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ABSTRACT: The status of many freshwater fish species in the species-rich southeastern United
States is surprisingly poorly known. Vulnerable species found in smaller streams in the region have
not received adequate research attention. The flame chub Hemitremia flammea (Cyprinidae) is
included among a group of stream species considered to be 'narrow endemics’ susceptible to habitat
alterations due to growing human population. The obligatory habitat is spring-fed streams sensitive
to human activities. The species has a patchy range primarily in the Tennessee River Valley in
Alabama and Tennessee, USA. The conservation status of the flame chub is poorly documented. The
NatureServe global status of the flame chub is G3, Vulnerable, and the Alabama state status is S3,
Vulnerable. Reflecting the poor knowledge of the species’ status, the International Union for the Con-
servation of Nature (IUCN) Red List Category is DD (Data Deficient), a change from an earlier listing
of Rare. This study is intended as a presence or absence survey of flame chubs at historic location
sites in north Alabama based on holdings records of the University of Alabama Ichthyology Collec-
tion in Tuscaloosa, Alabama. Fifty-three sites in 9 counties in the Tennessee River drainage with a
historic record of flame chub presence were visited and sampled by seining. One or more flame
chubs were found at 18 of these sites. Two strongholds remain for the flame chub in Alabama: the first
is much of the Cypress Creek system in Lauderdale County; the other is in the Flint River system in
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Madison County.

KEY WORDS: Flame chub - Hemitremia flammea - Narrow endemic - Population - Occurrences

INTRODUCTION

The status of many freshwater fish species in the
species-rich southeastern United States is surprisingly
poorly known (Warren et al. 2000, Butler 2002). States
in the Tennessee River system draining the southern
Appalachian Mountains have by far the highest fresh-
water fish diversity in North America, in particular
Alabama and Tennessee, each with over 325 known
species (Etnier & Starnes 1993, Boschung et al. 2004).
Attempts to characterize the status of some rare river
species such as the snail darter Percina tanasi (Perci-
dae) or the Alabama sturgeon Scaphirhyncus suttkusi
(Acipenseridae) have sparked political controversy
and drawn media attention even as exploratory field
work is being conducted and information gathered
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(Norman 1981, Mayden & Kuhajda 1996). Both of these
species have suffered from the alteration of river habi-
tat by dam construction.

Vulnerable fish species found in smaller streams in
the same region have not received the same level of
attention from either the popular media or govern-
ment agencies. One example is the Alabama pygmy
sunfish Elassoma alabamae (Elassomatidae), which
was considered extinct for 35 yr after several springs
were drowned in 1938 by the dam-created Pickwick
Pool on the Tennessee River until another isolated
spring population was discovered (Boschung et al.
2004). Another example is the federally Threatened
slackwater darter Etheostoma boschungi (Percidae),
with populations now fragmented in 2 river systems
as more and more habitat is lost to changing land
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use (McGregor & Shepard 1995, Boschung et al.
2004).

The flame chub Hemitremia flammea Jordan and
Gilbert, 1878 (Cyprinidae), is another regional species
considered to be in decline. It is included among a
group of stream species described as 'marrow ende-
mics' that are susceptible to habitat alterations due to
growing human population; spring habitat fishes are
especially in jeopardy (Warren et al. 2000, Butler
2002). The obligatory habitat is spring-fed streams
sensitive to human activities. Currently the species has
a patchy range, primarily in the Tennessee River Val-
ley from the mouth of the Duck River in Tennessee
upstream through Alabama to the Knoxville, Ten-
nessee, area. Most of the Alabama portion of this range
is within the Highland Rim or Cumberland Plateau
physiographic sections (Mettee et al. 1996). One iso-
lated population is known from north Georgia in the
Tiger Creek watershed of Catoosa County (Freeman et
al. 2009). Kentucky populations are considered by the
Commonwealth of Kentucky to have been extirpated,
although putative vouchers of Kentucky flame chubs
are either missing or are now known to have been
misidentified (Kentucky State Nature Preserves Com-
mission 2004, B. Burr pers. comm.). Disjunct flame
chub populations in Alabama's Calhoun and Talladega
Counties in the Mobile Basin of the Alabama Valley
and Ridge physiographic section to the south of the
Tennessee Valley are considered to be extirpated
(Boschung et al. 2004).

The conservation status of the flame chub is poorly
documented. According to NatureServe (2009), the
global status of the flame chub is G3, Vulnerable, and
the Alabama state status is S3, Vulnerable. Reflecting
the poor knowledge of the species’ status, the Interna-
tional Union for the Conservation of Nature (IUCN)
Red List Category is DD (Data Deficient), a change
from earlier listings of Rare (Gimenez-Dixon 1996).
Virtually all of the spring-fed stream habitat needed by
flame chubs is on private land, further complicating
assessments of the species’ status. Prior to the current
study, the only known population in a protected area
was in Cades Cove, Tennessee, within the Great
Smoky National Park managed by the US National
Park Service.

The current study is intended as a presence or
absence survey of flame chubs at historic location sites
in north Alabama. The Alabama section is approxi-
mately 50% of the remaining range and is compact
enough for thorough sampling to be carried out in a
reasonable time period. Land use changes including
both increased cropland density and the conversion of
agricultural lands to housing are accelerating in this
area, centered on the expansion of the city of Hunts-
ville. Such land use changes are widespread in the

southeastern United States and are affecting freshwa-
ter communities across the region (Powell 2003, Scott
2006). By sampling a large number of these historic
sites across the northern tier of Alabama, it should be
possible to construct an accurate snapshot of the spe-
cies' status. The viability of population occurrences
was assessed using the Generic Element Occurrences
Approach available through the NatureServe website
(www.natureserve.org; Tomaino et al. 2008).

MATERIALS AND METHODS

A representative selection of streams in the Ten-
nessee River basin in north Alabama was sampled to
determine the current distribution of the flame chub.
The decision as to which sites were to be sampled (‘his-
toric collection sites') was based primarily on museum
holdings of the University of Alabama Ichthyology Col-
lection (UAIC). A spreadsheet of 151 museum holdings
of flame chubs from Alabama dating back to 1965 was
provided by the curator of the UAIC. The list contains
the latitude and longitude of collection sites as well as
date of collection, how many individual fish were
deposited in the UAIC, and observations on the stream
and immediate environment. Because of multiple hold-
ings from some sites, the 151 holdings represent ap-
proximately 80 unique flame chub collection sites.
Data collected by the governmental Tennessee Valley
Authority from an Index of Biotic Integrity project were
also used to determine 2 more historic sites for sam-
pling. These sites represent 9 north Alabama counties:
Blount, Franklin, Jackson, Lauderdale, Lawrence,
Limestone, Madison, Marshall, and Morgan. Also in
the UAIC's 151 holdings are collections from disjunct
populations believed to be extirpated in Calhoun and
Talladega Counties in the Coosa River drainage to the
southeast of the Tennessee drainage, part of the
Mobile Basin. One of these sites in Calhoun County
was also sampled.

The underlying geology for most of these streams is
limestone karst, which is conducive to the formation of
springs. Streams are typically fed by many small
springs along their length. Such an undisturbed stream
supporting flame chubs would have clear, flowing
water over sand or gravel substrate with a pH of 7-8
and moderate total dissolved solids (TDS) of about
100 ppm. North Alabama has a mild temperate climate
with rare extended winter freezes. Annual rainfall
averages 125 cm (Mettee et al. 1996).

Water temperature, pH, and TDS (measured as ppm)
were measured and recorded for each site as indicators
of environmental quality. A water sample to be tested
was collected in a small bucket before seining, and
measurements were taken from this bucket in the
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shade. Temperature was measured with an alcohol
thermometer, TDS was measured with a Hanna Instru-
ments TDS 1 model TDS meter, and pH was measured
with a Hanna Instruments pHep 2 model pH meter.

Stream sampling for flame chubs. Fifty-three sites
with a historic record of flame chub presence were vis-
ited and sampled by seining between May 2005 and
October 2007. Sites were selected from across the
range defined by historic records. Some sites were on
private land and unavailable for sampling, including
several sites behind barbed wire which are currently
used for cattle pasture. Sampling at each site was done
with a 3 X 1.3 m seine net with a mesh size of 3 x 3 mm.
Most sites were small streams or spring runs, rarely
more than 5 m wide or deeper than 1 m, generally
accessible at a road bridge crossing a stream. Flame
chubs are most commonly found in shallow, slow-mov-
ing stream pools especially in association with aquatic
vegetation, so such areas were preferentially sampled.
If possible and appropriate, a 200 m stream stretch was
sampled through ‘kick-netting’ at 5 to 10 m intervals,
with 1 or more people kicking downstream to chase
fish into the net held in a fixed position. Other sites
such as spring pools or small spring runs were sampled
by sweeping with the seine net. Because the primary
goal of this survey was to determine presence or
absence of flame chubs, sampling would generally end
soon after any flame chubs were found. Voucher spec-
imens of 1 to 5 individuals were kept from each site
that yielded flame chubs, preserved in 95% ethanol,
and placed in the author's ichthyology collection cur-
rently in the Department of Biological Sciences at the
University of Alabama in Huntsville, Alabama, USA.

For sites where at least 1 flame chub was found, the
relative abundance of flame chubs was rated as ‘com-
mon,’ ‘'uncommon,’ or ‘single fish." ‘Common’ indicates
that 5 or more flame chubs were captured, usually
quickly. 'Uncommon’ indicates that 2 to 4 flame chubs
were captured during repeated seining efforts. ‘Single
fish' sites were those in which a single flame chub was
captured in as many as several dozen seining efforts
over as long as 2 h.

Occurrence ranking key. Estimated viability ranks
were assigned to each visited site using the methods
developed for NatureServe member programs (Ham-
merson et al. 2008, Tomaino et al. 2008). This is intended
to make a concise assessment of the probability of per-
sistence of a species for the foreseeable future, generally
at least 20 to 30 yr. The use of these assessments in
this study was based on how many flame chubs were
caught, the condition of the stream, the condition of
the riparian area along the stream, and apparent land
use trends nearby, such as expanding housing develop-
ments or road enlargement that could reasonably be
assumed to degrade stream quality in the near future.

The rankings and what they imply about a site and
its population are as follows, based on Tomaino et al.
(2008):

(A) Excellent viability: The population is very likely
to last for the next 20 to 30 yr. The population appears
to be large, and the size, condition, and quantity of the
habitat are optimal.

(B) Good viability: The population size is likely to last
for the next 20 to 30 yr in similar or better condition.
Some aspects of size, condition, and quantity of the
habitat are favorable.

(C) Fair viability: There is some uncertainty about
the long-term persistence of the population. Few
aspects of the size, condition, and quantity of the habi-
tat are favorable.

(D) Poor viability: If current conditions persist, there
is a high probability of extirpation. This high probabil-
ity is the result of small population size, degraded
habitat, or inappropriate management that is unlikely
to change.

(F) Failed to find: Recent surveys have failed to
locate a population. Additional surveys are needed for
sufficient evidence that the population has been extir-
pated.

(X) Extirpated: Persuasive evidence has been found
that the species no longer occurs at this site.

These ranks can be blended, i.e. AB is excellent to
good viability and CD is fair to poor viability.

RESULTS
Water chemistry measurements

Water temperature of sampled streams ranged from
8°C in February to 24°C in July, pH values ranged from
6.4 to 8.2, and TDS varied from 17 to 213 ppm. The
average TDS was 102 ppm for sites where no flame
chubs were found, and 89 ppm for sites where flame
chubs were found. A 2-tailed t-test of the 2 data sets
showed no significant difference between sites with
and without flame chubs (p = 0.43).

Flame chub presence/absence

Flame chubs were found at 18 of the 53 sites sampled
(see the interactive map in the supplement at www.int-
res.com/articles/suppl/n012p087_supp/). Table 1 sum-
marizes when a site was sampled, and gives the rela-
tive abundance of flame chubs if encountered, and an
occurrence ranking. An occurrence ranking for each
site is based on the number and ease of capture of
flame chubs, and physical attributes of the stream and
its environs. Of the 35 sites sampled where no flame
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Table 1. Historic collection sites visited in north Alabama, USA, to assess presence/absence of flame chub Hemitremia flammea.
Occurrence rankings were as follows: A: excellent viability, B: good viability, C: fair viability, D: poor viability, F: failed to find,
X: extirpated. Note that ranks could be combined (e.g. AB: excellent to good viability). For relative abundance, common: >5
fish found; uncommon: 2 to 4 fish found. C.R.: county road. See ‘Materials and methods’ for details of occurrence rankings and

abundance estimates

Site Last historic Date Occurrence Relative
collection visited ranking abundance

Calhoun County

Choccolocco Creek, Joseph Springs Motor Way 2001 October 2007 F

Franklin County

Cedar Creek, C.R. 63 2004 October 2007 F

Robinson Creek, C.R. 61 2004 October 2007 F

Jackson County

Blue Spring, C.R. 20 1966 June 2005 F

Beason Spring, Highway 65 1966 June 2005 F

Lick Fork of Paint Rock River, C.R. 3 2001 June 2005 AB Common

Larkin Fork of Paint Rock River, C.R. 27 2001 June 2005 F

Larkin Fork of Paint Rock River, C.R. 27 1980 June 2005 F

Lauderdale County

Dry Branch, C.R. 139 1974 July 2006 AB Common

Olive Spring, near C.R. 139 1974 July 2006 A Common

Little Cypress Creek, C.R. 11 1976 July 2006 AB Common

Little Cypress Creek, C.R. 8 2002 July 2006 BC Uncommon

King Spring, Mars Hill Rd. 1993 July 2006 AB Common

Greenbrier Branch, C.R. 259 1974 July 2006 B Common

Cypress Creek, C.R. 8 1974 July 2006 F

Lindsay Creek, C.R. 81 1974 July 2006 F

Burcham Creek, C.R. 106 1974 July 2006 F

Burcham Creek tributary, C.R. 106 1976 July 2006 F

Burcham Creek, C.R. 112 1974 July 2006 F

Bruton Branch, end of C.R. 241 1976 July 2006 X

North Fork Cypress Creek, Natchez Trace Parkway 1979 July 2006 B Common

Lawrence County

Gillespie Creek, C.R. 86 1971 June 2006 F

Lee Creek, C.R. 86 1971 June 2006 F

Mallard Creek, Highway 72 1980 June 2006 F

‘Wheeler Branch, C.R. 388 1976 June 2006 F

Limestone County

Moss Spring, Greenbrier Rd. 1974 February 2006 F

Piney Creek, Nick Davis Rd. 1976 February 2006 F

Johnson Branch, Copeland Rd. 1982 February 2006 F

Panther Branch, Copeland Rd. 1982 February 2006 C Single fish

Swan Creek, Elkton Rd. 1976 April 2006 C Single fish

Swan Creek, Piney Chapel Rd. 1982 April 2006 F

Little Round Creek, Highway 99 1975 April 2006 X

Little Piney Creek, Bethel Rd. 1975 April 2006 C Single fish

Piney Creek, Wales Rd. 1982 April 2006 F

Spring Creek, Laughmiller Rd. 1976 May 2006 F

Mud Creek, Lindsay Rd. 1976 May 2006 C Single fish

Madison County

Mountain Fork, Winchester Rd. 2001 May 2005 B Common

Hester Creek, 1976 May 2005 F

Buddy Williamson Rd.

Tremble Creek, Old Highway 431 1976 June 2005 F

Acuff Spring, Jordan Rd. 1966 June 2005 B Common

Blue Springs Run, Dug Hill Rd. 1993 June 2005 X

Beaverdam Creek, off Baltimore Hill Rd. 1976 June 2005 F

Copeland Creek, Butter & Egg Rd. 1976 June 2005 F

Dry Creek, Kelly Springs Rd. 1976 July 2005 F

Dry Creek, Highway 53 1976 July 2005 F

Beaverdam Creek, Pulaski Pike 1976 July 2005 F

Brier Fork, Highway 231/431 1976 July 2005 X

Kelly Spring, Kelly Spring Rd. 1966 July 2005 CD Single fish

Dry Creek, Old Monrovia Rd. 1990 July 2005 CD Uncommon

Marshall County

Eudy Cave, Light Gap Rd. 1993 June 2006 B Common

Morgan County

West Fork, Cotaco Creek, Childers Rd. 1993 June 2006 F

Crowdabout Creek, Andrews Rd. 1976 June 2006 F

Dutton Creek, South Danville Rd. 1993 June 2006 C Single fish
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chubs were found, 31 were rated as F, and 4 were rated
as X. The 4 X sites showed evidence of permanent
alteration or destruction of a stream. The frequency of
occurrence rankings for the 18 sites where flame chubs
were found is as follows: 1 A, 4 AB, 5B, 1 BC, 5 C, and
2 CD.

Lauderdale County was the only county where flame
chubs were found at a slight majority of the sites vis-
ited, 7 of 13, and were common where found. Five of
the sites with flame chubs were in the largely undis-
turbed Little Cypress Creek system. Several sites vis-
ited in Lauderdale County no longer seem to be regu-
larly flowing creeks. Two sites in the Burcham Creek
system were dry and showed evidence of having been
so for some time in the drought conditions prevailing
that year, with truck tire ruts and terrestrial weeds in
the creek bed, but were ranked as F since they may
contain water again. The site at Bruton Branch had
been extensively reworked with construction equip-
ment for housing construction, and the creek has
disappeared, resulting in an element occurrence rank-
ing of X.

Two other counties make up most of the remaining
sites found to contain flame chubs. Four of 11 sites vis-
ited in Limestone County and 4 of 13 sites visited in
Madison County yielded flame chubs. All 4 of the
Limestone County sites yielded only a single speci-
men, but flame chubs were common at 2 of the Madi-
son County sites. Three sites in Limestone and Madi-
son Counties appear to have been significantly altered
since collections held by the UAIC were made, and
therefore received an element occurrence of X. For
instance, Little Round Creek at Highway 99 has been
extensively excavated for road and drainage projects;
Blue Springs Run at Dug Hill Road has lost most of the
2 km of its headwaters to suburban subdivision devel-
opment, including the exact location of the historic col-
lection, which is now a community center; and Dry
Creek at Highway 53 seems to have filled in from silta-
tion and is an intermittent stream.

Lauderdale, Limestone, and Madison Counties are
all on the north side of the Tennessee River, and in sum
flame chubs were found at 15 of 37 historic sites sam-
pled. The fourth county north of the Tennessee River,
Jackson, yielded flame chubs at only 1 of 5 sites vis-
ited. All 5 of these sites are in the Paint Rock River val-
ley, well-known for its high fish diversity.

Ten historic collections sites were visited and sam-
pled on the south side of the Tennessee River, in
Franklin, Lawrence, Marshall, and Morgan Counties.
Flame chubs were found at 2 of these sites. The only
site where flame chubs were common was at Eudy
Cave in Marshall County, in a tiny spring run on a
dairy farm. Wheeler Spring in Lawrence County, the
site of 3 historic collections since 1965, was visited but

was impossible to sample because of high water cre-
ated by a beaver dam across the spring pool's outlet.
Gillespie Creek and Lee Creek, both on County Road
88 in Lawrence County, showed evidence of altered
flow from a raised roadway being built through the
area, and Wheeler Branch on County Road 388 has
been channelized. Two sites in Franklin County, Cedar
Creek at County Road 63 and Robinson Creek at
County Road 61, yielded no flame chubs. Robinson
Creek was a series of stagnant, intermittent pools as
the result of drought. The single historic site in Blount
County, Big Spring Creek, was visited but was impos-
sible to sample due to difficult access because of dense
undergrowth and deep water.

In the Coosa River drainage of the Mobile Basin,
Choccolocco Creek at Joseph Springs Motor Way in
Calhoun County was sampled in October 2007. Sam-
pling along approximately 500 m of creek upstream of
Joseph Springs Motor Way yielded no flame chubs.
This is a historic site in which small numbers of flame
chubs were collected in 1986 (currently part of the
UAIC) and have been considered extirpated since.
One group of researchers collected several flame
chubs in this creek in 2002 while looking for other spe-
cies (B. Kuhajda pers. comm.).

DISCUSSION

A species like the flame chub that is a ‘narrow
endemic’ by definition has a patchy distribution natu-
rally. This makes it more difficult to determine if such a
species is in decline. The results of this survey show
that the flame chub is in decline in Alabama, being
found in 18 of 53 historic sites sampled. It is of course
possible, perhaps likely, that flame chubs were present
but missed at 1 or more sites. Even if this was true for 7
sites, that would still leave flame chubs missing from a
full half of the sampled historic sites. Of the 18 sites
where at least a single flame chub was found, 7 sites
were assigned an element occurrence of C or CD, with
at best fair long-term population viability.

There is a strong geographical pattern to the
remaining flame chub populations in Alabama. Two
primary strongholds exist for this species in north
Alabama. The first is the central and eastern parts of
the Cypress Creek system in Lauderdale County in
the Highland Rim physiographic section, where the 7
flame chub sites were all ranked with an element
occurrence of BC or higher (Table 1). Burcham Creek
and Bruton Branch in the western part of this system
seem to have lost flame chubs as a result of human
alterations of streams and stream flow. The other
flame chub stronghold is in the Flint River system in
Madison County in the Cumberland Plateau physio-
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graphic section, comprising Mountain Fork of the
Flint River and Acuff Spring, both with an element
occurrence rank of B (Table 1). Flame chubs were
easily seined in Mountain Fork just below a lowhead
dam. Acuff Spring was the only sampled site where
schools of flame chubs were easily observed. How-
ever, this site is under various stresses. The spring is
on land that belongs to and is managed by a private
housing development. Recently, the management has
treated the spring run with herbicide to kill ‘un-
sightly’ native aquatic vegetation, and a friend of the
developer has repeatedly released exotic koi into the
spring run to ‘improve’ it (C. Cox pers. comm.).

King (Buffler) Spring, just outside the city of Florence
in Lauderdale County, was the source of 4 large collec-
tions of flame chubs in the 1970s, and flame chubs
were common during sampling there in July 2006. This
site is protected as part of a small park, although it is
unknown if it is explicitly managed for the mainte-
nance of a flame chub population.

Other sites yielding flame chubs were scattered with
no easily discernible pattern. The only historic site in
Marshall County south of the Tennessee River, Eudy
Cave, seems to have a healthy flame chub population
and is relatively pristine in spite of being in the middle
of a cattle farm. The 1 site of 3 visited in Morgan
County that yielded a single flame chub, Dutton
Creek, is also surrounded by cattle pasture, with cows
having access to the creek both above and below our
sampling access.

Surprisingly, flame chubs were found in only 1 of 5
historic sites visited in the upper Paint Rock River sys-
tem of Jackson County in the Cumberland Plateau
physiographic section. Streams in this area show few
obvious signs of any abuse, and support populations of
other vulnerable fishes such as the blotchside logperch
Percina burtoni and palezone shiner Notropis albi-
zonatus. Two historic sites were sampled without suc-
cess on Larkin Fork in June 2005. One of these sites
produced a single flame chub as recently as 2001, and
at the other nearby historic site downstream, 8 flame
chubs were collected in 1980. This population may
have been in decline to the point where it is now diffi-
cult to find any flame chubs.

Almost all of the historic sites sampled are in small,
isolated streams or springs. These sites are vulnerable
to abuse such as that observed at Acuff Spring.
Because these sites are isolated, once a small fish such
as the flame chub is eliminated, recolonization would
not be easy. Only 1 of the 53 sites sampled in this sur-
vey is on protected public land, at King Spring in Flo-
rence. While sampling fish for another project, flame
chubs were found for the first time in Hurricane Creek
on the Walls of Jericho tract in the upper Paint Rock
River valley in Jackson County, owned by the state of

Alabama. This appears to be the only other flame chub
population on protected public lands in Alabama. Any
future effort to manage and protect flame chub popu-
lations in Alabama will be almost totally reliant on the
cooperation of private landowners.

The species seems to have experienced range con-
traction from a series of small blows resulting in local
extirpations. Such pressures are increasing in north
Alabama as human population grows along with the
expansion of roads and the conversion of rural lands
into suburban housing and supporting infrastructure.
The flame chub populations in Madison County, espe-
cially, are in the immediate path of this expansion
as the city of Huntsville attracts more industries and
population.

Based on the dramatic reduction of historic sites in
Alabama yielding even a single flame chub in this sur-
vey, it seems timely to adjust the NatureServe conser-
vation status of the flame chub in Alabama from a rank
of S3, Vulnerable, to S2, Imperiled. The S2 rank would
reflect an observed steep decline in populations across
Alabama over the last 40 yr. The global rank of the
flame chub is currently G3, Vulnerable. Because the Al-
abama range is currently about half of the total range of
the flame chub, this ranking may be too optimistic, and
G2, Imperiled, may be more accurate. A similar survey
needs to be done in Tennessee, the other half of the cur-
rent range of the flame chub. For the same reasons, the
IUCN category for the flame chub should be changed
back to Rare from Data Deficient.
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