the susceptibility of amphibians to
disease (Carey 1993, Dodd 1997, Fellers et al. 2001, Kiesecker at al. 2001, AmphibiaWeb 2009).
Pathogens known to cause infectious disease in amphibians include bacterial, fungal, viral,
metazoan, water mold, and trematode agents (Wright and Whitaker 2001 in AmphibiaWeb 2009).
Chytridiomycosis (chytrid fungus, Batrachochytrium dendrobatidis), has had severe impacts on
amphibian populations worldwide. Chytrid fungus is known to be present in the southeastern U.S.
(AmphibiaWeb 2009) and it is imperative that equipment be disinfected so that research efforts to
protect species do not inadvertently introduce this fungus or other pathogens to imperiled
amphibian populations.

In addition to disease, there has been a widespread increase of amphibian deformities and
malformations (http://amphibiaweb.org/declines/deformities.html).

Inadequacy of existing regulatory mechanisms:

NatureServe (2008) reports that several occurrences of this species are found on small preserves

in Kentucky, but that additional protection is needed (Petranka 1998). There are no existing
regulatory mechanisms to protect this species. The Streamside Salamander does not have state
protection in Indiana, Ohio, Kentucky, or West Virginia. It is a species of Management Concern in
Tennessee, but this does not provide the Salamander with any tangible protection.

Other factors:
Stochastic weather events pose a threat to the Streamside Salamander. Petranka (1984) reports that
stream drying and flooding are significant mortality sources for this species.

Other factors which may threaten the streamside salamander include water pollution from
acidification, toxins, and endocrine disrupting chemicals, reduced prey availability, climate
change, UV-B radiation, invasive species, and synergistic effects from these and other threats.

Acidification of soils and water bodies is detrimental for amphibians. Acidification of amphibian
habitat can result from acid precipitation and from acid mine drainage. Acid disrupts ion balance in
both terrestrial and aquatic lifestages of amphibians, impairs chemosensory reception, and inhibits
larval feeding (Dodd 1997). Embryos and larvae are particularly sensitive to decreased pH.
Terrestrial salamanders avoid acidified soils. Acidification also has indirect effects which can kill
embryos, larvae, and adults by interfering with egg development, disrupting trophic interactions,
and inducing chronic environmental stress. Low pH also makes amphibians more susceptible to
deleterious effects from heavy metals and increased UV-B radiation (Dodd 1997).

Environmental toxins pose a threat to amphibians in the Southeast due to lethal and sub-lethal
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effects which can include mortality, decreased growth rate, behavioral and developmental
abnormalities, lowered reproductive success, weakened immunity, and hermaphroditism (see
http://amphibiaweb.org/declines/ChemCon.html). Amphibians are particularly vulnerable to toxic
substances because of the permeable nature of their skin. A wide range of chemical stressors are
known to negatively affect amphibians including heavy metals, pesticides, phenols, carbon
tetrachloride, nitrogen based fertilizers, and road salt (Dodd 1997, AmphibiaWeb 2009). The
presence of toxins can also make amphibians more susceptible to disease (Dodd 1997).

Amphibians are also threatened by endocrine-disrupting chemicals in the environment (eg. Hayes
et al. 2006). Dodd (1997) states: “Amphibians are likely to be especially sensitive to the action of
endocrine mimics because they are in close direct contact with chemicals in their environment,

and the amphibian skin and egg capsule are highly permeable. Because hormones normally
function in minute quantities and are vital to normal development, susceptibility to xenobiotics
could be devastating during the complex changes that occur during hormonally-induced amphibian
metamorphosis” (p. 182).

Toxins and other chemicals can also harm amphibians by reducing food availability. Dodd (1997)
states: “If species that are preyed upon by amphibians decline or disappear, amphibian populations
may be expected to follow suit. The use of pesticides and the influence of toxics, pH, and habitat
alteration all may be expected to affect amphibian prey populations” (p. 184).

Climate change poses a threat for amphibians because it will alter rainfall and temperature patterns
and affect soil moisture (Dodd 1997, Field et al. 2007). Amphibians are particularly sensitive to
minute changes in moisture and temperature, and changes in climate can affect breeding behavior,
reproductive success, and immune function (see
http://amphibiaweb.org/declines/ClimateChange.html). Amphibians which breed in temporary
ponds or in water bodies that are sensitive to changes in groundwater level are particularly
susceptible to climate change effects. Drought can lead to localized extirpation, which combined
with habitat fragmentation and impaired dispersal, can contribute to extinction (Dodd 1997).

During the past few decades, levels of UV-B radiation in the atmosphere have significantly
increased. For amphibians, UV-B radiation can cause direct mortality as well as sublethal effects
including decreased hatching success, decreased growth rate, developmental abnormalities, and
immune dysfunction (Dodd 1997, AmphibiaWeb 2009: http://amphibiaweb.org/declines/UV-
B.html).

Southeastern amphibians are also threatened by the invasion of non-native species which prey on

or compete with native amphibians. Nonnative fishes can negatively affect amphibian populations
through predation, competition, and disease introduction. Introduced nonnative amphibians such as the
marine toad (Bufo marinus) and Cuban treefrog (Osteopilus septentrionalis) are potentially harmful for
native amphibians in the Southeast. Rossi (1981) found that anuran species richness was reduced in an
area where B. marinus was established (in Dodd 1997). Introduced mammals, such as armadillos and
wild hogs, and introduced birds like cattle egrets “may exact a substantial toll on amphibian
populations” (Dodd 1997). Invasive fire ants (Solenopsis invicta) are also a potential threat for
Southeastern amphibians. Dodd (1997) states: “Ground dwelling vertebrates are especially sensitive to
this ravenous predator, and fire ants have been reported to kill endangered Houston toads (Bufo
houstonensis) as they metamorphose. Fire ants are especially abundant in the moist perimeter
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surrounding ponds and lakes, and they can float in mats across ponds from vegetation clump to
vegetation clump. Fire ants have few predators and have expanded their range throughout the
Southeast” (p. 183). See: http://amphibiaweb.org/declines/IntroSp.html.

Synergisms between multiple threats could contribute to the extinction of Southeast amphibians.
Multiple factors acting together have both lethal and sublethal effects
(http://amphibiaweb.org/declines/synergisms.html). For example, increased UV-B radiation
increases the susceptibility of amphibians to the effects of contaminants, pathogens and climate
change. Dodd (1997): “The amphibians of this area (the Southeast), and particularly the fully
aquatic species, face a multitude of threats to their long-term existence. These threats generally do
not act independently, but instead act in concert to have potentially serious long-term effects” (p.
185).
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Scientific Name:

Ammodramus maritimus macgillivraii
Common Name:

MacGillivray’s Seaside Sparrow

G Rank:
T2

Range:

This subspecies is patchily distributed within a narrow coastal fringe on the Atlantic coast from
Dare County in northeastern North Carolina south to Duval County in northeastern Florida
(NatureServe 2008). Ammodramus maritimus macgillivraii (Audubon, 1834) includes A. m.
waynei (Oberholser, 1931), A. m. pelonotus (Oberholser, 1931), and A. m. shannoni (Bailey,
1931) (Post et al. 2009). This subspecies no longer occurs in the southern extent of its historical
range, and now ranges only south to the St. John's River (Kale 1983).

Habitat:

The seaside sparrow is a habitat specialist of salt and brackish marshes that generally requires nest
sites above spring tides, and openings in vegetation such as pools and creek edges, so that the
birds can forage on open mud and at the bases of rooted vegetation (Post et al. 2009). Optimum
habitats for this species contain contiguous nesting and feeding areas (Post et al. 2009).
MacGillivray's seaside sparrow uses extensive stands of Spartina and/or Juncus. Some birds will
nest behind the marsh or up tidal rivers when tidal amplitude is high (Sprunt 1927, Tomkins 1941,
Post and Greenlaw 1994).

Populations:

The number of populations of MacGillivray's seaside sparrow is unknown. Based on a very crude
estimate made using 1:250,000 scale map series of the Atlantic Coast Ecological Inventory (U.S.
Fish and Wildlife Service 1980), there are sixteen estimated elemental occurrences between Dare
County, North Carolina, and Duval County, Florida. Total population size is also unknown. The
distribution of this subspecies is limited by tidal extremes and abundance of predatory rice rats
(Post and Greenlaw 1994). The Florida population is estimated at 750-1,000 pairs (McDonald
1988, Kale 1996).

Population Trends:

Population trend information is unavailable for this subspecies. Breeding Bird Survey data
indicate that the seaside sparrow species as a whole is stable to increasing, but these data are
based on a limited number of routes and do not cover the range of the macgillivray subspecies
(Post and Greenlaw 1994, Post et al. 2009). It is known that this subspecies has been extirpated
from the southernmost portion of its range. MacGillivray’s seaside sparrow once ranged into
Volusia County, but now occurs only as far south as Duval County (Kale 1983).

Status:

This habitat specialist is patchily distributed within a narrow stretch of southeastern Atlantic
coastline, and its distribution is limited by tidal extremes and predation. Populations south of the
St. John's River have been extirpated. NatureServe (2008) ranks the subspecies as imperiled in
Florida (T2S2). The seaside sparrow species as a whole is designated as a high priority landbird by
South Carolina Partners in Flight and South Atlantic Migratory Bird Initiative. It does not have
protective status in any state.
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Habitat destruction:

MacGillivray’s seaside sparrow is a habitat specialist that needs extensive areas to survive and is thus
particularly vulnerable to habitat loss and degradation. Loss of coastal wetlands is ongoing due to
development and other factors. Wetland loss in the U.S. coastal zone has accelerated about 0.5 percent
percent annually since the mid-1950s, and Florida is one of the states where tidal

wetland loss has been greatest (Post et al. 2009). NatureServe (2008) reports that occurrences of

this subspecies have been destroyed and degraded by development of marshes, development of
adjacent uplands, bridge building, and invasion of marsh land by woody vegetation. Kale (1996)
reports that this subspecies is threatened by invasion of tidal marshes by woody vegetation and by
management activities which artificially prolong the impoundment of marshes for waterfowl or
mariculture.

The Florida Fish and Wildlife Conservation Commission (2005) reports that the sparrow’s salt
marsh habitat is very highly threatened by fragmentation, coastal development, and sedimentation,
and highly threatened by the construction of roads, bridges and causeways, incompatible industrial
operations, dam operations and the incompatible release of water, climate variability, inadequate
stormwater management, surface water withdrawal, channel modification, and incompatible
wildlife and fisheries management strategies.

In the 1970’s, this subspecies disappeared from seemingly suitable habitat south of the St. Johns
River (Kale 1983, Kale 1996). It is hypothesized that invasion of the marsh habitat by mangroves
and DDT spraying for mosquito control contributed to the extirpation (Enge et al. 2003).

Disease or predation:

Predation is a primary threat to MacGillivray’s seaside sparrow, and rice rat nest predation
presumably limits the distribution of this subspecies (Post and Greenlaw 1994). The main known
cause of nest failure in north Florida is assumed to be predation by rice rats, which accounted for
28 percent of losses in a field study (Post 1981). Fish crows also predate on seaside sparrow
nests, and were responsible for 12 percent of losses in the 1981 study (Post 1981).

Inadequacy of existing regulatory mechanisms:

There are no existing regulatory mechanisms which adequately protect MacGillivray’s seaside
sparrow or its habitat. NatureServe (2008) states that it is unknown whether any occurrences are
appropriately protected, and that extensive tracts of habitat are necessary to protect this bird. The
Florida Natural Areas Inventory (2001) reports that Nassau County, where the major portion of the
population resides, has very little marsh under state or federal ownership. Audubon (2002) reports
that Duval and Nassau tidal marshes support virtually the entire Florida population of
MacGillivray’s seaside sparrow, but that the Nassau marshes are mostly unprotected. Root and
Barnes (2006) report that 46 percent of the sparrow’s potential habitat is in public ownership.
There are no existing requlatory mechanisms which adequately protect this subspecies.

Other factors:

MacGillivray’s seaside sparrow is threatened by several other factors including hurricanes, global
climate change, human disturbance, pollution, unknown factors, and population sensitivity to adult
survivorship.
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Seaside sparrows are vulnerable to local extirpation by hurricanes or other severe storms that
cause tides to inundate all the marsh vegetation (Enge et al. 2003). The hurricane of August 1992
is estimated to have reduced the Mirabilis subspecies of seaside sparrow from 6,000 to 4,000
individuals (Pimm et al. 1994). Global climate change is expected to increase both the frequency
and intensity of hurricanes on the Atlantic coast (Karl et al. 2009). In addition, this subspecies is
threatened by projected sea-level rise due to climate change (Audubon 2002). During the next
century, a predicted sea-level rise of 2-4 plus millimeters per year, in conjunction with increased
storm frequency, will accelerate loss of tidal marshes (Erwin et al. 2006). Climate change is also
expected to favor the invasion of salt marshes by mangroves, which can make the habitat unsuitable
for use by seaside sparrow (Kale 1983, Enge et al. 2003). Long-term changes in sparrow
productivity resulting from succession can be expected even in protected tidal wetlands (Enge et
al. 2003). High marshes provide only marginal sparrow habitat (Reinert et al. 1981).

Pollution, such as oil spills, also threatens this subspecies (NatureServe 2008). It is hypothesized
that DDT spraying contributed to the extirpation of this subspecies south of the St. Johns River
(Enge et al. 2003).

Root and Barnes (2006) developed population models for this subspecies and found adult
survivorship to be the most influential parameter on population growth, with a 5 percent reduction
in fecundity resulting in a 50 percent decline in abundance.

Unknown factors may be responsible for inexplicable absences in seemingly suitable habitat (Kale
1983, Kale 1996, NatureServe 2008).

The Florida marshes which support this subspecies are also threatened by human disturbance
(Audubon 2002).
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Scientific Name:

Amorpha georgiana var. georgiana
Common Name:

Georgia Leadplant

G Rank:
T2

Range:

Also known as the Georgia indigo bush, this species was historically documented from the Inner
and Middle Coastal Plain of North Carolina, the South Carolina Sandhilll region, and the Altamaha
Grit region of Georgia, but is now thought to be restricted to North Carolina because no
occurrences have been confirmed in other states since the mid-20th century (NatureServe 2008,
SCHT 1993). In North Carolina, natural heritage records indicate the species is present in
Cumberland, Harnett, Hoke, Lee, and Moore Counties, and possibly in Pender, Richmond,
Robeson, and Scotland Counties (TNC 1991-1993, NCNHP 1993, NatureServe 2008).

Habitat:

This plant occurs primarily on pine, shrub, and wiregrass (Aristida stricta) terraces along rivers
and/or large streams, and also in low flatwoods, creek swamps, and low pastures (NatureServe
2008, NCU 1992-93). Almost all currently known occurrences are found along the Little River
in Fort Bragg, NC, close to the annual high water mark; this species usually occurs at or near the
ecotone between flood-prone banks and mesic terrace habitat above. Dominant co-occurring tree
species are loblolly (Pinus taeda) and longleaf pine (P. palustris) and various oak species (e.g.,
Quercus marilandica, Q. falcata, Q. incana, Q. stellata, and Q. nigra). The shrub layer may vary
from dense to sparse, and is commonly composed of summersweet (Clethra alnifolia),
huckleberries (Gaylussacia spp.), and Rhododendron species (NatureServe 2008). This plant
favors clearings, such as small gaps created by treefall, selective cutting, flooding, or fire.

Ecology:
The leadplant is a perennial, clonal shrub (NatureServe 2008)

Populations:

There are currently 17 known occurrences of Georgia leadplant, all in North Carolina. Global
population size is unknown and is difficult to estimate given the clonal pattern of spread exhibited
by this species (NatureServe 2008).

Population Trends:
This species is in decline, and occurrences are no longer known in two states where the species
was formerly present (NatureServe 2008).

Status:

This plant is rare and declining throughout its range; only 17 known occurrences remain. Is
restricted to sensitive habitat threatened by numerous factors. NatureServe (2008) ranks the
Georgia leadplant as critically imperiled in Georgia and South Carolina, and imperiled in North
Carolina.

Habitat destruction:

Threats to the Georgia leadplant include damming and diversion of rivers or other water bodies

and correspondent changes in local hydrology, conversion of upland terraces to agricultural or
silvicultural uses, fire suppression, and, particular to populations on Fort Bragg, the effects of military
training activities (NatureServe 2008).
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Inadequacy of existing regulatory mechanisms:

No existing regulatory mechanisms adequately protect the Georgia leadplant or its habitat; though
it is listed as a species of special concern in South Carolina, this designation offers it no
substantial regulatory protection.
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Scientific Name:
Amphinemura mockfordi
Common Name:
Tennessee Forestfly

G Rank:
G2

Range:
This stonefly is known from Grundy Co., Tennessee, on the Cumberland Plateau, and more
recently from Madison Co., Alabama (NatureServe 2008).

Habitat:
Nelson (1997) describes the habitat of A. mockfordi as "small headwater streams or seeps of the
Cumberland Plateau."

Populations:
This species is known from two counties. Population data are not available.

Population Trends:

Morse et al. (1993) believe A. mockfordi may be extirpated.

Status:

NatureServe ranks this stonefly as imperiled in Tennessee and not rated in Alabama.

Habitat destruction:

NatureServe (2008) states that this species' habitat in Tennessee is "greatly impacted by poor
landscape management practices," which likely includes threats from logging, agriculture, and
potentially coal mining.

Inadequacy of existing regulatory mechanisms:
No existing regulatory mechanisms protect this species.
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Scientific Name:
Amphiuma pholeter
Common Name:
One-toed Amphiuma

G Rank: IUCN Status:
G3 NT - Near threatened
Range:

The One-toed Amphiuma occurs on the lower Gulf Coastal Plain of Florida, Alabama, Georgia,
and southeastern Mississippi in a narrow area from Jackson County, Mississippi, to Levy and
Hernando counties, Florida, in an area 80-120 km inland from the seashore (Means 1996, 2005,
Floyd et al. 1998). In Georgia, there are two known locations in the Ochlockonee River drainage
(Means 1996). There are also two known locations in Alabama, and approximately 40 known
locations in Florida (Means 2005, NatureServe 2008).

Habitat:

AmphibiaWeb (2009) provides the following description of One-Toed Amphiuma habitat: "Means
(1977) analyzed the habitat qualities of 13 localities of one-toed amphiumas and found that
individuals are primarily found in deep, liquid, amorphous mucks derived from hardwood and
cypress litter. The most important habitat variables associated with one-toed amphiumas are (1)
streams of low—moderate gradient; (2) swampy and periodically inundated floodplains; (3) mixed
bottomland hardwoods and cypress; (4) seepage; and (5) vulnerability to drought. Muck, as
compared with peat, is usually liquid, and decomposition of the organic material in it has
progressed so far that it is relatively amorphous, not having large pieces of wood and leaf litter.
Amphiumas cannot locomote through fibrous peat and are rarely found in shallow muck deposits
of <15 cm (6 in) deep (personal observations), presumably because it increases their
vulnerability to predators such as raccoons" (http://www.amphibiaweb.org).

Ecology:

Conant and Collins (1998) describe the One-Toed Amphiuma as "a secretive salamander of muck-
bottomed stream floodplains and other mucky habitats where it feeds on insects and other
invertebrates" (p. 426). Embyros and hatchlings of this species have not been detected, but it is
possible that brooding females coil around eggs during development (Means 1996, AmphibiaWeb
2009). Amphiuma species are obligate neotenes and hatchlings likely have thin, feathery gills and
a brief larval period before metamorphosing into air-breathing juveniles (AmphibiaWeb 2009).
Amphiumas might undergo seasonal migrations. AmphibiaWeb (2009) states: "Means (2001a)
noted that in winter, one-toed amphiumas were occasionally found under large logs buried along
stream courses in first-order stream valleys where the species is not found in the spring, summer,
or fall. Means (2001a) speculated that some individuals migrated upstream into seepage heads of
first-order valleys to find protection from cold weather in warm seeps."

One-toed Amphiumas consume small invertebrates including the follwing organsims reported

from stomach content analyses (Means 2001a in AmphibiaWeb 2009): sphaeriid clams, physellid
snails, aquatic earthworms (Sparganophilus spp.), asellid isopods, the larvae of mayflies, tipulid

flies, chironomid midges, culicid mosquitoes, stoneflies, megalopterans, tabanid flies, adults and
larvae of small aquatic beetles, planarians, and occasional terrestrial beetles and lepidopteran

larvae that drop onto the surface of the muck. Amphiumas are potentially eaten by reptiles and

other amphibians including common snapping turtles (Chelydra serpentina), mud turtles (Kinosternon
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subrubrum), mud snakes (Farancia abacura), red-bellied water snakes (Nerodia

erythrogaster), brown water snakes (N. taxispilota), queen snakes (Regina septemvittata), ring-
necked snakes (Diadophis punctatus), cottonmouths (Agkistrodon piscivorus), two-toed
amphiumas, southern leopard frogs (Rana sphenocephala), and bronze frogs (R. clamitans; Means,
2001a) (in AmphibiaWeb 2009).

Populations:

NatureServe (2008) reports that there are from 21-80 populations of One-Toed Amphiuma.
Because of the difficulty of sampling and the cryptic nature of this species, total population size
is unknown. Means (2005) reports that at most sites, only one to two individuals are detected in
several person hours of rigorous searching.

Population Trends:

Current information on One-Toed Amphiuma population trend is inadequate. The species is
thought to be declining to stable in the short term and moderately declining to relatively stable in
the long term (NatureServe 2008).

Status:

The One-Toed Amphiuma is critically imperiled (S1) in Alabama, Georgia, and Mississippi, and
vulnerable (S3) in Florida (NatureServe 2008). It is classified as Near Threatened by the IUCN. It
is a Tier 1 species of greatest conservation need in Mississippi. It is a Priority 2 species of
greatest conservation need in Alabama. It is a designated Rare species in Georgia.

Habitat destruction:

NatureServe (2008) reports that the habitat of the One-toed Amphiuma is subject to several
potential threats including stream pollution, ground water disturbance, logging, mining, power
plant sludge, and runoff, and emphasizes that this amphibian is very habitat-dependent and the
maintenance of nonpolluted muck is essential for its conservation. Enge (2005) cites logging,
groundwater use, siltation from dirt roads and cleared lands, impoundment, and poor management
of adjacent upland habitat as threats to amphibian species in ravine habitats in the Florida
Panhandle, including A. pholeter. The State of Georgia reports that the one-toed amphiuma is
threatened by agricultural activity and associated herbicides, pesticides, and fertilizers, by habitat
loss due to alteration of stream hydrology for both drainage and impoundment, and by siltation
from various types of development
(http://georgiawildlife.dnr.state.ga.us/assets/documents/gnhp/amphiuma_pholeter.pdf). The State
of Mississippi reports that the amphiuma's habitat is highly threatened by altered fire regime,
withdrawal of surface and groundwaters, logging, and development
(http://www.mdwfp.com/homeLinks/More/Final/Chapter%204.%20Habitat%20Type%208.pdf).

There has been widespread destruction, degradation, and fragmentation of imperiled amphibian
habitats in the Southeast (Vial and Saylor 1993, Pechmann and Wilbur 1994 in LaClaire 1997, p.
314). Vast acreages of wetlands have been destroyed or altered in the Southeast (Dodd 1997).
Aquatic amphibian habitats in the Mobile River Basin have been severely degraded by
impoundment, channelization, dredging, mining for coal, sand, and gravel, discharge from
industrial and municipal sources, and nonpoint discharge and run-off (LaClaire 1997, p. 329).
Dodd (1997) states: “The integrity of both aquatic and terrestrial habitats is important to
amphibian survival, even among species that never venture beyond a single habitat type.
Furthermore, the various life history stages (eggs, larvae, young, adults) may be differentially
susceptible or sensitive to environmental perturbations . . . Although vast areas have been cleared
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in the Southeast for agriculture, industry, and urban use, there is virtually no assessment of the
landscape effects of land conversion on amphibian populations. It seems evident, however, that
habitat changes (see papers in Hackney et al. 1992, Boyce and Martin 1993), and with them
changes in aquatic amphibian populations, have been enormous” (p. 177-8).

Habitat loss and degradation obviously negatively affects amphibian populations. LaClaire (1997)
states: “There is a growing body of work documenting (amphibian) population declines on sites
where habitats have been degraded or destroyed (Vickers et al. 1985, Enge and Marion 1986, Ash
1988, Dodd 1991, Raymond and Hardy 1991, Petranka et al. 1993, Phelps and Lancia 1995,
Means et al. 1996). . . Clearly, when the habitat of a given population is destroyed, that population
has gone or will shortly go extinct. Many species may be unable to recolonize areas after local
extinctions, especially when unsuitable habitat exists between the extinct population and extant
populations” (p. 325-326).

Habitat fragmentation can lead to amphibian population extirpation by disrupting metapopulation
dynamics and preventing dispersal and rescue between source and sink habitat. Dodd (1997)
states: “Land use patterns resulting in fragmentation can influence amphibian population genetic
structure . . . if populations become overly fragmented, emigration and immigration may be
inhibited or stopped, thus preventing recolonization from source populations. . . Small isolated
populations are particularly susceptible to environmental perturbations and to stochastic variation
in demography that can lead to extinction even without external perturbations. Isolation by habitat
fragmentation thus becomes a threat to the regional persistence of species” (p. 178).

Logging is detrimental for both aquatic and terrestrial amphibian habitat because it eliminates
shade, increases soil and water temperature, alters stream flow, increases sedimentation, reduces
the input of coarse woody debris and organic matter into streams, reduces forest floor litter
(especially if litter is piled and burned), reduces soil moisture, reduces and eliminates burrows
and hiding places, and destroys wetlands. Logging also frequently involves the use of herbicides
which can be detrimental for amphibians (see http://amphibiaweb.org/declines/ChemCon.html).
Logging is known to decrease amphibian abundance and reproductive success (Dodd 1997,
LaClaire 1997). LaClaire (1997) states: “Habitat destruction and degradation resulting from
timbering operations may create problems for long-term survival of imperiled amphibians
(Kramer et al. 1993, Petranka et al. 1993)” (p. 327).

Aquatic amphibian populations are threatened by habitat destruction and water pollution from coal
mining activities in Alabama, Georgia, Kentucky, Tennessee, Virginia, and West Virginia, and by
phosphate mining in Florida (Wallace et al. 1992, LaClaire 2007). Dodd (1997) states: “In many
instances, mining occurs directly through small streams or ponds, and mine tailings are pushed
into the larger rivers. . . Mining not only destroys aquatic amphibian habitats outright, it also
results in toxic pollution, decreased pH, and siltation of streams and rivers” (p. 180). Gore (1983)
showed that low pH and high conductivity due to mining negatively affect the distribution of
larval Desmognathus salamanders in streams on the Cumberland Plateau (in Dodd 1997).

Road construction and repair and traffic degrade amphibian habitat. Roads can divide breeding
locations from overwintering sites and increase mortality for migrating adults and dispersing
juveniles, and can disrupt metapopulation dynamics and lead to population isolation, and light and
noise from roads can disrupt breeding and feeding behaviors (Dodd 1997). Dodd (1997) states:
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“Transportation corridors, especially roads, can have serious deleterious effects on amphibian
populations (Langton 1989). Road construction can lead to habitat destruction in both terrestrial
and aquatic environments, and can negatively alter breeding habitats through increased siltation.
Increased siltation can lead to increased amphibian mortality because of its own secondary
effects. For example, nearly all aquatic life was eliminated downstream after U.S. HWY 441 was
rebuilt in 1963 in the Great Smoky Mountains National Park™ (p. 180).

Overutilization:

Because of its rarity, overcollection by herpetological enthusiasts is a potential threat to the One-
toed Amphiuma. Amphibians are collected from the wild for use as food, pets, and for the
biological and medicinal supply markets (AmphibiaWeb 2009:
http://amphibiaweb.org/declines/exploitation.html). Dodd (1997) states: “Collecting specimens
for the pet trade or biological laboratories probably has had some impact on local (Southeast)
amphibian populations, but few data are available” (p. 183).

Disease or predation:

The State of Georgia reports that the one-toed amphiuma is threatened by predation and indirect
mortality from feral hogs
(http://georgiawildlife.dnr.state.ga.us/assets/documents/gnhp/amphiuma_pholeter.pdf)

New diseases and increased susceptibility of amphibians to existing diseases are known to be
contributing to the decline of amphibian species (Blaustein et al. 1994, Laurance et al. 1996,
Berger et al. 1998, Daszak 2000, Kiesecker et al. 2001, see
http://amphibiaweb.org/declines/diseases.html). Stress from factors such as habitat loss and
fragmentation, chemical pollution, climate change, invasion of exotic species, increased UV-B
radiation, and natural population fluctuations may increase the susceptibility of amphibians to
disease (Carey 1993, Dodd 1997, Fellers et al. 2001, Kiesecker at al. 2001, AmphibiaWeb 2009).
Pathogens known to cause infectious disease in amphibians include bacterial, fungal, viral,
metazoan, water mold, and trematode agents (Wright and Whitaker 2001 in AmphibiaWeb 2009).
Chytridiomycosis (chytrid fungus, Batrachochytrium dendrobatidis), has had severe impacts on
amphibian populations worldwide. Chytrid fungus is known to be present in the southeastern U.S.
(AmphibiaWeb 2009). In addition to disease, there has been a widespread increase of amphibian
deformities and malformations (http://amphibiaweb.org/declines/deformities.html).

Native amphibians in the Southeast potentially face predation pressures from introduced species
of fishes and from cattle egrets, armadillos, and wild hogs (Dodd 1997). Amphibian populations
can also be negatively affected by increases in populations of native predators such as raccoons
(Dodd 1997) and corvids (Liebezeit 2002). Enge (2005) cites feral hogs as a threat to amphibians
in the Florida Panhandle including the one-toed amphiuma.

Inadequacy of existing regulatory mechanisms:

There are no existing regulatory mechanisms that adequately protect this species. It is a Tier 1
species of greatest conservation need in Mississippi, meaning it is classified as being in need of
immediate conservation action and/or research because of extreme rarity, restricted distribution,
unknown or decreasing population trends, specialized habitat needs and/or habitat vulnerability. It
is a Priority 2 species of greatest conservation need in Alabama. It is a designated Rare species in
Georgia. These state designations do not afford the Amphiuma any regulatory protection.
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NatureServe (2008) reports that the Amphiuma occurs on several managed state and federal areas,
and that the westernmost occurrence in Mississippi is on protected land. NatureServe (2008)
provides the following management recommendations: "Entire drainage basins (including uplands)
need to be preserved. Protect occurrences in at least 10 different drainages, preferably including at
least one occurrence each in Georgia and Alabama. Establish state limits on collecting if
exploitation is extensive."

Other factors:

Other factors which may threaten the amphiuma include water pollution from acidification, toxins,
and endocrine disrupting chemicals, reduced prey availability, climate change, UV-B radiation,
invasive species, and synergistic effects from these and other threats. Enge (2005) cites water
pollution, recreation, and trash dumping as threats to the one-toed amphiuma and other amphibians
in the Florida Panhandle.

Acidification of soils and water bodies is detrimental for amphibians. Acidification of amphibian
habitat can result from acid precipitation and from acid mine drainage. Acid disrupts ion balance in
both terrestrial and aquatic lifestages of amphibians, impairs chemosensory reception, and inhibits
larval feeding (Dodd 1997). Embryos and larvae are particularly sensitive to decreased pH.
Terrestrial salamanders avoid acidified soils. Acidification also has indirect effects which can kill
embryos, larvae, and adults by interfering with egg development, disrupting trophic interactions,
and inducing chronic environmental stress. Low pH also makes amphibians more susceptible to
deleterious effects from heavy metals and increased UV-B radiation (Dodd 1997).

Environmental toxins pose a threat to amphibians in the Southeast due to lethal and sub-lethal
effects which can include mortality, decreased growth rate, behavioral and developmental
abnormalities, lowered reproductive success, weakened immunity, and hermaphroditism (see
http://amphibiaweb.org/declines/ChemCon.html). Amphibians are particularly vulnerable to toxic
substances because of the permeable nature of their skin. A wide range of chemical stressors are
known to negatively affect amphibians including heavy metals, pesticides, phenols, carbon
tetrachloride, nitrogen based fertilizers, and road salt (Dodd 1997, AmphibiaWeb 2009). The
presence of toxins can also make amphibians more susceptible to disease (Dodd 1997).

Amphibians are also threatened by endocrine-disrupting chemicals in the environment (eg. Hayes
et al. 2006). Dodd (1997) states: “Amphibians are likely to be especially sensitive to the action of
endocrine mimics because they are in close direct contact with chemicals in their environment,

and the amphibian skin and egg capsule are highly permeable. Because hormones normally
function in minute quantities and are vital to normal development, susceptibility to xenobiotics
could be devastating during the complex changes that occur during hormonally-induced amphibian
metamorphosis” (p. 182).

Toxins and other chemicals can also harm amphibians by reducing food availability. Dodd (1997)
states: “If species that are preyed upon by amphibians decline or disappear, amphibian populations
may be expected to follow suit. The use of pesticides and the influence of toxics, pH, and habitat
alteration all may be expected to affect amphibian prey populations” (p. 184).

Climate change poses a threat for amphibians because it will alter rainfall and temperature patterns
and affect soil moisture (Dodd 1997, Field et al. 2007). Amphibians are particularly sensitive to
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minute changes in moisture and temperature, and changes in climate can affect breeding behavior,
reproductive success, and immune function (see
http://amphibiaweb.org/declines/ClimateChange.html). Amphibians which breed in temporary
ponds or in water bodies that are sensitive to changes in groundwater level are particularly
susceptible to climate change effects. Drought can lead to localized extirpation, which combined
with habitat fragmentation and impaired dispersal, can contribute to extinction (Dodd 1997).

During the past few decades, levels of UV-B radiation in the atmosphere have significantly
increased. For amphibians, UV-B radiation can cause direct mortality as well as sublethal effects
including decreased hatching success, decreased growth rate, developmental abnormalities, and
immune dysfunction (Dodd 1997, AmphibiaWeb 2009: http://amphibiaweb.org/declines/UV-
B.html).

Southeastern amphibians are also threatened by the invasion of non-native species which prey on

or compete with native amphibians. Nonnative fishes can negatively affect amphibian populations
through predation, competition, and disease introduction. Introduced nonnative amphibians such as the
marine toad (Bufo marinus) and Cuban treefrog (Osteopilus septentrionalis) are potentially harmful for
native amphibians in the Southeast. Rossi (1981) found that anuran species richness was reduced in an
area where B. marinus was established (in Dodd 1997). Introduced mammals, such as armadillos and
wild hogs, and introduced birds like cattle egrets “may exact a substantial toll on amphibian
populations” (Dodd 1997). Invasive fire ants (Solenopsis invicta) are also a potential threat for
Southeastern amphibians. Dodd (1997) states: “Ground dwelling vertebrates are especially sensitive to
this ravenous predator, and fire ants have been reported to kill endangered Houston toads (Bufo
houstonensis) as they metamorphose. Fire ants are especially abundant in the moist perimeter
surrounding ponds and lakes, and they can float in mats across ponds from vegetation clump to
vegetation clump. Fire ants have few predators and have expanded their range throughout the
Southeast” (p. 183). See: http://amphibiaweb.org/declines/IntroSp.html.

Synergisms between multiple threats could contribute to the extinction of Southeast amphibians.
Multiple factors acting together have both lethal and sublethal effects
(http://amphibiaweb.org/declines/synergisms.html). For example, increased UV-B radiation
increases the susceptibility of amphibians to the effects of contaminants, pathogens and climate
change. Dodd (1997): “The amphibians of this area (the Southeast), and particularly the fully
aquatic species, face a multitude of threats to their long-term existence. These threats generally do
not act independently, but instead act in concert to have potentially serious long-term effects” (p.
185).
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Scientific Name:
Anodonta heardi
Common Name:
Apalachicola Floater

G Rank:
Gl

Range:

NatureServe (2008) reports the range of the Apalachicola Floater to be 250-1000 square km
(about 100-400 square miles) in Alabama, Florida, and Georgia, but Williams et al. (2008) report
that this species does not actually occur in Alabama, describing its range as the Coastal Plain
reaches of the Apalachicola Basin in Florida and Georgia. This mussel is known from the
Chattahoochee River near the junction with the Flint River, approximately 32 km downstream of
the Alabama-Florida state line. The Brim Box and Williams (2000) report of this species from
Alabama was a misidentification (Williams et al. 2008). This species may have occurred in
Alabama historically (Williams et al. 2008).

Habitat:

The Apalachicola Floater inhabits floodplain lakes and rivers in mud where there is slow to no
current (Deyrup and Franz 1994). One known site for this species is a backwater area with
relatively deep water and a substrate made up of mud and packed-sand (Gordon and Hoeh 1993).
Wisniewski (2008) describes this species' habitat as mud, sand, or detritus substrates in lakes,
oxbows, sloughs, and backwaters.

Ecology:

Wisniewski (2008) states that the brooding period for this species is presumed to parallel that of
the barrel floater (Anodonta couperiana), which exchanges gametes during late summer and
broods until mid-November. The host fish for the Apalachicola floater is unknown.

Populations:

There are approximately four populations of Apalachicola Floater. There are three locations in
Florida-- the Apalachicola River in Gadson County and in Calhoun County, and Tanvat Pond in
Jackson County (Gordon and Hoeh 1993). This mussel also occurs in a tributary of the Flint River
in Georgia (Brim Box and Williams 2000). Total population size for this mussel is low and is
crudely estimated at 50 - 2500 individuals (NatureServe 2008). This mussel is known from very
few individuals or shells at any one site.

Population Trends:
Available data indicate that this species, which was described in 1995, is declining (Brim Box and
Williams 2000).

Status:

NatureServe (2008) ranks the Apalachicola Floater as critically imperiled in Alabama, Florida,
and Georgia. This species is known from only a handful of occurrences in three adjoining river
systems, with all occurrences represented by few individuals. It is "probably the most fragile of
the Anodonta species in North America in terms of intrinsic vulnerability" and faces "imminent
threats" (NatureServe 2008). It is listed as rare by the state of Georgia. This newly described
species is being ranked as vulnerable by the American Fisheries Society (2010 draft, in review).
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Habitat destruction:

The Georgia Museum of Natural History describes the Apalachicola Floater as being "very
susceptible to changes within its habitat." Habitat degradation and loss have contributed to the
decline of this species, including the construction of impoundments, dredging of the Apalachicola
River to maintain a barge channel, and water withdrawals (NatureServe 2008). NatureServe
(2008) states that this mussel appears to have experienced some decline in overall habitat quality
due to imminent threats and may experience more as development impacts its native range.

Wisniewski (2008) lists the following threats to this species: "Habitat fragmentation may isolate
populations and prevent fish movement, limiting the distribution of host fishes carrying glochidia.
Additionally, construction of impoundments could further fragment populations and inundate
suitable habitat. Excessive water withdrawals in the lower Flint River basin coupled with severe
drought could cause this species to become extirpated from Georgia. Excess sedimentation due

to inadequate riparian buffer zones and incompatible agricultural practices may also cover suitable
habitat and could potentially suffocate individuals."

Inadequacy of existing regulatory mechanisms:

There are no existing regulatory mechanisms that protect the Apalachicola Floater, and no
occurrences are appropriately protected and managed (NatureServe 2008). It is listed as rare by
the state of Georgia, but this designation does not provide any regulatory protection. It has no state
status in Alabama or Florida.

NatureServe (2008) provides the following management recommendations for this mussel: "End
channel dredging of Apalachicola River. Monitor and attempt to control Asian clam. Protect
Apalachicola and Chipola rivers from pollution, siltation, impoundment, and other disturbance; this
must include headwaters in Alabama and Georgia. Limit withdrawal of surface and subterranean
waters as necessary to maintain normal stream flows, especially during drought. Protect floodplain
forests and at least 150 ft. (ca. 50 m) of adjoining upland from timber harvest, livestock, and
development. Situate roads at least 0.25 mi. (0.4 km) from heads of all tributaries, and even more
on steep slopes. Use silt fencing and vegetation to control runoff and siltation at all stream
crossings, especially during construction and maintenance. Prohibit dredging and damming of
streams and river. Avoid introduction of non-native invertebrates, especially zebra mussel
(Dreissena polymorpha). Use and maintain sewer systems rather than septic tanks and stream-
dumping for management of waste water. Ban use of agricultural pesticides on porous soils near
streams. Identify and maintain fish populations that serve as mussel larval hosts."

Other factors:

Other factors which threaten the Apalachicola Floater include pollution, invasive species, and
small population size. Pollution is believed to have contributed to the decline of this mussel,
particularly agricultural runoff (NatureServe 2008). The spread of exotic species, including the
Asiatic Clam (Corbicula fluminea) and Zebra Mussel (Dreissena polymorpha), threaten the
Apalachicola Floater. In addition, because this species exists in very low numbers at only five or so
sites, it is inherently vulnerable to extinction due to stochastic genetic or environmental events.
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Scientific Name:
Anodontoides radiatus
Common Name:

Rayed Creekshell

G Rank: AFS Status: IUCN Status:

G3 Special Concern NT - Near threatened
Range:

The Rayed Creekshell occurs in Alabama, Florida, Georgia, Louisiana, and Mississippi. This
mussel occurs from the Tickfaw River system in Louisiana (Vidrine 1985) to the Apalachicola,
Chattahoochee and Flint (ACF) rivers. It is apparently absent from the Yellow, Choctawhatchee,
and Chipola rivers (Deyrup and Franz 1994), but was recently detected in the Pea River. It occurs
in the Tombigbee-Alabama River system in Alabama and Mississippi, and the Conecuh-Escambia
system in Alabama (Heard 1975), although there are no known records of its occurrence from the
latter drainage in Florida. Johnson (1967) reported it as absent from the intervening
Choctawhatchee River system and the Chipola River of the Apalachicola River system. Blalock-
Herod et al. (2005) confirmed the distribution gap in the Choctawhatchee River drainage based on
historical literature, but found 12 new sites (11 in Alabama, 1 in Florida) there during recent
survey efforts, mostly in small tributaries (NatureServe 2008).

Habitat:

Although the rayed creekshell is known from large rivers, most collections are from small to
medium-sized creeks where it occurs in mud, sand, or gravel substrates in slow to medium
currents (Clench and Turner 1956, Jenkinson 1973, Heard 1979, NatureServe 2008). Mirarchi et
al. (2004) provide the following description of this species' habitat: "most commonly in small to
medium sized coastal plain streams, but historical records exist from larger rivers as well (Brim
Box and Williams 2000). Typically occurs in sand or silt substrata in areas of low to moderate
current (Brim Box and Williams 2000, Haag et al. 2002, Blalock-Herod et al. 2005)."

Ecology:

Mirarchi et al. (2004) state that the ecology of this species is poorly known, but that gravid
females have been detected in September and December (Brim Box and Williams 2000),
suggesting that it is a long-term brooder. Glochidial hosts are unknown, but because closely
related species are generalists, it may be able to use a variety of host fishes.

Populations:

The Rayed Creekshell is sporadically distributed in five southeastern states-- Alabama, Florida, Georgia,
Louisiana, and Mississippi (NatureServe 2008). This mussel was historically known from 21
occurrences in the ACF Basin, but in a recent survey it was detected at only four of 324 surveyed sites
(Brim Box and Williams 2000). Johnson (1967) cites historical cites in the Alabama-Coosa River
System including the Tombigbee River drainage in Mississippi and Alabama, the Coosa River drainage
in Alabama, and the Alabama River drainage in Alabama. In the Escambia River System, Johnson
(1967) cites the Conecuh River drainage in Alabama, the Chattahoochee and Flint River drainages in
Georgia, and the Apalachicola River drainage in Florida. In the Escambia River drainage this mussel
was collected historically at 10 occurrences from tributaries and the main stem of the Conecuh River.
Recently in a survey of the Escambia and Yellow rivers, it was detected at six sites, but was absent at all
of the resurveyed historical locations, and appears to now be restricted to small, isolated tributaries in
Alabama (Williams et al. 2000). In the Pea River system (Choctawhatchee River system), this mussels
was recently detected at only one of approximately 50 surveyed sites (Blalock et al. 1998). Blalock-

Southeast Aquatic Species Petition 124



Herod et al. (2005) confirm the distribution gap in the Choctawhatchee River drainage based on
historical literature, and report a new site in Florida and 11 new sites in Alabama, mostly in small
tributaries. Pilarczyk et al. (2006) surveyed 24 sites in the Choctawhatchee River drainage but did not
detect this species. In the Coosa River basin in Georgia, this mussel was historically known from the
Etowah and Oostanaula River drainages, but there have been no recent live detections there (Williams
and Hughes 2001). Vidrine (1993) reported Louisiana distribution as western Louisiana, the Taucipano
River in eastern Louisiana, and other scattered locations. Brown and Banks (2001) report this species
from eastern Louisiana in the Amite and Tangipahoa Rivers.

Little is known about the rayed creekshell’s historical abundance, but it was likely rare. NatureServe
(2008) states: "Museum records suggest that historically it was seldom collected in large numbers, and
today it is unusual to find more than a few individuals at a site. Clench and Turner (1956) noted that
Anodontoides radiatus was "exceedingly rare" in the ACF Basin. Heard (1975) listed A. radiatus among
species he considered to have a reduced range or abundance (i.e., are now very rare or extinct in part of
their present or past range, respectively). One of the largest collections of A. radiatus was made by H. H.
Smith on 25 June 1915 in Uchee Creek (Russell County, Alabama). The collection totaled 24
individuals (Brim Box and Williams, 2000). In a recent survey of the Escambia River drainage 15 live
individuals were collected from six sites in upper tributaries (Williams et al., 2000), while a single live
individual was found in the Pea River watershed (Blalock et al., 1998)."

Population Trends:

The Rayed Creekshell is declining in the short term (decline of 10-30 percent) and moderately
declining to relatively stable in the long term (NatureServe 2008). This species appears to have
been rare and sporadically distributed historically, and is currently experiencing a reduction in
both distribution and abundance. NatureServe states: "Clench and Turner (1956) noted that it was
"exceedingly rare" in the ACF Basin. Heard (1975) listed this species among species he
considered to have a reduced range or abundance (i.e., are now very rare or extinct in part of their
present or past range, respectively). Williams et al. (1993) considered the rayed creekshell to be
of special concern throughout its range, indicating that it should be carefully monitored. It may be
nearly extirpated in Florida (formerly in Mosquito Creek, Apalachicola River basin, see Clench
and Turner, 1956). Based on the results of a recent survey, it was assigned a conservation status
of endangered in the ACF Basin (Brim Box and Williams, 2000). Williams et al. (2000)
considered the rayed creekshell to be threatened in the Escambia River drainage. Pilarczyk et al.
(2006) did not find any specimens in a survey of 24 sites of the Choctawhatchee, Yellow, and
Conecuh-Escambia River drainages of Alabama in 2004."

Status:

NatureServe (2008) ranks the Rayed Creekshell as critically imperiled in Alabama, imperiled in
Georgia, Louisiana, and Mississippi, and state historical in Florida. The [UCN ranks it as Near
Threatened. Though this species has a wide range, there have been recent reductions in both number of
sites and abundance per site. It is ranked as special concern/vulnerable by the American Fisheries
Society (Williams et al. 1993, 2010 draft, in review).

Habitat destruction:

The Rayed Creekshell is threatened by stream modification, sedimentation resulting from bank
destabilization, runoff from agricultural areas, and pollutants from point and non-point sources
(NatureServe 2008). Any land-use activity that degrades water quality threatens this species' habitat.
Blalock-Herod et al. (2000) report that this mussel is threatened by proposed impoundments in the
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Choctawhatchee River drainage. Wisniewski (2008) provides the following account of threats to this
species: "Habitat fragmentation may isolate populations and prevent fish movement, limiting the
distribution of host fishes carrying glochidia. Additionally, construction of impoundments could further
fragment populations and inundate suitable habitat. Excessive water withdrawals in the Lower Flint
River Basin coupled with severe drought could cause this species to become extirpated from Georgia.
Excess sedimentation due to inadequate riparian buffer zones and incompatible agricultural practices
may also cover suitable habitat and could potentially suffocate individuals. Rapid development of the
northern extent of the Flint River Basin could severely impact the remaining populations of this
species." The Mississippi Dept. of Wildlife, Fisheries, and Parks (2010) reports that mussels in the
Tombigbee Drainage are highly threatened by channel modification, agriculture, forestry, resource
extraction, industrial development, dams, and headcutting. Gillies et al. (2003) report that urbanization
threatens this species in the Atlanta area.

Inadequacy of existing regulatory mechanisms:

There are no existing regulatory mechanisms that adequately protect this species, and no
occurrences are appropriately protected and managed (NatureServe 2008). It is listed as
Threatened in the state of Georgia and is a Species of Greatest Conservation Need in Alabama and
Mississippi, but these designations do not provide the mussel or its habitat with substantial
regulatory protection. It has no state status in Florida or Louisiana.

Other factors:
The Rayed Creekshell is threatened by any factor which degrades water quality. Wisniewski (2008)
lists drought as a threat to this species.
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Scientific Name:
Antrorbis breweri
Common Name:
Manitou Cavesnail

G Rank: IUCN Status:
Gl VU - Vulnerable
Range:

The range of the Manitou Cavesnail consists of less than 100 square km in Alabama (NatureServe
2008). This species is known only from its type locality, a cave in Fort Payne, DeKalb County,
Alabama (Hershler and Thompson 1990, Mirarchi 2004).

Habitat:

This snail lives in the uppermost portion of a small (less than 1 m) cool stream that emerges
amongst limestone rubble. The stream cascades through several narrow openings into a shallow
(1-2 cm) pool in a small, rectangular, cement-lined structure (Hershler and Thompson 1990).

Populations:

There is only one population of Manitou Cavesnail, and total population size is crudely estimated
at 50-2500 individuals (NatureServe 2008). Hershler and Thompson (1990) report that snails
were extremely scarce at the time of collection.

Population Trends:
This species was recently identified, and no population trend data are available.

Status:
NatureServe (2008) ranks the Manitou Cavesnail as critically imperiled, and the IUCN ranks this
species as vulnerable.

Habitat destruction:

Because the Manitou Cavesnail occurs at only a single location, it is extremely vulnerable to
habitat degradation. Hershler and Thompson (1990) report that the cave where this species occurs
was somewhat disturbed at the time of species' collection. The cave was formerly a commercial
cave, but has been gated since 1980. Because a single habitat disturbing event could eradicate this
species, even though the cave is now gated, this species' habitat is still vulnerable to illegal entry
or potential future re-opening of the cave. Cave environments are very sensitive to perturbations,
and can be degraded by activities that occur outside of the cave environment (Scott 2004). Scott
(2004) states: “Subterranean ecosystems, aquatic and terrestrial, are extremely delicate
environments with stable, constant temperatures, humidity, air circulation patterns, chemical
characteristics, and detrital inputs. Even minor perturbative events can result in large kills of cave
fauna. Threats include agricultural, industrial, and residential pollutants, especially pesticides and
herbicides (which may simply leach through soils); erosion and siltation caused by destruction of
vegetation at sink perimeters; changes in detrital input; pumping of water; collection of fauna;
invasive exotic species; and disturbance of fauna or nutrient reserves by spelunkers and divers . . .
Degradation of surface habitats may also threaten cave fauna” (p. 77).

Inadequacy of existing regulatory mechanisms:

There are no existing regulatory mechanisms to protect the Manitou Cavesnail. The single cave
where this species occurs is currently gated. This species needs Endangered Species Act protection to
ensure that its habitat is protected in perpetuity.
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Other factors:

The Manitou Cavesnail is threatened by any factor which degrades the water quality or alters the
environmental conditions to which it is adapted. Activities inside or outside the cave environment
that alter the quality, temperature, or availability of water threaten this snail, including pollution,
groundwater development, drought, or global climate change. The water that supplies the cave was
once part of the municipal water supply for Fort Payne. As freshwater resources become more
scarce, future diversion of this water supply could jeopardize the existence of this snail.
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Scientific Name:
Aphaostracon asthenes
Common Name:

Blue Spring Hydrobe Snail

G Rank: IUCN Status:
Gl VU - Vulnerable
Range:

The range of the Blue Spring Hydrobe Snail consists of less than 100 square km in Volusia
County, Florida (NatureServe 2008). This snail occurs only at its type locality, Blue Spring, in
Blue Springs State Park, west of Orange City (Burgess and Franz 1978, Franz 1982, Johnson
1973, Thompson 1968, 1999).

Habitat:
This snail occurs in the upper portion of a spring run where plants and bottom debris are sparse
(Thompson 1968, Franz 1982).

Populations:
There is only one population of this species, and population abundance is unknown (NatureServe
2008).

Population Trends:
Bleasdale et al. (2009) and Jnbaptiste et al. (2009) report that this snail is declining and is now
present in lower densities than in 1992-1993.

Status:

The Blue Spring Hydrobe is critically imperiled (G1S1) (NatureServe 2008). It is categorized as
Vulnerable by the [TUCN. It is a C2 federal listing candidate (F.R. 84-05-22) in need of full ESA
protection.

Habitat destruction:

NatureServe (2008) reports that deteriorating water quality due to erosion and runoff potentially
threaten the single occurrence of this species. The Florida Wildlife Conservation Commission
(2009) reports that spring habitats in the state are very highly threatened by nutrient loading from
agricultural and urban runoff, and by invasive plants and animals. Bleasdale et al. (2009) report
that "there is evidence suggesting chemical changes to the waters of Blue Spring and the St. John's
River from direct spilling or dumping, runoff and flow rate changes from land use in the recharge
basin, and/or seepage of chemicals into the groundwater source for Blue Spring." They also report
that this species' habitat is threatened by the introduction of exotic species such as the
Vermiculated Sailfin Catfish (Pterygoplichthys disjunctivus), which uses the long algal filaments
that are a habitat component for the snail as a food source. Jnbaptiste et al. (2009) also report
recent declines in water quality and outflow at the spring.

This snail is threatened by recreation, as there is a developed swimming area in part of the spring
(Moss et al. 2009). The park management plan states that the spring has suffered from erosion due
to people climbing on the spring banks (Florida Division of Recreation and Parks 1999). The
Hydrobe is also threatened by logging, as the park management plan allows for timbering
operations within park boundaries (Florida Division of Recreation and Parks 1999). Invasive
tilapia (Tilapia aurea) are causing habitat degradation at Blue Spring. Tilapia make deep spawning
beds in the sand bottom which can undermine bank stability (Florida Division of Recreation and
Parks 1999).
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Inadequacy of existing regulatory mechanisms:
This snail occurs in a state park, but the primary purpose of the park is outdoor recreation (Florida
Division of Recreation and Parks 1999). It has no state status.

Other factors:

The lone population of this snail is threatened by any factor which causes water quality
deterioration. Melhop and Vaughn (1994) report that due to relative immobility and dependence on
highly oxygenated waters, endemic springsnails such as the Blue Spring Hydrobe are threatened by
groundwater depletion, surface water diversion, and changes in water quality. Because this species
occurs at only one site, spring alteration could result in species extirpation. Bleasdale et al.

(2009) and Jnbaptiste et al. (2009) report deteriorating water quality at the spring. This snail is
inherently vulnerable to extinction because of its occurrence in a single population, which could

be extirpated by stochastic genetic or environmental events. This snail is also threatened by
invasive species which prey on filamentous algae such as sailfin catfish (Bleasdale et al. 2009) and
tilapia (Florida Division of Recreation and Parks 1999).
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Scientific Name:
Aphaostracon chalarogyrus
Common Name:
Freemouth Hydrobe Snail

G Rank:
Gl

Range:
The total range of this snail is less than 100 square km as it occupies a single spring in Alachua
County, Florida (Burgess and Franz 1978, Johnson 1973, Thompson 1999).

Habitat:

This snail occurs on floating mats of filamentous algae in a spring pool that is approximately 10 ft
deep. The spring is a water source for a swimming pool and has been impounded by a large
circular concrete wall. The pool has a fine calcareous silty sand bottom and supports thick patches
and mats of filamentous algae. There is a rectangular cement outflow pool adjacent to the spring
that is 6 ft wide, 10 ft long, and a few inches deep with a "bottom of fine calcareous ooze
overlying the cement and large mats of Spirogyra floating on the surface." Remaining water drains
into a flatwood swamp bordered by a small creek with sand substrate. Thompson (1968) reported
that the snail was abundant in the drainage pool by the spring, less common in the spring pool, but
generally distributed over the cement wall, bottom silt, and vegetation. Snails were not detected in
the spring run, flatwood swamp, or creek (NatureServe 2008).

Populations:
There is only one population of this snail and population size is unknown.

Population Trends:
Population trend is unknown for this species.

Status:
This snail is critically imperiled in Florida (G1S1) (NatureServe 2008).

Habitat destruction:

Because this snail occurs at only a single spring, disturbance to the spring could cause extinction
of this species (NatureServe 2008). Magnesia Springs has been modified and flows into a
swimming pool at a private recreation area. Alachua County (2006) reports that the spring is in
fair condition and that the site is "endangered by residential development."

Inadequacy of existing regulatory mechanisms:

The lone population of this snail is in a private recreation area and is not appropriately protected
and managed (NatureServe 2008). There are no existing regulatory mechanisms to ensure its
survival.
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Scientific Name:
Aphaostracon monas
Common Name:
Wekiwa Hydrobe Snail

G Rank: IUCN Status:
Gl VU - Vulnerable
Range:

The range of the Wekiwa Hydrobe Snail is less than 100 square km in the St. John's River System
in Orange County, Florida, where it is restricted to Wekiwa Springs and spring run (Franz 1982,
Johnson 1973, Thompson 1968, 1999).

Habitat:
This snail occurs on submerged gravel, rocks, and plants in and adjacent to springs and spring runs
with high mineral content and steady annual temperatures (Thompson 1968).

Populations:

There is one population of this snail and population size is unknown (NatureServe 2008).
Population Trends:

Trend information is not available for this species (NatureServe 2008).

Status:

NatureServe (2008) ranks this snail as critically imperiled (G1S1). It is categorized as vulnerable
by the I[UCN.

Habitat destruction:

The Wekiwa Hydrobe Snail is exceptionally vulnerable to habitat loss and degradation because the
lone population of this species occurs in a heavily used state park recreation area. Recreational
impacts could cause water pollution, increased siltation, decreased aquatic vegetation, and direct
crushing and displacement of snails (NatureServe 2008, Reiter 1992). Decreasing water quality

or quantity threaten this species, as do external sources of pollution and groundwater decline
resulting from increasing urbanization (Walsh 2001).

Inadequacy of existing regulatory mechanisms:

There are no existing regulatory mechansims to protect this species.
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Scientific Name:
Aphaostracon pycnus
Common Name:
Dense Hydrobe Snail

G Rank: IUCN Status:
Gl VU - Vulnerable
Range:

This snail is restricted to Alexander Springs Run in the Ocala National Forest in Lake County,
Florida, St. Johns River system. It has a total global range of less than 100 square km (Burgess and
Franz 1978, Franz 1982, Johnson 1973, Thompson 1968, 1999).

Habitat:
This snail occurs on aquatic vegetation such as water lettuce and hyacinths in shallow, quiet, clear
pools with soft bottom substrate along a spring run (Thompson 1968).

Populations:
There is only one occurrence of this species and total population size is unknown.

Population Trends:
Population trend information is not available for this snail.

Status:
NatureServe (2008) ranks the Dense Hydrobe as critically imperiled (G1S1). It is categorized as
Vulnerable by the IUCN. It is a Forest Service Southern Region Sensitive Species.

Habitat destruction:

Because there is only one known population of this snail, it is highly vulnerable to habitat loss and
degradation. This snail occurs in a spring that is crossed by state Highway 445, making road
runoff and degraded water quality a threat to its survival (Thompson 1968). Because this snail's
entire habitat is in a National Forest, it is threatened by sedimentation from logging and
recreational impacts (NatureServe 2008). Melhop and Vaughn (1994) report that due to relative
immobility and dependence on highly oxygenated waters, endemic springsnails such as the Dense
Hydrobe are threatened by groundwater depletion, surface water diversion, and changes in water
quality. Because this species occurs at only one site, spring alteration could result in species
extirpation. The Florida Wildlife Conservation Commission (2009) reports that spring habitats in
the state are very highly threatened by nutrient loading from agricultural and urban runoff, and by
invasive plants and animals.

Inadequacy of existing regulatory mechanisms:

There are no existing regulatory mechanisms that adequately protect this species. NatureServe
(2008) reports that is unknown whether the lone population of this snail is appropriately protected
and managed. This snail occurs on the Ocala National Forest where it is a Forest Service sensitive
species, but protection extended to sensitive species is discretionary. This snail has no state status
in Florida.

Other factors:
Any factor which results in water quality degradation at the lone spring where this species occurs
is a threat to its survival.
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Scientific Name:
Aphaostracon theiocrenetum
Common Name:
Clifton Spring Hydrobe Snail

G Rank:
Gl

Range:

The total range of the Clifton Spring Hydrobe is less than 100 square km in Seminole County,
Florida (NatureServe 2008). This species is known only from Clifton Springs Run, which flows
into Lake Jessup in the St. Johns River system (Burgess and Franz 1978, Thompson 1968, 1999).

Habitat:

This snail occurs in mats of Chara and other vegetation in flowing, shallow water over a clean,
hard, sand substrate. The spring run where it occurs is 10-25 feet wide, 200 yards long, and ranges
from a few inches to about 2 feet in depth. The spring is bound on both sides by high sand banks
and has high hydrogen sulfide content (Thompson 1968).

Populations:
There is only one population of this snail. Within this population, snails are abundant (Thompson
1968).

Population Trends:
Population trend is unknown for this species.

Status:
NatureServe (2008) ranks the hydrobe as critically imperiled in Florida (G1S1). It is a Florida
Species of Greatest Conservation Need.

Habitat destruction:

The lone population of this snail occurs in a private recreational facility, making it highly
vulnerable to habitat loss and degradation. NatureServe (2008) reports that there are boat docks in
the facility, and that this snail is potentially threatened by hydrocarbon pollution from boats.
NatureServe (2008) also reports that this species is potentially threatened by a rumored dredging
application. The Florida Natural Areas Inventory (2009) reports that there are 42 total habitat
acres for this snail, only 3 acres of which are protected. The Florida Wildlife Conservation
Commission (2009) reports that spring habitats in the state are very highly threatened by nutrient
loading from agricultural and urban runoff, and by invasive plants and animals. The land use in the
watershed planning unit where this snail occurs is 45 percent urbanized, and there are many
sources of point and non-point source pollution (Florida Dept. of Environmental Protection
2003). Because hydrobes are sensitive to water quality, pollution of its habitat is a threat to this
species' survival. Lake Jessup is polluted by excessive phosphorus, nitrogen, and organic “muck”
deposits, and has become a hypereutrophic lake that is deficient of submerged aquatic vegetation
and has declining fish numbers. The watershed planning unit where this snail occurs has 21
permitted point source dischargers, including 11 domestic wastewater facilities, 7 industrial
wastewater facilities, 2 concrete batch plants, and a groundwater treatment system at a petroleum
contamination site. There is also a Class I solid waste landfill and two delineated groundwater
areas that are contaminated by ethylene dibromide (EDB) (Florida Dept. of Environmental
Protection 2003).

Walsh (2001) reports that Florida's spring organisms are threatened by habitat loss, spring
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modification, ground-water contamination, aquifer withdrawals, saltwater intrusion, and
recreational activities, stating: “Springs are frequently modified for consumptive or recreational
purposes, with concomitant impacts on aquatic organisms. Many of Florida's karst species are
threatened by habitat modifications due to their very localized distributions . . . Perhaps the most
serious potential threat to Florida's hypogean and spring faunas is ground-water pollution and/or
saltwater intrusion as land surface is developed and aquifer resources are increasingly tapped . . .
In recent years, there have been notable increases in contaminants and nutrients within some
Florida ground-water sources. Eutrophication in spring habitats may result in greater algal growth,
increased turbidity, and physicochemical and biological changes that can be detrimental to native
species.”

Inadequacy of existing regulatory mechanisms:

There is only one population of this snail, and it is not appropriately protected and managed
(NatureServe 2008). The spring where this snail occurs is in a private recreational facility. This
snail is a Species of Greatest Conservation Need in Florida
(http://www.masgc.org/gmrp/plans/FL%20FWCII.pdf) but this designation does not confer any
regulatory protection.

Other factors:
This snail is threatened by water pollution.
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Scientific Name:

Arnoglossum diversifolium
Common Name:
Variable-leaved Indian-plantain

G Rank:
G2

Range:

This plant is found in the Florida panhandle and adjacent portions of Georgia and Alabama.
Records exist for Early, Baker, and Miller Counties, Georgia (Duncan et al. 1981, Jones and

Coile 1988), Walton, Washington, Holmes, Jackson, Calhoun, Leon, disjunctly in Levy and
Putnam Counties, Florida (Wunderlin and Hansen 2002), and Houston County, Alabama (ALNHP
1990).

Habitat:
The plantain inhabits floodplain forests over limestone formations, and is often found along the

banks of woodland streams or in seasonally wet places in woody hammocks or calcareous swamps
(Godfrey and Wooten 1981, Chafin 2007, Weakley 2008).

Ecology:

This plant is perennial.

Populations:

Roughly 30 occurrences of this species were reported as of 2007; locations and population sizes
are not reported (NatureServe 2008).

Population Trends:
This plant is currently considered to be stable, but its habitat is widely threatened (NatureServe
2008).

Status:
NatureServe (2008) ranks the variable leaf Indian plantain as critically imperiled in Alabama, and
imperiled in Florida and Georgia. It is state listed as threatened in both Florida and Georgia.

Habitat destruction:

Impoundments or other hydrological alterations destroy this plant's habitat, which is also degraded
by urbanization, agriculture, and other human activities (NatureServe 2008). Recreation also
threatens this species. Trampling destroys individuals, especially at popular fishing sites
(Wunderlin 1980).

Inadequacy of existing regulatory mechanisms:

This species occurs in Marianna Caverns State Park (Florida) but is not adequately protected; no
other populations are known to be appropriately protected or managed (Chagin 2007). Though it is
listed as threatened in Florida and Georgia, this designation offers the variable leaf Indian plantain
no substantive regulatory protections; no existing regulatory mechanisms adequately protect this
species.

Other factors:
Invasive exotics, particularly Chinese privet (Ligustrem sinense) may outcompete and destroy
colonies of A. diversifolium.
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Scientific Name:
Automeris louisiana
Common Name:
Louisiana Eyed Silkmoth

G Rank:
G2

Range:

Automeris louisiana is found on the coast of Louisiana and adjacent Mississippi (NatureServe
2008). It may occur in adjacent coastal Texas. Its coastal marsh habitat is continuous, and is
estimated at 5600 sq. km.

Habitat:
The Louisiana Eyed silkmoth is coastal and is found in "Southern cordgrass prairie" also known as
salt or brackish marsh.

Populations:
NatureServe (2008), crudely estimates that there are from 21-300 populations within the
continous coastal marsh habitat of this moth. It is fairly common where found.

Population Trends:

NatureServe (2008) reports that this species is declining, perhaps severely, due primarily to
recent hurricane activity (decline of 10 - greater than 70 percent). Data are needed after
Hurricane Katrina which completely washed away significant habitat and affected most or all of
the range severely. There can be no question the 2005 hurricanes killed huge numbers of all
stages, probably most individuals, and permanently eliminated some habitat. It is not known how
severe this damage was or how quickly the species might recover.

Status:

Automeris lousiana has a limited overall range, and coastal wetland loss in Louisiana is a constant
and continuing threat (NatureServe 2008). The limited range and specialized habitat are sufficient
to consider this moth globally uncommon, and in addition, virtually the entire known range was
devastated by hurricances in 2005. Probably all habitat rangewide was under water during at least
one of the major storms that year. On this basis even G1 cannot now be ruled out, assuming some
stages survived the hurricanes in some places. This species is currently ranked as G1G3 (critically
imperiled to vulnerable), and as SNR (under review) in all states of occurrence.

Habitat destruction:

Hurricanes are a primary threat to this species, and much of the habitat was lost to Hurricane
Katrina (NatureServe 2008). Coastal wetlands in Louisiana are also declining due to submergence
related to channelization of the Mississippi River and to fossil fuel extraction (Gosselink et al. in
Mac et al. 1998). It is also threatened by habitat fragmentation (NatureServe 2008).

Inadequacy of existing regulatory mechanisms:
There are no existing regulatory mechanisms which protect this species. NatureServe (2008)
reports that it is unknown if any occurrences are protected.

Other factors:

This moth is threatened by spraying for mosquito control (NatureServe 2008). It is also threatened
by global climate change, as climate change is expected to increase the frequency and intensity of
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hurricanes (globalchange.gov), a primary threat to this species habitat.
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Scientific Name:
Balduina atropurpurea
Common Name:
Purple Balduina

G Rank:
G2

Range:

Also known as the purpledisk honeycombhead, B. atropurpurea is endemic to the southeastern
Coastal Plain. Known occurrences are geographically scattered and the species is thought to be
extirpated from several historical locations, possibly from some entire states (Patrick et al.

1995). The range of this species is disjunct; populations are known in southern Georgia,
northeastern Florida, and adjacent parts of Alabama, and separately in North and South Carolina,
though these have not been recently confirmed (Weakley 2007). The species may now be found
only in Georgia and Florida, but more extensive surveys are needed.

Habitat:
The purple balduina is found in wet pine flatwoods (longleaf, Pinus palustris, or slash pine, P.
elliottii), wet savannahs, hilly seepage bogs, and pitcherplant bogs (Chafin 2000).

Ecology:
This perennial flower blooms in fall (Chafin 2000).

Populations:

Approximately 45 populations of this species are known in Georgia, seven in Florida, and reports
are not available for other states in which this species may or may not occur (Chafin 2007, 2000).
This plant might be extirpated in Alabama and the Carolinas. Total population size is unknown.
Population size at Fort Stewart, Georgia, which is thought to be the largest site for B.
atropurpurea, was estimated at between 10,000 and 44,000 in 1996 (Lincicome 1998).

Population Trends:
NatureServe (2008) determined that B. atropurpurea has experienced large declines in the long
term, and that the species continues to decline rapidly.

Status:

Occurrences of this flower are widely separated and declining in number; the species is now
known only from historical locations in the Carolinas and Alabama. Its habitat is naturally rare and
has been widely destroyed by conversion to timber plantations or agriculture. NatureServe

(2008) ranks B. atropurpurea as critically imperiled in Florida and South Carolina, imperiled in
Georgia, and reports that it is likely extirpated from Alabama and North Carolina. It is state-

listed as endangered in Florida and rare in Georgia.

Habitat destruction:

Habitat loss and degradation is the primary threat to this species. Wetland loss is widespread in
this species range. Wet savannahs are regularly drained and converted to timber plantations or
agricultural uses (NatureServe 2008). Fire suppression also threatens this species as it facilitates
the incursion of woody vegetation, excluding B. atropurpurea (Patrick et al. 1995). Vehicle traffic
related to military activities may also threaten some populations (Lincicome 1998).
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Inadequacy of existing regulatory mechanisms:

Several populations in Georgia reportedly occur on preserved lands but it is not known what degree
of protection this affords (Chafin 2007). Though it is listed as endangered in Florida, this
designation confers no substantial regulatory protection to B. atropurpurea; no existing regulatory
mechanisms adequately protect this species.
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Scientific Name:
Baptisia megacarpa
Common Name:
Apalachicola Wild Indigo

G Rank:
G2

Range:

This species is limited to a small range in Florida, Alabama, and Georgia; natural heritage records
indicate that it is present in Alabama’s Bibb, Bullock, Crenshaw, Henry, Lee, Macon,
Montgomery, Pike, and Talledega Counties, in Florida’s Gadsden, Holmes, and Liberty Counties,
and in Georgia’s Clay, Decatur, and Muscogee Counties (NatureServe 2008).

Habitat:

This plant is found in mixed hardwood and hardwood-pine forests, most often upslope from
floodplains or streams or in ravines. It is usually associated with a canopy gap or other opening
(NatureServe 2008).

Ecology:
The Apalachicola wild indigo is a perennial herb that may reach 4 ft. in height. It flowers in spring
and fruits in early summer (April — June) (NatureServe 2008).

Populations:
Since 1982, only 20 occurrences of this species have been verified, and few contain more than 50
individuals (NatureServe 2008).

Population Trends:
NatureServe (2008) reports that this species is declining in both numbers and range, largely
because habitat destruction has been accelerating in the past decade.

Status:
NatureServe (2008) ranks the Apalachicola wild indigo as critically imperiled in Georgia, and
imperiled in Alabama and Florida. The species is listed as endangered by the state of Florida.

Habitat destruction:

Several factors threaten known occurrences of the Apalachicola wild indigo: land-use change and
resultant habitat loss and fragmentation, unsustainable forest management practices, and
anthropogenic alterations to regional hydrology (inundation of potential habitat and destruction of
existing populations) are among the most widely cited causes of this species’ decline (Southern
Appalachian Species Viability Project 2002, NatureServe 2008).

Overutilization:
This plant may be threatened by collection in some locations (NatureServe 2008).

Inadequacy of existing regulatory mechanisms:

No existing regulatory mechanisms adequately protect the Apalachicola wild indigo — though it is
listed as endangered in Florida, this designation offers the species no substantial regulatory
protections.

Other factors:
Invasive species such as Japanese honeysuckle, Lonicera japonica, outcompete native species and
have a profound negative effect on the persistence of habitat specialists such as the Apalachicola

wild indigo (NatureServe 2008).
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Scientific Name:
Bartonia texana

Common Name:
Texas Screwstem

G Rank:
G2

Range:

This plant is known from a very small range in east Texas: natural heritage records exist for
Hardin, Jasper, Nacagdoches, Newton, Polk, San Augustine, San Jacinto, and Tyler Counties,
though not all occurrences have been recently confirmed (NatureServe 2008).

Habitat:

This plant occurs along the margins of woodland streams, bogs, and creek bottoms in swamp
tupelo (Nyssa aquatica) forest or baygall (Ilex coriacea) thickets, and often establishes on clumps
of sphagnum moss or other hospitable substrate (NatureServe 2008).

Ecology:

This annual plant flowers in September and October (NatureServe 2008).

Populations:

Approximately 15 occurrences of this species are known, all of which are small and widely

scattered. It is estimated that there are fewer than 1,000 individual plants growing annually
(NatureServe 2008).

Population Trends:

Trend information is not available for this rare species.

Status:

Texas screwstem is endemic to a small range within which few populations are known, all of
which are very small, and its habitat is threatened by several anthropogenic factors. NatureServe
(2008) ranks this species as imperiled.

Habitat destruction:
Habitat loss is the gravest threat to this species, and is primarily driven by timber harvesting,
urbanization and suburban sprawl, agricultural development, and grazing (NatureServe 2008).

Inadequacy of existing regulatory mechanisms:

Populations are found on Big Thicket National Preserve and Sandylands Preserve, but may not be
appropriately protected. No existing regulatory mechanisms adequately protect this species or its
habitat.
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Scientific Name:
Blarina carolinensis shermani
Common Name:
Sherman's Short-tailed Shrew

G Rank:
T1

Range:

Sherman's short-tailed shrew has a very limited range in southern Florida from just north of Ft.
Myers south to the vicinity of Royal Palm (Benedict et al. 2006). It has not been detected at the
Ft. Myers type locality since 1955. It could occur at undiscovered sites in southwestern Florida
or it could be extinct (NatureServe 2008).

Habitat:

The Florida Natural Areas Inventory (2001) provides the following description of this species'
habitat: "Generally found where there are abundant grasses at the edges of basin and depression
marshes and mesic flatwoods; may use other mesic communities or ruderal areas with at least a
moderate cover of grasses or forbs." Layne (1978) reports that this shrew occurs in drainage
ditches with dense grass cover and in mole runs.

Populations:
There are only one or two known occurrences of this subspecies (Benedict et al. 2006).

Population Trends:
No population information is available for this subspecies, which hasn't been detected since 1955.

Status:
Sherman's short-tailed shrew is critically imperiled (T1S1) (NatureServe 2008), and is a species
of greatest conservation need in Florida.

Habitat destruction:
Churchfield (1990) states that development threatens the existence of this shrew. Habitat
destruction may already have extirpated this subspecies (NatureServe 2008).

Disease or predation:
Layne (1992) states that predation by cats may have played a significant role in the reduction or
possible extinction of this shrew.

Inadequacy of existing regulatory mechanisms:
There are no existing regulatory mechanisms which protect this shrew.
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Scientific Name:
Boltonia montana
Common Name:
Doll's-daisy

G Rank:

Gl

Range:

The doll’s daisy is native to wetland habitat in New Jersey, Pennsylvania, and Virginia
(NatureServe 2008). It is known in Sussex and Warren Counties in New Jersey, Dauphin County
in Pennsylvania, and Augusta County in Virginia (Digital Atlas of the Virginia Flora 2009).
Because this species was recently determined (2008) to be distinct from Boltonia asteroides,
historical records and population data are scarce.

Habitat:
The doll's daisy is found in sinkhole pond (vernal pool) habitats and along stream- and riverbanks
(NatureServe 2009, Minutes of the Rare Plant Forum French Creek State Park 2007).

Populations:
There are 6 to 7 extant occurrences throughout this species' range, and total population size is
unknown (NatureServe 2008).

Population Trends:
Population trends are unknown, but NatureServe (2008) reports that this species' habitat is
constantly under threat.

Status:
NatureServe (2008) reports that the doll's daisy is possibly extirpated from Pennsylvania,
critically imperiled in Virginia, and under review in New Jersey.

Habitat destruction:
The sinkhole habitat that Boltonia montana prefers is threatened by several factors, most notably
habitat loss or degradation caused by agricultural and residential development (NatureServe 2008).

Inadequacy of existing regulatory mechanisms:
No existing regulatory mechanisms adequately protect the doll’s daisy.
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Scientific Name:
Bouchardina robisoni
Common Name:

Bayou Bodcau Crayfish

G Rank: AFS Status:

Gl Special Concern
Range:

This species is found in southwestern Arkansas, in Lafayette, Hempstead, Nevada and Columbia
counties, in Bodcau and Dorcheat Bayou basins (Robinson and Allen, 1995). The total range for
the Bayou Bodcau crayfish is less than 100-250 square km (less than about 40 to 100 square
miles)(NatureServe 2008).

Habitat:

According to NatureServe (2008), this species inhabits shallow, detritus-rich, sluggish, sandy-
bottomed backwaters and small intermittent streams, or overflow ditches with aquatic vegetation.
It is apparently associated with aquatic vegetation, including Ludwiga sp., Utricularia sp. and
grasses as the dominants plants. It has been collected from burrows that are over three meters

deep (Robison and Allen, 1995). Hobbs (1977) reports that the species was found in a borrow
ditch along roadside with sitting water no more than 0.5 m deep. The ditch bottom was made up of
sandy clay covered by decaying leaves, and dominant adjacent trees were pines, oaks, and
hawthorns.

Ecology:

Hobbs (1977) says that B. robisoni exhibits strong sexual dimorphism.

Populations:

This species has extremely limited numbers, with between 1 and 5 populatoins and less than 1000
individuals (NatureServe 2008). Four very experienced collectors secured only 40 individuals in
2.5 hours, indicating that this species is quite rare even in its prime habitat.

Population Trends:

The population trend for this species in unknown (NatureServe 2008).

Status:

This crayfish is listed as vulnerable by the American Fisheries Society (Taylor et al. 2007). It is
ranked as critically imperiled by NatureServe (2008).

Habitat destruction:

NatureServe (2008) states that this extremely rare species exists only in a tenuous habitat. The
Arkansas Wildlife Action Plan (2008) identifies habitat disturbance due to road construction,
hydrological alteration due to forestry activities, and toxins and contaminants due to road
construction as threats to this species' habitat.

Inadequacy of existing regulatory mechanisms:
No existing regulatory mechanisms protect this species.

Southeast Aquatic Species Petition 155



References:

Arkansas Wildlife Action Plan. 2008. Aquatic and Terrestrial Crayfish Report. Available online
at www.wildlifearkansas.com/materials/updates/O8crayfish.pdf, last accessed March 31, 2009.

Hobbs, H. H., Jr. 1977. The crayfish Bouchardina robisoni, a new genus and species (Decapoda,
Cambaridae) from southern Arkansas. Proceedings of the Biological Society of Washington
89(62): 733-742.

Hobbs, Horton. H. Jr. 1989. An Illustrated Checklist of the American crayfishes (Decapoda:
Astacidae, Cambaridae & Parastacidae). Smithsonian Contributions to Zoology 480.
Smithsonian Institute Press, Washington, D. C. 236 pp.

McLaughlin, P.A., D.K. Camp, M.V. Angel, E.L. Bousfield, P. Brunel, R.C. Brusca, D. Cadien,
A.C. Cohen, K. Conlan, L.G. Eldredge, D.L. Felder, J.W. Goy, T. Haney, B. Hann, R.W. Heard,
E.A. Hendrycks, H.H. Hobbs III, J.R. Holsinger, B. Kensley, D.R. Laubitz, S.E. LeCroy, R.
Lemaitre, R.F. Maddocks, J.W. Martin, P. Mikkelsen, E. Nelson, W.A. Newman, R.M.
Overstreet, W.J. Poly, W.W. Price, J.W. Reid, A. Robertson, D.C. Rogers, A. Ross, M. Schotte,
F. Schram, C. Shih, L. Watling, G.D.F. Wilson, and D.D. Turgeon. 2005. Common and scientific
names of aquatic invertebrates from the United States and Canada: Crustaceans. American
Fisheries Society Special Publication 31: 545 pp.

Robison, H.W. and R.T. Allen. 1995. Only in Arkansas: A Study of the Endemic Plants and
Animals of the State. University of Arkansas Press: Fayetteville, Arkansas.

Taylor, Christopher A., Schuster, Guenter A., Cooper, John E., DiStefano, Robert J., Eversole,

Arnold G., Hamr, Premek, Hobbs, Horton H., III., Robison, Henry W., Skelton, Christopher E.,
Thoma, Roger F.. 2007. A reassessment of the Conservation Status of Crayfishes of the United
States and Canada after 10+ Years of increased awareness. Fisheries 32(8):372-389

Southeast Aquatic Species Petition 156



Scientific Name:
Caecidotea cannula
Common Name:

A Cave Obligate Isopod

G Rank:
G2

Range:

NatureServe (2008) reports that C. cannula has a range less than about 40 square miles. It is
known only from Alpena Cave No. 1, Glady Cave and Bowden Cave in Randolph Co. and Cave
Hollow Cave, Mill Run Cave and Harper Cave in Tucker Co. in West Virginia. Additional caves
containing the species may be found as more are surveyed.

Habitat:
C. cannula inhabits subterranean streams and pools under flat rocks (NatureServe 2008).

Populations:

This cave obligate isopod is known from only 6 caves in 2 West Virginia Counties. The number
of individuals was estimated to be between 1,000 and 3,000 by the West Virginia Natural
Heritage Program in January 1991 (NatureServe 2008).

Population Trends:
Trend information is not available, but populations are assumed stable (Culver pers. comm. 1992
cited in NatureServe 2008).

Status:

According to NatureServe (2008), Caecidotea cannula is endemic to 6 caves in West Virginia and
is potentially vulnerable to changes in water flow and quality. Its status in West Virgnia is
critically imperiled. The State of West Virginia classifies it as a species of greatest conservation
need.

Habitat destruction:

The main threats to this species are any land use practices that negatively impact groundwater
quality and/or quantity. Alterations of water flow and both point and nonpoint-source pollution can
severely impact this community (Culver pers. comm. cited in NatureServe 2008). Caves also may
be threatened by increased recreational use. Alpena Cave No. 1 is near a proposed route for a
highway, which could increase pollution and threaten this species (NatureServe 2008). This
species occurs on National Forest land, making it vulnerable to pollution impacts from logging,

oil and gas drilling, and other approved projects on public lands.

Inadequacy of existing regulatory mechanisms:

There are no existing regulatory mechanisms which adequately protect this species. It is currently
receiving temporary protection from recreation because Cave Hollow Cave and other caves in the
Monongahela National Forest are subject to an emergency, one-year public closure to protect
populations of endangered bats (USFS 2009). Cave Hollow Cave is in Monongahela National
Forest and is protected by an eight-foot, chain-link fence at the entrance. C. cannula is a Regional
Forester Sensitive Species for Region 9 of the U.S. Forest Service. Pollution is the primary threat
to this species, and cave closure is not adequate to protect the water in the cave from impacts from
logging, development, etc.

Gating may be necessary if human visits are destructive. Both the surface and subsurface need to
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be protected. It is crucial to protect the watershed. Food enters the cave from surface streams and
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Scientific Name:
Calamovilfa arcuata
Common Name:
Rivergrass

G Rank:
G2

Range:

This plant is known from Arkansas, Alabama, Oklahoma, and Tennessee; natural heritage records
exist for Blount County, Alabama, Howard, Perry, and Scott Counties, Arkansas, Atoka,
McCurtain, and Pushmataha Counties, Oklahoma, and Cumberland, Morgan, and Scott Counties,
Tennessee, though it is now likely that the Alabama occurrence is extirpated (NatureServe 2008,
CPC 2009).

Habitat:

This plant grows in full sun along open gravel or cobble bars maintained by periodic flood
scouring where it roots in sandy substrate between rocks (Kral 1983, Keener 1999). Its habitat is
dominated by herbaceous perennials but if scouring is infrequent, it may be encroached upon by
woody shrubs such as hazel alder, Alnus serrulata, Henry's garnet, Itea virginica, and silky
dogwood, Cornus amomum (NatureServe 2008).

Ecology:
This species is a perennial grass.

Populations:
There are approximately 44 known occurrences of this plant. Its distribution among states is not
reported, nor is population size (NatureServe 2008).

Population Trends:

NatureServe (2008) reports that C. arcuata is experiencing moderate decline; some populations
appear to be stable, but others are threatened or have already been extirpated (Oklahoma
Biological Survey 1999).

Status:

This species may be extirpated iin Alabama, and though there are numerous remaining
occurrences, a majority are located along just a few river systems, and any major hydrological
changes would have an enormous impact on this species. NatureServe (2008) ranks C. arcuata as
critically imperiled in Arkansas, Alabama, Oklahoma, and Tennessee. It is state listed as
endangered in Tennessee, and was formerly a federal candidate species.

Habitat destruction:

Changes in water level, flow regime, or other factors what would interfere with the flood-scour
maintenance of C. arcuata's habitat are the greatest threats to this species' persistence. Sediment-
generating activities may also be problematic, but are secondary to the importance of maintaining
natural flood and flow regimes (NatureServe 2008)

Inadequacy of existing regulatory mechanisms:
No existing regulatory mechanisms adequately protect this species.
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Scientific Name:
Cambarellus blacki
Common Name:
Cypress Crayfish

G Rank: AFS Status: IUCN Status:
Gl Endangered EN - Endangered

Range:

Cambarellus blacki has a range of less than 100 square km (less than about 40 square miles). It is
probably restricted to the northern two thirds of Escambia County, Florida, with possible shallow
penetration into Alabama (NatureServe 2008).

Habitat:
This species is found in Cypress ponds among submergent and emergent vegetation (NatureServe
2008).

Populations:

This species is currently known from only one locality- a creek in Escambia Co. (Franz and Franz,
1990). The total count of this species is estimated at approximately 1000 - 2500 individuals.
Attempts at finding other populations have thus far been unsuccessful, but suitable habitat is still
relatively inaccessible.

Status:

The Cypress crayfish is known from only one locality and is ranked as critically imperiled by
NatureServe (2008). It is rated as Endangered by AFS and IUCN due to extremely few populations
and very limited range.

Habitat destruction:

According to NatureServe (2008) the Cypress crayfish is currently probably secure, but
expansion of nearby oil production activities could severely threaten the species, which is known
from a single location.

Inadequacy of existing regulatory mechanisms:
No existing regulatory mechanisms adequately protect this species.
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Scientific Name:
Cambarellus diminutus
Common Name:

Least Crayfish

G Rank: AFS Status: IUCN Status:
G3 Threatened VU - Vulnerable
Range:

Cambarellus diminutus is apparently confined to Mobile County, Alabama, and George and
Jackson counties, Mississippi (Hobbs 1989).

Habitat:

The Least crayfish is found among vegetation in small to moderate blackwater streams, usually in
pine woods (NatureServe 2008). This species also invades ditches near sluggish streams. It is
tolerant of warm water, but prefers shaded areas (Hobbs 1989). It seems to prefer very sluggish
flow with submerged, at least in part, vegetation, and it will burrow during dry conditions.

Populations:
There are 11 known sites for this species, eight in Alabama and three in Mississippi. Abundance is
high in appropriate habitat.

Population Trends:

NatureServe (2008) reports that this species has declined by up to 30 percent in the short-term,
stating: "It has a small extent of occurrence (<8000 sq. km) and has a continuing decline in habitat
extent and quality due to dockland usage, agricultural intensification and urbanization."

Status:

NatureServe (2008) ranks this species as vulnerable in Alabama and imperiled in Mississippi. The
State of Mississippi lists it as a Tier 2 Species of Greatest Conservation Need. In Alabama itis a
Priority 2/High Conservation Concern species. It is ranked as vulnerable by the [UCN and as
threatened by the American Fisheries Society.

Habitat destruction:

NatureServe (2008) reports that this species is threatened by a "continuing decline in habitat
extent and quality due to dockland usage, agricultural intensification and urbanization. Even though
this species can be considered a generalist, its preference for temporary habitats consisting of
thick vegetation, leaves it sensitive to any habitat alterations. Further, with the continued pollution
associated with docklands and agriculture, it is not known when this will start to severely impact
populations. Due to the intensification of agriculture, the likelihood of oxbow side ponds
remaining long enough to be utilized by this species is uncertain. . . Mobile county is the third
most populated city in the southern USA, consisting of a large dockland areas which is intensively
used. This will be creating a substantial water pollution in this area of Mobile county, whilst also
polluting surrounding streams and ponds. Further, C. diminutus' use of oxbow side ponds is useful
for protection against predation, but these are only temporary habitats and therefore there must be
other similar habitats avaliable for this species to utilize once the oxbow side ponds have silted

up (Peterson et al., 1996). However, this species is somewhat tolerant of differing water and
habitat qualities to exist in these habitats (Hobbs, 1945). But, with the continued expansion of the
Mobile docklands usage and intensive agriculture, it is unknown how long it will be able to use
these habitats."

This species is also threatened by channelization. NatureServe (2008) reports that the Corps of
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Engineers is trying to iniate a project to channelize the lower Escatawpa River.

Other factors:
This species is threatened by water pollution (NatureServe 2008). There is also evidence that

another Cambarellus species may be expanding its range at the expense of this species
(NatureServe 2008).
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Scientific Name:
Cambarellus lesliel
Common Name:

Angular Dwarf Crayfish

G Rank: AFS Status: IUCN Status:
G3 Threatened VU - Vulnerable
Range:

NatureServe (2008) states that this species is found in southwest Alabama (Baldwin, Mobile, and
Washington Cos.) and southeast Mississippi (George Co.) (Hobbs, 1989).

Habitat:
Cambarellus lesliei prefers slow to moderate current, as well as shady still water (NatureServe
2008). It will hide among submergent vegetation in streams and pools (Hobbs, 1989).

Populations:

Seventeen records of this species are known from Alabama near Mobile Bay (Alabama, Mobile,
Tombigbee drainages) (Mirarchi et al., 2004; appendix 1-2 pub. separately; Schuster and Taylor,
2004; Schuster et al., 2008). It is also known from George Co., Mississippi (NatureServe 2008).
It is believed that about two dozen total populations are extant.

Population Trends:
Trend is unknown.

Status:

This species us only known from four counties near Mobile Bay, AL, with about two dozen
records. IUCN lists this species as Vulnerable. The American Fisheries Society considers this
species to be Threatened. It is ranked as imperiled in Alabama and vulnerable in Mississippi by
NatureServe (2008). In Alabama it is considered to be a species of high conservation concern.

Habitat destruction:

According to the World Wildlife Federation (2009), this species may be threatened by
hydropower operations. The Mississippi Dept. of Wildlife, Fisheries, and Parks (2010a) reports
that the ephemeral ponds which support this species are highly threatened by agricultural
conversion, channel modification, impoundments, forestry, and invasive species. In the
Pascagoula drainage, aquatic species are highly threatened by forestry and invasive species, and
are moderately threatened by development, recreation, and feedlots (MDWEFP 2010b).

Inadequacy of existing regulatory mechanisms:
No regulatory mechanisms protect this species, and no occurrences are protected.
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Scientific Name:
Cambarus bouchardi
Common Name:

Big South Fork Crayfish

G Rank: AFS Status: IUCN Status:
G2 Endangered VU - Vulnerable
Range:

The Big South Fork crayfish is endemic and restricted to the Roaring Paunch Creek drainage
within the Big South Fork of the Cumberland drainage in Tennessee and Kentucky (Taylor and
Schuster, 2004). O'Bara (1988) reported it in Roaring Paunch Creek, Scotty County, TN. The total
range is less than 100-250 square km (less than about 40 to 100 square miles). The species' range
in Tennesee is restricted to two streams (Knoxville News-Sentinel, April 14, 2002).

Habitat:
Cambarus bouchardi is found in streams with rubble and moderate current (NatureServe 2008).

Populations:

NatureServe (2008) reports between 6 and 20 total occurrences of this species. There are

probably several populations, with around 22 localities recorded. A few occurrences could
possibly be lumped into populations (O'Bara, 1988). In Kentucky, Cambarus bouchardi is
restricted to Roaring Paunch Creek proper in McCreary Co. (Taylor and Schuster, 2004). A
recent Tennessee suvery by Williams et al. (2002), found the species in Perkins Creek proper
(type locality), a headwater tributary to Perkins Creek, and Roaring Paunch Creek, as well as from
3 new stream localities-Isham Creek, Jones Branch, and Otter Creek.

Status:

The Big South Fork crayfish is critically imperiled in Kentucky and Tennessee (NatureServe
2008). The State of Tennessee lists this species as Endangered and a Species of Greatest
Conservation Need. It was formerly listed as a Candidate 2 species by U.S. Fish and Wildlife
Service. The American Fisheries Society lists this species as Endangered due to its restricted
range. The U.S. Forest Service (2002) has designated Cambarus bouchardi as a Sensitive Species.
It is ranked as vulnerable by the TUCN.

Habitat destruction:

Williams et. al (2002) report that habitat loss is a major concern. Siltation and polluted runoff
from logging and mining and habitat destruction from residential development are all indicated as
threats to this species.

Inadequacy of existing regulatory mechanisms:

No existing regulatory mechanisms adequately protect this species. It is state-listed in Tennessee,
but this confers no habitat protection. It is being considered for inclusion in a proposed
Cumberland Habitat Conservation Plan (Cumberland HCP 2006). This species is found on the
Daniel Boone National Forest, where it is a Forest Service Sensitive Species (USFS 2005).

Other factors:
Williams et al (2002) report that competition from nonnative crayfish is a potential problem.
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Scientific Name:

Cambarus catagius

Common Name:

Greensboro Burrowing Crayfish

G Rank: AFS Status: IUCN Status:
G3 Threatened VU - Vulnerable
Range:

Cambarus catagius is known from the PeeDee and Cape Fear river drainages in Guilford,
Randolph, Montgomery, and Davidson counties, North Carolina (NatureServe 2008).

Habitat:

Cambarus catagius is a primary burrower which spends most it its life cycle in gallery systems in
the subsurface water table (NatureServe 2008). McGrath (1994) indicates that this species was
discovered on East Whittington Street in Greensboro, NC in people’s yards. It was first collected
from sandy clay soils with water table 5-60 cm deep.

Populations:

The Greensboro burrowing crayfish is known from 16 localities (McGrath 1994). More localities
are likely to be found. LeGrand et al. (2006) cite this species as occurring in the Greensboro
area to Uwharries in Davidson, Guilford, Montgomery, and Randolph Cos., North Carolina.
NatureServe (2008) estimates 6-20 populations with a total of 1000 - 2500 individuals.

Population Trends:
In the short term, NatureServe (2008) believes this species has a stable population.

Status:

NatureServe (2008) ranks this species as imperiled. The State of North Carolina considers C.
catagius to be a Species of Special Concern. It was a Federal C-2 Candidtate Species until that list
was abolished. It is ranked as vulnerable by the [IUCN and as threatened by the American Fisheries
Society.

Habitat destruction:

Cambarus catagius occurs in in Abbotts Creek and Pounders Fork which flow into High Rock
Reservoir. Both streams are part of the Yadkin-Pee Dee River Drainage that is impounded by
dams of Alcoa Power Generating Inc. The on-going effects of these impoundments is unknown.

McGrath (1994) reports that this species' known range is restricted and impacted by urban
development.

Inadequacy of existing regulatory mechanisms:

C. catagius occurs in the Uwharrie National Forest in North Carolina, but this does not confer
regulatory protection to the species or its habitat. No existing mechanisms adequately protect this
species.

Other factors:
The Greensboro burrowing crayfish is potentially threatened by an invasive species, Procambarus

clarkii, which was observed in upper High Rock Reservoir near the mouth of South Potts Creek and
north in the Yadkin River (Alcoa 2006).

According to the North Carolina Wildlife Resources Commission (2000): “Nonindigenous crayfishes
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can affect natives via competition, predation, genetic dilution, and by serving as disease vectors.
Further, introductions of nonindigenous crayfishes can enhance the negative effects of environmental
change on native species because non-natives are often more tolerant to environmental degradation.
Lodge et al. (2000a) consider nonindigenous crayfish introductions to be the single greatest threat to
native crayfish biodiversity worldwide. In Europe, nonindigenous crayfishes have contributed to serious
declines and even local extinctions of its 5 native species. In several areas of North America,
combinations of environmental degradation and introductions of non-native crayfishes have led to
declines in native species, and to the extinction of at least one native crayfish in northern California
(Lodge et al. 2000a). During recent decades, at least 3 exotic crayfish species have been introduced into
North Carolina; therefore, we are concerned about potential impacts to our ecosystems and native
crayfish species.”

According to the South Carolina Department of Natural Resources (2006): “The red swamp crayfish has
been introduced to South Carolina and has been observed at several locations in the southeastern plains
and coastal plain, but it is unclear how widespread it is in the state. The lack of survey work since its
introduction and the difficulty distinguishing the red swamp crayfish from a native catfish have made it
particularly difficult to determine the extent of its introduced range. In North Carolina, it has become
established in all drainages in the coastal plain and eastern piedmont plateau and appears to have
extirpated all the native crayfish at one location (Cooper 2003). Introduced crayfish are thought to be the
biggest threat to native crayfish species (Lodge et al. 2000 a,b) and the risk to our native species is great
if further introductions or extensive spread on non-indigenous crayfish occurs.”
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Scientific Name:
Cambarus chasmodactylus
Common Name:

New River Crayfish

G Rank: AFS Status:
G4 Currently Stable
Range:

The New River crayfish is endemic to the New River drainage system, from the upper reaches of
the Greenbrier River in Pocahontas and Monroe counties, West Virginia, south through Virginia
to Alleghany, Ashe and Watauga counties, North Carolina.

Habitat:
Preferred habitat for C. chasmodaytylus is under and between rocks in unsilted, cool, swiftly
moving streams with rocky riffle areas away from the shore, often in larger, turbulent streams.

Ecology:

In general crayfish occupy a small home range, as reported by NatureServe (2008). They are
subject to predation by mammals, birds and herptiles. Helms and Creed (2005) found no
influence of Cambarus chasmodactylus and coexisting Orconectes cristavarius (and associated
differences in diet) on sediment accumulation and benthic invertebrate populations in a large river
in North Carolina. Fortino and Creed (2006) found that in the headwaters of the South Fork of the
New River (Watauga Co., North Carolina), “C. chasmodactylus, is the dominant crayfish species
in third-order streams although C. bartonii is still present and occasionally co-dominant.”

Populations:
Jezerinac et al. (1995) recorded this species from 33 localities. Total population is thought to
number at least 2500 individuals.

Population Trends:

NatureServe (2008) states that this species is declining in the short term (decline of 10-30
percent). Prior to the 1930's the species was apparently common in the New River, but now
specimens can only be found in the Greenbriar River and other tributaries. There is developmental
pressure on these tributaries and with increasing levels of siltation appear to be adding to the
species decline.

Status:

Cambarus chasmodactylus is apparently vulnerable to degradation of habitat, and appears to be
declining as watersheds are developed. The status of C. chasmodactylus in WV, VA, and NC is
vulnerable (NatureServe 2010). It was also a Class 2 Federal Candidate species until that list was
abolished.

Habitat destruction:

The New River crayfish is threatened by habitat loss and degradation from several sources. Because it
requires lotic waters of considerable size, impoundments eliminate its required riffle habitat (Cooper and
Cooper 1977). Its apparent preference for large streams could prevent its establishment in smaller
headwaters if displaced from larger waters by impoundment. Appropriate habitat for this species is
already limited in the Virginia and West Virginia portions of its range, and there are "other apparent
encroachments on the few known populations in those states" (Cooper and Cooper 1977).

NatureServe (2010) states that the species is no longer common in the Green River, and concerning the
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tributaries where it still occurs, states: "there is developmental pressure on these tributaries and with
increasing levels of siltation appear to be adding to the species decline."

Concerning the fragility of this species, NatureServe (2010) states: "New River riffle crayfish
populations appear to be seriously impacted by siltation and structures that disrupt water flow. The
populations are geographically isolated and vulnerable to localized destructive events which may cause
local extinction with little chance of later natural recolonization."

Inadequacy of existing regulatory mechanisms:
NatureServe (2010) reports that no occurrences of this declining species are appropriately protected.
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Scientific Name:
Cambarus chaugaensis
Common Name:

Chauga Crayfish

G Rank: AFS Status: IUCN Status:
G2 Endangered VU - Vulnerable
Range:

The Chauga crayfish is Endemic to tributaries of the Savannah River in a two county area: Oconee
Co., South Carolina, and Rabun County, Georgia (Eversole and Foltz, 1993). LeGrand et al.
(2006) also cite streams within the Savannah drainage in Jackson, Macon, and Transylvania Co.,
North Carolina.

Habitat:
The Georgia Museum of Natural History (2008) states that this species lives within fast-moving
streams with rocky substrates.

Populations:

According to NatureServe, there are between 6 and 20 total populations of Cambarus chaugensis.
It was recorded from one location in Rabun County, Georgia, and 18 localities in Oconee County,
South Carolina. LeGrand et al. (2006) also cite streams in Savannah drainage in Jackson, Macon,
and Transylvania Co., North Carolina. Eversole and Jones (2004) include tributaries of the
Savannah River in Oconee Co., South Carolina, and Rabun Co., Georgia; but most abundant in
South Carolina in the Chauga River drainage. The total population is between 1000 and 2500
individuals.

Status:

NatureServe (2008) ranks this species as critically imperiled in Georgia, and imperiled in North
and South Carolina. North Carolina has classified this species as Special Concern.

The State of South Carolina list it as a Highest Conservation Priority species (SCDNR 2005).
AFS now considers this species as threatened (Taylor et al 2007). The U.S. Forest Service (2002)
has designated Cambarus chaugensis as a Sensitive Species.

Habitat destruction:

This species is threatened by habitat degradation primarily from development. According to the
North Carolina Wildlife Resources Commission (2001), concerning Cambarus chaugensis: "Until
recently, the North Carolina portion of the Savannah River Basin has remained relatively
undeveloped and pristine. Currently, the area seems to be developing at a higher rate than in the
past, with tourist attractions such as the towns of Highlands, Cashiers, and Sapphire, the newly
established Gorges State Park, and Lake Toxaway. Some timber cutting in the region may also
affect habitat and stream quality."

The Georgia Museum of Natural History (2008) states that "Water quality degradation, pollution
and habitat destruction pose serious threats to this and all species of crayfish in the Southeast."

According to SCDNR (2005): "Physical alteration of habitat also represents a challenge to the
survival of crayfish. Some aquatic crayfishes are quite adaptable and can live in ponds, impoundments
and roadside ditches, while others are more sensitive to habitat alteration. Some crayfishes are oxygen
regulators and are able to increase ventilation rates in response to reduced oxygen conditions, while
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others, the oxygen conformers, are unable to do this (Hobbs 1991). Therefore, some species are better
equipped to survive when the flow of water slows and oxygen levels decline. Some species... have been
eliminated from parts of their range as a result of damming activities associated with reservoir
construction. Channelization and dredging can also be very detrimental to aquatic crayfish that require
rocks, crevices or tree roots along undercut banks as hiding places (Hobbs and Hall 1974). In general,
crayfish are not as sensitive to siltation as some aquatic invertebrates such as mussels, but severe
siltation has caused declines in or the extirpation of many populations of crayfish (Hobbs and Hall
1974).

Pollution has been known to eliminate crayfish from streams. Ortmann (1909) noted the
extirpation of crayfish from some sections of streams and rivers due to mining and oil refineries.

Inadequacy of existing regulatory mechanisms:

According to USFS (2005) and NatureServe (2008), most of range of this species falls within the
Chattahoochee National Forest in Georgia, the Sumter National Forest in South Carolina, and the
Nantahala National Forest in North Carolina. It is a Forest Service Sensitive Species (USFS 2005),
but this designation confers only discretionary protection and does not ensure habitat protection
for this species. For example, the U.S. Forest Service is conducting herbicide-based vegetation
management in the range of this species without surveys or species-level analysis (U.S. Forest
Service 2008).

Other factors:

This species may be threatened by invasive crayfish species. According to the North Carolina
Wildlife Resources Commission (2009): “Nonindigenous crayfishes can affect natives via
competition, predation, genetic dilution, and by serving as disease vectors. Further, introductions
of nonindigenous crayfishes can enhance the negative effects of environmental change on native
species because non-natives are often more tolerant to environmental degradation. Lodge et al.
(2000a) consider nonindigenous crayfish introductions to be the single greatest threat to native
crayfish biodiversity worldwide. In Europe, nonindigenous crayfishes have contributed to serious
declines and even local extinctions of its 5 native species. In several areas of North America,
combinations of environmental degradation and introductions of non-native crayfishes have led to
declines in native species, and to the extinction of at least one native crayfish in northern
California (Lodge et al. 2000a). During recent decades, at least 3 exotic crayfish species have
been introduced into North Carolina; therefore, we are concerned about potential impacts to our
ecosystems and native crayfish species.”

Similarly, SCDNR (2005) reports that: "The arrival of introduced species is probably the greatest

challenge to crayfish (Lodge et al. 2000 a,b). The ranges and abundances of many native crayfish

may have been reduced by invasive crayfish, both in the United States and in Europe (Lodge et al.
2000a; Hobbs et al. 1989).

Prevention of future introductions is most likely the only effective way to deal with the challenges
caused by nonnative crayfish. No methods for eliminating invasive species without also harming
native species are currently available. Even if effective biological control methods are developed,
preventing introductions will still be much easier than eradicating an established species. Lodge et
al. (2000b) proposed federal legislation that, if enacted and enforced, would drastically reduce the
risk of future introductions. They include banning the use of live crayfishes as bait, and adopting a
'white list' approach for the sale of all crayfish in the aquarium, garden pond and educational trade."
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Crayfish are harmed by a variety of insecticides, herbicides and industrial chemicals (Eversole et
al. 1996). Juvenile crayfish are generally about four times as sensitive to water borne pollution
than adults; early instars are about three times as sensitive as juveniles (Eversole and Sellers
1996). There is little knowledge of the differences in sensitivity to toxins among species.
Nutrient enrichment is less likely to harm crayfish than other aquatic life because they are
omnivorous and can act as scavengers as well as primary and secondary consumers. Hobbs and
Hall (1974) noted several casual observations in which crayfish were actually more abundant
downstream of areas with large amounts of garbage or animal remains. Enrichment may be
harmful to crayfish, however, when it results in oxygen depletion (Hobbs and Hall 1974).
Pollution of groundwater may impact terrestrial burrowers, because they inhabit water trapped in
their burrows."
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Scientific Name:
Cambarus coosawattae
Common Name:
Coosawattae Crayfish

G Rank: AFS Status: IUCN Status:
Gl Endangered VU - Vulnerable
Range:

Skelton (2008) states that the species "is known only from the Coosawattee River system in
Gilmer County, Georgia. Records are from streams and rivers upstream of Carter’s Lake and are
within the Blue Ridge physiographic province."

Habitat:

Cambarus coosawattae is found in moderately flowing streams with rubble bottoms; it appears
mostly in riffle areas, as described by NatureServe (2008). Skelton (2008) states that "[a]dults are
typically found under rocks in relatively fast currents within streams. Juveniles may be found in
leaves or woody debris in slower moving water."

Populations:

NatureServe (2008) estimates fewer than 5 occurrences of this species, stating: "Hobbs (1981)
listed 11 localities and Schuster (2001) found it at the 18 sites (6 of them Hobbs' original sites)
in Gilmer and Pickens Cos. all within a limited range and restricted to the Elljay and Cartecay
Rivers and their tributaries although Hobbs (1981) also reported from the Coosawattee River
proper but this site has not been resurveyed."

Population Trends:
Skelton (2008) reports that "populations at collection locations were apparently secure during a
survey conducted in 2001."

Status:
NatureServe (2008) ranks this species as critically imperiled. It is listed as Endangered by the
state of Georgia and by the American Fisheries Society. Its habitat is being rapidly developed.

Habitat destruction:

NatureServe (2008) reports that this species' range has been severely fragmented by reservoir
construction (Carters Lake). The Coosawattee watershed has also experienced a large increase in
residential development in recent years, and over 100,000 acres of forest have been allocated for
residential building to be completed by 2030 (White 2009). The watershed also contains many
confined animal feed operations scattered in the headwaters above Carter's Lake that can
potentially impact habitat.

According to Skelton (2008) "[t]he small range of this species and the high development rates
within that range are significant threats to the Coosawattee crayfish. Heavy sedimentation
resulting from poor development and land management practices may cover substrates and other
daytime hiding places on which crayfishes rely to avoid predation. . . [c]onserving populations of
the Coosawattee crayfish will require general watershed level protection measures, including the
protection of riparian zones, control of sediment and nutrient runoff from farms and construction
sites, and limiting the amount of impervious cover (e.g., pavement) within occupied watersheds."
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Inadequacy of existing regulatory mechanisms:

NatureServe (2008) states that several populations of Cambarus coosawattae occur in the
Chattahoochee National Forest, but this does not protect the species from habitat degradation. It is
listed as endangered in Georgia, but this designation provides no protection for the species'
habitat which is being rapidly developed.

Other factors:
Skelton (2008) states that the introduction of non-native crayfishes is a threat to all native
crayfishes.

References:

Hobbs, Horton H., Jr. 1981. The crayfishes of Georgia. Smithsonian Contrib. to Zool. 318:1-
549.

Hobbs, Horton. H. Jr. 1989. An Illustrated Checklist of the American crayfishes (Decapoda:
Astacidae, Cambaridae & Parastacidae). Smithsonian Contributions to Zoology 480.
Smithsonian Institute Press, Washington, D. C. 236 pp.

McLaughlin, P.A., D.K. Camp, M.V. Angel, E.L. Bousfield, P. Brunel, R.C. Brusca, D. Cadien,
A.C. Cohen, K. Conlan, L.G. Eldredge, D.L. Felder, J.W. Goy, T. Haney, B. Hann, R.W. Heard,
E.A. Hendrycks, H.H. Hobbs III, J.R. Holsinger, B. Kensley, D.R. Laubitz, S.E. LeCroy, R.
Lemaitre, R.F. Maddocks, J.W. Martin, P. Mikkelsen, E. Nelson, W.A. Newman, R.M.
Overstreet, W.J. Poly, W.W. Price, J.W. Reid, A. Robertson, D.C. Rogers, A. Ross, M. Schotte,
F. Schram, C. Shih, L. Watling, G.D.F. Wilson, and D.D. Turgeon. 2005. Common and scientific
names of aquatic invertebrates from the United States and Canada: Crustaceans. American
Fisheries Society Special Publication 31: 545 pp.

Schuster, G.A. 2001. A study of the current status of two species of crayfishes, Cambarus
coosawattae, and Cambarus speciosus, both endemic to the Coosawattee River system, in
northern Georgia. Final Report, Georgia Forest Watch, Ellijay, Georgia. 9 pp.

Skelton, C.E. 2008. Georgia Department of Natural Resources. Species account for Cambarus
coosawattae. Available online at
www.georgiawildlife.dnr.state.ga.us/assets/documents/gnhp/cambarus_coosawattae.pdf. Last
accessed April 26, 2009.

Taylor, Christopher A., Schuster, Guenter A., Cooper, John E., DiStefano, Robert J., Eversole,

Arnold G., Hamr, Premek, Hobbs, Horton H., III., Robison, Henry W., Skelton, Christopher E.,
Thoma, Roger F.. 2007. A reassessment of the Conservation Status of Crayfishes of the United
States and Canada after 10+ Years of increased awareness. Fisheries 32(8):372-389

Southeast Aquatic Species Petition 182



Scientific Name:
Cambarus cracens
Common Name:

Slenderclaw Crayfish

G Rank: AFS Status:
Gl Endangered
Range:

NatureServe (2008) reports that the range of the Slenderclaw crayfish is 250-1000 square km
(about 100-400 square miles). In Alabama, it is known questionably from the Black Warrior,
Coosa and Tallapoosa River systems and described from the Tennessee River system (Hobbs,
1989; Mirarchi et al., 2004; in appendix 1-2 published separately). Schuster et al. (2008) cite only
the Tennessee River system for Alabama.

Habitat:

C. cracens is found in clear, sluggish streams flowing over bedrock and sand (NatureServe 2008).
The water is generally shallow (less than two feet). According to NatureServe (2008), this species
was not collected outside rock-littered areas of streams. According to Bouchard and Hobbs
(1976), C. cracens was first found in a "clear stream, some 35 to 40 feet wide and mostly less
than one foot deep, flows rather sluggishly over a bed-rock and sandy bottom littered with large
rocks. Shading the shore line are Platanus occidentalis, Liriodendron tulipifera, Quercus sp., and
Pinus sp."

Populations:
This species was known from seven historical sites, but has been recently detected at only one of
them (NatureServe 2010).

Population Trends:

NatureServe (2010) reports a very rapid short term decline of 50-70 percent for this species. It
was only found recently at one historical sites of all historical known sites (7 total) (G. Schuster,
C. Taylor, pers. comm., 2009 cited in NatureServe 2010). NatureServe (2010) states: "repeated
survey efforts have only uncovered extant populations in one or two sites (decline greater than 80
percent and ongoing)."

Status:

The State of Alabama lists this species as a Priority 2 Species of Greatest Conservation Need. It
is ranked by NatureServe (2008) as critically imperiled and by the American Fisheries Society as
endangered.

Habitat destruction:

NatureServe (2010) reports that this species is highly, substantially, and imminently threatened,
stating: "Historical and current stresses are the same: impoundment of the Tennessee River.
Reasons for decline (based on current versus historic records) are not known but the species is
absent from nearly all historical sites where it was formerly known (G. Schuster, C. Taylor,
2009)."

According to the World Wildlife Federation (2009), C. cracens is an Alabama Species of
Greatest Conservation Need in the Tallapoosa drainage, and the species or its habitat may be
impacted by hydropower operations.
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Inadequacy of existing regulatory mechanisms:
No existing regulatory mechanisms protect this declining and highly threatened species.
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Scientific Name:

Cambarus cryptodytes
Common Name:

Dougherty Plain Cave Crayfish

G Rank: AFS Status: IUCN Status:
G2 Threatened VU - Vulnerable
Range:

NatureServe (2008) reports that the Dougherty Plain cave crayfish occurs in the aquifer of the
Dougherty Plain (Marianna Lowlands), from Decatur County, Georgia, to Jackson County,
Florida, USA. All known sites can be enclosed by 50 km circle, and all lie within the Apalachicola
River basin. Skelton (2008) states that "The species is currently known from Dougherty and
Decatur counties in southwestern Georgia and Jackson and Washington counties, in the Panhandle
of Florida. It almost certainly occurs in Mitchell and Baker counties, Georgia, as these counties

lie between Dougherty and Decatur Counties, in southwest Georgia."

Habitat:
Cambarus cryptodytes lives in subterranean fresh waters, specifically low energy caves in

carbonate rocks. It has been taken from wells, sinks, shallow caves, and spring caves (NatureServe
2008).

Ecology:

According to Purvis and Opsahl (2005), C. cryptodytes has a lower metabolic rate than surface
crayfish, so is more able to survive in low oxygen habitats. They found that troglobytic crayfish
can live as long as 16 years, much longer than surface crayfish. However, they reproduce
infrequently and so the population of this species is not resilient.

Populations:

NatureServe (2008) states that there are between 6 and 20 populations with less than 1000
individuals in total. There are approximately 15-20 EOs, but these all are relatively close and may
even be interconnected.

Status:

According to NatureServe (2008), Cambarus cryptodytes is narrowly endemic. While there are a
moderate number of occurences, they all lie within a small, county-sized area. In Florida this
species has a status of imperiled, and in Georgia it is critically imperiled (NatureServe 2008). The
State of Georgia lists the Dougherty Plains cave crayfish as Threatened (Skelton 2008). Florida
lists it as a Species of Greatest Conservation Need. It is ranked as vulnerable by the IUCN and as
threatened by the American Fisheries Society.

Habitat destruction:

NatureServe (2008) reports that there are multiple threats to water quality throughout this species' range,
which is largely an agricultural region. The aquifer may be contaminated with EDB and other chemicals.
Unregulated spelunking and sewage leaks pose additional potential threats. The habitat of Cambarus
cryptodytes is unable to support large numbers of macrocrustacea.

According to Dickson and Franz (1980) “[b]ecause troglobitic organisms have evolved in relatively
constant environments, many of their adaptations may be highly specialized allowing existence only
under prevailing ambient conditions. The reduction of O2 consumption and energy turnover of gill
tissues reported in this study gives evidence of the highly specialized nature of physiological and
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biochemical adaptations in troglobitic organisms. Because of these adaptations troglobitic species may
be susceptible to subtle changes in water quality.”

Skelton (2008) states that "Small range size makes this species vulnerable to extirpation. Excessive
water withdrawals from the Floridian Aquifer reduce the amount of habitat for the Dougherty Plain cave
crayfish. Runoff of pesticides and nutrients from agricultural areas is also a threat."

According to Walsh (2001):

“Perhaps the most serious potential threat to Florida’s hypogean and spring faunas is ground-water
pollution and/or saltwater intrusion as land surface is developed and aquifer resources are increasingly
tapped. Streever (1992, 1995) reported on a kill and post-kill recovery of the troglobitic Santa Fe Cave
Crayfish (Procambarus erythrops) and three troglophiles that may have been due to physicochemical
changes associated with flushing of contaminants and/or Suwannee River water during a flood event. In
recent years, there have been notable increases in contaminants and nutrients within some Florida
ground-water sources (e.g., Katz and others, 1999). Eutrophication in spring habitats may result in
greater algal growth, increased turbidity, and physicochemical and biological changes that can be
detrimental to native species.”

The Florida Department of Community Affairs (2008) states that Florida’s freshwater springs system is
threatened. Major causes of problems in springs include landscaping, development and urban sprawl,
water consumption, dumping in sinkholes, agriculture and livestock, golf courses and other recreation.
These threats could be avoided by state acquisition of the springs, or through comprehensive land use
planning.

Inadequacy of existing regulatory mechanisms:

According to NatureServe (2008) one site containing the Dougherty Plain cave crayfish is gated, at
Florida Caverns State Park. Also,the Marianna Bat Cave (also known as Judges Cave) was
purchased by state of Florida and The Nature Conservancy. This cave is now fenced.This crayfish is
listed as threatened by the state of Georgia, but this designation does not provide habitat

protection.
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Scientific Name:
Cambarus cymatilis
Common Name:
Conasauga Blue Burrower

G Rank: AFS Status: IUCN Status:
Gl Endangered VU - Vulnerable
Range:

According to NatureServe (2008) the range of Cambarus cymatilis is less than 100 square km
(less than about 40 square miles). It is known only from Murray County, Georgia, and a seepage
area along Mill Creek in Bradley County, Tennessee (Hobbs, 1981). These locations are within 15
miles of each other. Skelton (2008) reports that this species is found in "the Conasauga and
Hiwassee river systems in the Ridge and Valley physiographic province in northwestern Georgia
and southeastern Tennessee. In Georgia, it is has been collected from only about 5 locations,

most around Chatsworth in Murray County."

Habitat:
The Conasauga Blue burrower is found in elaborate burrows in open grassy areas with a high water
table, commonly burrowing around houses and flower gardens (NatureServe 2008).

Populations:

NatureServe (2008) reports that there are 1-5 populations with between 1000 - 2000 total
individuals. The first collection of this species produced 6 specimens in 1 hour; apparently it is
not rare where it occurs.

Status:

The Conasauga Blue burrower has a status of critically imperiled in both Georgia and Tennessee
(NatureServe 2008). Small populations are known from only two nearby places (NatureServe
2008). Tennessee and Georgia both classify this species as Endangered. The AFS status of
Endangered is based on the species' extremely limited range. The U.S. Forest Service (2002) has
designated Cambarus cymatilis as a Sensitive Species. It is

ranked as vulnerable by the [UCN.

Habitat destruction:

Current threats to Cambarus cymatilis include loss of habitat due to development for home sites,
according to NatureServe (2008). Skelton (2008) reports that for this species, the "small range
size makes this species vulnerable to extirpation. About one-half of the known populations of this
species occur within the Chatsworth city limits. One location is in a neighborhood, and the other
was along a street that has now been paved over." Cambarus cymatilis occurs in the project area
for a new powerline in Gordon and Whitfield Counties, Georgia, proposed by the Tennessee
Valley Authority. Construction and maintenance of this powerline has the potential to disrupt
aquatic ecosystems occupied by C. cymatilis (TVA 2007). The U.S. Forest Service is conducting
herbicide-based vegetation management in the range of this species without surveys or species-
level analysis (U.S. Forest Service 2008).

Inadequacy of existing regulatory mechanisms:
Skelton (2008) states that there is a single population of Cambarys cymatilis on state-owned
property, the Conasauga River Natural Area. C. cymatilis is found on the Chattahoochee National
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Forest, where it is a USFS Sensitive Species (USFS 2005). This species is listed as endangered in
both Tennessee and Georgia. None of these designations provide significant regulatory protection for the
species or its habitat.
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Scientific Name:

Cambarus eeseeohensis
Common Name:

Grandfather Mountain Crayfish

G Rank:
Gl

Range:

The Grandfather Mountain crayfish is found only in the Linville River of North Carolina and
presently known to exist only above the falls of the Linville River; a distance of about 5-10 miles
(Thoma 2005).

Habitat:
Cambarus eeseechensis has been observed under rocks in riffle areas of a small river in North
Carolina (Thoma 2005).

Populations:
NatureServe (2008) reports that there are fewer than five occurrences with an unknown total
population size.

Population Trends:
This species is newly described so no population or trend information is available (NatureServe
2008).

Status:

The Grandfather Mountain crayfish has a very limited distribution, occupying only mainstem
portions of the Linville River. It is potentially imperiled due to invasive species (NatureServe
2008). AFS lists this species as Threatened and NatureServe (2008) ranks it as critically
imperiled.

Habitat destruction:
The only locality of this species, Linville River, has numerous impoundments on its mainstem
(Thoma 2005).

Inadequacy of existing regulatory mechanisms:
No regulatory mechanisms protect this recently described species.

Other factors:

NatureServe (2008) reports that this species is potentially imperiled due to invasive crayfish
species likely introduced by fishermen who frequent the single area from which this species is
known. Thoma (2005) reports that impoundments on the Linville River create the possibility of
bait bucket introductions of non-native crayfish species, and that due to the placid nature of this
species, the introduction of any mainstream dwelling species could result in extinction of the
Grandfather Mountain crayfish.

According to the North Carolina Wildlife Resources Commission (2000): “Nonindigenous

crayfishes can affect natives via competition, predation, genetic dilution, and by serving as disease
vectors. Further, introductions of nonindigenous crayfishes can enhance the negative effects of
environmental change on native species because non-natives are often more tolerant to
environmental degradation. Lodge et al. (2000a) consider nonindigenous crayfish introductions to be
the single greatest threat to native crayfish biodiversity worldwide. In Europe, nonindigenous
crayfishes have contributed to serious declines and even local extinctions of its 5 native species.
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In several areas of North America, combinations of environmental degradation and introductions
of non-native crayfishes have led to declines in native species, and to the extinction of at least one
native crayfish in northern California (Lodge et al. 2000a). During recent decades, at least 3 exotic
crayfish species have been introduced into North Carolina; therefore, we are concerned about
potential impacts to our ecosystems and native crayfish species.”
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Scientific Name:
Cambarus elkensis
Common Name:

Elk River Crayfish

G Rank: AFS Status: IUCN Status:
G2 Threatened VU - Vulnerable
Range:

According to NatureServe (2008) the Elk River Crayfish has only been recorded from the Elk
River above Sutton Lake, and in the Holly and Birch rivers in Webster, Nicholas, and Pocahontas
counties, West Virginia. Its total range is about 100-250 square km (about 40-100 square miles).

Habitat:

Cambarus elkensis is found under loose rocks in riffles or pools that have current (Jezerinac et al.
1995). Is absent from headwater streams. Jezerinac and Stocker (1993) report that riverbed
habitat for this species consists of sandstone boulders, cobble, gravel, and sand. It is found in an
area with significant current, under cobble, on top of sand and gravel, or under loose rocks in
riffles, or pools with currents. Vegetation in area consists of hemlocks, birches, alders, and
rhododendrons.

Populations:

NatureServe (2008) estimates that Cambarus elkensis has between 6 - 20 populations with a total
of 1000 - 2500 individuals. Eleven element occurrances have been recorded, one of which is
historic and probably extirpated. To date a total of 95 specimens have been recorded (Jezerinac
and Stocker, 1993), although little is known about actual population size.

Population Trends:
NatureServe (2008) reports that this crayfish is declining in the short-term by up to 30 percent.

Status:

NatureServe (2008) ranks this species as critically imperiled. AFS lists it as Threatened due to
limited range and habitat loss. It is one of two crayfish species endemic to West Virginia
(Jezerinac et al. 1995).

Habitat destruction:

NatureServe (2008) states, "It is currently known that coal mining, siltation, logging and other
impacts to water quality are affecting Cambarus elkensis (Forests for Watersheds and Wildlife
2005). The Elk River Watershed is dominated by agricultural lands, and coal mining, and oil and
gas extraction are common. This is causing acidic discharge into the river and having a severe
negative impact on the river system (United States Environmental Protection Agency 2001)." The
Upper Elk River is threatened by a sewage treatment plant, according to Ruediger (2005).
Jezerinac and Stocker (1994) state that C. elkensis is found in Elk River above Sutton Lake and
Birch River below Sutton Lake, but suitable habitat was destroyed between when the lake was
constructed.

Inadequacy of existing regulatory mechanisms:
No existing regulatory mechanisms protect this species.
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Other factors:

This crayfish may be threatened by exotic crayfish. As a coldwater stream with a reservoir at one
end, the opportunity for introduction of the exotic competitor, Orconectes virilis, is high. This
crayfish is threatened by pollution from coal mining, agriculture, and development.
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Scientific Name:
Cambarus extraneus
Common Name:

Chickamauga Crayfish

G Rank: AFS Status: IUCN Status:
G2 Threatened VU - Vulnerable
Range:

NatureServe (2008) reports that Cambarus extraneus is restricted to South Chickamauga Creek
basin in Catoosa, Walker and Whitfield counties in Georgia and Hamilton County in Tennessee.
The total range is about 250-1000 square km (about 100-400 square miles). Skelton (2008)
reports 15 collection sites in Georgia.

Habitat:
The Chickamauga crayfish is found in moderately flowing, small, shallow, rock-littered streams,
according to NatureServe (2008). It can also be found among trapped leaf litter.

Populations:

Hobbs (1981) found 12 populations in Georgia, based on thorough collecting; Tennessee is less
well collected, but could add a few more locations. NatureServe (2008) reports between 6 and 20
populations with a total population of at least 2,500 individuals.

Population Trends:
Skelton (2008) believes that Tennessee populations are thought to be declining, while limited
collecting in Georgia indicates the at least some populations are doing well.

Status:

NatureServe (2008) ranks this species as imperiled in Georgia and critically imperiled in
Tennessee. The States of Georgia and Tennessee have both classified this species as Threatened.
This species was a C2 Candidate Species under the Federal ESA before that list was abolished.
The U.S. Forest Service (2002) has designated Cambarus extraneus as a Sensitive Species. It is
ranked as vulnerable by the [IUCN and as threatened by the American Fisheries Society.

Habitat destruction:

The species is threatened by the always strong possibility for stream impoundment in the region
(NatureServe 2008). There are several populations in or near the Chattanooga metropolitan area
that could be impacted by development pressure. Skelton (2008) reports: "Small range size makes
this species vulnerable to extirpation. Heavy sedimentation resulting from poor development and
land management practices may cover substrates and other daytime hiding places on which
crayfishes rely to avoid predation. . . . [c]onserving populations of the Chickamauga crayfish will
require general watershed level protection measures, including the protection of riparian zones,
control of sediment and nutrient runoff from farms and construction sites, and limiting the
amount of impervious cover (e.g., pavement) within occupied watersheds."

The U.S. Forest Service is conducting herbicide-based vegetation management in the range of this
species without surveys or species-level analysis (U.S. Forest Service 2008).
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Inadequacy of existing regulatory mechanisms:
According to the USFS (2005) this species occurs on National Forests in Alabama, where it is a

Other factors:
Skelton (2008) reports: "The introduction of non-native crayfishes is a threat to all native
crayfishes."
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Scientific Name:
Cambarus fasciatus
Common Name:

Etowah Crayfish

G Rank: AFS Status: IUCN Status:
G3 Threatened VU - Vulnerable
Range:

NatureServe (2008) states that Cambarus fasciatus is restricted to the Etowah River drainage in
northwest Georgia (a six county area) (Hobbs 1981). Skelton (2008) reports that "the Etowah
crayfish is known only from the Etowah River system, primarily above Allatoona Dam. All of the
records of this species are from the Piedmont physiographic province. Only three collections
have been made downstream of Allatoona Dam and it is possible that this form represents an
undescribed species."

Habitat:

The Etowah crayfish is found in swift parts of small streams (Nature Serve 2008). Skelton (2008)
reports that "[t]he Etowah crayfish is usually found beneath rocks in moderately to swiftly flowing
areas of streams. It is occasionally found in association with woody debris or aggregations of
leaves."

Populations:
NatureServe (2008) estimates from 20-80 populations of this species, with no detailed
information on population size or trend available.

Status:
NatureServe (2008) ranks this species as imperiled, and the State of Georgia lists it as
Threatened, as does the American Fisheries Society.

Habitat destruction:

According to NatureServe (2008), most populations of this species are located near the rapidly
expanding Atlanta metropolitan area. The range has already been fragmented by the Allatoona Lake
reservoir, and more development could result in more habitat loss. Mining, agriculture and other
human activities have also caused the degradation of water quality in the Etowah River basin in
recent years (Walters et al. 2003)

Skelton (2008) indicates that "The small range of this species and the high development rates
within that range are significant threats to the Etowah crayfish. Heavy sedimentation resulting
from poor development and land management practices may cover substrates and other daytime
hiding places on which crayfishes rely to avoid predation. . . Conserving populations of the
Etowah crayfish will require general watershed level protection measures, including the
protection of riparian zones, control of sediment and nutrient runoff from farms and construction
sites, and limiting the amount of impervious cover (e.g., pavement) within occupied watersheds."

The U.S. Forest Service is conducting herbicide-based vegetation management in the range of this
species without surveys or species-level analysis. (U.S. Forest Service 2008).

Inadequacy of existing regulatory mechanisms:
According to Skelton (2008) "[s]Jome populations occur on publicly owned conservation lands in
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headwater tributaries to the Etowah River." This crayfish is listed as threatened by the state of
Georgia, but this designation does not protect the species' habitat.

Other factors:
Skelton (2008) states that "The introduction of non-native crayfishes is a threat to all native
crayfishes."
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Scientific Name:
Cambarus georgiae
Common Name:

Little Tennessee Crayfish

G Rank: AFS Status: IUCN Status:
G2 Endangered VU - Vulnerable
Range:

NatureServe (2008) reports the Little Tennessee crayfish is known from Rabun County, Georgia
and Macon County, North Carolina (50 stream miles of the Little Tennessee River drainage). It is
also found in the upper Little Tennessee River basin of North Carolina and Georgia. LeGrand et
al. (2006) cite the Little Tennessee drainage in Jackson and Macon Cos., North Carolina.
NatureServe esitmates a total range of 100-250 square km (about 40-100 square miles).

Habitat:
C. georgiae is associated with debris in slower parts of swift streams and areas lacking other
crayfish competitors (NatureServe 2008).

Ecology:
NatureServe (2008) reports that this species seems unable to compete with Cambarus Bartonii in
riffle areas, and hides in trapped leaf debris.

Populations:

NatureServe (2008) states that species is known from fewer than 10 localities and that it has been
collected from 37 sites. Global abundance is estimated at 1000-2500 individuals: "An intensive
survey for the species collected 302 individuals from 37 sites. Hobbs (1981) cites 51 specimens
from a single site on the Little Tennessee River in Rabun Co., Georgia and Macon Co., North
Carolina. It was collected at one of 13 sites surveyed recently (but not sites known to have
historical occurrences) (Simon and Fraley, 2008)."

Population Trends:

NatureServe (2008) reports that this crayfish has declined in the short-term by up to 30 percent.
Hobbs (1981) notes some decline, especially at the type locality, based upon competition with
Cambarus bartonii.

Status:

The State of Georgia lists this species as Endangered. In North Carolina it is a species of Special
Concern. AFS now lists it as Vulnerable (Taylor et al. 2007). It was a Federal C2 Candidate
Species until that list was abolished. The U.S. Forest Service (2002) has designated Cambarus
georgiae as a Sensitive Species. NatureServe (2008) ranks it as critically imperiled in Georgia and
imperiled in North Carolina.

Habitat destruction:
The U.S. Forest Service is conducting herbicide-based vegetation management in the range of this
species without surveys or species-level analysis. U.S. Forest Service (2008).

According to Skelton (2008), "[t]he small range of this species and the high development rates
within that range are significant threats to the Little Tennessee crayfish. Heavy sedimentation
resulting from poor development and land management practices may cover substrates and other
daytime hiding places on which crayfishes rely to avoid predation." Furthermore, "[t]he upper
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Little Tennessee River in Georgia is surrounded by intensive agriculture and urban development
and is in very poor condition." And, "Conserving populations of the Little Tennessee crayfish will
require general watershed level protection measures, including the protection of riparian zones,
control of sediment and nutrient runoff from farms and construction sites, and limiting the
amount of impervious cover (e.g., pavement) within occupied watersheds."

Inadequacy of existing regulatory mechanisms:

Though this crayfish is state-listed in Georgia, this designation provides no regulatory protection
for the species' habitat. The species occurs in the Nantahala and Chattahoochee National Forests in
NC and GA, where it is a U.S. Forest Service Sensitive Species (USFS 2002) but this protection is
discretionary. According to Skelton (2008), "[a] large tributary to the Little Tennessee River,
Betty’s Creek, has high habitat quality and has a conservation easement in place in its headwaters"
which may confer some protection to the species in that location.

Other factors:
NatureServe (2008) reports that this species can tolerate some sedimentation, but is intolerant to
point source pollution and is absent from the most polluted areas in its range (McLarney 1993).

This species is apparently unable to compete with the sympatric C.(C.) bartonii, and has declined at
some localities due to competition (NatureServe 2008).

References:

Cooper, J. E., and A. L. Braswell. 1995. Observations of North Carolina crayfishes (Decapoda:
Cambaridae). Brimleyana 22:87-132.

Hobbs, H.H., Jr. 1981. The crayfishes of Georgia. Smithsonian Contributions to Zoology, 318:
1-549.

Hobbs, Horton H., Jr. 1981. The crayfishes of Georgia. Smithsonian Contrib. to Zool. 318:1-
549,

Hobbs, Horton. H. Jr. 1989. An Illustrated Checklist of the American crayfishes (Decapoda:
Astacidae, Cambaridae & Parastacidae). Smithsonian Contributions to Zoology 480.
Smithsonian Institute Press, Washington, D. C. 236 pp.

LeGrand, H.E., Jr., S.P. Hall, S.E. McRae, and J.T. Finnegan. 2006. Natural Heritage Program
List of the Rare Animal Species of North Carolina. North Carolina Natural Heritage Program,
Raleigh, North Carolina. 104 pp.

Lodge, D.M., C.A. Taylor, D.M. Holdich, and J. Skurdal. 2000a. Nonindigenous crayfishes
threaten North American freshwater biodiversity: Lessons from Europe. Fisheries 25(8):7-20.

McLarney, W. O. 1993. Status survey of the crayfish CAMBARUS GEORGIAE in the upper
Little Tennessee watershed. Final Report. Submitted to North Carolina Wildlife Resource
Commission. 34 pp.

Southeast Aquatic Species Petition 200



McLaughlin, P.A., D.K. Camp, M.V. Angel, E.L. Bousfield, P. Brunel, R.C. Brusca, D. Cadien,
A.C. Cohen, K. Conlan, L.G. Eldredge, D.L. Felder, J.W. Goy, T. Haney, B. Hann, R.W. Heard,
E.A. Hendrycks, H.H. Hobbs III, J.R. Holsinger, B. Kensley, D.R. Laubitz, S.E. LeCroy, R.
Lemaitre, R.F. Maddocks, J.W. Martin, P. Mikkelsen, E. Nelson, W.A. Newman, R.M.
Overstreet, W.J. Poly, W.W. Price, J.W. Reid, A. Robertson, D.C. Rogers, A. Ross, M. Schotte,
F. Schram, C. Shih, L. Watling, G.D.F. Wilson, and D.D. Turgeon. 2005. Common and scientific
names of aquatic invertebrates from the United States and Canada: Crustaceans. American
Fisheries Society Special Publication 31: 545 pp.

North Carolina Wildlife Resources Commission. 2000. Proposal for Status Inventory of
Uncommon Crayfish In North Carolina. Available online at

http://www.ncwildlife.org/pg07 WildlifeSpeciesCon/nccrayfishes/craysurveyproposal.html.
Last accessed June 5, 2009.

Skelton, C.E. 2008. Georgia Department of Natural Resources. Species account for Cambarus
georgiae. Available online at
www.georgiawildlife.dnr.state.ga.us/assets/documents/gnhp/cambarus_georgiae.pdf. Last
accessed July 15, 2009.

Taylor, Christopher A., Schuster, Guenter A., Cooper, John E., DiStefano, Robert J., Eversole,

Arnold G., Hamr, Premek, Hobbs, Horton H., III., Robison, Henry W., Skelton, Christopher E.,
Thoma, Roger F.. 2007. A reassessment of the Conservation Status of Crayfishes of the United
States and Canada after 10+ Years of increased awareness. Fisheries 32(8):372-389

U.S. Forest Service. 2002. Supplemental Final Environmental Impact Statement on Vegetation
Management in the Appalachian Mountains. Page 19 of 41. Available online at
www.fs.fed.us/r8/planning/vmeis/documents/SVMEIS Appal.pdf. Last accessed June 3, 2009.

U.S. Forest Service. 2008. Vegetation Control: Non-Native Invasive Species and Shortleaf Pine
Restoration Release on the Chattooga River Ranger District,

Chattahoochee-Oconee National Forest: Banks, Habersham, Rabun, Stephens, Towns, Union and
White Counties. 62 pp.

Southeast Aquatic Species Petition 201



Scientific Name:
Cambarus harti
Common Name:
Piedmont Blue Burrower

G Rank: AFS Status: IUCN Status:
Gl Endangered EN - Endangered
Range:

Despite intensive collection by a very experienced collector, this species is known from only two
sites in the piedmont of Flint and Chattahoochee river systems, in Meriwether County, Georgia.
Skelton (2008) “found bluish crayfish specimens that may represent the Piedmont blue burrower
at six additional locations in Meriwether County, but none were males and thus the identifications
are considered tentative. A recent collection of blue burrowing crayfishes from the Whites Creek
system (Flint tributary) may also be the Piedmont blue burrower.”

Habitat:

The Piedmont Blue burrowing crayfish burrows in the seepage area of stream floodplains with
water level near the surface, according to NatureServe (2008). Skelton (2008) reports that C.

harti occupies “complex burrows adjacent to streams and seepage areas, or in low areas where the
water table is near the surface of the ground.”

Ecology:
C. harti digs complex burrows in sandy, organically rich, water saturated soil with many roots
(NatureServe 2008).

Populations:
NatureServe (2008) reports that there are less than 5 populations with a total of fewer than 1000
individuals of C. harti extant. There are only two confirmed sites.

Status:

NatureServe (2008) indicates that Cambarus harti is made up of small populations with a
restricted range and ranks it as critically imperiled. The State of Georgia lists it as Endangered, as
do the IUCN and the American Fisheries Society.

Habitat destruction:

According to Fiegel (2009), “There is concern for C. harti vulnerability to extirpation due to
habitat changes, destruction or degradation. For example, the site where Hart and Hart (1974)
captured individuals has been altered due to logging operations and the species may be gone from
that location."

According to Skelton (2008), “[s]mall range size makes this species vulnerable to extinction. The
small size of individual populations makes them vulnerable to land disturbing activities. Any
expansion of the Warm Springs National Fish Hatchery or the Warm Springs water works would
threaten this species.”

Inadequacy of existing regulatory mechanisms:

One population is on property owned by the city of Warm Springs and is somewhat protected
(Skelton 2008). This species is listed as endangered by the state of Georgia, but this designation
provides no habitat protection.
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Other factors:
According to Fiegel (2009), “This species is an obligate burrowing crayfish and may be
susceptible to climate changes related to drought.”
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Scientific Name:
Cambarus jezerinaci
Common Name:
Spiny Scale Crayfish

G Rank:
G2

Range:

NatureServe (2008) reports that the range of C. jezerinaci is 100-250 square km (about 40-100
square miles). This species is confined to small tributaries of the Powell River in Lee County,
Virginia and Clairborne County, Tennessee (Thoma 2000).

Thoma (2009) reports that this species "is found in Kentucky, Tennessee, and Virginia. The
Virginia and Tennessee populations are found in the Powell River basin and the Kentucky
populations is found throughout the Cumberland River basin upstream of Pine Mountain."

Habitat:
The Spiny Scale crayfish prefers first and second order, spring fed streams of higher altitude and
high gradient. It is a secondary burrower (Thoma 2000).

Populations:

NatureServe (2010) states: "In Tennessee it occurs in the Ridge and Valley province in the Powell
River, on a tributary of Mill Hollow, east of Bacchus, Claiborne Co. (Williams and Bivens,
2001). In Virginia it is in two counties (including Lee Co.) in the Powell River basin in streams
abutting Cumberland and Stone Mountain only. A third Virginia population in the South Fork
Powell River of Wise Co., Virginia, is morphologically similar somewhat to C. parvoculus but is
far separated from nominal C. parvoculus populations but has not been analyzed genetically;
therefore it is currently placed tentatively in C. jezerinaci (Thoma and Fetzner, 2008). Kentucky
populations are found in the upper Cumberland River above Pine Mountain and Kentucky River
headwaters (R. Thoma, pers. comm., 2009)."

Population Trends:
NatureServe (2010) reports that this species is declining in the short-term by up to 30 percent
due to forestry and mining.

Status:

NatureServe (2010) ranks this species as critically imperiled in Virginia and not ranked in
Tennessee and Kentucky. AFS lists it as Stable. Virginia classifies it as a Tier II Species of
Greatest Conservation Need.

Habitat destruction:

According to Thoma (2009), C. jerzerinaci is "impacted by human activities such as urbanization,
agriculture, and enrichment (especially from sewage). In small streams with adjacent roads C.
jezerinaci populations were either suppressed or completely absent. Roads resulted in increased
nutrient loads from adjacent lawns and septic systems associated with houses. Bed load sediments
also tended to be higher in such streams. The best populations were found in streams such as

White Branch that drained directly from Cumberland Mountain in a west to east direction. These
streams have steep narrow valleys and afford little opportunity for human habitation or road
building. They are also heavily wooded. The greatest threat to the species is thought to be timbering
activities, especially clear cutting and associated road building that would result in
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increased bedload sediments. Unregulated grazing on steep terrain also has negative effects on
instream sediment and consequently C. jezerinaci populations."

NatureServe (2010) reports that there are some declines in Virginia populations due to forestry
activities as well as decline on the Tennessee/Virginia line due to coal mining. Coal mining also
occurs in this species range in Kentucky, and could pose a threat there as well. NatureServe
(2010) states: "It is likely to be undergoing localized declines due to climate change, water
pollution and alterations to the hydrological regime."

Inadequacy of existing regulatory mechanisms:
No existing regulatory mechanisms protect this species.
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Scientific Name:

Cambarus jonesi

Common Name:

Alabama Cave Crayfish

G Rank: AFS Status:
G2 Currently Stable
Range:

NatureServe (2008) states that the species is found in Tennessee River caves between Florence
and Guntersville, AL (Hobbs, 1989; Buhay et al., 2007). On Federal land, it is found in Key Cave
National Wildlife Refuge. A new study by Buhay and Crandall (2009) found that "a single
population of C. jonesi along with some newly discovered neighboring populations all in Marshall
County, Alabama actually represented a distinct cryptic evolutionary lineage ... herein described
as Cambarus speleocoopi.”

Habitat:

This species lives in cave pools (NatureServe 2008). Its population falls in the middle of three co-
extensive troglobitic crawfishes without any reported habitat partitioning. The species is found
alongside Cambarus tenebrosus (facultative cave dweller) and Orconectes australis (obligate cave
dweller) in Madison Co., Orconectes sheltae (obligate cave dweller) and Cambarus veitchorum
(obligate cave dweller) in Limestone Co., and Procambarus pecki (obligate cave dweller) in
Colbert, Lauderdale, and Morgan Cos., Alabama (Buhay et al., 2007).

Ecology:
Buhay et al (2007) report that "[u]nlike C. hamulatus, C. jonesi is known to co-occur with other
obligate cave-dwelling crayfish species."

Populations:
There are between 6 and 20 populations with 1000-10000 total individuals, according to
NatureServe (2008).

The species is currently found in 12 caves in Alabama (Buhay et al. 2007). Similar crayfish
identified in caves in Marshall Co. are a distinct species currently being described. Thus the
species occurs in Colbert, Limestone, Lauderdale, Madison, and Morgan Cos., Alabama.
Information (Hobbs 1981) indicating the species occurs in the Chattahoochee River in Georgia to
Halawakee Creek in Alabama is now belived to be incorrect (see also Mirarchi et al., 2004; in
appendix 1-2 published separately; Schuster and Taylor, 2004; Schuster et al., 2008).

All occurrances have very low populations with low fecundity (Buhay et al., 2007).

Population Trends:

In the short-term, this species is declining rapidly, by 30-50 percent, as reported by NatureServe
(2008). Long term, the decline is 25-50 percent. The species was previously found in 14 sites in
the Highland Rim region of northern Alabama (6 counties on both sides of the Tennessee River);
this has now fallen to 12 sites. A decline in cave habitat quality has been noted (Buhay et al.,
2007).

Status:
This species has a low area of occupancy, low number of occurrences, and each population has
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Habitat destruction:

The entire range of the species is subject to intensive stream impoundment and modification, as
reported by NatureServe (2008). Development associated with rapid expansion of cities within
the range continues to degrade habitat (Decatur and Huntsville, Alabama urban areas).

According to Dickson and Franz (1980) “[b]ecause troglobitic organisms have evolved in
relatively constant environments, many of their adaptations may be highly specialized allowing
existence only under prevailing ambient conditions. The reduction of O2 consumption and energy
turnover of gill tissues reported in this study gives evidence of the highly specialized nature of
physiological and biochemical adaptations in troglobitic organisms. Because of these adaptations
troglobitic species may be susceptible to subtle changes in water quality.”

As a cave obligate, its habitat requirements are very narrow, and the species is a specialist with
key requirements scarce. Recreation is a potential threat to this species.

Inadequacy of existing regulatory mechanisms:

No existing regulatory mechanisms protect this species. Some occurrences are on Key Cave
National Wildlife Refuge (USFWS Undated), but even these may not adequately be protected from
pollution impacts. It is an Alabama species of greatest conservation need, but this designation
conveys no regulatory protection.

Other factors:
NatureServe (2008) reports that the species is subject to low fecundity and a long immature period.
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Scientific Name:
Cambarus nerterius
Common Name:
Greenbrier Cave Crayfish

G Rank: AFS Status: IUCN Status:
G2 Endangered VU - Vulnerable
Range:

Cambarus nerterius is known from a single cave in Pocahontos County and 15 caves or springs in
Greenbrier County, West Virginia (NatureServe 2008). The range is thus less than 100-250
square km (less than about 40 to 100 square miles).

Habitat:

NatureServe (2008) reports that the Greenbrier cave crayfish is generally found in subterranean
streams, usually in the upper portions of the cave, but small specimens have also been collected
from dry stream beds that were nearly saturated by humidity.

Populations:

Cambarus nerterius is known from 16 caves or springs. Total population is estimated to number at
least 2,500. The density was observed to be about one crayfish per 2.4 square meters of habitat
(Jezerinac et al. 1995).

Population Trends:
NatureServe (2008) indicates that the short-term trend for this species is stable, and long-term
trend is unknown.

Status:
NatureServe (2008) ranks this species as critically imperiled, the IUCN ranks it as vulnerable, and
AFS lists it as Endangered, due to limited range.

Habitat destruction:

NatureServe (2008) reports that this species is most likely intolerant of perturbations. According
to the U.S. Forest Service (2001), cave crayfish including C. nerterius face numerous threats.
These include contamination from sewage, pesticides and herbicides, hazardous materials from
industrial accidents, habitat destruction from logging, mining and road construction, farming, and
other groundcover disturbances. Impoundments also harm cave species by interrupting streamflow
and modifying habitat, while smoke and quarrying have been noted as reducing water quality in
caves. Oil, gas and water extraction can also damage cave habitats, and invasive species can
devastate cave-obligate endemic species. Finally, human intrusion and vandalism have also
reduced crayfish viability at times. Road and trail construction near caves encourages human use
and associated impacts. Despite these pervasive effects, the Forest Service is not currently
monitoring C. nerterius.

Inadequacy of existing regulatory mechanisms:

No existing regulatory mechanisms adequately protect this species. C. nerterius is a USFS
Regional Forester Sensitive Species that occurs in caves on the Monongahela National Forest in
West Virginia, but protection for sensitive species is discretionary. This species also occurs in
General Davis Cave, which is owned and gated by The Nature Conservancy.
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Other factors:
Water pollution from a variety of sources threatens this crayfish.
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Scientific Name:
Cambarus obeyensis
Common Name:

Obey Crayfish

G Rank: AFS Status: IUCN Status:
G2 Threatened VU - Vulnerable
Range:

The Obey crayfish is confined to headwaters and tributaries of the East Fork Obey River in
Cumberland, Fentress, Putnam, and Overton counties, Tennessee (Williams et al. 2006).

Habitat:

Cambarus obeyensis occurs in small to large streams where they are found beneath large rocks in
moderate to slow current (NatureServe 2008). However, the known range distribution suggest that
it is restricted to the upper reaches of streams that remain on the table rock portion of the
Cumberland Plateau upstream of where the streams have began to cut through the Pennsylvanian
Sandstone caps (Williams et al. 2006).

Populations:

There are 8 known occurrences of this species. In the original description, Hobbs and Shoup
(1947) reported only three known localities, all occurring within Hurricane Creek and its
tributaries. Since then, this species has been collected from only one other locality outside the
Hurricane Creek watershed (a single record collected from Dripping Springs Creek, a tributary to
Meadow Creek, a northerly flowing tributary just southwest of Hurricane Creek). Recent survey
efforts (Williams et al., 2006) found populations at all historic sites except Dripping Springs
Creek plus one new stream locality record within a tributary of Hurricane Creek.

Population Trends:

NatureServe (2010) reports that this species has experienced short-term decline of up to 30
percent, stating: "Although one population may have been lost in Dripping Springs Creek (more
surveys are needed to confirm this), all historical occurrences have been confirmed to be extant
and viable recently (Williams et al., 2006). However, in 2008, most of the streams dried
completely so decline is imminent. These streams dry periodically causing fluctuations in
population numbers (T. Jones, R. Thoma, pers. comm., 2009)."

Status:

C. obeyensis is only known from the headwaters of one river system in Tennessee. Its status in
Tennessee is imperiled, and it is critically imperiled globally (G1S2) (NatureServe 2008). The
American Fisheries Society re-ranked this species from Threatened to Endangered (Taylor et al.
2007). The State of Tennessee classifies C. obeyensis as Threatened. Williams et al. (2006)
suggest that its state status be elevated to endangered. NatureServe (2010) states: "This species is
only known from the headwaters of one river system at the junction of three counties in
Tennessee in a very small area and populations fluctuate up and down due to periodic drought.
Also poor water quality is contributing to declining habitat for this species. It is extremely rare
and localized."

Habitat destruction:

Concerning threats to this species, NatureServe (2010) states: "Habitat loss and poor water quality issues
from point and non-point source pollution have plagued aquatic organisms within these streams for
many decades. While efforts are currently underway to improve water quality in a few streams, much of
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the watershed continues to suffer from historical surface coal mining practices. Although much of the
East Fork Obey River system remains forested, increasing residential development and poor logging and
agricultural practices pose continuing threats. Note there is the potential (not realized) threat of a large
sand mine being considered for construction in heart of range (per R. Thoma to C. Taylor, pers. comm.,
2008)."

C. obeyensis may occur near the Mine Lick Creek Interchange on Interstate 40 in Putnam County, and
could be impacted by construction (TDOT 2006). No surveys were performed and no analysis of
impacts was undertaken in the Environmental Assessment.

The Obey crayfish also occurs in the vicinity of the Algood 161KV Transmission line, which is due to
be upgraded. (TVA 2008.) While this project has the potential to degrade the aquatic habitat of this
species, again no surveys were performed and no analysis of impacts was undertaken by the action
agency.

Inadequacy of existing regulatory mechanisms:

C. obeynsis and C. bouchardi are being considered for inclusion in a proposed Cumberland Habitat
Conservation Plan (Cumberland HCP 2006). This species is state listed in Tennessee, but this
designation conveys no habitat protection.

Other factors:
According to Williams et al. (2006) "the potential for nonindgenous crayfish species introductions
merit reason for additional concern, although none were found during our surveys."
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