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ABSTRACT

The freshwater mussel fauna of the Barren River system in Kentucky is well documented, but
information on mussel occurrence in the Tennessee portion of the system was lacking. We conducted
mussel surveys at 56 sites in 22 streams in the Barren River system in Tennessee. We found six species at
14 sites: Alasmidonta viridis (Slippershell), Fusconaia flava (Wabash Pigtoe), Lampsilis cardium (Plain
Pocketbook), Lampsilis siliquoidea (Fatmucket), Pyganodon grandis (Giant Floater), and Villosa
ortmanni (Kentucky Creekshell). Our records of V. ortmanni are the first reports of this species from
Tennessee, and our records of L. siliquoidea considerably expand the known range of that species in the
state. We found live or freshly dead V. ortmanni at five sites, and at least two sites supported relatively
large populations with evidence of recent recruitment. These observations represent important
information for the conservation of this imperiled species. Overall, mussel populations in the Barren
River system of Tennessee were small and scattered, which may be due, in part, to the lower mussel
abundance typical of headwater streams. However, the occurrence of widespread mussel declines in this
region suggests that human factors may have further reduced mussel abundance.

KEY WORDS: Barren River, mussel records, Tennessee, headwaters, Villosa ortmanni, Alasmidonta viridis,

Lampsilis siliquoidea

INTRODUCTION

The Barren River drains approximately 4,302 km? and is
the largest tributary of the Green River (Fig. 1). The Green
River joins the Ohio River south of Evansville, Indiana, and
drains a greater percentage of Kentucky’s land area than any
other river system in the state (Burr and Warren 1986). The
upper Barren River system is the only portion of the Green
River drainage in Tennessee and drains 1,119 km? in that state.
The Green River drainage supports high fish and mussel
species richness, including eight endemic fishes and, poten-
tially, one endemic mussel species (Villosa ortmanni; Haag
and Cicerello 2016). The fish fauna of the Barren River

*Corresponding Author: gdinkins@utk.edu

system, including the Tennessee portion, is well known (Burr
and Warren 1986; Etnier and Starnes 1993; Ceas and Page
1997). The mussel fauna of the Kentucky portion of the Barren
River system is similarly well documented (Haag and
Cicerello 2016), but the fauna of the Tennessee portion is
largely unknown. No mussel records exist in the databases of
the Tennessee Department of Environment and Conservation
(TDEC) (D. Withers, TDEC, personal communication),
Tennessee Wildlife Resources Agency (D. Hubbs, Tennessee
Wildlife Resources Agency, personal communication), and
Tennessee Valley Authority (T. Amacker, Tennessee Valley
Authority, personal communication). Parmalee and Bogan
(1998) provided no Tennessee mussel records from the Barren
River system and did not mention it in their discussion of river
systems of the state even though it appeared on two state
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Figure 1. Location of the Barren River system within the Green River
drainage, Kentucky and Tennessee, USA (Barren River system in dark shade,
Green River system in light shade).

drainage maps. Finally, there are no specimens from the
Tennessee portion of the Barren River system in any of the
mollusk collections we contacted (North Carolina Museum of
Natural Sciences, Carnegie Museum of Natural History,
University of Michigan Museum of Zoology, Florida Museum
of Natural History, University of Tennessee McClung
Museum of Natural History and Culture [MMNHC], The
Ohio State University Museum of Biological Diversity, and
Harvard University Museum of Comparative Zoology).
Several Barren River tributaries in Tennessee are of substantial
size, suggesting that the lack of mussel records is due to lack
of sampling.

We conducted a comprehensive mussel survey of the
Tennessee portion of the Barren River system from December

2016 to May 2019. We discuss how our results expand our
knowledge of mussel distribution in this region and contribute
to conservation efforts for the Green River drainage mussel
fauna.

METHODS

Study Area

The Barren River system in Tennessee lies in Sumner,
Macon, and Clay counties, and includes 906 km of streams
and 18 ha of impoundments (TDEC 2007; Fig. 1). On the
western side of the system in Tennessee, the largest tributaries
are West Fork Drakes Creek, Middle Fork Drakes Creek, and
Trammel Creek, which converge in Kentucky to form Drakes
Creek, the largest tributary of the Barren River. On the eastern
side of the system in Tennessee the largest tributaries are Long
Creek, Salt Lick Creek, Long Fork, and Line Creek, all of
which ultimately flow into the upper Barren River. Streams in
the Barren River system in Tennessee are on the Eastern
Highland Rim or Western Pennyroyal Karst subunits of the
Interior Low Plateaus physiographic province. Streams in this
area are upland in character and flow over sand, gravel, and
bedrock substrates.

The Barren River system in Tennessee is largely rural and
undeveloped. The largest municipality (Portland) has fewer
than 12,000 people (US Census Bureau 2020). Land use in the
Tennessee portion of the system is 50.2% forest (deciduous,
evergreen, and mixed), 23.8% developed and barren land,
21.1% hay pasture and herbaceous, 1.9% cultivated crops,
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Figure 2. Mussel sampling sites in the Barren River system, Tennessee. Inset map shows the Barren River system in Tennessee (shaded).
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6 DINKINS ET AL.

Table 2. Mussels found in the Barren River system, Tennessee, 2016—19. Cell entries are the combined number of live and freshly dead mussels or the number of
relic shells (in parentheses). Totals do not include unidentifiable shell fragments or Corbicula fluminea, which is reported only as present (P) or not present (NP).

See Table 1 for site specifications.

Site

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Species 1 2 3 4 5 6 7 8 9
Alasmidonta viridis
Fusconaia flava €8
Lampsilis cardium 1
Lampsilis siliquoidea M 13 (M (N
Pyganodon grandis
Villosa ortmanni 1(1)
Unidentifiable unionid

shell fragments (1) (1)
Corbicula fluminea P P P P P NP P NP NP
Total no. of species 1 3 1 1 00 1 0 O

Total no. of individuals (1) 1(5) (1) 1 (1) 0 0 (1) 0 O

24 1

NP NP NP P NP NP NP NP NP NP NP P NP NP NP

o o0 o 1 1 0 O O O O O O o0 O O
o 0 0241 0 O O O O 0 o0 o0 O O

1.9% shrub/scrub, and 0.8% wetlands (open water, woody,
and herbaceous) (Yang et al. 2018). Despite the undeveloped
nature of the system, a number of major tributaries of the
Barren River system in Tennessee are considered impaired due
to siltation, habitat degradation, or poor water quality
associated with point and nonpoint discharges (TDEC 2007).
These include Big Trammel Creek, Little Trammel Creek,
Long Creek, Long Fork, West Fork Drakes Creek, Middle
Fork Drakes Creek, Salt Lick Creek, Trace Creek, Town
Creek, and West Fork Long Creek. A widespread problem in
the Barren River system of Tennessee is illegal gravel
dredging, which is widespread because of the area’s relative
remoteness and the abundance of gravel substrate in the larger
streams (TDEC 2007).

Mussel Surveys

We conducted mussel surveys at 56 sites on 22 streams
from December 2016 to May 2019 (Fig. 2 and Table 1).
Sample sites were selected based on access, stream position,
distance to other sample sites, and presence of suitable mussel
habitat, such as shallow riffles and runs with gravel and cobble
substrates. At each site, we conducted qualitative visual and
tactile searches for live mussels, and we searched shorelines,
gravel bars, and submerged vegetation for stranded live
mussels and shells. We spent at least 1 person-h at each site
except at sites where the habitat was extremely degraded or the
water quality was obviously compromised. Longer search
times were used at sites where live mussels or freshly dead
shells were found. At some sites, we used a rake to disturb the
top few centimeters of substrate. We sampled upstream of
bridges, fords, and culverts to examine reaches unaffected by
those structures. Live mussels were identified to species,
measured (anterior to posterior length, nearest 1 mm), counted,
and reinserted into the substrate. Freshly dead shells (tissue
remaining, shiny nacre) and relic shells (chalky nacre,

weathered periostracum) were identified, counted, and cata-
loged at MMNHC. At each site, we also recorded presence or
absence of the invasive species Corbicula fluminea (Asian
Clam). Our nomenclature follows Williams et al. (2017).

RESULTS

We found live mussels, freshly dead shells, or relic shells
at 14 sites; only relic shells were found at four sites (Table 2).
Mussels were found in nine third-order streams and in five
second-order streams; no first-order streams yielded evidence
of mussel occurrence. We found a total of six mussel species,
but only five were represented by live individuals or freshly
dead shells, and only one to three species were observed at
each site. Live mussels were generally uncommon and
represented by only one to three individuals at most sites.
Exceptions were site 13 (Middle Fork Drakes Creek), where
24 individuals of Lampsilis siliquoidea were found, and sites
45 and 46 (Saltlick Creek), where V. ortmanni was represented
by nine individuals at each site. Corbicula fluminea was
present at 25 sites, including all but two of the sites with
mussels (Table 2). Live Corbicula were uncommon at all sites.

Alasmidonta viridis, L. siliquoidea, and V. ortmanni were
the most widespread species in the system, each present at five
to six sites (Table 2). Alasmidonta viridis was represented by
adults only; no juvenile individuals were found (Fig. 3).
Lampsilis siliquoidea was represented by a range of sizes, but
no juveniles were found. Villosa ortmanni was represented by
a range of sizes and included small individuals indicative of
recent recruitment (Fig. 3). Three species were found at a
single site and represented by single individuals: Fusconaia
flava, Lampsilis cardium, and Pyganodon grandis; F. flava
was represented only by a single relic shell at site 2 (West Fork
Drakes Creek). In addition, we found two freshly dead L.
fasciola at one site in Middle Fork Drakes Creek a few
hundred meters downstream of the Kentucky state line, but we
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Table 2, extended.

Site

25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 53 54 55 56

1) 1 3() 1 1 2

NP NP NP NP NP NP NP NP NP P P P NP P P P P P PP P NPP PNPNPNPNPNP P P P
o 1 0 0 0 0 0 O 0O 0 0 O 0 0 0O 000 2 2 020 0 0 0 O O 1 10
o1 0 0 0 0 OO O OOOOOOO0DLZ23B30O0O01012() 0 3.0 0 0 0 0 0@ 20

could not confirm its occurrence in the Tennessee portion of
the Barren River system.

DISCUSSION

The Barren River system in Tennessee supports a limited
mussel fauna typical of headwater streams in the Green River
system and elsewhere in the Ohio River basin. Alasmidonta
viridis and L. siliquoidea are characteristic headwater species
throughout much of this region, and P. grandis is a stream-size
generalist that is often common in small streams (Parmalee
and Bogan 1998; Watters et al. 2009; Haag and Cicerello
2016). Lampsilis cardium and F. flava also occur in a wide
variety of habitats, but neither species typically occurs far into
the headwaters (Haag and Cicerello 2016). We found both of
these species only in a larger stream (West Fork Drakes
Creek), about 3 stream km upstream of the Kentucky state
line. Lampsilis fasciola is widely distributed in the Barren
River system in Kentucky and also may occur in the lower
reaches of Barren River tributaries in Tennessee, but we could
not confirm its presence.

Villosa ortmanni traditionally is considered endemic to the
upper Green River drainage, but there is uncertainty about its
relationship to Villosa vanuxemensis in the adjacent Red River
system (Cumberland River drainage; Kuehnl 2009; Haag and
Cicerello 2016); until that issue is resolved, we follow the
traditional view of this species as endemic to the Green River
drainage. Villosa ortmanni occurs in a wide variety of stream
habitats from the mainstem Green River to small streams, but
it is a characteristic species of headwaters, particularly spring
runs, where it may be the only species present (Haag and
Cicerello 2016). Along with A. viridis, V. ortmanni was the
only species we found in second-order streams. Prior to our
study, V. ortmanni was considered endemic to Kentucky
(Haag and Cicerello 2016).

Tennessee has the second-highest number of mussel

species in the USA, behind Alabama (Parmalee and Bogan
1998, Williams et al. 2008). Our discovery of V. ortmanni in
the Barren River system of Tennessee brings the total number
of recognized species in the state to 140 (G. Dinkins, personal
observation). This is the first new record of a previously
recognized species from Tennessee since reports of L.
siliqguoidea in 1985 and 1994 (MMNHC; Kesler and Manning
1996). Prior to our study, L. siliquoidea was reported in
Tennessee only from direct tributaries of the Mississippi River
(Reelfoot Lake and Wolf River), and our records of that
species are the first from the Ohio River basin in Tennessee. In
addition, our study provides the first mussel records of any
species from the Barren River system in Tennessee.

In part, the scarcity of mussels in the upper Barren River
system may be a natural feature of these headwater streams,
where mussel abundance typically is lower than it is in larger
streams (Haag 2012). However, the extremely low abundance
we observed may be a result of human factors that have further
reduced mussel populations. Entire mussel assemblages have
nearly disappeared from much of the Barren River system and
from many other upland streams in the southeastern USA, but
the reasons for these disappearances are unknown (Irwin 2018;
Reed et al. 2019; Haag 2019). The upper Barren River system
is now isolated by Barren River Reservoir in Kentucky, which
hinders mussel dispersal and gene flow. We observed several
sources of stream degradation including illegal gravel mining
(West Fork Drakes Creek, Middle Fork Drakes Creek, Long
Creek, Trace Creek), channelization (Salt Lick Creek, Line
Creek), and brine discharge from abandoned gas wells (Little
Salt Lick Creek, Middle Fork Drakes Creek), but we have no
information about the extent of these impacts or their effects
on water quality or mussels in the Barren River system.

Our discovery of additional populations of V. ortmanni is
important from a conservation perspective, regardless of this
species’ taxonomic status. The species was once widespread
and common in the Green River drainage, but it has declined
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MUSSELS OF THE BARREN RIVER SYSTEM, TENNESSEE 9

dramatically in the last 30 yr and now survives in only a few
small populations; populations of V. vanuxemensis in the
adjacent Red River system have declined similarly (Haag and
Cicerello 2016; M. Compton, Office of Kentucky Nature
Preserves, personal communication). In 2010, the Center for
Biological Diversity petitioned the U.S. Fish and Wildlife
Service to include V. ortmanni on the federal list of
endangered species. Our findings considerably expand the
known range of this species, and at least two of the sites we
surveyed supported relatively large populations with evidence
of recent recruitment.

With the exception of V. ortmanni, all of the mussel
species we observed remain widespread and common in at
least some parts of their ranges, but enigmatic mussel declines
in the Barren River system and elsewhere threaten the survival
of even widespread species. Headwater streams provide
unique aquatic habitats but are vulnerable to a wide range of
human impacts (Downing et al. 2012; Wohl 2017). Approx-
imately 12,000 m of a tributary to Line Creek is being restored
as part of the Tennessee Stream Mitigation Program (T.
Dinkins, Stantec Consulting Services, Inc., personal commu-
nication). Efforts such as this are necessary to improve and
ensure the health of headwater streams and the mussel
assemblages they support.

ACKNOWLEDGMENTS

The authors are grateful to Elizabeth Eason Architecture
and to Edgar and Lynn Faust who provided financial support
for this project. David Withers and Brandon Chance of TDEC
provided information on the rules and regulations regarding
gravel mining. Numerous landowners in the Barren River
system of Tennessee generously provided permission and
access to streams on their property, including Mary and Ron
Portilla, Matt Crim, Terry West, Gary Wilder, Donna Vinson,
and Jimmy and Samantha Hardin. We particularly would like
to thank Ms. Athlene Carver, Dr. Judy Carver Morris, and Dr.
Dennis Morris for their interest in the aquatic fauna of Salt
Lick Creek and their passionate protection of its system.

LITERATURE CITED

Burr, B., and M. Warren, Jr. 1986. A distributional atlas of Kentucky fishes.
Scientific and Technical Series Number 4. Kentucky State Nature
Preserves Commission, Frankfort.

Ceas, P., and L. Page. 1997. Systematic studies of the Etheostoma spectabile
complex (Percidae; subgenus Oligocephalus), with descriptions of four
new species. Copeia 1997:496-522.

Downing, J., J. Cole, C. Duarte, J. Middelburg, J. Melack, Y. Prairie, P.
Kortelainen, R. Striegl, W. McDowell, and L. Tranvik. 2012. Global
abundance and size distribution of streams and rivers. Inland Waters
2:229-236.

Etnier, D., and W. Starnes. 1993. The Fishes of Tennessee. The University of
Tennessee Press, Knoxville, Tennessee. 681 pp.

Haag, W. R. 2012. North American Freshwater Mussels: Natural History,
Ecology, and Conservation. Cambridge University Press, New York. 505
ppP-

Haag, W. R. 2019. Reassessing enigmatic mussel declines in the United States.
Freshwater Mollusk Biology and Conservation 22:43—60.

Haag, W., and R. Cicerello. 2016. A distributional atlas of the freshwater
mussels of Kentucky. Scientific and Technical Series 8. Kentucky State
Nature Preserves Commission, Frankfort.

Irwin, K. 2018. The freshwater mussels (Bivalvia: Unionidae) of the Harpeth
River drainage and the Upper and Middle Duck River tributaries,
Tennessee. Master’s thesis. University of Tennessee, Knoxville.

Kesler, D., and D. Manning. 1996. A new mussel record for Tennessee:
Lampsilis siliquoidea (Mollusca: Unionidae) from the Wolf River. Journal
of the Tennessee Academy of Science 71:90-94.

Kuehnl, K. 2009. Exploring levels of genetic variation in the freshwater
mussel genus Villosa (Bivalvia: Unionidae) at different spatial and
systematic scales: Implications for biogeography, taxonomy, and
conservation. PhD dissertation, Ohio State University, Columbus.

Parmalee, P., and A. Bogan. 1998. The Freshwater Mussels of Tennessee. The
University of Tennessee Press, Knoxville. 328 pp.

Reed, M., G. Dinkins, and S. Ahlstedt. 2019. Freshwater mussels (Bivalvia:
Margaritiferidae and Unionidae) of the Buffalo River drainage, Tennes-
see. Southeastern Naturalist 18:346-372.

TDEC (Tennessee Department of Environment and Conservation). 2007.
Barren River watershed (05110002) of the Ohio River basin. Watershed
Water Quality Management Plan. Division of Water Pollution Control,
Watershed Management Section, Nashville, Tennessee.

U.S. Census Bureau. 2020. Quick facts for Portland City, Tennessee.
Available at https://www.census.gov/quickfacts/portlandcitytennessee
(accessed February 27, 2020).

Watters, G., M. Hoggarth, and D. Stansbery. 2009. The Freshwater Mussels of
Ohio. The Ohio State University Press, Columbus. xii + 421 pp.

Williams, J., A. Bogan, and J. Garner. 2008. Freshwater Mussels of Alabama
and the Mobile Basin in Georgia, Mississippi and Tennessee. The
University of Alabama Press, Tuscaloosa. xv + 908 pp.

Williams, J. D., A. E. Bogan, R. S. Butler, K. S. Cummings, J. T. Garner, J. L.
Harris, N. A. Johnson, and G. T. Watters. 2017. A revised list of the
freshwater mussels (Mollusca: Bivalvia: Unionida) of the United States
and Canada. Freshwater Mollusk Biology and Conservation 20:33-58.

Wohl, E. 2017. The significance of small streams. Frontiers in Earth Science
11:447-456.

Yang, L., S. Jin, P. Danielson, C. G. Homer, L. Gass, S. M. Bender, A. Case,
C. Costello, J. A. Dewitz, J. A. Fry, M. Funk, B. J. Granneman, G. C.
Liknes, M. B. Rigge, and G. Xian. 2018. A new generation of the United
States National Land Cover Database—Requirements, research priorities,
design, and implementation strategies. ISPRS Journal of Photogrammetry
and Remote Sensing 146:108-123.

«—

Figure 3. Length frequency distributions of live and freshly dead (a) Alasmidonta viridis in Salt Lick and Line creeks, (b) Lampsilis siliquoidea in West Fork

Drakes and Middle Fork Drakes creeks, and (c) Villosa ortmanni in Salt Lick and West Fork Drakes creeks, Barren River system, Tennessee. Sample size (N) and

mean length (¥) is provided for each species.
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