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Abstract.—The Alabama River system, comprising the Alabama, Coosa, and Tallapoosa
subsystems, forms the eastern portion of the Mobile River drainage. Physiographic diversity
and geologic history have fostered development in the Alabama River system of globally
significant levels of aquatic faunal diversity and endemism. At least 184 fishes are native to
the system, including at least 33 endemic species. During the past century, dam construction
for hydropower generation and navigation resulted in 16 reservoirs that inundate 44% of
the length of the Alabama River system main stems. This extensive physical and hydrologic
alteration has affected the fish fauna in three major ways. Diadromous and migratory species
have declined precipitously. Fish assemblages persisting downstream from large main-stem
dams have been simplified by loss of species unable to cope with altered flow and water
quality regimes. Fish populations persisting in the headwaters and in tributaries to the main-
stem reservoirs are now isolated and subjected to effects of physical and chemical habitat
degradation. Ten fishes in the Alabama River system (including seven endemic species) are
federally listed as threatened or endangered. Regional experts consider at least 28 additional
species to be vulnerable, threatened, or endangered with extinction. Conserving the Alabama
River system fish fauna will require innovative dam management, protection of streams from
effects of urbanization and water supply development, and control of alien species dispersal.
Failure to manage aggressively for integrity of remaining unimpounded portions of the
Alabama River system will result in reduced quality of natural resources for future generations,
continued assemblage simplification, and species extinctions.
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Introduction

The Alabama River system, comprising the Alabama,
Coosa, and Tallapoosa rivers and their tributaries
(Figure 1), forms the eastern portion of the Mobile
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River drainage, one of the most biologically rich
aquatic ecosystems in North America (Lydeard and
Mayden 1995; Mettee et al. 1996; Neves et al.
1997). Physiographic diversity and a geologic his-
tory of relative isolation and protection from Pleis-
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Figure 1.—Alabama River system, showing Alabama, Coosa and Tallapoosa main stems, major tributary systems,
and locations of main-stem dams. Flow-regulated reaches are numbered to correspond with Table 1. Inset shows
drainage (cross-hatched) overlain on physiographic provinces: Appalachian Plateau (A), Valley and Ridge (V), Blue
Ridge (B), Piedmont (P), and coastal plain (C). The fall line separates the coastal plain from upland provinces.
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tocene glaciation have fostered development in the
Alabama River system of some of the highest levels
of aquatic faunal diversity and endemism recorded
in temperate freshwaters. At least 184 fishes are na-
tive to the system, including at least 33 endemic spe-
cies (Appendix A).

Our knowledge of the Alabama River ichthyo-
fauna began with the eclectic discovery and descrip-
tion of fishes in the mid-19th century, rapidly
transitioned to more rigorous, systematic investiga-
tions by scholars at newly established national and
regional natural history museums, and continues as
diverse biological investigations conducted at state
universities, natural history research collections, and
by state and federal agencies. Boschung (1992) pro-
vides a brief synopsis of contributions by 19th cen-
tury natural historians who initiated early ichthyo-
faunal exploration of the Alabama River. The list
includes luminaries associated with ichthyological
exploration of North America, but three scientists
stand out by virtue of describing more than half the
fishes known from the Alabama River. The anato-
mist Jean Louis Rodolphe Agassiz (1807-1873)
described the first species from the Mobile River
drainage, the blackbanded darter (as Hadropterus
nigrofasciatus) and 28 other valid forms. The re-
nowned scholar and humanist David Starr Jordan
(1851-1931), and his student and colleague
Charles Henry Gilbert (1859-1928), collectively
described more than a hundred species. The first
endemic species described from the Alabama River
system, the blue shiner was described as being com-
mon by Jordan (1877); it is now a federally listed
threatened species.

The rich fauna of Alabama has attracted many
students of fishes in the 20th century, far too many
to list. However, two southeastern colleagues,
Herbert T. Boschung (Professor Emeritus, Depart-
ment of Biology, University of Alabama) and Royal
D. Suttkus (Professor Emeritus, Tulane University,
Museum of Natural History), and several decades
of their graduate students, made outstanding con-
tributions to our knowledge of the composition and
distribution of the Alabama River ichthyofauna.
Collectively with their graduate students, Suttkus
and Boschung described 36 species from Alabama,
31 of which occur in or are endemic to the Ala-
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bama River system. Boschung published the first
annotated list of Coosa River fishes (Boschung 1961)
and a catalog of freshwater and marine fishes
(Boschung 1992). His student, James D. Williams,
surveyed the Tallapoosa River for his Master’s thesis
(Williams 1965). William Smith-Vaniz (1968)
authored the first book on the fishes of Alabama,
primarily an illustrated key accompanied by black
and white photographs. More recently, Maurice E
Mettee and Patrick E. O’Neil (both graduate stu-
dents of Boschung) and ]. Malcolm Pierson authored
a beautifully illustrated book on the fishes of Ala-
bama and the Mobile basin (Mettee et al. 1996). A
third book on Alabama’s fishes, by Boschung and
Richard L. Mayden and illustrated by Joseph R.
Tomelleri (Boschung and Mayden 2004), provides
a comprehensive treatment of the systematics, dis-
tribution, biology and conservation status of the
state’s ichthyofauna.

Remarkably, new species discovery continues
in the system (e.g., 12 fish species have been de-
scribed since 1990), partly driven by recognition of
cryptic species (Suttkus and Etnier 1991; Wood and
Mayden 1993; Suttkus et al. 1994a, 1994b; Bauer
et al. 1995; Thompson 1997a, 1997b; Burr and
Mayden 1999). Our objectives are to describe how
the rivers and fish assemblages of the Alabama River
system have changed over the past century and a
half; to highlight conservation issues, and to discuss
management activities that are either in place or are
needed to prevent undesirable faunal changes in the
future.

The Alabama River system drains approxi-
mately 59,000 km?, including substantial portions
of northwest Georgia, east-central Alabama, and a
small area of southeastern Tennessee. Physiographic
diversity of the system creates a mosaic of lotic habi-
tats that, prior to construction of large dams, formed
afluvial continuum from the mountains to the Gulf.
The northernmost headwaters of the Coosa River
system dissect the southern terminus of the Blue
Ridge, Valley and Ridge, and upland Piedmont
along the southern bend of Appalachia. These head-
water rivers derive their distinctiveness from the var-
ied lithography and soil horizons of these provinces
in northwestern Georgia and northeastern Alabama
(Wharton 1978). The main stem of the Coosa River
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(460 km in length) originates in the relatively open
Great Valley subsection of the Valley and Ridge, at
Rome, Georgia. The lower third of the Coosa River
main stem historically cascaded through a series of
large virtually unnavigable bedrock shoals (Jackson
1995). The shoals abruptly disappear just below the
fall line where the Alabama River is formed by the
junction of the Coosa River with the Tallapoosa
River near Montgomery, Alabama. The Tallapoosa
River has similar physiographic diversity, flowing
415 km from Piedmont uplands in west Georgia
and east Alabama, crossing the fall line in another
set of large falls (i.e., prior to impoundment), and
continuing across the coastal plain to join the Coosa
River. The Cahaba River forms the western-most
large tributary of the Alabama River and is the
system’s longest unregulated river (Figure 1). The
Cahaba flows over 300 km from the Valley and
Ridge province, across the fall line, onto the coastal
plain and into the Alabama River near Selma, Ala-
bama. The Alabama River main stem winds 500 km
across the coastal plain, joining with the Tombigbee
River approximately 72 km from Mobile Bay.
Rainfall is abundant in most years in the Ala-
bama River system, averaging from about 127-142
cm/year across most of the basin, to more than 150
cm/year in the Coosa system headwaters and in the
lower Alabama River. Natural flow regimes include
seasonally highest flows in February, March, and
April and lowest flows in September, October, and
November. Streams on the coastal plain typically
experience spring high flows that inundate riparian
habitats. Annual flow in the lower Alabama River
averages about 950 m?/s; seasonal high flows (e.g.,
exceeding 2,250 m?/s) spread into historically for-
ested floodplain areas for up to 50% of days from
March through September (Irwin et al. 1999).

Brief History of Alteration in the
Alabama River System

Channel alteration of the main stems—Early changes
to the system’s rivers brought about by European
settlers include construction of small dams to power
grist and textile mills and efforts to improve the riv-
ers for navigation. Examples of the navigation im-
provements include rock removal, construction of
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rock dikes, and channel straightening in reaches of
the upper Coosa system in the late 19th century
(Corps of Engineers reports to the U.S. Congress,
compiled by Bill Frazier, Decatur, Georgia). Steep
gradient and numerous, large shoals prevented ac-
cess by barges to the lower Coosa River, but the
lower-gradient Alabama River provided a major
corridor of river-borne commerce through the 19th
century (Jackson 1995). In 1878, Congress autho-
rized maintenance of a 1.2 x 61 m navigation chan-
nel on the length of the Alabama River, largely
achieved by construction of jetties and dykes and
by snag removal (Jackson 1995). The U.S. Army
Corps of Engineers (USACE) presently dredges sand
and gravel from shoals to facilitate travel in low-flow
periods.

Beginning in 1914 and continuing to the
1980s, dam construction for hydropower genera-
tion and navigation resulted in 16 reservoirs in the
Alabama River system. The first hydropower dams
were constructed on the Coosa and Tallapoosa riv-
ers in the vicinity of the fall line, where steeper gra-
dients erode beds down to former continental shelf
bedrock. Eventually, 12 hydropower projects (10
private, 2 federal) were constructed in the Coosa
and Tallapoosa systems (Figure 1). The USACE con-
structed three additional lock and dam projects on
the Alabama River main stem between 1963 and
1972 for purposes of hydropower generation and
to provide a 2.7 x 61 m navigational channel. These
projects resulted in extensive alteration of free-flow-
ing, large river habitat in the Alabama River system;
approximately 74% of the length of the Alabama
River main stem, 87% of the Coosa River main stem
and 29% of the Tallapoosa River main stem were
eventually impounded by the pools behind naviga-
tion and hydropower dams.

Free-flowing riverine habitat in the Alabama
River system now consists of unimpounded main-
stem sections below dams and major tributary
streams (many of which are now truncated by main-
stem impoundments). The main-stem dams regu-
late flow regimes in nearly all remaining large-river
habitat, with three segments experiencing the hourly
flow fluctuations produced by peaking hydropower
operations (Table 1). Water releases during
nonpower generation periods have been as low as
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Table 1.—Flow-regulated segments of the Alabama River system, showing year of initial flow regulation, segment
length, and flow regime characteristics (hydropower releases and base flow levels). Numbers in parentheses correspond

to numbered segments in Figure 1.

River segment

Year regulated  Length (km) Flow regime characteristics

Coosawattee River 1975 40
below Carter’s Dam

and reregulation dam (1)

Oostanala River below
Carter’s Dam and rereg
dam (2)

1975 76

Etowah River below 1950 77

Allatoona Dam (3)
Coosa River bypass, 1962 36
below Weiss Dam (4)

1929° 13

Coosa River below
Jordan Dam (5)

Tallapoosa River below 1982 78

Harris Dam (6)
Tallapoosa River below 1930 80
Thurlow Dam (7)
Alabama River below 1969 132
Claiborne Lock and

Dam (8)

Hydropeaking, releases buffered by the
reregulation dam; base flow = 20% mean annual
flow.

Hydropeaking, releases buffered by the
reregulation dam and by Conasauga River inflow.

Hydropeaking; base flow = 13% mean annual
flow.

Bypassed; flow supplied by tributaries. Flow
reversed in the lower portion of the reach during
power generation.

Hydropeaking (1929-1967, 1975-1980) or
bypassed (1967-1975; 1980-1990); Presently,
seasonally varied baseflows with periodic hydro
power releases.

Hydropeaking; base flow = 2% mean annual flow.
Hydropeaking; base flow increased from

leakage to 25% mean annual flow in 1989.
Navigation lock and dam; upstream hydropower

dams operated to maintain mean daily flow =
approx. 20% mean annual flow.

* Flow in the lower Coosa River initially was altered by construction of Lay Dam (1914) and Mitchell Dam

(1923), both located upstream of Jordan Dam (1929).

flow leakage from the dams in the Coosa River be-
low Jordan Dam and the Tallapoosa River down-
stream from Thurlow Dam, and remain low in the
Tallapoosa River below Harris Dam (Table 1). Two
segments of the Coosa River are bypassed, with flows
for power generation usually released through arti-
ficial channels. Downstream from Jordan Dam, the
Coosa River presently is afforded continuous, sea-
sonally varied flows. Flow in the bypassed section
below Weiss Dam is entirely from tributary inflow
except during power generation, when flow is re-
versed as a portion of the released water is forced
back upstream through the bypassed channel. Cart-
ers Dam and reregulation dam (in the upper Coosa
system) operate as a pump-storage peaking project;

water is released through Carters Dam to generate
power during high-demand periods and is pumped
back upstream from the reregulation pool when
demand is low. The reregulation dam dampens the
effects of peaking releases on the downstream seg-
ments of the Coosawattee and Oostanaula rivers.
Alterations from watershed activities—Expand-
ing agriculture in the 19th century brought exten-
sive conversion of forests to agricultural fields and
consequently enormous increases in sediment load-
ing to streams and rivers. Mining activities, (e.g., for
gold in the upper Coosa system, coal in the Cahaba
system) also added increased bedload and contami-
nants to river segments (Ward et al. 1992; Leigh
1994; Shepard et al. 1994). Tributaries and main-
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stem sections were channelized to improve drain-
age from the eroding agricultural landscape, a prac-
tice that began a century ago and continues to
present. Tributary systems have also been shortened
and fragmented by construction of thousands of
farm ponds and watershed dams.

Ecological integrity of the Alabama River sys-
tem presently is threatened by human population
expansion and urbanization. Through the 1990s,
the Atlanta metropolitan area (which extends north-
ward and westward into the Coosa and Tallapoosa
systems) was included among the fastest growing
counties in the United States (U.S. Census Bureau,
heep://www.census.gov/population/www/cen2000/
phe-t4.html). Urban growth in and surrounding
Birmingham also affects flows, water quality, and
biological integrity in the Cahaba River system
(Shepard etal. 1994). The expanding human popu-
lation is placing increasing pressures on the Alabama
River system for water supply. The states of Alabama
and Georgia have been struggling to resolve a plan
for sharing waters in the system for over a decade
through joint study of water availability and de-
mands, and since 1997, through formal negotia-
tions under an interstate compact (USACE 1998).
Symptomatic of Georgia’s increasing water needs,
at least six new water-supply reservoirs are proposed
for streams in the upper Coosa and Tallapoosa sys-
tems.

Methods

To describe the status of the Alabama-Coosa-
Tallapoosa (ACT) River basin fish fauna, we exam-
ined evidence of species imperilment and extirpa-
tions, the occurrence of alien fishes, and the condi-
tion of assemblages persisting in the longest flow-
regulated main-stem segments. We initially listed all
freshwater and diadromous fish species known from
eight major ACT subsystems (Appendix A), based
on historic records plotted by Mettee et al. (1996)
and Walters (1997), supplemented with observa-
tions by Jordan (1877) for the Oostanaula and
Etowah systems, and additional recent records for
the upper Coosa (N. M. Burkhead and B. J. Free-
man, unpublished data) and Tallapoosa (E. R. Irwin
and M. C. Freeman, unpublished data) systems. We
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also listed fishes that are primarily marine but that
commonly occur in the downstream portion of the
Alabama River system. The establishment of alien
species was assessed from Mettee et al. (1996) and
Fuller et al. (1999).

We followed Warren etal. (2000) in listing the
conservation status of each taxon, except for species
listed as threatened or endangered under the En-
dangered Species Act (ESA), in which case we listed
the species status under the ESA. To illustrate trends
in faunal conservation status, we compared number
of species by conservation category in carlier assess-
ments (Miller 1972; Deacon et al. 1979; Williams
et al. 1989) with the more recent assessment by
Warren et al. (2000). We also examined changes in
imperilment of the Alabama River system fauna in
comparison to changes for the entire fish fauna of
the southeastern United States. For these compari-
sons, we followed Warren et al. (2000) in equating
the “special concern” category used in the catlier as-
sessments with “vulnerable” (i.e., may become threat-
ened or endangered as a result of relatively minor
habitat disturbances).

The lack of extensive faunal surveys prior to dam
construction and other major habitat disturbances,
along with the difficulty of sampling species that may
be rare or elusive (e.g., in deep water habitats), ham-
pers our ability to conclude that species have been
extirpated from a particular reach or river system.
The strongest evidence of species extirpation con-
sists of records of past occurrence along with failure
to collect a species over a prolonged period of sam-
pling; the hypothesis of extirpation is further
strengthened if the species’ habitat has been severely
altered or otherwise made inaccessible. Nonetheless,
we recognize that rarity and difficulty in sampling
can result in “rediscovery” of fishes presumed extinct
or extirpated for decades (Mayden and Kuhajda
1996), and so our conclusions must be tempered
with the possibility of future discoveries. For diadro-
mous species, we presumed extirpation from those
portions of the range made inaccessible by down-
stream dams that lack provisions for fish passage. For
other species, we presumed extirpation if the spe-
cies had not been observed in at least two decades.
We counted a limited number of species as extir-
pated from flow-regulated reaches for which we lack
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historical records but hypothesize that the species
likely occurred on the basis of habitat characteris-
tics and proximity to areas with known occurrences.

We assessed the condition of fish assemblages
in flow-regulated segments by examining evidence
of species persistence for three taxonomic groups
that commonly occur in wadeable habitats: sunfishes
and basses (Centrarchidae), minnows (Cyprinidae),
and darters (Percidae: Etheostomatini). Focusing on
these three groups allowed us to include a large por-
tion of the native fish diversity in the Alabama River
system (Appendix A), while avoiding biases attrib-
utable to inefficient sampling in deep water. Exam-
ining extant diversity of these three groups also al-
lowed us to compare persistence of habitat-general-
ists species that are tolerant of lotic and lentic con-
ditions (i.e., sunfishes and basses) with that of fishes
primarily adapted to flowing-water habitats (i.c., the
darters and the majority of the native riverine min-
nows; Etnier and Starnes 1993; Jenkins and
Burkhead 1994). We estimated expected native rich-
ness for these taxonomic groups in the flow-regu-
lated reaches on the basis of known species occur-
rences either within the reach or in similar main-
stem or large tributary habitats within the subsystem.

We used information from 11 studies (Table
2), collected over varying time periods and by dif-
ferent researchers, to estimate the numbers of na-
tive sunfish and basses, minnows, and darters per-
sisting in each flow-regulated segment. In four of
the flow-regulated reaches, prepositioned area
electrofishers (PAEs: 1.5 x 6 m in size; Bain et al.
1985) have been used to sample fishes in wadeable
habitats using similar effort on multiple occasions
(i.e., over 2 to 5 years; Table 2). We used presence-
absence data from PAE samples from sequential
years to estimate native species detectability and rich-
ness for each site and taxonomic group, to examine
the possibility that low observed species richness in
some reaches resulted from low detectability. De-
tectability and species richness estimates were made
using the jackknife estimator for closed-populations
with heterogeneous detectabilities among species
(model M, ), computed using program CAPTURE
(Williams et al. 2002). Additional species occurrence
data for flow-regulated reaches were obtained by
boat electrofishing, backpack electrofishing and sein-
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ing, and collection with rotenone (Table 2). Taken
together, these studies provided data on species per-
sistence for those faunal groups that were vulner-
able to at least one of the sampling methods em-
ployed in each flow-regulated reach. For compari-
son, we estimated percent of native species persist-
ing in the unregulated portions of the Conasauga,
Etowah, and Tallapoosa systems based on Walters
(1997) and our unpublished collection records.

Last, to understand how impoundments and
other navigation-related changes to the Alabama
River main stem have altered the fish assemblages,
we summarized the results of previous studies (Buckley
1995; Buckley and Bart 1996), which used data from
a long-term, fish-monitoring survey conducted by
Royal D. Suttkus and the late Gerald E. Gunning to
examine trends in fish species richness and abundance
over time in the impounded reach of the river. Suttkus
and Gunning initiated a semiannual, fish-monitor-
ing survey of eight stations, and an annual survey at
10 stations, along a 100 km stretch of the Alabama
River in 1967, continuing through the 1990s. The
start of the Alabama River Fish Monitoring Survey
roughly coincides with the period of intensive modi-
fication of the Alabama River for navigation. Work
on the two dams that encompasses most of the Suttkus
and Gunning survey area (Miller’s Ferry Lock and
Dam and Claiborne Lock and Dam) was initiated in
1965 and completed in 1972. Dredging of the river
for maintenance of the navigation channel occurred
periodically throughout the survey.

Specimens and data from the Alabama River
Fish Survey are archived in the Royal D. Suttkus
Fish Collection in the Tulane University Museum of
Natural History. In summarizing the data, Buckley
(1995) and Buckley and Bart (1996) used records
from the museum database as well as information
from the personal field notes of R. D. Suttkus. Sam-
pling gear remained constant during the survey,
consisting of 3.3 x 2 m, 0.5-cm mesh seines and
(rarely) trammel nets. Initially, sampling was con-
ducted at night, but changed to mostly daylight
hours starting in 1983. Early collection efforts gen-
erally lasted for 45 min to 1 h, whereas later collec-
tions (after 1985) were from 15 to 30 min.

The overall species richness trend is based on
pooled data for all collections within a given year.
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Species abundance trends are based on sampling
time-adjusted data (minutes of sampling effort) and
thus account for the decrease in sampling effort of
collections after 1985. The data are summarized in
6-year time blocks.

Results

The Alabama River system contains at least 184 na-
tive fish species (Appendix A), counting all described
and known but undescribed fishes of which we are
aware. Uncertainty in the total number of fish taxa
stems from the occurrence of cryptic species, some of
which have been recognized (i.e., four undescribed
species related to the holiday darter, Appendix A) and
likely others that have not. The fauna includes at least
33 species that are endemic to the Alabama River
system, approximately 18% of the native fauna. De-
spite the high level of endemism, many fishes are wide-
spread within the system; for example, at least 96 spe-
cies (52%) natively occurred in each of the Coosa,
Tallapoosa, and Alabama sub-systems.

Alien species compose approximately 10% of
the fish fauna in the Alabama River system, num-
bering about 19 species that may be established (Ap-
pendix A). Five species (threadfin shad, common
carp, grass carp, fathead minnow, and redbreast
sunfish) are widespread in the system. The redbreast
sunfish occurs so commonly that the species’ status
as alien is questionable. Other alien species gener-
ally are restricted to narrower ranges within the ba-
sin (Appendix A), occurring as a result of local in-
troductions that were either accidental (e.g., from
bait buckets or aquaculture facilities) or to support
sport fisheries (e.g., three salmonid species, restricted
to cool headwaters). The red shiner is an exception,
occurring widely in the upper Coosa system (Ap-
pendix A). The red shiner has been present in the
upper Coosa since at least the early 1970s, and pres-
ently is one of the few cyprinids persisting in the
bypassed Coosa River channel below Weiss Dam
(Irwin etal. 2001). Through the 1990s, red shiners
have spread up the Coosa system and threaten to
reduce populations of the three native Cyprinella
species (including the federally threatened blue
shiner) through displacement and hybridization (N.
M. Burkhead, unpublished data).
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Extensive physical and hydrologic alteration has
contributed to a relatively high level of imperilment
of fishes of the Alabama River system. Ten fish spe-
cies are federally listed under the Endangered Spe-
cies Act, and 28 additional species are considered
imperiled (i.e., 3 endangered, 9 threatened, and 16
vulnerable; Appendix A). Periodic assessments of con-
servation status show a steady increase in fishes con-
sidered endangered and vulnerable, with the pat-
tern for the Alabama River system fauna largely par-
alleling that for the southeastern United States (Fig-
ure 2). Faunal imperilment in the Alabama River
system reflects three of the major effects of multiple
main-stem dams: (1) decline of diadromous and
migratory species; (2) species loss in flow-modified
riverine fragments downstream from dams; and (3)
population isolation in tributary river systems, where
populations are subject to habitat degradation (e.g.,
from urban development). We present evidence for
each of these effects below.

Diadromous and migratory fauna.—Dams have
substantially restricted the ranges of three of the four
diadromous fishes native to the Alabama River sys-
tem. The American eel persists in the Alabama and
Cahaba rivers (Pierson et al. 1989; Mettee et al.
1996), and commonly occurs in the tailwater shoals
of the downstream-most dams on the Coosa and
Tallapoosa rivers (Mettee et al. 1996). Jordan (1877)
reported the presence of eels in the upper Coosa
system in north Georgia, prior to construction of
the first hydropower dams on the Coosa and
Tallapoosa (in 1914 and 1924, respectively). In sys-
tems with unobstructed passage, the American eel
commonly migrates inland thousands of kilometers
and inhabits a wide range of stream sizes and habi-
tats (Helfman etal. 1997). Thus, although we lack
additional predam survey data, we hypothesize that
eels likely migrated throughout the Alabama River
system prior to large dam construction.

The dams on the Alabama River main stem have
restricted Gulf sturgeon to the portion of the river
downstream from Claiborne Lock and Dam
(USFWS and GSMFC 1995). Historically, the spe-
cies migrated from the Gulf of Mexico upstream to
the fall line in the Cahaba River (Pierson et al. 1989).
Alabama shad similarly migrated from the Gulf to
and above the fall line in the Coosa and Cahaba
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Figure 2.—Comparison of conservation statuses (black is endangered, gray is threatened, and white is vulnerable)
based on classification by the American Fisheries Society for the A: southeastern United States and B: Alabama River
system (derived from Miller 1972; Deacon et al. 1979; Williams et al. 1989; and Warren et al. 2000).

rivers, respectively, prior to lock and dam construc-
tion on the Alabama River (Mettee et al. 1996). This
anadromous species is likely extirpated from the
Cahaba River (Pierson et al. 1989), and Mettee and

O’Neil (2003) report only five individuals collected
from the Alabama River in the last 25 years, all
downstream from Claiborne and Millers Ferry lock
and dams. We hypothesize that the Gulf sturgeon
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and Alabama shad are extirpated from the lower,
flow-regulated reaches of the Coosa and Tallapoosa
rivers. Although we know of no records for Alabama
shad in the upstream portions of the Coosa or
Tallapoosa systems, Burkhead etal. (1997) hypoth-
esized that the Alabama shad also is extirpated from
the upper Coosa system in north Georgia. Their
hypothesis is based on the observation that in At-
lantic Slope drainages (e.g., the James River), the
American shad migrated as far inland as the Blue
Ridge province.

The Gulf'striped bass, the fourth diadromous
fish native to the Alabama River system, remains
widespread although dams have altered migrations
and population sustainability. Historically, striped
bass migrated from the Gulf upstream at least to
the fall line and supported popular sport fisheries
in the tailwaters of the downstream-most dams on
the Coosa and Tallapoosa rivers (Anonymous 1950;
J. Hornsby, Alabama Department of Conservation
and Natural Resources, personal communication).
We lack predam records of striped bass in the more
upstream portions of the Coosa and Tallapoosa sys-
tems, and thus we do not know how far upstream of
the fall line native striped bass may have migrated.
In any case, the main-stem dams on the Alabama
River (completed between 1963 and 1972) largely
blocked striped bass migration from the Gulf. The
species presently occurs widely in the system; how-
ever, as a result of stocking into impoundments.
Stocked populations have been of both Gulf and
Adantic origin. Lack of sufficient riverine conditions
inhibits natural reproduction by populations in most
of the Coosa impoundments, although stocked
striped bass are known to spawn in the free-flowing
portions of the Oostanaula river system upstream
from Weiss Reservoir (W. Davin, Berry College,
Rome Georgia, personal communication). Thus, the
range of the striped bass may have increased in the
Alabama River system compared to the historical
range; however, most populations likely are not self-
sustaining and may represent a mixture of subspe-
cies.

River system fragmentation has also curtailed
migration by resident large-river fishes, resulting in
declines in at least three native species. The south-
eastern blue sucker is only common within the Ala-
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bama River system in the lower Alabama River,
where Mettee et al. (1996) report spawning aggre-
gations at the base of Millers Ferry Dam and
postspawning movements downstream past
Claiborne Dam. We hypothesize that this species
historically occurred widely in larger rivers of the
Alabama River system. A single record from the
upper Coosa River (Scott 1950) documents occur-
rence above the fall line, and a number of records
exist for the lower portions of the Cahaba and
Tallapoosa rivers (Pierson et al. 1989; Mettee et al.
1996). Similarly, the Alabama sturgeon, which is
endemic to the Mobile River drainage, historically
occurred in the main channels of the Alabama, lower
Cahaba, and lower Tallapoosa rivers (Burke and
Ramsey 1995). An 1898 report by the U.S. Com-
mission of Fish and Fisheries documents a large
(19,000 kg, about 20,000 fish), if brief, commer-
cial catch of Alabama sturgeon (Mayden and
Kuhajda 1996). The species has continued to be
encountered by fishermen in the lower portion of
the Alabama River, but with decreasing frequency
from the 1980s to present (Burke and Ramsey 1995;
USFWS 2000). The Alabama sturgeon was feder-
ally listed as endangered in 2000, having essentially
disappeared in most of its range (USFWS 2000).
Overfishing and loss and fragmentation of riverine
habitat as a result of dam construction are the pri-
mary suspected causes of the sturgeon’s decline (Wil-
liams and Clemmer 1991; Burke and Ramsey 1995;
Mayden and Kuhajda 1996; USFWS 2000). The
Alabama sturgeon presently is known to persist in
the Alabama River main stem downstream from
Millers Ferry and Claiborne lock and dams, and in
the Cahaba River (B. Kuhajda, University of Ala-
bama, personal communication).

Finally, the lake sturgeon historically occurred
in the upper Coosa River system (Scott 1950; Burke
and Ramsey 1995), representing a disjunct popula-
tion from those in the Mississippi, Great Lakes, and
Hudson Bay drainages. Older residents of north
Georgia report catching large sturgeon in the
Etowah and Coosa rivers from the 1930s to 1970s,
including an 86-1b individual taken with a pitch-
fork at the base of a low-head dam on the Etowah
main stem in 1948. The last known record dates to
1980, when an individual was taken from a peri-
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odically flooded pond adjacent to the Oostanaula
River. The lake sturgeon is now presumed extirpated
from the Alabama River system by the Georgia De-
partment of Natural Resources (GDNR), which has
initiated a reintroduction program using individu-
als of Wisconsin origin.

Fish Assemblages in Flow-Modified River Seg-
ments.—The segments of the Alabama River system
regulated by upstream hydropower dams all have
experienced species losses and assemblage simplifi-
cation. Most of the flow-regulated sections lack
records for 30% or more of the minnow and/or
darter species presumed native to these reaches (Fig-
ure 3). Sunfish and bass species generally show less
evidence of faunal loss in flow-regulated segments
(Figure 3). An exception is the short reach of the
Coosa River that remains unimpounded down-
stream from Jordan Dam, where all three groups
exhibit low percentages of native species (Figure 3).
The percent of native minnow and darter species
persisting in the regulated portions of the Tallapoosa
appear higher than in the Coosa system; however,
this variation is not obviously related to length of
the segment, length of time regulated, or flow re-
gime characteristics. The two regulated Tallapoosa
segments include the most recent and among the
carliest segments to be regulated, and the lowest and
highest base flow provisions (Table 1).

Applying the jackknife estimator of species
richness to presence-absence data from replicated

Unregulated
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PAE samples for four reaches (Coosa below Jor-
dan Dam, Coosa below Weiss Dam, Tallapoosa
below Harris Dam and Tallapoosa below Thurlow
Dam) did not suggest that low species richness
observations in these reaches resulted from low
species detectability. Ratio of observed to estimated
species richness exceeded 83% for all species
groups at all sites except for centrarchid richness
in the Tallapoosa downstream from Harris Dam
(4 years of repeated samples; observed: estimated
richness = 57%). Additionally, in all cases except
the Coosa below Jordan, other sampling efforts
(Table 2) obtained records for as many or more
additional species as were indicated as unobserved
in PAE sampling. For the Coosa below Jordan
(where our richness estimates are entirely based on
PAE sampling), the jackknife estimates suggest pres-
ence of only two additional minnow species (9%
of native richness) and one additional centrarchid
(8% of native richness). It is impossible to estimate
the presence of species that are not vulnerable to
any sampling. However, the fact that most of the
native sunfish and bass, minnow, and darter fauna
have been recorded in at least three of the unregu-
lated portions of these systems (Figure 3), coupled
with failure of replicated samples to suggest low
species detectability in total sampling efforts, sup-
ported the hypothesis that fish assemblages in flow-
regulated reaches have experienced species losses,
particularly of river-dependent species.
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Figure 3.—Estimated percentages of native species persisting in three unregulated and seven flow-regulated seg-
ments of the Alabama River system, for three families: Centrarchidae (black bars), Cyprinidae (gray bars), and Percidae
(white bars). Identities of species with known occurrences in the flow-regulated reaches are indicated in Appendix A.
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Analysis of Suttkus and Gunning’s long-term
fish survey data suggested that the main stem of the
Alabama River has also experienced dramatic
changes in fish assemblage richness and composi-
tion. Species richness in collections, pooled for all
sites, declined significantly over the survey period,
from a high of 96 species in 1964 to a low of 34
species in 2000 (Figure 4). This decline preceded,
and continued after, the change in 1983 from night-
time to daytime sampling. Groups accounting for
most of the decline were percids (mostly darters),
catfishes, minnows such as the “Pine Hills chub”
Macrhybopsis sp. cf- aestivalis, and fluvial shiner and
a group of diadromous and euryhaline species, in-
cluding the Alabama shad, bay anchovy, American
eel, striped mullet, southern flounder, and the
hogchoker (Figure 5). Among darters, the crystal

120 -

100 +

80 -

60 -

40

Number of fish species

20 A

0 T T T

569

darter exhibited the strongest decline. Other dart-
ers showing marked declines were the naked sand
darter, the river darter, and the saddleback darter.
Catfishes showed an abrupt change in abun-
dance and occurrence from high during the first
half of the survey (1964-1984) to low during the
second half of the survey (1985-2000). Coincident
with this change was the change in sampling time
from evening to daylight hours. Since most catfishes
are nocturnal, the most parsimonious explanation
for the decline is that they were underrepresented
in daylight samples due to inactivity. However,
among the catfishes were five species of madtoms
(the black madtom, tadpole madtom, speckled
madtom, frecklebelly madtom, and freckled
madtom), which were collected in the first few years
of the survey (12 years prior to the start of daytime
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Figure 4—Decline in total number of species collected across years in the long-term fish monitoring survey of the
Alabama River main stem by R. D. Suttkus and G. E. Gunning. The coefficient of determination () for the plotted

trend is 0.64.
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Figure 5.—Trends in sampling-time-adjusted abundance across 6-year time blocks for “Pine Hills chub” and fluvial
shiner, madtom catfishes, percids, and select diadromous and euryhaline fishes collected in the long-term fish monitor-
ing survey of the Alabama River main stem by R. D. Suttkus and G. E. Gunning,
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collecting), but not after this time (Figure 5). De-
clines in species such as the speckled chub, fluvial
shiner, frecklebelly madtom, crystal darter, and
saddleback darter are attributed to the reduction in
gravel bars and change from lotic to more lentic
conditions in impounded portions of the survey area.

Fauna of major tributaries—The free-flowing
and unregulated portions of the ACT harbor the re-
maining populations of 8 of the 10 federally listed
species in the system (i.e., excepting only the two listed
sturgeon species) along with a large portion of the
native fish fauna. For example, the Conasauga River
system retains at least 71 of 77 native fishes (Walters
1997), and the upper Etowah River system holds at
least 68 of 74 native fishes. Together, these two Coosa
River headwater systems contain four darter species
and one minnow species that are federally listed, with
the remaining small-bodied protected fishes occur-
ring in the Coosawattee system, the Cahaba system,
and in the case of the pygmy sculpin, a single spring
in the Coosa system (Williams 1968; Appendix A).

Atleast five of the federally listed darters and min-
nows have had their ranges restricted and fragmented
as a result of main-stem impoundments. The amber
darter persists in disjunct populations in the upper
Conasauga and Etowah rivers, separated by Allatoona
Reservoir and the flow-regulated segments of the
Etowah and Oostanaula rivers (Figure 6). The goldline
darter persists in populations in the upper Coosawattee
and Cahaba rivers, separated by eight main-stem dams
(Figure 6). The blue shiner similarly persists in frag-
mented populations separated by main-stem impound-
ments and sections of flow-regulated rivers in the up-
per Coosa (USFWS 1992; Figure 6). Allatoona Reser-
voir on the Etowah River has inundated and frag-
mented tributary habitats occupied by the Cherokee
darter (Bauer et al. 1995) and truncated the down-
stream range of the Etowah darter. All of these species
are hypothesized or known to have occurred more
widely in main-stem shoals (or downstream portions of
tributaries) before these were impounded or subjected
to the effects of flow-regulation.

Discussion

The Alabama River system contains one of the most
diverse temperate fish assemblages known, the full
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extent of which remains under discovery. Intensive
faunal study continues to uncover cryptic species
that have diverged from and are similar to known
species and that often are narrowly distributed
(Burkhead and Jelks 2000). Although the lake stur-
geon has disappeared from the system, there are no
recorded extinctions of Alabama River system fishes.
This contrasts with the state of the system’s large-
river molluscan fauna; at least 32 species and 4 gen-
era of freshwater snails are extinct as a result of the
damming of the Coosa River shoals (Bogan et al.
1995; Neves et al. 1997). Of course, it is possible
that fish species not discovered by science have gone
extinct with the damming and fragmentation of the
system. Further, if the lake sturgeon of the upper
Coosa represents a unique, endemic taxon, follow-
ing the pattern of other Mobile River system
endemics (e.g., Alabama sturgeon) that have diverged
from sister taxa in the Mississippi system, then the
loss of the lake sturgeon from the Alabama River
system is an extinction. Preventing future extinctions
will require managing the system differently than
has occurred over the last century, with direct in-
tent to protect and restore the ecological integrity
of the river system.

Conserving the fish fauna of the Alabama River
system will require addressing the detrimental ef-
fects of 16 main-stem dams on native aquatic biota,
preventing the spread of alien species to the great-
est extent practicable, and managing future land use
changes to minimize stream and river degradation.
The large river main stems have been transformed
from a heterogeneous continuum of flowing water
habitats, to a series of slowly flowing, deep-water
impoundments interspersed with fragments of
unimpounded river having altered flow regimes.
The major free-flowing tributary systems retain
much of the system’s fish fauna, but are isolated from
each other and subject to effects of human popula-
tion growth and increasing societal demands for
water supply. In this context, the actions most es-
sential to long-term species conservation are restor-
ing large river habitat for fishes, including migra-
tory species, and protecting hydrologic regimes and
water quality in the free-flowing tributary systems.

Substantial potential for restoring populations
of migratory, large-river fishes such as Alabama stur-
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Figure 6.—Locations of extant populations of three federally protected fishes in the Alabama River system: amber
darter (solid circles, left map), the goldline darter (solid squares, left map), and the blue shiner (solid squares, right
map). Ovals on right map indicate reaches historically containing blue shiners. Open bars represent main-stem dams.

geon, Gulf sturgeon, Alabama shad, and southeast-
ern blue sucker entails modifying the two down-
stream-most dams on the Alabama River. Enhanc-
ing fish passage at Claiborne and Millers Ferry lock
and dams could restore connectivity between the
lower Alabama River and the Cahaba River, encom-
passing over 400 km of riverine habitat from the
Gulf to the fall line. Some passage occurs under
present conditions; for example, southeastern blue
suckers are able to swim upstream past Claiborne
Dam when the dam is periodically inundated dur-
ing high flows (M. E Mettee, Alabama Geological
Survey, unpublished data and personal communi-
cation). However, this represents a narrow oppor-

tunity for passage, and the success or frequency of
migration by other fishes (e.g. through the locks), is
unknown. Regulatory agencies and conservation
groups are interested in improving fish migration
success. The USACE has partnered with the World
Wildlife Fund, the U.S. Fish and Wildlife Service
(USFWS), and Alabama Department of Conserva-
tion and Natural Resources (ADCNR), under Sec-
tion 1135 of the Water Resources Development
Act, to explore options for facilitating fish passage
at Claiborne Lock and Dam. Feasibility level designs
have identified options, including construction of a
fish lift or a vertical slot fishway to facilitate passage;
funding for implementation has not been identi-
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fied (M. J. Eubanks, USACE, Mobile District, per-
sonal communication). Modifying lock operations
to facilitate fish passage at Millers Ferry is also being
explored by the USACE and USFWS (Carl Couret,
USFWS, Daphne, Alabama, and M. J. Eubanks,
personal communications). Because little is known
concerning the movements of most migratory fishes
in the lower Alabama River system, efforts to en-
hance passage at dams should be accompanied by
research to estimate migratory patterns and popu-
lation responses of target fishes. Restoring continu-
ous, free-flowing riverine habitat by removing the
two downstream-most dams in the system may ulti-
mately be necessary for population recovery of fishes
that evolved in and require flowing-water habitat,
including the diverse small-bodied fish assemblages
native to the Alabama River main stem.

Present conservation efforts for two of the system’s
large-river fishes, Alabama sturgeon and lake stur-
geon, are focused on captive propagation and fish
reintroduction. Efforts by ADCNR and USFWS to
propagate the Alabama sturgeon have been limited
by the species’ rarity; only five fish had been captured
between 1997 and 2000 to use as broodstock, three
of which have died in captivity (USFWS 2000). Re-
covery of this species obviously remains highly tenta-
tive unless the factors limiting natural reproduction
and survival of Alabama sturgeon can be identified
and addressed, most likely through restoration of large
river habitat. The GDNR has initiated a reintroduc-
tion of lake sturgeon in the Coosa River system in
Georgia, beginning with the release (in 2002) of 1,100
fingerlings produced from Wisconsin stock. The suc-
cess of this program will not be known for years, but
clearly depends on the availability of suitable habitat
for sturgeon spawning, feeding, and overwintering,
and of adequate water quality. The upper Coosa River
system (upstream from Weiss Reservoir) could pro-
vide 190 km of interconnected, unimpounded riv-
erine habitat to sturgeon and other riverine fishes,
but only if the flow-regulated sections below Allatoona
Dam and Carters Dam can be managed to support
riverine biota.

Restoring faunal integrity in the flow-regulated
river segments of the Alabama River system depends
in part on changing hydropower dam operations to
ameliorate detrimental effects on biota. These sec-
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tions retain natural instream habitat structure (e.g.,
alternating shoals and pools), but are subjected to
the unnatural flow regimes imposed by the upstream
dams. The Federal Energy Regulatory Commission
licenses operation of the nonfederal dams and re-
quires periodic license renewal (typically ac 30-50
year intervals). Although an infrequent occurrence,
relicensing provides opportunities to make scientifi-
cally based changes in dam operations to enhance
conditions for downstream aquatic biota. Most com-
monly, operational changes involve providing higher
base flows to sustain aquatic habitats during periods
of nongeneration, which can benefit riverine fauna.
For example, increasing base flows at Jordan Dam
on the Coosa River has resulted in higher fish spe-
cies richness (Peyton and Irwin 1997) and higher
abundances of the endangered snail Tularoma
magnifica (Christman et al. 1995). Similarly, increas-
ing the base flow at Thurlow Dam on the Tallapoosa
River to about 25% of mean annual flow has been
followed by increases in riverine-dependent fishes
downstream from the dam (Travnichek et al. 1995).

Low flows are not the only aspects of flow re-
gimes below dams that limit biota downstream (Poff
etal. 1997; Richter etal. 1997). Hydropeaking fluc-
tuations (Cushman 1985; Bain et al. 1988; Free-
man et al. 2001) and alteration of flood levels and
seasonality, and of thermal and sediment regimes,
also degrade habitat quality for native river biota
(Sparks 1995; Collier et al. 1996; Stanford et al.
1996). Restoration of multiple aspects of natural flow
regimes will be necessary to restore ecological integ-
rity in flow-regulated rivers, but the interesting ques-
tions remain of how much and what types of resto-
ration are necessary to conserve native biota. Clearly,
full restoration of natural flow regimes in regulated
rivers is not compatible with other management
objectives such as hydropeaking and flood control.
An adaptive management approach (Walters 1986)
to modifying dam operations will thus be essential
for evaluating the relative benefits to river biota of
differing hydrologic changes (e.g., increasing base
flows, dampening hydropeaking fluctuations, restor-
ing seasonal flow differences; Irwin and Freeman
2002). The USACE dams, including Allatoona and
Carters dams, are not subject to licensing but would
also benefit from an adaptive approach to improv-
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ing flow regimes. Alleviating flow-related limitations
in the flow-regulated portions of the Etowah and
Coosawattee rivers could substantially expand the
habitat available to the imperiled riverine fauna
(such as the blue shiner and amber darter), as well
as the reintroduced lake sturgeon and striped bass.

Conserving the fishes of the Alabama River sys-
tem will strongly depend on protecting populations
in the remaining free-flowing and unregulated por-
tions of the system that retain high proportions of
the native fauna. The system has been, and contin-
ues to be, degraded by land-use activities that alter
runoffand inputs of sediment, nutrients, and con-
taminants to the rivers. Water quality degradation
in the Cahaba River as a result of wastewater dis-
charge from multiple municipal treatment plants,
and from surface mining, has been implicated in
the extirpation of the blue shiner and in substantial
range reductions of the goldline darter and Cahaba
shiner (Mayden and Kuhajda 1989; USFWS 1990,
1992). Urban development in the Birmingham,
Alabama area also has been linked to loss of fish spe-
cies (Shepard et al. 1994) and reduced abundances
of sensitive minnows and darters in the Cahaba
River system (Onorato et al. 1998, 2000). In the
Etowah River system, which is affected by develop-
ment emanating from the Atlanta, Georgia area, the
rapid conversion of farmland to urban and subur-
ban developments are major threats to the amber
darter, Cherokee darter, and Etowah darter
(USFWS 1994; Burkhead et al. 1997) and is lead-
ing to loss of endemic fishes, minnows, darters, and
sculpins in areas with urban land cover as low as
10% (Walters 2002).

Increasing demand for water supply is a direct
consequence of human population growth and
places additional strain on aquatic systems. Although
not as disruptive of flow regimes as dams built for
hydropower production, water supply reservoirs
degrade and fragment habitat for stream-dependent
fishes. New reservoirs are being planned for those
portions of the system that yet maintain high water
quality, also ensuring overlap with refugia for spe-
cies eliminated from degraded streams. Quantify-
ing how much water can be removed from a system
for water supply, and how much fragmentation a
stream system can sustain, without leading to losses
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of stream species, is critical to water resource devel-
opment that conserves native aquatic biota.

The challenges of conserving the fish fauna of
the Alabama River system are large, involving both
societal and scientific questions, and reflect similar
aquatic conservation and river management problems
throughout the southeastern United States. The in-
crease in proportion of the Alabama River system’s
fish fauna recognized as imperiled over the last 25
years mirrors fish imperilment for the region (Figure
2). Although the fauna has largely survived over a
century of changes to the rivers and the watershed, a
substantial portion of Alabama River system fishes (i.c.,
at least some 38 species) is now imperiled with ex-
tinction. Further, river and landscape alteration in
the system, as regionally, have reached unprecedented
levels of spatial extent and intensity. Whereas, in the
past, many species likely had refugia in undeveloped
or less disturbed portions of systems, the combina-
tion of damming and urban growth now leaves few
subsystems unaffected. Unless future river and land
use management strategies in the Alabama River sys-
tem specifically address conservation and restoration
of flowing water systems and their biota, fish species
extinctions appear inevitable.
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